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PREFACE 


TO 

THE  FIRST  EDITION. 


An  Encyclopedia  of  any  of  the  Fine  Arts  has,  from  its  nature,  considerable 
advantage  over  one  which  relates  to  the  sciences  generally.  In  the  latter,  the 
continual  additions  made  to  the  common  stock  of  knowledge  frequently  effect 
such  a complete  revolution  in  their  bases  and  superstructure,  that  the  esta- 
blished doctrines  of  centuries  may  be  swept  away  by  the  discoveries  of  a 
single  day.  The  arts,  on  the  other  hand,  are  founded  upon  principles  unsus- 
ceptible of  change.  Fashion  may,  indeed  — nay,  often  does — change  the 
prevailing  taste  of  the  day,  but  first  principles  remain  the  same  ; and  as,  in  a 
cycle,  the  planets,  after  a period  of  wandering  in  the  heavens,  return  to  the 
places  which  they  occupied  ages  before,  so,  in  the  arts,  after  seasons  o1 
extravaganza  and  bizzareria^  a recurrence  to  sound  taste  is  equally  certain. 

It  is  unfortunate  for  the  productions  of  the  arts  that  the  majority  of  those 
who  are  constituted  their  judges  are  little  qualified  for  the  task,  either  by 
education  or  habits  ; but  on  this,  as  it  has  been  the  complaint  of  every  age, 
it  is  perhaps  useless  to  dwell.  This  much  may  be  said,  that  before  any  one 
can  with  propriety  assume  the  name  of  architect,  he  must  proceed  regularly 
through  some  such  course  as  is  prescribed  in  this  work.  The  main  object  of 
its  author  has  been  to  impart  to  the  student  all  the  knowledge  indispensable 
for  the  exercise  of  his  profession ; but  should  the  perusal  of  this  encyclopaedia 
serve  to  form,  guide,  or  correct  the  taste  even  of  the  mere  amateur^  the 
author  wiU  not  consider  that  he  has  laboured  in  vain. 

An  encyclopaedia  is  necessarily  a limited  arena  for  the  exhibition  of  an 
author’s  power ; for  although  every  subject  in  the  department  of  which  it 
treats  must  be  noticed,  none  can  be  discussed  so  extensively  as  in  a separate 
work.  An  attempt  to  produce  a Complete  Body  of  Architecture  the  author 
believes  to  be  entirely  original.  In  his  celebrated  work,  L'Art  de  Bdtir^ 
Rondelet  has  embodied  all  that  relates  to  the  construction  of  buildings. 
Durand,  too  (^Leqons  et  Precis  d'^ Architecture')^  has  published  some  admirable 
rules  on  composition  and  on  the  graphic  portion  of  the  art.  Lebrun  {TheoHe 
d"  Architecture)  has  treated  on  the  philosophy  of  the  eauilibrium,  if  it  may  be 
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BO  called,  of  the  orders.  The  Encyclopedic  Methodique  contains,  under 
various  heads,  some  invaluable  detached  essays,  many  of  which,  however. 
Buffer  from  want  of  the  illustrative  plates  which  were  originally  projected  as 
an  appendage  to  them.  All  these,  with  others  in  the  French  language, 
might,  indeed,  be  formed  into  a valuable  text-book  for  the  architect ; but  no 
such  attempt  has  hitherto  been  made.  Neither  in  Germany  nor  in  Italy  has 
any  complete  work  of  the  kind  appeared.  In  the  English,  as  in  other 
languages,  there  are  doubtless  several  valuable  treatises  on  different  branches 
of  the  art,  though  not  to  the  same  extent  as  in  French.  In  1756,  Ware 
(London,  folio)  published  what  he  called  A Complete  Body  of  Architecture. 
This,  though  in  many  respects  an  useful  work,  is  far  behind  the  wants  of  the 
present  day.  It  is  confined  exclusively  to  Eoman  and  Italian  architecture ; 
but  it  does  not  embrace  the  history  even  of  these  branches,  nor  does  it  contain 
a word  on  the  sciences  connected  with  construction.  The  details,  therefore, 
not  being  sufficiently  carried  out,  and  many  essential  branches  being  entirely 
omitted,  the  work  is  not  so  generally  useful  as  its  name  would  imply.  From 
these  authorities,  and  many  others,  besides  his  own  resources,  the  author  of 
this  encyclopaedia  has  endeavoured  to  compress  within  the  limits  of  one 
closely-printed  volume  all  the  elementary  knowledge  indispensable  to  the 
student  and  amateur  ; and  he  even  ventures  to  indulge  the  belief  that  it  will 
be  found  to  contain  information  which  the  experienced  professor  may  have 
overlooked. 

Though,  in  form,  the  whole  work  pretends  to  originality,  this  pretension  is 
not  advanced  for  the  whole  of  its  substance.  Not  merely  all  that  has  long  been 
known,  but  even  the  progressive  discoveries  and  improvements  of  modern 
times,  are  usually  founded  on  facts  which  themselves  have  little  claims  to 
novelty.  As  a fine  art,  architecture,  though  in  its  applications  and  changes 
inexhaustible,  is  in  respect  of  first  principles  confined  within  certain  limits; 
but  the  analysis  of  those  principles  and  their  relation  to  certain  types  have 
afforded  some  views  of  the  subject  which,  it  is  believed,  will  be  new  even  to 
those  who  have  passed  their  lives  in  the  study  of  the  art. 

In  those  sciences  on  which  the  constructive  power  of  the  art  is  based,  the 
author  apprehended  he  would  be  entitled  to  more  credit  by  the  use  of 
weightier  authorities  than  his  own.  Accordingly,  in  the  Second  Book,  he 
has  adopted  the  algebra  of  Euler  ; and  in  other  parts,  the  works  of  writers  of 
established  reputation.  The  use  of  Rossignol’s  geometry  may  indeed  be  dis- 
approved by  rigid  mathematicians ; but,  considering  the  variety  of  attainments 
indispensable  to  the  architectural  student,  the  author  was  induced  to  shorten 
and  smooth  his  path  as  much  as  possible,  by  refraining  from  burdening  his 
memory  with  more  mathematical  knowledge  than  was  absolutely  requisite  for 
Ms  particular  art.  On  this  account,  also,  the  instruction  in  algebra  is  not 
carried  beyond  the  solution  of  cubic  equations;  up  to  that  point  it  was 
necessary  to  prepare  the  learner  for  a due  comprehension  of  the  succeeding 
inquiries  into  the  method  of  equilibrating  arches  and  investigating  the  piW 
Bures  of  their  different  parts. 
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lu  ail  mutters  of  importance,  in  which  the  works  of  previous  writers  have 
been  used,  the  sources  have  been  indicated,  so  that  reference  to  the  originals 
may  be  made.  Upon  the  celebrated  work  of  Eondelet  above  mentioned,  on 
many  learned  articles  in  the  Encyclopedie  Methodique,  and  on  the  works  o< 
Durand  and  other  esteemed  authors,  large  contributions  have  been  levied; 
but  these  citations,  it  will  be  observed,  appear  for  the  first  time  in  an 
English  dress.  In  that  part  of  the  work  which  treats  of  the  doctrine  of  arches, 
the  chief  materials,  it  will  be  seen,  have  been  borrowed  from  Eondelet,  whose 
views  the  author  has  adopted  in  preference  to  those  he  himself  gave  to  the 
world  many  years  ago,  in  a work  which  passed  through  several  editions. 
Again,  in  the  section  on  shadows,  the  author  has  not  used  his  own  treatise 
on  Sciography.  In  the  one  case,  he  is  not  ashamed  to  confess  his  inferiority 
in  so  important  a branch  of  the  architect’s  studies;  and  in  the  other,  he 
trusts  that  matured  experience  has  enabled  him  to  treat  the  subject  in  a form 
likely  to  be  more  extensively  useful  than  that  of  treading  in  his  former  steps. 

The  sciences  of  which  an  architect  should  be  cognisant  are  enumerated  by 
Vitruvius  at  some  length  in  the  opening  chapter  of  his  first  book.  They  are, 
perhaps,  a little  too  much  swelled,  though  the  Eoman  in  some  measure 
qualifies  the  extent  to  which  he  would  have  them  carried.  “For,”  he  ob- 
serves, “ in  such  a variety  of  matters  ” (the  different  arts  and  sciences)  “ it 
cannot  be  supposed  that  the  same  person  can  amve  at  excellence  in  each.” 
And  again  : “ That  architect  is  sufficiently  educated  whose  general  knowledge 
enables  him  to  give  his  opinion  on  any  branch  when  required  to  do  so.  Those 
Unto  whom  nature  hath  been  so  bountiful  that  they  are  at  once  geometricians, 
astronomers,,  musicians,  and  skilled  in  many  other  arts,  go  beyond  what  is 
required  by  the  architect,  and  may  be  properly  called  mathematicians  in  the 
extended  sense  of  that  word.”  Pythius,  the  architect  of  the  temple  of  Minerva 
at  Priene,  differed,  however,  from  the  Augustan  architect,  inasmuch  as  he 
considered  it  absolutely  requisite  for  an  architect  to  have  as  accurate  a know- 
ledge of  all  the  arts  and  sciences  as  is  I’arely  acquired  even  by  a professor  devoted 
exclusively  to  one.  r . 

In  a work  whose  object  is  to  compress  within  a comparatively  restricted 
space  so  vast  a body  of  information  as  is  implied  in  an  account  of  what  is 
known  of  historical,  theoretical,  and  practical  architecture,  it  is  of  the  highest 
importance  to  preserve  a distinct  and  precise  arrangement  of  the  subjects,  so 
that  they  may  be  presented  to  the  reader  in  consistent  order  and  unity. 
Without  order  and  method,  indeed,  the  work,  though  fiEed  with  a large  and 
valuable  stock  of  information,  would  be  but  an  useless  mass  of  knowledge. 
In  treating  the  subjects  in  detail,  the  alphabet  has  not  been  made  to  perform 
the  function  of  an  index,  except  in  the  glossary  of  the  technical  terms,  which 
partly  serves  at  the  same  time  the  purpose  of  a dictionary,  and  that  of  an 
index  to  the  principal  subjects  noticed  in  the  work.  The  following  is  a 
synoptical  view  of  its  contents,  exhibiting  its  different  parts,  and  the  mode  in 
which  they  arise  from  and  are  dependent  on  each  other. 

[A  List  of  the  Contents  was  here  insertedf\^ 
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Perfection  is  not  attainable  in  human  labour,  and  the  errors  and  defects  of 
this  work  will,  doubtless,  in  due  time  be  pointed  out ; but  as  the  subject  has 
occupied  the  author’s  mind  during  a considerable  practice,  he  is  inclined  to 
think  that  these  will  not  be  very  abundant.  He  can  truly  say  that  he  has 
bestowed  upon  it  all  the  care  and  energy  in  his  power ; and  he  alone  is 
responsible  for  its  errors  or  defects — the  only  assistance  he  has  to  acknowledge 
being  from  his  son,  Mr.  John  Sebastian  Gwilt,  by  whom  the  illustrative 
drawings  were  executed.  No  apology  is  offered  for  its  appeai-ance,  inasmuch 
as  the  want  of  such  a book  has  been  felt  by  every  architect  at  the  beginning 
of  his  career.  Not  less  is  wanted  a similar  work  on  Civil  Engineering,  which 
the  author  has  pleasure  in  stating  is  about  to  be  shortly  supplied  by  his 
friend,  Mr.  Edward  Cresy.  [_This  work  has  since  been  published.'] 


Without  deprecating  the  anger  of  the  critic,  or  fearing  what  may  be  urged 
against  his  work,  the  author  now  leaves  it  to  its  fate.  His  attempt  has  been 
for  the  best,  and  he  says  with  sincerity. 


“ Si  quid  novisti  rectius  istis 
Candidas  imperti ; si  non  his  utere  mecum.’* 

September  30.  1842. 


J.  G. 


ADVERTISEMENT. 

GWILT’S  ENCYCLOPEDIA,  first  published  in  1842,  has  now  passed 
through  eight  impressions,  those  of  1867  and  1876  having  received  extensive 
revision  and  many  important  additions  at  the  hands  of  Mr.  Wyatt  Pap  worth. 
In  this,  the  ninth  impression,  besides  many  requisite  amendments  and  addi- 
tions throughout  the  pages,  the  chapters  entitled  Materials  used  in  Build- 
ing and  Use  of  Materials,  which  constitute  a main  portion  of  the  work, 
have  been  largely  revised,  parts  rewritten  and  added  to  in  important  particu- 
lars, especially  in  regard  to  the  details  of  Fireproof  and  Sanitary  construction, 
in  order  to  record  the  results  of  later  theories  and  the  numerous  inventions 
introduced  since  the  previous  revision.  The  section  Specifications  has  been 
recompiled  and  enlarged.  Several  sections  of  the  chapter  on  Public  and 
Private  Buildings  have  been  withdrawn,  and  some  re-inserted  in  other  por- 
tions of  the  work : a few  added  revised.  The  Lives  of  eminent  Architects 
have  been  brought  down  to  date  ; as  are  also  the  Publications,  which  have 
been  partly  re-arranged  in  additional  classes ; while  the  Glossary  of  Terms 
has  been  amended  where  desirable.  The  Index  has  been  carefully  revised 
to  include  all  new  matter. 


Paternoster  Row:  June  1888. 
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BOOK  I. 

IirSTOKY  OF  ARCHITECTURE. 


CHAP.  I. 

ON  THE  ORIGIN  OF  ARCHITECTURE. 


Sect.  I. 

WANTS  OF  MAN,  ANn  FIRST  EUILDINGS. 

1.  P.TOTECTiON  from  tlie  inclemency  of  the  seasons  was  the  ancestor  of  architecture.  Of 
little  account  at  its  birth,  it  rose  into  light  and  life  v/ith  the  civilisation  of  mankind ; and, 
jroportionately  as  security,  peace,  and  good  order  were  established,  it  became,  not  less  than 
its  sisters,  painting  and  sculpture,  one  method  of  transmitting  to  posterity  the  degree  of 
importance  to  which  a nation  had  attained,  and  the  moral  value  of  that  nation  amongst  the 
pngdoms  of  the  earth.  If  the  art,  hoAvever,  be  considered  strictly  in  respect  of  its  actual 

Itllity,  its  principles  are  restricted  within  very  narrow  limits  ; for  the  mere  art,  or  rather 
nence,  of  construction,  has  no  title  to  a place  among  the  fine  arts.  Such  is  in  various 
egrees  to  be  found  among  people  of  savage  and  uncivilised  habits  ; and  until  it  is  brought 
nto  a systern  founded  upon  certain  laws  of  proportion,  and  upon  rules  based  on  a refined 
Inalysis  of  what  is  suitable  in  the  highest  degree  to  the  end  proposed,  it  can  pretend  to  no 
■ank  of  a high  class.  It  is  only  when  a nation  has  arrived  at  a certain  degree  of  opulence 
nd  luxury  that  architecture  can  be  said  to  exist  in  it.  Hence  it  is  that  architecture,  in  its 
rigin,  took  the  varied  forms  which  have  impressed  it  with  such  singular  differences  in 
ifferent  countries;  differences  which,  though  modified  as  each  country  advanced  in  civilisa- 
lOn,  were,  in  each,  so  stamped,  that  the  type  was  permanent,  being  refined  only  in  a higher 
egree  in  their  most  important  examples. 

2.  The  ages  that  have  elapsed,  and  the  distance  by  which  we  are  separated  from  the 
ations  among  whom  the  art  was  first  practised,  deprive  us  of  the  means  of  examining  the 
lades  of  difference  resulting  from  climate,  productions  of  the  soil,  the  precise  spots  upon 
duch  the  earliest  societies  of  man  were  fixed,  with  their  origin,  number,  mode  of  life,  and 
>cial  institutions;  all  of  which  influenced  them  in  the  selection  of  one  form  in  preference  to 
nother.  We  may,  however,  easily  trace  in  the  architecture  of  nations,  the  types  of  three 
istinct  states  of  life,  which  are  clearly  discoverable  at  the  present  time  ; though  in  some 
^es  the  types  may  be  thought  doubtful. 
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The  original  classes  into  which  mankind  were  divided  were,  we  may  safely  assume, 
tliose  of  lumters,  of  shepherds,  and  of  those  occupied  in  agriculture;  and  the  buildings  for  t 

protection  wliich  each  would  reiiuire,  must  have  been  characterised  by  their  several  occu- 
pations. Tlie  hunter  and  fisher  found  all  the  accommodation  they  required  in  the  clefts 

and  caverns  of  rocks;  and  the  indolence 
which  those  states  of  life  Induced,  made 
tliem  insensible  or  indifferent  to  greater 
comfort  than  such  naturally-formed  ha- 
bitations afforded.  We  are  cerfiin  that 
thus  lived  such  tribes.  Jeremiah  (chaj). 
xlix.  16.),  speaking  of  the  judgment 
upon  Edom,  sjiys.  “ O thou  that  dwellest 
in  the  clefts  of  the  rock,  that  boldest  the 
height  of  the  hill  a text  which  of  late 
has  received  ample  Illustration  from  tra- 
vellers, and  especially  from  the  labours  of 
Messrs.  Leon  de  Laborde  and  Linant,  in 
the  sjilendid  engravings  of  the  ruins  of 
i’etra  1.).  To  the  shejiherd,  the 

inhabitant  of  the  jilains  wandering  from 
one  spot  to  another,  as  jiasture  became 
inadequate  to  the  support  of  his  Hocks 
another  species  of  dwelling  was  more  ap- 
propriate ; one  which  he  could  remove 
with  him  in  his  wanderings : this  was  the 
tent,  the  type  of  the  architecture  of 
China,  whose  jieople  were,  like  all  the 
Tartar  races,  nomudes  or  scenites,  that  is, 
shejiherds  or  dwellers  in  tents.  Where  a 
portion  of  the  race  fixed  its  abode  for 
the  purposes  of  agriculture,  a very  dif- 
ferent species  of  dwelling  was  necessary.  Solidity  was  reijuired  as  well  for  tlie  personal 
comfort  of  the  husbandman  as  for  ]neserving,  from  one  season  to  another,  the  fruits  of  the 
earth,  upon  which  he  and  his  family  were  to  exist.  Hence,  doubtless,  the  hut,  which  most 
authors  have  assumed  to  be  the  tvqie  of  Grecian  architecture. 

4.  Authors,  says  the  writer  in  the  Ennje.  Mcthodiqne,  in  their  search  after  the  origin  of 
architecture,  have  generally  confined  their  views  to  a single  type,  without  considering  the 
modification  which  wculd  be  necessary  for  a mixture  of  two  or  more  of  the  states  of  mankind; 
for  it  is  evident  that  any  two  or  three  of  them  may  co-exist,  a point  iq^on  which  more  will 
be  said  in  speaking  of  Egyptian  architecture.  Hence  have  arisen  the  most  discordant  and 
contradictory  systems,  formed  without  sufficient  acijualntance  with  the  customs  of  diflerent 
people,  their  origin,  and  Hrst  state  of  existence. 

5.  The  earliest  habitations  which  were  constructed  after  the  dispersion  of  mankind  from 
the  plains  of  Sennaar  (for  there,  certainly,  as  we  shall  hereafter  see,  even  without  the  evidence 
of  Scripture,  was  a great  multitude  gathered  together),  were,  of  course,  proportioned  to 
the  means  which  the  sjiot  afforded,  and  to  the  nature  of  the  climate  to  which  they  were  to  be 
adapted.  Reeds,  canes,  the  branches,  bark,  and  leaves  of  trees,  clay,  and  similar  materials 
would  be  first  used.  The  first  houses  of  the  Egyptians  and  of  the  people  of  Palestine  were 
at  reeds  and  canes  interwoven.  At  the  present  day  the  same  materials  serve  to  form  the 
liouses  of  the  Peruvians.  According  to  Pliny  (1.  vii.),  the  first  houses  of  the  Greeks  were 
only  of  clay  ; for  it  was  a considerable  time  before  that  nation  was  acijuainted  with  the 
process  of  hardening  it  into  bricks.  The  Abyssinians  still  build  with  clay  and  reeds. 
Wood,  however,  offers  such  facilities  of  construction,  that  still,  as  of  old,  where  it  abounds, 
its  ado])tion  prevails.  At  first,  the  natural  order  seems  to  be  that  which  Vitruvius 
describes  in  the  first  chapter  of  his  second  book.  “ The  first  attempt,”  says  our  author, 

“ was  the  mere  erection  of  a few  spars,  united  together  with  twigs,  and  covered  with  mud. 
Others  built  their  walls  of  dried  lumps  of  turf,  connected  these  walls  together  by  means  of 
timbers  laid  across  horizontally,  and  covered  the  erections  with  reeds  and  boughs,  for  the 
purpose  of  sheltering  themselves  from  the  inclemency  of  the  seasons.  Finding,  however, 
that  fiat  coverings  of  this  sort  would  not  effectual ly  shelter  them  in  the  winter  season,  they 
made  their  roofs  of  two  inclined  planes,  meeting  each  other  in  a ridge  at  the  summit,  the 
whole  of  which  they  covered  with  clay,  and  thus  carried  off'  the  rain.”  'I'he  same  author 
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afterwards  observes,  “ 'riu*  woods  aI)oiit  I’ontus  fiirnisli  sueli  abundance  of  timber,  that 
they  build  in  tlie  followiii”:  manner.  Two  trees  are  laid  level  on  the  earth,  right  and  left, 
at  such  distar,ee  from  each  other  as  will  suit  the  length  of  the  trees  which  are  to  cross  and 

connect  them.  On 
the  extreme  ends 
of  these  two  trees 
are  laid  two  other 
trees,  transverse- 
ly : the  s])ace 

which  the  house 
will  enclose  is  tlius 
marked  out.  'I'he 
four  sides  being 

so  set  out,  towers 
are  raised,  whose 
walls  consist  or 
trees  laid  horizon- 
tally, but  kept  per- 
pendicularly over 
each  other,  the  al- 
ternate layers  yok- 
ing the  angles. 

tig  .i.  BAIU.V  TIMI.HK  LO.NSTUUCllOA.  l^.vel  illtel'- 

stices,  which  the  thickness  of  the  trees  alternately  leave,  is  lilled  in  with  chips  and  mud. 

On  a similar  principle  they  form  their  roofs,  except  that  gradually  reducing  the  length  of 
the  trees  which  traverse  from  side  to  side,  they  assume  a ])yramidal  form.  They  are 
covered  with  boughs,  and  thus,  after  a rude  fashion  of  vaulting,  their  quadrilateral  roofs  are 
formed.”  The  northern  parts  of  Germany,  Poland,  and  Russia  still  exhibit  traces  of  tliis 
method  of  building,  which  is  also  found  iii  Florida,  Louisiana,  and  elsewhere,  in  various 
places.  See  fi<i.  2. 

6.  We  shall  not,  in  this  place,  pursue  the  discussion  on  tlie  timber  hut,  which  has 
certainly,  with  great  ajipearance  of  probability,  been  so  often  said  to  contain  within  it  the 
ty|)es  of  Grecian  architecture,  but  shall,  under  that  head,  enlarge  further  on  the  subject. 
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niKl'  KIlKNT  soars  of  DWEI, lings  arising  from  different  (K  CUl’ATIONS. 

7.  The  construction  of  the  early  habitations  of  mankind  required  little  skill  and  as  little 
knowledge.  A very  restricted  number  of  tools  and  machines  was  required.  'I'he  method 
of  felling  timber,  which  uncivilised  nations  still  use,  namely,  by  fire,  might  have  served  all 
pur])oses  at  first.  'I'he  next  step  would  be  the  shaping  of  hard  and  infrangible  stones  into 
cutting  tools,  as  is  still  the  jiractice  in  some  ]iarts  of  the  continent  of  America.  'I'hese,  as 
the  metals  became  known,  would  be  siqiplanted  by  tools  formed  of  them.  Among  tin 
Peruvians,  at  their  invasion  by  the  S]ianiards,  the  only  tools  in  use  were  the  hatchet  and 
the  adze  ; and  we  may  fairly  assume  that  similar  tools  were  the  only  ones  known  at  a 
period  of  high  antiquity.  'Plie  saw,  nails,  the  hammer,  and  other  instruments  of  carpentry 
were  unknown.  'I'he  Greeks,  who,  as  Jacob  Bryant  says,  knew  nothing  of  their  own 
history,  ascribe  the  invention  of  the  in.struments  necessary  for  working  materials  to  Daedalus; 
but  only  a few  of  these  were  known  even  in  the  time  of  Homer,  who  confines  himself  to 
the  hatchet  with  two  edges,  the  plane,  the  auger,  and  the  rule.  He  jiarticularises  neither 
the  square,  compasses,  nor  saw.  Neither  the  Greek  word  Trptcvr  (a  saw),  nor  its  equivalent, 
is  to  be  found  in  his  works.  Daedalus  is  considered,  however,  by  Goguet  as  a fabulous  person 
altogether,  the  word  meaning,  according  to  him,  nothing  more  than  a skilful  workman,  a 
meaning  which,  he  observes,  did  not  escajie  the  notice  of  Pausanias.  'I'he  surmise  is  borre 
out  by  the  non-mention  of  so  celebrated  a character,  if  he  had  ever  existed,  by  Homer,  and, 
afterwards,  by  Herodotus.  'I'he  industry  and  perseverance  of  man,  however,  in  the  end, 
overcame  the  difficulties  of  construction.  For  wood,  which  was  the  earliest  material,  at 
length  were  substituted  bricks,  stone,  marble,  and  the  like  ; and  edifices  were  reared  of 
unparalleled  magnificence  and  solidity.  It  seems  likely,  that  bricks  would  have  been  in 
use  for  a considerable  period  before  stone  was  employed  in  building.  They  were,  probably, 
after  moulding,  merely  subjected  to  the  sun’s  rays  to  acquire  hardness.  'I'hese  were  the 
materials  whereof  the  'Power  of  Babel  was  con.structed.  'Phese  also,  at  a very  remote 
period,  were  used  by  the  Egyptians.  'Piles  seem  to  have  been  of  as  high  an  antiquity  as 
bricks,  and  to  have  been  used,  as  in  the  present  day,  for  covering  roofs. 

8 'Pile  period  at  which  wrought  stone  was  originallv  used  for  arciiitectural  purposes  L« 
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quite  unknown,  as  is  that  in  which  ccmcMit  of  any  kind  was  first  employea  as  tlie  mediui-n 
of  uniting  masonry.  'J’hey  were  botli,  doubtless,  tlie  invention  of  that  race  wliich  we  have 
mentioned  as  cultivators  of  land,  to  whom  is  due  the  introduction  of  architecture,  properly 
so  called.  To  them  solid  and  durable  edifices  were  necessary  as  soon  as  they  had  fixed 
U])on  a spot  for  the  settlement  of  themselves  and  their  families. 

9.  ChahUea,  Egypt,  I’hocnicia,  and  China  are  the  first  countries  on  record  in  which 
architecture,  worthy  the  name,  made  its  ap]>earance.  They  had  certainly  attained  con- 
siderable ))roficiency  in  the  art  at  a very  early  ])eriod  ; though  it  is  doubtful,  as  respects 
the  three  first,  whether  their  reputation  is  not  founded  rather  on  the  enormous  masses  of 
their  works,  than  on  beauty  and  sublimity  of  form.  Strabo  mentions  many  magnificent 
works  whicli  he  attributes  to  Semiramis;  and  observes  that,  besides  those  in  Babylonia, 
there  were  monuments  of  Babylonian  industry  throughout  Asia.  He  mentions  \6(poi  (high 
altars),  and  strong  walls  and  battlements  to  various  cities,  as  also  subterranean  passages  of 
communication,  aqueducts  for  the  conveyance  of  water  under  ground,  and  passages  of  great 
length,  upwards,  by  stairs.  Bridges  are  also  mentioned  by  him  (lib.  xvi.).  Moses  has  pre- 
served the  names  of  three  cities  in  Chalda?a  which  were  founded  by  Nimrod  ( Gen.  x.  10.). 
Ashur,  we  are  told,  built  Nineveh:  and  (Gen.  xix.  4.)  as  early  as  the  age  of  Jacob  and 
Abraham,  towns  had  been  established  in  Balestine.  The  Chinese  attribute  to  Fold  the 
encircling  of  cities  and  towns  with  walls;  and  in  respect  of  Egypt,  there  is  no  question 
that  in  Ilomer’s  time  the  celebrated  city  of  '^I'hebes  had  been  long  in  existence.  The 
works  in  India  are  of  very  early  date  ; and  M’e  shall  hereafter  ofler  some  remarks,  when 
s])eaking  of  the  extraordinary  monument  of  Stonehenge,  tending  to  prove,  as  Jacob  Bryant 
supposes,  that  the  earliest  hidldings  of  both  nations,  as  well  as  those  of  I’hoenicia  and  other 
countries,  were  erected  by  colonies  of  some  great  original  nation.  If  the  Peruvians  and 
INIexicans,  without  the  aid  of  carriages  and  horses,  without  scaflblding,  cranes,  and  other 
machines  used  in  building,  without  even  the  use  of  iron,  were  enabled  to  raise  monuments 
which  are  still  the  wonder  of  travellers,  it  would  seem  that  the  mechanical  arts  were  not 
indispensable  to  the  progress  of  architecture  ; but  it  is  much  more  likely  that  these  were 
understood  at  an  exceedingly  remote  period  in  Asia,  and  in  so  high  a degree  as  to  have  lent 
their  aid  in  the  erection  of  some  of  the  stupendous  works  to  which  we  have  alluded. 

10.  The  art  of  working  stone,  which  implies  the  use  of  iron  and  a knowledge  of  the 
method  of  tempering  it,  was  attributed  to  Athbthis,  the  successor  of  Menes.  It  seems, 
however,  ])ossible  that  the  ancients  were  in  ))ossession  of  some  secret  for  preparing  bronze 
tools  which  were  caj)able  of  acting  upon  stone.  Be  that  as  it  may,  no  country  could  have 
!)een  called  upon  earlier  than  Egypt  to  adopt  stone  as  a material,  for  the  climate  does  not 
favour  the  growth  of  timber  ; hence  stone,  marble,  and  granite  were  thus  forced  into  use  ; 
and  we  know  that,  besides  the  facility  of  transport  by  means  of  canals,  as  early  as  the  time 
of  Joseph  waggons  were  in  use.  (Gen.  xlv.  19.)  We  .shall  hereafter  investigate  the  hypo- 
thesis of  the  architecture  of  Greece  being  founded  upon  types  of  timber  buildings,  merely 
observing  here,  by  the  way,  that  many  of  the  columns  and  entablatures  of  Egypt  had 
existence  long  before  the  earliest  temples  of  Greece,  and  therefore  that,  without  recurrence 
to  timber  construction,  prototypes  for  Grecian  architecture  are  to  be  found  in  the  venerable 
remains  of  Egypt,  where  it  is  quite  certain  wood  was  not  generally  employed  as  a material, 
and  where  the  subterranean  architecture  of  the  country  oilers  a much  more  probable  ori^nn 
of  the  style. 
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Sect.  I. 

nilUiniCAL  AND  CEI.TIC  A IlCHITECT  U K E. 

11.  If  rudeness,  want  of  finish,  and  the  absence  of  all  appearance  ot  art,  be  criteria  for 
judgment  on  the  age  of  monuments  of  antiquity,  the  wonderful  remains  of  Aburv  and 
Stonehenge  must  be  considered  the  most  ancient  that  have  preserved  their  form  so  as  to 
indicate  the  original  plan  on  which  they  were  constructed.  The  late  iMr.  Godfrey  Higgins 
a gentleman  of  the  highest  intellectual  attainments,  in  his  work  on  the  Celtic  Druids  (pub- 
lulled  1829),  has  shown,  as  we  think  satisfactorilv,  that  the  Druids  of  the  British  Isles  were 
a colony  of  the  first  race  of  peo]de,  learned,  enlightened,  and  descendants  of  the  persons  who 
escaped  the  deluge  on  the  borders  of  the  Casiiian  Sea;  that  thev  were  the  earliest  occu- 
piers of  Greece,  Italy,  France,  and  Britain,  and  arrived  in  those*  jdaces  by  a route  nearly 
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along  the  forty-fifth  parallel  of  north  latitude  ; that,  in  a similar  manner,  colonies  advanced 
from  the  same  great  nation  by  a southern  line  through  Asia,  peopling  Syria  and  Africa,  and 
arriving  at  last  by  sea  through  the  Pillars  of  Hercules  at  Britain  ; that  the  languages  of 
tlie  western  world  were  the  same,  and  that  one  system  of  letters — viz.  that  of  the  Irish 

Dniirls pervaded  the  whole,  was  common  to  the  British  Isles  and  Gaul,  to  the  inhabitants 

of  Italy,  Greece,  Syria,  Arabia,  Persia,  and  Ilindostan ; and  that  one  of  the  two  alphabets 
(of  the  same  system)  in  which  the  Irish  MSS.  are  written  — viz.  the  Beth-luis-nion  — came 
by  Gaul  through  Britain  to  Ireland  ; and  that  the  other  — the  Bobeloth  — came  through  the 
Straits  of  Gibraltar.  Jacob  Bryant  thinks  that  the  works  called  Cyclopean  were  executed 
at  a remote  age  by  colonies  of  some  great  original  nation  ; the  only  ditlerence  between  his 
opinion  and  that  of  IMr.  Higgins  being,  that  the  latter  calls  them  Druids,  or  Celts,  from  the 
time  of  the  dispersion  above  alluded  to. 

12.  The  unhewn  stones,  whose  antiquity  and  purport  is  the  subject  of  this  section,  are 
fjund  in  Ilindostan,  where  they  are  denominated  “ pandoo  koolles,”  and  are  attributed  to  a 
fabulous  being  named  Pandoo  and  his  sons.  With  a similarity  of  character  attesting  their 
common  origin,  we  find  them  in  India,  on  the  shores  of  the  I.evant  and  INIediterranean,  in 
Belgium,  Denmark,  Sweden  and  Norway,  in  France,  and  on  the  shores  of  Britain  from  the 
Straits  of  Dover  to  the  Land’s  End  in  Cornwall,  as  well  as  in  many  of  the  interior  parts  of 
the  country.  They  are  classed  as  follows:  — 1.  The  single  stone,  ])illar,  or  obelisk. 
2.  Circles  of  stones  of  different  number  and  arrangement.  S.  Sacrificial  stones.  4.  Crom- 
lechs and  cairns.  5.  Logan  stones.  G.  Tolmen  or  colossal  stones. 

1.3.  (1.)  Single  Stones. — Passages  abound  in  Scripture  in  which  the  practice  of  erecting 
single  stones  is  recorded.  Tlie  reader  on  this  point  may  refer  to  Gen.  xxviii.  18.,  Judges,  lx. 
6.,  1 Sam  vii.  12.,  2 Sam.  xx.  8.,  Joshua,  xxiv.  27.  'I'he  single  stone  might  be  an  emblem 
of  the  generative  power  of  Nature,  and  thence  an  object  of  idolatry.  That  mentioned  in 
the  first  scriptural  reference,  which  Jacob  set  up  in  his  journey  to  visit  Laban,  his  uncle,  and 
which  he  had  used  for  his  pillow,  seems,  whether  from  the  vision  he  had  while  sleeping  upon 
it,  or  from  some  otlier  cause,  to  have  become  to  him  an  object  of  singular  veneration  ; for 
he  set  it  up,  and  poured  oil  upon  it,  and  called  it  “ Bethel  ” (the  house  of  God).  It  is 
curious  to  observe  that  some  pillars  in  Cornwall,  assumed  to  have  been  erected  by  tlie  Phce- 
nicians,  still  retain  the  appellation  Bothel.  At  first,  these  stones  were  of  no  larger  dimen- 
sion than  a man  could  remove,  as  in  the  instance  just  cited,  and  that  of  the  Gilgal  of 
Joshua  (Josh.  iv.  20.)  ; but  that  which  was  set  up  under  an  oak  at  Shechem  (ibid.  xxiv.  26.), 
was  a great  stone.  And  here  we  may  notice  another  singular  coincidence,  that  of  the  Bothel 
m Cornwall  being  set  up  in  a place  wldch,  from  its  jiroximi  y to  an  oak  which  was  near  the 
spot,  was  called  Bothel-ac ; the  last  syllable  being  the  Saxon  for  an  oak.  It  appears  from 
the  Scriptures  that  these  single  stones  were  raised  on  various  occasions ; sometimes,  as 
in  the  case  of  .Jacob’s  Bethel  and  of  Samuel’s  Ebenezer,  to  commemorate  instances  of 
divine  interposition  ; sometimes  to  record  a covenant,  as  in  the  case  of  Jacob  and  Laban 
( Gen.  xxxi.  48.)  ; sometimes,  like  the  Greek  stelas,  as  sepulchral  stones,  as  in  the  case  of 
flachel’s  grave  ( Gen.  xxxvi.  20.),  1700  years  n.c.,  according  to  the  usual  reckoning.  They 
were  occasionally,  also,  set  up  to  the  memory  of  individuals,  as  in  the  instance  of  Absalom’s 
inllar  and  others.  The  pillars  and  altars  of  the  patriarchs  appear  to  have  been  erected  in 
honour  of  the  only  true  God,  Jehovah  ; but  wherever  the  Canaanites  apjieared,  they  seem 
to  have  been  the  objects  of  idolatrous  worship,  and  to  have  been  dedicated  to  Baal  or  the 
sun,  or  the  other  false  deities  whose  altars  Moses  ordered  the  Israelites  to  destroy.  The 
similarity  of  pillars  of  single  stones  almost  at  the  opposite  sides  of  the  earth,  leaves  no  doubt 
in  our  mind  of  their  being  the  work  of  a people  of  one  common  origin  widely  scattered; 
and  the  hypotheses  of  Bryant  and  Higgins  sufficiently  account  for  their  appearance  in 
places  .so  remote  from  each  other.  In  consequence,  says  the  latter  writer,  of  some  cause,  no 
matter  what,  the  Hive,  after  the  dispersion,  casted  and  sent  forth  its  swarms.  One  of  the 
largest  descended,  according  to  Genesis  (x.  2.),  from  Gomer,  went  north,  and  then  west, 
pressed  by  succeeding  swarms,  till  it  arrived  at  the  shores  of  the  Atlantic  Ocean,  and  ulti- 
mately colonised  Britain.  Another  branch,  observes  the  same  author,  proceeded  through 
Sarmatia  southward  to  the  Euxine  (Cimmerian  Bosphorus);  another  to  Italy,  founding 
the  states  of  the  Umbril  and  the  Cimmerii,  at  Cuma,  near  Naples.  Till  the  time  of  the 
Homans  these  different  lines  of  march,  like  so  many  sheepwalks,  were  without  any  walled 
cities.  Some  of  the  original  tribe  found  their  way  into  Greece,  and  between  the  Carpathian 
mountains  and  the  Al})s  into  Gaul,  scattering  a few  stragglers  as  they  passed  into  the 
beautiful  valleys  of  the  latter,  where  traces  of  them  in  Druidical  monuments  and  language 
are  occ.asionally  found.  Wherever  they  settled,  if  the  conjecture  is  correct,  they  employed 
themselves  in  recovering  the  lost  arts  of  their  ancestors. 

14.  To  the  Canaanites  of  Tyre  and  Sidon  may  be  chiefly  attributed  the  introduction  of 
these  primeval  works  into  Britain.  The  Tyrians,  inhabiting  a small  slip  of  barren  land, 
were  essentially  and  necessarily  a commercial  people,  and  became  the  most  expert  and 
idventurous  sailors  of  antiquity.  It  has  been  supposed  that  the  constancy  of  the  needle  to 
the  pole,  “ that  path  which  no  fowl  knoweth,  and  which  the  vulture’s  eye  hath  not  seen.” 
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ft’.'is  known  to  tlit  'I'vrians  ; aiul,  indeed,  it  seems  scarcely  ])OssibIe  tliat,  by  the  lie!))  of  the 
stars  alone,  they  sboidil  have  been  able  to  maintain  a commerce  for  tin  on  the  shores  of 
i’.ritain,  whose  western  coast  furnished  that  metal  in  abundance,  and  whose  islands  (the 

Scilly)  were  known  by  the  title  of  Cassiterides,  or  tin 
islands.  In  th.is  ])art  of  Britain  there  seems  uiKiuestion- 
able  evidence  that  they  settled  a colony,  and  were  the 
architects  of  Stonehenge,  Abury,  and  other  similar  works 
ill  tne  British  islands.  In  these  they  might  have  been 
assisted  by  that  |)art  of  the  swarm  which  reached  our 
shores  through  Gaul  ; or  it  is  possible  that  the  works  in 
(juestion  may  be  those  of  the  latter  only,  of  whom  traces 
exist  in  Britany  at  the  monument  of  Carnac,  whereof 
it  is  comi)uted  4000  stones  still  remain.  From  among 
the  number  of  pillars  of  this  kind  still  to  be  seen  in 
England,  we  give  (./?//.  3.)  that  standing  at  Rudstone,  in 
the  east  riding  of  Yorkshire.  It  is  described  by  Drake, 
in  his  Eboracum,  as  “ coarse  rag  stone  or  millstone  grit, 
and  its  weight  is  com))uted  at  between  40  and  50  tons. 
In  form  (the  sides  being  slightly  concave)  it  a))proaches 
to  an  ellipse  on  the  ))lan,  the  breadth  being  5 ft.  10  in., 
and  the  thickness  2 ft.  3 in.,  in  its  general  dimensions. 
Its  height  is  24  ft.  ; and,  according  to  a brief  account 
communicateil  to  the  late  IMr.  Pegge,  in  the  year  1769 
(^Archceolo(jia,  vol.  v.  p.  95.),  its  de])th  underground  ecpials  its  height  above,  as  appeared  from 
an  experiment  made  by  the  late  Sir  William  Strickland.” 

15.  (2.)  Circles  of  Stone. — 'I'lie  Israelites  were  in  the  habit  of  arranging  stones  to  re))re- 
sent  the  twelve  tribes  of  Israel  ( Exod.  xxlv.  4.),  and  for  another  ))ur))ose.  {Dent,  xxvii.  2.  ) 
And  in  a circular  form  we  find  them  set  u})  by  .Joshua’s  order  on  the  })assage  of  the  Israelites 
tlirough  Jordan  to  Gilgal  (bj7j);  a word  in  which  the  radical  Gal  or  Gil  (signifying  a 
wheel)  is  doubled  to  denote  the  continued  repetition  of  the  action.  In  this  last  case,  Joshua 
made  the  arrangement  a type  of  the  Lord  rolling  away  their  rej)roach  from  them. 

16.  Though  traces  of  this  species  of  monument  are  found  in  various  parts  of  the  world, 

e\en  in  America,  we  shall  confine  our  observations  to  those  of  Abury  and  Stonehenge, 
merely  referring,  by  way  of  enumeration,  to  the  ))laces  where  they  are  to  be  found.  Thus 
we  mention  Rolbrich  in  Oxfordshire,  the  Hurlers  in  Cornwall,  Long  Meg  and  her  daughters 
in  Cumberland,  remains  in  Derbyshire,  Devonshire,  Dorsetshire,  at  Stanton  Drew  in 
Somersetshire,  and  in  Westmoreland.  They  are  common  in  Wales,  and  are  found  in  the 
Western  Isles.  There  are  examples  in  Iceland,  Norway,  Sweden,  Denmark,  and  various 
))arts  of  Germany.  Clarke,  in  his  description  of  the  hill  of  Kushunlu  Te)>e  in  the  'I'road, 
observes,  that  all  the  way  up,  the  traces  of  former  works  may  be  noticed,  and  that,  on  the 
summit,  there  is  a small  oblong  area,  six  yards  long  and  two  broad,  exhibiting  vestiges  of  the 
highest  antiquity  ; the  stones  forming  the  inclosure  being  as  rude  as  those  of  Tiryns  in 
Argolis,  and  encircled  by  a grove  of  oaks  covering  the  toj)  of  this  conical  mountain.  The 
entrance  is  from  the  south.  U))on  the  east  and  west,  outside  of  the  trees,  are  stones  ranging 
like  what  we  in  England  call  Druidical  circles.  Three  circles  of  stones  are  known  in 
.America,  one  of  which  stands  ii))on  a high  rock  on  the  banks  of  the  river  Winnij)igon. 
The  stu])endous  monument  of  Carnac  in  Britany,  of  which  we  have  above  made  mention, 
is  not  of  a circular  form  ; the  stones  there  being  arranged  in  eleven  straight  lines,  from 
.30  to  .33  ft.  a))art,  some  of  which  are  of  enormous  size.  They  are  said  to  have  formerlv 
v,\(ciuied  tiu'ce  leagues  along  iheeoist  A (iescr'p'ion  of  this  monument  is  given  in 
vol  xsii.  of  the  Ardtoioloyia ; and  in  Gailhahaud,  4!o,  Paris,  1642-52. 

17.  Abury,  or  Avebury,  in  Wiltshire,  of  which  we  give  a view  in  a restored  state 

is  a s])ecimen  of  this  species  of  building,  in  which  the  climax  of  magnificence 
was  attained.  Stukely,  who  examined  the  ruins  when  in  much  better  preservation  than  at 
present,  says,  “ that  the  whole  figure  represented  a snake  transmitted  through  a circle  ; ” 
and  that,  “ to  make  their  representation  more  natural,  they  artfully  carried  it  o°ver  a variety 
of  elevations  and  de))ressions,  which,  with  the  curvature  of  the  avenues,  produces  sufficiently 
the  desired  effect.  To  make  it  still  more  elegant  and  picture-like,  the  head  of  the  snake  is 
carried  up  the  southern  iiromontory  of  Ilackpen  Mill,  towards  the  village  of  West  Rennet; 
nay,  the  very  name  of  the  hill  is  derived  from  this  circumstance  ; ” for  ucan,  he  observes,  si<>-- 
nifies  a ser))ent  in  the  Chaldaic  language.  Dr.  S.  then  goes  on  to  state,  “that  the  draconUa 
was  a name,  amongst  the  first-learned  nations,  for  the  very  ancient  sort  of  tenqiles  of  which 
they  could  give  no  account,  nor  well  explain  their  meaning  upon  it.”  The  figure  of  the 
serpent  extended  two  miles  in  length  ; and  but  a very  faint  idea  can  now  be  formed  of  what 
It  was  in  Its  original  state.  Two  double  circles,  one  to  the  north  and  the  other  to  the 
.south  of  the  centre,  were  jilaced  within  the  large  circle,  which  formed  the  in  lnciiial' body  of 
the  .serpent,  and  from  which  branched  out  the  head  to  IIack))en  Dill,  in  the  direction  of 
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West  Kennet,  as  one  avenue;  and  the  other,  the  tail,  in  the  direction  of  Beckhampton. 
Dr.  Stukely  makes  the  number  of  stones,  652  in  all,  as  under : 

stones. 

Central  pillar  and  altar,  south 
circle 


Stones. 

The  great  circle  . .100 

Outer  circle  north  of  the  centre  30 
Inner  ditto  . . .12 

Outer  circle,  south  . . 30 

Inner  ditto  . . . • 

Cove  and  altar  stone,  north  circle  4 


Kennet  avenue 
Beckhampton  avenue 
Outer  circle  of  Hackpen 
Inner  ditto 


Stones. 

Long  stone.  Cove  jambs  . 2 

A stone  he  calls  the  ring  stone  . 1 

Closing  stone  of  the  tail  . I 


Total 


652 


I 


I 


( 

ers  / 
/ 


% 


\ 


Of  these,  only  seventy-six  stones  remained  in  the  Kennet  avenue  in  1722.  The  large 
circle  was  enclosed  by  a trench  or  vallum  upwards  of  50  ft.  in  depth  and  between  60  and 

70  ft.  in  width,  leaving  entrances 
^ open  where  the  avenues  intersected 
it.  The  colossal  mound,  called 
^ i “ Silhury  hill,”  close  to  the  Bath 

road,  was  probably  connected  in 
some  way  with  the  circle  we  have 
described,  from  the  circumstance  of 
^ the  Roman  road  to  Bath,  tnade  long 

afterwards,  being  diverted  to  avoid 
% P it.  Dr.  Owen  thinks  that  the  Abury 
circle  was  one  of  three  primary  cir- 
cles in  Great  Britain,  and  that  Sil- 
bury  hill  was  the  pile  of  Cyvrangon 
(heaping)  characterised  in  the  Mth 
Welsh  triad;  but  the  conjecture 
affords  us  no  assistance  in  determin- 
ing the  people  by  whom  the  monu- 
ment was  raised.  If  it  be  in  its 
arrangement  intended  to  represent 
^ ^ serpent,  it  becomes  immediately 

connected  with  ophiolatry,  or  ser- 
pent worship,  a sin  which  beset  the 
Israelites,  and  which  would  stamp 
it  as  proceeding  from  the  central 
N stamen  of  the  hypothesis  on  which 
Fif,'.  5.  pi.AN  OF  sTONEHKNUK.  Mr.  H i ggi  11  s SC ts  ou t.  See  Observ- 

ations on  Dracontia,  by  the  Ilev.  John  Bathurst  Deane,  Archaul.  voi.  xxv. 

“ .l^oliam  Pitanen  a laeia  parte  relinquit, 

Pactaque  de  saxo  longi  simulacra  Draconis,” — Ovid,  Met.  vii.  357. 

which  is  a picturesque  description  of  Abury. 

18.  Stonehenge,  on  Salisbuiv  riain,  about  seven  miles  from  Salisbury  and  two  miles 
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to  the  west  of  Ambrcsbiiry,  is  certainly  more  artificial  in  its  structure  tban  Abury,  and  its 
construction  may  therefore  be  safely  referred  to  a later  date.  Fig.  5.  is  a restored  plan  of 
Ibis  wonder  of  the  west,  as  it  may  well  be  called.  The  lartrer  circle  is  105  feet  in  diameter, 
ami  between  it  and  tlie  interior  smaller  circle  is  a space  of  about  9 feet.  Within  this  smaller 
circle,  which  is  half  the  height  (8  feet)  of  the  exterior  one,  was  a portion  of  an  ellipsis 
formed  bv  5 groups  of  stones,  to  which  Dr.  Stukely  has  given  the  name  of  trilithons, 
because  formed  by  two  vertical  and  one  horizontal  stone:  the  former  are  from  17  to  18^ 
feet  high,  the  middle  trilithon  being  the  highest.  Within  this  ellipsis  is  another  of  single 
stones,  half  the  height  of  the  trilithons.  The  outer  circle  was  crowned  with  a course  of 
stones  similar  to  an  architrave  or  epistylium,  the  stones  whereof  were  let  into  or  joggled 
with  one  another  by  means  of  egg-shaped  tenons  formed  out  of  the  vertical  blocks.  The 
ellipsis  was  connected  in  a similar  manner.  Within  the  inner  elliptical  enclosure  was  a 
block  16  ft.  long,  4 ft.  broad,  and  20  in.  thick.  This  has  usually  been  ca’led  the  altar 
stone.  Round  the  larger  circle,  at  the  distance  of  100  ft.,  a vallum  was  formed  al)out  52  ft. 
in  width,  so  that  the  external  dimension  of  the  work  was  a diameter  of  420  ft.  The  vallum 
surrounding  these  sacred  places  seems  to  have  been  borrowed  by  the  Canaanites  in  imitation 
of  the  enclosure  with  which  Moses  surrounded  Mount  Sinai,  in  order  to  prevent  the  multi- 
tude from  approaching  too  near  the  sacred  vnysteries.  The  number  of  stones  composing 
this  monument  is  variously  given.  In  the  subjoined  account  we  follow  Dr.  Stukely:  — 


Stones. 

Great  circle, vertical  stones  . . 30 

Kpistylia  ...  30 

Inner  circle  . . . .40 

Vertical  stones  of  outer  ellipsis  . 10 

I'.pist)  lia  to  them  . . .5 

Inner  ellipsis  . . 1!) 

Altar  .....  1 


.Stones  witliin  vallum  . 

A large  table  stone 
Distant  pillar  .... 
Anotl’.er  stone,  supposed  to  liave  been 
opposite  tlie  entrance 

Total  . . . . 


Stoae.s. 

‘i 

I 

1 

1 

140 


Northwards  from  Stonehenge,  at  the  distance  of  a few  hundred  yard.s,  is  a large  single  stone, 
which,  at  the  j>eriod  of  its  being  placed  there,  has  been  by  some  thought  to  have  marked 
a meridian  line  from  the  centre  of  the  circle. 

19.  Fig.  6.  is  a view  of  the  present  state  of  this  interesting  ruin  from  the  west.  Mr. 
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Cunnlngton,  in  a letter  to  INIr.  Higgins,  gives  the  following  account  of  the  stones  which 
remain  of  the  monument:  — “ The  stones  on  the  outside  of  the  work,  those  com])rislng  the 
outward  circle  as  well  as  the  large  (five)  trilithons,  are  all  of  that  species  of  stone  called 
‘ sarsen'  found  in  the  neighbourhood;  whereas  the  inner  circle  of  small  u])right  stones, 
and  those  of  the  interior  oval,  are  composed  of  granite,  hornstone,  &c.,  most  ])robably  pro- 
cured from  some  part  of  Devonshire  or  Corn\vall,  as  I know  not  where  such  stones  could 
be  procured  at  a nearer  distance.” 

20.  Authors  have  in  Stonehenge  discovered  an  instrument  of  astronomy,  and  among  thein 
IMaurice,  M-hose  view  as  to  its  founders  coincides  with  those  of  the  writers  already  cited,  and 
with  our  own.  We  give  no  opinion  on  this  point,  but  shall  conclude  the  section  by  jilacing 
before  the  reader  the  substance  of  IM.  Bailly’s  notion  thereon,  recommending  him  to  consult, 
in  that  respect,  authorities  better  than  we  profe.ss  to  be,  and  here  expressing  our  own  belief 
that  the  priests  of  ancient  Britain  were  priests  of  Baal  ; and  that  the  monuments,  the 
subjects  of  this  section,  were  in  existence  long  before  the  Greek.s,  as  a nation,  were  known, 
albeit  they  did  derive  the  word  Druid  from  dpus  (an  oak),  and  said  that  they  themselves 
were  avrox^oves  (si)rung  from  the  earth). 

21.  M.  Bailly  says,  on  the  origin  of  the  sciences  in  Asia,  that  a nation  ]>ossessed  of 
profound  wisdom,  of  elevated  genius,  and  of  an  antiquity  far  superior  to  the  Egyptians  or 
Indians,  immediately  after  the  Hood  inhabited  the  country  to  the  north  of  India,  between 
the  latitudes  of  40'-’  and  50  , or  about  50^  north.  He  contends  that  some  of  the  most 
celebrated  observatories  and  inventions  relating  to  astronomy,  from  their  ])eculiar  character, 
could  have  taken  place  only  in  those  latitudes,  and  that  arts  and  improvements  gradually 
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travelled  tlience  to  the  equator.  The  iieo))Ie  to  wlioin  his  description  is  most  ajjplicable  is 
tlie  northern  progeny  of  Brahmins,  settled  near  the  Inians  and  in  Northern  Thibet.  AV  e 
add,  that  Mr.  Hastings  informed  Maurice  of  an  immemorial  tradition  that  prevailed  at 
Benares,  which  was  itself,  in  modern  times,  the  grand  seat  of  Indian  learning, — that  all 
tlie  learning  of  India  came  from  a country  situate  in  40°  of  N.  latitude.  Maurice  remarks. 
''This  is  the  latitude  of  Samarcand,  the  metro])olis  of  'I'artary  ; and,  by  this  circumstance, 
the  position  of  M.  Bailly  should  seem  to  be  confirmed.  This  is  the  country  where,  according 
to  the  testimony  of  Josei)hus  and  other  historians  cited  by  the  learned  Abbe  Pezron,  are  to 
be  found  the  first  CelUe,  by  whom  all  the  temi)les  and  caves  of  India  were  made.  Higgins 
observes  on  this,  that  the  worship  of  the  Mithraitic  bull  existed  in  India,  Persia,  Greece, 
Italy,  and  Britain,  and  that  the  religion  of  the  Druids,  Magi,  and  Brahmins  was  the  same. 

22.  (3.)  Sacrificial  Stones.  — These  hav^e  been  confounded  with  the  cromlech,  but  the 
difference  between  them  is  wide.  They  are  simple  stones,  either  encircled  by  a shallow 
trench  (vallum)  and  bank  (agger),  or  by  a few  stones.  Upon  these  almost  all  authors 
concur  in  believing  that  human  immolation  was  practised  ; indeed,  the  name  blod,  or 
nlood-stones,  which  they  bear  in  the  north  of  Eurojie,  seems  to  point  to  their  infernal  use. 
We  do  not  think  it  necessary  to  pursue  further  inquiry  into  them,  as  they  present  no 
remarkable  nor  interesting  features. 

23.  (4.)  Cromlechs  and  Cairiis.  — The  former  of  these  seem  to  stand  in  the  same  relation 
to  the  large  circles  that  the  modern  cell  does  to  the  conventual  church  of  the  Catholics. 
'I'liey  consist  of  two  or  more  sides,  or  vertical  stones,  and  sometimes  a back  stone,  the  whole 
being  covered  with  one  not  usually  placed  exactly  horizontal,  but  rather  in  an  inclining 

position.  We  here  {Jig.  7.)  give 
a representation  of  one,  that 
has  received  the  name  of  Kit’s 
Cotty  House,  -which  lies  on  the 
road  betiveen  Maidstone  and 
Rochester,  about  a mile  north- 
eastward from  Aylesford  cluirch, 
and  is  thus  described  in  the 
Beauties  of  England  and  H ales. 
It  “ is  composed  of  four  huge 
stones  unwrought,  three  of  them 
standing  on  end  but  inclined  in- 
wards, and  supporting  the  fourth, 
which  lies  transversely  over 
them,  so  as  to  leave  an  open  recess  beneath.  The  dimensions  and  computed  weights  of  these 
[Stones  are  as  follows;  — height  of  that  on  the  south  side  8 ft.,  breadth  7:^  ft.,  thickness  2 ft., 
weight  8 tons  ; height  of  that  on  the  north  side  7 ft.,  breadth  7^  ft.,  thickness  2 ft., 
weight  8^  tons.  The  middle  stone  is  very  irregular  ; its  medium  length  as  well  as  breadth 
may  be  about  5 ft.,  its  thickness  about  1 ft.  2 in.,  and  its  weight  about  2 ton.s.  The  u})per 
jstone  or  impost  is  also  extremely  irregular;  its  greatest  length  is  nearly  12ft.,  and  its 
breadth  about  9^  ft.;  its  thickness  is  2 ft.,  and  its  weight  about  10^  tons  ; the  width  of  the 
irecess  at  bottom  is  9 ft.,  and  at  top  7^ft.  ; from  the  ground  to  the  iqiper  side  of  the  covering 
stone  is  9 ft.  These  stones  are  of  the  kind  called  Kentish  rag.  Many  years  ago  there  was 
a single  stone  of  a similar  kind  and  size  to  those  forming  the  cromlech,  about  70  yards  to 
the  north-west : this,  which  is  thought  to  have  once  stood  upright,  like  a ])illar,  has  been 
broken  into  pieces  and  carried  away.”  Another  cromlech  stood  in  the  neighbourhood, 
which  has  been  thrown  down,  'i’he  nonsense  that  has  been  gravely  written  upon  this 
and  similar  monuments  is  scarcely  worth  mention.  It  will  hardly  be  believed  that  there 
existed  people  who  thought  it  was  the  sepulchral  monument  of  king  Catlgern,  from  similarity 
of  name,  and  others  who  consider  it  the  grave  of  the  Saxon  chief,  Horsa,  from  its  ])roximity 
to  Horsted.  Cromlechs  are  found  in  situations  remote  indeed,  a sj)ecimen  being  .seated  on 
[the  Malabar  coast  ; and  in  the  British  isles  they  are  so  numerous,  that  we  do  not  think 
lit  necessary  to  give  a list  of  them. 

24.  The  cairn  or  earn  which  we  have  in  this  section  coupled  with  the  cromlech,  perhaps 
jimpropcrly,  is  a conical  heap  oflco.se  stones.  Whether  its  etymology  be  that  of  Rowland, 

I'om  the  words  (kern-ned),  a coped  heap,  we  shall,  from  too  little  skill  in  Hebrew, 

ot  venture  to  decide  ; so  we  do  not  feel  (|uite  sure  that,  as  has  been  asserted,  they  were  raised 
ver  the  bodies  of  deceased  heroes  and  chieftains.  Our  notion  rather  inclines  to  their 
aving  been  a species  of  altar,  though  the  hea))  of  stones  to  which  Jacob  gave  the  name  of 
Jaleed,  if  it  were  of  this  specie.s,  was  rather  a memorial  of  the  agreement  between  him 
nd  Laban.  It  can  .scarcely  be  called  an  architectural  work  ; but  we  .should  have  considered 
ur  notice  of  the  earlier  monuments  of  antiquity  incomplete  without  naming  the  cairn. 

25.  (5.)  Logan  or  Rocking  Stones. — These  were  large  blocks  ])oised  so  nicely  on  the 
oints  of  rocks,  that  a .small  force  applied  to  them  produced  oscillation.  The  weight  of  the 
jcelebrated  one  in  ('ornwall,  which  is  granite,  has  been  computei.l  at  iqiwards  of  90  tons. 
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The  use  of  these  stones  has  been  conjectured  to  be  that  of  testing  the  innocence  of  persons 
accused  of  crime,  the  rocking  of  the  stone  being  certain,  unless  wedged  up  by  tlie  judge  of 
tlie  tribunal,  in  cases  where  he  knew  the  guilt  of  the  criminal ; but  we  think  that  such  a 
puriiose  is  highly  improbable. 

'26.  (6.)  Tointf-n  or  Colossol  Stones.  — The  Tolmen,  or  hole  of  stone,  is  a stone  of 

considerable  magnitude,  so  disposed  upon 
rocks  as  to  leave  an  opening  between 
them,  through  which  an  object  could  be 
passed.  It  is  the  general  opinion  in  Corn- 
wall that  invalids  were  cured  of  their 
diseases  by  being  passed  through  the 
ojiening  above  mentioned.  “ The  most 
stupendous  monument  of  this  kind,”  (sec 
Ji(/.  8. ) says  Rorlase,  “ is  in  the  tenement 
of  IMeii,  in  the  parish  of  Constantine,  in 
Cornwall ; it  is  one  great  oval  pebble, 
placed  on  the  points  of  two  natural  rocks, 
so  that  a man  may  creep  under  the  great 
one,  between  the  supporters,  through  a 
passage  of  about  three  feet  wide,  by  as  much  high.  The  longest  diameter  of  this  stone  is 
88  ft.,  bein<r  in  a direction  due  north  and  south.  Its  height,  measured  perpendicularly  over 
the  opening  is,  14  ft.  6 in.,  and  the  breadth,  in  the  widest  part,  18  ft.  6 in.,  extemling  from 
east  to  west.  I measured  one  half  of  the  circumference,  and  found  it,  according  to  my 
comimtation,  48^  ft.,  so  that  this  stone  is  97  ft.  in  circumference,  lengthwise,  and  about 
60  ft.  in  girt,  measured  at  the  middle  ; and,  by  the  best  information,  it  contains  about 
7 50  tons.”  We  close  this  section  by  the  expression  of  our  belief  that  the  extraordinary 
monuments  whereof  we  have  been  speaking  are  of  an  age  as  remote  as,  if  not  more  so 
than,  the  pyramids  of  Egypt,  and  that  they  were  the  works  of  a colony  of  the  great 
nation  that  was  at  the  earliest  period  settled  in  central  Asia,  either  through  the  swarm 
that  j)assed  north-west  over  Germany,  or  south-west  through  Phoenicia ; for,  on  either 
route,  but  rather,  perhai)s,  the  latter,  traces  of  gigantic  works  remain,  to  attest  the  wonderful 
powers  of  the  peo})le  of  whom  they  are  the  remains. 
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I’ELASGIC  on  CYCI.OEEAN  ARCHITECTURE. 

2/.  Pelasgic  or  Cyclopean  architecture,  (for  that  as  well  as  the  architecture  of  Phoenicia, 
seems  to  have  been  the  work  of  branches  of  an  original  similarly  thinking  nation)  pre- 
sents for  the  notice  of  the  reader,  little  more  than  massive  walls  comjjosed  of  huge  pieces  of 
rock,  scarcely  more  than  ])iled  together  without  the  connecting  medium  of  cement  of  any 
s|)ecles.  The  method  of  its  construction,  considered  as  masonry,  to  the  eye  of  the  architect 
is  (juite  sufficient  to  connect  it  with  what  we  have  in  the  i)receding  section  called  Druidical 
or  Celtic  architecture.  It  is  next  to  impossible  to  believe  that  all  these  species  were  not 
executed  by  the  same  peoi)!e.  The  nature  and  princii)les  of  Egy{)tian  art  were  the  same, 
l)ut  the  specimens  of  it  which  remain  bear  marks  of  being  of  later  date,  the  pyramids  only 
excepted.  The  Greek  fables  about  the  Cyclopeans  have  been  sufficiently  exposed  by  Jacob 
Rryant,  who  has  shown  that  the  Greeks  knew  nothing  about  their  own  early  history. 
Herodotus  (lib.  v,  cap  57.  ei  sen.)  alludes  to  them  under  the  name  of  Cadmians,  saying  they 
were  particularly  fameus  for  their  architecture,  which  he  says  they  introduced  into  Greece; 
and  wherever  they  came,  erected  noble  structures  remarkable  for  their  height  and  beauty. 
These  were  dedicated  to  the  Sun  under  the  names  of  Elorus  and  Peloru.s  Hence  every 
thing  great  and  stupendous  was  called  Pelorian  ; and,  transferring  the  ideas  of  the  works  to 
the  founders,  they  made  them  a race  of  giants.  Homer  says  of  Polyphemus, — 

Kosi  B-OtVfji’  iTiTVXTO  !TiXa)^IOV,  ovZi  lUXU 

AySft  ye  trirexpxya/,  aAAa  pia  i'Kv.eyri. 

Vhrgil,  too,  describes  him  “ Ijjse  arduus,  alta  pulsat  sidera.”  KamousasHghthou.se  builders, 
wherein  a round  casement  in  the  upper  story  afforded  light  to  the  mariner,  the  Greeks 
turned  this  into  a single  eye  in  the  forehead  of  the  race,  and  thus  made  them  a set  of  mon- 
sters. Of  the  I'iice  were  Trophonlus  and  his  brother  Agamedes,  who,  according  to  Pau- 
sanias  (lib.  ix.)  contrived  the  temple  at  Del])hi  and  the  'Krea^ury  constructed  to  Urius.  So 
great  was  the  fame  for  building  of  the  Cyclojjeans  that,  when  the  Sybil  in  Virgil  shows 
/Ihieas  the  ])lace  of  torment  in  the  shades  below,  the  poet  separates  it  from  the  regions  of 
bliss  by  a Cyclopean  wall : — 

“ Cyclopuin  cducta  camiihs 

Mcctiia  coii:ii)icio.” 
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28.  'Hie  walls  of  the  city  of  IMycene  are  of  the  class  clenoiniiiatc'l  Cyclopean,  thus  ile- 
lounced  for  ruin  by  Hercules  in  Seneca  : — 

“ Quid  moror  ? majiis  inihi 

Rolluin  INIycenis  rcstat,  iit  Cydo])oa 

ICversa  mauibus  nueuia  iiostns  concidant.”  Hercules  I’urens,  iict.  -I.  v.  9!  6. 

29.  'Hie  gate  of  tlie  city  and  the  chief  tower  were  particularly  ascribed  to  thein(  Pausanias, 
ib.  ii.  ) Argos  had  also  the  rejuitation  of  being  Cyclojiean.  But,  to  return  to  Mycene, 
•iuripides,  we  should  observe,  speaks  of  its  walls  as  being  built  after  the  Phoenician  rule 
nd  method  : — 

n?  TO. 

^'oiuai  xKvoti  xai  tvhoi;  r,^u,o(r,u,iKx,.  Hercules  Fitreris,  v.914. 
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80.  Fig.  9 is  a reiirescntation  of  a portion  of  the  postern  gate  of  the  walls  of  IMyccne, 

for  the  ])ur))ose  of  exhibiting  to  the  reader  the  cha- 
racter of  the  masonry  emiiloyetl  in  it. 

81.  The  walls  of  Tiryns,  jirobably  more  ancient 
than  those  we  have  just  named,  are  celebrated  by 
Homer  in  the  words  Tipuuda  reixiocaaav,  and  are  said 
by  Apollodorus  and  Strabo  to  have  been  built  by 
worki'^en  whom  Pra'tus  brought  from  Tycia.  The 
words  of  Strabo  are,  Ttpvvdi  upi.tr]Tripira  ;;^p77craa0ai  So/rei 
npoiTos,  Kai  reixio^cu  5ia  KuKAccTrcey  ous  kivia  gev  civai, 
KaKciaQai  5e  FacTepoxeipas,  Tpc<pop.evovs  e/c  tt]s 
Proitus  appears  to  have  used  Tiryns  us  a harbour,  and 
to  have  walled  it  by  the  assistance  of  the  Cyclops,  who 
were  seven  in  nuniber,  and  called  Gastrocheirs  (belly- 
handed), living  by  their  labour.  “ These  seven  Cv- 
clops,”  says  Jacob  Bryant,  “ were,  I make  no  doubt, 
seven  Cyclopean  towers  built  by  the  people.”  Purther 
on,  he  adds,  “ These  towers  were  erected  likewise 
for  I’urait,  or  Puratheia,  where  the  rites  of  fire  were 
performed  : but  Purait,  or  Puraitus,  tlie  Greeks 

changed  to  Pra?tus  ; and  gave  out  that  the  towers 
Imilt  for  Pnetus,  whom  they  made  a king  of  that  country.”  The  same  author  says 
the  Cyclopeans  worshipped  the  sun  under  the  symbol  of  a serpent  ; thus  again 

connecting  them  with  the  builders  of  Abury. 
F.q.  10.  is  a view  of  portions  of  the  walls  of 
Tiryns,  taken  from  the  Ilev.  T.  S.  Hughes's 
Travels  in  Allania.  Later  works  are  named 
on  ]>.  14. 

82.  Mr.  Hamilton  (Archceologia)  divides 
the  specimens  of  Cyclo])ean  buildings  into 
four  icras.  In  the  first  he  includes  Tiryns 
and  Mycene,  where  the  blocks  composing 
the  masonry  are  of  various  sizes,  having  or 
having  had  smaller  stones  in  their  inter- 
stices. Second,  as  at  Julis  and  Delphi, 
masonry  without  courses,  formed  of  irre- 
gular polygonal  stones,  whose  sides  fit  to 
each  other.  Third,  that  in  which  the  stones 
are  laid  in  courses  of  the  same  height,  but 
une(jual  in  length  of  stones  ; of  this  s))ecles 
are  sj^ecimens  in  Boeotia,  Argolis,  and  the 
Phocian  cities.  Fourth  and  last,  that  in 
which  the  stones  are  of  various  heights,  and 
always  rectangular,  whereof  examples  are 
found  in  Attica.  It  may  be  here  mentioned 
that,  in  the  Etrurian  part  of  Italy  we  find 
examples  of  Cycloj)ean  works  of  the  class, 
wiiich  Mr.  Hamilton  ])laces  in  the  second 
atra ; as  at  Norba  in  Latium,  Cora,  Signia, 
walls  reseml)le  those  of  Tiryns,  Argos,  and 
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nd  Alatrlum;  in  the  three  last  whereof  the 

cene ; also  at  Fiesole,  Arezzo,  and  other  places. 

.83.  VVe  shall  now  return  to  some  further  particulars  in  relation  to  Tiryns  and  Blycene, 
tom  which  a more  distinct  notion  of  these  fortresses  will  be  obtained  ; but  further  investi- 
pilion  of  those  in  Italy  will  hereafter  be  necessary,  under  the  section  on  Etruscan  architecture, 
he  Acropolis  of  Tiryns,  a litt'e  to  the  south-east  of  Argos,  is  on  a mount  rising  about  fifty 
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feet  above  the  level  of  the  plain,  the  foundations  of  its  inclosure  being  still  perfect  and 
traceable,  as  in  the  annexed  figure  11.).  The  ancient  city  is  thought  to  have  sur- 


rounded tlie  fortress,  and  that  formerly  the  city  was  nearer  the  sea  than  at  present.  Bryant, 
with  his  usual  ingenuity,  has  found  in  its  general  form  a type  of  the  long  ship  of  Danaus, 
which,  we  confess,  our  imagination  is  not  lively  enough  to  detect.  On  the  east  of  the 
fortress  are  quarries,  which  furnish  stone  similar  to  that  whereof  it  is  built.  It  had  entrances 
from  the  east  and  the  west,  and  one  at  the  south-eastern  angle.  That  on  the  east,  lettered  A, 
is  pretty  fairly  preserved,  and  is  approached  by  an  inclined  access,  B,  15  ft.  wide,  along 
the  eastern  and  southern  sides  of  the  tower,  C,  which  is  20  ft.  square  and  40  ft.  high, 
passing,  at  the  end  of  the  last  named  side,  under  a gateway,  composed  of  very  large  blocks 
of  stone,  that  which  forms  the  architrave  being  10  ft.  long,  and  over  which,  from  the  frag- 
ments lying  on  the  sj)ot,  it  is  conjectured  that  a triangular  stone  was  ])laced  ; but  thereon 
is  no  ajipearance  of  sculj)ture.  1)  is  the  present  entrance.  The  general  thickness  of  the 
walls  is  25  ft.,  and  they  are  formed  by  three  parallel  ranks  of  stones  5 ft.  thick,  thus  leaving 
two  ranges  of  galleries  each  5 ft.  wide  and  12  ft.  high.  The  sides  of  the 
galleries  are  formed  by  two  courses  of  stone,  and  the  roof  by  two  other 
horizontal  courses,  sailing  over  so  as  to  meet  at  their  summit,  and  some- 
what  resembling  a pointed  arch.  (See  Jig.  10.)  That  part  of  the  gallery, 
fig.  12.,  now  uncovered,  is  about  90  ft.  long*,  and  has  six  openings  or 

recesses  towards  the  east,  one  whereof  seems  to  have  afforded  a communi- 

cation with  some  exterior  building,  of  whose  foundation  traces  are  still 
in  existence.  The  interval  between  these  openings  varies  from  10  ft.  6 in. 
to  9 ft.  8 in.  ; the  openings  themselves  being  from  5 ft.  6 in.  to  4 ft.  10  in. 
wide.  It  is  probable  that  these  galleries  extended  all  round  the  citadei, 
though  now  only  acce.ssible  where  the  walls  are  least  perfect,  at  the  southern  ])art  of 
the  inclosure.  There  are  no  remains  of  the  south-eastern  portal.  It  ap]>ears  to  have  been 
connected  with  the  ea.stern  gate  by  an  avenue  enclo.sed  between  the  outer  and  inner  curtain, 
of  which  avenue  the  use  is  not  known.  Similar  avenues  have  been  found  at  Argos  and 
other  ancient  cities  in  Greece,  The  northern  point  of  the  hill  is  least  elevated,  and  smaller 
stones  have  been  employed  in  its  wall.  The  exterior  walls  are  built  of  rough  stones,  some 
of  which  are  9 ft.  4 in.  in  length  and  4 ft.  thick,  their  common  size  being  somewhat  less 

When  entire,  the  wall  must  have  been  60  ft.  high,  and  on  the  ea.stern  side  has  been  entirely 

destroyed  The  whole  length  of  the  citadel  is  about  660  ft.,  and  the  breadth  about  180  ft., 
the  walls  being  straight  without  regard  to  inequality  of  level  in  the  rock. 

.84.  The  Acropolis  of  IMycene  was  probably  constructed  in  an  age  nearly  the  same  as 
that  of  Tiryns.  Pausanias  mentions  a gate  on  which  two  lions  were  sculptured,  to  which 
the  name  of  the  Gate  of  the  Lions  has  been  given  { fig.  13.)  These  are  still  in  their 
original  position.  It  is  situate  at  the  end  of  a recess  about  50  ft.  long,  commanded  by  ])rO' 
jections  of  the  walls,  wliich  are  here  formed  of  huge  blocks  of  sfjuare  stones,  many  ])laced 
on  each  other  without  breaking  joint,  which  circumstance  gives  it  a very  inartiffcial  appear- 
ance. The  qpistylium  of  the  gate  is  a single  stone  15  ft.  long  and  4 ft.  4 in.  high,  d'o 
the  south  of  the  gate  above  mentioned  the  wall  is  much  ruined.  In  one  part  something 
like  a tower  is  discernible,  whose  walls,  being  perpendicular  while  the  curtain  inclines  a 
little  inward  from  its  base,  a projection  remained  at  the  top  by  which  an  archer  could  defend 
the  wall  below.  The  blocks  of  the  superstructure  are  of  great  size,  those  of  the  sub- 
structure much  .smaller.  The  gates  excepted,  the  whole  citadel  is  built  of  rough  masses  of 
rock,  nicely  adjusted  and  fitted  to  each  other,  though  the  smaller  stones  witli  which  the 
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interstices  were  filled  liave  mostly  disappeared.  The  soutl’.ern  ramparts  of  the  citadel  and 
»11  tlie  other  walls  follow  the  natural  irregularity  of  the  precipice  on  wliich  they  stand.  At 

its  eastern  ])oint  it  is  attached  by 
a narrow  isthmus  to  the  mountain. 
It  is  a long  irregular  triangle, 
standing  nearly  east  and  west 
The  walls  are  mostly  of  well- 
jointed  polygonal  stones,  altliough 
the  rough  construction  occasionally 
ajipears.  Tlie  general  thickness  of 
tlie  walls  is  21  ft.,  in  some  places 
25  ; their  present  height,  in  the 
most  perfect  part,  is  4‘5  ft.  There 
are,  in  some  places,  very  slight 
})rojections  from  tlie  walls,  resem- 
bling lowers,  Vidiereof  the  most 
perfect  one  is  at  the  south-east 
angle,  it?  breadth  being  3.3  ft.  and 
its  lieight  43  ft.  The  size  of  the 
block  whereon  the  lions  are  .sculj)- 
tured  is  1 1 ft.  broad  at  the  base, 
9 ft.  liigh,  and  about  2 ft.  thick, 
Fi-.  15.  OATR  OF  THE  MONS.  of  a triaiigular  foriii  suited  to  the 

vecess  made  for  its  reception.  This  block,  in  its  aiipcarance,  resembles  the  green  basalt  of 
Egypt. 


3.5.  In  this  jilace  we  think  it  proper  to  notice  a building  at  Mycene,  which  has  been 
called  by  some  the  Treasury  of  Atreus,  or  the  tomb  of  his  son  Agamemnon  mentioned  by 
Pau.saiiia.s.  This  building  at  first  misled  some  authors  into 
a belief  that  the  use  of  the  arch  was  known  in  Greece  at  a 
very  early  period  ; but  examination  of  it  shows  that  it  was 
formed  by  horizontal  courses,  jirojecting  beyond  each  other  as 
they  rose,  and  not  by  radiating  joints  or  beds,  and  that  the  sur- 
face was  afterwards  formed  so  as  to  give  the  whole  the  aji- 
pearance  of  a pointed  dome,  by  cutting  away  the  lower  angles 
(Jiff.  14.).  It  is  probably  the  most  ancient  of  buildings  in 
and  it  is  a curious  circumstance  that  at  New  Grange,  near  Drogheda,  in  Ire- 
land, there  is  a monument  whose  form,  construction,  and  plan  of  access  resemble  it  so 
strongly  that  it  is  impossible  to  consider  their  similarity  the  result  of  accident.  A repre- 
sentation of  this  may  be  seen  in  the  work  by  IMr.  Hig- 
gins which  we  have  so  often  quoted,  and  will,  we  think, 
satisfy  the  reader  of  the  great  probability  of  the  hypothesis 
hereinbefore  assumed  having  all  the  appearance  of  truth. 
By  the  subjoined  plan  (Jiff.  15.)  it  will  be  seen  that  a 
space  20  ft.  wide,  between  the  two  walks,  conducts  us  to 
the  entrance,  which  is  9 ft.  6 in.  at  the  base,  7 ft.  10  in.  at 
the  top,  and  about  19  ft.  high.  The  entrance  passage  is 
18  ft.  long  and  leads  to  the  main  chamber,  which,  in  its 
general  form,  has  some  resemblance  to  a bee-hive,  whose 
diameter  is  about  48  ft.  and  height  about  49.  (Jiff.  16  ) 
The  blocks  are  jilaced  in  courses  as  above  shown,  34  courses 
being  at  present  visible.  They  are  laid  with  the  greatest 
precision,  without  cement,  and  are  unequal  in  size.  Their 
Fig.  li.  PI.AN  OF  i-KKAsuKY  OF  ATREUS.  avcragc  liciglit  iTiay  be  taken  at  2 ft,,  though  to  a spectator 
on  the  floor,  from  the  effect  of  the  perspective,  they  appear  to  diminish  very  much  towards 
the  vertex.  This  monument  has  a second  chamber,  to  which  you  enter  on  the  right  from  the 
larger  one  just  described.  This  is  about  27  ft  by  20,  and  19  ft.  high  ; but  its  walls,  from  the 
obstruction  of  the  earth,  are  not  visible.  The  doorway  to  it  is  9^  ft.  high,  4 ft.  7 in.  wide 
at  the  base,  and  4 ft.  3 in.  at  the  top.  Similar  to  the  larger  or  principal  doorway,  it  has  a 
triangular  opening  over  its  lintel.  The  stones  which  fitted  into  these  triangidar  openings 
were  of  enormous  dimensions,  for  the  height  of  that  over  the  principal  entrance  is  1 2 ft., 
and  its  breadth  7 ft.  8 in.  The  vault  has  been  either  lined  with  metal  or  ornamented  with 
some  sort  of  decorations,  inasmuch  as  a number  of  bronze  nails  are  found  fixed  in  the  stones 
up  to  the  summit.  The  lintel  of  the  door  consists  of  two  pieces  of  stone,  the  largest  whereof 
is  27  ft.  long,  17  ft.  wide,  and  3 ft.  9 in.  thick,  calculated,  therefore,  at  133  tons  weight ; a 
mass  which  can  be  compared  with  none  ever  used  in  building,  except  tho.se  at  Balbec  and 
in  Egypt.  The  other  lintel  is  of  the  same  height,  and  probably  (its  ends  are  hidden)  of 
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tlie  same  leiip:;tli  as  tlie  first.  Its  breadth,  b.ov/ever,  is  only  one  foot.  Its  exterior  lias  two 
[arallel  mouldings,  wldcli  are  continued  do\rn  the  jambs  of  the  doorway. 


Kis.  1 f>. 


LHAMKKR  OF  TRKAStJRV 


Mf).  'riie  stone  emi>loved  is  of  the  hard  and  beautiful  breccia,  of  which  the  neighoourii 


rocks,  and  the  contiguous  Mount  fhihora,  consist. 


tions  by  Fergusson,  BiuIk  Stone  Monuments  in  nil 
htsearches,  ^c,,  at  Mycenae  and  2'Syns,  8vo.,  1H78. 


It  is  the  hardest  and  comiiactest  breccia 
wliich  Greece  produces,  resembling  the 
anticjue  marble  called  Breccia  Tracag- 
nina  antica,  sometimes  found  among  the 
ruins  of  Rome.  Near  the  gate  lie  some 
masses  of  rosso  antico  decorated  with 
guilloche-like  and  zigzag  ornaments, 
and  a columnar  base  of  a Persian  cha- 
racter. Some  have  su))])Osed  that  these 
belonged  to  the  decorations  of  the  door- 
way ; hut  we  are  of  a different  opinion, 
inasmuch  as  they  destroy  its  grand  cha- 
lacter.  We  think  if  this  were  tlie  tomb 
of  Agamemnon,  they  were  much  more 
likely  to  have  been  a part  of  the  shrine 
in  which  the  body  or  ashes  were  de- 
posited. 

.87.  It  is  conjectured  that  the  trea 
sury  of  Minyas,  king  of  Orchonienos, 
whereof  Pausanias  speaks,  bore  a re- 
semblance to  the  building  we  have  just 
described  ; and  it  is  very  jirohahle  that 
all  the  subterranean  chambers  of  Greece, 
Italy,  and  Sicily  were  very  similarly 
constructed.  Fiy.  17.  repre.sents  the 
entrance  to  the  building  fro  n the  out- 
side. The  architecture  of  the  early 
races  of  which  we  have  been  speaking 
will  he  further  noticed  in  investigating 
oilwr  m'>nun  ents.  See  tfe  puhlica- 
Cuuntries,  8vo.,  1872  ; and  Schliemann, 


Chap.  II. 


15AHYLONIAN. 


15 


Skct.  III. 

BABYI.ONIAN  A RCM  ITF.CTU  K E. 

38  The  name  prefixed  to  this  section  must  not  induce  the  reader  to  suppose  we  sliali 
he  able  to  afVord  him  much  instruction  on  this  interesting  subject.  The  materials  are 
scanty;  the  monuments,  though  once  stupendous,  still  more  so.  “ If  ever,”  says  Keith,  in 
his  Evidence  of  the  Tndh  of  the  Christian  Religion,  “ there  was  a city  that  seemed  to  bid 
defiance  to  any  i)redictions  of  its  fall,  that  city  was  Babylon.  It  was  for  a longtime  the 
most  famous  city  ii'  the  Old  World.  Its  walls,  which  were  reckoned  among  the  wonders  of 
the  world,  appeiired  rather  like  the  bulwarks  of  nature  than  the  workmanship  of  man,” 
The  city  of  Babylon  is  thus  described  by  ancient  writers.  It  was  situated  in  a plain  of 
vast  extent,  and  divided  into  two  ])arts  by  the  river  Eu])hrates,  which  was  of  considerable 
width  at  the  spot.  'I'he  two  divisions  of  the  city  were  connected  by  a massive  bridge  uf 
masonry  strongly  connected  with  iron  and  lead  ; and  the  embankments  to  prevent  inroads 
of  the  river  were  formed  of  the  same  durable  materials  as  the  walls  of  the  city.  Herodotus 
says  that  the  city  itself  w'as  a perfect  s<iuare  enclosed  by  a wall  480  furlongs  in  circum- 
ference, which  would  make  it  eight  times  the  size  of  I,,ondon.  It  is  said  to  have  had  num- 
bers of  houses  three  or  four  stories  in  height,  and  to  have  been  regularly  divided  into 
streets  running  parallel  with  each  other,  and  cross  ones  opening  to  the  river.  It  was  sur- 
rounded by  a wide  and  deep  trench,  from  tlie  earth  whereof,  when  excavated,  square  bricks 
were  formed  and  baked  in  a furnace.  With  these,  cemented  together  through  tlie  medium 
of  heated  bitumen  intermixed  with  reeds  to  bind  together  the  viscid  mass,  the  sides  of  the 
trenches  were  lined,  and  with  the  same  materials  the  vast  walls  above  mentioned  were  con- 
structed. At  certain  intervals  watch-towers  were  placed,  and  the  city  was  entered  by 
100  gates  of  brass.  In  the  centre  of  each  of  the  principal  divisions  of  the  city  a stupen- 
dous public  monument  was  erected.  In  one  (Major  Rennel  thinks  that  on  the  eastern  side) 
stood  the  temi)le  of  Belus  ; in  t’.ie  other,  within  a large  strongly  fortified  enclosure,  the  royal 
palace.  The  former  was  a scjuare  pile,  each  side  being  two  furlongs  in  extent.  Tlie 
tower  erected  on  its  centre  was  a furlong  in  breadth  and  the  same  in  height,  thus  making 
it  higher  than  the  largest  of  the  pyramids,  siqiposing  the  furlong  to  contain  only  500  feet. 
(3n  this  tower  as  a base  were  raised,  in  regular  succession,  seven  other  lofty  towers,  and  the 
whole,  according  to  Diodorus,  crowned  with  a bronze  statue  of  the  god  Belus  40  feet  high. 

See  Jig.  18.,  in  which  the  dotted  lines  show  the 
present  remains,  according  to  Sir  11.  K.  Porter’s 
account  in  his  Travels.  The  palace,  serving  also 
as  a temple,  stood  on  an  area  l^mile  square, 
and  was  surrounded  by  circular  walls,  which, 
according  to  Diodorus,  were  decorated  with 
sculptured  animals  resembling  life,  painted  in 
their  natural  colours,  on  the  bricks  of  which  they 
were  depicted,  and  afterwards  burnt  in.  Sucli 

Babylon  in  its  meridian  splendour, 

f,,'''  I \ ] that  city  whose  founder  (if  it  were  not  Nimrod, 

K4'.  i».  OK  BKi.us.  ' sometimes  called  Belus,)  is  unknown.  Great  as 

it  was,  it  was  enlarged  by  Semiramis.  and  still  further  enlarged  and  fortified  by  Nebuchad- 
nezzar. We  shall  now  present,  from  the  account  of’  Mr.  Rich,  a genthmian  who  visited  the 
spot  early  in  this  century,  a sketch  of  what  the  city  is  now.  The  first  grand  mass  oi 
ruins  marked  A {fg.  19.),  which  the  above  gentleman  describe.s,  he  says  extends  1100 
yards  in  length  and  800  in  its  greatest  breadth,  in  figure  nearly  resembling  a quadrant  ; 
its  height  is  irregular,  but  the  most  elevated  part  may  be  about  50  or  60  ft.  above  the  level  of 
the  plain,  and  it  has  been  dug  into  for  the  purpose  of  procuring  bricks.  This  mound  Mr.  R. 
distinguishes  by  the  name  of  Amran.  On  the  north  is  a valley  550  yards  long,  and  then  the 
second  grand  heap  of  ruins,  whose  shape  is  nearly  a square  of  700  yards  long  and  broad  ; 
its  south-west  angle  being  connected  with  the  north-west  angle  of  the  mounds  of  Amran 
by  a high  ridge  nearly  100  yards  in  breadth.  This  is  the  place  where  Beauchamp  made 
his  observations,  and  is  highly  interesting  from  every  vestige  of  it  being  composed  of  build- 
ings far  superior  to  those  whereof  there  are  traces  in  the  eastern  quarter.  The  bricks  are 
of  the  finest  description,  and,  notwithstanding  this  spot  being  the  principal  magazine  of  them 
and  constantly  used  for  a supply,  are  still  in  abundance.  The  operation  of  extracting  the 
bricks  has  caused  much  confusion,  and  increased  the  difficulty  of  deciphering  the  use  of 
this  mound.  In  some  places  the  solid  mass  has  been  bored  into,  and  the  superincum- 
bent strata  falling  in,  frecpiently  bury  workmen  in  the  rubbish.  In  all  these  excavations 
walls  of  burnt  brick  laid  in  lime  mortar  of  a good  quality  are  to  be  seen  ; and  among  the 
ruins  are  to  be  found  fragments  of  alabaster  vessels,  fine  earthenware,  marble,  and  great 
quantities  of  varnished  tiles,  whose  glazing  and  colouring  are  surprisingly  fresh.  “ In  a 
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liollow,”  observes  Mr.  Rich, 


near  the  soutlicrii  part,  I found  a sepulchral  urn  of  earthen. 

ware,  which  had  l)cen  broken  in  digging,  and 
near  it  lay  some  human  bones,  which  pul- 
verised with  the  touch.”  Not  more  than  200 
yards  from  the  northern  extremity  of  this 
mound,  is  a ravine  near  100  yards  long,  hol- 
lowed out  by  those  who  dig  for  bricks,  on  one 
of  whose  sides  a few  yards  of  wall  remain,  the 
face  whereof  is  clear  and  perfect,  and  appears 
to  have  been  the  front  of  some  building.  The 
opposite  side  is  so  confused  a mass  of  rubbish, 
that  it  looks  as  if  the  ravine  had  been  worked 
through  a solid  building.  Under  the  founda- 
tions at  the  southern  end  was  discovered  a sub- 
terranean passage  floored  and  walled  with  large 
bricks  in  bitumen,  and  covered  over  with  pieces 
of  sandstone  a yard  thick  and  several  yards 
long,  on  which  the  pressure  is  so  great  as  to 
have  pushed  out  the  side  walls.  Wlurt  was 
seen  was  near  seven  feet  in  height,  its  course 
being  to  the  south.  The  upper  part  of  tlic 
passage  is  cemented  with  bitumen,  other  parts  of 
the  ravine  with  mortar,  and  the  bricks  have  all 
writing  on  them.  At  the  northern  end  of  the 
ravine  an  excavation  was  made,  and  a statue 
of  a lion  of  colossal  dimensions,  standing  on  a 
pedestal  of  coarse  granite  and  rude  workman- 
ship, was  discovered.  This  was  about  the  spot 
marked  E on  the  plan,  A little  to  the  west 
of  the  ravine  at  B is  a remarkable  ruin  called 
the  Kasr  or  Palace,  which,  being  uncovered, 
and  partly  detached  from  the  rubbish,  is  visible 
Kig.  19.  TLAN  OF  iiABYixiN.  fiom  a cousideiable  distance.  It  is  “ so  sur- 

prisingly fresh,”  says  the  author,  “ that  it  was  only  after  a minute  inspection  I was  satisfied 
of  its  being  in  reality  a Babylonian  remain.”  It  consists  of  several  walls  and  jiiers,  in  some 
places  ornamented  with  niches,  and  in  others  strengthened  by  pilasters  of  burnt  brick  in 
lime  cement  of  great  tenacity.  The  tops  of  the  Avails  have  been  broken  down,  and  they 

may  have  been  much  higher.  Contiguous  to  this  ruin  is  a heap  of  rubbish,  whose  sides 
are  curiously  streaked  by  the  alternation  of  its  materials,  probably  unburnt  bricks,  of  which 
a small  quantity  were  found  in  the  neighbourhood,  without  however  any  reeds  in  their  in- 
terstices. A little  to  the  N.  N,  E.  of  it  is  the  famous  tree  Avhich  the  natives  call  Atheli. 
'i'hey  say  it  existed  in  ancient  Babylon,  and  was  preserved  by  God  that  it  might  afford  a 
convenient  place  to  Ali  for  tying  up  his  horse  after  the  battle  Ilellah  !”  “ It  is  an  ever- 

green,” says  i\Ir.  R.,  “ .something  resembling  the  lignum  vitag,  and  of  a kind,  I believe,  not 
common  in  this  part  of  the  country,  though  I am  told  there  is  a tree  of  the  description  at 
Bassora.”  The  valley  which  sejiarates  the  mounds  just  described  from  the  river  is  white 
with  nitre,  and  does  not  now  ajipear  to  have  had  any  buildings  upon  it  except  a small  cir- 
cular heap  at  D,  The  whole  embankment  is  abrupt,  and  shivered  by  the  action  of  the 
water.  At  the  narrowest  part  E,  cemented  into  the  burnt  brick  Avail,  there  Avere  a number 
of  urns  filled  Avith  human  bones  Avhich  had  not  undergone  the  action  of  fire.  From  a con- 
siderable quantity  of  burnt  bricks  and  other  fragments  of  building  in  the  Avater  the  river 
appears  to  have  encroached  here. 


,S9.  A mile  to  the  north  of  the  Kasr,  and  950  yards  from  the  bank  of  the  river,  is  the  last 
lin  of  this  series,  Avhich  Pietro  della  ^ alle,  in  1616,  described  as  the  toAver  of  Belus,  in 


Avhich  he  is  folloAved  by  Rennell.  The  natives  call  it,  according  to  the  vulgar  Arab  pro- 
nunciation of  those  parts,  Mujelibe,  Avhich  means  overturned.  They  sometimes  also  apply 
the  same  term  to  the  mounds  of  the  Kasr,  This  is  marked  F on  the  plan.  “ It  is  of  an 
oblong  shape,  irregular  in  its  height  and  the  measurement  of  its  sides,  which  face  the  car- 
dinal points  as  fulloAvs:  the  northern  side  200  yards  in  length,  the  .southern  219,  the  eastern 
182,  and  the  Avestern  1.36.  The  elevation  of  the  south-east  or  highest  angle,  141  feet. 
1 he  western  face,  Avhich  is  the  least  elevated,  is  the  most  interesting  on  account  of  the  ap- 
[learance  of  building  it  presents.  Near  the  summit  of  it  appears  a low  Avail,  with  inter- 
ruptions, budt  of  unhurnt  bricks  mixed  up  Avith  chopped  straAV  or  reeds  and  cemented  Avith 
clay  mortar  of  great  thickness.”  The  south- Avest  angle  seems  to  have  had  a turret,  the  others 
are  less  perfect.  The  ruin  is  much  Avorn  into  furrows,  from  the  action  of  the  Aveather, 
penetrating  considerably  into  the  mound  in  some  places.  The  summit  is  covered  with 
heaps  of  rubbish,  among  which  fragments  of  burnt  brick  are  found,  and  here  and  there 
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w'li<)le  hrickr,  with  inscriptions  on  them.  Intersjiersed  are  innunierahle  fragments  of  potterv, 
lirick,  bitumen,  pebbles,  vitrified  brick  or  scoria,  and  even  shells,  bits  of  glass,  and  mother 

of  ]iearl.  'I'be  north- 
ern face  of  the  Muje- 
libe  20.  ) contains 
a niche  of  the  height 
of  a man.  at  the  back 
wliereof  a low  ajier- 
ture  leads  to  a small 
cavity,  whence  a pas- 
sage branches  off  to 
the  right  till  it  is  lost 
in  the  rubbish.  It  is 

Fiff.vo.  .Mmn.KK.v  KACK  OK  ,H«  j^atives 

the  serdaub  or  cellar,  and  Mr.  Rich  was  informed  that  four  years  jirevious  to  his  survey,  a 
(juantity  of  marble  was  taken  out  from  it,  and  a coffin  of  mulberry  wood,  in  which  was  con- 
tained a human  body  enclosed  in  a tight  wrapjier,  and  apparently  partially  covered  with 
liitumen, which  crumbled  into  dust  on  exposure  to  the  air.  About  this  spot  Mr.  II.  also  ex- 
cavated and  found  a coffin  containing  a skeleton  in  high  preservation,  whose  antiijuitv  was 
placed  beyond  dispute  by  the  attachment  of  a brass  bird  to  the  outside  of  the  coffin,  and  in- 
side an  ornament  of  the  same  material,  which  had  seemingly  been  suspended  to  some  part  of 
the  skeleton.  On  the  western  side  of  the  river  there  is  not  the  slightest  vestige  of  ruins  ex- 
cepting opposite  the  mass  of  Amran,  where  there  are  two  small  mounds  of  earth  in  existence. 

40.  'I'he  most  stupendous  and  surprising  mass  of  the  ruins  of  ancient  Babylon  is  situate 
in  the  desert,  about  six  miles  to  the  south-west  of  Ilellah.  It  is  too  distant  to  be  shown 
on  the  block  plan  above  given.  By  the  Arabs  it  is  called  Birs  Nemroud  ; by  the  Jews, 

Nebuchadnezzar’s  Prison.  Mr.  Rich  was 
the  first  traveller  who  gave  any  accoun'' 
of  this  ruin,  of  which  Ji(f.  21.  is  a repre- 
.sentation ; and  the  descri])tion  following 
we  shall  ]>resent  in  Mr.  Rich’s  own  words. 
“ The  Birs  Nemroud  is  a mound  of  an  ob- 
long figure,  the  total  circumference  of 
which  is  762  yards.  At  the  eastern  side 
it  is  cloven  by  a deep  furrow,  and  is  not 
more  than  fifty  or  sixty  feet  high  ; but  at 
the  western  it  rises  in  a conical  figure  to 
the  elevation  of  1 9«  ft.,  and  on  its  summit 
is  a .solid  pile  of  brick  .97  ft.  high  by  28  in 
breadth,  diminishing  in  thickne.ss  to  the 
top,  which  is  broken  and  irregular,  and 
rent  by  a large  fissure  extending  tbrough  a 
third  of  its  height.  It  is  perforated  by  small 
s(]uare  holes  disposed  in  rhomboids.  I'he 
fine  burnt  bricks  of  which  it  is  built  have 
inscri])tions  on  them  ; and  so  admirable  is 
the  cement,  which  appears  to  be  lime  mortar, 
,|:hat,  though  the  layers  are  so  close  together  that  it  is  difficult  to  di.scern  what  sidxstance  is  be- 
:ween  them,  it  is  nearly  impossible  to  extract  one  of  the  bricks  whole.  'I’he  other  parts  of  the 
summit  of  the  hill  are  occupied  by  immense  fragments  of  brickwork,  of  no  determinate  figure, 
,;umbled  together  and  converted  into  solid  vitrified  masses,  as  if  they  had  undergone  the  action 
|)f  the  fiercest  fire  or  been  blown  uj)  with  gunpowder,  the  layers  of  the  bricks  being  perfectly 
iiscernible, — a curious  fact,  and  one  for  which  I am  utterly  incapable  of  accounting.  'I'licse, 
jncredible  as  it  may  seem,  are  actually  the  ruins  spoken  of  by  Pere  Emanuel  (See  D'An- 
"il/e,  snr  I Euphrate  et  le  Tigre'),  who  takes  no  sort  of  notice  of  the  prodigious  mound  oii 
ivhich  they  are  elevated.”  'I'he  mound  is  a majestic  ruin,  and  of  a people  whose  j)owers 
were  not  lost,  if  the  hypothesis  brought  before  the  reader  in  the  previous  section  on  Celtic 
ind  Druidical  architecture  be  founded  on  the  basis  of  truth,  but  shown  afterwards,  on 
their  separation  from  the  ])arent  stock,  in  Abury,  Stonehenge,  Carnac,  and  many  other 
places.  Ruins  to  a considerable  extent  exist  round  the  Birs  Nemroud  ; but  for  our  pur- 
pose it  is  not  necessary  to  particularise  them.  'I'he  chance  (for  more  the  happiest  conjec- 
ture would  not  warrant)  of  conclusively  enabling  the  reader  to  come  to  a certain  and  definite 
notion  of  the  venerable  city,  whereof  it  is  our  object  to  give  him  a faint  idea,  is  far  too 
indefinite  to  detain  him  and  exhaust  his  patience.  One  circumstance,  however,  we  must 
not  omit  ; and  again  we  shall  use  the  words  of  the  traveller  to  whom  we  are  under  so 
many  obligations.  'I'hey  are,  — “ 'I’o  these  ruins  I must  add  one,  which,  though  lot  in  the 
Mine  direction,  bears  such  strong  characteristics  of  a Babvlonian  origin,  that  it  would  be 
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itnj)roper  to  omit  a description  of  it  in  this  ])lace.  I mean  Akerkonf,  or,  as  it  is  more 
giMierally  called,  Nimrod’s  'I'ower  ; for  the  inhal)itants  of  these  j)arts  are  as  fond  of  attri- 
buting every  vestige  of  anti(iuity  to  Nimrod  as  those  of  Egypt  are  to  Pharaoh.  It  is 
situate  ten  miles  to  the  north-west  of  Bagdad,  and  is  a thick  mass  of  iinhurnt  brickwork, 
of  an  irregular  shape,  rising  out  of  a base  of  rubbish  ; there  is  a layer  ot  reeds  betwee»' 
every  fifth  or  sixth  (for  the  number  is  not  regulated)  layer  of  bricks.  It  is  j)crforated  with 
small  square  holes,  as  the  brickwork  at  the  Birs  Nemroud  ; and  about  halfway  up  on  the 
east  side  is  an  aperture  like  a window  ; the  layers  of  cement  are  very  thin,  which,  consider- 
ing it  is  mere  mud,  is  an  extraordinary  circumstance.  The  height  of  the  whole  is  126  ft.  ; 
diameter  of  the  largest  part,  100  ft.  ; circumference  of  the  foot  of  the  brickwork  above  the 
rubbish,  300  ft.  ; tlie  remains  of  the  tower  contain  100,000  cubic  feet.  (Vide  hex\  Travels, 
p.  298.)  To  the  east  of  it  is  a dependent  mound,  resembling  those  at  the  Birs  and  A1 
Hheimar.” 

41.  The  inquiry  (following  IMr.  Rich)  now  to  be  pursued  is  that  of  identifying  some  of 
the  remains  which  have  been  described  with  the  description  which  has  been  left  of  them. 
And,  first,  of  the  circuit  of  the  city.  The  greatest  circumference  of  the  city,  according  to 
the  authors  of  antifiuity,  was  480  stadia  (supposed  about  500  ft.  each),  the  least  .360,  Strabo, 
who  was  on  the  spot  when  the  walls  were  sufficiently  perfect  to  judge  of  their  extent,  states 
their  circuit  at  .385  stadia.  It  seems  probable  that  within  the  walls  there  was  a quantity  of 
arable  and  pasture  ground,  to  enable  the  population  to  resist  a siege  ; and  that,  unlike  modern 
cities,  the  buildings  were  distributed  in  groups  over  the  area  inclosed  ; for  Xenophon  reports 
that  when  Cyrus  took  Babylon  (which  event  hap])ened  at  night)  the  inhabitants  of  the  oppo- 
site quarter  of  the  town  were  not  aware  of  it  till  the  third  part  of  the  day  ; that  is,  three  hours 
after  sunrise.  The  accounts  of  the  height  of  the  walls  all  agree  in  the  dimension  of  50  cubits, 
which  was  their  reduced  height  from  350  ft.  by  Darius  Hystaspes,  in  order  to  render  the 
town  less  defensible.  'J'he  embankment  of  the  river  with  walls,  according  to  Diodorus 
100  stadia  in  length,  indicates  very  advanced  engineering  skill;  but  the  most  wonderful 
structure  of  the  city  was  the  tower,  pyramid,  or  sepulchre  of  Bel  us,  whose  base,  according 
to  Strabo,  was  a stadium  on  each  side.  It  stood  in  an  enclosure  of  two  miles  and  a half, 
and  contained  the  temple  in  which  divine  honours  were  paid  to  the  tutelary  deity  of  Baby- 
lon. 'I'he  main  interest  attached  to  the  tower  of  Belus  arises  from  a belief  of  its  identit\ 
with  the  tower  which  we  learn  from  Scripture  {Gen.  xi. ) the  descendants  of  Noah,  with 
Belus  at  their  head,  constructed  in  the  plains  of  Shinar.  The  two  masses  of  ruins  in  which 
this  tower  must  be  sought,  seem  to  be  the  Birs  Nemroud,  whose  four  sides  are  2286  En- 
glish feet  in  length  ; and  the  Mujelibe,  whose  circumference  is  211  1 ft.  Now,  taking  the 
stadium  at  500  ft.,  the  tower  of  Belus,  according  to  the  accounts,  would  be  2000  ft.  in  cir- 
cumference ; so  that  both  the  ruins  agree,  as  nearly  as  possible,  in  the  recpilsite  dimensions, 
considering  our  uncertainty  respecting  the  exact  length  of  the  stadium.  Mr.  Rich  evidently 
inclines  to  the  o))inion  that  the  Birs  Nemroud  is  the  ruin  of  this  celebrated  temple,  though 
he  allows  “ a very  strong  objection  may  be  brought  against  the  Birs  Nemroud  in  the  dis- 
tance of  its  position  from  the  extensive  remains  on  the  eastern  bank  of  the  Eu])hrates, 
which  for  its  accommodation  would  oblige  us  to  extend  the  measurement  of  each  side  of 
the  s(]uare  to  nine  miles,  or  adojit  a plan  which  would  totally  exclude  the  Mujelibe,  all  the 
ruins  above  it,  and  most  of  those  below  : even  in  the  former  case,  the  Mujelibe  and  the 
Birs  would  he  at  opposite  extremities  of  the  town  close  to  the  walls,  while  we  have  every 
reason  to  believe  that  the  tower  of  Belus  occu])ied  a central  situation.” 

42.  The  citadel  or  ]>alace  was  surrounded  by  a wall  whose  total  length  was  60  stadia, 
within  which  was  another  of  40  stadia,  whose  inner  face  was  ornamented  with  painting, — 
a practice  (says  Mr.  Rich)  among  the  Persians  to  this  day.  Within  the  last-named  wall 
w IS  a third,  on  which  hunting  subjects  were  painted.  'I’he  old  jialace  was  on  the  opposite 
side  of  the  river,  the  outer  wall  whereof  was  no  larger  than  the  inner  wall  of  the  new  one. 
Above  the  jialace  or  citadel  were,  according  to  Strabo,  the  hanging  gardens,  for  which,  in 
some  resjiects,  a site  near  the  Mujelibe  would  sufficiently  answer,  were  it  not  that  tl  e 
skeletons  found  there  ‘‘embarrass  almost  any  theory  that  may  be  formed  on  this  extra- 
ordinary pile.” 

43.  As  yet,  no  traces  have  been  found  of  the  tunnel  under  the  Eiqihrates,  nor  of  the 
obelisk  which  Diodorus  says  was  erected  by  Semiramis  ; it  is  not,  however,  impossible  that 
the  diligence  and  perseverance  of  future  travellers  may  bring  them  to  light.  Rich  believes 
that  the  number  of  buildings  within  the  city  bore  no  ])ro])ortion  to  the  extent  of  the  walls, 
— a circumstance  which  has  already  been  passingly  noticed.  He  moreover  thinks  that  the 
houses  were,  in  general,  small  ; and  further,  tiiat  the  assertion  of  Herodotus,  that  it 
a!)ounded  in  houses  of  two  or  three  stories,  argues  that  the  majority  consisted  of  only  one. 
He  well  observes,  “ 'I'he  peculiar  climate  of  this  district  must  have  caused  a similarity  of 
habits  and  accommodation  in  all  ages  ; and  if,  u])on  this  j)rinci])le,  we  take  the  present 
fashion  of  building  as  some  example  of  the  mode  heretofore  ])ractised  in  Babylon,  the 
houses  that  had  more  than  one  story  mu.st  have  consisted  of  the  ground  floor,  or  basse-conr, 
nceui)ied  by  stables,  magazines,  and  serdaubs  or  cellars,  sunk  a little  below  the  ground,  for 
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tlic*  comfort  of  tlie  inhabitants  during  the  heat ; above  this  a gallery  with  the  lodging 
rooms  opening  into  it ; and  over  all  the  Hat  terrace  f)r  the  people  to  sleep  on  during  the 
1 summer.”  In  these  observations  we  fully  concur  with  the  author,  believing  that  climate 
1 and  habits  influence  the  arts  of  all  nations. 

44.  At  Nineveh  the  extraordinary  discoveries  of  Botta  and  Layard  have  made  us  familiar 
with  at  least  the  decorations  and  arrangement  of  Assyrian  architecture.  Tlie  city,  founded, 
as  supposed,  by  Ninus  or  Assur  about  2,200  b.c.,  fell  bef>re  the  rising  wealth  of  Babylon. 
Here,  from  the  ))alace  of  Kouyunjik,  Rawlinson  establishes  the  identity  of  the  king 
who  built  it  with  the  Sennacherib  of  Scripture.  Its  date  would  therefore  be  about  7 13  b.c. 
'J  he  sculptures  at  this  ])lace  so  much  resemble  those  at  Persejjolis,  and  the  arrow-headed 
characters  also  are  so  similar  to  them,  as  well  as  those  of  Babylon,  that  we  may  fairly  con- 
jecture similarity  of  habits  and  taste.  Indeed,  as  the  Persian  empire  grew  out  of  the 
ruins  of  the  Assyrian  empire;  and  Persepolis,  as  a capital,  succeeded  to  the  capitals  of 
Assyria,  we  may,  without  much  fear  of  being  wrong,  judge  by  its  architecture  of  that  of  its 
predecessors.  Greater  almost  at  its  birth  than  ever  afterwards,  in  this  pai  t of  Asia  the  art 
seems  all  at  once  to  have  risen,  as  respects  absolute  grandeur,  to  the  highest  state  of  which 
[ it  was  there  susce))tible;  and,  degenerating  successively  under  the  hands  of  other  people, 
> we  may  reckon  by  the  periods  of  its  decay  the  epochs  of  its  duration, 

5 45.  No  trace  of  the  arch  has  been  found  in  the  ruins  either  at  the  Kasr  or  in  the  passages 

( at  the  Mujellbe.  Ma.ssy  piers,  buttresses,  and  pilasters  supplied  the  place  of  the  column, 
j 'I'he  timber  employed  was  that  of  the  date  tree,  posts  of  which  were  used  in  their  domestic 
i architecture,  round  which,  says  Strabo,  they  twist  reeds  and  apply  a coat  of  paint  to  them. 
i 'I'hickness  of  wall  was  obtained  by  casing  rubble  work  with  fine  brick,  of  which  two  sorts 
i were  made.  The  one  was  merely  dried  in  the  sun,  the  other  burned  in  a kiln.  The  latter 
i was  13  in.  square  and  3 in.  thick,  with  varieties  for  dififerent  situations  in  the  walls.  They 
i are  of  various  colours  The  sun-dried  is  considerably  larger  than  the  kiln-dried.  There 
is  reason  for  believing  that  lime  cement  was  more  generally  used  than  bitumen  or  clay  ; 
li  indeed,  Niebuhr  says  that  the  bricks  laid  in  bitumen  were  easily  separated,  but  that  where 
i mortar  had  been  etnployed,  no  force  could  detach  them  from  each  other  without  breaking 
t them  in  pieces. 
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46*.  Persepolis  was  the  ancient  capital  of  Persia  proper.  The  ruins  now  remaining 
are  siluatcd  (lat.  about  30°  N.,  long,  about  53°  E ) in  the  great  plain  of  Merdasht 
or  Istakhr,  one  of  tlie  most  fertile  in  the  world,  being  watered  in  all  directions  by  rivulets 
and  artificial  drains,  which  ultimately  unite  in  the  Bundemir,  the  ancient  Araxes.  The 
site  would,  like  Memphis,  have  scarcely  left  a vestige  by  which  it  could  have  been  identi- 
Ified,  but  for  the  celebrated  ruins  called  Chel-Minar  (fg.  22.),i.e.  Forty  Pillars,  by  the 
natives,  which  are  believed  ‘to  be  the  remains  of  that  palace  of  the  masters  of  Asia 
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Ho  which  Alexander  set  fire  in  a moment  of  madness  and  debauch.  The  description  which 
• follows  is  obtained  from  De  Bruyn,  who  examined  the  ruins  in  1704,  with  some  reference 
I tIso  to  Niebuhr  and  Sir  R.  K.  Porter,  Mons.  Texier,  cne  of  the  latest  travellers,  has 
ftdevoted  many  plates  to  these  antiquities,  in  his  large  work.  Artneme,  ^c.,  1842;  see  also 
rVaux,  Nineveh  and  Persepolis,  ^c.,  1855;  and  Fergusson,  Palaces  of  Nineveh  and  Persepolis 
i\Jiesto7’ed,  8\o.,  1851. 

.1  47.  The  ruins  are  s^uated  at  the  foot  and  to  the  west  of  the  mountain  Kulirag  met. 

nOu  three  sides  the  walls  are  nmaining,  the  mountain  to  the  east  forming  the  other  side, 
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From  nortli  to  south  the  extent  is  GOO  j>:u*es  ( H25  ft. ),  ami  S90  (802  ft. ) from  west  to 
east  to  the  mountain  on  the  soutli  side,  having  no  stairs  on  tliat  side  ; average  lieight  about 
18  ft.  7 in.  On  the  north  side  it  is  410  paces  (926  ft.)  from  east  to  west,  and  the  wall  is 
21  ft.  high  in  some  places.  At  the  north-west  corner  of  the  wall,  about  80  paces  in  extent 
westward,  are  some  rocks  before  the  ])rinci))al  staircase.  On  mounting  the  steps  there  is 
found  a large  platform  400  paces  in  extent  towards  tlie  mountain.  Along  the  wall  on  three 

^ sides  a pavement  ex- 

^ tends  for  a width  of 




8 ft.  The  principal 
staircase  A {Jiy.  2.3.  ) 
IS  not  placed  in  the 
middle  of  the  west 
side,  but  nearer  to 
the  north.  It  has  a 
double  flight,  the  dis- 
tance between  the 
flights  at  the  bot- 
tom being  42  ft.,  and 
the  width  of  them  is 
25  ft.  7 in.  The  steps 
are  4 in.  high,  and 
Min.  wide.  Fifty- 
five  of  them  remain 
on  the  north  side, 
nd  fifty-three  on 
the  south  ; and  it  is 
probable  that  some 
are  buried  by  the 
ruins.  The  half 
sjiaces  at  the  top  of 
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51  ft.  4 in.  wide.  The  upper  flights  are  separated  from  the  lower  by  a wall  which  runs 
through  at  the  ujiper  landing.  The  upper  flights  are  in  forty-eight  steps,  and  are  cut  out 
of  single  blocks  of  the  rock.  The  upper  landing  is  seventy-five  feet  between  the  flights. 

48.  Forty-two  feet  from  the  landing,  at  B,  are  two  large  portals  and  two  columns 
(originally  four).  The  bottom  of  the  first  is  covered  with  two  blocks  of  stone,  which  fill 
two  thirds  of  the  space  ; the  other  third  having  been  destroyed  by  time.  The  second  jior- 
tal  is  more  covered  by  the  earth  than  the  first,  by  five  feet.  They  are  22  ft.  4 in.  deej), 
and  1.3  ft.  4.  in.  wide.  On  the  interior  side-faces  of  their  piers,  and  nearly  the  whole 
length  of  them,  are  large  figures  of  bulls,  cut  in  bas-relief.  Tlie  heads  of  these  animals  are 
entirely  destroyed  ; and  their  bre.asts  and  fore  feet  project  from  the  piers  ; the  two  of  the 
first  jiortal  face  to  the  staircase,  and  those  of  the  other  face  towards  the  mountain.  On  the 
upper  part  of  the  piers  there  are  .some  arrow-headed  characters,  too  small  to  be  made  out 

from  below.  The  remains  of  the  first  portal  are 
.39  ft.  high,  and  of  the  second  28  ft.  The  base 
of  the  ])lers  is  5 ft.  2 in.  high,  and  projects  in- 
wards ; and  the  bases  upon  which  the  figures 
stand  are  I ft.  2 in.  high.  We  may  here  ob- 
serve that  the  figures  on  the  further  portal  have 
the  body  and  legs  of  a bull,  an  enormous  pair 
of  wings  {Jiy.  24. ) projecting  from  the  shoulders, 
and  the  heads  looking  to  the  east  show  the  faces 
of  men.  On  the  head  is  a cylindrical  diadem, 
on  both  sides  of  which  horns  are  clearly  repre- 
sented winding  from  the  brows  ujiwards  to  the 
front  of  the  crown  ; the  whole  being  surmounted 
with  a sort  of  coronet,  formed  of  a range  of 
leaves  like  the  lotus,  and  bound  with  a fillet 
carved  like  roses.  The  two  columns  (at  Sir  K. 
K.  Porter’s  visit  only  one  remained)  are  the 
most  perfect  among  the  ruins,  and  are  54  ft. 
high.  At  the  distance  of  fifty-two  feet  south- 
eastward from  the  second  portico  is  a water- 
trough  cut  out  of  a single  stone  20  ft.  long  and 
17  ft.  5 in.  broad,  and  standing  3 ft.  high  from 
the  ground.  From  hence  to  the  northern  wall  of  the  platform  is  covered  with  fragments; 
and  the  remains  of  one  column  not  channelled  as  the  others  are  : this  is  12  ft.  4 in.  hi<ih. 
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49.  At  one  limulrccl  and  seventy-two  feet  from  the  portals,  sontliward,  is  another  stair- 
case of  two  flights  (lettered  C),  one  west  and  tlie  otlier  east.  On  tlie  top  of  tlie  ramp  of 
the  steps  are  some  foliages,  and  a lion  tearing  to  pieces  a bull,  in  bas-relief,  and  larger  than 
nature.  This  staircase  is  half  buried.  'I’he  western  flight  has  twenty-eight  steps,  and  the 
other,  where  the  ground  is  higher,  has  only  eighteen.  Tliese  steps  are  17  ft.  long,  3 in. 
high,  and  14^  in.  wide.  The  wall  of  the  landing  is  sculptured  with  three  rows  of  figures, 
one  above  the  other,  and  extending  ninety-eight  feet.  The  faces  of  these  inner  terrace  walls 

are  all  decorated  with  bas-reliefs,  of 
which  /?y.  25.  is  a specimen.  On  ar- 
riving at  the  top  of  this  staircase,  was 
found  another  large  platform,  paved 
with  large  blocks  of  stone  ; and  at  the 
distance  of  twenty-two  feet  two  inches 
from  the  parapet  of  the  landing,  are  the 
most  northern  columns  (lettered  D), 
originally  twelve  in  number,  whereof 
in  Sir  R.  K.  Porter’s  time  only  one 
remained.  At  seventy-one  feet  south- 
ward from  these  stood  thirty-six  columns  more,  at  intervals  of  twenty-two  feet  two  inches 
from  each  otlier,  wdiereof  only  five  now  remain;  the  bases,  however,  of  all  the  others  are  in 
their  places,  though  most  of  them  are  much  damaged.  This  group  of  cclumns  is  lettered 
E.  To  the  east  and  west  of  the  last-named  group  are  two  other  groups  of  twelve  each 
marked  F and  G,  whereof  five  still  remain  in  the  eastern  one,  and  four  in  the  western  one. 
'I'he  columns  of  the  central  group  are  fifty-five  feet  high  ; and  those  of  the  other  three 
groups  are  sixty  feet  in  height.  To  the  south  of  tlie  three  groups  of  columns  is  situate  the 
most  raised  building  on  these  ruins.  On  the  east,  towards  the  mountain,  a large  mass  of 
ruins  is  visible  (lettered  H),  consisting  of  portals,  passages,  windows,  &c.  The  first  are 
decorated  with  figures  on  the  interior  ; and  the  whole  plot  on  which  they  stand  is  95  paces 
from  east  to  west,  and  about  125  paces  from  north  to  south.  'I'he  centre  part  of  the  jilot  is 
covered  with  fragments  of  columns  and  other  stones  ; and  in  the  interior  part  there  seems 
to  have  been  a group  of  seventy-six  columns,  whereof  none  are  represented  by  Sir  R.  K. 
Porter,  nor  are  they  shown  in  either  of  Le  Pruyn’s  views.  'I'he  highest  building  as  to 
level,  marked  I,  is  118  ft.  distant  from  the  columns  lettered  G.  Some  foundations  are 
visible  in  front  of  this  building,  to  which  there  is  not  the  slightest  trace  of  a staircase.  At 
fifty-three  feet  from  the  fa^-ade  of  it  to  the  right  is  a staircase  of  double  flight,  marked  K, 
wheie  again  bassi  relievi  are  to  be  found,  near  which  are  the  remains  of  some  portals 
which  Le  Bruyn  thinks  were  destroyed  by  an  earthquake.  'I'he  next  ruin  (L)  is  54^  ft.  in 
extent,  and  has  portals  similar  to  those  in  other  parts  of  the  place.  'Fo  its  north,  M 
exhibits  uniform  features,  with  windows,  and  what  travellers  have  agreed  to  call  niches, 
which  are  nothing  more  than  square-headed  recesses.  Sculpture  here  again  abounds, 
whereof  we  do  not  think  a description  necessary,  as  in  Jig.  25.  a specimen  of  it  has  been 
given,  sufficient  to  indicate  its  character.  Behind  this  edifice  is  another,  in  some  respects 
similar,  except  that  it  is  thirty-eight  feet  longer.  It  is  marked  N on  the  plan.  One 
lundred  feet  to  the  south  of  this  last  set  of  ruins  (lettered  O),  Sir  R.  K.  Porter  seems 
:o  have  found  traces  of  columns,  which,  if  we  read  Le  Bruyn  rightly,  he  does  not  mention. 
In  this,  the  last-named  traveller  found  a staircase  leading  to  subterranean  apartments,  as  he 
bought,  but  nothing  of  interest  was  discovered.  'I'he  general  dimensions  of  the  building 
P)  extend  about  160  ft.  from  north  to  south,  and  190  ft.  from  east  to  west.  It  ex- 
iibits  ten  portals  in  ruins,  besides  other  remains ; and  there  are  traces  of  thirty-six 
•olumns,  in  six  ranks  of  six  each.  'Phe  spot  is  covered  with  fragments,  under  which  have 
)een  traced  conveyances  for  water.  'Po  the  west  of  the  last-named  building  was  another 
.mtirely  in  ruins  : to  the  east  of  it  are  visible  the  remains  of  a fine  staircase,  much  resembling 
jthat  first  described,  and  which,  therefore,  we  do  not  think  it  necessary  to  particularise, 
piore  than  we  do  the  numberless  fragments  scattered  over  the  whole  area,  which  was  equal 
|to  nearly  thirty  English  acres  ! 'Phe  ruins  at  Q,  are  of  portals.  At  R and  S are  tombs 
cut  in  the  rock,  of  curious  form,  but  evidently,  from  their  character,  the  work  of  those  who 
constructed  the  enormous  pile  of  building  of  which  we  have  already  inserted  a re])re- 
Sentation.  Between  the  leading  forms  of  the  portals  of  these  ruins,  or  porticoes,  as  Le 
Bruyn  calls  them,  and  those  of  the  structures  of  Egypt,  there  is  a very  striking  resemblance, 
pn  comparison  of  the  two,  it  is  impossible  not  to  be  struck  with  the  large  crowning  hol- 
lowed member,  which  seems  to  have  been  common  to  the  edifices  on  the  banks  of  the  Nile 
knd  those  on  the  plain  of  Merdasht.  In  both,  this  member,  forming,  as  it  were,  an  en- 
tablature, is  ornamented  with  vertical  ribs  or  leaves,  and  the  large  fillet  above  the  hollow 
appears  equally  in  each.  In  the  walls  of  the  Persepolitan  remains,  there  is  jierhaps  less  real 
massiveness  than  in  those  which  were  the  works  of  the  Egyptians ; but  the  similarity  of 
a|>pearance  between  them  jjoints  to  the  conjecture  that,  tliough  neither  might  have  b»*cu 
borrowed  from  the  other,  they  arc  not  many  removes  from  one  common  parent.  'Phe  an- 
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nexcd  diagram  (yf^.  2G. ) will  give  the  reader  some  notion  of  the  style  of  the  architecture  of 
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Persepolis.  Tlie  diagram  27.)  exliibits  a s])ecimL'n  of  a column  and  capital.  Fi(/.  28. 

is  a capital  from  one  of  the  tombs.  'I'he  walls  forming  tlie  revetement  of 
the  great  esplanade  are  wonderfully  perfect  ; and  a])pear  still  capable  of  re- 
sisting e(]ually  the  attacks  of  time  and  barbarism.  The  surface  of  the  platform, 
generally,  is  une(|ual,  and  was  of  different  levels  ; the  whole  seems  to  liave 
l)een  hewn  from  the  mountain,  from  whence 
the  marble  has  been  extracted  for  con- 
structing the  edilices;  hence  the  pave- 
ments apj)ear  masses  of  marble,  than  which 
nothing  more  durable  or  beautiful  can  be 
conceived.  No  cement  appears  to  have 
been  used,  but  the  stones  seem  to  have 
been  connected  by  cramps,  whose  removal, 
however,  has  neither  deranged  the  courses 
from  which  they  have  been  removed,  nor 
affected  their  nice  fitting  to  each  other  ; 

.they  are,  indeed,  so  well  wrought  that  the 
joints  can  scarcely  be  perceived. 

50.  No  ])crson  can  look  at  the  style  of  composition  and  details  of  Persej)olis  without  a 
conviction  of  some  intimate  connection  between  the  architects  of  Persia  and  those  of  Egvpt. 

The  principles  of  both  are  identical  ; and  without  iiupiirlng  into 
the  exact  date  of  the  monument  whose  descri])tion  we  have  jnst 
left,  there  is  sufficient  to  convince  us  that  the  theory  started  in 
respect  of  the  Cyclopean  archltectme,  of  the  arts  travelling  in 
every  direction  from  some  central  Asiatic  point,  is  fully  borne  out ; 
and  that  the  Egv])- 
tian  style  had  its 
origin  in  Asia.  We 
are  quite  aware  that 
conjectures,  bearing 
a semblance  of  pro- 
bability, have  as- 
signed  the  erection 
of  this  stu])endous 
palace  to  Egyptian 
captives,  at  a com- 
paratively late  pe- 
rlod,  after  the  con- 
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«piest  of  Egy])t  by  "'O- 

Cambyses  ; but  we  think  they  are  answered  by  the  similarity  of 
arrow-headed  characters  used  therein  to  those  of  ancient  Babylon,  whereof  an  exam])le  is 
here  given  29. ) from  one  of  the  ])ortals  of  I’ersejmlis.  A few  miles  to  the  south  of 
Persepolis,  tl  e hill  of  Nakshi  Rustan  {fig.  30.)  presents  a number  of  sculptured  tombs, 
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tlie  liiglust  .sup))o<-ctI  to  be  coeval  with  Pcrscjxtlis,  and  formed  ft>r  the  sepulture  ct’ 
the  early  kings  of  Persia;  and  tlie  lower  to  have  Lelonged  to  the  Parthian  Sassanide 
dynasties. 

5la.  'I'he  early  Persians  were  doubtless  indebted  to  the  still  earlier  Assyrians  for  the 
principles  on  which  their  art  was  based.  Persepolis  lies  eastward  of  Nineveh  ; its  remains 
afford  a more  inthnate  acriualntance  witli  the  details  and  construction  eir.pl.  yed.  In  lx  th 
places  we  find  the  same  anangement  of  bassi  rilievi  against  the  walls — entrances  do(  orated 
with  gigantic  \^  iiigcd  animals,  Irearing  li.  inan  heads—  similarity  in  ornament  and  costuute 
— ])rocessions  like  those  at  Nimroud  and  Khor-abad.  The  cuiieiforin  character  (see 
fiy.  29.)  is  now  a known  language;  and  from  an  inscription  form  1 on  tlie  third  terrace, 
tlie  structure  is  a-signed  to  the  time  of  Darius.  Susa,  the  ancient  Shushan,  the  winter 
residence  of  Cyrus,  was  ex|)lon  d by  Mr.  Loftiis  in  1851  ; and  in  1886’  by  Mons.  Dieulafoy, 
who  has  brought  to  the  mu'-eum  at  the  Louvie  some  fine  examples  of  coloured  tile  wall 
woiks  of  the  time  of  Darius,  b.c.  521-485.  The  jilan  much  resembled  that  at  Persepolis, 
at  d both  may  have  been  designed  by  the  same  arcliitect. 

51  h.  'I’he  present  architecture  of  l*ersiu  much  resembles  that  of  other  Abdiomelan  coun- 
tries. The  city  of  Ispahan,  in  its  prosperity,  is  said  to  have  been  surrounded  by  a wall 
twenty  miles  in  circuit.  The  houses  are  generally  mean  in  external  appearance;  they 
commotdy  consist  of  a large  square  court,  surrounded  with  rooms  of  varying  dimensions  for 
different  uses,  the  sides  of  the  area  being  (ilanted  with  flowers,  and  refreshed  by  fountains. 
Distinct  from  this  is  a smaller  court,  round  which  are  distributed  the  apartments  belonging 
to  the  females  of  the  family  ; and  almost  every  dwelling  has  a garden  attached  to  it.  The 
interior  apartments  of  the  richer  classes  are  splendidly  finished,  though  simply  furnished. 
Those  inhabited  by  the  governor,  public  officers,  and  ojnilent  merchants,  may  almost  vie 
with  palaces.  Nearly  all  are  constructed  with  sun-dried  bricks,  (he  public  edifices  only 
being  built  with  burnt  bricks;  the  roofs,  mostly  flat,  have  terraces,  whereon  the  inhabitants 
sleep  during  several  months  of  the  year.  According  to  Chardin,  there  were  in  his  time  within 
the  walls  1 6’0  mosijues,  48  colleges,  1802  caravanseras,  27.8  baths,  12  cemeteries,  and  88,000 
houses.  But  the  city  has  since  fallen  into  great  ruin.  The  Shah  Meidan,  however  {Jigs.  81. 
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and  82.),  or  royal  square.  Is  still  one  of  the  largest  and  finest  in  the  world.  It  is  440 
paces  in  length,  and  160  in  breadth.  On  its  south  side  stands  the  royal  mosque,  erected  l>y 
8hah  Abbas,  in  the  sixteenth  century,  and  constructed  of  stone,  covered  with  highly  varnished 
bricks  and  tiles,  whereon  are  inscribed  sentences  of  the  Koran.  On  another  side  of  the 
Meidan  is  a Mahometan  college  called  the  Medresse  Shah  Sultan  Hossein.  The  entrance  is 
through  a lofty  portico  decorated  with  twisted  columns  of  Tabriz  marble,  leading  through 
two  brazen  gates,  whose  extremities  are  of  silver,  and  their  whole  sur  ace  sculptured  and 
embossed  with  flower.s,  and  verses  from  the  Koran.  Advancing  into  the  court,  on  the  right 
side  is  a mosque,  whose  dome  is  covered  with  lacquered  tiles,  and  adorned  externally  with 
ornaments  of  pure  gold.  This,  and  the  minarets  that  flank  it,  are  n >w  falling  into  decay. 
The  other  sides  of  the  square  are  occupied,  one,  by  a lofty  and  beautiful  portico,  and  the 
remaining  two  by  small  square  cells  for  students,  twelve  in  each  front,  disposed  in  two  stories. 
In  the  city  arc  few  hosiiitals  ; one  stands,  however,  beside  the  caravanserai  of  Shah  Abbas, 
who  erected  both  at  the  same  time,  that  the  revenue  of  the  latter  might  support  the  proper 
oncers  of  the  hospital.  That  the  reader  may  have  a proper  idea  of  one  of  these  Inns  of  the 
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if  they  may  be  so  called,  we  have  here  given  the  plan  of  that  just  above  named  (ji;/. 

33. ).  The  palaces  of  the  kinga 
are  enclosed  in  a fort  of  loftv 
walls,  about  three  miles  in  cir- 
cuit ; in  general  the  front  room 
or  hall  is  very  open,  and  the 
roof  supported  by  carved  and 
gilded  columns.  The  windows 
glazed  with  curiously  stained 
glass  of  a variety  of  colours  ; 
each  has  a fountain  in  front. 
The  palace  of  Chehel  Sitoon 
or  forty  pillars,  is  placed  in  the 
middle  of  an  immense  square 
intersected  by  canals,  and 
planted  with  trees.  Towards 
the  garden  is  an  o])en  saloon 
whose  celling  is  borne  by 
eighteen  columns,  inlaid  with 
mirrors,  and  appearing  at  a dis- 
tance to  consist  entirely  of 
glass.  The  base  of  each  is  of 
maible,  sculptured  into  four  lions,  so  placed  that  the  shafts  stand  on  them.  Mirrors  are 
distributed  on  the  walls  in  great  profusion,  and  the  celling  is  ornamented  with  gilt  flowers. 
An  arched  recess  leads  from  the  apartment  just  described  into  a spacious  and  splendid  hall, 
whose  roof  is  formed  into  a variety  of  domes,  decorated  with  painting  and  gilding.  'I'he 
walls  are  partly  of  white  marble,  and  partly  covered  with  mirrors,  and  are  moreover  deco- 
rated with  six  large  paintings,  whose  subjects  are  the  battles  and  royal  fetes  of  Shah  Ismael 
and  Shah  Abbas  the  Great.  Though  of  considerable  age,  the  colours  are  fresh,  and  the 
gilding  still  brilliant.  Adjoining  the  palace  is  the  harem,  erected  but  a few  years  ago. 
'I'he  bazaars  are  much  celebrated;  they  consist  of  large  wide  passages,  arched,  and  lighte;! 
from  above,  with  buildings  or  stores  on  each  side.  One  of  these  was  formerly  600  geo- 
metrical paces  in  length,  very  broad  and  lofty.  From  these  being  adjacent  to  each  other, 
a person  might  traverse  the  whole  city  sheltered  from  the  weather.  In  Ispahan,  we  must 
not  forget  to  notice  that  some  fine  bridges  exist,  which  cross  the  river  Zenderond. 
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52.  "We  are  scarcely  justified  in  giving  a section,  though  short,  to  the  architecture  of  the 
Jews,  since  the  only  buildings  recorded  as  of  that  nation  are  the  Temple  of  Jerusalem  con- 
structed by  Solomon,  and  the  house  of  the  forest  of  Lebanon.  The  shepherd  tribes  of 
Israel,  indeed,  do  not  seem  to  have  required  such  dwellings  or  temples  as  would  lead  them, 
when  they  settled  in  cities,  to  the  adoption  of  any  style  very  different  from  that  of  their 
neighbours.  Whatever  monuments  are  mentioned  by  them  appear  to  have  been  rude,  and 
have  been  already  noticed  in  the  section  on  Druidical  and  Celtic  architecture.  When 
Solomon  ascended  the  throne,  anxious  to  fulfil  the  wish  his  father  had  long  entertained  oi 
erecting  a fixed  temple  for  the  reception  of  the  ark,  he  was  not  only  obliged  to  send  to 
Tyre  for  workmen,  but  for  an  architect  also.  Upon  this  temple  a dissertation  has  been 
written  by  a Spaniard  of  the  name  of  Villalpanda,  wherein  he,  with  consummate  simplicity, 
urges  that  the  orders,  instead  of  being  the  invention  of  the  Greeks,  were  the  invention  of  God 
limself,  and  that  Callimachus  most  shamefully  put  forth  pretensions  to  the  formation  of  the 
('orinthian  capital  which,  he  says,  had  been  used  centuries  before  in  the  temple  at  Jerusalem. 
The  following  account  of  the  temple  is  from  the  sixth  chapter  of  the  First  Book  of  Kings. 
Its  plan  was  a parallelogram  (taking  the  cubit  at  1 ’824  ft.,  being  the  length  generally 
assigned  to  it)  of  about  109^  ft.  by  36^  ft.,  being  as  nearly  as  may  be  two  thirds  of  the 
size  of  the  church  of  St.  Martin's  in  the  F^ields.  In  front  was  a pronao.s,  or  portico, 
stretching  through  the  whole  front  (^36^  ft.)  of  the  temple,  and  its  depth  was  half  its  extent. 
The  cell,  or  main  body  of  the  temple,  was  54^  ft.  deep,  and  the  sanctuary  beyond  36:? 
feet,  the  height  of  it  being  equal  to  its  length  and  breadth.  The  height  of  the  middle 
]>art,  or  cell,  was  54^  ft.  ; and  that  of  the  jiortico  the  same  as  the  sanctuary,  — that  is, 
36A  ft.,  — judging  from  the  height  of  the  columns.  In  the  interior,  the  body  of  the  temple 
was  surrounded  l>y  three  tiers  of  chambers,  to  which  there  was  an  ascent  bv  stairs;  and  the 
central  |)art  was  open  to  the  sky.  The  ends  of  the  beams  of  the  floors  rested  on  corbJs  of 
stone,  and  were  not  inserted  into  the  walls,  which  were  lined  with  cedar,  carved  into 
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chorubims  and  palm  trees,  gilt.  In  the  sanctuary  two  figures  of  clierubs  were  jjlaced. 
whose  wings  touched  each  otlier  in  the  eentre,  and  extended  outwards  to  the  walls.  These 
were  10  cul)its  higli.  In  the  front  of  tlie  portico  were  two  pillars  of  brass,  which  were  cast 
by  Hiram,  “a  widow’s  son  of  the  tribe  of  Nai)htali,”  whose  “father  was  a num  of  Tyre,'' 
and  who  “ came  to  king  Solomon  and  wrought  all  his  work.”  'I'hese  two  pillars  of 
'ij  ■ 2 brass  (1  Kinyx,  vii.  14,  15.)  were  each  18  cubits  high,  and  their  circumference  was 
— f 12  cubits;  hence  their  diameter  was  .8 '82  cubits.  The  chapiters,  or  capitals,  were 
5 cubits  high  ; and  one  of  them  was  decorated  with  lilies  upon  a net-work  ground, 
and  the  other  with  pomegranates.  From  the  representation  {Jig.  .84.)  here  given, 
the  reader  must  be  struck  with  their  resemblance  to  the  columns  of  Egypt  with 
their  lotus  leaves,  and  sometimes  net-work.  In  short,  the  whole  description  would 

L almost  as  well  apply  to  a temple  of  Egypt  as  to  one  at  Jerusalem.  And  this  tends, 

Ki«.  .>1.  tiioiigh  slightly  it  is  true,  to  show  that  the  Phoenician  workmen  who  were  employed 
on  the  temple  worked  in  the  same  style  as  those  of  Egypt. 

53.  'I'he  house  of  the  forest  of  Lebanon  was  larger  than  the  temple,  having  been  100 
cubits  in  length,  by  50  in  breadth  ; it  also  had  a portico,  and  from  the  description  seems  to 
have  been  similar  in  style. 

54.  Phoenician  Architecture.  — That  part  of  the  great  nation  of  Asia  which  settled  on  the 
coasts  of  Palestine,  called  in  scripture  Canaanites,  or  merchants,  were  afterwards  by  the 
Greeks  called  Phoenicians.  Sidon  was  originally  their  cajjital,  and  Tyre,  which  after- 
wards became  greater  than  the  parent  itself,  was  at  first  only  a colony.  From  what  we 
have  said  in  a previous  section  on  the  walls  of  Mycene,  it  may  be  fairly  presumed  that  their 
architecture  partook  of  the  Cyclopean  style  ; but  that  it  was  much  more  highly  decorated 
is  extremely  probable  from  the  wealth  of  a people  whose  merchants  were  princes,  and  whose 
traffickers  were  the  honourable  of  the  earth.  Besides  the  verses  of  Euripides,  which  ])oint 
to  the  style  of  Phamician  architecture,  we  have  the  authority  of  Lucian  for  asserting  that 
it  was  Egyptian  in  character.  Unfortunately  all  is  surmise  ; no  monuments  of  Pha-nician 
architecture  exist,  and  we  therefore  think  it  useless  to  dwell  longer  on  the  subject. 


Sect.  VI. 

INDIAN  ARCHITECTURE. 

55.  Whence  the  countries  of  India  derived  their  architecture  is  a question  that  has  occupied 
abler  pens  than  that  which  we  wield,  and  a long  period  has  not  passed  away  since  the  im- 
pression on  our  own  mind  was,  that  the  monuments  of  India  were  not  so  old  as  those  of 
Egypt.  Upon  maturer  reflection,  we  are  not  sure  that  impression  was  false  ; but  if  the  arts  of 
a country  do  not  change,  if  the  manners  and  habits  of  the  people  have  not  varied,  the  admis- 
sion of  the  want  of  high  antiquity  of  the  monuments  actually  in  existence 
will  not  settle  the  point.  The  capitals  and  columns  about  Perseiiolls  have 
a remarkable  similarity  to  some  of  the  Hindoo  examjdes,  and  seem  to 
indicate  a common  origin ; indeed,  it  is  our  ojiinion,  and  one  which  we 
have  not  adopted  without  considerable  hesitation,  that  though  the  existing 
buildings  of  India  be  comparatively  modern,  they  are  in  a style  older  than 
that  of  the  time  of  their  erection.  Sir  William  Jones,  whose  opinion  seems 
to  have  been  that  the  Indian  temples  and  edifices  are  not  of  the  highest 
antiquity,  says  (3rd  Discourse),  “ that  they  prove  an  early  connection  be- 
tween India  and  Africa.  The  pyramids  of  Egypt,  the  colossal  statues  de- 
scribed by  Pausanias  and  others,  the  Sphinx  and  the  Hermes  Canis  (which 
last  bears  a great  resemblance  to  the  Varahavatar,  or  the  incarnation  of 
Vishnu  in  the  form  of  a boar),  indicate  the  style  and  mythology  of  the 
same  indefatigable  workmen  who  formed  the  vast  excavations  of  Canarah, 
the  various  temples  and  images  of  Buddha,  and  the  idols  which  are  con- 
tinually dug  up  at  Gaya  or  in  its  vicinity.  The  letters  on  many  of  these 
monuments  appear,  as  I have  before  intimated,  partly  of  Indian  and  partly 
of  Abyssi.iian  or  Ethiopic  origin  ; and  all  these  indubitable  facts  may  in- 
duce no  ill-grounded  opinion  that  Ethiopia  and  Hindustan  were  peopled 
Fi;;..'?.').  A coi.oMN  of  01*  coloiiised  by  the  same  extraordinary  race.”  In  a previous  page  {Jig.  27.), 
TUB  iNDRA  SU1.BA.  reader  will  find  a Persepolitan  column  and  capital  ; we  place  before 

him,  in  fig.  35.,  an  example  from  the  Indra  Subba  which  much  resembles  it  in  detail,  and 
at  the  Nerta  Chabei  at  Chillambaram  are  very  similar  examples.  Between  the  styles  of 
Peisepolis  and  Egypt  a resemblance  will  be  hereafter  traced,  and  to  such  an  extent,  that 
there  seems  no  reasonable  doubt  of  a common  origin.  'I'he  monuments  of  India  may 
be  divided  into  two  classes,  the  excavated  and  constructed ; the  former  being  that  wherein  a 
building  has  been  hollowed,  or,  as  it  were,  quarried  out  of  the  rock;  the  latter,  that  built 
of  separate  and  different  sorts  of  nniterials,  upon  a regular  plan,  as  may  be  seen  in  those 
buildings  improperly  called  pagodas,  which  ornament  the  enclosures  of  ihe  sacred  edifices,  of 
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wliicli  arc  coiniioiK'iit  parts.  The  class  first  named  seems  to  have  interested  travellers 
more  than  the  last,  from  tlie  aj)parent  difficulty  of  execution  ; but  on  this  account  we  are  not 
so  sure  that  they  ouj^ht  to  create  more  astonishment  than  the  constructed  temple,  exce])t  that, 
according  to  Daniel  {Asiat.  lies.  vol.  i. ),  they  are  hollowed  in  hard  and  compact  granite. 

36.  The  monuments  which  belong  to  the  first  class  are  of  two  sorts  ; those  actually  hollowed 
out  of  rocks,  and  those  presenting  forms  of  apparenilij  constructed  buildings,  but  which  are. 
in  fact,  rocks  shaped  by  human  hands  into  architectural  forms.  Of  the  first  sort  are  the 
caves  of  Elephanta  and  Ellora  ; of  the  last,  the  seven  large  jiagodas  of  IMavalipowram.  It 
will  immediately  occur  to  the  reader  that  the  shaping  of  rocks  into  forms  im))lies  art,  if 
the  forms  be  imposing  or  well  arranged  : so,  if  the  hollowing  a rock  into  well-arranged  and 
well -formed  chambers  be  conducted  in  a way  indicating  an  acajuaintance  with  architectural 
ellect,  we  are  not  to  assume  that  a want  of  taste  must  be  conse(}uent  on  the  first  sort  merely 
because  it  cannot  be  called  constructive  architecture.  And  here  we  must  observe,  that  we 
think  the  writer  in  the  Ennjdnpedie  M'thodique  (art.  Arch.  Indienne)  fails  in  his  reasoning; 
our  notion  being  simply  this,  that  as  far  as  respects  these  monuments,  if  they  are  worthy  to 
be  ranked  as  works  of  art,  the  means  by  which  they  were  i)roduced  have  notliing  to  do  with 
the  (paestion.  It  must,  however,  be  admitted,  that  what  the  architect  understands  by  or- 
donnance,  or  the  composition  of  a building,  and  the  proper  arrangement  of  its  several 
parts,  points  which  so  much  engaged  the  attention  of  the  Greeks  and  Romans,  will  not  be 
found  in  Indian  architecture  as  far  as  our  ac(juaintance  with  it  extends.  Conjectures 
infinite  might  be  placed  before  the  reader  on  the  anti(]uity  of  this  species  of  art,  but  they 
would  be  valueless,  no  certain  data,  of  which  we  are  aware,  existing  to  lead  him  in  the  right 
road  ; and  we  must,  therefore,  l)e  content  with  enumerating  some  of  the  princi))al  works 
in  this  style.  The  caves  at  Ellora  consist  of  several  apartments;  the  plan  of  that  called 
the  Indra  Subba  {Jig.  .3G. ) is  here  given,  to  show  the  species  of  plan  which  these  places 
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exhibit ; and  ^^^.  S7.  is  a view  of  a portion  of  the  interior  of  the  same.  The  group  of  temples 
which  compose  these  excavations  aie  as  follow  : — 
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lliat  were  worshipped,  or  tiie  actions  of  the  heroes  whom  they  represented.  At  the  end 
I of  tlie  cavern  there  is  a dark  recess,  about  20  ft.  stjuare,  entered  by  four  doors,  each 
! Hanked  by  gigantic  figures.  “ 'I'hese  stuirendous  works,’’  says  Robertson,  “are  of  such  high 
antiquity,  that,  as  the  natives  cannot,  eitlier  from  liistory  or  tradition,  give  any  information 
I concerning  the  time  in  wliich  they  were  executed,  they  universally  ascribe  tbe  formation  of 
I them  to  the  power  of  superior  beings.  From  tbe  extent  and  grandeur  of  these  sub- 
I terraneous  mansions,  which  intelligent  travellers  conqiare  to  the  most  celebrated  monu- 
I ments  of  human  power  and  art  in  any  ]>art  of  the  earth,  it  is  manifest  that  they  could  not 
I have  been  formed  in  that  stage  of  social  life  where  men  continue  divided  into  small  tribes, 
I unaccustomed  to  the  efforts  of  persevering  industry.”  Excavations  similar  to  tliose  we 
1 liave  named  are  found  at  Camirah,  in  the  Island  of  Salsette,  near  Bombay.  In  these  there 
; are  four  stories  of  galleries,  leading  in  all  to  three  hundred  apartments.  'fhe  front  is 
I formed  by  cutting  away  one  side  of  the  rock.  The  in  incijial  temple,  ft.  long,  and  40  ft. 

' broad,  is  entered  by  a portico  of  columns.  Tbe  roof  is  of  tiie  form  of  a vault,  40  ft.  from 
the  ground  to  its  crown,  and  has  the  appearance  of  being  supported  by  thirty  ])illars, 
octagonal  in  plan,  whose  capitals  and  bases  are  formed  of  ele])hants,  tigers,  and  horses. 
'I'he  walls  contain  cavities  for  lamps,  and  are  covered  with  sculptures  of  human  figures  of 
both  sexes,  elephants,  horses,  and  Hons.  An  altar,  27  ft.  high  and  20  ft.  in  diameter, 
stands  at  the  further  end,  and  over  it  is  a dome  shaped  out  of  the  rock.  Though  the 
sculptures  in  these  caves  are  low  in  rank  compared  with  the  works  of  fireek  and  Etrurian 
artists,  yet  they  are  certainly  in  a style  superior  to  the  works  of  the  EgyjJtians;  and  we 
infer  from  them  a favourable  opinion  of  tbe  state  of  the  arts  in  India  at  the  period  of  tlieir 
formation.  “ It  is  worthy  of  notice,”  observes  the  historian  we  have  just  quoted,  “that 
although  several  of  the  figures  in  the  caverns  at  Elephanta  be  so  diH’erent  from  those 
now  exhifjited  in  the  pagodas  as  objects  of  veneration,  that  some  learned  Europeans 


57.  The  most  celebrated  excavated  temple  is  that  of  Ele-phanta  (.////.  .'IS.),  near  BomI)ay, 

of  whose  interior  composition 
the  reader  may  obtain  a faint 
idea  from  the  subjoined  re- 
presentation  (./?//.  SP.).  It  is 
ISO  ft.  long,  110  ft.  wide,  and 
14  j ft.  high.  'I'lie  ceiling  is 
flat,  and  is  apparently  sup- 
])orted  by  four  ranks  of  co- 
lumns, about  9 ft.  high,  and 
of  a balustral  form.  Tlicse 
stand  on  ])cdestals,  about 
one  third  of  the  height  of  the 
columns  themselves.  A great 

tig.  oS.  UiMfLlS  OK  KLKPUANTA.  pOl  tioil  Of  tllC  Walls  Is  CO- 

I vered  with  colossal  human  figures,  forty  to  fifty  in  number,  in  high  relief,  and  distin- 
} guished  by  a variety  of  symbols,  ]irobably  re))resenting  the  attributes  of  the  deities 
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ha\c  imagined  they  represent  the  rites  of  a religion  more  ancient  than  that  now  esta- 
blished in  Hindostan  ; yet  by  the  Hindoos  themselves 
the  caverns  are  considered  as  hallowed  places  of  their 
own  worship,  and  they  still  resort  thither  to  perform 
their  devotions,  and  honour  the  figures  there,  in  the 
same  manner  with  those  in  their  own  pagodas.”  Air. 
Hunter,  who  in  the  year  1784  visited  the  jrlace,  con- 
siders the  figures  there  as  representing  deities  who 
are  still  objects  of  worship  among  the  Hindoos.  One 
circumstance  justifying  this  opinion  is,  that  several 
of  the  most  conspicuous  personages  in  the  groups  at 
Elephanta  are  decorated  with  the  zenuar,  the  sacred 
string  or  cord  peculiar  to  the  order  of  Brahmins,  an 
authentic  evidence  of  the  distinction  of  casts  having 
been  established  in  India  at  the  time  when  these 
works  were  finished. 

.58.  The  structure  of  the  earliest  Indian  tem- 
))les  was  extremely  simple.  Pyramidal,  and  of  large 
dimensions,  they  had  no  light  but  that  which  tlie 
door  afforded  ; and,  indeed,  the  gloom  of  the  cavern 
seems  to  have  led  them  to  consider  the  solemn  dark- 
ness of  such  a mansion  sacred.  There  are  ruins  of 
this  sort  at  Deogur  and  at  a spot  near  Tanjore,  in 
the  Carnatic.  In  proportion,  however,  to  the  pro- 
gress of  the  country  in  opulence  and  refinement,  tlieir 
sacred  buildings  became  highly  ornamented,  and  must 
be  considered  as  monuments  exhibiting  a high  de- 
gree of  civilisation  of  the  people  by  whom  they  were 
erected.  Very  highly  finished  pagodas,  of  great  an- 
ticpiity,  are  found  in  different  parts  of  Hindostan,  and 
])articLilarly  in  its  southern  districts,  where  they  were 
not  subjected  to  the  destructive  fury  of  Alahometan 
zeal.  To  assist  the  reader  in  forming  a notion  of  the 
style  of  the  architecture  whereof  we  are  treating,  we  here  place  before  him  a diagram  (Jig.  40. ) 

of  part  of  the  pagoda  at  Chlllambaram,  near  Porto  Novo,  on  the  Coro- 
mandel coast  ; one  which  is,  on  account  of  its  antiquity,  held  in  great 
veneration.  The  monument  would  be  perhaps  more  properly  descrilied 
as  a cluster  of  pagodas,  enclosed  in  a rectangular  space  1.88‘J  ft.  in 
length,  and  9.‘56  ft.  in  width,  whose  walls  are  30  ft.  in  height,  and 
7 ft.  in  thickness,  each  side  being  provided  with  a highly  deco- 
rated frustum  of  a jiyramid  over  au  entrance  gateway.  'I'he  large 
enclosure  is  subdivided  into  four  subordinate  ones,  whereof  the  cen- 
tral one,  surrounded  by  a colonnade  and  steps,  contains  a jiiscina 
or  basin  for  purification.  That  on  the  southern  side  forms  a cloister 
enclosing  three  contiguous  temiiles  called  Chabei,  lighted  only  by 
their  doors  and  by  lamps.  'I'he  court  on  the  west  is  also  claustral, 
having  in  the  middle  an  open  portico,  consisting  of  one  hundred 
columns,  whose  roof  is  formed  by  large  blocks  of  stone.  The  last 
is  a square  court  with  a temple  and  piscina,  to  which  is  given  the 
name  of  the  Stream  of  Eternal  Joy.  To  the  tem))le  is  attached 
a |)ortico  of  thirty-six  columns,  in  four  parallel  ranks,  whose  cen- 
tral intercolumniation  is  twice  the  width  of  tho.se  at  the  sides,  and 
in  the  centre,  on  a platform,  is  the  statue  of  the  Bull  Nundu.  It 
is  lighted  artificially  with  lamps,  which  are  kept  constantly  burn- 
ing, and  is  much  decorated  witli  scul|)ture.  The  central  inclosure, 
oil  its  eastern  side,  has  a temple  raised  on  a platform,  in  length  224 
ft.,  and  in  width  64  ft.,  having  a portico  in  front,  consi.sting  of  a vast 
number  of  columns  30  ft.  high ; at  the  end  of  it  a scjuare  vestibule 
is  constructed  with  four  portals,  one  whereof  in  the  middle  leads  to 
the  sanctuary,  named  Nerta  Chabei,  or  Temple  of  Joy  and  Eternity, 
the  altar  being  at  the  end  of  it.  The  temple  is  much  decorated  with 
sculpture,  representing  the  divinities  of  India.  The  pilaster  jig.A\. 
is  placed  at  the  sides  of  the  door  of  the  Nerta  Chabei,  and  is  extremely 
curious;  but  the  most  singular  object  about  the  building  is  a chain  of 
niK  granite  carved  out  of  the  rock,  attached  to  the  jiilasters,  and  supj)ortc<l 
at  four  other  points  in  the  face  of  the  rock  so  as  to  form  festoons. 
The  links  arc  about  3ft.  long,  and  the  whole  length  of  the  chain  is  116  ft.  'I’he  pyramids 
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above  inentlor.od,  wlilcli  stand  over  the  entrances  of  tbe  oi.tcr  enclosure,  rise  from  rectangular 

bases,  and  consist  of  several 
doors.  Tlie  passage  through 
them  is  level  with  tlie  ground. 

59.  A very  beautiful  ex- 
ample of  the  Indian  ])agoda 
exists  at  Tanjore,  which  we 
acre  insert  (.A’<7.  42.). 

60.  One  of  the  largest  tem- 
ples known  is  that  on  tlie  small 
island  Seringham,  near  Trichi- 
nopoly,  on  the  Coromandel 
coast.  It  is  situate  about  a mile 
from  the  western  extremity  of 
tlie  island,  and  is  thus  described 
by  Son  Herat,  It  is  composed 
of  seven  sijuare  enclosures,  one 
within  the  other,  the  walls 

These  enclosures  are  350  ft.  distant  from  one  an- 
other, and  each  has  four  large  gates  with  a high 
tower;  which  are  placed,  one  in  the  middle  of 
each  side  of  the  enclosure,  and  opjiosite  to  the  four 
cardinal  points.  The  outward  wall  is  near  four 
miles  in  circumference,  and  its  gateway  to  tlie  south 
is  ornamented  with  pillars,  several  of  which  are 
simple  stones,  33  ft.  long,  and  nearly  5 ft.  in 
diameter ; and  those  which  form  the  roof  are  still 
larger.  In  the  inmost  inclosures  are  the  cha- 
pels. About  half  a mile  to  the  east  of  Sering- 
liam,  and  nearer  to  the  river  Caveri  than  the 
Coleroon,  is  another  large  pagoda,  called  Jembi- 
kisma,  but  this  lias  only  one  enclosure.  The 
extreme  veneration  in  which  Seringham  is  held 
arises  from  a belief  that  it  contains  that  identical 
image  of  the  god  Vishnu  which  used  to  be  wor- 
shipped by  Brahma. 

61.  We  shall  conclude  this  section  with  some 
observations  on  Choultry  (or  Inn)  at  Madurah 
(Jig.  43.).  Its  effect  is  quite  theatrical,  and  its 
perfect  symmetry  gives  it  the  appearance  of  a work 
of  great  art,  and  of  greater  skill  in  composition 
than  most  other  Indian  works.  Yet  an  examination 
of  the  details,  and  particularly  of  the  system  of 
corbelling  over,  destroys  the  charm  which  a first 
glance  at  it  creates.  In  it,  the  ornaments  which 
in  Grecian  architecture  are  so  well  applied  and 
balanced,  seem  more  the  work  of  chance  than  of 
consideration.  We  here  insert  an  external  view 
of  the  temple  at  this  place  (Jig.  44.).  The  essential  differences  between  Indian  and  Egyj>- 

tian  architecture,  in  connection 
with  the  sculpture  applied  to 
them,  have  been  well  given 
in  the  Enci/clopedie  Methodiqve, 
and  we  shall  here  subjoin  them. 
In  Egypt,  the  principal  forms 
of  the  building  and  its  parts 
preponderate,  inasmuch  as  the 
hieroglypliics  with  which  they 
are  covered  never  interfere 
with  the  general  forms,  nor  in- 
jure the  effect  of  the  whole  ; in 
India,  the  principal  form  is 
lost  in  the  ornaments  which 
divide  and  decompose  it.  In 
Egypt,  that  which  is  essential 
predominates;  in  India,  you 
are  lost  in  the  multitude  of 
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ncci-s‘ories.  In  tlio  Egyptian  architecture,  evcMi  tlie  smallest  edifices  are  grand;  in  that  of 
India,  the  infinite  subdivision  into  parts  gives  an  air  of  liitleness  to  the  largest  buildings. 
In  Egypt,  solidity  is  carried  to  the  extreme  ; in  India,  there  is  not  the  slightest  appear- 
ance "of  it.  I’ublications  on  Indian  and  Eastern  Architecture,  written  by  the  late  James 
Fergusbon  and  otliers,  are  mentioned  in  the  Catalogue  of  Books. 


Shct.  VII. 

EGYCTIAN  ARCHITECTUKE. 

t)‘J.  We  propose  to  consider  the  architecture  of  Egypt — First,  in  respect  of  the  ])hysical, 
political,  and  moral  causes  which  affected  it.  Secondly,  in  res]>ect  of  its  analysis  and  deve- 
lopment.  'I'liirdly,  and  lastly,  in  respect  of  the  taste,  style,  and  character  which  it  exhibits. 

6’3.  I.  In  our  introduction,  we  have  alluded  to  the  three  states  of  life  which  even  in 
the  j)resent  day  distinguish  different  nations  of  the  earth  — hunters,  shepherds,  and  agri- 
cidturists;  in  tlie  seconil  class  whereof  are  included  those  whose  subsistence  is  on  the  pro- 
duce of  the  waters,  which  was  most  probably  the  principal  food  of  the  earliest  inhabitants 
of  Egy))t.  Seatecl  on  the  l)anks  of  a river  whose  name  almost  implies  fertility,  they  would 
have  been  able  to  live  on  the  supply  it  afforded  for  a long  period  before  it  was  necessary  to 
resort  to  the  labours  of  agriculture.  In  such  a state  of  existence  nothing  appears  more  ))ro- 
bahle  than  that  they  should  have  availed  themselves  of  the  most  obvious  shelter  which  nature 
afforded  against  the  extremes  of  heat  and  cold,  namely,  the  cavern  ; which,  consisting  of  tufo 
and  a species  of  white  soft  stone,  was  easily  enlarged  or  formed  to  meet  their  wants.  Certain 
it  is,  that  at  a very  early  period  the  Egyj)tians  were  extremely  skilful  in  working  stone,  an 
art  which  at  a later  time  they  carried  to  a perfection  which  has  never  been  surpassed.  As 
the  Tyrians,  Sidonians,  and  other  inhabitants  of  Palestine  were,  owing  to  the  material 
wliich  their  cedar  forests  afforded,  dexterous  in  joinery,  so  the  Egyptians  received  an  im- 
pulse  in  the  style  of  their  works  from  an  abundance  of  the  stone  of  all  sorts  which  their 
(piarries  produced.  Subterranean  apartments,  it  will  be  said,  are  found  in  other  countries; 
hut  they  will  mostly,  India  excepted,  be  found  to  be  the  remains  of  abandoned  (juarrries, 
exhibiting  no  traces  of  architecture,  nor  places  for  dwelling.  Egy])t,  on  the  contrary,  from 
time  immemorial,  was  accustomed  to  hollow  out  rocks  for  habitation.  I’liny  (lib.  xxxvi. 
c.  13.)  tells  us,  that  the  great  Labyrinth  consisted  of  immense  excavations  of  this  sort. 
Such  were  the  subterranean  chambers  of  Biban  el  Melook,  those  which  have  in  the 
present  day  received  the  name  of  the  Labyrinth,  and  many  others,  which  were  not  likely  to 
have  been  tombs.  When  the  finished  and  later  monuments  of  a people  resemble  their  first 
essays,  it  is  easy  to  recognise  the  influential  causes  from  which  they  result,  'fluis,  in 
Egyj)tian  architecture,  every  thing  points  to  its  origin.  Its  simplicity,  not  to  say  monoton v, 
its  extreme  solidity,  almost  heaviness,  form  its  princijxd  characters.  'I'lien  the  want  of 
l)rofile  and  jiaucity  of  members,  the  small  j)rojection  of  its  mouldings,  the  absence  of  a])er- 
tures,  the  enormous  diameter  of  the  columns  employed,  much  resembling  the  jnllars  left  in 
(piarries  for  su])port,  the  ])yramidal  form  of  the  doors,  the  omission  of  roofs  and  jiediments, 
till’  ignorance  of  the  arch  (which  we  believe  to  have  been  unknown,  though  we  are  aware 
that  a late  traveller  of  great  Intelligence  is  of  a different  o]>inion), — all  enable  us  to  recur  to 
the  type  with  which  we  have  set  out.  If  we  pursue  this  investigation,  we  do  not  discover 
timber  as  an  element  in  Egyptian  comjiositions,  whilst  in  Grecian  architecture,  the  ty])es 
certainly  do  point  to  that  material.  It  is  not  necessary  to  imjuire  whether  the  peojile  had 
or  had  not  tents  or  houses  in  which  timber  was  used  for  beams  or  for  su])])ort,  since  the 
character  of  their  architecture  is  specially  influenced  by  the  exclusive  use  of  stone  as  a 
material  ; and  however  the  form  of  some  of  their  columns  may  not  seem  to  bear  out  the 
hv])othesis  (such,  for  instance,  as  are  shaped  into  bundles  of  reeds  with  imitations  of 
plants  in  the  cajiitals),  all  the  upper  parts  are  constructed  without  reference  to  any  other 
than  stone  construction.  It  is,  moreover,  well  known  that  Egy))t  was  extremely  bare  of 
wood,  and  esjiecially  of  such  as  was  suited  for  building. 

64.  The  climate  of  Egy])t  was,  doubtless,  one  great  cause  of  the  subterranean  style,  as  it 
must  be  in  the  original  architecture  of  every  nation.  Materials  so  well  adapted  to  the 
Construction  it  induced,  furnishing  supports  incapable  of  being  crushed,  and  single  blocks 
of  stone  wliich  dispensed  with  all  carpentry  in  roofs  or  coverings,  a purity  of  air  and  even- 
ness of  temijerature  which  admitted  the  greatest  simiilicity  of  construction  from  the  absence 
of  all  necessity  to  provide  against  the  inclemency  of  seasoi’.s,  and  which  jicrmitted  the  in- 
scri])tlon  of  hieroglyphics  even  on  soft  stone  without  the  fear  of  their  disappearance, — all 
these  concurred  in  forming  the  character  of  their  stupendous  edifices,  and  stimulated  them 
in  the  development  of  the  art. 

65.  The  monarchical  government,  certainly  the  most  favourable  to  the  construction  of 
great  monuments,  appears  to  have  existed  in  Egypt  from  time  immemorial.  The  most 
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important  edifices  with  which  history  or  their  ruins  have  made  us  ac(|uaintcd,  were  raised 
under  monarchies;  and  we  scarcely  need  cite  any  other  tlian  tlie  ruins  of  Persepolis,  of 
wliich  an  account  is  given  in  a previous  section,  to  prove  the  assertion  : these,  in  point  of 
extent,  exceed  all  that  Egyi)t  or  Greece  ])roduced.  Indeed,  the  latter  nation  sought  beauty 
of  form  rather  than  immense  edifices;  and  Home,  until  its  citizens  eciualled  kings  in  their 
wealth,  had  no  monuments  worthy  to  he  remembered  by  the  historian,  or  transmitted  as 
models  to  the  artist. 

66.  Not  the  least  important  of  the  causes  that  combined  in  the  erection  of  their  monu- 
\nents  was  the  extraordinary  })opulation  of  Egyj)t : and  though  we  may  not  jierhaps  entirely 
rely  on  the  wonderful  number  of  twenty  thousand  cities,  which  old  historians  have  said 
were  seated  within  its  boundaries,  it  is  past  question  that  the  country  was  favourable  to  the 
rearing  and  maintenance  of  an  immense  population.  As  in  China  at  the  present  day,  there 
appears  in  Egypt  to  have  been  a redundant  population,  which  was  doubtless  employed  in 
the  public  works  of  the  country,  in  which  the  workman  received  no  other  remuneration 
than  his  food. 

67.  The  I'^gyptlan  monarchs  appear  to  liave  gratified  their  ambition  as  much  in  the  pro- 
vision for  their  own  reception  after  this  life  as  during  their  continuance  in  it.  If  we  except  the 
Memnonium,  and  what  is  called  the  Labyrinth  at  Mem])his,  temples  and  tombs  are  all  that 
remain  of  their  architectural  works.  Diodorus  says,  that  the  kings  of  Egypt  si)ent  those 
enormous  sums  on  their  sepulchres  which  other  kings  expend  on  palaces.  Tliey  considered 
that  the  frailty  of  the  body  during  life  ought  not  to  be  provided  with  more  than  necessary  pro* 
tection  from  the  seasons,  and  that  the  palace  was  nothing  more  than  an  inn,  which  at  their 
death  the  successor  would  in  his  turn  inhabit,  but  that  the  tomb  was  their  eternal  dwell- 
ing, and  sacred  to  themselves  alone.  Hence  they  spared  no  expense  in  erecting  indestruc- 
tible edifices  for  their  reception  after  death.  Against  the  violation  of  the  tomb  it  seems 
to  have  been  a great  object  with  them  to  provide,  and  doubts  have  existed  on  the  minds  erf 
some  whether  the  body  was,  after  all,  deposited  in  the  pyramids,  which  have  been  thought 
to  be  enormous  cenotaphs,  and  that  the  body  was  in  some  subterraneous  and  neighbouring 
spot.  Other  writers  pretend  that  the  pyramids  were  not  tombs,  assigning  to  them  certain 
mystic  or  astronomical  destinations.  There  are,  however,  too  many  circumstances  contra- 
dictory of  such  an  assumption  to  allow  us  to  give  it  the  least  credit  ; and  there  is  little  im- 
propriety in  calling  them  sepulchral  monuments,  whether  or  not  the  bodies  of  the  monarchs 
were  ever  deposited  in  them.  The  religion  of  Egypt,  though  not  so  fruitful,  j)erhai)s,  as 
that  of  Greece  in  the  production  of  a great  number  of  temi)les,  did  not  fall  to  engender  an 
abundant  supply.  The  i)riesthood  was  powerful  and  the  rites  unchangeable  : a mysterious 
authority  j)revailed  in  its  ceremonies  and  outward  forms.  The  temples  of  the  country  are 
imj)ressed  with  mystery,  on  which  the  religion  was  based.  Here,  indeed,  Secresy  was  deified 
in  the  person  of  Har])ocrates  ; and,  according  to  Plutarch  ( De  hide),  the  si)hinx,  which  deco- 
rated the  entrances  of  their  temples,  signified  that  mystery  and  emblem  were  engrafted  on 
their  theology.  Numerous  doors  closed  the  succession  of  apartments  in  the  temples,  leaving 
the  holy  ])lace  itself  to  be  seen  only  at  a great  distance.  This  was  of  little  extent,  con- 
taining merely  a living  idol,  or  the  representation  of  one.  The  larger  portion  of  the 
temple  was  laid  out  for  the  reception  of  the  priests,  and  disposed  in  galleries,  porticoes,  and 
vestibules.  With  few  and  unimportant  variations,  the  greatest  similarity  and  uniformity  is 
observable  in  their  temples,  in  plan,  in  elevation,  and  in  general  form,  as  well  as  in  the 
details  of  their  ornaments.  In  no  country  was  the  connection  between  religion  and 
architecture  closer  than  in  Egypt,  and  as  the  conceptions  and  execution  in  architecture  are 
,de))endent  on  the  other  arts,  we  will  here  briefly  examine  the  influence  which  the  religion 
of  tlie  country  had  u)>on  them. 

68.  Painting  and  sculpture  are  not  only  intimately  connected  with  architecture  through  the 
embellishments  they  are  ca])able  of  affording  to  it,  but  arc  handmaids  at  her  service  in  what 
(depends  upon  taste,  upon  the  ])rinciples  of  beauty,  upon  the  laws  of  proportion,  upon  the  jn  e- 
’servation  of  character,  and  in  various  other  respects.  Nature,  in  one  sense,  is  the  model  U))on 
which  .architecture  is  founded  ; not  as  a subject  of  imitation,  but  as  presenting  for  imitation, 
princijdes  of  the  harmony,  proportion,  effect,  and  beauty,  for  which  the  arts  generally  are 
[indebted  to  nature.  We  think  it  was  Madame  de  Stael  who  said  that  architecture  was 
ifrozen  music.  Now,  though  in  architecture,  as  in  the  other  arts,  there  is  no  sensible  imi- 
tation of  nature,  yet  by  a study  of  her  mode  of  operating,  it  may  be  tempered  and  modified 
so  as  to  give  it  the  power  of  language  and  the  sublimity  of  poetry.  In  respect  of  the  con- 
nection of  the  art  with  sculpture,  little  need  l)e  .said  : in  a material  light,  architecture  is  but 
Ja  sculptured  production,  and  its  beauty  in  every  country  is  in  an  exact  ratio  with  the  skilli 
which  is  exhibited  in  the  use  of  the  chisel.  Facts,  however,  which  are  worth  more  than 
arguments,  prove  that  as  is  the  state  of  architecture  in  a country,  so  is  that  of  the  other  arts. 
Two  things  prevented  the  arts  of  imitation  being  carried  beyond  a certain  point  in  the  country 
under  our  consideration  ; the  first  was  political,  the  other  religious.  The  first  essays  of 
art  are  subjects  of  veneration  in  all  societies  ; and  when,  as  in  Egypt,  all  change  was  for- 
bidden, and  a coustaut  and  inviolable  respect  was  entertained  for  tliat  which  had  existed  l>e- 
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fore,  when  all  its  institutions  tended  to  preserve  social  order  as  established,  and  to  discoura<re 
«nd  forbid  all  innovation,  the  duration  ol’a  style  was  doomed  to  become  eternal.  Religion, 
however,  alone,  was  capable  of  effecting  the  same  object,  and  of  restraining  within  certain 
bounds  the  imitative  faculty,  by  the  preservation  of  types  and  primitive  conventional  signs 
for  the  hierogly})hic  language,  which,  from  the  sacred  purposes  for  which  it  was  employed, 
soon  ac(]uired  an  authority  from  which  no  individual  would  dare  to  deviate  by  an  improve- 
ment of  the  forms  under  which  it  had  appeared.  IMato  observes,  that  no  change  took 
place  in  painting  among  the  Egyptians  ; but  that  it  was  the  same,  neither  better  nor  worse, 
than  it  had  been  ages  before  his  time.  S/cottwi/  S’  evpija^is  avroQi  ra  fxvpioarov  eros  'yeypafx^*' 
pLeya,  rj  Tervirw/n^va  {ovx  ws  fTros  eirreiy  pLvpioaTou,  aW'  ovtws)  tuv  vvv  SeSrj/juovpyTjiuLeyocy  ovrf 
Ti  KaWioua,  our’  atfrxro),  r-pv  avrrjy  Se  r^x^W  aTreipyaa/uLeua.  — De  Legibus,  lib.  ii. 

69.  Uniformity  of  plan  characterises  all  their  works  ; they  never  deviated  from  the  right 
line  and  square.  “ Les  Egyptlens,”  observes  M.  Caylus,“  ne  nous  ont  laisse  aucun  monu- 
ment public  dont  Televation  alt  ete  circulaire.”  The  uuiformity  of  their  elevations  is  still 
more  striking.  Neither  division  of  parts,  contrast,  nor  effect  is  visible.  All  this  necessarily 
resulted  from  the  political  and  religious  institutions  whereof  we  have  been  speaking. 

70.  II.  In  analysing  the  architecture  of  Egy])t,  three  points  offer  themselves  for  consider- 

ation,— construction,  form,  and  decoration.  In  constkuction,  if  solidity  be  a merit,  no 
nation  has  equalled  them.  Notwithstanding  the  continued  effect  of  time  upon  the  edifices 
of  the  country,  they  still  seem  calculated  for  a duration  eijually  long  as  that  of  the  globe 
Itself.  The  materials  em])loyed  upon  them  were  well  adai>ted  to  insure  a defiance  of  all 
that  age  could  effect  against  them.  The  most  abundant  material  is  what  the  ancients 
called  the  Thebaic  granite.  Large  quarries  of  it  were  seated  near  the  Nile  in  U])per 
I'igypt,  between  tlie  first  cataract  and  the  town  of  Assouan,  now  Syene.  The  whole  of  the 

country  to  the  east,  the  islands,  and  the  bed  of  the  Nile  itself,  are  of  this  red  granite, 
whereof  were  formed  the  obelisks,  colossal  statues,  and  columns  of  their  temj)les.  Blocks 
of  dimensions  surprisingly  largg  were  obtained  from  these  quarries.  Basalt,  marble,  free- 
stone, and  alabaster  were  found  beyond  all  limit  compared  with  the  purposes  for  which  they 
were  wanted. 

71.  We  have  already  observed,  that  Egypt  was  deficient  in  timber,  and  especially  that  sort 
proper  for  building.  There  are  some  forests  of  palm  trees  on  the  Lybian  side,  near 
Dendera  (Tentyra)  ; but  the  soil  is  little  suited  to  the  growth  of  timber.  Next  in  (piantity 
to  the  palm  is  the  acacia  ; the  olive  is  rare.  With  the  exception  of  the  palm  tree,  there  is 
none  suited  for  architectural  use.  The  oak  is  not  to  be  found  ; and  that,  as  well  as  the  fir 
which  the  present  inhabitants  use,  is  imported  from  Arabia.  Diodorus  says,  that  the  early 
inhabitants  used  canes  and  reeds  interwoven  and  plastered  with  mud  for  their  huts  ; but  he 
confines  this  practice  to  the  country  away  from  towns,  in  which,  from  fragments  that  have 
been  found,  we  may  infer  that  brick  was  the  material  in  most  common  use. 

72.  Bricks  dried  in  the  sun  were  employed  even  on  large  monuments ; but  it  is  probable 
that  these  were  originally  faced  either  with  stone  or  granite.  The  ])yramids  described  by 
Pococke,  called  Ktoube  el  IMeuschich,are  comjjosed  of  bricks,  some  of  which  are  13iin.  long, 
65  in.  wide,  and  4 in.  thick  ; others  15  in.  long,  7 in.  wide,  and  4 ^ in.  thick.  They  are  not 
u nited  by  cement,  but  in  some  inst;mces  cements  of  a bituminous  natuie  were  employed 
and  in  others  a mortar  composed  of  lime  or  plaster  and  sand,  of  which  it  wr)uld  seem  that 
this  second  was  exceedingly  powerful  as  well  as  durable. 

7.9.  The  Egyptians  arrived  at  the  highest  degree  of  skill  in  quarrying  and  working 
stone,  as  well  as  in  afterwards  giving  it  th.e  most  perfect  polish.  In  their  masonry  they 
placed  no  reliance  on  the  use  of  cramps,  but  rather  on  tlie  nice  adjustment  of  the  stones 
to  one  another,  on  the  avoidance  of  all  false  bearings,  and  the  nice  balance  of  all  over- 
hanging weight.  Of  their  mechanical  skill  the  reader  will  form  some  idea  by  reference 
to  volume  iii.  p.  S28.  of  Wilkinson’s  Manyiers  and  Customs  of  the  Ancient  Egyptians,  from 
a representation  in  a grotto  at  El  Bersheh.  A colossus  on  a sledge  is  therein  pulled  along 
by  172  men,  but  none  of  the  mechanical  powers  seem  to  be  called  in  to  their  assistance. 

‘‘  The  obelisks,”  says  Mr.  Wilkinson,  “ transported  from  the  quarries  of  Syene  to  Thebes 
and  Heliopolis,  vary  in  size  from  70  to  99  ft.  in  length.  They  are  of  one  single  stone  ; and 
the  largest  in  Egv]it,  which  is  that  at  the  great  tem])le  at  Carnac,  I calculate  to  weigh 
about  297  tons.  This  was  brought  about  198  miles  from  the  quarry  to  where  it  now 
stands;  and  those  taken  to  Heliopolis  passed  over  a space  of  800  miles.”  Two  colossi 
(one  of  them  is  the  vocal  INIemnon),  each  of  a single  block  47  ft.  in  height,  and  contain- 
ing 1 1,500  cubic  feet,  are  carved  from  stone  not  known  within  several  days’ journey  of  the 
place  ; and  at  the  IMemnonium  is  a colossal  statue,  which,  when  entire,  weighed  887 
tons.  We  consider,  however,  the  raising  of  the  obelisks  a far  greater  test  of  mechanical 
skill  than  the  transport  of  these  prodigious  weights ; but  into  the  mode  they  adopted  we 
have  no  insight  from  any  representations  yet  discovered.  We  can  scarcely  suppose  that 
in  the  handling  of  the  weights  whereof  we  have  spoken,  they  were  unassisted  bv  the  me- 
chanical j)ower.s,  although,  as  we  have  observed,  no  rejiresentations  to  warrant  the  ’onjecture 
have  been  brought  to  light. 
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Fig.  45.  SKCTIOX  OF  PYRAMID  OF  CHEOPS. 


74.  In  the  construction  of  the  pyrannOs  it  is  manifest  they  would  serve  as  their  own 

scatl'olds.  Tlie  oldest  monuments  of  Egy]>t  are  the 
pyramids  at  Geezeh,  to  the  north  of  Alempliis,  of 
which  we  give  a view  {fi./.  4G.),  with  a section  of 
tlie  largest  of  them  built  ! y Siiplds  I.,  the  C'heojis 
of  the  CJreeksl^^^.  4.5.).  Sir  G.  Wilkinson  supposes 
tltem  to  have  been  erected  2120  years  b.c.,  Le])sius 
:^42G  B c. ; but  the  former  admits  that,  jirevious  to 
the  reign  of  Osirtasen,  1740  b.c..  little  certainty 
exists  as  to  dates.  '1  hese  pyramids  {fig-  46.) 
known  by  the  names  of  Cheops,  Chejiheren,  and 
Mycerinus,  are  extraordinary  for  their  cize  and  the 
consequent  labour  besowed  upon  them;  but  aa 
works  of  the  art  they  are  of  no  further  importance 
than  lieing  a link  in  the  chain  of  its  history.  They 
are  constructed  of  stone  from  the  neighbouring  mountains,  and  are  in  steps,  of  which  in 
the  largest  there  are  two  hun- 
dred and  three,  varying  in  height 
from  3 ft.  to  about  4 and  even  5 
ft.,  decreasing  in  height  as  they 
rise  towards  the  summit.  Their 
width  diminishes  in  the  same 
proportion,  so  that  a line  drawn 
from  tlie  base  to  the  summit 
touclies  the  edge  of  eacli  step.  So 
great  a difference  exists  in  the 
measures  given  in  the  descriptions 
by  the  .seve'al  travellers,  that  we 
Fig.  4ti.  PYRAMIDS  OF  GEEZEH.  here  subjoiii  those  given  of  tlie 

pyramid  of  Clieops,  whilst  believing  that  the  careful  admeasurements  taken  by  IVJr.  Perring 


Height. 

.554  Eng.  ft. 
4C.9  — 

49S  — 


Mr  Perring,  a recent  traveller,  in  respect  of  the  proportions  of  the  great  pyramid,  has  en- 
deavoured to  prove  that  the  unit  of  Egyptian  measurement  is  an  ell  equal  to  1-713  English 
feet,  and  that  it  is  expres.sed  a certain  number  of  times  without  remainder  in  a correct 
Tieasurement  of  the  pyramids  of  Geezeh.  Thus,  he  says,  the  perpendicular  height  of  tlie 
jfreat  pyramid  is  exactly  280  of  such  ells,  the  base  448  ; and  that  | base  ; perpendicular 
leight  ::  slant  height  ! base.  Upon  the  top  thereof  is  a platform  32  ft.  square,  consisting 
[ jf  nine  large  stones,  each  about  a ton  in  weight,  though  inferior  in  that  respect  to  others  in 
^he  edifice,  which  vary  from  5 ft.  to  30  ft.  in  length,  and  from  3 ft.  to  4 ft.  in  height.  From 
this  platform  Dr.  Clarke  saw-  the  pyramids  of  Sakkarali  to  tlie  south,  and  on  the  east  of  them 
mailer  monuments  of  the  same  kind  nearer  to  the  Nile.  He  remarked,  moreover,  an  appear- 
nce  of  ruins  which  might  be  traced  the  whole  way  from  the  pyramids  of  Gizeh  to  those  of 
ccara,  as  if  the  whole  had  once  constituted  one  great  city.  'I'he  stones  of  the  platform  are 
;oft  limestone,  a little  harder  and  more  compact  than  what  in  England  is  called  clunch.  The 

pyramids  are  built  with  common  mortar  ex- 
ternally, but  no  appearance  of  mortar  can 
be  discerned  in  the  more  perfect  parts  of 
the  masonry.  The  faces  of  the  pyramid 
are  directed  to  the  four  cardinal  jioints. 
The  entrance  is  in  the  north  front,  and 
the  passage  to  the  central  chamlier  is 
shown  on  the  preceding  section.  Tliat 
in  the  jiyramid  of  Chepheren  {fig.  47.) 
is  thus  described  by  Belzoni : — The  first 
passage  is  built  of  granite,  the  rest  are  cut 

out  of  the  natural  sandstone  rock  which 

E'g.4<.  ENTUANC2  TO  THB  SECOND  pvRAMiD.  rlscs  abovc  tlio  levcl  of  the  basis  of  the 

lyramid.  This  passage  is  104  ft.  long,  4 ft.  high,  and  3 ft.  6 in.  wide;  descending  at  an 
ngle  of  26  degrees:  at  the  bottom  is  a portcullis,  beyond  which  is  a horizontal  passasje 
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are  those  to  be  relied  upon 

.iuthois. 

Lcugth 
of  base. 

No.  of 
steps. 

Height, 

Authors. 

I.evgth 
of  base. 

No.  of 
steps. 

Herodotus  - 

8(10  Or.  ft. 

- 

8.52  !■  ng.  ft. 

Tlievenot 

727  Eng.  ft. 

208 

Strabo 

GOO  — 

. 

GOG  — 

Niebuhr 

7.57  — 

Diodorus 

700  - 

- 

G39  — 

Cliazelles 

7.51  _ 

. 

Sandys 

300  paces 

Maillet 

- 

208 

Bellonius 

3‘24  — 

Pococke 

. 

212 

Greaves 

093  Eng.  ft. 

207 

499  — 

Belon 

. 

250 

I.e  Hruyn 

7.^-0  — 

- 

G.5o  — 

French  Engineers 

- 

- 

Prosper  Alpinus  - 

799  — 

* 

GG6  — 

Perring 

767  - 

- 203 
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of  the  same  heiglit  as  the  first,  and  at  tlie  distance  of  22  ft.  it  descends  in  a dilferent 
direction,  leadinjfto  some  ))assages  below.  Hence  it  re-asccnds  towards  the  centre  of  the 
l)yramid  ’l)v  a gallery  84  ft.  long,  6 ft.  higdi,  and  .8  ft.  6 in.  wide,  leading  to  a chamber  also 
ciit  out  of  the  solid  rock.  'J'he  chamber  is  46' ft.  in  length,  16  feel  wide,  and  26  ft.  6.  in.  in 
height,  and  contained  a sarcophagus  of  granite  8 ft.  long,  3 ft.  6.  in.  wide,  and  2 ft.  3 in. 
deep  in  the  inside.  Returning  from  the  chamber  to  the  bottom  of  the  gallery  a i)assage  de- 
scends at  an  angle  of  26  degrees  to  the  extent  of  48  ft.  6 in.,  when  it  takes  a horizontal  direc- 
tion for  a length  of  55  ft.  ; it  tlien  again  ascends  at  the  same  angle  and  proceeds  to  the 
base  of  the  pyramid,  where  another  entrance  is  formed  from  the  outside.  _ About  tli« 
middle  of  the  horizontal  passage  there  is  a descent  into  another  chamber,  which  is  32  ft. 
long,  10  ft.  wide,  and  8 ft.  6 in.  high.  The  dimensions  of  this  pyramid,  as  given  by 
I’en  ing,  are  a i>ase  of  707  ft.  and  a height  of  454  ft.  Tliose  of  the  pyramid  of  Mycerinus 
are  a Rise  of  354  ft.,  and  a height  of  218  ft.  The  pyramids  of  Sakkarah,  which  are  as  many 
as  twenty  in  number,  vary  in  form,  dimensions,  and  construction.  They  extend  five  miles  to 
the  north  and  south  of  the  village  of  Sakkarali.  Some  of  them  are  rounded  at  the  top, 

and  resemble  hillocks  cased  witlfstone.  One  ])yramid  is  constructed  rvith  steps  like  thatof 

Cheops;  there  are  six  steps,  each  25  ft.  high,  and  1 1 ft.  wide.  The  height  of  one  in  the 
group  is  150  ft.  ; another,  built  also  in  steps,  is  supposed  to  be  as  high  as  that  of  Cheops. 
'Hie  stones  used  are  much  decayed,  and  more  crumbling  than  those  of  Gizeh  ; hence  they 
are  considered  older.  One  is  formed  of  unburnt  liricks,  containing  shells,  gravel,  and 
chopped  straw,  and  is  in  a very  mouldering  state.  About  300  paces  from  the  second  pyramid 

stands  the  gigantic  Sphinx  (Jig-  48),  whose  length  from 
the  fore-part  to  the  tail  has  been  found  to  be  150  ft. ; the 
paws  extend  50  ft.  Belzoni  e'eared  away  the  sand,  and 
found  a temple  held  between  the  legs  and  another  in  one 
of  its  paws.  It  was  excavated  by  Captain  Caviglia  in 

1816;  also  in  1869  to  the  level  on  which  the  paws  rest. 

Tie  journals  of  1886-7  describe  the  new  works  by 

Prof.  INIaspero  in  excava  ing  and  securing  them  fro:n 
being  refilled  by  the  sand. 

74a.  The  antiquity  of  the  Egyptian  temples  maybe 
comparatively  determined  from  their  size;  the  larger 
ones  being  posterior  to  the  smaller.  Since  the  insight 
obtained  into  the  meaning  of  the  hieroglyphics,  much 
information  has  been  gained  as  to  tlieir  history. 
Solidity  reigns  througli  the  whole  of  them.  The  walls 
by  which  tliey  are  enclosed  are  sometimes  26  ft.  thick, 
atid  those  of  the  entrance  gate  of  a temple  of  'Phebes  are  as  much  as  53  ft.  thick  at  their 
base,  and  are  composed  of  block-  of  enormous  size.  The  masonry  employed  is  that  called 
by  the  Greeks  emplectum  (e/xTrXeKTou),  all  filling  in  of  an  inferior  or  rubble  work  being 
discarded.  They  are  masses  of  nicely  squared  and  fitted  stones,  and  are  built  externally 
with  a slope  like  the  walls  of  a modern  fortification.  The  columns  are  absolutely  necessary 
for  the  support  of  the  ceilings,  which  consist  of  large  blocks  of  stone,  and  are  therefore  of 
few  diameters  in  height.  Sometimes  tliey  are  in  a single  piece,  as  at  Thebes  and  Tentyrn. 
The  stones  of  which  the  ceilings  are  composed  ar''  usually,  according  to  Pococke,  14  ft, 
long,  and  5|  fr.  In  breadtii,  but  some  run  much  larger. 

75.  Refore  adverting  to  tlie  form  and  disposition  of  the  Egyptian  temple,  we  think  it  here 
neces.sary  to  notice  the  recent  discovery'^  of  an  arch  in  a tomb  at  Sakkarah,  said  to  be  of  the 
time  of  Psainmeticus  II.,  and  of  one  also  at  Thebes  in  the  remains  of  a crude  brick 
pyramid.  (See  IViUdnson's  Customs  of  the  Ancient  Egyptians,  vol.  iii.  p.  263.  321.)  That 
exhibited  in  the  tomb  of  Saccara,  from  the  vignette  given,  is  clearly  nothing  but  a lining  of 
the  rock,  and  is,  if  truly  represented  in  the  plate,  incapable  of  bearing  weight,  which  is  the 
ollice  of  an  arcli.  That,  however,  at  Thebes,  to  which  Mr.  W.  assigns  the  date  of  1500 
B.C.,  with  every  respect  for  his  great  information  on  the  subject,  and  with  much  deference 
to  his  judgment,  not  having  ourselves  seen  it,  we  cannot  easily  believe  to  be  of  such  anti- 
quity. Its  appearance  is  so  truly  Roman,  that  we  must  be  permitted  to  doubt  the  truth  of 
his  conjecture.  We  are,  moreover,  fortified  in  the  opinion  we  entertain  by  the  princljilcs 
on  wliich  the  style  of  Egyptian  architecture  is  founded,  which  are  totally  at  variance  wdth 
the  use  of  the  arch.  We  have  ventured  to  transfer  this  (fig-  49.)  to  our  pages,  that  the 
reader  may  form  a judgment  on  the  subject,  as  well  as  ourselves.  We  xvill  only  add,  that 
the  reasons  assigned  by  ]\Ir.  W.  for  the  Egyptians  not  preferring  such  a mode  of  con- 
struction as  the  arch,  becau.se  of  the  difficulty  of  repairing  it  when  injured,  and  the  con- 
sequences attending  the  decay  of  a single  block,  are  not  of  any  weight  with  u.s,  because, 
practically,  tliere  is  an  easy  mode  of  accomjilisbing  such  rcjiair.  And,  again,  the  argu- 
ment that  the  superincumbent  weight  applied  to  an  arch  in  such  a case  as  that  before 
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us  will  not  hold  good,  inasmuch  as  the  balance  on  the  hack  of  each  course  would  almost  pre- 
serve the  oj)euing  without  any  arch  at  all. 

76.  Tuk  form  and  disvosition  of  the 
Egv])tian  tem))le  seem  to  have  been 
founded  on  immutalile  rules  The  only 
points  wherein  they  difler  from  one  an- 
other  are  in  the  number  of  tlieir  subdivi- 
sions and  their  extent,  as  the  city  for 
which  they  served  was  more  or  less  ricli. 
Unlike  the  temples  of  the  Greeks  and 
Romans,  whose  parts  were  governed  l>v 
the  adoption  of  one  of  the  orders,  and 
whose  wliole,  taken  in  at  a single  glance, 
could  he  measured  from  any  one  of  its 
parts,  those  of  Pgypt  were  an  assemblage 
of  porticoes,  courts,  vestibules,  galleries,  apartments,  communicating  with  each  other,  and 
surrounded  with  walls.  Strabo,  in  his  1 7th  book,  thus  describes  the  tem])les  in  question. 

At  the  entrance  of  the  consecrated  spot  the  ground  is  paved  to  tlie  width  of  100  ft. 
(irAeOpou')  or  less,  and  in  length  three  or  four  times  its  width,  and  in  some  places  even  more. 
Tiiis  IS  called  the  court  (Spofxos,  course)  ; thus  Callimachus  uses  the  words  — 

’O  ouT&i  AyiovZt^o;. 

I'iiroughout  the  whole  length  beyond  this  on  each  side  of  the  width  are  placed  sphinxes  of 
tone,  20  cubits  or  more  distant  from  one  another,  one  row  being  on  the  right,  and  the  other 
111  the  left.  Beyond  the  sphinxes  is  a great  vestibule  (-n-poirvAou),  tlieu  a further  one,  and 
beyond  this  another.  The  uumlier,  however,  of  the  .sphinxes,  as  of  the  vestibules,  is  not 
always  the  same,  but  varies  according  to  the  length  and  breadth  of  the  course.  Beyond 

the  vestibules  (TrpoTrvAaia)  is  the  temple  (uecos),  having 
a very  large  porch  (irpouaos),  which  is  worthy  to  be 
recorded.  Tlie  cbapel  (crr]Kos)  is  small,  and  without 
a statue  ; or.  if  there  be  one,  it  is  not  of  buman  form, 
l)ut  that  of  S!)me  beast.  The  porch  on  each  side  has 
a wing  (TTTepa) ; these  consist  of  two  walls  as  high  as 
tlie  temjile  itself,  distant  from  each  other  at  the  bottom 
a little  more  than  the  width  of  the  foundations  of  the 
tem])le,  then  they  incline  towards  each  other,  rising  to 
the  height  of  30  or  60  cubits.  'J'hese  walls  are 
sculptured  with  large  figures,  similar  to  those  which 
are  to  be  seen  in  the  works  of  the  Etruscans  and 
ancient  Greeks.”  This  account  is  not  at  all  exagger- 
ated, as  we  sliall  Immediately  show  by  the  introduction 
in  this  place  of  the  jilan,  section,  and  elevation  of  the 
celebrated  temple  a!t  Apollinopolis  Magna,  between 
Thebes  and  the  first  cataract,  which,  though,  as  we 
learn  from  the  deciphering  in  these  days,  the  hiero- 
glyphics upon  it  are  not  of  the  time  of  the  Pharaohs, 
seems  admirably  calculated  to  give  the  reader  almost 
all  the  information  necessary  for  understanding  the 
suliject.  This  will,  moreover,  so  much  more  fully 
explain  it  than  words,  that  we  shall  not  need  to  do  more 
than  a‘'terwards  come  to  some  recital  of  the  details. 

77.  This  edifice,  seated  near  Edfoo,  about  twenty 
miles  soutb  of  Thebe.s,  is  one  of  the  largest  in  Egypt, 
and  is  comparatively  in  good  preservation  Its  form  is 
rectangular,  and  its  general  dimensions  450ft.  by  140ft. 
(Jip-  50.)  In  the  centre  of  one  of  the  short  sides  is  the 
entrance,  which  consists  of  two  buildings,  each  100  ft. 
long,  and  32  ft.  in  width  ; both  jjyramidal  in  form,  and 
iR.  .w.  PI  AN  OK  TEMPI, EAT  A POI.I.1K0POMS  MAotfA.  lyliig  In  tlic  saiuc  dlrectioii,  but  separated  by  a passage 
0 ft.  in  width,  with  a doorway  at  each  extremity.  I'his  passage  conducts  us  to  a qua- 
langle  140  ft.  long,  and  120  ft.  wide,  flanked  by  twelve  columns  on  each  side,  and  eight 
tore  on  the  entrance  side,  all  standing  a few  feet  witliin  the  walls,  and  thus  forming  a co- 
tnnade  round  three  sides  covered  by  a flat  roof.  A view  of  a portion  of  it  is  given  in  54. 
t the  further  end  of  the  quadrangle  (which  rises  by  corded  steps)  opposite  to  the  en- 
ance,  is  a portico  extending  the  whole  breadth  of  the  quadrangle,  and  45  ft.  in 
epth.  It  has  three  ranks  of  columns,  containing  six  in  each  rank,  is  covered  by  a flat 
x)f,  and  is  enclosed  by  walls  on  three  sides,  the  fourth,  or  that  opposite  the  entrance, 
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l>eing  open.  This  is,  however,  closed  breast  high  by  a species  of  pedestals  half  inserted 
in  the  columns,  and  in  tlie  central  intercolmnniation  a doorway  is  constructed  witli  piers, 
over  which  are  a lintel  and  cornice  cut  througli.  From  tliis  portico  a doorway  leads 
to  an  inner  vestibule,  in  which  are  three  ranks  of  four  columns  each,  smaller  than  those 
first  described,  hut  distributed  in  the  same  way.  Beyond  this,  in  Cousin’s  plan,  arc- 
sundry  apartments,  with  staircases  and  ])assages,  whereof  the  smaller  central  one  was 


Kif».  51.  1.0NG1TL'1)INA1,  SECTION  OK  TEMPI.K  AT  A PO|.I,ONOP01.1S. 


doubtless  the  cell.  F'ff.  51.  is  a longitudinal  section.  Fir/.  52.  is  the  elevation.  \Ve 


may  here  add,  that  there  is  so  little  dlH’erence  between  the  earlier  and  later  speci- 
mens of  Egyptian  architecture,  th.at  though,  as  we  have  hinted,  this  is  of  the  latter,  it 

will  convey  a pretty  correct  know- 
ledge of  all.  The  general  ajipear- 
ance  of  the  temple  is  given  in  Jip, 
55.,  and  a view  of  the  interior  in 
fir/.  54.  'Hie  plan  of  the  Egvptiaii 
temple  is  always  uniform,  symme- 
trical, and  rectangular.  Its  most 
brilliant  feature  is  the  great  num- 
ber of  columns  employed,  in  w-hicli 
is  dis))layed  a prodigality  unap- 
proached by  any  other  nation.  This, 
however,  was  induced  by  the  ne- 
cessity for  employing  blocks  of  stone 
for  the  ceilings  or  roofs.  'J’lie 
greatest  irregularity  occurring  in  any 
of  the  ]>lans  known,  is  in  that  at  the 
island  of  Phlhe  (see  /zg.  55.  ),  and  it 
Is  \ei^  evident  that  the  cause  was  the  shape  ot  the  ground  on  which  it  is  placed.  'I'lie  in- 
X \ j tercolumniations  were  very  small, 

'v  \ \ \ I / rarely  exceeding  a diameter,  or  one 

diameter  and  a half  of  the  column. 
AV'e  know  of  no  specimens  of  pe- 
ri])teral  temjiles  similar  to  those  of 
(ireece,  that  is,  those  in  which 
the  cell  is  surrounded  by  columns^. 

In  the  elevations  of  those  of  Egypt,  5. 
the  spirit  and  character  of  tlieir,  'j 

TKMPI.K  OK  PllII..*.  t '.L  ^ • • 1 I ’ ' 

architecture  is  more  particularly! 

develojied.  But  they  are  monotonous.  The  repetition  of  the  same  forms  is  carried  to,' 1: 
the  utmost  pitch  of  tolerance.  The  pyramidal  form  prevails  in  all  the  combinations,  whether I- 


Fig.  54. 


in  walls,  doors,  general  masses,  or  details.  In  considering  the  principal  parts  of  the  eleva- 
tions, the  first  feature  that  presents  itself  is  the  column,  which  we  will  notice  without  its 

system  relative  to  their  inveii 


attendant  base  and  cajiital.  If  it  were  possible  to  establish _ 

tion  and  subse(|uent  perfection,  we  might  easily  arrange  them  in  distinct  classes,  principally  ^ 
respects  their  decoration  ; hut  as  far  as  regards  general  form,  the  Egyptian  column  may  be 
reduced  to  tvyo  varieties,  the  circular  and  polygonal.  The  first  are  of  two  sorts.  Some 
•ire  found  quite  plain  or  smooth,  but  ornamented  with  hieroglyphics  (see  Jip.  56.).  Some 
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are  composed  with  raiijjjes  of  liorl/ontul  circles,  and  look  like  an  assemblage  of  bundles 
of  rods  tied  together  at  intervals.  'I'he  only  diderence  among  those 
columns  which  are  circular  and  plain  is  in  their  having  hierogly- 
phics,  or  not.  Of  the  second  sort  there  are  many  varieties,  of  which 
we  here  present  three  specimens  {Jig.  57.).  They  have  the  appear- 
ance of  being  bound  together  by  hoops,  like  barrels.  The.se  are  usually 
in  three  rows  with  four  or  five  divisions  in  each  ; but  these  arrange- 
ments seem  to  have  been  subject  to  no  certain  laws.  The  species  of 
c('lumns  in  (juestion  is  certainly  curious,  and  appears  based  uj)on  the 
iinitation  of  stems  of  trees  bound  together,  so  as  out  of  a number  to 
form  one  strong  post.  It  seems  scarcely  possible  that  they  could 
have  had  their  origin  in  mere  v/hiin  or  caprice.  Many  polygonal 
columns  are  to  be  found  in  Egypt.  Some  s(]uare  si)ecimens  are  to 
be  .seen  in  the  grottos  at  Thebes  cut  out  of  the  rock  itself.  Simi- 
at  the  entrance  of  the  sanctuary  of  a temple  in  the  same  city.  Hexa- 
gonal ones  are  de.scribed  by  Norden,  and  I’ocooke  mentions  one  of  a 
form  triangular  on  the  plan.  We  do  not  at  present  remember  any 
lluted  si)ecimen,  except  in  the  tombs  of  IJeni-Hassan,  of  which  a 
representation  will  be  given  in  the  section  on  Grecian  architecture. 
Their  character  is  shortness  and  thickness.  They  vary  from  three  to 
eleven  feet  in  diameter,  the  last  dimension  being  the  largest  diameter 
that  Pococke  observed,  as  in  height  the  tallest  was  forty  feet.  Such 
Were  some  of  those  he  measured  at  Carnak  and  Luxor,  but  this  he  gives  only  as  an  ap- 
)ro\lniation  from  the  circumstance  of  so  much  of  them  being  buried  in  the  eartli. 

78.  Pilasters,  jn-ojierly  so  called,  are  not  found  in  Egyptian  architecture.  The  base  of 
he  column,  when  it  aj)j)ears,  is  extremely  simple  in  its  form.  Among  the  representations 
n Denon’s  work  is  one  in  which  the  base  is  in  the  shape  of  an  inverted  ogee.  It  belongs 
yo  a column  of  one  of  the  buildings  at  'I'entyra. 

79.  In  their  caj)itals,  the  Egyj)tians  exhibited  great  variety  of  form.  They  may,  how- 
ever, be  reduced  to.  three  species,  — the  scjuare,  the  vase-formed,  and  the 
swelleil.  The  first  (Jig.  58.)  is  nothing  more  than  a simple  abacus,  merely 
placed  on  the  top  of  the  shaft  of  the  column,  to  which  it  is  not  joined  by  the 
intervention  of  any  moulding.  This  abacus  is,  however,  sometimes  high 
enough  to  admit  of  a head  being  sculptured  thereon,  as  in  the  annexed 
block.  It  does  not  appear,  as  in  Grecian  architecture,  that  in  that  of  Egy))t 
ilifferently  ])roi)ortioned  and  formed  columns  had  different  capitals  assigned 
to  them.  'fhe  notion  of  imparting  expression  to  architecture  l)y  a choice  of 
forms  of  different  nature,  and  more  or  less  complicated  according  to  the 
character  of  an  order,  was  unknown  in  Egypt.  It  was  an  architectural 
language  which  the  people  knew  not.  The  vase-shaped  capital  .59. ) 
is  variously  modified  : sometimes  it  occurs  quite  i)lain  ; in  other  cases  it  is 

i^ifferei'.tly  decorated,  of  which  we  here  give  two  example.s.  It  certainly  has  all  the  appear- 
ance of  having  afforded  the  first  hint  for  the 
bell  of  the  Corinthian  capital.  The  third 
or  swelled  capital  is  also  found  in  many 
varieties  ; but  if  the  form  be  not  founded 
on  that  of  the  bud  of  a tree,  we  scarcely 
know  wherein  its  original  type  is  to  be 
jht.  Two  exam])les  of  it  are  here  appended. 

80.  The  entablature,  for  such  (however  unlike  it  be  to  the  same  thing  in  the  architecture 

Greece)  we  suppose  we  must  call  the  massive 

loading  placed  on  the  walls  and  columns  of 
ancient  Egypt,  is  very  little  subdivided.  The 
upper  part  of  it,  which  we  may  call  the  cornice, 
projects  considerably,  having  a large  concave 
member,  in  some  cases  consisting  of  ornaments 
* representing  a series  of  reeds  ])arallel  to  each 
KNTABi.AiuRK.  otlicr  fVom  top  to  bottom;  in  other  cases  in 

i()ui)s  of  tliroe  or  six  in  a grouj),  the  intervals  between  them  being  sculptured  with  winged 
t^lohes,  as  on  the  portico  of  the  temjile  at  '^I'entyra,  given  in  fig.  60.  Sculptures  of 
|nimals,  winged  globes,  and  scaraba2i,  are  the  almost  constant  decorations  placed  on  what 
ay  be  called  the  architrave  of  the  Egyptian  temple.  Of  the  winged  globe,  usually 
Hind  on  the  centre  of  it,  as  also  of  the  great  concave  cornice,  ^’5-.  61.  is  a representation. 

We  close  our  observations  on  the  cor- 
nices of  the  Egy|)tian  temple  by  reijuest- 
ing  the  reader,  if  he  have  the  smailesi 
61.  vvis(iKu  ■jM.mt  doi:l)t  on  the  common  origin  of  the  archi- 
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lectures  of  Egypt  ami  Persepolis,  to  refer  to  Jig.  2G.,  wliere  lie  will  find  a precisely 
dmilar  use  of  the  great  cavetto  which  crowned  the  buildings  of  both  countries.  The 
writer  wlio,  in  the  J)('scri/)llon  Ahn'gte  des  Monvmens  de  la  Ihnde  Egi/pt,  has  found  that 
tliis  great  curve  is  borrowed  from  the  bending  leaves  of  the  palm  tree,  has  mistaken  the 
elements  of  decoration  for  substantial  constructive  art,  and  has  forgotten  that  the  first  object 
follows  long  after  the  latter.  Rut  we  doubt  if  he  really  meant  what  his  words  imjiort.  The 
ceilings  of  Egypt  are  invariably  monotonous.  The  non-use  of  the  arch,  whereon  we  have 
touched  in  a preceding  page,  and  the  blocks  of  stone  which  the  country  aflforded,  allowed 
little  scope  for  display  of  varied  form.  In  tlie  colonnades  of  the  country,  architraves  of  stone 
rest  on  tlie  columns  (see  Jig.  54.),  on  which  transversely  are  placed  those  which  actually 
form  the  ceilings,  just  like  the  floor  boards  of  a modern  economical  English  building.  On 
them  are  often  found  some  of  the  most  interesting  representations  that  are  in  existence  : 
we  allude  to  those  of  the  zodiacal  constellations  disposed  circularly  about  the  centre  of  the 
apartments  in  which  they  are  placed.  liiough  nothing  has  been  deduced  from  iliese  to 
satisfy  us  on  the  date  of  their  continent  buildings,  they  are  not  the  less  worthy  of  further 
investigation,  which,  however,  it  is  not  our  province  here  to  pursue. 

81.  'i'he  gates  and  jiortals  of  the  Egv])tian  temjiles  were  either  placed,  as  at  Can  ak 

and  Luxor  ( Jigs.  62.  and  6.8.),  in 
masses  of  masonry,  or  between 
columns,  as  already  noticed,  in- 
clined upwards,  having  generally 
a reed  moulding  round  them,  and 
the  whole  crowned  with  a large 
cavetto.  They  were  plentifully  co- 
vered with  hierogly])hlcs  ; fre- 
quently fronted  by  a pair  of  obe- 
lisks ; and  on  their  sides  were  placed 
staircases  of  very  simple  construc- 
tion, leading  to  platforms  on  their 
summits.  It  is  now  difficult  to 
account  for  the  extraordinary  la- 
bour bestowed  on  these  masses  of 
masonry.  More  than  pictorial  ef- 
fect must  have  been  the  motive. 
The  reader  will,  by  turning  back 
t)  Jig.  52.,  be  ecpially  surprised 
with  ourselves  when  he  contem- 
plates, in  the  gateway  at  the  Tem- 
ple of  ApoHinopolis  jMagna,  such 
The  masses  in  these  are  always  py- 
ramidal, an  l bear  great  resemblance  to  the 
gates  of  modern  fortifications.  Sometimes 
they  are  extremely  simple,  and  do  not  rise  so 
high  as  the  adjacent  buildings  which  flank 
them.  Their  thickness  is  enormous,  some 
of  them  extending  to  the  extraordinary  depth 
of  fifty  feet. 

82.  Windows  were  not  frequently  used. 
When  they  occur  they  are  long  small  paral- 
lelogram.s,  rarely  ornamented,  but  splayed 
inside.  iMany  of  the  apartments  were  with- 
out windows  at  all. 

8.8.  We  have,  in  a previous  page,  alluded  to 
the  Pyramids  ; to  wliich  we  here  add,  that, 
whatever  might  have  been  their  ])ur])ose,  it  is 

Kig.  63.  KovpriAN  PORTAL  AT  cARNAK.  Certain  that  the  form  adopted  in  them  — one 

that,  among  other  people,  was  devoted  to  the  juirposes  of  sepulture — was  of  all  architectural 
forms  that  calculated  to  ensure  durability,  and  was,  moreover,  well  suited  to  the  views  of  a 
nation  which  took  extraordinary  means  to  preserve  the  body  after  life,  and  expended  large 
sums  on  their  tombs. 

84.  Ornament  or  Decoration  may  be  considered  under  two  heads,  — that  which  con- 
sists in  objects  foreign  to  the  forms  of  the  edifices  themselves,  such  as  statues,  obelisks. 
I've.  ; and  that  which  is  ictually  affixed  to  them,  such  as  the  carving  on  the  friezes,  bas- 
reliefs,  &c. 

85.  'I’he  former  of  these  are  remarkable  for  the  size  and  beauty  of  the  materials  whercol 
they  are  comjiosed.  First  for  notice  are  their  statues  of  colossal  dimensions,  which  are  mostly, 
if  not  always,  in  a sitting  attitude.  The  two  here  g'ven  (Jig.  64.)  are  from  the  Memnonium. 
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vast  efforts  develojied  on  so  ajtjiarently  minor  a point. 
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Tht’v  arc  generally  isolated,  aiui  ))laccd  on  simple  ])edestals.  Tlie  use  of  Caryatides,  as 

tliey  are  called,  })erliaj)s  improperly,  in 
Kgyptian  arehiteeture,  if  we  may  judge 
from  remains,  does  not  apj)ear  to  have 
been  very  fre(|uent.  In  tlie  tomb  of 
Osymandyas,  we  find,  according  to  Dio- 
dorus, that  tliere  was  a peristylium,  ^00 
feet  square,  supj)orted  by  animals  J G 
cubits  high,  each  in  one  stone,  instead 
^ of  columns.  The  same  autlior  (vol.  i. 
f.  56.  ed.  Wesseling),  speaking  of  Psam- 
meticus,  says,  “ Having  now  obtaineci 
the  whole  kingdom,  he  built  a pro- 
pyla.'um,  on  the  east  side  of  the  temple, 
10  the  God  at  Memphis  ; which  temple  he  encircled  with  a wall  ; and  in  this  propyla'um, 
instead  of  columns,  substituted  colossal  statues  12  cubits  in  heiglit.”  Statues  of  sphinxes 
in  allies  or  avenues  were  used  for  ornamenting  the  dromos  of  their  temples.  Of  this  species 
of  ornament  the  ruins  of  Thebes  present  a magnificent  example.  They  were  placed  on 
plinths  facing  one  another,  and  about  ten  feet  apart.  Examples  of  lions  also  occur.  The 
form  of  the  Egyptian  obelisks  is  too  well  known  to  need  a description  here.  Ttiey  have  been 
alleged  to  be  monuments  consecrated  to  the  sun.  From  the  situation  they  often  occupy,  it 
is  clear  they  were  used  neither  as  gnomons  nor  solar  quadrants. 

86.  Amongst  the  ornaments  affixed  to  their 
buildings,  or  rather  forming  a part  of  them, 
the  most  frequent  are  hieroglyplilcs  and  bas-reliefs. 
The  custom  of  cutting  the  former  iqion  almost 
every  building  was,  as  we  now  find,  for  the  pur- 
pose of  record  ; but  it  is  nevertheless  to  be  consi- 
dered as  ornamental  in  effect.  'I'he  figures  that 
are  sculptured  on  the  walls  of  the  tenqiles  are 
mostly  in  low  relief,  and  are  destitute  of  propor- 
tion ; and,  when  in  groups,  are  devoid  of  senti- 
ment. Painting  was  another  mode  of  decoration. 
The  grottoes  of  the  Thebaid,  and  other  subter- 
ranean apartments,  abound  with  pictures,  not 
only  of  hieroglyphics,  but  of  other  subjects.  Put 
the  taste  of  all  tliese,  either  in  drawing,  colour- 
ing, or  composition,  is  not  better  than  that  of  their 
sculpture.  (See  an  example  in  Jiij.  65.)  Yet  in 
l)oth  these  arts,  from  the  precision  with  which 
they  are  cut  and  the  uniformity  of  line  and  pro- 
portion they  exhibit,  a certain  effect  is  produced 
which  is  not  altogether  displeasing. 

87.  The  nympha?a  lotus,  or  water  lily,  seems  to  have  been  the  type  of  much  of  the  orna- 
ment used  for  the  purpose  of  decoration.  The  leaf  of  the  palm  tree  was  another  object  of 
imitation,  and  is  constantly  found  in  the  capitals  of  their  columns.  The  use  of  the  palm 
leaf  in  this  situation  may  have  been  derived  from  a popular  notion  mentioned  by  Plutarcli, 
^ Symposiac.  lib.  vi.  cap.  4.),  that  the  palm  tree  rose  under  any  weight  that  was  placed  upon 
it,  and  even  in  projiortion  to  the  degree  of  depression  it  experienced.  This  supposed  pe- 
culiarity is  also  mentioned  by  Aulus  Gellius  (lib.  iii.  cap.  6.).  The  reed  of  the  Nile, 
iwitli  its  head,  enters  into  some  comliinations  of  ornament,  and  moreover  fashioned  into 
bundles,  seems  to  have  been  the  type  of  some  of  the  species  of  their  columns.  In  their 
L'utablatures  and  elsewhere,  animals  of  all  sorts  occasionally  find  a place  as  ornaments,  even 
down  to  fishes,  which  occur  in  a frieze  at  Assouan  ; and,  as  we  have  before  observed,  there 
are  few  buildings  of  importance  in  which  the  winged  globe  does  not  appear  as  an  orna- 
ment. 

88.  Some  observations  on  the  taste,  style,  and  character  of  Egyptian  architecture,  will 
•ouclude  tliis  section.  If  the  type  was,  as  we  imagine,  derived  from  the  early  subterranean 
L'difices  of  the  people,  whose  customs  allowed  of  no  change  or  improvement,  we  cannot  be 
surprised  at  the  great  monotony  that  exists  in  all  their  monuments.  The  absence  of  variety 
in  their  profiles,  by  means  of  projecting  and  re-entering  parts,  of  the  use  of  the  arch,  of  the 
inclined  roof,  and  of  all  deviation  from  those  shades  of  different  developments,  which 
impart  character  to  a work  of  art,  generated  the  monotony,  the  subject  of  our  complaint. 
It  cannot  be  denied  that  in  those  arts  which  have  nature  for  their  model,  the  artists  of  Egypt 
never  sought  excellence  in  true  rejuesentation.  Now  architecture  is  so  allied  to  the  other 
iirts,  that  the  principles  by  which  they  were  guided  in  these  latter  were  carried  through  in 
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t!ie  former.  It  was  impossible  that  tlie  abstract  imitation  of  nature,  which  constltiites 
almost  the  essence  of  architecture,  wliich  is  fouiuled  upon  the  most  refined  observations  of 
the  impressions  of  different  objects  on  our  senses,  which  indicates  numberless  experiments 
and  successive  trials,  and  which  therefore  requires  the  independence  of  the  artist,  could  he 
developed  in  a country  where  the  restrictions  of  religion  and  the  s])irlt  of  routine  became 
the  dominant  genius  of  all  the  arts.  In  positive  imitation,  whose  existence  and  princii)les 
have  been  already  traced  from  grottoes  and  hollowed  subterranean  ai)artments,  the  types  of 
Egyptian  architecture  were  unsusceptible  of  variety,  and  very  remote  from  that  which 
characterises  invention.  The  monotony  thence  resulting  was  attended  by  another  effect,— 
that  of  endeavouring  to  correct  it  by  a profusion  of  hieroglyphics.  As  to  the  other  orna- 
ments  employed,  they  seem  to  have  flowed  from  caprice,  both  in  selection  and  employment, 
resting  on  no  fixed  principles  of  necessity  or  fitness,  nor  subject  to  any  laws  but  those  of 
chance.  The  original  forms,  indeed,  of  P^gyptian  architecture,  unfounded,  like  those  of 
Greece,  on  a construction  with  timber,  would  not  suggest  the  use  of  ornament.  Nothing 
seemed  fixed,  nothing  determined  by  natural  types.  We  must,  however,  except  some  of 
their  columns,  which  do  a})pear  to  have  been  formed  with  some  regard  to  imitation. 

89.  In  the  architecture  of  Pigypt  we  find  great  want  of  proportion,  or  that  suitable  ratio 
which  the  different  parts  of  a body  should  bear  to  each  other  and  to  the  whole.  In  all  or- 
gani.sed  beings,  their  ]>arts  so  correspond,  that,  if  the  size  of  a single  ))art  be  known,  the 
whole  is  known.  Nature  has  thus  formed  them  for  the  sake  of  dependence  on  and  aid  to 
each  other.  In  works  of  art,  the  nearer  we  approach  a similar  formation,  the  more  refined 
and  elegant  will  be  its  productions.  Solidity  is  abused  in  the  works  of  the  Egyjjtians  ; the 
means  employed  always  .seem  greater  than  were  necessary.  This  discovers  another  cause 
of  their  monotony.  The  masses  of  material  which  the  country  produced  measured  their 
efforts  and  conceptions,  and  their  invention  was  exhausted  by  a very  restricted  number  of 
combinations.  Their  monuments  are  doubtle.ss  admirable  for  their  grandeur  and  solidity  ; 
but  the  preponderance  of  the  latter,  when  carried  beyond  certain  bounds,  becomes  clumsi- 
luss;  art  then  disappears,  and  character  becomes  caricature.  Though  we  think  it  useful 
thus  to  analyse  Egyptian  art,  it  must  not  be  supposed  that  we  are  insensible  to  its  imposing, 
and  often  picture.s(pie,  effect.  It  can  never  be  revived,  and  our  observations  upon  it  must 
be  understood  as  in  comjiarison  with  Greek  art,  which  has  proved  so  suscejrtible  of  modi- 
fication that  it  is  not  likely  to  be  abandoned  in  any  part  of  the  world  where  civilisation 
has  appeared. 

90.  Though  the  private  dwellings  of  the  Egyptians  were  not  comparable  with  their  jud)- 
lic  edifices,  they  were  not  altogether  devoid  of  splendour.  Examples  of  them  frorn  sculp- 
tures may  be  seen  in  Sir  G.  Wilkinson’s  work  above  quoted.  In  u e towns  tney  of  couise 
marled  in  size  and  plan.  The  streets  were  narrow  and  laid  out  with  regul.  rity  ; and  the 
mixture,  as  frequently  met  with  in  eastern  towns,  of  large  houses  with  low  hovels,  a})pears 
to  have  been  avoided.  In  Thebes,  the  numher  of  stories  were,  according  to  Diodorus,  in 
some  cases  as  much  as  four  and  five.  Houses  of  small  size  were  usually  connected  together, 
I'arely  exceeding  two  stories.  They  were  regular  in  plan,  the  rooms  usually  occujrying  three 
sides  of  a court-yard,  separated  by  a wall  from  the  street  ; or  on  each  side  of  a long  passage 
from  a similar  entrance  court.  The  court  was  sometimes  common  to  several  houses.  Earge 
mansions  were  detached,  having  often  dijfetent  entrancts  on  their  several  sides,  with  portals 
very  similar  in  form  to  those  of  their  temjrles.  These  portals  were  about  12  or  15  ft.  high, 
aiul  on  each  side  \vas  a smaller  door.  Entering  through  the  porch,  the  passage  was  into  an 
upen  court  wherein  was  a receiving  room  for  visitors,  and  this  was  siqiported  by  columns, 
and  closed  in  the  lower  part  by  intercolumnal  panels.  On  the  opposite  side  of  the  court 
was  another  door,  by  which  the  receiving  room  was  entered  from  the  interior.  'I'hree  doors 
led  from  this  court  to  another  of  larger  dimension.s,  ornamented  with  trees,  communicating 
on  the  right  and  left  with  the  interior  parts  of  the  building,  and  having  a back  entrance.  The 
arrangement  of  the  interior  was  the  same  on  each  side  of  the  court ; six  or  more  chambers, 
whose  doors  faced  each  other,  opened  on  a corridor  su]q)orted  by  columns  on  the  right  and 
left  of  the  area,  which  was  shaded  by  a doidjle  row  of  trees.  A sitting  room  was  placed 
at  the  upper  end  of  one  of  these  areas,  opposite  the  door  leading  to  the  great  court ; 
and  over  this  and  the  chambers  were  the  apartments  of  the  upper  story.  On  each  side  of 
the  sitting-room  was  a door  opening  on  to  the  street.  Of  course  there  were  houses  on 
other  plans,  which  are  given  by  Wilkinson  ; but  the  above  conveys  a sufficient  idea  of 
their  general  distribution.  On  the  tops  of  the  houses  were  terraces,  serving  as  well  for 
repose  as  exercise.  The  wails  and  ceilings  were  richly  painted,  and  the  latter  were  formed 
into  compartments  with  appropriate  borders.  Some  of  their  villas  were  on  a very  Luge 
scale,  and  were  laid  out  with  spacious  gardens,  u atered  bv  canals  communicating  with  the 
Nile. 


91.  We  close  this  section  with  a list  of  the  principal  ancient  remains  in  Egypt  (for  which 
we  are  indebted  to  the  Handbook,  1873,  by  Sir  Gardiner  Wilkiiis,on),  whose  situations  are 
marked  on  the  acco.npanying  map  (/?//.  66  ).  At  Heliopolis,  modern  name  Malnreeah 
(No.  I.),  a little  to  the  north  of  Cairo,  the  obelisk  of  Odrtasen  I.,  and  the  remains  of  walls 
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ami  houses.  Near  Cairo,  on  the  w est 
bank,  tlie  pyramids  {fitj.  4h'. ) of  Geezeli 
( No  2.),  Sakkarah  and  Dashoor.  At 
IVlitrahenny,  on  the  cast  l)ank  ( No.  3.), 
a colossus  of  Ilameses  II.  ; the  mounds 
of  Memphis,  fragments  of  statues,  and 
remains  of  buildings.  Al)out  thirty- 
eij>ht  miles  above  Cairo,  are  the  mounds 
of  Ai)hro(litopolis  (No.  4.);  and  on  U.e 
op])osite  bank  a false  pyiauiid.  At 
seventy-three  miles  on  the  west  bank  is 
Benisoiuf  (No.  o.!,  where  a road  leads 
to  the  Fyoom  ; a 1. rick  pyrmtiid  at  Illa- 
hoon  (No.  6.),  another  at  Ilawarah 
and  traces  of  tlie  Labyrinth  ; an  obelisk 
of  Osiitase.n  I.  at  Biggig ; with  ruins 
near  Lake  Moeris,  and  at  Kasr  el  Kba- 
roon  (No.  8.).  Mounds  at  Aboo  Girgeh 
(No.  9.),  from  whence  a road  to  Oxy- 
rhinchus  (^Behnesa')  (No.  10.),  wheie 
are  mounds  but  no  ruins.  At  Gebel  el 
4’ayr  is  an  underground  church.  Eight 
miles  below  Minieh  (No.  11.)  is  Acoris 
( Tthveh),  on  the  east  bank,  where  is  a 
Gieek  Ptolemaic  inscription  on  the  cliff’, 
tombs  in  tlie  rock  with  inscriptions  on 
the  doors,  hieroglyphic  tablets,  &e.  - On 
the  cast  bank,  seven  miles  above  Mitiieh, 
Kom  Ahmar,  where  are  mounds  of  an 
old  town  ; at  a short  distance  beyond 
is  Metahara  with  sepulchral  grottoes. 
Nine  miles  further  up  are  the  grottoes 
(Jig.  90.)  of  Beni  Ilassan  (No.  12.); 
and  about  a mile  and  a half  further  on 
a rock-cut  temple  of  Bubastis  or  Diana, 
At  Antinoe  (Shegkh  yibddeh),  some 
traces  of  the  town,  theatre,  streets,  baths, 
hippodrome,  &c.,  erected  by  Hadrian. 
At  FA  Bersheh  or  FA  Dayr,  a grotto, 
wherein  is  a colossus  on  a. sledge.  Her- 
mopolis  magna,  on  the  west  bank  ( Osh- 
moon(iyn')('Ho  1 3.  ), only  tombs.  Not  far 
away  is  Gebel  Toona  with  mummy  pits 
and  statues  in  high  relief.  At  Saeed  or 
Upper  Egypt  (No.  14.),  the  mountains 
recede  to  the  eastward,  leaving  the  river; 
a little  beyond  the  \illage  of  Tel  el 
Amarna,  are  catacombs,  and  to  the 
north  of  which  are  the  remains  of  a 
small  town,  and  to  the  south  the  ruins 
of  the  city,  having  houses  built  of  crude 
brick,  from  which  a more  correct  idea  of 
the  ground  plans  can  be  obtained  than 
any  in  the  valley  of  the  Nile.  To  the 
east  are  grottoes  w’ith  sculptures;  and 
on  the  summit  of  the  hills  an  ala- 
baster quarry.  At  El  Hareib  (No. 
15.  s the  ruins  of  an  old  town.  At 
Asyoot  (Lycopolis)  (No.  16.),  are 
ton.bs.  At  Gow  ( Antaeopolis),  a few 
stones  of  the  temple  close  to  the  river. 
At  Shey/ih  Heretdee,  small  caves;  and 
a statue  of  a man  clad  in  the  Roman 
toga  at  the  ba.se  of  the  mountain  cut 
out  of  the  rock.  West  of  Soohag  (No. 
17.),  is  the  ohl  town  of  Aihribis,  wlicre 
is  a ruined  temjile,  with  e.\ tensive 
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mounds,  and  rock-cut  tombs.  Opposite  is  Ekiuneen  (Panopolis)  (No.  18.),  Grtek  inscrip- 
tion of  Temple  of  Pan,  and  remains 
of  other  stone  buildings.  Exten- 
sive mounds  at  JMensIweyah  (No. 
19  ) (Ptolemais  Hermii);  twelve 
miles  south  from  Girgeh,  is  Abydns 
{Arubut  el  Alutfoon),  where  are  two 
temples  and  many  tombs.  JJotv 
(Diospolis  parva),  a lew  mounds 
Dendcrah  (No.  20.)  (Tentyra)  has 
two  temples  (^Jlgs.  67.  and  6'8.),  in- 
scriptions, zodiac,  &c.  At  (Coptos),  on  ea.st  side,  ruins  of  the  old  town,  a pillar,  and  of 

temples  ; and  at  the  village  of  El  Kola, 
to  the  north,  a small  Uoman  Egyptian 
temple.  Kons  (No.  21.)  (Apollinopolis 
parva),  no  ruins.  At  Thebes  or  Keneh 
( Diosjtolis  magna),  on  the  east  bank, 
i re  Carnak  an.l  Luxor  (No.  22.)  (Jigs. 
62.  and  G3. ) ; on  the  west,  tom*<s  of  the 
kings,  private  tombs,  several  temple.s, 
colossi  of  the  plain,  &c.  At  Erment 
(No.  23.)  (Hermonthis),  a temple  and 
early  Christian  church.  At  2o///et'S  and 
Asfoon  ( No.  24.  ) mounds  of  old  towns 
Esneh  (Latopolis)  (No,  25)  possesses 
a line  portico  (Jig.  69.)  cleared  out  in 
1842,  zodiac,  and  quay.  On  the  east 
hank,  four  miles  beyond,  is  El  Knh 
Fig.  G8.  IXTKRIOR  or  TEMPLE  AT  TKXTYiiA.  ( Eilcitliy ias),  Tuiiis  of  a Very  ancient 

town;  the  temples  lately  destroyed;  grottoes  in  the  mountain;  and  a short  distance 

up  tl'.e  valley  three  small  tem- 
ples. Ad/bo  ( No.  26.  ) ( Apol- 
linopolis  magna),  has  two  tem- 
pks,  one  cleared  1864  (Jigs. 
50,  to  54.).  At  Gebel  SiLileh, 
west  and  east  banks,  are  the 
sandstone  quarries.  At  Ktm- 
Onibo  (No.  27.)  ( Ombos)  are 
two  temjiks,  and  a stone  gate- 
way in  a crude  brick  wall  on 
Fg.  69.  PORTICO  AT  EsxEir.  inclosuic, 

showing  an  earlier  tenqile.  At  Assoonn  (No.  28.)  (Syene),  ruins  of  a small  Roman  temple, 
columns,  and  granite  quarries,  in  one  of  which  is  a broken  obelisk.  Island  of  Elefihanta, 
opjrosite  to  Assooan,  is  a })art  of  the  Nilotneter,  with  Greek  inscri|)tions  relating  to  tlie  rise 
of  the  Nile;  a (jiiay,  and  a granite  gatewa)'.  At  Philse  (No.  29.)  temples  (jig.  .55.),  and 
ruins.  On  the  Island  of  Biggeh,  opposite  Philce,  a small  ruined  temjrle,  tablets,  &c. 


92.  In  Nubia,  temples  at  ( No.  30. ) (Parembole),  and  at  Kalabsheh  (No.  31.) 

(Talmis),  apparently  thrown  down  before  it  was  completed.  To  the  north  of  the  last  at 
linyt  el  Welly  a.  small  but  interesting  rock-cut  temple,  of  the  time  of  Rame.ses  II.  A 
temple  at  Dendoor  (No.  32.);  and  one  rock-cut,  of  the  lime  of  Raineses  II.,  at  Gerf 
Eossnyn  (Txxt/.i'^),  on  west  bank.  At  Wady  Sibooah  (No.  33.),  a temple  of  the  same 


temple  AT  IPSAMROOL.  Fig.  71.  TEMPLE  AT  IP.SAMP.OOL. 

lieriod,  with  an  avenue  of  sphinxes,  the  adytum  rock -cut,  the  rest  built.  At  Amada 
No  .H. ),  a temple  of  I hothmes  HI.;  and  nearlv  opposite,  on  the  ea.st  hank,  is  Dayr.  the 
caiiital  of  Nubia,  where  is  a rock-cut  temple,  of  the  date  of  Raineses  II.  At  Aboo  Simbef 
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or  Ipsambool  (No.  35.)  two  fine  fem])les  70.  and  71.)  cut  in  the  rock,  of  tlic  time 

of  Ilamcses  II.,  and  tin;  linest  out  of  tlie  Tlicbcs.  Above  tlie  last  named  place  tbere  are 
no  buildings  of  importance  mentioned  by  our  author. 


Sect.  VI II. 

CHINESE  AKCHITECTIJIIE. 

93.  In  the  first  chapter,  the  reuler  will  remember,  we  have  said  tbal  in  the  tent  is  to  be 
found  the  type  of  this  architecture;  and  one  which,  AI.  de  Pauvv  justly  observed,  cannot 
lie  mistaken.  We  are  not  aware  of  the  utility  of  a very  minute  investigation  of  its  style, 
which  in  this  country  is  of  no  importance,  the  decoration  of  gardens  with  imitations  of  its 
productions  being  no  longer  atteinjited ; hut  as  the  object  of  this  work  would  not  he  fully 
attained  without  some  account  of  it,  \ve  propose  to  consider  it,  firstly,  with  resjiect  to  its 
])rinciples,  character,  and  taste  ; secondly,  with  respect  to  its  buildings,  their  parts,  and  the 
method  of  construction  adopted  in  them. 

94.  (1.)  To  judge  of  the  arts  of  a people,  we  ought  to  he  acquainted  with  the  people 
themselves,  the  constitution  of  their  minds,  their  pow'er,  their  habits,  and  the  connection  of 
the  arts  with  their  wants  and  pleastires.  As  one  man  differs  from  another,  so  do  these  differ 
among  nations.  The  desire  of  imju'oving  on  what  has  been  done  before  us,  no  less  distin- 
guishes nations  than  individuals  from  each  other.  Whatever  may  be  the  cause,  this  faculty 
does  not  seem  to  he  possessed  by  the  Chinese.  Unlike  their  Indian  neighbours,  amongst 
whom  appears  an  exuberance  of  invention,  the  arts  of  imitation  in  China  have  been  bound 
in  the  chains  of  mechanical  skill.  Their  painters  are  rather  naturalists  than  artists;  and  an 
European,  engaged  on  the  foreground  of  a landscape,  tells  us  that  the  criticism  by  a native 
artist  on  his  work  was  confined  to  the  observation  that  he  had  omitted  some  fibres  and  sink- 
ings in  some  of  the  leaves  of  the  foliage  employed  in  it.  The  political  and  moral  subjection 
of  the  people  seems  to  have  doomed  them  to  remain  in  that  confined  circle  wherein  long 
habit  and  repugnance  to  change  have  enclosed  them. 

95.  In  speaking  of  the  principles  of  Chinese  architecture,  the  word  is  used  in  application 
to  those  primitive  causes  which  gave  birth  to  it,  and  which,  in  every  species  of  architecture, 
are  the  elements  of  its  character  and  the  taste  it  exhibits.  The  imitation  of  the  tent,  as  we 
have  before  observed,  is  the  true  origin  of  their  buildings  ; and  this  agrees  with  our  know- 
ledge of  the  primitive  state  of  the  Chinese,  who,  like  all  the  Tartar  tribes,  were  nomadic. 
On  this  is  founded  the  singular  construction  of  their  dwellings,  which  would  stand  were 
the  walls  destroyed  ; inasmuch  as,  independent  of  them,  their  roofs  rest  upon  timber  framing, 
just  as  though  they  had  surrounded  tents  with  enclosures  of  masonry.  Indeed,  from  the 
accounts  of  travellers,  a Chinese  city  looks  like  a large  permanent  encampment,  as  well  in 
respect  of  its  roofs  as  its  extent.  If,  again,  we  recur  to  their  concave  sloped  sides,  we  can 
arrive  at  no  other  conclusion  ; and  though  the  carpentry  of  which  they  are  raised  has  for 
ages  been  subjected  to  these  forms,  when  we  consider  the  natural  march  of  human  invention, 
especially  in  cases  of  necessity,  we  cannot  believe  that,  in  a country  where  the  primitive 
construction  was  of  timber,  the  coverings  of  dwellings  would  at  once  have  been  so  simpk 
and  so  light.  Their  framing  seems  as  though  prepared  merely  for  a canvas  covering. 
.Again,  we  have,  if  more  were  wanting,  another  proof,  in  the  posts  employed  for  the  sujqiort 
of  their  roofs.  On  them  we  find  resting  nothing  analogous  to  the  architecture  for  receiving 
land  supporting  the  upper  timbers  of  the  carpentry  ; on  the  contrary,  the  roof  projects  over 
and  beyond  the  posts  or  columns,  whose  upper  extremities  are  hidden  by  the  eaves;  thus 
superseding  the  use  of  a capital.  A canvas  covering  requires  but  a slender  support : hence 
lightness  is  a leading  feature  in  the  edifices  of  China.  The  system  of  carpentry  (if  such  it 
can  he  called)  thus  induced,  will  be  noticed  under  the  second  head  ; but  we  must  here 
observe,  that  lightness  is  not  at  all  incompatible  with  essential  solidity  of  construction ; and 
whilst  oth^r  materials  than  those  which  formed  tents  have  been  substituted  for  them,  the 
forms  of  the  original  type  have  been  preserved,  making  this  lightness  the  more  singular, 
inasmuch  as  the  slightest  analogy  between  those  of  the  original  and  the  copy  is  imper- 
:-eptihle.  This  change  of  material  prevents  in  the  copy  the  appearance  of  solidity,  and 
>eems  a defect  in  the  style,  unless  we  recur  to  the  type. 

96.  A characteristic  quality  of  Chinese  architecture  is  gaiety  of  effect.  Their  coloured 
(roofs,  compared  by  their  poets  to  the  rainbow,  — their  porticoes,  diapered  with  variegated 
:ints,  — the  varnish  lavished  on  their  buildings,  — the  keeping  of  this  species  of  decoration 
ivlth  the  light  forms  of  the  buildings,  — all  these  unite  in  producing,  to  eyes  accustomed  to 
mntemplate  them,  a species  of  pleasure  which  they  would  with  difficulty  relinquish  ; and  it 
seems  reasonable  that  the  architecture  of  Europe  must  ajipear  cold  and  monotonous  to  men 
.vhose  pleasure  in  the  arts  is  more  dependent  on  their  senses  than  on  their  judgment. 

I 97.  'I'aste  in  art  is  a (juality  of  vague  signification,  excejit  amongst  those  who.se  lives  are 
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passed  in  its  practice  ; ncitlier  is  this  tlie  place  to  say,  upon  that  subject,  more  than  that,  in 
the  api)lication  of  ornament  or  decoration  to  architecture,  it  must  dej)eud  on  tlie  method  o! 
construction.  This  is  not  found  in  that  whereof  we  are  writing.  With  the  Chinese,  the 
art  of  ornamenting  a building  is  an  application  of  capricious  tinery  and  patchwork,  in  which 
grotesejue  rej)resentations  of  subjects  connected  with  their  mythology  oi’ten  prevail  : yet,  in 
this  respect,  they  exhibit  a fertility  of  invention,  and  produce  beautitul  abstract  combinations 
quite  in  character  with  the  general  forms.  Indeed,  the  parts  of  their  architecture  are  in 
harmony  with  each  other.  All  is  based  upon  natural  principles,  and  is  so  adapted  to  the 
few  and  simple  wants  of  a nation  whose  enormous  population  alone  seems  to  render  it  inde- 
pendent of  every  other  people,  that  no  period  can  be  assigned  to  the  future  duration  of  an 
architecture  which,  we  apprehend,  has  existed  amongst  them  from  the  earliest  date  of  theii 
dwelling  in  cities. 

98.  (2.)  'Fimbkh  is  the  chief  matt  rial  in  use  among  the  Chinese;  that  of  which  the 
country  produces,  the  princiisal  is  the  nan-mo^  which,  according  to  some,  is  a species  of  cedar; 
o'hers  have  placed  it  among  tl;e  firs.  It  is  a straight  thick  tree,  and  improves  with  age. 

De  Pauw  says  that  it  furnishes  sticks  from  twelve  to  thirteen  feet  high,  of  useful  wood  ; 
but  Chambers  limits  it  to  a smaller  size.  Respecting  its  beauty  and  duration,  all  travellers 
agree.  Davis  (^Description  of  the  Empire  of  China')  s.«ys  that  the  nan-mo  is  a kind  ot 
cedar,  which  resists  insects  arid  lime,  and  appears  to  be  exclusively  used  for  imjrerial  dwell- 
ings and  temples.  It  was  an  article  of  impeachment  against  the  minister  of  Kien-loung, 
that  he  had  presumed  to  use  this  wood  in  the  construction  of  his  private  palace.  According 
t.)  Du  Ilalcle,  the  iron-wood,  the  ly-mo,  is  as  tall  as  the  oaks  of  Europe,  but  is  less  in  its 
trunk,  and  differs  from  it  in  colour,  which  is  darker,  and  in  weight.  Tire  author  does  not 
tell  us  whether  it  is  employed  for  columns.  The  tse-lau,  also  c.dled  rno-wdng,  or  king  of 
woods,  resembles  what  we  call  rosewood  ; but  its  use  is  confined  cl.iefly  to  articles  of  fur- 
niture. The  tchon-tse,  or  bamboo,  grows  to  a g eat  height  in  China.  Thougli  hodow.  u. 
is  very  hard,  and  caj)able  of  bearing  great  weight.  It  is  employed  for  scaffolding  and  sheds 
of  all  kinds;  and  the  frame-work  of  their  matted  houses  for  theatrical  exhibitions  is  carried 
up  with  bamboos  in  a few  hours.  It  is  in  universal  use.  The  missionaries  inform  us  tliat 
mucK  has  been  in  use  with  the  nation  from  the  earliest  period,  and  of  both  s})eclcs,  — burnt 
and  merely  dried  in  the  sun.  Chambers  describes  the  walls  of  the  houses  built  of  this 
material  as  generally  eighteen  Inches  thick.  He  says,  the  workmen  bring  up  the  foundations 
for  three  or  four  courses  in  solid  work  ; after  which,  as  the  walls  rise,  the  bricks  are  used  in 
the  alternate  courses  as  headers  and  stretchers  on  the  two  faces  of  them  ; so  that  the  headers 
meet,  and  thus  occupy  the  whole  thickness,  leaving  a void  space  between  the  stretchers  : 
they  then  carry  up  another  course  of  stretchers,  breaking  the  vertical  joints.  Stone  and 
MAiiBi.E  are  little  employed  ; not  on  account  of  their  scarcity,  for  they  are  abundant,  nor  on 
the  .score  of  economy,  for  they  are  acajuainted  with  the  method  of  working  them,  as  is  proved 
from  their  use  in  public  buihlings  and  tombs.  Neither  can  it  arise  from  the  difficulty  or 
want  of  acquaintance  with  the  means  of  transport  ; for  we  find  in  their  gardens  immen.se 
blocks  introduced  for  the  purposes  of  ornament  ; and  in  their  marble  staircases,  the  stej)s, 
whatever  the  length,  are  always  in  a single  piece.  The  fear  of  earthquakes,  moreover,  does 
not  a))pear  to  have  been  a motive  for  their  rejection.  That  is  rather  to  be  found  in  tlie 
climate,  which,  esjiecially  in  the  southern  parts,  would,  from  the  great  heat  aiul  moisture, 
tend  to  render  their  houses  unwholesome.  In  the  scaffolding  they  use  for  the  erection  of 
their  buildings,  security  and  simplicity  are  the  jirincipal  features  ; not,  however,  unmixed 
with  skill.  It  consists  of  long  poles,  so  inclined  as  to  make  the  ascent  easy,  and  is  executed 
without  any  transverse  bearing  pieces. 

99.  The  police  of  architecture  among  the  Chinese  is,  to  an  European,  a singular  feature 

in  its  practice  ; and  we  cannot  refrain  from  pre.senting  to  the  reader  the  curious  restriction.'-  . 
imposed  upon  every  class  in  their  several  dwellings.  Police,  indeed,  may  be  said  to  govern  I 

the  arts  of  China.  Its  laws  detail  the  magnitude  and  arrangement  permitted  for  the  Ion,  or  | 

jialace  of  a prince  of  the  first,  second,  or  third  degree;  for  a noble  of  the  imperial  family,  for^y  ■ 
a grandee  of  the  empire,  for  the  president  of  a tribunal,  for  a mandarin,  — for,  indeed,  sdl^i-l 
classes.  They  extend,  also,  to  the  regulation  of  the  public  buildings  of  capitals,  and  other>f|- 
cities,  according  to  their  rank  in  the  empire.  The  richest  citizen,  unless  bearing  some  officejj  J” 
in  the  state,  is  compelled  to  restrict  the  extent  of  his  house  to  his  exact  grade  in  the  country  ;ll4 
and  whatever  form  and  comfort  he  may  choose  to  give  to  the  interior,  the  exterior  of  hislB 
dwelling  towards  the  street  must  be  in  every  respect  consistent  with  these  laws.  According* 
to  the  primitive  laws  on  this  subject,  the  number  of  courts,  the  height  of  the  level  of  the,»i 
ground  floor,  the  length  of  the  buildings,  and  the  height  of  the  roofs,  were  in  a i)iogressivu^| 
ratio  from  the  mere  bourgeois  to  the  emperor  ; and  the  limits  of  each  were  exactly  defined?^;- 
The  ordinary  buildings  are  only  a single  story  high  : the  climate  seems  to  discountenance|.|." 
many  stories.  Though  Pekin  is  in  the  fortietli  degree  of  north  latitude,  the  ])ollce  obliges;  J 
the  shopkeepers  and  manufacturers  to  sleep  in  the  open  air  under  their  jienthouses  in  the|> 
hottest  ]>art  of  the  summer.  : | 

100.  The  Icon  is  a building  of  several  stories.  Of  this  sort  are  almo.st  all  the  small  palacesj  > 
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huilt  by  tbe  emperors  in  tlielr  jileasure  gardens.  The  taste  for  this  class  of  building  at  one 
period  i)revalled  to  such  an  extent  that  houses  were  constructed  from  1.50  ft.  to  200  ft.  in 
lieight,  Hanked  by  towers  extending  to  .‘100  ft.  Though  tlie  emperors  have,  generally,  aban- 
doned the.se  enormous  buildings,  they  are  .still  occasionally  erected.  Most  houses  of  the 
country  are  so  slightly  built  as  to  be  incapable  of  bearing  more  than  one  .story.  Indeed, 
the  necessity  for  making  the  most  of  an  area  by  doubling  and  tripling  its  cai)acity,  which 
exists  in  the  capitals  of  liuro])e,  does  not  0])erate  in  China. 

101.  The  houses  of  the  Clilnese  are  uniform  in  their  appearance.  We  here  annex  the 

plan  and  elevation  of  one  72.  and  73.)  ; from  which  it  will  be  seen 

that  a large  portion  of  the  area  is  occupied  by  courts,  passages,  and  gar- 
dens. Sir  W.  Chambers  describes  tho.se  of  the  merchants  at  Canton  as 
bt  ing,  generally,  a long  rectangle  on  the  plan,  two  stories  high,  and  the 
apartments  divided  on  the  ground  floor  by  a wide  passage,  which  extends 
through  the  whole  length.  On  the  side  towards  the  street  the  shops 
are  ])laced,  beyond  which  a quadrangular  open  vestibule  leads  to  tbe 
private  apartments,  which  are  distributed  on  the  right  and  left  of  the 
passage.  There  is  a .salon,  usually  about  18  ft.  or  20  ft.  long,  and  20  ft. 
wide,  open  towards  the  vestibule,  or  with  a screen  of  canework  to  protect 
it  from  the  sun  and  rain.  At  the  back  are  doors  extending  from  the 
floor  about  half  way  to  the  ceiling  ; the  superior  part  being  of  trellis 
work,  covered  with  painted  gauze,  which  gives  liglit  to  the  bedroom. 
The  partition  walls  are  not  carried  higher  than  the  ground  story,  and 
are  lined  with  mats  to  the  height  of  three  feet,  above  which  a painted 
paper  is  used.  The  pavement  is  of  differently  coloured  stone,  or  marble 
squares.  The  doors  are  generally  rectangular,  of  \vood,  and  varnished 

'"I  or  painted  with  figures.  Sometimes  the  communication  between  apart- 
ments is  in  the  form  of  an  entire  circle,  which  some  have  compared  to 
the  aperture  of  a bird-cage.  'I'he 
windows  are  rectangular,  and  filled 
in  with  framework  in  patterns  of 
squares,  parallelograms,  polygons,  and 
circles,  variously  inscribed  in  or  in- 
tersecting each  other.  The  raihvork 
to  the  galleries  is  similarly  orna- 
mented. The  compartments  of  the 
wdndows  are  generally  filled  in  with 
a transparent  oyster  shell  instead  of 
glass.  The  upper  floor,  which  oc- 
cupies the  whole  breadth  of  the 
liouse,  is  divided  into  several  large  apartments,  which  are,  occasionally,  by  means  of  tem- 
porary partitions,  converted  into  rooms  for  visitors,  apart  from  the  family.  'I'he  sleeping 
rooms  for  the  people  connected  with  the  business  are  over  the  shops.  'I'he  roof  stands  on 
wooden  columns  ; and  its  extremities,  projecting  beyond  the  walls,  are  usually  decorated 
with  the  representation  of  a dragon. 

102.  In  the  system  of  carpentry  practised  by  the  Chinese,  the  columns  and  beams  look 
more  like  the  bars  of  a light  cage  than  the  supports  and  ties  of  a solid  ])iece  of 
framing,  or  like  a collection  of  bamboos  fastened  to  one  another.  'I'he  accom- 
panying diagram  {Jig.  74.)  will  convey  our  meaning  to  the  reader.  'I'heir 

iy,M  columns  vary  in  their  forms  and  in  their  proportions  from  eight  to  twelve 

^ ” diameters  in  height,  and  are  without  capitaks.  'I'hey  are  generally  of  wood, 

standing  on  marble  or  stone  bases,  and  are  occasionally  polygonal  as  well 
as  circular.  Some  are  placed  on  moulded  bases. 

10.‘1.  'I'he  palaces  are  constructed  on  nearly  the  same  plan.  Nothing,  say 
the  missionaries  of  Pekin,  gives  a more  impressive  idea  of  a palace  and  the 
greatness  of  its  inhabitant,  whether  we  consider  its  extent,  symmetry,  eleva- 
tion, and  unlfcrmity,  or  whether  we  regard  it  for  the  s])lendour  and  magnifi- 
cence of  its  parts,  than  the  palace  of  the  emperor  at  Pekin.  'I  he  whole,  they 
say,  produced  an  eff'ect  upon  them  for  which  they  were  not  ))repared.  It 
occupies  an  area  of  upwards  of  .8600  ft.  from  east  to  we.st,  and  above  .8000  ft. 
from  north  to  south,  without  including  the  three  fore-courts.  Mr.  Barrow, 
ni  his  Account  of  ImvA  Micartney  s Embassy,  describes  it  as  a vast  enclosure  of  a rectangular 
form,  surrounded  by  double  walls,  having  between  them  ranges  of  offices,  covered  by  roofs 
sloping  towards  the  interior.  'Phe  included  area  is  occupied  by  buildings  not  more  than 
two  stories  high,  and  forming  several  quadrangular  courts  of  various  sizes,  in  the  centres  of 
which  are  buildings  standing  on  granite  platforms,  5 ft.  or  6 ft.  high.  'I'hese  are  sur- 
rounded by  columns  of  wood,  which  support  a projecting  roof  turned  up  at  the  angles. 
C>ne  of  these  buildings,  serving  as  a hall  of  audience,  stands  like  the  rest  on  a platform,  and 
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its  projecting  roof  is  STii)ported  by  a double  row  of  wooden  columns,  tbe  intervals  between 
which,  in  each  row,  are  filled  with  brickwork  to  the  height  of  4 ft.  ; the  part  above  the 
wall  being  filled  in  with  lattice  work,  covered  with  transjiarent  paper.  The  courts  are 
intersected  by  canals  spanned  by  several  marble  bridges.  The  gateways  of  the  quadrangles 
are  adorned  with  marble  columns  on  pedestals,  decorated  with  dragons.  The  courts 
contain  sculptured  lions  7 ft.  or  8 ft.  high  ; and  at  the  angles  of  the  building,  surrounding 
each  area,  are  s(juare  towers,  two  stories  high,  crowned  with  galleries.  The  reader  will 
find  a delineation  of  this  e.{traordinary  building  in  Cousin’s  work,  Du  Genie  de  L" Architec- 
ture, 4to,  Paris,  1822,  pi.  2(1.  The  i)eristylia  of  the  Interior  buildings  of  the  palace  are 
built  ipjon  a platform  of  white  marble,  above  which  they  are  raised  but  a few  steps  ; but 
this  platform  is  reached  by  three  flights  of  marble  steps,  decorated  with  vases  and  other 
ornaments. 

104.  It  is  said  that  there  are  10,000  miao,  or  idol  temples  in  Pekin  and  its  environs. 
Some  of  these  are  of  considerable  size,  others  are  more  distinguished  for  their  beauty  ; there 
IS,  liowever,  no  sufficient  account  of  them,  and  we  shall  therefore  proceed  to  those  of  Canton, 
which  have  been  described  by  Chambers.  He  says  that  in  this  city  there  are  a great  num- 
ber of  teiujiles,  to  which  Europeans  usually  apply  the  name  of  pagoda.  Some  of  these  are 
small,  and  consist  of  a single  chamber  ; others  stand  in  a court  surrounded  by  corridors,  at 
the  extremity  of  which  the  thig,  or  idols,  are  placed.  The  most  extensive  of  these  pagodas 
is  at  Ho-nang,  in  the  southern  suburb  of  Conan.  Its  interior  area  is  of  the  length  of  590  ft., 
its  width  250  ft.  This  area  is  surrounded  by  cells  for  200  bonzes,  having  no  light  but  what 
is  obtained  from  the  doors.  The  entrance  to  the  quadrangle  is  by  a vestibule  in  the  middle 
of  one  of  the  short  sides  ; and  at  the  angles  are  buildings  .SO  ft.  .square,  in  which  the  principal 
bonzes  reside.  In  the  middle  of  each  of  the  long  sides  is  a rectangular  area,  surrounded  by 
cells,  one  containing  the  kitchens  and  refectories,  and  the  other,  ho.spitals  for  animals,  and  a 
burying  ground.  The  great  quadrangle  contains  three  pagodas  or  pavilions,  each  SS  ft. 
sijuare  on  the  plan.  They  con.sist  each  of  two  stories,  the  lowest  whereof  is  surrounded  hv 
a peristyle  of  twenty-four  columns.  The  basement  to  each  is  6 ft.  high,  to  which  there  is  a 
flight  of  steps  on  each  side,  and  the  three  basements  are  connected  by  a broad  wall  for  the 
purpose  of  communication  between  them,  with  steps  descending  into  the  court.  The  roofs 
of  the  peristylia  are  concave  on  the  exterior;  and  the  angles,  which  are  curved  upwards,  are 
decorated  with  animals.  The  sides  of  the  upper  story  are  formed  with  wooden  posts,  filled 
in  with  open  framework.  Round  the  foot  on  the  exterior  is  a balcony  with  a rail  in  front. 
The  roof  resembles  that  of  the  peristyle,  and  has  its  angles  similarly  ornamented.  The 
buildings  are  all  covered  with  green  varnished  tiles. 

105.  The  Chinese  towers,  which  also  Europeans  call  pagodas,  are  very  common  in  tlie 
country.  The  most  celebrated,  whereof  a diagram  is  pre.sented  here  (Jig.  75.),  is  thus 

described  by  P.  Le  Comte.  Its 
form  on  the  plan  is  octagonal, 
and  40  ft.  in  diameter  ; so  that 
each  side  is  full  Ib.i  ft.  It  is  sur- 
rounded by  a wall  at  a distance 
of  15  ft,  bearing,  at  a moderate 
height,  a roof  covered  with  var- 
nished tiles,  which  seems  to  ri^e 
out  of  the  body  of  the  tower, 
forming  a gallery  below.  The 
tower  consists  of  nine  stories, 
each  ornamented  with  a cornice 
of  .8  ft.  at  the  level  of  the  win- 
dows, and  each  with  a roof  si- 
mllar  to  that  of  the  gallery,  ex- 
cept that  they  do  not  project  so 
much,  not  being  su])ported  by  a 
The  wall  of  the  ground  story  is  12  ft. 
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.second  wall.  They  grow  smaller  as  the  stories  rise, 
thick,  and  8i  ft.  high,  and  is  cased  with  porcelain,  whose  lustre  the  rain  and  dust  have  much 
injured  in  the  course  of  three  centuries.  The  .staircase  within  is  small  and  inconvenient,  the 
risers  being  extremely  high.  Each  floor  is  formed  by  transver.se  beams,  covered  with  planks 
forming  a chamber,  whose  ceiling  is  decorated  with  painting.  The  walls  are  hollowed  for 
numberle.ss  niches,  containing  idols  in  bas-relief.  The  whole  work  is  gilt,  and  seems  of 
marble  or  wrought  stone  ; but  the  author  thinks  it  of  brick,  which  the  Chinese  are  ex- 
tremely skilful  in  moulding  with  ornaments  thereon.  The  first  .story  is  the  highest,  but  the 
.•e.st  are  equal  in  height.  “ I counted,”  says  M.  Le  Comte,  “ 190  steps,  of  ten  full  inche.s 
each,  which  make  158  ft.  If  to  this  we  add  the  height  of  the  basement,  and  that  of  the 
ninth  story,  wherein  there  are  no  steps,  and  the  covering,  we  shall  find  that  the  whole 
exceeds  a height  of  200  ft.  The  roof  is  not  the  least  of  the  beauties  which  this  tower  boasts. 
U consists  of  a thick  mast,  whose  foot  stands  on  the  eighth  floor,  and  rises  thirty  feet  from 
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the  oiitsule  of  the  huilding.  It  appear.s  enveloped  in  a large  spiral  hand  of  iron,  clear  hy 
ceveral  feet  from  the  pole,  on  wliose  aja'x  is  a gilt  globe  of  extraordinary  dimensions. 

106.  The  word  tower  has  been  A'agnely  aj)i)lied  to  all  these  buildings  ; hut  in  China 
there  are  dilferences  in  their  application,  which  are  classed  under  three  heads  : — 1.  Tai,  or 
platforms  for  astronomical  or  meteorological  ohservation.s,  or  for  enjoying  the  air  and  land- 
scape. 2.  /7om,  such  as  that  just  described  in  detail,  being  edifices  of  .several  storie.s,  isolated 
and  circular,  stpiare  and  polygonal  on  tlie  plan,  built  ofdifferent  materials  in  diflerent  places. 
S.  Ta,  whicli  are  sepulchral  towers  ; the.se  are  usually  massive,  of  strange  hut  simple  forms. 

107.  The  Vay-l  ou,  or  triumirhal  arches  of  the  Chine.se,  are  to  he  found  in  every  city, 
d'liey  are  erected  to  celebrate  particular  events.  Those  at  Ning-po  are  with  a central  and 
two  smaller  side  openings,  and  are  ornatnented  with  polygonal  stone  column.s,  supporting 
an  entablature  of  three  or  four  fasciar.  These  are  usually  without  mouldings,  the  last  hut 
one  excepted,  winch  is  a species  of  frieze  filled  with  inscriptions.  They  are  crowned 
witli  roofs  of  tlie  usual  foim,  having  broad  projections,  whose  angles  are  turned  upwards. 

The  apertures  are  sometimes  scpiare,  and  sometimes  circular  headed. 

108.  Cliina  abounds  in  l>ridges;  but  Du  Ilalde  and  the  missionaries  have  made  more  of 
them  in  their  accounts  tlian  tliey  appear  to  deserve.  What  they  have  described  as  a l)ridge 
of  ninety- one  arches  between  Soo-chow  and  hlang-chow,  was  passed  by  Lord  Macartney,  and 
found  to  be  nothing  more  than  a long  causeway.  Its  highest  arch,  however,  was  supposed  to 
be  between  20  ft.  and  30  it.  hi«h  ; the  length  about  half  a mile.  Sir  George  Staunton  (vol.  ii. 
)i.  177.)  observed  a bridge  «hich  ajipeared  to  be  skilfidly  constructed.  They  were  acquainted 
with  tlie  use  of  the  arch  com[)osed  of  wedge-shaped  voussoirs,  perhaps  before  it  was  known 
in  Europe.  Their  great  wall  is  a remarkalile  monument.  In  most  pai  ts  it  consists  of  an 
eartlien  mound  retained  on  each  side  hy  walls  of  brick  and  masonry,  with  a terraced  plat- 
form and  a parapet  of  bricks.  Its  height  is  20  ft.  including  a parapet  of  5 ft.  The 

thickness  at  the  base  is  25  ft, 
and  it  diiniiibhes  to  15  ft.  at  the 
j)latform.  Towers,  at  intervals  of 
about  200  paces,  are  40  ft.  square' 
at  the  base,  and  30  ft.  at  the  top; 
their  height  is  about  37  ft. ; some 
of  them,  however,  are  48  ft.  high, 
and  consist  of  two  .stor’e.s.  (See 
Jig.  76.)  In  other  ]iarts  the  wall 
is  little  better  than  an  earthen 
parapet  with  a ditch;  in  some 
places  only  rude  stones  heaped 
up.  It  extends  a length  of  1500 
miles,  and  is  conducted  over  mountains,  valleys,  and  rivers.  Mr.  W.  Simpson,  in  the  I’apeis 
<'f  the  Inst,  of  Krit.  Architects  1873-74.  ca»-t>fnlly  describes  the  important  series  of  the 
Muig  tombs,  dating  1425-1628.  Many  works  have  been  published  of  late  on  Chine.se 
and  Japanese  architecture  and  ornament. 
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109.  The  architecture  of  the  people  who  had  po.sse.ssion  of  America  before  its  discovery 
l)v  Columbus  has  a considerable  claim  upon  our  attention.  When  a people  apjiears  to  have 
had  no  means  of  modelling  their  ideas  through  study  of  the  existing  monuments  of  older 
nations,  nor  of  preserving  any  traces  of  the  style  of  building  practi.sed  by  the  race  from 
which  they  originated,  their  works  may  be  expected  to  possess  some  novelty  in  the  mode  ol 
combination  or  in  the  nature  of  the  objects  combined  ; and,  in  this  point  of  view,  American 
architecture  is  not  without  interest.  It  is,  moreover,  instructive  in  pointing  out  the  bent 
of  the  human  mind  when  unhiassed  by  example  in  the  art. 

110.  North  America  was  found  by  the  Spaniards  advanced  in  agriculture  and  civilisation, 
and  more  especially  so  in  the  valleys  of  Mexico  and  Oaxaca.  These  provinces  seem  to  have 
been  traversed  by  diflerent  migratory  tribes,  who  left  behind  them  traces  of  cultivation.  It 
is  not  cur  intention  here  to  discuss  the  mode  of  the  original  peopling  of  America  ; but  we 
must,  in  passing,  observe  that  the  vicinity  of  -the  continents  of  Asia  and  America  is  such  as 
to  induce  us  to  remind  the  reader  that  one  of  the  swarms,  which  we  mentioned  in  the 
.section  on  Druldlcal  and  Celtic  Architecture,  might  have  moved  in  a direction  which  ulti- 
mately brought  them  to  that  which,  in  modern  times,  has  received  the  name  of  the  New 
World.  The  Toultecs  appeared  in  648,  making  roads,  building  cities,  and  constructing 
great  pyramids,  which  are  yet  admired.  They  knew  the  use  of  hieroglyphical  paintings, 
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founded  metals,  and  were  .able  to  cut  tlie  hardest  stone.  ( ITumholdf,  New  Spain.  ) d be  Aztecs 
appeared  in  1 19G,  and  seem  to  have  had  a similar  origin  and  language.  Their  works,  tiiougl; 
tliey  attest  the  infancy  of  art,  he.ar  a striking  resemblance  to  several  monuments  of  the  most 
civilised  people.  'I'he  rigid  adherence  of  the  ])eoj)le  to  the  forms,  opinions,  and  customs 
which  habit  had  rendered  familiar  to  them,  is  common  to  all  nations  under  a religious 
and  military  despotism. 

111.  The  edifices  erected  by  the  Mexicans  for  religious  purposes  were  solid  masses  of 
earth  of  a pyramidal  sh.a))e,  partly  faced  with  stone.  They  were  called  Teocallis  (Houses 
of  God).  That  of  ancient  Mexico,  318  ft.  at  the  base  and  121  ft.  in  height,  consisted 
of  five  stories  ; and,  when  seen  at  a distance,  so  truncated  was  the  pyramid  that  the  monu- 
ment appeared  an  enormous  cube,  with  small  altars  covered  by  wooden  cupolas  on  the  top. 
The  place  where  these  cupolas  terminated  was  elevated  177  ft.  above  the  base  of  the 

edifice  or  the  pavement  of  the 


similar  in  form  to  the  ancient  mo. 
nument  of  Babylon,  called  the 
Mausoleum  of  Belus.  The  pyra- 
mids of  Teotihuacan  77.), 

which  still  remain  in  the  JMexlcan 
\'alley,  have  their  faces  within  52 
minutes  of  a degree  of  the  cardi- 

nal  points  of  the  compass,  d'heir 

PYRAMIDS  OK  TKoriiiuACAN.  iiitcrior  IS  cHy,  lulxcd  wltli  small 

stones.  This  kernel  is  covered  with  a thick  wall  of  porous  amygdaloid.  Traces  are 
j)erceived  of  a bed  of  lime,  which  externally  covers  the  stone. 

112.  The  great  pyramid  of  Cholula  (Jig.  78.),  the  largest  and  most  sacred  temple  in 

iMexico,  appears,  at  a distance. 


enclosure.  Hence  we  may  ob- 
serve that  the  Teocalli  was  very 


like  a natural  conical  hill,  wooded, 
and  crowned  with  a small  church  ; 
on  approaching  it,  its  pyramidal 
form  becomes  distinct,  as  well  as 
the  four  stories  whereof  it  consists, 
though  they  are  covered  with 
vegetation.  Humboldt  compares 
it  to  a square  whose  base  Is  four 

F g.  78.  GREAT  PYRAMID  OK  ciioi.ui.A.  tliuos  tliat  of  tlio  Pluce  Veiulome 

at  Paris  covered  with  bricks  to  a height  twice  that  of  the  Louvre.  The  height  of  it  is  177  ft., 
and  the  length  of  a side  of  the  base  1423  ft..  There  is  a flight  of  120  steps  to  the  platform. 
Subjoined  is  a comparative  statement  of  the  Egyptian  and  Mexican  pyrair.ids ; — 


Dimensions. 

Kovi'iian. 
After  Peshing. 

Mexica.v. 

Height  in  feet  - 
l.eiiglh  of  base  in  feet 

Cf)eo])s. 
4 .SO 
704 

Cheplieren,^  Mycerinus. 
<5.'>4  1 218 

707  i 35 1 

Saecar.T 
(of  fire  stories) 
15!) 

210 

'J'eotihu- 

acan. 

171 

64.5 

Cholula. 

172 

1355 

'J'he  Cholula  pyramid  is  constructed  with  unburnt  bricks  and  clay,  in  alternate  layers. 

As  in  other  Teocallis,  there  are  cavities  of  considerable  size,  intended  for  sepulchres.  In 
cutting  through  one  side  of  it  to  form  the  present  road  from  Puebla  to  INIexlco,  a square 
chamber  was  discovered,  built  of  stones,  and  su))ported  by  beams  of  cv])ress  wood.  Two 
skeletons  were  found  in  it  and  a number  of  curiously  painted  and  varnisbed  vases.  Hum-  | 
boldt,  on  an  examination  of  the  ruins,  observed  an  arrangement  of  the  bricks  for  the  pur])ose 
of  diminishing  the  pressure  on  the  roof,  bv  the  sailing  over  of  the  bricks  horizontally,  'i'he 
area  on  the  toj)  contains  3.500  sijuare  yards,  and  was  occujiled  by  the  Temple  of  Quetzal-  i 
coatl,  the  God  of  Air,  who  has  yielded  his  place  to  the  Virgin.  By  the  way,  we  may  here^ 
mention  that  tumuli  are  found  in  Virginia,  Canada,  and  Peru,  in  which  there  are  galleriesj 
built  of  stone  communicating  with  each  other  by  shafts;  but  these  are  not  surmounted  byB 
temples.  j|p| 

113.  In  the  northern  part  of  the  intci  danc/ of  Vera  Cruz,  west  from  the  mouth  of  the^l 
Rio  Tecolutla,  two  leagues  distant  from  the  great  Indian  village  of  Pajjantla,  we  meetly 
with  a ])vramidal  edifice  of  great  anti(iuity.  The  pyramid  of  Papantla  i-emained  unknownl4| 
to  the  first  comjuerors.  It  is  seated  in  the  middle  of  a thick  forest,  and  was  only  discovered  ' 
by  some  hunters  about  the  year  1816.  It  is  constructed  of  immense  blocks  of  stone  laid 
in  mortar;  but  is  not  so  remarkable  for  iis  size  as  for  its  form  and  the  perfection  of  its  ^ 
finish,  being  only  80  ft.  s(juare  at  the  base,  and  not  <piite  60  ft.  higli.  A flight  of  fifty- seven 
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stej)s  loads  to  the  truncated  pyramid.  Like  all  the  Mexican  te)cal?is,  it  is  composed  of 
stages,  six  whereof  are  still  distinguishable,  and  a seventh  appears  to  he  concealed  hy  the 
vegetation  with  which  its  sides  are  covered.  The  facing  of  the  stories  is  ornamented 
with  hieroglyphics,  in  which  ser))ents  and  crocodiles,  carved  in  relievo,  are  discernil)le. 
Each  story  contains  a great  number  of  S(]uare  niehes  symmetrically  distributed.  In  the 
first  story  twenty-four  are  on  each  side  ; in  the  second,  twenty  ; and  in  the  third,  sixteen. 
'I’he  number  of  these  niches  in  the  body  of  the  pyramid  is  and  there  are  twelve  in  the 
stairs  towards  the  east. 

114.  The  military  intrenchment  of  Xochiculco,  near  'I’etlama,  two  leagues  south-west 
of  Cuernavaca,  is  another  remarkable  ancient  monument.  It  is  an  insulated  hill,  .‘170  ft. 
hi‘'^h,  surrounded  with  ditches  or  trenches,  and  divided  by  the  hand  of  man  into  five  terraces 
covered  with  masonry.  The  whole  has  the  apjiearance  of  a truncated  pyramid,  whereof 
the  four  faces  are  in  the  cardinal  jioints  of  the  compass.  The  masonry  is  of  porjihyry,  very 
regularly  cut,  and  adorned  with  hieroglyphics;  among  which  are  to  be  seen  a crocodile 
spouting  up  water,  and  men  sitting  cross-legged  after  the  Asiatic  fashion.  On  the  plat- 
form, whicli  is  very  large,  is  a small  sijuare  edifice,  which  was  most  probably  a temple. 

11.5.  Though  the  province  of  Oaxaca  contains  no  monuments  of  ancient  Aztec  architec- 
ture, which  astonish  by  their  colossal  dimensions,  like  the  houses  of  the  gods  of  Cholula, 
I’apantla,  and  Teotihuacan,  it  po.ssesses  the  ruins  of  edifices  remarkable  for  their  symmetry 
aiui  the  elegance  of  their  ornaments.  The  antiquity  of  them  is  unknown.  In  the  district 
of  Oaxaca,  south  of  Mexico,  stands  the  palace  of  Mitla,  contracted  from  Mignitlmi,  signi- 
fying, in  Aztec,  the  place  of  woe.  By  the  Tzapotec  Indians  the  ruins  are  called  Icoba,  or  luivu 
(burial,  or  tomb),  alluding  to  the  excavations  found  beneath  the  walls.  It  is  conjectured  to 
nave  been  a palace  constructed  over  the  tombs  of  the  kings,  for  retirement,  on  the  death  of 
a relation.  The  tombs  of  Mitla  are  three  edifices,  jilaced  symmetrically  in  a very  romantic 
situation.  That  in  the  best  preservation,  and,  at  the  same  time,  the  principal  one,  is  nearly 
|;10  ft.  long.  A staircase,  formed  in  a pit,  leads  to  a subterranean  apartment,  88  ft.  in 
length,  and  26  ft.  in  width.  This,  as  well  as  the  exterior  jiart  of  the  edifice,  is  decorated 
with  fret,  and  other  ornaments  of  similar  character  (Jig.  79.).  But  the  most  singular 

feature  in  these  ruin.s,  as  com- 
pared with  other  Mexican 
architecture,  was  the  discovery 
of  six  porphyry  columns,  placed 
for  the  support  of  a celling,  in 
the  midst  of  a vast  hall.  They 
are  almost  the  only  ones  which 
have  been  fcund  in  the  new 
continent,  and  exhibit  strong 
marks  of  the  infancy  of  the 
art,  having  neither  base  nor  ca- 
|)ital.  The  upper  part  slightly 
diminishes.  Their  total  height 
is  19  ft.,  in  single  blocks  of 
por))hyry.  The  ceiling  under 
which  they  were  placed  was 
formed  by  beams  of  Savine  wood,  and  three  of  them  are  still  in  good  preservation.  The 
roof  is  of  very  large  slabs.  'I'he  number  of  separate  buildings  was  originally  five,  and 
1 they  were  disposed  with  great  regularity.  The  gate,  whereof  some  ve.stiges  are  still  dis- 
1^  cernible,  led  to  a court  150  ft.  square,  which,  from  the  rubbish  and  remains  of  subter- 
^ ranean  apartments,  it  is  snp])osed  was  surrounded  by  four  oblong  edifices.  That  on  the 
'right  is  tolerably  preserved,  tlie  remains  of  two  columns  being  still  in  existence.  The  prin- 
4^  pipal  building  had  a terrace,  raised  between  three  and  four  feet  above  the  level  of  the  court, 
f uid  serving  as  a base  to  the  walls  it  surrounds.  In  the  wall  is  a niche,  with  pillars,  four  or 
'ive  feet  above  the  level  of  the  floor.  The  stone  lintel,  over  the  principal  door  of  the  hall, 
s in  a single  block,  1 2 ft.  long  and  .8  ft.  deep.  The  excavation  is  reached  by  a very  wide 
.m  >taircase,  and  is  in  the  form  of  a cross,  supported  by  columns.  'I'he  two  jiortions  of  it, 
f vhich  intersect  each  other  at  right  angles,  are  each  82  ft.  long  by  25  ft  wide.  'Die  inner 
•ourt  is  surrounded  by  three  small  apartments,  having  no  communication  with  the 
burth,  which  is  behind  the  niche.  'I'he  interiors  of  the  apartments  are  decorated  with 
Paintings  of  weapons,  sacrifices,  and  trophies.  Of  windows  there  are  no  traces.  Humboldt 
,vas  struck  with  the  resemblance  of  some  of  the  ornaments  to  those  on  the  Etruscan  vases 
>f  Lower  Italy.  In  the  neighbourhood  of  these  ruins  are  tlie  remains  of  a large  pyramid, 
ind  other  buildings. 

1 116.  In  the  intendency  of  Sonora,  which  lies  north-west  of  the  city  of  Mexico,  and  in 
[he  Gulf  of  California,  on  the  banks  of  the  Rio  Gila,  are  some  remarkable  ruins,  known  by 
lie  name  of  the  Casa  Grande.  'i'hey  stand  in  the  middle  of  the  vestiges  of  an  ancient  Aztec 
!ity.  The  sides  are  in  the  direction  of  the  four  cardinal  points,  and  are  445  ft  from  north 
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to  south,  anil  27G  ft.  from  east  to  west.  Tlie  materials  are  unburned  brick,  symmetrically 
arranged,  but  unequal  in  size.  The  walls  are  4 ft.  in  thickness.  The  building  was  of 
tliree  stories.  The  principal  edifice  was  surrounded  by  a wall  with  towers  in  it  at  intervals. 
From  vestiges  which  appear,  it  is  su])posed  the  town  was  suj)plied  with  the  water  of  the 
Rio  Gila,  by  an  artificial  canal.  The  plain  in  the  neighbourhood  is  covered  with  broken 
earthen  pottery  painted  in  white,  red,  and  blue  colours. 

117.  The  capital  of  Mexico,  reconstructed  by  the  Spaniards,  is  undoubtedly  one  of  the 
finest  cities  ever  built  by  Europeans  in  either  lieinisphere.  Perhaps  there  scarcely  exists  a 
city  of  the  same  extent  which,  for  the  uniform  level  of  the  ground  on  which  it  stands,  for 
the  regularity  and  breadth  of  the  streets,  and  ttie  extent  of  its  great  square,  can  be  eoin- 
pared  to  the  capital  of  New  Spain.  The  religions  edifices  are  extensive  and  greatly 
decorated,  but  the  architecture  is  much  debased.  To  the  dwellings  ornament  is  sparingly 
applied  ; coloured  tiles  are  used.  The  stones  are  a porous  amygdaloid  called  tetzontU,  and 
a porphyry  of  vitreous  feld-spath,  without  any  quartz;  these  give  to  the  Mexican  buildings 
an  air  of  solidity,  and  sometimes  even  of  magnificence.  The  wooden  balconies  and  galleries 
which  disfigure  the  European  cities  in  both  the  Indies  are  discarded;  the  balustrades  and 
gates  are  all  of  Biscay  iron  ornamented  with  bronze  ; and  the  houses,  instead  of  roofs,  have 
terraces,  like  those  in  Italy  and  otlier  southern  countries.  It  must,  however,  be  admitted, 
notwithstanding  the  progress  of  the  arts  there  since  about  1820,  that  it  is  less  from  the 
grandeur  and  beauty  of  tlie  edifices,  than  from  the  breadth  and  straiglituess  of  the  streets, 
and  their  uniform  regularity  and  extent,  that  Mexico  commands  the  admiration  of 
Europeans. 


Sr.cT.  X. 

ARABIAN,  >IORKSQL'K,  OR  SARACENIC  ARCHITECTURE. 

118.  Before  the  a])])earance  of  Mahomet,  in  the  seventh  century,  and  the  consequent 
establishment  of  Islamism,  the  Arabians  were  by  no  means  celebrated  for  their  skill  in 
architecture.  The  beautiful  country  of  Happy  Yemen,  wherein  were  .seated  the  most 
ancient  and  populous  of  the  forty-two  cities  of  Arabia  enumerated  by  Abulfeda,  does 
not  appear  to  have  produced  what  might  have  been  expected  from  the  neighbours  of  the 
Egyptians,  Syrians,  Chaldeans,  and  Persians.  The  arts  of  the  surrounding  nations  seem 
to  have  been  lost  upon  them.  Though  a part  of  their  time  and  industry  was  devoted  to 
the  management  of  their  cattle,  still  they  were  collected  into  towns,  and  were  employed  in 
the  labours  of  trade  and  agriculture.  The  towers  of  Saana,  comjiared  by  Abulfeda  to 
Damascus,  and  the  marvellous  reservoir  of  Merab,  were  constructed  by  the  kings  of  the 
Homerites,  who,  after  a sway  of  two  thousand  years,  became  extingui.shed  in  502.  The 
latter,  the  Meriaba,  mentioned  by  Pliny  as  having  been  destroyed  by  the  legions  of  Au- 
gustus, was  six  miles  in  circumference,  and  had  not  revived  in  the  fourteenth  century. 
“ But,”  says  Gibbon,  “ the  profane  lustre  of  these  was  eclipsed  by  the  prophetic  glories  of 
Medina  and  Mecca.”  Of  the  ancient  architecture  of  Arabia  there 'are  so  few  examjiles 
remaining,  that  no  satisfactory  account  can  be  given  of  it.  Excavations,  still  seen  in  rocks, 
are  said  to  be  the  houses  of  the  jieople  called  Thamud  ; but  the  Caaba  of  Mecca  is  the 
only  one  of  the  seven  temples  in  which  the  Arabians  worshijiped  their  idols  now  in 
existence.  It  is  a quadrangular  building,  about  86  ft.  long,  84  ft.  broad,  and  about 
40  ft.  high.  It  is  lighted  by  a door  on  the  east  side,  and  by  a Avindow,  and  the  roof  is 
supported  by  three  octangular  pillars.  Since  its  adoption  by  Mahomet,  it  has  been  enclosed 
by  the  caliphs  with  a quadrangle,  round  which  are  porticoes  and  apartments  for  the  pil- 
grims resorting  to  it.  Here  were  the  tombs  of  the  eighty  descendants  of  Mahomet  and  of 
ins  wife;  but,  in  1808,  they  Avere  destroyed  by  the  Wahabees,  Avho,  hoAvever,  respected 
and  spared  the  Caaba  and  its  enclosures. 

119.  The  extraordinary  conquests  from  the  Indus  to  the  Nile,  under  Omar,  the  second 
caliph,  Avho,  after  a reign  of  ten  years,  died  in  a.  n.  644,  brought  the  victorious  Moslems  in 
contact  with  nations  then  much  more  civilised  than  themselves.  As  their  emjiire  extended, 
their  love  for  the  arts  and  sciences  increased.  'I'he  first  mosque  built  out  of  the  limits  of 
Arabia  is  supposed  to  be  that  Avhich  Avas  founded  by  Omar  on  the  site  of  the  ancient 
temple  at  Jerusalem.  Under  the  dynasty  of  the  Ommiades,  of  Avhich  race  Omar  Avas  a 
member,  the  cultivation  of  architecture  Avas  carried  on  Avith  success.  The  seat  of  the 
empire  Avas  removed  to  Damascus,  Avhich  Avas  considerably  enlarged  and  improved.  Among 
its  numerous  splendid  buildings  was  the  celebrated  mosque  founded  by  Alwalid  II.  It  Avas 
he  Avho  introduced  the  lofty  minaret^  Avhich,  though  an  innovation  at  the  time,  seems,  in  later 
years,  to  have  been  as  necessary  a portion  of  the  mosque  as  the  main  body  of  it.  This 
caliph  made  considerable  additions  to  the  mosque  at  INIedina,  as  he  also  did  to  that  Avhich 
had  been  built  by  Omar  on  the  site  of  the  Temple  of  Solomon,  above  mentioned.  His 
generals  and  governors  of  provinces  seem  to  have  been  equally  zealous  in  the  cause  of  art 
and  the  prophet  ; Avitness  the  mosque  built  by  one  of  the  former  on  taking  Samarcand,  and 
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the  universal  Improvement  in  the  provlnc«;s  under  the  sway  of  the  latter.  Great  as  were 
t!ie  works  just  mentioned,  the  removal  of  the  seat  of  the  empire  to  the  western  frontier  of 
Persia,  by  the  second  caliph  of  the  dynasty  of  the  Abassides,  gave  a lustre  to  Arabian 
architecture  which  almost  surpasses  belief.  Almansor,  the  brother  and  successor  of  Safliih, 
laid  the  foundations  of  Bagdad  in  the  year  145  from  the  Hejira  (a.  d.  762),  a city  which 
remained  the  imperial  seat  of  his  posterity  during  a period  of  five  hundred  years.  'I’lie 
chosen  spot  is  on  the  eastern  bank  of  the  Tigris,  about  fifteen  miles  above  Modain  ; the 
double  wall  was  of  a circular  form  ; “ and  such,”  says  Gibbon,  “ was  the  rapid  increase  of  a 
capital,  now  dwindled  to  a i)rovincial  town,  that  the  funeral  of  a pojjular  saint  might  be 
attended  by  eight  hundred  thousand  men  and  sixty  thousand  women  of  Bagdad  and  the 
adjacent  villages.”  The  magnificence  displayed  in  the  palace  of  the  caliph  could  only  be 
exceeded  by  that  of  the  Persian  kings  ; but  the  pious  and  charitable  foundation  of  cisterns 
and  caravanseras  along  a measured  road  of  seven  hundred  miles,  has  never  been  equalled. 

120.  About  A.  n.  660-5,  the  prudence  of  the  victorious  general  Akbah  had  led  him  to 
the  purpose  of  founding  an  Arabian  colony  in  the  heart  of  Africa  ; and  of  forming  a 
citadel  that  might  secure,  against  the  accidents  of  war,  the  wealth  and  families  of  the 
Saracens.  With  this  view,  under  the  modest  title  of  a caravan  station,  he  planted  the  colony 
of  Cairoan,  in  the  fiftieth  year  of  the  Hejira.  “ When,”  observes  Gibbon,  “ the  wild  beasts 
and  serpents  were  extirpated,  when  the  forest,  or  rather  wilderness,  was  cleared,  the  vestiges 
of  a Roman  town  were  discovered  in  a sandy  plain  : the  vegetable  food  of  Cairoan  is 
brought  from  afar  ; and  the  scarcity  of  springs  constrains  the  inhabitants  to  collect,  in  cis- 
terns and  reservoirs,  a precarious  supply  of  rain  water.  These  obstacles  w'ere  subdued  by 
the  industry  of  Akbah  ; he  traced  a circumference  of  three  thousand  and  six  hundred  paces, 
which  he  encompassed  with  a brick  wall  ; in  the  space  of  five  years  the  governor’s  palace 
was  surrounded  with  a sufficient  number  of  private  habitations  ; a sjiacious  mosque  was 

' supported  by  five  liundred  columns  of  granite,  porphyry,  and  Numiuiau  marble.” 

121.  “In  the  West,  the  Ommiades  of  Spain,”  says  the  same  author,  “supported  with 
equal  pomp  the  title  of  Commander  of  the  Faithful.  Three  miles  from  Cordova,  in  honoui 
of  his  faithful  Sultana,  the  third  and  greatest  of  the  Abdalrahmans  constructed  the  city, 
palace,  and  gardens  of  Zehra.  Twenty-five  years,  and  above  three  millions  sterling,  were 

' employed  by  the  founder  : his  liberal  taste  invited  the  artists  of  Constantinople,  the  most 
i skilful  sculptors  and  architects  of  the  age  ; and  the  buildings  were  sustained  by  twelve 
r hundred  columns  of  Spanish  and  African,  of  Greek  and  Italian  marble,  'lire  hall  of 
i audience  was  incrusted  with  gold  and  pearls,  and  a great  bason  in  the  centre  was  sur- 
t rounded  with  the  curious  and  costly  figures  of  birds  and  quadrupeds.”  The  streets  and 

[ houses  at  this  place  are  hollowed  out  of  the  rock,  which  stands  1200  feet  above  them. 

y 122.  Whether  we  contemplate  the  materials  furnished  by  Babylon  and  its  neighbour- 
f hood,  the  dismantled  towns  of  Syria,  or  the  abundant  ruins  of  Egypt,  and  from  Tripoli  to  the 
» Atlantic,  it  is  curious,  as  the  historian  of  the  western  Arabs  has  remarked,  to  observe  that 
) no  people  constructed,  without  recourse  to  the  quarry,  so  many  magnificent  edifices.  In 
Spain,  this  was  most  remarkably  the  case,  whereof  the  reader  will  be  convinced  by  reference 
i to  Murphy’s  Arabian  Antiquities,  and  Laborde’s  Voyage  Pitloresque  de  V Espagne. 

\ 123.  From  the  latter  half  of  the  eighth  century  to  nearly  the  middle  of  the  ninth,  the 

{ progress  of  the  Arabians  in  the  sciences  was  wonderful.  Their  merit,  however,  in  the  art 
; which  it  is  our  province  to  investigate,  was  of  a class  inferior  to  that  of  the  people  who 

I invented  and  carried  into  execution,  though  later,  the  principles  which  regulated  the  stu- 

i pendous  monuments  of  Gothic  architecture  in  Europe.  They  certainly  understood  the 
I science  of  architecture ; and  works  on  it  were  written  for  the  benefit  of  those  whose  occu- 
i pations  led  them  to  take  an  interest  in  the  art. 

t 124.  We  regret  that  our  limits  do  not  permit  us  to  dwell  on  the  progress  in  the  sciences 
» made  by  the  Arabians,  though  some  of  them  are  intimately  connected  with  our  subject. 

But  the  information  we  omit  will  be  much  more  satisfactorily  obtained  by  the  reader  con- 
; suiting  the  pages  of  the  historian  of  the  decline  and  fall  of  the  Roman  Empire.  Our 
- purpose  is  now  to  present  a concise  view  of  the  architecture  of  the  Arabians  from  Laborde’s 
Voyage  Pitloresque  de  V Espagne  (vol.  ii.  part  1.  xliii.  et  seq.);  observing,  by  the  way,  that, 
from  our  own  study  of  the  subject,  we  are  inclined  fully  to  adopt  it.  In  Spain  there 
is  a sufficient  number  of  monuments  of  architecture  to  class  them  chronologically,  and  to 
assign  an  epoch  to  the  different  styles  they  exhibit.  Though  the  species  does  not  resemble 
that  which  has  been  denominated  Gothic,  which  is  clearly  not  an  imitation,  the  one  and  the 
other  sprung  from  the  same  source.  The  point  of  departure  was  the  architecture  of 
Byzantium,  in  which  city,  after  the  fall  of  Italy,  a totally  new  style  arose,  whose  develop- 
ment in  different  modes  was  the  basis  of  all  modern  architecture.  As  though  the  Coliseum 
Ijhad  furnished  the  hint,  the  immense  edifices,  in  the  style  of  the  period,  were  constructed 
with  a multiplicity  of  stories,  — they  were  heavy  without,  though  lightly  and  richly  deco- 
rated within ; the  artists  employed  in  their  erection  seeming  to  aim  at  a transference  to 
the  architecture  and  sculpture  on  which  they  were  engaged  of  the  oriental  profusion  of 
□rnament  visible  in  the  stuffs  of  India.  'Hiis  Byzantine  school  produced  the  I.ombard  and 
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Saxon  styles  in  the  North,  on  which  we  shall  enlarge  in  the  section  on  Gothic  architecture;  f/ji; 
and,  in  the  South,  it  produced  the  Arabian,  Saracenic,  or  INIoresque  style,  by  whichever  name  j ^ * 


the  reader  may  choose  to  distinguish  it.  Both  were  strongly  impregnated  with  the  vices  U* 
and  defects  into  which  the  Roman  architecture  of  the  period  had  fallen.  For  the  sake  of 
Illustrating  what  we  mean,  we  refer,  as  examjjles,  to  the  Baths  of  Dioclesian,  to  that  ijj 
emperor’s  palace  at  Salona,  and  to  the  buildings  of  Justinian  and  Theodosius,  — from  all  J*’', 
w'hich  may  be  learned  the  abuses  and  incongruities  which  attended  the  fall,  not  only  of  li  !' 
architecture,  but  of  all  the  other  arts.  We  find  in  them  arches  springing  from  capitals,  r?- 
columns  without  entablatures,  and  even  zigzag  ornaments.  But,  with  all  this  perversion  [I;:, 
of  taste,  the  general  form  of  the  plans  of  the  edifices  altered  not  : that  of  the  temples  • 
more  particularly  continued  unchanged.  Some  great  convulsion  was  necessary  before 
they  could  undergo  alteration,  and  such  was  the  introduction  of  Christianity.  Thus,  saysj;' 
Saint  Isidore,  the  basilica  suffered  transformation  into  the  Christian  church:  — “ Ba-7*‘i 
silicas  olim  negotiis  plena;,  nunc  votis  pro  salute  susceptis.”  Of  this,  in  a succeeding 
page,  we  shall  have  more  to  say.  But  the  change  was  not  confined  to  the  basilica ; the  * ‘ 
palace  and  domestic  dwelling  equally  partook  of  the  alteration  of  wants.  The  Romans,  ^ 
whilst  masters  of  the  world,  were  careless  in  protecting  their  cities  by  xvalls.  Defence  was' | | 
only  necessary  on  their  frontiers;  and  there,  walls  and  towers  were  constructed,  from  which  I'  . 
was  the  first  hint  for  the  castle,  of  which  the  Roman  villa,  furtijied,  is  the  type.  When,  f 
however,  Italy  was  invaded,  the  fate  of  war  soon  caused  exterior  decoration  to  be  sacrificed;  fi 
to  internal  comfort  and  luxury  ; and  even  Rome,  under  Belisarius,  was  surrounded  by  walls  |r 
and  towers.  The  people,  whose  prowess  made  these  precautions  necessary,  soon  found  the 
convenience  of  adopting  similar  habits  and  buildings.  | 

125.  'I'he  Arabians,  whose  wandering  life  could  scarcely  be  imagined  capable  of  such  ali 
change,  ultimately  established  themselves  in  Roman  castles,  and  turned  the  Christiaiuj 
churches,  which,  at  the  period,  were  extremely  numerous,  into  mosques.  For  some  time,  tj 
the  architecture  of  the  Goths,  of  the  Arabians  or  Moors,  was,  as  respects  plan,  the  same  : 
not  less  so  was  the  character  of  the  ornaments  employed  by  both  nations  ; but  it  was  not  j 
long  before  these  diverged  into  styles  which  possessed  each  its  peculiar  beauties.  The 
Christians  soon  used  the  pointed  arch  ; and  the  style  they  adopted  became  slender  andL 
tall,  whilst  that  of  the  Moslems,  from  the  nature  of  the  climate  and  their  peculiar  habits,!? 
was  deficient  in  elevation,  though  in  the  end  it  acquired  a lightness  and  elegance  which  itfj 
did  not  at  its  origin  possess.  But  it  is  proper,  here,  to  impi'ess  on  the  mind  of  the  reader^ 


not  exist  before  the  eleventh  century.  It  seems  to  have  been  a development  in  the  parts  of 
a style  which,  as  it  passed  into  more  northern  latitudes,  became  more  acute  in  the  roofs, 
from  the  necessity  of  discharging  the  rain  and  snow  with  greater  facility,  'lliis  pointed 
style  spread  itself  over  some  parts  of  India;  but,  there,  none  of  the  examples  are  older  than 
the  fourteenth  or  fifteenth  century.  Except  in  ornamental  detail,  whereof  w-e  append  two 
specimens  (Jiffs.  80,81.)  from  the  Alhambra,  the  Arabs  were  not  inventive.  It  is  not 


ARABIAN  Oil  SARACENIC. 


Chai.  n. 


iiiilikoly  that  tlieir  skill  in  gei»nicti y greatly  assisted  them  in  the  extraordinary  comhinatioii 
of  lines  to  be  found  in  their  decorations,  which  nothing  can  surpass  ; 
nor  was  ii  till  the  time  of  the  Abassides  that  the  Arabians  becam',; 
fully  acijuainted  with  what  had  been  done  by  the  Creeks.  'I’his 
knowledge  was  not  confined  to  them,  for  there  is  abundant  i)roof. 
1.  That  all  the  modern  arts,  as  well  of  the  North,  as  of  the  West 
and  South,  had  tlieir  origin  from  the  Greek  emi)ire  at  Constantino))le, 
which  at  that  j)eriod  gave  the  fashion  in  them,  as  did  Italy  five  cen- 
turies afterwards.  2.  That  the  i>lans  of  churches  and  mosques  are 
traceable  to  that  of  the  ancient  basilica,  as  in  the  citadels  of  the 
middle  ages,  and  the  j)alaces  of  the  Greek  emperors,  are  to  be  found 
the  types  of  the  Gotliic  castle  and  of  the  Morescjue  alcazar.  3.  'I'hat 
K 'Si  cAPiTAi  AniAMHKA  Gothicaiuf  Saraccuic  stylcs  attained  tlicir  several  perfection  in  very 
IK.  cAPiiAi.,  .11  MHKA.  , Planners  as  to  the  details  of  their  distribution  and  ornament, 

and  ac(juired  peculiar  characters,  which  in  both  may  be  divided  into  three  periods,  the  last  in 
each  being  lost  in  the  change  that  took  place  in  Italy  on  the  revival  of  the  arts.  The 
periods  of  the  Gothic  will  be  noticed  under  the  proper  section 

126.  first  period  in  the  history  of  Morescjue  architecture  is  from  the  foundation  of 
Isiamism  to  the  ninth  century,  of  which  the  finest  example  was  the  Mosejue  of  Cordova  in 
Spain.  This  was  commenced  in  770  by  Abderahman,  and  finislied  by  his  son  and  successor, 
Hisham.  Its  j lan  is  a parallelogram,  whose  longest  side  is  620  ft.  by  440,  formed  by  a wall 
and  counterforts,  botli  of  which  are  embattled.  The  height  of  the  wall  varies  from  35  to 
60  ft.,  and  its  tliickness  is  8 ft.  The  whole  of  the  cjuadrangular  sjiace  is  internally  divided 
?”.to  two  parts,  viz.  a court  of  210  ft.  in  dej)th,  the  mosejue  itself  covering  the  remainder  ol 
the  arc!a.  Tlie  mosejue  consists  of  nineteen  naves  (^uf  a jiortion  of  one  whereof  ^^,9.  82.  is  a 

diagram)  formed  by  seventeen  ranks  of  columns,  and  a wall  jiieiced 
with  arches,  from  south  to  north,  and  thirty-two  narrower  naves  from 
east  to  west.  Each  of  tliese  naves  is  about  16  ft.  wide  from  north  to 
soutli,  and  about  400  ft.  long,  their  width  in  the  ojiposite  direction 
being  less.  Thus  the  intersection  of  the  naves  with  each  other 
produces  850  columns,  which,  with  fifty-two  columns  in  the  court, 
form  a total  of  upwards  of  900  column.s.  They  are  about  18  in.  in 
diameter,  the  mean  height  of  them  is  altout  I 5 ft.,  and  they  are  covered 
with  a sjtecies  of  Corinthian  and  Composite  capital,  of  which  there 
are  many  varieties.  The  columns  have  neither  socle  nor  base,  and  are 
connected  by  arches  from  one  to  another.  The  ceilings  are  of  wood, 
jiainted,  each  range  forming,  on  the  outside,  a small  roof,  separated  from 
BtK  82.  HosuuK  AT  coKDovA.  {1,056  adjoining  by  a gutter.  The  variety  of  the  marbles  of  the  column.s 
jiroduces  an  eHect  of  richness  which  all  agree  is  very  striking.  They  were  most  probably 
jirocured  from  the  Roman  ruins  of  the  city.  It  is  impossible  to  pass  over  the  description 
of  this  mosijue  without  calling  to  mind  the  resemblance  it  bears  in  its  arrangement  to  the 
i basilicas  at  Rome.  The  reader  who  has  seen  St.  Agnese  and  St.  Paolo  fuori  le  mura.  we 
are  sure,  will  think  with  us.  After  the  conquest  of  Cordova  in  1236,  this  mosque  was 
converted  info  a cathedral.  In  1528,  it  was  much  disfigured  by  modern  erections,  which 
' were  necessary  for  better  adapting  it  to  the  service  of  the  Christian  religion.  These, 

, however,  have  not  so  far  ruined  its  ancient  effect  as  to  jirevent  an  idea  being  formed  of  it 
when  in  its  splendour.  'J'he  decorations  throughout  are  in  stucco,  painted  of  various  colours, 
decorated  with  legends,  and  occasionally  gilt  like  the  churches  of  the  Lower  Emp-re. 

127.  In  the  second  period^  the  style  greatly  improvea  in  elegance.  It  lasted  till  the  close 
of  the  thirteenth  century,  just  before  which  time  was  founded  the  royal  joalace  and  fortre.ss 

I of  the  Alhambra,  at  Granada  {fg.  83.),  perhaps  the  most  perfect  model  of  jmre  Arabian 
architecture  that  has  existed.  During  this  joeriod,  no  traces  of  the  Byzantine  style  are  to  be 
. found.  An  exuberance  of  well-tempered  ornament  is  seen  in  their  edifices,  whose  distribution 
and  luxury  manife.st  the  highest  degree  of  refinement.  Speaking  of  the  interior  of  the  building 
i above  mentioned,  M.  de  Laborde  says,  that  it  exhibits  “ tout  ce  que  la  volujate,  la  grace, 
^ I’industrie  peuvent  reunir  de  plus  agr^able  et  de  plus  parfait.”  After  pa.ssing  the  principal 
jntrance,  you  arrive  at  two  oblong  courts  ; one  whereof,  celebrated  in  Arabian  history,  called 
, die  Court  of  the  Lions,  is  in  Jig.  84.  represented  on  the  following  page.  This  court  is 
i'  100  ft.  long  and  .50  ft.  broad,  having  128  columns  of  white  marble.  Hound  these  two  courts, 
. an  the  ground  floor,  are  disposed  the  apartments  of  the  palace.  Those  for  state  look  out 
t ;owards  the  country  ; the  rest,  cooler  aixl  more  retired,  have  openings  for  light  under  the 
• nteiior  porticoes.  The  whole  is  on  one  jalane,  the  walls  being  placed  so  as  exactly  to  suit 
ndie  plateau  of  the  rock  ; its  entire  length  is  about  2,300  ft.,  and  breadth  600  ft.  The  doors 
1 ire  few  and  large,  and  the  windows,  except  on  the  side  where  the  landscape  is  most  magni- 
icent,  are  chiefly  towards  the  interior.  In  one  of  the  apartments,  the  Arabian  architect 
lias,  in  an  inscrijition,  given  his  reason  for  this  adoption,  in  the  following  terms:  — “ IMv 
vindows  admit  the  light,  aiul  exclude  the  view  of  external  objects,  lest  the  beauties  of 
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natur » should  divert  your  attention  from  the  beauties  of  my  work.”  The  walls  are  covered 
with  arabesques,  apparently  cast  in  moulds,  and  afterwards  joined  togetlier.  The  orna- 
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ments  are  in  colours  of  gold,  pink,  light  blue,  and  a dusky  purple,  the  first  colour  being 
nearest  the  eye,  and  the  last  furthest  from  it  ; the  general  surface,  however,  is  white.  'J'he 

walls,  to  the  height  of  four  feet,  were 
lined  with  variously  figured  and  coloured 
porcelain  mosaics,  as  were  the  floors.  The 
Arabs  of  the  Spanish  caliphate  appear 
to  have  known  some  mode  of  preventing 
the  decay  of  paint  and  timber,  for  the 
l)alntings,  in  which  the  medium  for  the* 
colour  is  not  oil,  retain  the  original  fresh- 
ness of  their  colours,  and  the  woodwork 
of  the  ceilings  presents  no  symptoms  of 
decomposition.  It  has  been  conjectured 
that  the  soundness  of  the  wood  through- 

COURT  OK 
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out  has  ai  isen  from  the  trees  being  lanced 
or  drained  of  their  sap  at  the  time  of  felling  ; hut  it  may  be,  that  the  coating  of  paint  has  had- 
some  effect  in  producing  the  result.  Descrijitlon  conveys  no  notion  of  this  extraordinary 
edifice : the  reader  who  wishes  to  obtain  one  must  refer  to  Murphy’s  work,  already 
mentioned. 

128.  The  third  period  of  Arabian  architecture  is  from  the  end  of  the  thirteenth  century  to 
the  decline  of  the  Saracen  power  in  Sjiain.  During  a portion  of  this  jieriod,  it  was  used  by 
the  Spaniards  themselves,  and  like  the  Gothic,  in  the  northern  and  middle  parts  of  Europe, 
was  engrafted  on  the  style  which  crept  from  Italy  into  all  countries  till  the  Renaissance. 
During  this  period  were  built  the  castles  of  Benavento,  Penafiel,  and  Tordesillas;  and  the 
alcazars  of  Segovia  and  Seville.  The  plans  continued  much  the  same  ; but  Greek  orna- 
ments began  to  appear,  with  Morescjue  arches  on  Corinthian  columns.  At  this  time,  also, 
representations  of  the  human  figure  are  to  be  seen,  which,  by  the  laws  of  Mahomet,  were' 
strictly  forbidden.  There  was  a charm  about  this  architecture  w'hich  makes  one  almosT 
regret  that  reason  and  advance  in  civilisation  have  extinguished  it. 

129.  We  are  not  to  look  to  the  works  of  the  Arabians  for  the  real  grandeur  which  is  exhi-^ 
bited  in  the  works  of  Egypt,  Greece,  or  Rome,  Brick  was  the  material  most  used.  WheiJ 
•sl-one  was  employed,  it  was  covered  with  a coating  of  stucco.  In  their  constructive  com  j 
binations  there  is  nothing  to  surprise.  The  domes  which  crown  their  apartments  areM 
neither  lofty  nor  large  in  diameter,  neither  do  they  exhibit  extraordinary  mechanical  skill. 
The  Arabian  architects  seem  to  have  been  unacquainted  with  the  science  of  raising  vaults 
on  lofty  piers.  In  the  specimen  cited  at  Cordova,  the  span,  from  pier  to  pier  is  less  thair 
20  ft,,  which  would  not  have  required  much  skill  to  vault,  yet  we  find  the  ceilings  of 
timber.  The  use  of  orders  was  unknown  to  them  ; the  antique  columns  which  they  intro- 
duced were  employed  as  they  found  them,  or  imitations  of  them,  without  an  acquaintance 
with  the  types  from  which  they  were  derived,  with  their  principles  or  proportions.  In  truth, 
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their  columns  arc  posts.  We  do  not  find,  in  tlio  forms  of  Arabian  art,  that  character  of 
originality  which  can  be  traced  from  local  causes.  The  Arabians  had  spread  themselves, 
out  in  every  direction,  far  from  their  own  country,  in  which  they  had  never  cultivated  the 
arts ; hence  their  architecture  was  founded  upon  the  models  before  them,  which  the 
Byzantine  school  supplied.  Of  the  forms  of  their  arches, 
some  whereof  are  here  exhibited  (jig.  85.),  the  most  favourite 
seems  to  have  been  the  horse-slioe  form.  'I'hey  may  be 
ranged  into  two  classes,  — that  just  named,  and  the  other,  that 
wherein  the  curve  is  of  contrary  flexure,  and  described  from 
seveial  centres.  Both  classes  are  vicious  in  respect  of  con- 
Fii>.  Si.  ARAHiAN  ARCHES.  structioii,  froiu  the  impossibility  of  gaining  resistance  to 

thrust  at  the  abutments.  In  masonry,  such  arches  could  not  be  executed  on  a large  scale. 
In  brick  arches,  however,  the  surface  of  the  cement  is  so  increased,  that  if  it  be  good,  and  great 
care  be  used  in  not  removing  the  centres  till  the  cement  is  set,  great  variety  of  form  in  them 
may  be  hazarded.  If  the  pleasure  — perhaps  we  may  say  sensuality — of  the  eye  is  alone  to  be 
consulted,  the  Arabians  have  surpassed  all  other  nations  in  their  architecture.  The  exquisite 
lines  on  which  their  decorations  are  based,  the  fantasticness  of  their  forms,  to  which  colour  was 
most  tastefully  superadded,  are  highly  seductive.  Their  works  have  the  air  of  fairy  enchant- 
ment, and  are  only  to  be  compared  to  that  imagination  with  which  the  oriental  poetry 
abounds.  The  variety  and  profusion  wherewith  they  employed  ornament  impart  to  the 
interior  masses  of  their  apartments  the  appearance  of  a congeries  of  painting,  incrustation, 
mosaic,  gilding,  and  foliage  ; and  this  was  probably  much  augmented  by  the  Mahometan 
law,  which  excluded  the  representation  of  the  human  figure.  If  a reason  be  unnecessary 
for  the  admission  of  ornament,  nothing  could  be  more  satisfactory  than  the  splendour  and 
brilliancy  that  resulted  from  their  combinations.  One  of  their  practices,  that  of  introducing 
light  into  their  apartments  by  means  of  openings  in  the  form  of  stars,  has  a magical  eflTect. 

130.  We  have  principally  confined  ourselves,  in  the  foregoing  remarks,  to  the  architecture 
of  the  Arabians  as  it  is  ‘ 

found  in  Spain,  which,  it 
is  proper  to  observe,  is 
only  a class  of  the  edifices 

rin  the  style.  There  is  so 
close  a resemblance  be- 
tween the  buildings  of 
that  country  and  those  of 
other  places  that  were, 
till  lately,  under  the 
dominion  of  the  Moors, 


Fig.  87.  KI.KVATION,  HOUSE  AT  ALoIERS. 

that,  allowing  only  for  difference  of  climate,  we  might  have  left 
the  subject  without  further  illustration,  but  that  we  think  the  re- 
presentation in  ^(/s.  86.  and  87.  of  a Turkish  house  at  Algiers, 
which  we  have  extracted  from  Durand’s  Parullele  des  Edifices,  may 
give  a better  idea  of  Arabian  architecture  than  a host  of  words. 

131.  In  Mecca,  the  city  of  the  Prophet,  the  houses  are  of  stone, 
and  three  or  four  stories  in  height.  The  material  employed  in- 
Fig.  sc.  pi.AN,  HOUSE  AT  ALGIERS,  solldlty  of  coostr uctioii.  The  streets  are  regular.  The 

leading  features  are  — the  balconies  covered  with  blinds;  fronts  of  the  houses  much  orna- 
mented ; doors,  with  steps  and  small  seats  on  both  sides ; roofs  terraced,  with  very 
high  parapets,  opened  at  intervals  by  a railing  formed  of  brick,  in  which  holes  are  left 
for  the  circulation  of  the  air,  at  the  same  time  giving  an  ornamental  appearance  to  the  front; 
staircases  narrow  and  inconvenient ; rooms  of  good  dimensions  and  well-proportioned, 
having,  besides  the  principal  windows,  an  upper  tier.  Damascus,  of  which  a slight  view 
{fig.  88.)  is  annexed,  has  been  described  as  resembling  a large  camp  of  conical  tents,  which, 
on  a nearer  approach,  are  found  to  be  small  cupolas  to  the  houses.  Brick,  sun-dried,  is  the 
principal  material,  and  the  forms  of  the  roofs  mentioned  are  absolutely  necessary  to  protect 
against  the  winter  rains.  Streets  generally  narrow,  houses  well  supplied  with  fountains, 
and  containing  a large  number  of  houses  that  may  be  ranked  as  palaces.  Mo.sques,  many 
in  number,  but  presenting  none  that  are  very  remarkable.  The  bazaars  and  baths  of  con- 
siderable size  and  sjilendour.  In  Bagdad,  there  are  many  large  squares.  The  gates  erected 
by  the  caliphs  are  still  in  existence,  and  are  fine  specimens  of  Arabian  art.  Its  walls  of 
mud  are  25  ft.  in  height,  but  within  them  are  ramparts,  carried  on  arches.  In  Bussoruh, 
the  most  remarkable  feature  is  the  mode  in  which  they  construct  their  arches,  which  is 
effected  without  centres. 

132.  We  do  not  think  it  necessary  to  detain  the  reader  on  the  architecture  of  Moorish 
or  Western  Arabia.  As  in  the  eastern  parts  of  the  ancient  empire,  the  houses  usually 
consist  of  a court,  whereof  some  or  all  of  its  sides  are  surrounded  by  galleries.  Narrow 
rooms  run  generally  parallel  with  the  gallery,  usually  without  any  opening  but  the  door 
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opening  on  to  the  gallery.  Roofs  are  flat  or  terraced.  Walls  variously  built,  often  of  lime, 
plaster,  and  stones,  carried  uj)  in  a sort  of  casing,  u-lilch  is  removed  when  the  work  is  set 
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h'roin  want  of  good  timber,  the  rooms  are  narrow.  The  mos(|ues  are  by  no  means  wt)rclu 
of  notice.  Fez,  an  ancient  Arabian  city,  contains  some  lofty  ami  si>acions  houses.  It's 
streets  are  narrow,  and  on  their  first  floors  have  ))rojectlons  which  much  interru))t  the  light. 
In  the  centre  of  each  house  is  an  open  cjuadrangle,  surrounded  by  a gallery,  communicating 
with  a staircase.  Into  this  gallery  the  doors  of  the  apartments  o])en.  'I’he  ceilings  are 
lofty,  the  floors  of  brick.  All  the  princii)al  houses  are  sup))lied  with  cisterns  in  the  lowei 
parts,  for  furnishing  a sujjply  to  the  baths,  a luxury  with  which  also  every  mos(]ue  is  pra. 
vided.  In  this  town  there  are  nearly  two  hundred  caravanseras  or  inns,  three  stories  high, 
in  each  of  whose  apartments,  varying  from  fifty  to  one  hundred,  water  is  laitl  on  for  ablu- 
tion. 'Fhc  shops,  as  in  Cairo,  are  very  small  ; so  much  so,  that  the  owner  can  reach  all  the 
articles  he  deals  in  without  changing  his  posture.  In  Tripoli,  the  houses  rarely  exceed  one 
story  in  height;  but  we  must  be  content  with  observing  that  the  character  is  still  the  same. 
“ Nec  facies  omnibus  una,  nec  di versa  tamen.”  '^riiough  the  late  Sultan  built  a new  palace 
in  the  Italian  style  at  Constantinople,  the  Moslems  will  not  easily  relimiuish  a stvle  inti- 
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mately  allied  to  their  habits  and  religion,  a style  whereof  Jig.  89.  will  convey  some  idea  Ic 
the  reader.  He  is  also  referred  to  Jigs.  31,  32,  and  33.,  as  examples  of  the  same  stvle  ir 
rersia. 
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Sect.  XI. 

G R ECl  A N ARCH  IT  ECT  U R E. 

I.Sn  Tlio  arcliitectlire  of  Greece  is  identical  with  columnar  arcliitecture.  Writers  on 
the  subject  have  so  invariably  treated  the  hut  as  the  type  on  which  it  is  formed,  that,  though 
we  are  not  thoroughly  satisfied  of  the  tlieory  being  correct,  it  would  be  difficult  to  waiuler 
from  the  path  they  have  trodden.  In  the  section  on  Egyptian  architecture,  we  have  alluded 
to  the  tombs  at  Heni-hassan,  and  we  here  present  a representation  of  a portion  of  them 
from  a sketch  with  whicli  we  were  favoured  many  years  since  by  the  late  Sir  Charles. 

Barry  ' Jiy.  yO. ).  The  reader  will  perceive 
in  it  tlie  appearance  of  the  Doric  column 
almost  in  its  purity.  Wilkinson  ( Maimers 
and  Customs  of  the  Ancient  Egyptians)  is 
of  o])inion  that  the  date  of  these  tombs  is 
1740  iJ.  c.,  that  is,  in  the  time  of  the  first 
Osirtesen,  an  antitjuity  which  can  he  as 
signed  to  no  examjile  in  (Jreece.  'J'hese 
tombs  are  excavated  in  a rock,  a short  dis- 
tance from  the  Nile,on  its  right  hank,  about 
forty-eight  French  leagues  south  of  Cairo. 
'I'wo  of  them  have  architectural  fronts  like 
the  above  jilate.  'I'he  columns  are  five 
diameters  and  a half  in  height,  'I’he  num- 
ber of  the  fiutes,  which  are  shallow,  is  20, 
and  the  capital  consists  of  a sim])le  abacus. 
'I'liere  are  no  indications  ofabaseor  plinth. 
.Above  the  architrave,  which  is  plain,  there  is  a projecting  ledge  of  the  rock,  somewliat  re- 
sembling a cornice,  whose  soffit  is  sculptured,  a]>p:irently  in  imitation  of  a series  of  reeds,  laid 
transversely  and  horizontally.  There  certainly  does,  in  this,  appear  some  reference  to 
imitation  of  a hut,  and  the  refinement  of  the  Greeks,  in  after  ages,  may  have  so  ex- 
tended the  analogy  as  in  the  end  to  account  for  all  jiarts  of  the  entablature.  'Fhe  tra- 
dition doubtless  existed  long  before  Vitruvius  wrote,  avIio  gives  us  nothing  more  than  the 
belief  of  the  architects  of  his  time.  The  jioint  is  not,  at  tliis  time,  likely  to  he  answered 
satisfactorily  ; if  it  could,  it  might  be  important,  as  leading  to  the  solution  of  some  jioints 
of  detail,  which  limit  the  propriety  or  inijiropriety  of  certain  forms  in  particular  situations. 
Having  thus  cautioned  the  reader  against  imiilicit  faith  in  the  system  we  are  about  to 
develope,  we  shall  preface  it  by  the  opinion,  on  this  subject,  of  M.  Quatremere  de  Quincy, 
an  authority  of  great  value  in  everything  that  relates  to  the  art.  Carpentry,  says  that 
writer,  is  incontestably  the  model  upon  which  Greek  architecture  is  founded  ; and  of  the 
three  models  which  nature  has  suj)i)lied  to  the  art,  this  is,  beyond  doubt,  the  finest  and  most 
perfect  of  all.  And  again,  he  observes,  whoever  bestovvs  his  attention  on  the  subject,  will 
easily  perceive  that,  by  the  nature  of  it,  it  includes  all  those  ])arts  that  are  efllective  for 
utility  and  beauty,  and  that  the  simplest  wooden  hut  has  in  it  the  germ  of  the  most  mag- 
nificent jialace. 

134.  We  must  here  premise  that  this  section  is  strictly  confined  to  the  architecture  of 
Greece  and  its  colonies.  Much  confusion  has  arisen  from  the  want  of  strict  limits  to  the 
term  Grecian  Architecture,  one  which  has  been  indiscriminately  applied  to  all  buildings  in 
which  the  orders  appear.  The  orders  were  altered  in  their  profiles,  jjroportions,  and  details 
by  the  Romans  ; and  though  hetw'een  them  and  those  of  the  Greeks  there  is  a general  resem- 
blance, and  their  members  are  generally  similar,  yet,  on  a minute  examination,  great  differ- 
ence will  be  found.  In  the  former,  for  instance,  the  contour  of  every  moulding  is  a portion 
of  a circle  ; in  the  latter,  the  contours  of  the  mouldings  are  portions  of  conic  sectioius.  In 
Roman  architecture,  we  find  the  dome,  which  in  Greek  architecture  never  occurs.  In  the 
latter,  the  arch  is  never  seen;  in  the  former,  it  is  often  an  im])ortant  feature.  Indeed,  the 
columnar  style,  as  used  by  the  Greeks,  rendered  arches  unnecessary  ; hence,  in  all  imitation 
of  that  style,  its  introduction  produces  a discord  which  no  skill  can  render  agreeable  to  the 
educated  eye.  Attempts  have  been  made  by  the  modern  (ierman  architects  to  introduce 
the  use  of  the  arch  with  Greek  forms;  but  they  have  been  all  signal  failures,  and  that 
because  it  is  inca))ab!e  of  amalgamation  with  the  solemn  majesty  and  purity  of  Greek  com- 
position. Before  such  blending  can  be  accomplished  with  success,  the  nattire  of  pure  C>reck 
architecture  must  be  changed. 

1.35.  Following,  then,  the  authors,  ancient  and  modern,  on  the  origin  of  the  art,  we  now 
proceed  to  a development  of  its  origin.  'I'he  first  trees  or  posts  which  were  fixed  in  the 
earth  for  supporting  a co\er  against  the  elements,  were  the  origin  of  the  isolated  columns 
wiiich  afterwards  became  the  supports  of  porticoes  in  temples.  Diminishing  in  diameter 
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as  they  rose  in  height,  the  tree  indicated  the  diminution  of  the  column.  No  type,  however 
i)f  base  or  pedestal  is  found  in  trees  : hence  the  ancient  Doric  is  without  base.  This  practice, 
iiowever,  from  the  premature  decay  of  wood  standing  immediately  on  the  ground,  caused  th<v 
intervention  of  a step  to  receive  it,  and  to  protect  the  lower  surface  from  the  damp, 
Scamozzi  imagines  that  the  mouldings  at  the  bases  and  capitals  of  columns  had  their  origin 
in  cinctures  of  iron,  to  prevent  the  splitting  of  the  timber  from  the  superincumbent  weight. 
Others,  however,  are  of  opinion  that  the  former  were  used  merely  to  elevate  tlie  shafts 
above  the  dampness  of  the  earth,  and  thereby  prevent  rot.  In  the  capital,  it  seems  natural 
that  its  upper  surface  should  be  increased  as  much  as  possible,  in  order  to  procure  a greater 
area  for  the  reception  of  tlie  arcliitrave.  This  member,  or  chief  beam,  whose  name 
bespeaks  its  origin,  was  placed  horizontally  on  the  tops  of  the  columns,  being  destined,  in 
eftect,  to  carry  the  covering  of  the  entire  building.  Upon  the  architrave  lay  the  joists  of 
the  ceiling,  their  lieight  being  occupied  by  the  member  which  is  called  the  frieze.  In  tlie 
Doric  order,  the  ends  of  these  joists  were  called  triglyphs,  from  their  being  sculptured  with 
two  whole  and  two  half  glyjihs  or  channels.  These,  however,  in  the  other  orders  in  strictly 
Greek  architecture,  do  not  appear  in  the  imitation  of  the  type,  though  in  Roman  architec- 
ture it  is  sometimes  otherwise,  as  in  the  upper  order  of  tlie  Coliseum  at  Rome,  where 
they  are  sculptured  into  consoles.  The  space  between  the  triglyphs  was,  at  an  early  period 
of  the  avt,  left  open,  as  we  learn  from  a passage  in  the  Iphigenia  of  Euripides,  wliere 
Pvlades  advises  Orestes  to  slip  through  one  of  the  metopas,  in  order  to  gain  admission  into 
the  temple.  In  after  times,  these  intervals  were  filled  up,  and  in  the  other  orders  they  alto- 
gether disappear,  the  whole  length  of  the  frieze  becoming  one  plain  surface.  The  inclined 
rafters  of  the  roof  projected  over  the  faces  of  the  walls  of  the  building,  so  as  to  deliver  the 
rain  clear  of  them.  Their  ends  were  the  origin  of  the  mutule  or  modillion,  whereof  the 
former  had  its  under  side  inclined,  as,  among  many  other  examples,  in  the  Parthenon  a« 
Athens.  The  elevation,  or  as  it  is  technically  termed,  pitch  of  the  pediment,  followed  from 
the  inclined  sides  of  the  roof,  whose  Inclination  depended  on  the  climate  t See  sect.  20.‘i0). 
'I'lnis  authors  trace  from  the  hut  the  origin  of  the  different  members  of  architecture,  which 
a consideration  of  the  annexed  diagram  will  make  more  intelligible  to  the  reader.  Figs. 
ftl.  and  92.  exhibit  the  parts  of  a roof  in  elevation  and  section:  a a are  the  architraves  or 


tiabes;  bb  the  ridge  piece  or  columen;  c the  king-post  or  columna  of  a roof ; d d the  tie-beam 
or  transtrum ; e the  strut  or  capreolus;  ff  the  rafters  or  ca7itherii ; gggg  the  purlines  or 
.etupla  ; h h the  common  rafters  or  asseres.  'J'he  form  of  the  pediment  became  an  object  of 
so  much  admiration,  and  so  essential  a part  of  the  temple,  that  Cicero  says,  if  a temple  were 
to  be  built  in  heaven,  where  no  rain  falls,  it  would  be  necessary  to  bestow  one  upon  it. 
“ Capitolii  fastigium  illud,  et  CEeterarum  Eedium,  non  venustas  sed  nece.ssitas  ipsa  fabricata 
est.  Nam  cum  esset  hahita  ratio  quemadmodum  ex  utraque  parte  tecti  aqua  delaberetur 
utilitatem  templi  fastigii  dignitas  consecuta  est,  ut  etiam  si  in  coelo  capitolium  statueretur 
ubi  imber  esse  non  potest,  nullam  sine  fastigio  dignitatem  habiturum  fuis.se  videatur.” 
(De  Oratore,  lib.  iii. ) The  inclination  of  the  pediment  will  be  hereafter  discussed,  when 
we  speak  on  the  article  Roof,  in  another  part  of  the  work.  Under  the  section  on  Cyclopean 
Architecture,  mention  has  been  made  of  the  works  at  Tiryns  and  Mycene.  We  do  not  think 
there  is  sufficient  chain  of  evidence  to  connect  those  ruins  with  the  later  Grecian  works, 
though  it  must  be  confessed  that  the  temples  of  Sicily,  especially  at  Selinus,  and  perhaps 
those  at  Passtum,  are  connecting  links.  Perhaps  the  sculptures  at  Selinus  might  be  pro- 
perly called  Cyclopean  sculpture,  in  its  more  refined  state. 

].86.  Architecture,  as  well  as  all  the  other  arts,  could  only  be  carried  to  perfection  by 
slow  steps.  Stone  could  not  have  been  used  in  building  until  the  mechanical  arts  had  been 
well  known.  It  is  curious  that  Pliny  gives  the  Greeks  credit  only  for  caves  as  their  ori- 
ginal dwellings,  from  which  they  advanced  to  simple  huts,  built  of  earth  and  clay.  His  words 
are  (lib.  vii.  s.  57.),  “ Laterarias  ac  domos  constituerunt  primi  Euryalus  et  Ilypetbias 
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! fratres  Athonis  : antea  specus  crant  )>ro  doinibus.”  This,  jicrliaps,  is  no  more  tlian  a tradi- 
tionary fable.  Cables  of  this  kind,  however,  often  have  some  foundation  in  fact.  We  are 

not  always  inclined  to  discard  them,  for  we  have  little  more  than  tradition  for  the  early  ex- 
cellence of  the  Athenians  in  civilisation,  a nation  among  the  Greeks  who  first  became  a 
body  politic,  and  whose  vanity  caused  them  to  assume  the  name  of  Avrox^oves,  from  a 
Ijelief,  almost  sanctioned  by  I’lato,  that  their  ancestors  actually  rose  from  the  earth.  How 
strong  the  prevailing  opinion  was  of  the  original  superiority  of  the  Athenians,  may  he 
gathered  from  Cicero,  in  his  oration  for  Elaccus.  “ Adsunt,”  lie  says,  “ Athenienses,  unde 
liunianitas,  doctrina,  rellgio,  fruges,  jura,  leges  ortie,  atijue  in  omnes  terras  distributee 
putantur  : de  quorum  urbls  jiossessione,  projiter  pulchritiulinem,  etiam  inter  deos  certamen 
I fuisse  proditum  est ; qiu-c  vetustate  ea  est,  ut  ipsa  ex  sese  suos  elves  genuisse  dicatur.”  Rut 
I we  shall  not  attemiit,  here,  an  early  history  of  Greece  ; for  which  this  is  not  the  place,  and,  if 
accomplished,  would  little  answer  our  views.  The  Greeks  exhibited  but  little  skill  in  their 
ij  earliest  edifices.  'I'he  temple  of  Delphi,  mentioned  by  Homer,  in  the  first  book  of  thr, 

j Iliad  (v.  40-4.  et  seip  ),  which  Rryant  supposes  to  have  been  originally  founded  by  Egyptians, 

! was,  as  we  learn  from  Pausanias  (P/iocic.  c.  5.),  a mere  hut,  covered  with  laurel  branches. 

I 1-lven  the  celebrated  Areojiagus  was  but  a sorry  structure,  as  we  learn  from  Vitruvius 
I (lib,  ii.  cap.  1.),  who  judged  of  it  from  its  ruins.  'i'he  fabulous  Cadmus  — for  we  cannot 
help  following  .lacob  Rryant  in  his  conjectures  upon  this  jjersonage  — has  been  supposed 
i'  to  have  existed  about  1519  b.  c.,  to  have  instructed  the  Greeks  in  the  worship  of  tb.e 
||  Egyj)tian  and  Phoenician  deities,  and  to  have  taught  them  various  useful  arts  ; but  tins 
I carries  us  so  far  back,  that  we  should  be  retracing  our  ste})s  into  Cyclopean  architecture,  if 
i we  were  here  to  dwell  on  the  period  ; and  we  must  leave  tlie  reader  — as  is  our  own,  and  as 
we  apprehend  will  be  the  case  with  all  who  may  succeed  us  — to  grope  his  way  out  of  the 
darkness  as  best  he  may. 

j 1.37.  The  earliest  writer  from  whom  gleanings  can  be  made  to  elucidate  the  architecture 
Ii  of  Greece  is  the  father  of  poets.  To  Homer  we  are  obliged  to  recur,  little  as  we  approve 
i of  the  architectural  graphic  flights  in  which  the  poet  is  wont  generally  to  indulge.  Though 
the  Odyssey  may  not  be  of  so  high  antiquity  as  the  Iliad,  it  is,  from  internal  evidence,  of 
great  age,  for  the  poem  exhibits  a government  strictly  patriarchal,  and  it  sufficiently  proves 
that  the  chief  buildings  of  the  period  were  the  palaces  of  princes.  We  may  here,  in 
passing,  observe,  that  in  Greece,  previous  to  Homer  and  Hesiod,  the  sculptor’s  art  appears 
to  have  been  unknown,  neither  was  practised  the  representation  of  Gods.  The  words  of 
j Athenagoras  {Leg.  pro  Christ,  xiv. ) are  — At  8'eiKoues  gexpi  pyj-nw  ■KXaa'Tix'fj,  nai  ypacpiKT],  Kai 
' avhpiavTOTvoi-qriKT]  rjaav,  ou5e  evopi^ovro.  The  altar,  which  was  merely  a structure  for  sacred 
use,  was  nothing  more  than  a hearth,  whereon  the  victim  was  prepared  for  the  meal  ; 
and  it  was  not  till  long  after  Homer’s  time  that  a regular  priesthood  appeared  in  Greece. 

I In  Sparta,  the  kings  performed  the  office.  In  Egypt,  the  dignity  was  obtained  by  inherit- 
ance; as  was  the  case  in  other  places.  The  Odyssey  places  the  altar  in  the  king’s  palace; 
and  we  may  reasonably  assume  that  the  spot  was  occasionally,  perha))s  always,  used  as  the 
temple.  From  such  premises,  it  is  reasonable  to  conjecture  that  until  the  sacerdotal  was 
I separated  from  the  kingly  office,  the  temple,  either  in  Greece  or  elsewhere,  had  no  existence. 
It  may  not  be  without  interest  to  collect,  here,  the  different  passages  in  the  Odyssey,  which 
bear  upon  the  nature  and  construction  of  the  very  earliest  buildings  of  importance. 

I Retween  the  avKit]  and  the  8opos  there  must  have  been  a distinction.  The  former,  from  its 
I etymology  aco,  must  have  been  a locus  subdialis  j and  though  it  is  sometimes  used  ( Iliad,  Z. 
j|  tl47.)  for  the  whole  palace,  such  is  not  generally  its  meaning  in  the  Odyssey.  The  auArj  was 
the  place  in  which  the  female  attendants  of  Penelope  were  slain  by  Telemachus  ( Odyss.  X. 
I 446.),  by  tying  them  up  with  a rope  over  the  SfoXos  or  ceiling.  Hence  we  arrive  at  the 

I conclusion  that  this  ^oAos  belonged  to  the  aiOovaa  or  cloister,  supposing,  as  we  have  done, 
that  the  avXr}  was  open  at  top,  and  the  aiSovcra  is  described  {Iliad,  T.  176.)  as  ipidovnos,  that 
is,  sonorous  or  echoing,  and  as  circumscribing  the  open  part  of  the  auXr].  The  ,^oAos  was 
supported  by  Kioves,  posts  or  columns,  and  in  the  centre  of  the  avKr]  stood  the  j3opos  or  altar. 
If  our  interpretation  be  correct,  the  peaodpai  in  this  arrangement  must  be  the  spaces  between 
I the  columns  or  posts,  or  the  intercolumniations,  as  the  word  is  usually  translated  ; and  the 
I passage  in  the  Odyssey  (T.  .37.),  wherein  Telemachus  is  said  to  have  seen  the  light  on  the 
;[  walls,  becomes  quite  clear.  The  passage  is  as  follows : — 

1 Eu^ry,;  fiot  toixoi  xa.Xeu  t6  tx.ia’ohfji.at.t, 

t£  So^o;,  w^oir’  e;j;evTej, 

;i  ^a,novr  e(p6ccX//,oi; . 


There  seems  no  doubt  that  the  word  aiOovcra  will  bear  the  interpretation  given,  and  the 
arrangement  is  nothing  more  than  that  of  the  hyptethral,  and  even  correspondent  with  the 
Egyptian  temple,  particularly  that  of  the  temple  at  Edfou,  described  by  Uenon,  and  repre- 
sented in  his  plate  34. 

138.  Refore  we  quit  this  part  of  our  subject,  let  us  consider  the  description  which 
Horner  ( Odyss.  H.  81.)  gives  of  the  house  of  Alcinous  as  illustrative  of  Greek  architecture 
This  dwelling,  which  Ulysses  visited,  had  a brazen  threshold,  ouSoy.  It  was  vypepfcpgs  ov. 
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lorty-f  Jofod,  Tlie  walls  were  brazen  on  every  side,  from  the  threshold  to  the  Innermost 
part,  'inis,  however,  is  rather  j)oetic.  'I’he  coi>ing  ^pijKos  was  of  a blue  colour.  'I'lie 
interior  doors  are  described  as  gold.  The  jambs  of  them,  (TTa0^o(,  were  of  silver  on  a brazen 
threshold.  The  lintel  vwepdupioif  was  silver,  and  the  cornice  koocovt)  of  gold.  Statues  of 
dogs,  in  gold  and  silver,  which  had  been  curiously  contrived  by  Vulcan  himself,  guarded 
the  portal.  Thus  far,  making  all  due  allowance  for  the  poet’s  fancy,  we  gain  an  insight  into 
what  was  considered  the  value  of  art  in  his  day,  more  dependent,  it  v/,,uld  seem,  on  material 
than  on  form.  Seats  seemed  to  have  been  placed  round  the  interior  part  of  the  house,  on 
which  seats  were  cushions,  which  the  women  wrought.  Rut  we  must  return  to  the  con- 
struction of  the  au\r],  inasmuch  as  in  it  we  find  considerable  resemblance  to  the  rectangular 
and  columnar  disposition  of  the  comj)aratlvely  more  recent  temple. 

1:59.  It  would  he  a hopeless  task  to  connect  the  steps  that  intervened  between  the  sole 
use  of  the  altar  and  the  establishment  of  the  temple  in  its  j)erfection  ; though  it  might,  did 
our  limits  permit  the  investigation,  be  more  easy  to  find  out  the  period  when  the  regular 
temple  became  an  indis])ensahle  a])pendage  to  the  religion  of  the  country.  It  is  closely 
connected  with  that  revolution  which  abolished  the  civil,  judicial,  and  military  offices  of 
kings  leaving  the  sacerdotal  office  to  another  class  of  ])ersons.  'J'hough  in  the  palace  of  the  Sj 
king  no  portion  of  it  was  ai)proj)riated  to  religious  ceremony,  the  s])ot  of  the  altar  onlvlC’iH 
excepted,  yet,  as  it  was  the  depository  of  the  furniture  and  utensils  requisite  for  the  rite  of* 
sacrifice,  when  the  palace  was  no  more,  an  apartment  would  he  wanting  for  them  ; and  this, 
conjoined  with  other  matters,  may  have  suggested  the  use  of  the  cell.  Eusebius  has  con- 
jectured that  the  temple  originated  in  the  reverence  of  the  ancients  for  their  departed 
relations  and  friends,  and  that  they  were  only  stately  monuments  in  honour  of  heroes,  from 
whom  the  world  had  received  considerable  benefit,  as  in  the  case  of  the  temple  of  Pallas,  at 
Larissa,  really  the  sepulchre  of  Acrisius,  and  the  temjjle  of  Minerva  Polias  at  Athens,  which 
is  supposed  to  cover  the  remains  of  Erichthonius.  The  passage  in  Virgil  ii.  v.  7"f.). 

tiimuluin  antiquae  Cereris,  sedemque  sacratain 

Veiiiinus  — 

is  explanatory  of  the  practice  of  the  ancients  in  this  res])ect ; and,  indeed,  it  is  well  known 
that  sacrifices,  prayers,  and  libations  were  offered  at  almost  every  tomb;  nay,  the  resting- 
place  of  the  dead  was  an  asylum  or  sanctuary  not  less  sacred  than  was,  afterwards,  the  temi)le 
Itself.  From  Strabo  (lib.  ii.)  it  is  clear  that  the  temple  was  not  always  originally  a struc- 
ture dedicated  to  a god,  hut  that  it  was  occasionally  reared  in  honour  of  other  jiersonages. 

140.  Refore  proceeding  to  that  which  is  more  accurately  known,  it  may  not  he  imiii- 
structive  to  the  reader  to  glance  at  the  houses  of  the  Greeks,  as  may  he  gathered  from 
passages  in  the  Iliad  and  tlie  Odyssey.  We  shall  merely  remind  him  that  Priam’s  house 
had  fifty  sejiarate  chambers,  though  he  lived  in  a dwelling  apart  from  it.  These  houses 
were,  in  some  parts,  two  stories  in  height,  though  the  passages  supporting  that  assertion 
( //«W,  B.  .51  4-16.  184.)  have  been  pronounced  of  doubtful  anti  juity.  There  is.  how- 
ex  er,  not  the  slightest  doubt  that  the  dwellings  of  the  East  consisted  of  more  than  a 
single  story.  David  wept  for  Absalom  in  the  chamber  ot’cr  the  gate  (2  Sam.  xviii.  39.). 

'J’he  altars  of  Ahaz  were  on  the  terrace  of  the  upper  chamber  (3  Ki?igs,  xxlii.  12.).  The 
summer  chamber  of  Eglon  had  stairs  to  it,  for  by  them  Ehud  escaped,  after  he  had  revenged 
Israel  (Judges,  in.  20.;  1 Kings,  vi.  8.).  In  the  Septuagint,  these  unper  stories  are  all  repre- 
sented by  the  word  virepwou,  the  same  employed  by  Homer.  'I'he  Jewish  law  required 
(Dent.  xxii.  8.)  the  terraces  on  the  tops  of  their  houses  to  he  jirotected  by  a battlement; 
and,  indeed,  for  want  of  a railing  ( Odyss.  K.  552.  et  seq.)  of  this  sort,  Elpenor,  one  of  the 
companions  of  Uly.sses,  at  the  palace  of  Circe,  fell  over  and  broke  his  neck.  The  use  of 
the  word  uKiga^  in  the  Odyssey,  connected  with  the  words  avaSaiveiv  and  KaraSaiveiv,  and 
the  substantive  virepccov,  is  of  frecpient  occurrence:  it  is  either  a ladder  or  a staircase,  and 
which  of  them  is  unimportant  ; hut  it  clearly  indicates  an  upper  story.  To  a comjiaratively 
late  period,  the  Greek  tenqile  was  of  timber.  Even  statues  of  the  deities  were,  in  the 
time  of  Xenophon,  made  in  wood  for  the  smaller  temples  (lib.  iv.  c.  1.),  where  the  revenue 
of  them  was  not  adequate  to  afford  a more  expensive  material.  Rut  time  and  accidents 
would  scarcely  jiermit  their  jirolonged  duration,  and  none  survived  long  enough  to  allow  of 
.1  proper  de.scription  of  them  reaching  us.  The  principle  of  their  construction  necessarilv 
l)ore  some  relation  to  the  materials  employed,  and  the  u.se  of  stone  must  have  imparted  new 
features  to  them.  In  timber,  the  beam  (epistylium),  which  was  borne  by  the  columns, 
would  probably  extend  in  one  piece  through  each  face  of  the  building.  Rut  in  a stone  * 
construction  this  could  not  take  place,  even  had  blocks  of  such  dimensions  been  procurable,  fa 
and  had  mechanical  means  been  at  hand  to  place  them  in  their  proper  position.  From  this  I 
alone  follows  a diminution  of  spaces  between  the  columns.  The  arch,  be  it  recollected,  was  | 
unki  own.  It  is  curious  to  observe  that  the  relative  antiquity  of  the  examples  of  Grecian 
Doric  may  be  ex])re.ssed  in  terms  of  the  intercolumniations;  that  is,  the  number  of  diame- 
ters forming  the  intervals  between  the  columns.  'I'here  is,  moreover,  another  point  worthv 
of  iiotice,  which  is,  that  their  antiipiity  may  be  also  estimated  by  the  comparison  of  the  ’ J 
heights  of  the  columns  compared  with  their  diameters.  'I’his,  however,  will  re(|uirc 
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fiirtlier  consideration  wlien  we  come  to  treat  of  the  orders  ; here  it  is  noticed  only  inci- 
dcntallv.  Though  we  are  not  inclined  to  j)lace  reliance  on  the  account  given  by  Vitruvius 
of  the  origin  of  tlie  orders  of  architecture,  we  should  scarcely  be  justified  in  its  omission 
here.  It  seems  necessary  to  notice  it  in  any  work  on  architecture;  and,  after  remarking 
that  the  age  which  that  author  assigns  for  their  origin  is  long  before  Homer’s  time,  at 
which  there  seems  no  probability  of  their  existence,  from  the  absence  of  all  reference  to 
them  in  his  poems,  we  here  subjoin  the  account  of  \’itruvius  (lib.  iv.  c.  1.)  : — “ Dorus,  son 
of  Ilellen  and  the  Nym])h  Orseis,  reigned  over  Achaia  and  l’elo])onnesus.  He  built  a 
temple  of  this  (the  Doric)  order,  on  a sj)ot  sacred  to  Juno,  at  Argos,  an  ancient  city. 
IMany  temples  similar  to  it  were  afterwards  raised  in  the  other  parts  of  Achaia,  though, 
at  that  time,  its  proportions  were  not  precisely  established.  When  the  Athenians, 
in  a general  assembly  of  the  states  of  Greece,  sent  over  into  Asia,  by  the  advice 
of  the  Delphic  oracle,  thirteen  colonies  at  the  same  time,  they  ajijiointed  a governor 
over  each,  reserving  the  chief  command  for  Ion,  the  son  of  Xuthus,  and  Creusa, 
whom  the  Delphic  Apollo  had  acknowledged  as  son.  He  led  them  over  into  Asia, 

where  tliey  occui)ied  the  borders  of  Caria,  and  built  the  great  cities  of  Ephesus, 

Miletus,  Myus  (afterwards  destroyed  by  inundation,  and  its  sacred  rites  and  suffrages 
transferred  by  the  lonians  to  the  inhabitants  of  Miletus),  Priene,  Samos,  Teos,  Colophon, 
Chios,  Krythrae,  Phoccea,  Clazomene,  Lebedos,  and  Melite.  'J'his  last,  as  a punishment  for 
the  arrogance  of  its  citizens,  was  detached  from  the  other  states  in  the  cour.se  of  a war 
levied  on  it,  in  a general  council,  and  in  its  place,  as  a mark  of  favour  towards  king 
.Attains  and  Arsinoe,  the  city  of  Smyrna  was  received  into  the  number  of  the  Ionian  states. 
'I'hese  received  the  apjiellation  of  Ionian,  after  the  Carians  and  I.elegje  had  been  driven 
out,  from  the  name  of  Ion,  the  leader.  In  this  country,  allotting  different  sites  to  sacred 
purposes,  they  erected  tem))les,  the  first  of  which  was  dedicated  to  Apollo  Panionius.  It 
resembled  that  which  they  had  seen  in  Achaia,  and  from  the  species  having  been  first  used 
in  the  cities  of  Doria,  they  gave  it  the  name  of  Doric.  As  they  wished  to  erect  this 

temple  with  columns,  and  were  not  acquainted  Avith  their  proportions,  nor  the  mode  in 

which  they  should  be  adjusted,  so  as  to  be  both  adrpted  to  the  recejition  of  the  superin- 
cumbent weight,  and  to  have  a beautiful  effect,  they  measured  a man’s  height  by  the 
length  of  the  foot,  which  they  found  to  be  a sixth  part  thereof,  and  thence  deduced  the 
proportions  of  their  column-s.  Thus  the  Doric  order  borrowed  its  jirojiortion,  strength, 
and  beauty  from  the  human  figure.  On  similar  principles,  they  afterwards  built  the  temjile 
of  Diana;  but  in  this,  from  a desire  of  varying  the  proportion.s,  they  used  the  female 
figure  as  a standard,  making  the  height  of  the  column  eight  times  its  thickness,  for  the 
purpo.se  of  giving  it  a more  lofty  effect.  Under  this  iicav  order,  they  ])laced  a base  as  a 
shoe  to  the  foot.  'I'hey  also  added  volutes  to  the  cajiital,  resembling  the  graceful  curls  of 
the  hair,  hanging  therefrom,  to  the  right  and  left,  certain  mouldings  and  foliage.  On  the 
shaft,  channels  were  sunk,  bearing  a resemblance  to  the  folds  of  a matronal  garment. 
Thus  were  two  orders  invented  ; one  of  a masculine  character,  without  ornament,  tl;e  other 
of  a character  approaching  the  delicacy,  decorations,  and  proportions  of  a female.  'I’he 
successors  of  these  people,  improving  in  taste,  and  preferring  a more  slender  proportion, 
assigned  seven  diameters  to  the  height  of  the  Doric  column,  and  eight  and  a half  to  the 
Ionic.  That  species,  of  which  the  lonians  were  the  inventors,  has  received  the  appellation 
of  Ionic.  The  third  specie.s,  which  is  called  Corinthian,  resembles,  in  its  character,  the 
graceful  elegant  aj)])earance  of  a virgin,  whose  limbs  are  of  a more  delicate  form,  and 
ivho.se  ornaments  should  be  unobtrusive  The  following  is  the  faluilous  account  of  the 
iiigin  of  the  capital  of  this  order.  (Fi^.  9ff.)  A Corinthian  virgin  who  was  of  mar- 
riageable age,  fell  a victim  to  a violent  disorder  : after  her 
interment,  her  nur.se,  collecting  in  a basket  those  articles  to 
which  she  had  shown  a partiality  when  alive,  carried  them 
r i'  to  her  tomb,  and  placed  a tile  on  the  basket,  for  the  longer 
^ preservation  of  its  contents.  The  basket  was  accidentally 

placed  on  the  root  of  an  acanthus  plant,  which,  pressed 
by  the  weight,  shot  forth,  towards  spring,  its  stems  and 
large  foliage,  and  in  the  course  of  its  growth,  reached  the 
angles  of  the  tile,  and  thus  formed  volutes  at  the  extremi- 
ties. Callimachus,  who,  for  his  great  ingenuity  and  ta.ste 
in  sculpture,  was  called  by  the  Athenians  /faraTexvos,  hap- 
pening at  this  time  to  pass  by  the  tomb,  observed  the  basket 
and  the  delicacy  of  the  foliage  that  surrounded  it.  I’leased  with  the  form  and  novelty  of  the 
combination,  he  took  the  hint  for  inventing  these  columns,  u.sing  them  in  the  country  about 
i| Corinth,”  &c.  Now,  though  we  regret  to  damage  so  elegant  and  romantic  a story,  we 
must  remind  those  who  would  willingly  trust  the  authority  we  have  quoted,  that  Vitruvius 
speaks  of  matters  which  occurred  so  long  before  his  time,  that  in  such  an  investigation  as 
that  before  us  we  must  have  other  authentication  than  that  of  the  author  we  quote,  and 
most  especially  in  the  case  of  the  Corinthian  cai>ital,  whose  type  may  be  referred  to  in  a 
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vast  number  of  tlie  examj)le.s  of  Egyptian  capitals,  one  of  wliich,  among  many,  is  seen 
in  fiy.  94. 

141.  The  progress  of  the  art  in  Greece,  wliose  inhabitants,  in 
the  opinion  of  the  Egyptian  priests  in  tlie  time  of  Solon,  were 
so  ignorant  of  all  science  that  they  neither  understood  the  mytho- 
logy of  other  nations  nor  their  own  (Plato,  in  Timcco),  cannot  be 
satisfactorily  followed  between  the  period  assigned  to  the  siege  of 
Troy  and  the  time  of  Solon  and  Pisistratus,  or  about  590  u.  c.  Rut 
it  is,  however,  certain  that  within  four  centuries  after  Homer’s  time, 
notwithstanding  their  originally  coarse  manners,  the  Grecians  attained 
the  highest  excellence  in  the  arts.  Goguet  is  of  opinion  the  nurture 
of  the  art  was  principally  in  Asia  Minor,  in  which  country,  he  thinks, 
we  must  seek  for  the  origin  of  the  Doric  and  Ionic  orders,  whilst 
in  Greece  Proper  the  advancement  was  slow.  The  Corinthian  order 
was,  however,  the  last  invented,  and  it  seems  generally  agreed  that  its  invention  belongs  to 
the  mother  country  ; hut  this  we  shall  not  stop  to  discuss  here.  The  Temple  of  Jupiter, 
at  01ymi>ia,  one  of  the  earliest  tem])les  of  Greece  ( Pausanias,  Eliac.  Pr.  c.  10.),  was 
built  about  630  years  before  the  Christian  aera;  and  after  this  period  were  reared 
temples  at  Samos,  Priene,  Ephesus,  and  Magnesia,  and  other  places  up  to  that  age  when, 
under  the  administration  of  Pericles,  the  architecture  of  Greece  attained  perfection,  ai  d 
the  highest  beauty  whereof  it  is  supposed  to  be  susceptible,  in  the  Parthenon  (fig.  95.) 


Ki^;.  95.  viK«-  ok  tub  Parthenon, 

at  Athens.  The  date  of  the  erection  of  one  of  the  temples  of  Diana,  at  Ephesus,  was  as 
remote  as  that  of  the  temple  of  Jupiter.  If  Livy  had  sufficiently  our  confidence,  and  we 
concede  that  other  writers  corroborate  his  statement  (lib.  i.  c.  45.),  its  date  is  as  ancient  as 
the  time  when  Servius  Tullius  was  king  of  Rome.  Great,  however,  as  were  the  works 
which  the  Grecians  executed,  the  mechanical  powers  were,  if  one  may  judge  frcrm  Thucy- 
dides (lib.  iv.),  not  then  compendiously  applied  for  raising  weights. 

142.  The  origin  of  the  Doric  oruei  is  a (juestion  not  easily  disposed  of.  Many  provinces 
of  Greece  bore  the  name  of  Doria  ; but  a name  is  often  the  least  satisfactory  mode  of  ac- 
counting for  the  birth  of  the  thing  which  bears  it.  We  have  already  attempted  to  account 
for  the  parts  of  this  order  by  a reference  to  its  supposed  connection  with  the  hut.  The 
Avriter,  in  the  Encyclopedic  Methodiqne,  truly  says  that  if  the  Doric  had  an  inventor,  that 
inventor  was  a people  whose  wants  were,  for  a long  period,  similar,  and  with  whom  a .style 
of  building  prevailed  suitable  to  their  habits  and  climate,  though  but  slowly  modified  and 
carried  to  perfection.  At  the  beginning  of  this  section,  rre  have,  however,  sufficiently 
spoken  on  this  matter.  Rut  there  are  some  peculiarities  to  be  noticed  with  respect  to  the 
Doric  order,  which  we  think  will  be  better  given  here  than  in  the  third  book,  where  we 
propose  to  treat  of  the  orders  more  fully ; and  these  consist  in  the  great  differences  which 
are  found  in  its  proportions  and  parts  in  different  examples.  For  this  purpose,  several 
buildings  have  been  arranged  in  the  following  table,  wherein  the  first  column  exhibits  the 
name  of  the  building ; the  second  the  height  of  the  column,  of  the  example  as  a nuiue- 
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rator,  and  its  lower  diameter  as  a denominator,  both  in  English  feet  ; the  third  is  the 
quotient  of  the  second,  showing  the  heiglit  of  the  column,  expressed  in  terms  of  its  lowei 
diameter  ; the  fourth  column  sliows  the  height  of  the  entablature  in  terms  of  the  diameter 
of  the  column;  the  fifth  column  gives  the  distance  between  the  columns  in  the  same 
terms ; and  the  sixth  shows  the  height  of  the  capitals  also  in  the  same  terms  : — 


j Exainvle. 

Height  divided 
by  lower  Diameter 
in  English  Feet. 

Diameters 

high. 

Height  of 
Fmlablature 
in  Terms  of 
Diameter. 

Interro-  l 
lunmiations. 

Height  of 
Cai>itnl 
in  lertns  of 
Diameter. 

Temiile  at  Corinth  - - - 

- 

2.T7I3 
5-83  ~ 

4-065 

1*262 

*405 

Hypaethral  Temple  at  Paistum 

- 

2Si)rtO 
7-0(T  = 

4*1.34 

1*741 

1*167 

*.549 

Enneastyle  Temple  at  Paestum 

- 

21*(X}0 
4'85  — 

4 -.329 

1*140 

1*064 

*600 

Greater  Hexastyle  Temple  at  Selinus 

- 

32G78  _ 
7-49 

4*261 

2*200 

1*490 

*490 

Temple  of  Minerva  at  Syracuse 

- 

28-GG5  _ 
G^'iO 

4 410 

* 

. 

*486 

Octastyle  Hypaethral  Temple  at  Selinus 

- 

48-585  _ 
10*62 

4 572 

2*038 

1-023 

*450 

Temple  of  Juno  Lucina  at  Agrigentum 

- 

21*156 

4-59 

4-C05 

* 

• 

*.570 

Temple  of  Concord  at  Agrigentum 

- 

22  0G2 
~4  64  ~ 

4 7 53 

1*976 

1-071 

*487 

Hexastyle  Temple  at  Paistum 

- 

20-353  _ 
4-24‘  ~ 

4 795 

1917 

1*111 

*564 

Temple  of  Jupiter  Panliellenius  at  Egina 

- 

17-351 
3 22 

5*39.'> 

• 

1*680 

486 

Parthenon  . - - _ 

- 

34  232  ^ 
6-15  ^ 

5 563 

1*977 

1*275 

*459 

Temple  of  Theseus  at  Athens 

- 

18-717 
3-30'  — 

5669 

1*964 

1*2.50 

-.502 

Temple  of  Minerva  at  Sunium 

- 

19*76-2  ^ 
3-34’ 

5-899 

1*928 

1-472 

37-2 

Doric  Portico  of  Augustus  at  Athens 

- 

26-206  _ 
4-33 

6*042 

1*724 

1-046 

-374 

J’eraple  of  Apollo,  Island  of  Delos  . 

- 

18-721  _ 
3-0  2 

6-052 

1 900 

1 .500 

*.5.55 

Temple  of  Jupiter  Nemeus  - 

- 

33  932  _ 
5 22  “ 

6-5 -.5 

1.560 

1-348 

*383 

Portico  of  Philip  of  Macedon 

- 

19-330  _ I 
2-96 

6*  .535 

1-867 

2*700 

1 

*430 

143.  Casting  our  eye  down  the  third  column  of  the  above  table,  we  find  the  height  of 
the  column  in  terms  of  its  lower  diameter  varying  from  4*065  to  6*535.  Lord  Aberdeen 
(^Inquiry  into  the.  Principles  of  Beauty  in  Greek  Architecture,  1822)  seems  to  prefer  the  pro- 
portion of  the  capital  to  the  column,  as  a test  for  determining  its  comparative  antiquity  ; 
but  we  are  not,  though  it  is  entitled  to  great  respect,  of  his  opinion,  preferring,  as  we  do, 
a judgment  from  the  height  as  compared  with  the  diameter  to  any  other  criterion  ; although 
it  must  be  admitted  that  it  is  not  an  infallible  one.  The  last  columns  shows  what  an  in- 
constant test  the  height  of  the  capital  exhibits.  There  is  another  combination,  to  which 
reference  ought  to  be  made,  — the  height  of  the  entablature,  which  forms  the  third  column 
of  the  table,  in  which  it  appears  that  the  most  massive  is  about  one  third  the  height  of  the 

(il  whole  order,  and  the  lightest  is  about  one  fourth,  and  that  these  proportions  coincide  with 
I the  thickest  and  the  thinnest  columns. 

, 144.  The  entasis  or  swelling,  which  the  Greeks  gave  to  their  columns,  and  first  veri- 

fied by  the  observations  of  Mr.  Allason,  was  a refinement  introduced  probably  at  a 
i late  period,  though  the  mere  diminution  of  them  was  adopted  in  the  earliest  times. 

The  practice  is  said  to  have  its  type  in  the  law  which  Nature  observes  in  the  formation 
I;  of  the  trunks  of  trees.  This  diminution  varies,  in  a number  of  examples,  from  one 
fifth  to  one  third  of  the  lower  diameter  ; a mean  of  sixteen  examples  gives  one  fourth. 

I The  mere  diminution  is  not,  however,  the  matter  for  consideration  ; but  the  curved 
outline  of  the  shaft,  which  is  attributed  to  some  refined  perception  of  the  Greeks, 
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riilative  to  t!ie  apparcMit  diinlnution  of  objects  as  tlielr  distance  from  the  eye  was  Increased, 
wblcli  Vitruvius  imagines  it  was  the  object  of  tlie  entasis  to  correct.  It  cannot  be  denied 
tliat  in  a merely  conical  shaft  there  is  an  appearance  of  concavity,  for  which  it  is  difficult 
to  account.  'I’he  following  explanation  of  this  phenomenon,  if  it  may  he  so  called,  is 
given  by  our  esteemed  and  learned  friend,  Mr.  Narrien,  in  the  Encyc.  Metrnjml.  art.  Ar- 
cliitecture.  “ When,”  he  observes,  “we  direct  the  axis  of  the  eye  to  the  middle  of  a tall 
coliunn,  the  organ  accommodates  itself  to  the  distance  of  that  ]>art  of  the  object,  in  order 
to  obtain  distinctness  of  vision,  and  then  the  ohli(jue  pencils  of  light  from  the  upper  and 
lower  parts  of  the  column  do  not  so  accurately  converge  on  the  retina  : hence  arises  a 
certain  degree  of  obscurity,  which  always  jjroduces  a perception  of  greater  magnitude  than 
would  he  ))roduced  by  the  same  object  if  seen  more  distinctly.  The  same  ex})lanation 
may  serve  to  account  for  the  well-known  fact,  that  the  top  of  an  undiminished  pilaster 
ai)pears  so  much  broader  than  the  body  of  its  shaft ; to  which,  in  this  case,  may  he  added 
some  prejudice,  caused  by  our  more  frequently  contemj)lating  other  objects,  as  trees,  which 
taper  towards  their  upper  extremities.”  Connected  in  some  measure  with  the  same  optical 
deception  is  the  rule  which  Vitruvius  lays  down  (hook  iii.  chap.  2. ) for  making  the 
columns,  at  the  angles  of  buildings,  thicker  than  those  in  the  middle  by  one  fiftieth  part 
of  a diameter,  — a law  which  we  find  followed  out  to  a much  greater  extent  in  the  temj)les 
of  the  Parthenon  and  of  Theseus,  at  Athens,  where  the  columns  at  the  angles  exceed  in 
diameter  the  intermediate  ones  by  one  forty-fourth  and  one  twenty-eighth  respectively. 
Where,  however,  the  columns  were  viewed  against  a dark  ground,  some  artists  think  that  a 
contrary  dece))tion  of  the  eye  seems  to  take  place.  ; 

145.  In  the  investigation  of  the  Doric  order,  among  its  more  remarkable  features  are  to 
be  noted  the  longitudinal  striae,  called  flutes,  into  which  the  column  is  cut ; every  two 
whereof  unite,  in  almost  every  case,  in  an  edge.  Their  horizontal  section  varies  in  diflereiU 
examples.  In  some,  the  flutes  are  formed  by  segments  of  circles  ; in  others,  the  form  ap- 
proaches that  of  an  ellipsis.  The  number  all  round  is  usually  twenty;  such  being  the  case 
at  Athens;  but  at  Passtum  the  exterior  order  of  the  great  temple  has  twenty-four,  the  lower 
interior  order  twenty,  and  the  iqiper  interior  sixteen  only.  It  has  been  strangely  imagined, 
by  some,  that  these  flutlngs,  which,  be  it  remembered,  are  applied  to  the  other  orders  as 
well  as  to  the  Doric,  were  provided  for  the  reception  of  the  spears  of  persons  visiting  the 
temj)les.  'I'he  conjecture  is  scarcely  worth  refutation,  first,  because  no  situation  for  the  5ovp.)- 
doKT]  (i)lace  for  sj)ears)  would  have  led  to  their  more  continual  disi)lacement  from  accident; 
'ind  secondly,  because  of  the  sloi)ing  or  hemispherical  form  in  the  other  orders,  the  foot  of 
the  s])ear  must  have  immediately  slid  off.  Their  origin  may  probably  be  found  in  the 
S)olygonal  column,  whose  sides  received  a greater  play  of  light  by  being  hollowed  out,  — f% 
refinement  which  would  not  be  long  unperceived  by  the  Greeks. 

14f).  We  shall  now  notice  some  of  the  more  important  Doric  edifices,  as  connected  with 
the  later  history  of  the  Doric  order,  which  was  that  most  generally  used  by  the  European 
states  of  Greece,  uj)  to  their  subjugation  by  the  Romans.  The  temple  of  Jupiter  Pan- 
hellenius,  at  Egina,  is  probably  one  of  the  most  ancient  in  Greece.  ’I'he  story,  however,  of 
Pausanias,  that  it  was  built  by  TEacus,  before  the  war  of  ’I'roy,  is  only  useful  as  showing 
us  its  high  anti«|ulty.  {Fly.  96.)  'I'he  proi)ortlons  of  its  columns  and  entablature  are  to  he 
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found  in  a preceding  page.  The  sculpture  with  wliicdi  this  building  was  decorated  is  now 
nt  iMuniclt.  'I'liougli,  perhaps,  not  so  old  as  tlie  huilding  itself,  it  is  of  an  anti(|ulty  coeval 
with  the  Persian  invasion,  'i'lie  name  of  the  architect  of  this  temi)le  was  Lihon,  tf  wliom 
n<>  other  work  is  known  ; its  age  is,  perhaps,  from  about  600  years  before  Christ.  'J'he 
Doric  temple  at  Corintli,  of  which  five  columns,  with  their  architrave,  are  still  inexistence, 
is  a very  early  specimen  of  Grecian  architecture.  The  assertion  that  it  was  dedicated  to 
Venus  is  unsup])orted  by  testimony. 

H7.  'I'he  Grecian  temjiles  in  Sicily  were  erected  at  periods  which  it  is  not  easy  to  fix  ; 
and  with  resjicct  to  them,  we  can  only,  from  circumstances  connected  with  the  island,  reason 
on  the  dates  to  be  assigned  to  them.  I'he  founding  of  the  city  of  Selinus  or  Selinuns,  on 
the  south-west  coast  of  the  island,  has  usually  been  attributed  to  a colony  from  IMegara  ; 
l)iit  we  are  of  ojiinion  with  the  Baron  Pisani  (^Memoria  snl/e  Metope  Sdinunt ine)  t\\ni  it 
existed  as  a Pha'uician  city  long  jirevious  to  the  settlement  tliere  by  the  Megaraeans.  The 
stvle  and  forms  of  the  sculpture  of  the  Selinuntlne  temples  seem  to  bear  marks  of  a 
remoter  age  tlian  is  usually  allowed  to  them,  that  is,  500  u.c. ; they  are  dated  600  b.c.  by 
Angell  & Evans.  (S"ee  B.  III.)  Of  the  means  and  the  circumstances  under  which  the 
temples  were  raised  we  are  ignorant;  but  their  ruins  sufficiently  indicate  the  wealth  and 
power  that  were  employed  upon  them,  as  well  as  a considerably  advanced  state  of  the  a*t. 

148.  The  temple  ot  Jupiter  Olympias,  the  largest  in  the  island,  and  one  of  the  most 
stupendous  monuments  of  antiquity,  v\as,  as  we  learn  from  Diodorus  (lib.  xiii.  p.  82.), 
never  completed.  The  Agrigentines  were  occupied  upon  it  when  the  city  was  taken 
by  Ilamilcar,  cir.  247  b.  c.  Its  columns  were  on  such  a scale  that  their  flutes 
were  sufficiently  large  to  receive  the  body  of  a man.  The  temples  of  Peace  and  of 
Concord,  in  the  few  vestiges  that  remain  of  them,  attest  the  ancient  magnificence  of  the 
city  of  Agrigentum,  and  are  among  the  most  beautiful  as  well  as  the  best  preserved 
remains  of  anti<(uity.  A Corinthian  colony  established  itself  at  Syracuse,  as  is  said,  750 
K.  c.  ; but  no  details  of  the  history  of  the  city  furnish  us  with  the  means  of  ascertaining 
when  the  first  temples  there  were  erected.  Its  riches  and  magnificence  were,  hoxvever, 
such  that  it  soon  became  an  object  of  temptation  to  the  Carthaginians.  Its  temple  of 
jMinerva  is  evidently 'of  very  remote  antiquity. 

149.  The  great  Ilypcethral  temple  at  Picstum  was  probably  constructed  during  the 
period  that  the  city  was  under  the  power  of  the  Sybarites,  who  dispossessed  its  original 
inhabitants,  enjoying,  for  upwards  of  two  hundred  years,  the  fruits  of  their  usurpation. 
Marks  of  Greek  art  are  visible  in  it,  and  the  antiquity  of  the  Ilypa'thral  temple  Itself  is 
■onlirmed  by  the  examjile.  The  city  fell  into  the  hands  of  the  Lucanians  about  S50  years 
?.c.  ; after  which,  in  about  70  years,  it  was  a municipal  town  of  the  Roman  empire.  'I'he 
'ol'owing  is  perhaps  the  chronological  order  of  the  principal  buildings  of  Sicily  and  Magna 
jra'cia,  viz.  Syracuse,  Pa’stum,  Selinus,  Segeste,  and  Agrigentum. 

I.'O.  'I'he  dates  of  the  edifices  at  Athens  are,  without  difficulty,  accurately  fixed.  The 
I’ropyhcum  {fiys.  97  and  98.)  was  commenced  by  IMnesicles  about  437  b.c.,  and,  at  a great 


Of  PROPVt^VIl. 
]' 


Fig  97. 


FLAN 


1 1 1 STO  R Y O F A U C II 1 T F CT  U R E. 


Rook  I 


f.r. 


Fig.  98. 


expense,  \vas  completed  in  five  years.  It  is  a specimen  of  the  military  architecture  of  the 
period,  and  at  the  same  time  forms  a fine  entrance  to  the  Acropolis  of  Athens.  At  the  rear 
of  its  Doric  portico  the  roof  of  the  vestibule  was  supported  within  by  two  rows  of  Ionic 
columns,  whose  bases  still  remain.  By  the  introduction  of  these  an  increased  height  was 
obtained  for  the  roof,  the  abaci  of  the  Ionic  capitals  being  thus  brouglit  level  with  the  ex.- 
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terior  frieze  of  the  building.  The  Parthenon  {Jigs.  99.  and  100.)  erected  a few  years  later 
under  the  suj)erintendence  of  Ictinus,  is  well  know-n  as  one  of  the  finest  remains  of  antiquity 


As  well  as  the  building  last  mentioned,  it  was  reared  at  the  period  when  Pericles  had  the  H 
management  of  public  affairs,  and  was  without  a rival  in  Athens.  Phidias  was  the  super- 
intendent sculjrtor  employed  ; and  many  of  the  productions  which  decorated  this  magnifi- 
cent edifice  have  doubtle.ss  become  known  to  the  reader  in  his  visits  to  the  British  IMuseum, 
where  a large  portion  of  them  are  now  deposited.  Nearly  coeval  with  the  Propylajum  and 
Parthenon,  or  perhaps  a little  earlier,  is  the  temple  of  Theseus  {Jig.  10!.),  which  was,  it 
is  supposed,  erected  to  receive  the  ashes  of  the  national  hero,  when  removed  from  Scyros  | 
to  Athens.  The  ruins  of  the  architectural  monuments  of  this  city  attest  that  the  boasted  I 
power  and  opulence  of  Greece  was  not  an  idle  tale.  Pericles,  indeed,  was  charged  by  his  [ 
enemies  with  having  brought  disgrace  upon  the  Athenians  by  removing  the  public  trea-  j 
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sur*s  of  Greece  from  Delos  aiul  lavishing  them  in  gilding  their  city,  and  ornamenting  it 

with  statues  and  temples  that 
cost  a thousand  talents,  as  a 
proud  and  vain  woman  tricks 
herself  out  with  jewels  ( Plu- 
tarch's Life  of  Pericles.)  'I'he 
temple  of  Minerva,  at  Sunium, 
was  probably  by  Ictinus;  but 
one  of  the  bap{)iest  efforts  of 
this  architect  was  the  temple 
of  Apollo  Epicurius,  in  Arca- 
dia, still  nearly  entire.  The 
])eculiarities  found  in  it  we  will 
shortly  detail.  The  front  has 
six  columns,  and  instead  of 
thirteen  in  each  ffank  (the  usual 
number)  there  are  fifteen.  In 
the  interior,  buttresses  on  each 
side,  to  the  number  of  six,  re- 
turn inwards  from  the  walls  of  the  cell,  each  ending  in  semicircular  ])ilasters  of  the  Ionic  order. 
These  seem  to  have  been  brought  up  for  the  facility  of  supporting  the  roof,  which  was  of 
stone.  With  the  exception  of  the  temple  of  Minerva  at  'legea,  its  reputation  for  beauty  was 
such,  that  it  surpassed,  if  that  be  a true  test,  all  other  buildings  in  l\*loponnesus.  Its  situ- 
ation is  about  three  or  four  miles  from  the  ruins  of  Phigalia,  on  an  elevated  part  of  Mount 
j Cotylus,  commanding  a splendid  landscape,  which  is  terminated  by  the  sea  in  the  distance. 

I 151.  .About  370  B.C.,  h^paminondas  restored  the  Messenians  to  independence,  and  built 
I the  city  of  Messene.  The  ruins  still  extant  prove  that  the  art  at  that  period  had  not  ma- 
1 terially  declined.  Its  walls,  in  many  ))arts,  are  entire,  and  exhibit  a fine  example  of  Grecian 
I military  architecture  in  their  towers  and  gates.  At  no  distant  time  from  the  age  in  (jues- 
jl  tion  the  portico  of  Philip  of  Macedon,  at  least  his  name  is  inscribed  on  it,  shows  that  the 
[ Doric  order  had  undergone  a great  change  in  its  j)roportions.  This  portico  must  have  been 
j erected  about  338  b.  c.,  and  after  it  the  Ionic  order  seems  to  have  been  more  favoured  and 
I cultivated.  The  last  example  of  the  Doric  is  perhaps  the  j)ortico  of  Augustus,  at  Athens. 

I 152.  Before  proceeding  to  the  investigation  of  the  Ionic  order,  it  may  here,  perhaps,  be 
^ as  well  to  speak  of  the  proportions  between  the  length  and  breadth  of  temples,  as  compared 
1 with  the  rules  given  by  Vitruvius  (book  iv.  chap.  4.),  that  the  length  of  a temple  shall  be 
j*l  double  its  breadth,  and  the  cell  itself  in  length  one  fourth  jnirt  more  than  the  breadth,  in- 
I eluding  the  wall  in  which  the  doors  are  placed.  Though  in  the  Greek  examples  these 
proportions  are  approximated,  an  exact  conformity  with  the  rule  is  not  observed  in  any.  The 
' length,  for  instance,  of  the  temple  of  Jupiter,  at  Selinus,  is  to  the  breadth  as  2*05  to  1 ; in 
■the  temple  of  Theseus,  as  2 3 to  1 ; and  from  the  mean  of  six  examples  of  the  Doric  order, 
^selected  in  Greece  and  Sicily,  is  2’21  to  1.  If  the  flanks  be  regulated  in  length  by  making 
jthe  number  of  intercolumniations  exactly  double  those  in  front,  it  will  be  immediately  seen 
I that  the  proportions  of  Vitruvius  are  obtained  on  a line  passing  through  the  axes  of  the 
columns.  But  as  in  most  of  the  Greek  temjiles  the  central  intercolumniation  in  front  is 
'wider  than  the  rest,  the  length  of  the  temjde  would  necessarily  be  less  than  twice  the  width. 
In  the  earlier  s])ecimens  of  the  Doric  order  the  length  is  certainly,  as  above  mentioned  in 
the  temple  of  Jupiter  at  Selinus,  very  nearly  in  accordance  with  the  rule;  but  in  order  to 
counteract  the  effect  of  the  central  intercolumniation  being  wider,  the  number  of  columns, 
/instead  of  intercolummations  on  the  flank,  is  made  exactly  double  those  in  front.  In 
the  later  examples,  however,  as  in  the  temples  of  Theseus  and  the  Parthenon,  and  some 
lOthers,  the  number  of  intercolumniations  on  the  flank  was  made  double  the  number  of 
columns  in  the  front,  whence  the  number  of  columns  on  the  flanks  was  double  the  number 
of  those  in  front  and  one  more  ; so  that  the  proportion  became  nearly  in  the  ratio  of  2-3  to  1. 
'J’he  simplicity  which  flowed  from  these  arrangements  in  the  Grecian  tem])les  was  such 
that  it  seems  little  more  than  arithmetical  architecture, — so  symmetrical  that  from  the  three 
:lata,  the  diameter  of  the  column,  the  width  of  the  intercolumniation,  and  the  number  of 
;olumns  in  front,  all  the  other  parts  might  be  found. 

153.  The  Ionic  order,  at  first  chiefly  confined  to  the  states  of  .Asia  IVIinor,  appears  to  have 
)een  coeval  with  the  Doric  order.  The  most  ancient  example  of  it  on  record  is  the  temple 
;)f  Juno,  at  Samos.  Herodotus  {Euterpe)  says,  it  was  one  of  the  most  stupendous  edifices 
erected  by  the  Greeks.  In  the  Ionian  Antiquities  (2d  edit.  vol.  i.  c.  5.)  is  to  be  found  an 
i iccount  of  its  ruins.  It  was  erected  about  540  years  b.c.,  by  llhc'ccus  and  Theodorus,  two 
latives  of  the  island.  The  octastyle  temple  of  Bacchus,  at  Teos,  in  whose  praise  Vitruvius 
vas  lavish,  shows  by  its  ruins  that  the  old  master  of  our  art  was  well  capable  of  appre- 
' iating  the  beauties  of  an  edifice.  Hermogeues,  of  .Alabanda,  was  its  architect,  and  he 
eeins  to  have  been  the  promoter  of  a great  change  in  the  taste  of  his  day.  A’itruvius 
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(I'll),  iv.  c.  3.)  tells  us  that  Ilermofjcncs,  “after  having  prepared  a large  quantity  of  marble 
for  a Doric  lemj)le,  changed  his  mind,  and,  with  the  materials  collected,  made  it  of  the 
Ionic  order,  in  honour  of  Bacchus.”  W'e  are  bound,  however,  to  observe  uj)on  this,  that 
the  story  is  not  confirmed  by  any  other  writer.  It  is  jirobable  that  this  splendid  building 
was  raised  after  the  Persian  invasion;  for,  according  to  Strabo  (lib.  xiv. ),  all  the  sacred 
edifices  of  tlie  Ionian  cities,  E])hesus  excej)ted,  were  destroyed  by  Xerxes.  Besides  this 
octastyle  temple,  those  of  Apollo  Didymicus,  near  INIlletus,  built  about  376  n.c.,  and  of 
Alinerva  Polias,  at  Priene,  dedicated  by  Alexander  of  Macedon,  are  the  chief  temi)les  of 
this  order  of  much  fame  in  the  colonies.  We  shall  therefore  confine  our  remaining  re- 
marks to  the  tliree  Ionic  temnles  at  Athens,  and  shall,  as  in  the  Doric  order,  subjoin  a 
synoptical  view  of  their  detail. 


Example. 

Ileinlit  divided 
bv  lower  Diameter, 
in  Enf{lish  Feet. 

1 Diameters 

Heiitht  of 
Kiitalilature 
in  terms  of 
Diameter. 

Interco- 

lumniations. 

neiRlit  of 
Ca|iital  in 
terms  of 
Diameter. 

Upper 
T>iame  er 
lower  Diaili. 
being  1 (HK). 

Tcnii;le  on  the  llvssus 

14  fi!)4  _ 
1 7S3 

8 241 

2-2G5 

2 090 

C-GIO 

•8.".0 

Temple  of  Minerva  Polias  - 

25-3S7  _ 
‘2'7cG 

9 119 

2-287 

3-. >00 

0-700 

•833 

Temple  of  Erectheus 

21G25  ^ 
2-317 

9-337 

• 

2 000 

0-773 

•81G 

154.  We  here  see  that  the  Ionic  column  varies  in  height  from  eight  diameters  and  nearly 
a quarter  to  nearly  nine  and  a half,  and  the  up])er  diameter  in  width  between  and 
The  dissimilarity  of  the  capitals  renders  it  impossible  to  compare  them.  The  mean  heiglit 
of  the  entablature  is  about  a fourth  of  the  height  of  the  whole  order.  The  height  of  the 
Grecian  Ionic  cornice  may  be  generally  considered  as  two-ninths  of  the  whole  entablature. 

155.  The  age  of  the  double  temj)le  of  Minerva  Polias  102.)  and  Erectheus  has 


now  been  stated  as  not  completed  in  b.c.  409,  at  which  time  a committee  was  appointed  to 
report  on  its  condition.  Fergusson,  On  the  Erechtheum,  read  at  the  Roval  Institute  of 
British  Architects,  1875-76,  and  1878-79. 

156.  In  the  bases  applied  to  the  order  in  the  Athenian  buildings  there  are  two  ^or/,  with 
a scotm  or  trnchUns  between  them,  a fillet  below  and  above  the  scotia  separating  it  from 
the  tori.  The  lower  fillet  generally  coincides  with  a vertical  line  let  fall  from  the  extreme 
j)rojection  of  the  upper  torus.  In  the  temple  on  the  Ilyssusthe  lower  fillet  projects  about 
half  the  distance  between  the  hollow  of  the  scotia  and  the  extremity  of  the  inferior  torus. 

I he  height  of  the  two  tori  and  scotia  are  nearly  equal,  and  a bead  is  placed  on  the  upper 
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torus  for  the  recci)tion  of  the  shaft  of  the  column.  The  temples  of  Erectheiis  aiul  that  on 
the  llyssiis  have  the  lower  tori  of  their  bases  uncut,  whilst  the  u]>per  ones  are  fluted  hori- 
zontally. In  that  of  Minerva  Polias,  the  upper  torus  is  sculptured  with  a (/uitloclic.  'I'lie 
l)ase  just  described  is  usually  denominated  the  Arne  Bask,  though  also  used  in  the 
colonies.  The  bases,  however,  of  the  temples  of  IMinerva  Polias  at  Priene,  and  of  Apollo 
l)idyma?us  near  Miletus,  are  very  differently  formed. 

157.  The  Volute,  the  great  distinguishing  feature  of  the  order,  varies  considerably  in 
the  different  examples.  In  the  edifices  on  the  Ilyssus  and  at  Priene,  as  well  as  in  that  of 
Apollo  Didymajus,  the  volute  has  only  one  channel  between  the  revolutions  of  the  sj)iral  ; 
whilst  in  those  of  Erectheus  and  Minerva  Polias,  at  Athens,  each  volute  is  furnished  with 
two  distinct  spirals  and  channels.  In  the  temple  on  the  Ilyssus,  the  cai)ital  is  terminated  a 
little  below  the  eye  of  the  volute  ; in  the  others  it  reaches  below  tbe  volutes,  and  is  de- 
corated with  honeysuckle  flowers  and  foliage.  The  number  of  flutes,  which  on  the  plan 
are  usually  elliptical,  is  twenty-four,  and  they  are  separated  by  fillets  from  each  other.  In 
some  examj)les  they  descend  into  the  ajmphyge  of  the  shaft. 

158.  The  tomb  of  Theron,  at  Agrigentum,  in  which  Ionic  columns  and  capitals  are 
crowned  with  a Doric  entablature,  has,  by  some,  been  quoted  as  an  exam))le  of  the  Ionic 
order  ; but  we  do  not  believe  it  to  be  of  any  antiquity,  and,  if  it  were,  it  is  so  anomaloug 
a s])ecimen  that  it  would  be  useless  to  pursue  any  inquiry  into  its  foundation. 

159.  In  the  a7itce  or  pilasters  of  this  order,  as  well  as  of  the  Doric,  their  capitals  difl’er 
in  j)roflle  from  the  columns,  and  are  never  decorated  with  volutes.  Their  breadth  is  usually 
less  than  a diameter  of  the  column,  and  they  are  not  diminished. 

160.  The  highest  degree  of  refinement  of  Greek  architecture  is  exhibited  in  its  examples 
of  the  Corinthian  order,  whose  distinguishing  feature  is  its  capital.  We  have,  in  a pre- 
ceding page  (1.89),  given  Vitruvius’s  account  of  its  origin;  but  we  much  doubt  whether 
Callimachus  was  its  inventor. 

161.  I he  capitals  of  Egyptian  columns  are  so  close  upon  the  invention,  that  we  ap- 
prehend it  was  only  a step  or  two  in  advance  of  what  had  previ- 
ously been  done.  The  palm  leaf,  lotus  flower,  and  even  volutes, 
had  been  used  in  similar  situations  in  Egypt,  and  the  contour  of 
the  lotus  flower  itself  bears  no  small  resemblance  to  the  bell  of 
the  Corinthian  capital. 

162.  We  are  inclined  to  assign  the  period  of  the  latter  part  of 
the  Peloponnesian  war  as  that  in  which  the  order  first  came  into 
use.  We  find  from  Pausanias  (Arcad.  c.  45.)  that  Sco])as,  the 
celebrated  architect  of  Paros,  rebuilt  the  temple  of  Minerva  at 
'I'egnca,  which  was  destroyed  by  fire  about  400  years  b.c.,  and  that, 
according  to  that  author,  it  was  the  largest  and  most  beautiful 
edifice  in  the  Peloponnesus.  The  cell,  which  was  hy])a;thral,  was 
surrounded  by  two  ranks  of  Doric  columns,  which  were  surmounted 
by  others  of  the  Corinthian  order.  The  peristyle  of  this  temple 
was  Ionic. 

163.  The  delicacy  of  formation  of  this  order  has,  doubtless, 

subjected  its  examples  to  earlier  destruction  and  decay  than  have 
attended  the  other  orders : hence  our  knowledge  of  it  is  almost 
confined  to  the  examples  we  meet  of  it  in  the  Tower  of  the  Winds, 
and  the  Choragic  monument  of  Lysicrates  103.),  both  at 

Athens;  the  former  whereof  can  scarcely  be  considered  Corinthian, 
and  the  latter  not  very  strictly  so.  It  was  erected  about  330  years 
B.C.,  as  appears  from  the  inscription  on  the  frieze.  These  Choragic 
buildings,  usually  of  small  dimensions,  were  erected  in  honour  of 
those  who,  as  choragi  or  leaders  of  the  chorus  in  the  musical  games, 

I I I were  honoured  with  the  prize,  which  was  a tripod.  The  following 

are  the  proportions  observed  in  the  Choragic  monument  of  l.y 

fif;.  103.  CMORACitC  MONUMliNT  OK  . ^ 

LvsitKATKs.  sicrates  : — • 


Height  of  columns  in  Engli'^h  feet  ....  . 11037 

Height  of  columns  in  terms  of  lower  diameter  . . 1C'31K 

Height  of  ca))ital  in  terms  of  lower  diameter  ....  1‘2U: 

Upper  diameter  of  shaft  in  terms  of  the  lower  diameter  . . 0 833 

Height  of  the  architrave  in  terms  of  the  lower  diameter  . . 0 8r,() 

Height  of  the  frieze  in  terms  of  the  lower  diameter  . . 0 483 

Height  of  cornice  in  terms  of  the  lower  diameter  . , 0 833 

Total  height  of  entablature  in  terms  of  the  lower  diameter  . 21G6 


From  which  it  appears  that  the  entablature  is  less  than  a fifth  of  the  total  height  of  the 
order.  The  intercolumniations  are  2 •200  diameters.  The  base  is  little  different  from  that 
used  in  the  Ionic  order. 

161.  In  the  ornaments  applied  for  the  decoration  of  the  sacred  edifices  of  the  Greeks, 
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they  Imitated  the  real  and  symholical  objects  used  in  their  worship.  rhas,  at  the  temple 
of  Apollo  at  Teos,  the  lyre,  tripod,  and  griffin  occur;  in  the  Temple  of  the  Winds  at 
Athens,  the  winds  are  personified  on  the  walls  ; the  Choragic  monument  of  Lysicrates  ex- 
hibits the  consequences  of  a contempt  of  music  ; on  the  temjile  of  Victory,  at  the  mitrance 
of  the  Acropolis,  was  recorded,  on  the  very  spot,  the  assault  and  repulsion  of  the  Amazons; 
the  Lapithas  are  vanquished  again  in  the  temple  of  Theseus,  the  founder  of  the  city ; and 
lastly,  in  the  Parthenon  is  brought  before  tbe  eye,  on  a belt  round  the  cell  of  the  temple, 
the  Panathenaic  procession,  which,  issuing  from  the  door  of  the  cell,  biennially  perambulated 
the  edifice,  whilst  its  pediment  perpetuates  the  contest  between  Neptune  and  Minerva  for 
the  honour  of  naming  the  city,  and  calls  to  remembrance  the  words  of  Cicero,  “ De  quorum," 

( Atheniensium,)  “ urbis  possessione,  propter  pulchritudinem  etiam  inter  deos  certamen 
fuisse  proditum  est,”  &c.  In  the  capitals  of  the  Corinthian  examples  just  noticed  the  leaves 
are  those  of  the  olive,  a tree  sacred  to  the  tutelary  goddess  of  Athens,  and  on  that  account  as 
well  as  its  beauty  of  form  and  simplicity  adopted  by  a peojjle  whose  consistency  in  art  has 
never  been  excelled. 

It).').  Resides  the  method  of  supporting  an  entablature  by  means  of  columns,  the  em- 
ployment of  figures  was  adopted,  as  in  the  temples  of  Erectheus  and  Minerva  Polias  before 
mentioned  (see  Jig.  102.).  They  were  called  Caryatides ; and  their  oiigin,  according  to  the 
account  of  it  by  Vitruvius  (lib.  i.  c.  1.),  was  that  Carya,  a city  of  Peloponnesus,  having  as- 
sisted the  Persians  against  the  Grecian  states,  the  latter,  when  the  country  was  freed  from 
their  invaders,  turned  their  arms  against  the  Caryans,  captured  their  city,  put  the  males  to 
the  sword,  and  led  the  women  into  caj)tivity.  The  architects  of  the  time,  to  perpetuate  the 
ignominy  of  the  j)eople,  substituted  statues  of  these  women  for  columns  in  their  porticoes, 
faithfully  copying  their  ornaments  and  drapery.  It  is,  however,  certain  that  tlie  origin 
of  their  application  for  architectural  purposes  is  of  far  higher  antiquity  than  the  invasion  of 
Greece  by  the  Persians,  and  in  the  above  account  Vitruvius  is  not  corroborated  by  any 
other  writer.  Herodotus  (Polynviia),  indeed,  observes  that  some  of  the  states  whom  he 
enumerates  sent  the  required  offering  of  salt  and  water  to  Xerxes  ; but  no  mention  is  made 
of  Carya,  whose  conduct,  if  punished  in  such  an  extraordinary  manner,  would  have  been  too 
curious  a matter  to  have  been  passed  over  in  silence.  Whether  the  use  of  statues  to  i)erform 
the  office  of  columns  travelled  into  Greece  from  India  or  from  Egypt,  we  will  not  pretend 
to  determine.  Both,  however,  will  furnish  examples  of  their  application.  In  the  latter 
country  we  find  them  em))loyed  in  the  tomb  of  King  Osymandyas  (^Diodorus,  tom.  i.  f.  56'. 
Wesseling).  Diodorus  also,  speaking  of  Psamnieticus,  says  that  having  obtained  the  wlu  le 
kingdom,  he  built  a pro))yL'cum  on  the  east  side  of  the  temple  to  the  god  at  Memphis, 
which  temple  he  encircled  with  a wall ; and  in  this  propylaaim,  instead  of  columns,  substi- 
tuted colossal  statues  (koAottous  vivomi  aas')  twelve  cubits  in  height. 

166.  The  application  of  statues  and  representations  of  animals  is  a prominent  feature  in  the 
architecture  of  Egypt,  whereof  the  tcm))le  at  Ipsambool  is  a striking  example,  though  in 
that  the  figures  do  not  absolutely  carry  the  entablature  (see  Jig.  71.).  In  India  many  in- 
•stances  of  this  use  of  statues  occur,  as  in  the  excavations  of  the  temple  near  Vellore 
de.scribed  by  Sir  C.  Mallet  { Asiat.  Res.  vol.  vi.),  wherein  heads  of  Hons,  elephants,  and 
imaginary  animals  ai)parently  su])port  the  roof  of  the  cave  of  Jugnath  Subba ; and  at 
Elephanta,  where  colo.ssal  statues  are  ranged  along  the  sides  as  high  as  the  underside  of  the 
entablature  (see,/?^.  S9.).  But  as  the  settlement  of  the  claims  of  either  of  these  countries 
to  the  invention  is  not  our  object,  we  shall  proceed  to  consider  how  they  obtained  in 
Greece  the  name  that  has  been  applied  to  them  long  before  the  period  of  which  Vitruvius 
speaks. 

167.  Kapva,  the  nut  tree  (WrjM^/a?js),  which  Plutarch  (^Sympos.  lib.  ii.)  says  received 
its  name  from  its  effect  {kupos,  sopor)  on  the  senses,  was  that  into  which  Bacchus,  after  co- 
habitation with  her,  transformed  Carya,  one  of  the  three  daughters  of  Dion,  king  of  Laconia, 
by  bis  wife  Iphitea.  The  other  daughters,  Orphe  and  Lyco,  were  turned  into  stones  for 
having  too  closely  watched  their  sister’s  intercourse  with  the  lover.  Diana,  from  whom 
the  Lacedemonians  learnt  this  story,  was  on  that  account,  as  well  jjerhaps  as  the  excellence 
of  the  fruit  of  the  tree,  therefore  worshipped  by  them  under  the  name  of  Diana  Caryatis. 
(Servius,  note  on  8th  Eel.  of  Virgil,  edit.  Burman.)  Another  account,  however,  not  at  all  ^ 
affecting  the  hypothesis,  is  given  of  the  name  of  Diana  Caryatis  in  one  of  tlie  old  commen-  ^ 
tators  of  Statius  {Barthius,  lib.  iv.  v.  225.).  It  is  as  follows.  Some  virgins  threatened 
with  danger  wliikst  celebrating  the  rites  of  the  goddess,  took  refuge  under  the  branches  of 

a nut  tree  (Kaguu),  in  honour  and  ]jerpetuation  whereof  they  raised  a temple  to  Diana  II 
Caryati.s.  If  this,  however,  be  an  allusion  to  the  famous  inter])osition  of  Aristomenes  in 
protecting  some  Spartan  virgins  taken  by  his  soldiers,  it  is  not  quite  borne  out  by  the 
words  of  Diodorus.  Salmasius  (Exercit.  Pliniance.  f.  603.  et  seep)  says,  that  Diana  was 
worshipped  at  Carya,  near  Sparta,  under  the  name  of  Diana  Caryatis;  and  that  at  her  temple  | 
and  statue  the  Lacedemonian  virgins  had  an  anniversary  festival,  with  dancing,  according  to 
tlie  custom  of  the  country. 

168.  But  to  return  more  closely  to  the  sul)jcct,  we  will  give  the  words  of  Pausanias  (Laco 
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nics)  on  tlie  temple  to  tlie  jjfoddess  at  Carva.  “ Tlie  third  turning  to  tlie  riglit  leads  to  Carva, 
and  the  sanetuary  ot‘  Diana;  for  the  neiglihoiirhood  of  Carva  is  sacred  to  that  goddess  and 
her  nvniphs.  'I'lie  statue  of  Diana  Caryatis  is  in  the  open  air;  and  in  this  place  the  Lace- 
demonian virgins  celebrate  an  anniversary  festival  with  the  old  custom  of  the  dance.” 
Kuluiius  on  the  passage  in  (juestion,  after  reference  to  Ilesychius,  says,  “ Caryatides  etiam 
dicuntur  Lacama;  saltantes,  sinistra  ansata*,  uti  solebant  Caryatides  puelhe  in  honorein 
Diaiue." 

]0’9.  Trom  the  circumstances  above  mentioned,  we  think  it  may  be  fairly  concluded  that 
the  statues  called  Caryatliles  were  originally  applied  to  or  used  about  the  temples  of  Diana  , 
and  that  insteail  of  re))resenting  captives  or  ])ersons  in  a state  of  ignominy,  they  were  in 
fact  representations  of  the  virgins  engaged  in  the  worship  of  that  goddess.  It  is  probable 
that  after  their  first  introduction  other  figures,  in  buildings  appropriated  to  other  divinities, 
were  gradually  employed  ; as  in  the  Pandroseum  (attached  to  the  temple  of  Minerva  Polias), 
for  instance,  where  they  may  be  representations  of  the  virgins 
called  Canephora?,  who  assisted  in  the  I’anathenaic  procession. 
Fig.  104.  is  a representation  of  one  of  those  used  in  the  Pan- 
droseum (see  also  Jig.  102.);  and  Jig.  105.  is  from  the  Townley  col- 
lection, now  in  the  British  Museum.  Piranesi  conjectured  that 
this  last,  with  others,  supported  the  entablature  of  an  ancient 
Roman  building  restored  by  him  from  some  fragments  found  near 
the  spot  where  they  were  discovered,  which  is  rather  more  than  a 
mile  beyond  the  Capo  di  Bove,  near  Rome.  Four  of  the  statues 
were  found  ; and  on  one  of  the  three,  purchased  by  Cardinal  Albani, 
he  following  inscription  was  found:  — KPITHN  KAI  N1K0AA02 
EFIOIOTN ; showing  that  it  was  the  work  of  Greek  artists. 

170.  The  republican  spirit  of  Greece  tended  to  repress  all  ap- 
pearance of  luxury  in  their  private  dwellings.  The  people  seem  to 
have  thrown  all  their  power  into  the  splendour  and  magnificence  of 
their  temples ; and  it  was  not  till  a late  period  that  their  houses  received  much  attention. 
Except  in  the  open  courts  of  them,  it  is  difficult  to  conceive  any  application  of  the  order.s. 
It  is  certain  that  they  frequently  consisted  of  more  than  one  story  ; but  beyond  this  all  i.s 
conjecture.  In  the  time  of  Demosthenes  (^Orat.  adv.  Aiistocratem)  the  private  houses  had 
begun  to  be  increased  in  extent ; and  the  description  of  them  by  Vitruvius,  who  knew 
Athens  well,  proves  that  they  were  then  erected  on  an  extent  implying  vast  luxury. 

171.  Within  the  last  few  years  discoveries  have  been  made  at  Athens,  which  would  lead 
us  to  the  belief  that  it  was  the  ))ractice  of  the  Greeks  to  jraint  in  party  colours  every  portion 
of  their  temples,  and  that  in  violently  contrasted  colours.  This  has  received  the  name  of 
jiolgchrome  architecture.  It  is  rather  strange  that  no  ancient  writer  has  spoken  of  the  prac- 
iice,  and  the  only  way  to  account  for  the  omission  is  by  supposing  it  to  have  been  so  com- 
mon that  no  one  thought  of  mentioning  it.  From  late  investigations  (Inst,  of  Brit. 
Architects,  Trans,  i.,  18.S6.),  it  appears  that  many  parts  of  the  Parthenon  were  painted 
or  gilt.  Thus  the  coffers  of  the  ceiling  were  painted,  and  its  frieze  ornamented  with 
a fret  in  colours.  The  whole  building,  says  M.  Schaubert,  as  well  as  other  temples, 
was  thickly  painted,  in  the  metopse,  in  the  pediment,  on  the  drapery  of  the  figures, 
on  the  capitals,  and  on  all  the  mouldings.  So  that,  as  he  says,  with  great  simplicitv. 
with  its  mouldings  and  carvings  variously  coloured,  the  simjrle  Doric  temple  of 
Theseus  was  in  effect  richer  than  the  most  gorgeous  example  of  Corinthian  ; and  it  would 
be  worth  the  trouble  to  restore  with  accuracy  a polychrome  temple.  From  M.  Quast 
(Mittheil ungen  iiber  Alt  und  Neu  Athen,  Berlin,  1834),  we  learn  that  the  colour  was  not  used 
in  a fluid  state  merely  for  the  purpose  of  staining  the  marble,  but  in  a thick  coat,  so  that 
the  material  was  completely  covered ; and  that  in  the  temple  of  Theseus  this  is  more 
traceable  than  in  any  other.  Though  the  colours,  that  of  blue  smalt  more  especially, 
have  left  but  a grey  crust,  yet  their  original  tone  is  still  apparent.  In  this  building  deep 
blues  and  reds  are  the  predominant  colours,  so  as  to  relieve  one  another.  The  corona  was 
deep  blue,  and  the  guttag  of  a brown  red ; the  foliage  of  the  cymatium  was  alternately 
streaked  with  blue  and  red,  the  ground  being  green,  which  colour  is  applied  to  the  small 
leaves  on  some  of  the  lesser  mouldings.  Some  of  the  cofiers  are  coloured  of  a red  inclining 
to  purple,  on  which  the  ornament  is  given  ; others  exhibit  a blue  ground,  with  red  stars. 
The  architrave  of  the  portico  was  a bright  red ; the  figures  in  the  frieze  were  painted  in 
their  proper  natural  colours : traces  of  the  colour  show  that  the  walls  were  green.  It 
was  not  discovered  that  in  the  columns  more  than  the  arrises  of  the  flutes  were  painted, 
although  the  echinus  wa«.  We  do  not  doubt  the  accuracy  of  MM.  Semper  and  Quast’ 
laur  writers  on  the  same  subject,  but  after  all  it  is  possible  that  ail  this  painting  may  have 
been  executed  at  a period  much  later  than  that  of  the  buildings  themselves. 

172.  The  most  ancient  theatres  of  Greece  were  constructed  in  a temporary  manner;  but 
the  little  security  from  accident  they  afforded  to  a large  concourse  of  persons  soon  made  the 
Greeks  more  cautious  for  their  security,  and  led  to  edifices  of  stone,  which,  in  the  end,  ex- 
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ceeded  in  magnitude  all  tholr  other  buildings.  Their  form  on  the  plan  {see  Jtt;.  lUG.)  was 
ruther  more  than  a semicircle,  and  consisted  of  tw’o  parts ; the  CK-qv)],  scena,  and  Koihoy, 


ciivca.  The  scena  was  at  first  merely  a partition  for  the  actors  reaching  quite  across  the 
stage,  dressed  with  boughs  and  leaves,  but  in  after  times  was  very  differently  and  more  |, 
expensively  constructed.  It  had  three  principal  gates,  two  on  the  sides  and  one  in  the 
centre ; at  which  last  the  principal  characters  entered.  The  whole  scene  was  divided  into 
several  parts,  whereof  the  most  remarkable  were  — the  ^povre7ov,  hrontaium,  under  the  floor, 
where  were  deposited  vessels  full  of  stones  and  other  materials  for  imitating  the  sound  of 
thunder;  the  emaKrjviou,  ejnscenium,  a place  on  the  top  of  the  scene,  in  which  were  jilaced 
the  machines  for  changing  the  various  figures  and  prospects  ; the  irapaaK-qviov,  parascenimn, 
which  served  the  actors  as  a dressing  room  ; the  ivpoaKqviov,  proscenium,  or  stage,  on  which 
the  performers  acted  ; the  opxhf^'^pa,  orchestra,  was  the  jiart  in  which  tlie  jicrformers  danced 
and  sang,  in  the  middle  whereof  was  the  Xoyeiov  or  ^vpeXr],  pulpitum ; the  viroaKwiov, 
hijposcenium,  was  a partition  under  the  jnilpitum,  where  the  music  was  placed  ; the  koIKov, 
cavea,  was  for  the  reception  of  the  spectators,  and  consisted  of  two  or  three  divisions  of 
several  seats,  each  rising  above  one  another,  the  loivest  division  being  ajipropriated  to 
jiersons  of  rank  and  magistrates,  the  middle  one  to  the  commonalty,  and  the  ujiper  one  to 
tlie  women.  Round  the  cavea  porticoes  were  erected  for  shelter  in  rainy  weather,  the 
theatre  of  the  Greeks  having  no  roof  or  covering.  'I'he  theatre  was  always  dedicated  to 
Bacchus  and  Venus,  the  deities  of  sjiorts  and  ])leasures  ; to  the  former,  indeed,  it  is  said 
they  owe  their  origin  : hence,  the  jilays  acted  in  them  were  called  AiouuaiaKa,  Dionysiaca, 
as  belonging  to  Aiovvcrns,  or  Bacchus.  FAery  citizen  shared  by  right  in  the  public  diver- 
sion and  public  debate;  the  theatre  was  therefore  open  to  the  whole  community. 

173.  The  Athenian  ayopai,  or  fora,  were  numerous  ; hut  tlie  two  most  celebrated  were  the 

old  and  new  fi)rum.  'I'he  old  forum  was  in  the  Ceramicus  within  the  city.  'J'he  assemljlics 
of  the  ])eoi)le  were  held  in  it,  but  its  principal  use  was  as  a market,  in  which  to  every  j|! 
trade  was  assigned  a jjarticular  portion.  ^ 

174.  'I’he  su])ply  of  water  at  Athens  was  chiefly  from  wells,  acjueducts  being  scarcely 
known  there  before  the  time  of  the  Romans.  Some  of  these  wells  were  dug  at  the  public 
expense,  others  by  private  persons. 

175.  'I'he  first  gymnasia  are  said  to  have  been  erected  in  I>a-cedemonia,  but  were  after-  | 
wards  much  improved  and  extended,  and  became  common  throughout  Greece.  'I’he  gym- 
nasium consisted  of  a number  of  buildings  united  in  one  enclosure,  whereto  large  nuin-  | 
hers  resorted  for  different  purposes.  In  it  the  philosoj)hers,  rlietoricians,  and  professors  of  all  | 
the  other  sciences,  delivered  tlieir  lectures  ; in  it  also  the  wrestlers  and  dancers  practised  and  || 
exercised ; all  which,  from  its  space,  they  were  enabled  to  do  without  interfering  with  one 
another.  The  chief  parts  (Jig.  107.),  following  Vitruvius  (lib.  v.  cap.  11.),  are  — a,  the  tt(- 
piaTvXiou, peristylium,  which  included  the  a (paipiargpiov,  spheeristerium,  and  TruXa'iarpa,  palestra  i 

1,  2,  3,  are  the  aroai,  porticus,  with  b b,  e^eSpai,  exhedra’.,  where  probably  the  scholars  used 
to  meet ; 4,  4,  is  the  double  portico  looking  to  the  south;  c,  e(pr}§aiou,  ephabeutn,  where  the 
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ephi'bi  or  youths  exercised,  or,  as  some  say,  where  those  that  designed  to  exercise  met  and 
agreed  what  kind  of  exercise  they  should  contend  in,  and  what  should  he  the  victor’s  re- 
ward; n,  is  the  coryceum  ; e,  the  KovicTTqpiov,  conisterium,  where  the  dust  was  kept  for 
sprinkling  those  that  had  heeii  anointed ; v is  the  cold  hath  {frigida  lavatio)  ; c,  the  eAaio- 

elfcolhesium,  or  place  foi 


anointing  those  that  were  ahoiil 
to  wrestle  ; h,  the  friyidariuni,  oi 
cold  chamher  ; i,  passage  to  the 
prnpignenm,  or  furnace ; i,,  the 

propigneum  ; m,  the  arched  sn- 
ilatio,  for  sweating  ; n,  the  taco- 
nicum  ; o,  the  hot  hath  {cuUda 
lavatio) ; 5,  7,  the  two  porticoes 
described  as  out  of  the  j)ala.‘stra, 
of  which  7 forms  the  xgstns,  and 
6 a double  portico  ; a a,  the  oiar- 
gines,  or  seniitce  of  the  xystus,  to 
separate  the  spectators  from  the 
wrestlers ; h b,  the  middle  ])art 
excavated  two  steps,  c c,  down  ; 
Q Q,  gardens  ; d d,  walks  ; e e,  sta- 
tiones  for  seats  ; u ii,  ^vara,  xgsta, 
sometimes  called  Trepi'Spo/uSes,  for 
walking  or  exercises ; s,  the  sta- 
dium,  with  raised  seats  round  it. 

1 76.  d'he  roofs  of  the  edifices 
of  Athens  vary  from  14^  to  15^ 
degrees  in  inclination,  a”  subject 
which  will  he  hereafter  fully  con- 
sidered, when  w’e  come  to  investi- 
gate the  principles  of  constructing 
roofs.  In  Rome,  as  wdll  hereafter 
he  seen,  the  inclination  is  much 
more.  There  is  nothing  to  war. 
rant  us  in  a belief  that  the  arch 
w'as  known  to  the  Greeks  till  after 
the  age  of  Alexander.  Indeed, 
the  want  of  a name  for  it  in  a 
language  so  geneially  cojiious  as 
the  Greek,  suffices  to  show'  that 
they  were  unacquainted  with  it. 
It  was  most  probably  in  much  earlier  use  In  Italy.  Tlie  words  ^o\os,  aipis,  and  if/aAi^,  are 
not  used  in  a sense  that  signifies  an  arch  until  after  the  reign  of  the  above-named  mo- 
narch ; nor  is  any  description  extant  from  which  may  be  conceived  the  construction  of  an 
arch  on  scientific  principles. 

177.  From  the  time  of  Pericles  to  that  of  Alexander,  all  the  arts,  and  most  especially 
that  of  architecture,  seem  to  have  attained  a high  state  of  perfection.  Every  moral  and 
physical  cause  had  concurred  in  so  advancing  them.  But  perfection,  when  once  reached 
in  the  works  of  man,  is  only  the  commencement  of  their  falling  away  from  it.  Liberty, 
the  love  of  country,  ambition  in  every  department  of  life,  had  made  Athens  the  focus  of  the 
arts  and  sciences  ; the  defeat  of  the  Persians  at  Marathon  and  other  celebrated  victories 
had  brought  peace  to  the  w hole  of  the  states  of  Greece.  In  the  space  of  time  preceding 
the  Peloponnesian  war,  there  seems  to  have  been,  as  it  were,  an  explosion  of  every  species  of 
talent,  and  it  w’as  at  this  })eriod  that  they  set  about  rebuilding  the  temples  and  other  edifices 
that  the  Persians  had  thrown  dowm,  of  which  a wdse  policy  had  preserved  the  ruins,  so  that 
the  contemplation  of  desolation  and  misfortune  afforded  them  an  elo(juent  reminiscence  of 
the  peril  in  which  they  continually  stood.  It  was  indeed  only  after  the  flight  of  the  ge- 
neral of  Xerxes,  and  the  victory  gained  by  Themistocles,  that  a general  restoration  of  their 
monuments  and  the  rebuilding  of  Athens  w'ereset  about.  These  w’ere  the  true  trojjhies  of 
the  battle  of  Salamis.  About  335  years  b.c.  Alexander  became  master  of  Greece.  Fired 
with  every  species  of  glory,  and  jealous  of  leaving  to  posterity  monuments  that  should  be 
unworthy  of  his  greatness  and  fame,  or  other  than  proofs  of  the  refinement  of  his  taste, 
this  prince  gave  a new  imjJulse  to  genius  by  the  exclusive  choice  that  he  .made  of  the 
most  skilful  artists,  and  by  the  liberal  rewards  he  bestowed  upon  them.  The  saeking  of 
Corinth  by  the  Romans  in  less  than  tw'o  centuries  (about  146  b.c.)  was  the  first  disaster 
Ij  that  the  fine  arts  encountered  in  Greece  ; their  overthrow  there  was  soon  afterwards  com- 
jj  pleted  by  the  country  becoming  a Roman  province.  .\t  the  former  occurrence  Polybius 
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l)v  Stral.o)  says,  that  iluring  the  plunder  tlie  Homan  soldiers  were  seen  casting 
their  dice  on  the  celebrated  picture  of  Bacchus  by  Aristides.  Juvenal  well  describes  such 
a scene  ( Satire  xi.  100.)  : — 

Tunc  rudis  et  Grains  mirari  nescitis  artes, 

Urbihus  eversis,  praedarum  in  parte  rcperta 
Magiionun  artificCim  frangebat  pocula  miles. 

I'he  well-known  story  of  the  consul  Mummius  shows  either  that  the  higher  ranks  anion<» 
the  Romjin  citizens  were  not  very  much  enlightened  on  tl:e  arts,  or  that  he  w-as  a singular 
blockhead.  We  have  now  arrived  at  the  period  at  which  CJreece  was  despoiled  and  Home 
enriched,  and  must  pursue  the  history  of  tlie  art  among  the  Romans  ; incidental  tf)  which  a 
short  digression  will  be  necessary  on  Etruscan  architecture. 
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178.  The  inhabitants  of  Etruria,  a country  of  Italy,  now  called  Tuscany,  are  supposed 
to  have  been  a colony  from  Greece.  They  certainly  may  have  been  a swarm  from  the 
original  hive  (see  Druidical,  Celtic,  13.;  and  Cyclopean  Architecture,  [VI.)  that  passed  through 
Greece  in  their  way  to  Italy.  The  few  remains  of  their  buildings  still  existing  show,  from 
their  construction,  that  they  are  coeval  with  the  Avails  of  Tiryns,  Mycenic  {fgs.  9.  and  10.), 
and  other  Avorks  of  a very  early  age  ; and  it  is  our  OAvn  opinion  that  the  Avandering  from  that 
great  central  nation,  of  which  we  have  already  so  much  sjioken,  Avas  as  likely  to  conduct  the 
Xitrurians  at  once  to  the  sjiot  on  Avhich  they  settled,  as  to  bring  them  through  Greece  to  the 
])lace  of  their  settlement.  It  is  equally  our  opinion  that,  so  far  from  the  country  Avhereof  we 
noAV  treat  having  received  their  arts  from  the  Greeks,  it  is  quite  as  possible,  and  even  likely, 
that  the  Greeks  may  have  received  their  arts  from  the  Etruscans.  The  history  of  Etruria, 
if  Ave  consult  the  different  Avriters  Avho  have  mentioned  it,  is  such  a mass  of  contradiction  and 
obscurity,  that  there  is  no  sure  guide  for  us.  It  seems  to  be  a moving  picture  of  constant 
emigration  and  re-emigration  between  the  inhabitants  of  Greece  and  Italy.  The  only  point 
iq)on  Avhich  Ave  can  surely  rest  is,  that  there  were  many  ancient  relations  betAveen  the  two 
countries,  and  that  in  after  times  the  dominion  of  the  Etruscans  extended  to  that  jiart  of 
Italy  Avhich,  Avhen  it  became  occupied  by  Grecian  colonies,  took  the  name  of  Magna 
Griccia.  The  continual  intercourse  betAveen  the  tAvo  countries  lessens  our  surprise  at  the 
great  similarity  in  their  mythology,  in  their  religious  tenets,  and  in  their  early  Avorks  of 
art.  We  are  quite  aAvare  tliat  the  learned  Lanzi  Avas  of  ojiinion  ( Suyyiu  di  Lingua  Etrusca), 
that  the  Etruscans  Avere  not  the  most  ancient  people  of  Italy.  We  are  not  about  to  dis})ute 
that  point.  He  draAvs  his  conclusion  from  language ; Ave  clraAV  our  own  from  a comparison 
of  the  masonry  employed  in  both  nations,  from  the  remains  Avhereof  we  should,  if  there  be 
a diflerence,  assign  the  earliest  date  to  that  of  Hetruria.  This,  to  be  sure,  leaves  open  the 
(juestion  whether  the  country  Avas  preoccupied  ; one  Avhich,  for  our  j)urpose,  it  is  not  ne- 
cessary to  settle.  We  have  Winkelman  and  Guarnacci  on  our  side,  Avho  from  medals  and 
coins  arrived  at  the  belief  that  among  the  Etruscans  the  arts  Avere  more  advanced  at  a very 
early  age  than  among  the  Greeks;  and  Dr.  Clarke’s  reasoning  tends  to  prove  for  them  a 
Phoenician  origin. 

179.  Great  solidity  of  construction  is  the  prominent  feature  in  Etruscan  architecture. 
Their  cities  Avere  surrounded  by  Avails  consisting  of  enormous  blocks  of  stone,  and  usually 
very  higli.  Remains  of  them  are  still  to  be  seen  at  Volterra  {fg.  108.),  Cortona,  Fiesole 

{Jig.  109.),  &c.  “ Moenibus,”  says  Al- 

berti [De  Re  JEdific.  lib.  vii.  c.  2.)  “ ve- 
terum  pra;sertim  populi  Etruria?  quad- 
ratum  eumdemque  vastissimum  lajiidem 
probavere.”  In  the  Avails  of  Cortona 
some  of  the  stones  are  upwards  of  22 
Roman  feet  in  length,  and  from  5 to  6 ft. 
high,  and  in  them  neither  cramps  nor 
cement  appear  to  have  been  employed. 

The  Avails  of  Volterra  are  built  after  the 
same  gigantic  fashion.  In  the  earliest 
sjiecimens  of  Availing,  the  blocks  of  stone  Avere  of  an  irregular  polygonal  form,  and  so  dis- 
posed as  that  all  their  sides  Avere  in  close  contact  Avith  one  another.  Of  this  species  is  the 
wall  at  Cora,  near  Velletri.  The  gates  Avere  very  simple,  and  built  of  stones  of  an  oblong 
ti(puire  form.  The  gate  of  Hercules,  at  Volterra,  is  an  arch  consisting  of  nineteen  stones  ; a 
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circumstance  wliicli,  if  its  antitjuity  he  allowed  to  he  only  of  a inoderately  remote  period, 
would  go  far  to  disprove  all  I.anzi’s  reasoning,  for,  as  we  have  noticed  in  the  preceding  ar- 
ticle, the  arch  was  unknown  in  Greece  till  after  the  time  of  Alexander.  According  to  Goil 
{Museum  Etruscum),  vestiges  of  theatres  have  been  discovered  among  the  ruins  of  some  of 
their  cities.  That  they  were  actjuainted  with  the  method  of  conducting  theatrical  re})resent- 
ations  is  evident  from  Livy,  who  mentions  an  occasion  on  which  comedians  were  brought  from 
Ktruria  to  Rome,  whose  inhabitants  at  the  time  in  (|uestion  were  only  accustomed  to  the 
•nimes  of  the  circus.  The  gladiatorial  sports,  which  were  afterwards  so  much  the  delight  ol 
the  Romans,  were  also  borrowed  from  the  same  people.  They  constructed  their  temple? 
peripterally  ; the  pediments  of  them  were  decorated  with  .statues,  (juadriga;,  and  bassi 
rilievi,  in  terra  cotta,  many  whereof  were  remaining  in  the  time  of  Vitruvius  and  Pliny 
Though  it  is  supposed  that  the  Etruscans  made  use  of  wood  in  the  entablatures  of  their 
temples,  it  is  not  to  be  inferred  that  at  even  the  earliest  jieriod  they  were  unacciuainted 
with  the  use  of  stone  for  their  architraves  and  lintels,  as  is  sufficiently  proved  in  the  Piscina 
of  Volterra. 

180.  The  Romans,  until  the  conquest  of  Greece,  borrowed  the  taste  of  their  architecture 
from  Etruria.  Even  to  the  time  of  Augustus,  the  species  called  Tuscan  was  to  be  seen  by 
the  side  of  the  acclimatised  temple  of  the  Greeks. 

181.  The  atrium  or  court,  in  private  houses,  seems  to  have  been  an  invention  of  the 
Etruscans.  Eestus  derives  its  name  from  its  having  been  first  used  at  Atria,  in  Etruria  : 
“ Dictum  Atrium  (pda  id  genus  edificii  jrrimum  Atrim  in  Etruria  sit  institutum.”  We 
shall,  however,  allude  in  the  next  secti.jn  to  Etruscan  architecture  as  connected  with 
Roman;  merely  adding  here,  that  in  about  a year  after  the  death  of  Alexander  the  nation 
fell  under  the  dominion  of  the  Romans. 
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182.  Tlie  Romans  can  scarcely  be  .said  to  have  had  an  original  architecture;  they  had 
rather  a modification  of  that  of  tlie  Greeks.  Their  first  instruction  in  the  art  was  received 
from  the  Etruscans,  wliich  was  i)robably  not  until  the  time  of  the  Taiajuins,  when  their 
cdiKces  began  to  lie  ro  istnicted  up  'U  fixeil  priuci()les.  and  to  receive  appropriate  decoration. 
In  the  time  of  the  first  Tarquir.,  who  was  a native  of  Etruria,  much  had  been  done  to- 
wards the  improvement  of  Rome.  He  brougtit  from  his  native  country  a taste  for  that 
grandeur  and  solidity  which  prevailed  in  the  Etruscan  works.  After  many  victories  he 
had  the  honour  of  a triumph,  and  applied  the  wealth  he  had  acquired  from  the  comjuered 
cities  to  building  a circirs,  for  which  a situation  was  chosen  in  the  valley  which  reached 
from  the  Aventine  to  the  Palatine  Hill.  Under  his  reign  the  city  was  fortified,  cleansed, 
and  beautified.  The  walls  were  built  of  hewn  stone,  and  the  low  grounds  about  the  Eorum 
drained,  which  prepared  the  way  for  the  second  Tarquin  to  construct  that  Cloaca  Maxima, 
which  was  reckoned  among  the  wonders  of  the  world.  The  Eorum  was  surrounded  with 
galleries  by  him  ; and  his  reign  was  further  distinguished  by  the  erection  of  temples,  schools 
for  both  sexes,  and  halls  for  the  aflministration  of  public  justice.  This,  according  to  the 
best  chronologies,  must  have  been  upw'ards  of  610  years  b.  c.  Servius  Tullius  enlarged 
the  city,  and  among  his  other  works  continued  those  of  the  temple  of  Jupiter  Capitolinus, 
which  had  been  commenced  by  his  predece.ssor  ; but  the  operations  of  both  were  ecli)).sed 
by  monuments,  for  which  the  Romans  were  indebted  to  Tarquinius  Superbus,  the  seventh 
king  of  Rome.  Under  him  the  Circus  was  completed,  and  the  most  effective  methods 
taken  to  finish  the  Cloaca  Maxima.  'Phis  work,  on  which  neither  labour  nor  expense  was 
spared  to  make  the  work  everlasting,  is  of  wrought  stone,  and  its  height  and  breadth  are 
so  considerable,  that  a cart  loaded  with  hay  could  pass  through  it.  Hills  and  rocks  were 
?ut  through  for  the  purpose  of  passing  the  filth  of  the  city  into  the  Tiber.  Pliny  calls 
the  Cloaca>,  “ operum  omnium  dictu  maximum,  suffbssis  montibus,  atque  urbe  pensili,  sub 
tenpie  navigata.”  The  temple  of  Jupiter  Capitolinus  was  not  finished  till  after  the  ex- 
pidsion  of  the  kings,  508  b.  c.  ; but  under  Tarquinius  Superbus  it  was  considerably  ad- 
vanced. In  the  third  consulship  of  Poplicola,  the  tem])le  was  consecrated.  As  the  name, 
which  was  changed,  imports,  this  temple  stood  on  the  Mons  Capitolinus,  and  embraced,  ac- 
wording  to  Plutarch,  four  acres  of  ground.  It  was  twice  afterwards  destroyed,  and  twice 
: rebuilt  on  the  same  foundations.  Ves])asian,  at  a late  ))eriod,  rebuilt  it ; and  upon  the 
iestruction  of  this  last  by  fire,  Domitian  raised  the  most  splendid  of  all,  in  which  the 
iilding  alone  cost  1 2,000  talents.  It  is  impossible  now  to  trace  the  architecture  of  the 
l!f  Uoinans  through  its  various  steps  between  the  time  of  the  last  king,  508  b.  c.,  and  the  sub- 
•1  Hugiition  of  Greece  by  that  people  in  the  year  145  b.  c.,  a period  of  363  years,  'i’lu* 
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disi)utos  111  which  they  were  continually  engaged  left  them  little  leisure  for  the  arts  of 
peace  ; yet  the  few  inonunients  with  which  we  are  acquainted  show  a power  and  skill 
that  mark  them  as  an  extraordinary  race.  'I'hus  in  the  year  397  a.  c.,  on  tlie  occasion  of 
the  siege  of  Veii,  the  prodigy,  as  it  was  supposed,  of  the  lake  of  Alba  overflowing,  when 
there  was  little  water  in  the  neighbouring  rivers,  springs,  and  marshes,  induced  the  au- 
thorities to  make  an  emissarium,  or  outlet  for  the  superfluous  water,  which  subsists  to  this 
day.  The  water  of  the  lake  Albano,  wliich  runs  along  Castel  Gondolfo,  still  passes  through 
it.  A few  years  after  this  event  an  opiiortunity  was  afforded,  wliich,  with  more  care  on 
tlie  part  of  the  authorities,  miglit  have  considerably  improved  it,  after  its  demolition  by 
Rrennus.  This  event  occurred  389  n.  c.,  and  was  nearly  the  occasion  of  the  population 
being  removed  to  VTii  altogether,  a place  wliich  offered  them  a spot  fortified  by  art  and 
nature,  good  houses  ready  built,  a wholesome  air,  and  a fruitful  territory.  The  eloquence, 
however,  of  Camillus  prevailed  over  their  despondency.  Livy  (b.  vi. ) observes,  that  in 
the  rebuilding,  the  state  furnished  tiles,  and  the  people  were  allowed  to  take  stone  and 
other  materials  wherever  they  could  find  them,  giving  security  to  finish  their  houses 
within  the  year.  Rut  the  haste  with  which  they  went  to  work  caused  many  encroach- 
ments on  each  other’s  soil.  Every  one  raised  his  house  where  he  found  a vacant  space  ; so 
that  in  many  cases  they  built  over  the  common  sewers,  which  before  ran  under  the  streets. 
So  little  taste  for  regularity  and  beauty  was  observed,  that  the  city,  when  rebuilt,  was  even 
less  regular  than  in  the  time  of  Romulus;  and  though  in  the  time  of  Augustus,  when 
Rome  had  become  the  capital  of  the  world,  the  temples,  palaces,  and  private  houses  were 
more  magnificent  than  before,  yet  these  decorations  could  not  rectify  the  fault  of  the  plan. 
'I’hough  perhaps  not  strictly  within  our  own  province,  we  may  here  mention  the  temple 
l)uilt  in  honour  of  Juno  Moneta,  in  consequence  of  a vow  of  L.  Furius  Camillus  when 
before  the  Volsci.  This  was  one  of  the  temples  on  the  Capitoline  hill.  The  epithet  above 
mentioned  was  given  to  the  queen  of  the  gods,  a short  time  before  the  taking  of  Rome  by 
the  Gauls.  It  was  pretended  that  from  the  temple  of  Juno  a voice  had  proceeded,  ac- 
comi)anled  with  an  earthquake,  and  that  the  voice  had  admonished  the  Romans  to  avert 
the  evils  that  threatened  them  by  sacrificing  a sow  with  pig.  She  was  hence  called  Moneta 
(from  monere).  The  temple  of  Juno  IMoneta  becoming  afterwards  a public  mint,  the 
medals  stamped  in  it  for  the  current  coin  took  the  name  of  Moneta  (money).  This  temple 
was  erected  about  345  years  b.o.,  on  the  sj)ot  where  the  house  of  JMarcus  IManlius  had  stood. 

183.  In  the  time  that  Ajjpius  Claudius  was  censor,  about  309  b.  c.,  the  earliest  paved 
road  was  made  by  the  Romans.  It  was  first  carried  to  Capua,  and  afterwards  continued 
to  Rrundusium,  a length  altogether  of  350  miles.  Statius  calls  it  regina  viarum.  I’aved 
with  the  hardest  stone,  it  remains  entire  to  the  present  day.  Its  breadth  is  about  14  ft.  ; 
the  stones  of  which  it  is  composed  vary  in  size,  but  so  admirably  was  it  put  together  that 
they  are  like  one  stone.  Its  bed  is  on  two  strata  ; the  first  of  rough  stones  cemented  with 
mortar,  and  the  second  of  gravel,  the  thickness  altogether  being  about  3 ft.  To  the  same 
Apj)ius  Claudius  belongs  the  honour  of  having  raised  the  first  acpieduct.  The  water  with 
which  it  siqii)lled  the  city  was  collected  from  the  neighbourhood  of  Frascati,  about  100  ft. 
above  the  level  of  Rome.  The  Romans  at  this  time  were  fast  advancing  in  the  arts  and 
sciences  ; for  in  about  nineteen  years  afterwards  we  find  Papirius,  after  his  victory  over  the 
Sanmites,  built  a temple  to  Quirinus  out  of  a portion  of  its  spoils.  Upon  this  temple  was 
fixed  { I’liug,  b.  vii.  c.  60.)  the  first  sun-dial  that  Rome  ever  saw.  For  a long  while  the 
Romans  marked  only  the  rising  and  setting  of  the  sun  ; they  afterwards  observed,  but  in  a 
rude  clumsy  manner,  the  hour  of  noon.  When  the  sun’s  rays  appeared  between  the  rostra 
and  the  house  appointed  for  the  reception  of  the  ambassadors,  a herald  of  one  of  the  consuls 
in  oclaimed  with  a loud  voice  that  it  was  mid-day.  With  the  aid  of  the  dial  they  now  marked 
the  hours  of  the  day,  as  they  soon  after  did  those  of  the  night  by  the  aid  of  the  clepsydra 
or  water-clock.  The  materials  for  carrying  on  the  investigation  are  so  scanty,  and  moreover, 
as  in  the  case  of  Grecian  architecture,  without  examples  whereon  we  can  reason,  that  we 
will  not  detain  the  reader  with  further  speculations,  but  at  once  proceed  to  that  perio;l 
(145  B.c. ) when  Greece  was  reduced  to  a Roman  province.  Art,  in  the  strict  application 
of  that  word,  was  not  properly  understood  by  the  victorious  Romans  ; and  a barrenness 
appears  to  have  clung  about  that  whereof  we  treat,  even  with  all  the  advantages  that  Rome 
possessed.  It  may  be  supposed  that  the  im])ulse  given  to  the  arts  would  have  been  imme- 
diate ; but,  like  the  waves  generated  by  the  ocean  storm,  a succession  of  them  was  nece.ssary 
before  the  billows  would  aj)proach  the  coast.  Perhaps,  though  it  be  only  conjectural,  the 
first  effect  was  visible  in  the  tem])le  reared  to  Minerva  at  Rome,  out  of  the  spoils  of  the 
INIithridatic  war,  by  Pompey  the  Great,  about  sixty  years  b.c.,  after  a triumph  unparalleled 
perhaps  in  the  history  of  the  world  ; after  the  conclusion  of  a war  of  thirty  years’  duration, 
in  which  upwards  of  two  millions  of  his  fellow-creatures  had  been  slain  and  vamjuished ; 
after  846  ships  had  been  sunk  or  taken,  and  1538  towns  and  fortresses  had  been  reduced 
to  Ihe  power  of  the  empire,  and  all  the  countries  between  the  lake  .Mseotis  and  the  Red 
Sea  had  been  subdued.  It  is  to  be  regretted  that  no  remains  of  this  temple  exist.  The 
inscription  ( Piui.  lib.  vii.  c.  26.)  was  as  follows  : — ^ 
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CN  . rOMVKItlS  . CM  . F . JIAONUS  . IMP  . 

BFI.I.O  . XXX  . ANNOllUM  . CONFECTO  . 

FI  bis  . KIJCATIS  . OC’CISIS  . IN  . DEDiriONEM  . AlTPI'flS 
IK'MINUM  . CENTIES  . VICIES  . SEMEI.  . CFNTENIS  . 

LXXXllI  . M . 

DEIMIESSIS  . AUT  . CATT  . NAVIBUS  . m'CCXI.VI 
01*1*11)18  . CASTELl.IS  . MDXXXVllI 
IN  . KIDEM  . KECEPTIS  . 

TKKKIS  . A . JIAEOn  . I.ACU  . AD  . KUBIUIM  . MARE  . 

SUBACTIS  . 

VOTUM  . MEIUTO  . MINERViE 

ISl,  The  villas  of  the  Romans  at  this  period  were  of  considerable  extent;  the  statne-j 
(if  (ireeee  had  been  acquired  for  their  decoration,  and  every  luxury  in  the  way  of  decora- 
tion that  the  age  could  afford  had  been  poured  into  them  from  the  ])lentiful  supjily  that 
(Jreek  art  afforded.  To  such  an  extreme  was  carried  the  determination  to  possess  every 
thing  that  talent  could  siqiply,  that  we  find  Cicero  was  in  the  habit  of  employing  two 
architects,  Chrysippus  and  Cluatius  (or/  Jtticum,  lib.  iii.  c])ist.  29.  and  lib.  xii.  epist.  IH.); 
the  first  certainly,  the  last  probably  a Greek.  Their  extent  would  scarcely  be  credited  but 
for  the  corroboration  we  have  of  it  in  some  of  their  ruins. 

185.  Until  the  time  of  Pompey  no  permanent  theatre  existed  in  Rome  : the  ancient  dis- 
Icipline  requiring  that  the  theatre  should  continue  no  longer  than  the  shows  lasted,  'i’he 
5 most  splendid  temporary  theatre  was  that  of  M.  iEmilius  Scaurus,  who,  when  a-dile,  erected 
lone  capable  of  containing  80,000  persons,  which  was  decorated,  from  all  accounts,  with  sin- 
Igular  magnificence  and  at  an  amazing  cost.  History  (Plhi.  xxxvi.  15.)  records  an  extra- 
I*  ordinary  instance  of  mechanical  skill,  in  the  theatre  erected  by  Curio,  one  of  CcTsar’s  ]>ar- 
tisans,  at  the  funeral  exhibition  in  honour  of  his  father.  Two  large  theatres  of  timber 
were  constructed  back  to  back,  and  on  one  side  so  connected  with  hinges  and  machinery 
Tor  the  purpose,  that  when  the  theatrical  exhibitions  had  closed  they  were  wheeled  or 
[shino*  round  so  as  to  form  an  amphitheatre,  wheiein,  in  tlie  afternoon,  shows  of  gladiators 
iwere  given.  Returning,  however,  to  the  theatre  erected  by  Pompey,  which,  to  avoid 
ithe  animadversion  of  the  censors,  he  dedicated  as  a temjile  to  Venus:  the  plan  (P/i/iT/, 
vii.  8.)  w*as  taken  from  that  at  Mitylene,  but  so  enlarged  as  to  be  cajiable  of  containing 
1 40,000  persons.  Round  it  was  a portico  for  shelter  in  case  of  bad  weather:  a curia 
I'or  senate  house  was  attached  to  it  with  a basilica  or  hall  for  the  administration  of  jus- 
tice. The  statues  of  male  and  female  persons  celebrated  for  their  lives  and  characters 
jwere  selected  and  placed  in  it  by  Atticus,  for  his  attention  to  which  Cicero  (Epist.  ud 
I Attic,  iv.  9.)  was  commissioned  by  Pompey  to  convey  his  thanks.  The  temple  of  Venus, 
1 which  w'as  attached  to  avoid  the  breach  of  the  laws  committed,  was  so  contrived  that  the 
ij  seats  of  the  theatre  served  as  steps  to  the  tem])le  ; a contrivance  which  also  served  to  escajic 
jthe  reproach  of  encountering  so  vast  an  expense  for  mere  luxury,  for  the  temple  was  so 
placed  that  those  who  visited  the  theatre  might  seem  at  the  same  time  to  come  for  the 
jHirpose  of  worshipping  the  goddess.  At  the  solemnity  of  its  dedication  the  people  were 
1 entertained  with  the  most  magnificent  shows  that  had  ever  been  exhibited  in  Rome.  We 
cannot  prolong  the  account  of  this  edifice  by  detailing  them,  — indeed  that  would  be  foreign 
to  our  purpose ; but  we  may  add,  that  such  a building  presents  to  us  a genuine  idea  of  the 

[vast  grandeur  and  wealth  of  those  principal  subjects  of  Rome,  who  from  their  own  jjrivate 
revenues  could  rear  such  magnificent  buildings,  and  provide  for  the  entertainment  ol‘  the 
j people  shows  to  which  all  the  quarters  of  the  globe  contributed,  and  which  no  monarch 
now  on  earth  could  afford  to  exhibit.  This  theatre  was  finished  about  54  b.c. 

186.  In  the  year  45  b.c.  Rome  witnessed  a triumph  not  less  extraordinary  than  that  we 
have  just  recorded,  — that  of  Julius  Cscsar  on  his  return  from  Utica.  From  the  commence- 
ment of  the  civil  war  that  had  raged  he  had  found  no  leisure  for  celebrating  the  triumjihs 
which  induced  the  people  to  create  him  dictator  for  ten  years,  and  to  place  his  statue  in  the 
Capitol  opposite  to  that  of  Jupiter,  with  the  globe  of  the  earth  under  his  feet,  and  the  in- 
scription “To  Caesar  the  Deml-God.”  We  need  scarcely  remind  our  readers  that  his 
first  triumph  was  over  the  Gauls  ; that  this  was  followed  by  that  over  Ptolemy  and  Egyjit ; 
the  third  over  Pharnaces  and  Pontus ; and  the  fourth  over  Juba.  The  triumph  recorded 
these  appropriately  ; but  we  leave  that  — merely  observing,  by  the  way,  that  the  fruit  of  his 
J victories  amounted  to  65,000  talents  and  2822  crowns  of  gold,  weighing  together  20,414 
i Roman  pounds,  — to  state  that  on  this  occasion  the  Circus  was  enlarged,  a lake  sunk  for  the 
^ exhibition  of  Egyptian  and  Tyrian  galleys,  and  that  in  the  same  year  he  dedicated  a temple 
I to  Venus  Genetrix,  and  opened  his  new  forum.  Warriors  are  not  often  inclined  to  call  in 
I the  aid  of  the  arts,  except  for  commemorating  their  own  actions.  Not  so  with  Ca?sar.  In 
i!  the  year  44  b.c.,  after  his  triumph  over  the  sons  of  Pompey,  we  once  more  find  him  engaged 
‘ in  the  arts  of  peace.  A temple  to  Clemency  was  elected  by  him,  in  wliich  his  statue  was 
I placed  near  to  that  of  the  goddess,  and  joining  hands  with  her.  In  the  next  year  he  laid 
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\lie  fomulatioiis  of  what  at  the  time  were  considered  two  magi.ificcnt  edifices  f:>i  the  orna- 
ment of  the  city:  :i  temjile  to  Venus,  wliicli  for  grandeur  it  is  supposed  would  liave  sur- 
jiassed  every  example  of  tliat  kind  in  the  world;  and  a theatre  of  very  gigantic  dimensions, 
— both  which  were  afterwards  completed  by  Augustus.  But  the  projects  he  conceived  were 
only  equalled  by  those  of  Alexander.  He  began  the  rebuilding  and  repair  of  many  towns 
in  Italy  ; the  drainage  of  the  Pontine  marshes,  the  malaria  of  which  is  the  curse  of  Rome 
to  the  jiresent  day  ; the  formation  of  a new  bed  for  the  Tiber  from  Rome  to  the  sea,  for  the 
purjiose  of  imjirovlng  the  navigation  of  that  river  ; the  formation  of  a port  at  Ostia  for  the 
reception  of  first-rate  ships  ; a causeway  over  the  Apennines  from  the  Adriatic  to  Rome  ; 
tlie  rebuilding  of  Corinth  and  Carthage,  whither  colonies  had  been  sent  by  him,  a scheme 
afterwards  perfected  by  Augustus;  a canal  through  the  Isthmus  of  Corinth  to  avoid  the 
navigation  round  the  Peloponnesus  ; and  lastly,  the  formation  of  an  exact  geographical 
map  of  the  Roman  emjure,  with  the  roads  marked  thereon,  and  the  distances  of  the  towns 
from  each  other.  Such  was  (aesar,  whom  to  eulogise  would  be  impertinent. 

187.  Augustus  dejirived  the  Romans  of  their  liberty,  and  in  return  for  th.e  de))rivation 
consoled  them  with  all  the  gratification  the  arts  could  supply.  The  victorious  Romans 
had  known  little  of  the  arts  in  their  highest  state  of  refinement,  and  the  degraded  Greeks 
were  constrained  to  neglect  them.  They  were  in  a state  of  barrenness  during  a portion  of 
the  last  age  of  the  Roman  republic  ; nor  did  they  exhibit  any  signs  of  fruitfulness  until 
(^•esar  had  established  the  em])ire  on  the  ruins  of  the  ex])iring  republic,  and  his  successor, 
giving  ])cace  to  the  universe,  closed  the  temple  of  Janus,  and  opened  that  of  the  arts.  By 
him  skilful  artists,  pupils  of  the  great  masters,  were  invited  from  Greece,  where,  thougli 
languishing,  they  were  yet  silently  working  without  fame  or  encouragement.  Some  who 
had  been  led  into  slavery,  like  Rachel  of  old,  carried  their  gods  with  them  — the  gods  of  the 
arts.  Encouraged  by  the  rising  taste  of  their  masters,  they  now  began  to  develoj)  the 
powers  they  possessed,  and  their  productions  became  necessary  to  the  gratification  of  the 
peo))le.  Thus  it  was  that  our  art,  among  the  others,  born  and  reared  in  Greece,  made 
Italy  its  ado))ted  country,  and  there  shone  with  undiminished  splendour,  though  perhaps 
less  happy  and  less  durable.  Though  the  exotic  might  have  lost  some  beauties  in  the  soil  to 
which  it  was  transplanted,  the  stock  possessed  such  extraordinary  vigour  that  grafts  from 
it  still  continue  to  be  propagated  in  every  quarter  of  the  globe. 

188.  The  Greek  architects  who  settled  in  Italy  executed  works  of  sur))rlsing  beauty: 
they  raised  up  pupils,  and  founded  a school.  It  must  be  conceded  that  it  was  more  an 
imitative  than  an  original  school,  wherein  it  was  necessary  to  engraft  Roman  taste  which 
was  modified  by  different  habits  and  climate,  on  Greek  art.  And  here  we  cannot  refrain 
from  an  observation  or  two  u))on  the  jjractice  in  these  days  of  com])aring  Greek  and  Roman 
architecture.  Each  was  suitable  to  the  nation  that  used  it  ; the  forms  of  Greek  columns, 
their  intercoluminations,  the  inclination  of  the  j)ediment,  were  necessarily  changed  in  a 
country  lying  between  four  and  five  degrees  further  north  from  the  equator.  But  the  su- 
perficial writers,  whose  knowledge  occasionally  appears  to  instruct  the  world,  never  take 
these  matters  into  their  consideration  ; and  we  regret,  indeed,  to  admit  that  in  this  country 
the  philosophy  of  the  art  is  little  understood  by  the  public,  from  the  professors  being  ge- 
nerally too  much  engaged  in  its  j)ractice  to  afford  them  leisure  for  diffusing  the  knowledge 
they  possess. 

189.  The  Romans  were  trained  to  arms  from  their  cradle;  and  that  they  were  very  averse 
to  the  cultivation  of  the  arts  by  their  youth,  the  passage  in  the  jEneid  (b.  vi.  v.  847.),  which 
has  been  so  often  quoted,  is  a sufficient  proof : — 

Excndent  alii  spirantia  inollius  a?ra 

Credo  cqiiidein  ; vivos  ducent  e mannore  vultus. 

Tu  repcre  imperio  populos,  Komane,  memento  ; 

Ha:  tibi  erunt  artes. 

1 90.  They  were  at  all  times  anxious  to  subjugate  for  their  own  purposes  those  nations 
that  successfully  cultivated  the  arts  ; a motive  wliich,  joined  to  the  desire  of  aggrandisement, 
induced  them  at  a very  early  period  to  carry  their  arms  against  the  Etruscans,  who  were  in 
a far  higher  state  of  cultivation  than  themselves.  This  was  also  one  motive  to  their  con- 
duct in  Sicily  and  Asia  Minor;  whence,  as  well  as  from  Greece,  they  drew  siqiplies  of 
artists  for  Rome,  instead  of  employing  their  own  citizens,  d’hough  in  Rome  architecture 
lost  in  simplicity,  it  gained  in  magnificence.  It  there  took  deeper  root  than  the  other  arts, 
from  its  affording,  by  the  dimensions  of  its  monuments,  more  splendour  to  the  character  of 
so  dominating  a nation.  Its  forms  are  more  susceptible  of  real  grandeur  than  those  of  the 
other  arts,  which  are  put  in  juxtaj)Ositlon  with  nature  herself ; and  hence  they  were  more 
in  keeping  with  the  politics  of  the  people.  The  patronage  of  the  fine  arts  by  Augustus 
has  never  before  or  since  been  eijualled.  They  followed  his  good  fortune,  they  dwelt  in 
the  palace,  and  sat  on  the  throne  with  hiiri.  Ills  boast  was  not  a vain  one,  when  he  asserted 
that  he  found  his  capital  built  of  brick  and  left  it  of  marble.  By  him  was  reared  in  the 
capital  in  question  the  temple  and  forum  of  Mars  the  Avenger;  the  temjjle  of  Jupiter 
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Timans,  on  the  Capitol;  tliat  of  Apollo  Palatine,  with  public  libraries;  the  portico  ami 
•)asilica  of  (aiins  and  Lnciiis  ; tlie  porticoes  of  Livia  and  Octavia  ; and  the  theatre  ot  Mar- 
•’clhis.  “ 'I'lie  example,”  savs  Gibbon,  “ of  the  sovereign  was  imitated  by  liis  ministers 
Hiui  Tenerals;  and  his  friend*  Agrippa  left  behind  him  the  immortal  monument  of  the  Pan- 
theon.” , , . . r I 

191.  Under  Tiberius  and  Caligula  architecture  seems  to  have  been  m a state  of  languor, 

nor  do  we  know  of  any  thing  in  the  reign  of  Claudius  the  fifth  Caesar,  save  the  completion 
of  one  of  the  finest  aqueducts  of  Rome,  that  of  Aqua  Claudia,  whose  length  is  :18  miles.  In 
more  tlian  seven  whereof  the  water  passes  over  arches  raised  more  than  100  ft.  from  the  sur- 
face of  the  ground.  Nero’s  reign,  though  his  taste  bordered  more  on  show  than  intrinsic 
beautv,  was  on  the  whole  favourable  to  architecture.  Much  could  not  be  expected  of  a 
man  who  covered  with  gilding  a statue  of  Alexander,  and  decapitated  fine  statues  for  the 
purpose  of  substituting  his  own  head  for  that  of  the  original.  The  colossal  statues  of  him- 
self which  he  caused  to  be  sculptured  Indicate  a mind  prone  to  vice  and  excess.  The  same 
taste  for  exaggeration  was  carried  into  his  buildings.  Ilis  prodigality  in  every  way  was 
inexhaustible;  he  seems  rather  to  have  left  monuments  of  expenditure  than  of  taste.  A 
jialace,  which  from  its  extraordinary  richness  has  been  called  the  Domns  Aurea,  was  erected 
for  him  by  his  architects  Severus  and  Celer,  than  which  nothing  could  be  more  brilliant 
nor  gorgeous  ; beyond  it  no  pomp  of  decoration  could  be  conceived.  In  the  midst  of  so 
much  wealth  the  only  object  of  contempt  was  its  possessor.  The  reader  may  form  some 
notion  of  it  when  told  (Plin.  lib.  xxxvi. ) that  in  finishing  a part  of  it  Otho  laid  out  a sum 
ccpiivalent  to  near  404,000/.  sterling. 

192.  Galba,  Otho,  and  Vitellius  scarcely  rel 'ned  It  was  reserved  for  Vespasian  and 
his  son  Titus,  to  astonish  the  world  by  masses  of  architecture  such  as  it  n ay  be  ])redicted 

will  never  again  be  reared.  'I'he 
Coliseum  {Ji  s.  110.  and  129.), 
named,  according  to  some  from 
its  gigantic  dimensions,  to  others 
from  its  proximity  to  a colossal 
statue  of  Nero,  was  commenced 
by  the  father  and  finished  by  the 

son.  According  to  Lepsius,  the 

seats  held  87,000  persons.  Fon- 
tana says  it  was  capable  of  con- 

taining 109,000,  who  c<udd  view 
the  sports  in  the  arena.  This  we 
think  an  exaggeration.  Taking 
the  clear  length  at  615  feet,  and 
breadth  at  510  feet,  we  have  an 
nrea  of  246,340  sup.  feet,  whence  deducting  38,842  for  the  arena,  the  remainder  is  207.498. 

. , Now  supposing  this  .surface  covered  with  peisons  standing  U])right,  each  occupying  only 

f 1 2-385  sup.  feet,  we  have  but  87,0  0,  and  in  the  circuit  of  the  upper  portico  and  parts  relied 

||U  upon  by  Fontana,  22,000  could  not  be  placed.  Hence  the  estimate  of  Lepsius  seems 
! worthy  of  confidence.  The  reader  will,  from  the  above  description,  identify  the  structure 
' mentioned  by  Martial; — 

Omnis  Carsareo  ced  .t  labor  ainpliitheatro, 

,1  Uiium  pro  cunctis  lama  lo(4uatur  opus. 

“ Riennio  post  ac  menses  novem  amphitheatri  perfecto  opere,”  is  the  expfession  of  \’ictoi 
in  respect  to  the  time  employed  in  its  construction.  Though  the  monument  itself  be 
a.stonishing,  still  more  so  is  it  that  such  a mass  should  have  taken  only  two  years  and  nine 
months  in  building,  even  with  all  the  means  that  the  emjrerors  had  under  their  power.  Ve 
shall  reserve  a more  particular  description  of  it.  (See  p.  94.  anrl  95.)  In  spite  of  the 
ravages  of  time,  and  the  hands,  ancient  and  modern,  which  have  despoiled  it  for  its  materials, 
enougli  still  remains  completely  to  exhibit  the  original  plan,  and  to  enable  the  spectator 
to  form  a perfect  idea  of  the  immense  mass.  The  Baths  of  Titus  were  another  of  tlie 
wonders  of  the  age.  The  remains  of  them  are  not  so  perfect  as  others,  but  they  are  still 
majestic.  Besides  the  edifices  erected  by  Vespasian  and  his  son,  they  made  it  a part  of 
their  duty  to  take  measures  for  the  preservation  of  those  which  existed,  and  were  in  need 
Iji  of  repair  and  re.storation. 

I I 193.  The  last  Csesar,  Uomitian,  was  of  a disposition  too  wicked  to  be  of  service  to  his 
country  ; his  reign  wa.s,  fortunately  for  it,  but  short.  In  the  year  98,  on  the  death  of  Nerva, 
Trajan  became  master  of  the  empire.  He  had  served  against  the  Jews  under  Vespasian 
li'  and  Titus,  and  probably  acquired  from  them  and  their  example  a great  taste  for  archi- 
tecture, in  which  he  shed  a lustre  upon  the  country  as  great  as  his  splendid  victories  over 
1 the  Persians  and  Dacians  gained  for  it  in  the  field.  Of  his  works,  which,  as  Gibbon  says, 

1 bear  the  stamp  of  bis  genius,  his  bridge  over  the  Danube  must  have  been  a surprising 
‘‘ff'ort.  According  to  Dio  Cassius,  this  bridge  was  coi  structed  with  twenty  stone  piers  in 
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the  river,  loO  ft.  high  and  GO  feet  wide,  bearing  arches  of  170  ft.  span.  It  was  destroyed 
l>y  Hadrian,  liis  successor  : some  say  out  of  envy  ; l)ut  the  ])lea  was,  that  it  served  tlie  har- 
harians  as  an  inlet  to  the  emj)ire,  as  much  as  it  facilitated  tlie  passage  of  its  troops  to  keep 
tliem  in  subjection.  His  triumphal  arches,  his  column  111.),  and  forum,  and  other 

works,  attest  the  vigour  and  beauty  of  the  art  under  ths 
reign  of  'I’rajan.  'I'he  forum  was  a quadrangle  sur-. 
rounded  by  a lofty  ])ortico,  into  which  tlie  entrance  was 
through  four  triunqihal  arches,  and  in  the  centre  was  the 
column.  Apollodorus  was  his  princijial  architect,  by 
whom  was  erected  the  column  aliove  mentioned,  whicii 
was  not  only  the  chef-d’ccuvre  of  the  age,  but  has  never 
been  surpa'sed.  It  is  115  ft.  liigli  with  the  cap,  132  ft. 
v/lth  the  figure,  marking  the  height  of  the  hill  levellid 
to  form  the  forum.  The  public  monuments  wi  h 
which  Ha  Irian  adorned  every  province  of  the  empire 
were  executed  not  only  by  his  orders,  but  under  his 
immediate  inspection.  He  was  himself  an  aiti.st  ; and 
he  loved  the  arts,  as  they  conduced  to  the  glory  of  the 
monarch.  They  were  encouraged  by  the  Antonincs, 
as  they  contributed  to  tl:e  happiness  of  the  jieople. 
But  if  they  were  the  first,  tiiey  were  not  the  only 
architects  of  their  dominion.s.  Tlieir  example  was 
universally  imitated  by  their  principal  sulrects,  who 
were  not  afraid  of  declaring  to  the  world  that  they 
had  spirit  to  conceive  and  wealth  to  accomplish  the 
noblest  undertakings.  Scarcely  had  the  proud  struc- 
ture of  the  Coliseum  heen  dedicated  at  Rome,  before 
edifices  of  a smaller  scale  indeed,  but  of  the  same  design 
and  materials,  were  erected  for  the  u'-e  and  at  the  expense  of  the  cities  of  Capua  and  Verona. 
The  inscription  of  the  stupendous  bridge  at  Alcantara  attests  that  it  was  tin  own  over  the 
Tagus  hy  the  contribution  of  a few  Lusitanian  communities.  When  Pliny  was  entrusted 
with  the  government  of  Bithynia  and  Pontus,  provinces  by  no  means  the  richest  or  most  con- 
siderable of  the  empire,  he  found  tire  cities  within  his  jurisdiction  striving  with  each  other  in 
ever'y  useful  and  ornamental  work  that  might  deserve  the  curiosity  of  strangers,  or  tire  gratitude 
of  their  citizens.  It  was  the  duty  of  the  proconsul  to  supply  their  deficiencies,  to  direct  their 
taste,  and  sometliucs  to  moderate  their  emulation,  d'he  opulent  senator  ; of  Rome  and  the 
provinces  esteemed  it  an  honour,  and  ahuost  an  obligation,  to  adorn  the  splendour  of  their  age 
and  country  ; and  the  influence  of  fashion  very  frequently  supplied  the  want  of  taste  or 
generosity.  Among  a ci'owd  of  these  private  benefactors,  we  select  Herodes  Atticus,  an 
.Athenian  citizen,  wlio  lived  in  the  age  of  the  Antonines.  Whatever  might  be  the  motive 
of  his  conduct,  his  magnificence  would  have  been  worthy  of  the  greatest  kings.”  We  make 
no  apology  for  so  long  a quotation  from  the  historian  of  the  Decline  and  Full,  whose  ex- 
pressions are  so  suitahle  to  our  jmrpose.  The  family  of  Herod  was  highly  descended  ; but 
his  grandfather  had  suffered  by  the  hands  of  justice  ; and  Julius  Atticus,  his  father,  must 
have  died  in  poverty,  but  for  the  discovery  of  an  immense  treasure  in  an  old  house,  the 
only  piece  of  his  patrimony  that  remained.  By  the  law  this  would  have  been  the  ])ro})erty 
of  the  emperor,  to  whom  Julius  gave  immediate  information.  Nerva  the  Just,  who  was 
then  on  the  throne,  refused  to  accept  it,  desiring  him  to  keep  it  and  use  it.  d’he  cautious 
Athenian  hesitatingly  replied,  that  the  treasure  was  too  large  for  a subject,  and  that  he 
knew  not  how  \o  use  it.  The  emperor  re])lled,  Abuse  it  then,  for ’tis  your  own.”  He 
seems  really  to  have  followed  the  monarch’s  bidding,  for  he  expended  the  greatest  part  of 
it  in  the  service  of  the  public.  This  man’s  son,  Herodes,  had  acquired  the  ])refecture  of  the 
free  cities  of  Asia,  among  which  the  town  of  Troas  being  ill  supplied  with  water',  he  ob- 
tained from  the  munificence  of  Hadrian  a sum  equivalent  to  100,000/.  sterling  for  con- 
structing a new  aqueduct.  The  work  on  execution  amounted  to  double  the  estimate  ; and* 
on  the  officers  of  the  revenue  comi)laining,  Atticus  charged  himself  with  the  whole  of  the  - 
additional  expense.  Some  considerable  ruins  still  preserve  the  fame  of  his  taste  and  muni-  * 
ficence.  The  Stadium  which  he  erected  at  Athens  was  600  ft.  in  length,  entirely  of  white- 
marble,  and  capable  of  receiving  the  whole  body  of  the  people.  To  the  memory  of  his* 
wife,  Rcgilla,  he  dedicated  a theatre,  in  which  no  wood  excej^t  cedar  was  em])loyed.  He 
restored  the  Odeum  to  its  ancient  beauty  ana  magnificence.  His  boundless  liberality  was” 
not,  however,  confined  within  the  city  of  Athens.  “ The  most  splendid  ornaments,”  says 
Gibbon,  “bestowed  on  the  temple  of  Neptune  in  the  Isthmus,  a theatre  at  Corinth,  a- 
stadium  at  Deljihi,  a bath  at  Thermopyla?,  and  an  aqueduct  at  Canusium  in  Italy,  xvere 
insufficient  to  exhaust  his  treasures.  'I'he  people  of  Epirus,  Thessaly,  Eulxra,  Bocotia, 
and  l’elo])onncsus  experienced  his  favours,  and  many  inscriptions  of  the  cities  of  Greece 
and  Asia  gratefully  stvle  Herodes  Atticus  their  patron  and  benefactor.” 
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l‘H.  Arcliltectuix*  u’as  still  practised  with  success  under  the  Antonines,  the  successors  of 
Hadrian,  among  whom  iNIarcus  Aurelius  was  a great  j)atron  ot‘ the  arts.  On  these  history 
almost  instructs  us,  that  the  efl'ect  of  the  individual  character  of  the  sovereign,  and  the 
general  and  leading  circumstances  of  his  reign,  are  so  influential  as  to  enable  us  from  the 
two  last  to  estimate  the  prosperity  of  the  first. 

195.  The  rapidity  with  which  after  the  time  of  Commodus,  that  most  unworthy  son  of 
a worthy  father,  the  emperors  succeeded  each  other,  was  as  unfavourable  for  the  arts  as  for 
iheir  country.  A little  stand  was  made  against  their  raj)id  decline,  under  Septimius 
vSeverus,  whose  triumphal  arch  still  remains  as  a link  in  the  chain  of  their  decay,  and 
perhaps  the  first.  It  is  diflicult  to  conceive  how  in  so  short  a period  from  the  time  of 
Marcus  Aurelius,  not  thirty  years,  sculpture  had  so  lost  ground.  In  the  arch  commonly 
called  that  of  the  Goldsmiths,  the  form  and  character  of  good  architecture  is  entirely 
obliterated.  Its  profiles  are  vicious,  and  its  ornaments  debased  and  overcharged. 

196.  'I’he  art  was  somewhat  resuscitated  under  Alexander  Severus,  hut  it  was  fast  follow- 
ing the  fate  of  the  empire  in  the  "West,  and  had  become  almost  lifeless  under  Valerian 
and  his  son  Gallienus,  whose  arch  is  an  index  to  its  state  in  his  reign.  'I'he  number  of  com- 
petitors for  the  purple,  and  the  incursions  of  the  barbarians,  were  felt.  Aurelian  and 
I’robus  suspended  its  total  annihilation  ; but  their  reigns  were  unfortunately  too  sliort  to 
do  it  substantial  service.  'I'he  extraordinary  structures  at  Ikialbec  and  Palmyra  have  been 
-eferred,  on  the  authority  of  a fragment  of  John  of  Antioch,  surnamed  jVIalala,  to  the  age 
of  Antoninus  Pius  ; but  we  are  inclined  to  think  the  style  places  them  a little  later  than 
that  period.  Paalbec.  or,  as  its  Syrian  meaning  imports,  the  City  of  Baal,  or  the  Sun,  is 
situate  at  the  north-eastern  extremity  of  the  valley  of  Becat  or  Beka,  near  that  place 


ivhere  the  two  Lebanons  unite,  about  fifty  miles  to  the  north-west  of  Damascus.  The 
irst  traveller  who  described  it  with  accuracy  was  IMaundrell,  in  his  Journey  from  Alepj)o 

to  Jerusalem,  in  1697.  It  has, 
however,  been  since  visited,  as  well 
as  Palmyra,  by  INIessrs.  Wood  and 
Dawkins,  in  1751,  and  by  M. 
Volney  at  a later  period.  The 
principal  building,  the  temple,  is 
of  a rectangular  form,  and  is  seated 
in  the  centre  of  the  western  ex- 
tremity of  a large  (piadrangular 
enclosure,  two  of  whose  sides  were 
parallel  to  those  of  tlie  temple;  and 
parallel  to  its  front  was  the  third. 
To  this  was  attached  an  hexagonal 
court,  serving  as  a vestibule,  in 
front  of  which  was  the  grand  en- 
trance portico.  The  length  of  the 
(juadrangle  is  about  360  ft.  and 
breadth  about  350  ft.  ( See ^7. 112.) 
The  temple,  marked  A,  is,  in  round 
numbers,  200  ft.  in  length,  and 
- 100  ft.  in  breadth ; it  was  dipteral 
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* and  had  ten  columns  in  front 

nd  nineteen  on 'the  sides.  That  tiie  reader  may  form  some  idea  of  the  style,  which  was 
0 the  last  degree  debased,  and  would  not  justify  by  any  utility  the  extending  this  ac- 
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count,  we  l)ave  in  Jig.  113.  given  the  sketch  of  a circular  temple  standing  near  the  above. 
Of  Einesa,  the  other  celebrated  Coelo- Syrian  city,  not  a vestige  remains, 

197.  Of  Tadmor,  or  Palmyra,  denoting  both  in  Syriac  as  well  as  Latin  a multitude  of 
palm-trees,  Solomon  was  said  to  have  been  the  original  founder.  It  lies  considerably  to 
the  east  of  Raalbec,  and  upwards  of  200  miles  from  the  nearest  coast  of  Syria.  Situate 
between  the  Roman  and  Parthian  monarchies,  it  was  suffered  to  observe  a humble  neu- 
trality until  after  the  victories  of  Trajan ; when,  sinking  into  the  bosom  of  Rome,  it 
flourished  more  than  1.50  years  in  the  subordinate  though  humble  rank  of  a colony.  “ It 
«vas  during  that  peaceful  period,”  observes  Gibbon,  “ if  we  may  judge  from  a few  remain- 
ing inscriptions,  that  the  wealthy  Palmyrenians  constructed  those  temples,  ))alaces,  and 
porticoes,  whose  ruins,  scattered  over  an  extent  of  several  miles,  have  deserved  the  curiosity 
of  our  travellers.”  I’he  ruins  of  it  were  discovered  by  some  English  travellers  towards 
the  end  of  the  17th  century,  and  were  more  lately  visited  by  the  Messrs.  Dawkins  and 
Wood,  already  mentioned.  The  power  of  Zenobia,  who  wi.shed  to  shake  off'  the  sub- 
jection to  Rome,  was  insufficient  to  withstand  the  forces  of  Aurelian,  and  Palmyra 

tch  of  the  ruins  {Jig.  114.)  is  here 
given.  The  style  of  architecture 
is  almost  the  same  as  that  of  Raal- 
bec ; and,  like  that,  so  vitiated  in 
almost  every  profile,  that  we  do 
not  think  it  necessary  longer  to 
dM'ell  upon  it,  although  great  the 
extent  of  its  ruins.  In  the  same 
way,  we  must  pass  over  those  of 
Djerash,  which  were  visited  by  Mr. 
Rarry,  and  of  other  considerable 
cities,  though  some  are  said  to  con- 
tain example.s  in  a better  and  purer 
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1 98.  The  reign  of  Dioclesian  was  extended,  and  was  illustrious  from  his  military  exploits. 
It  was  also  remarkable  for  the  wisdom  he  displayed  in  dividing  with  others  the  discharge 
of  duties  he  could  not  himself  perform  ; as  well  as,  finally,  by  ids  abdication  and  retirement 
to  Spalatro.  Architecture  was,  however,  too  far  sunk  for  him  to  raise  it;  and,  though  mo- 
numents of  great  grandeur  were  reared  by  him  in  Rome  and  his  native  town  of  Salona,  they 
were  degenerated  by  innovation  and  a profusion  of  ornaments  which  sometimes  proved  dis- 
astrous to  those  beneath,  upon  whom  they  occasionally  fell,  but  the  taste  for  which,  among  the 
Romans,  had  increased  by  their  intercourse  with  the  East.  At  a period  when  no  sculptor 
existed  in  Rome,  this  monarch  raised  the  celebrated  baths  there  which  bear  his  name.  His 
palace  at  Spalatro  (^(7.  115.)  covered  between  nine  and  ten  English  acres.  Its  form  wasquad- 
rangular,  flanked  with  sixteen  towers.  Two  of  the  sides  were  600  ft.,  and  the  other  700  ft. 
in  length.  It  was  constructed  of  stone  little  inferior  to  marble.  Four  streets,  intersecting 
each  other  at  right  angles,  divided  the  several  parts  of  the  edifice;  and  the  approach  to  the 
principal  apartment  was  from  a stately  entrance,  still  called  the  golden  gate.  Ry  compar- 
ing the  present  remains  with  the  Treatise  by  Vitruvius,  there  appears  a coincidence  in  the 
practice  here  with  the  precepts  of  that  author.  'I'he  building  consisted  of  only  one  story, 
and  the  rooms  were  lighted  from  above.  Towards  the  south-west  was  a portico  upwards 
of  500  ft.  long,  ornamented  with  painting  and  sculpture.  We  do  not  think  it  necessary  to 
follow  up  further  the  decay  of  the  arts  in  the  West;  it  is  sufficient  to  add  that  the  fifth 
century  witnessed  the  contemporaneous  fall  of  them  and  of  Rome  itself. 

1 99.  Towards  the  year  3.30,  the  seat  of  the  Roman  empire  was  removed  to  Constantlno])le, 
where  the  reign  of  Constantine,  though  brilliant,  was  unsuccessful  in  restoring  the  arts, 
upon  which  religious  as  well  as  political  causes  had  begun  to  act.  The  establishment  of 
Christianity  had  less  effect  on  architecture  than  on  her  sister  arts.  The  new  species  of 
worship  could  be  performed  as  well  in  the  old  as  in  temples  of  a new  form,  or  the  old 
columns  might  be  em])loyed  in  new  edifices,  in  which,  indeed,  they  were  eminently  ser- 
viceable ; but  statues  of  the  gods  were  no  longer  wanted,  and  the  sculptor’s  art  was  aban- 
doned. The  removal,  however,  of  the  government  to  the  Bosphorus  retarded  the  decline 
of  the  empire  in  the  East.  Byzantium,  on  whose  foundations  was  placed  the  city  of  Con- 
stantinople, owed  its  origin  to  a colony  of  IVIegarians  ; and  little  was  it  to  be  imagined  that 
its  disasters  would  have  closed  in  so  glorious  a termination  as  occurred  to  it.  The  ancient 
city  still  continued  to  possess  some  splendid  productions  of  the  schools  of  Asia  Minor,  which 
it  almost  touched,  and  in  common  with  which  it  enjoyed  the  arts.  Constantine  profited 
by  the  circumstance,  restored  the  monuments,  and  transported  thither  the  best  examples  of 
sculpture.  j 

200.  Architecture  was  called  in  by  the  emperor  to  aid  him  in  affording  security,  conveni- 
ence, and  pleasure  to  the  inhabitants  of  the  new  metropolis.  Vast  walls  surrounded  the  city; 
superb  porticoes,  squares  of  every  kind,  atiueducts,  baths,  tlieatres,  hippodromes,  obelisks, 
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triuinphal  arches,  stately  and  magnificent  temples,  were  provided  for  the  public.  Scliools 
of  architecture,  which  none  but  persons  of  good  birth  were  allowed  to  enter,  were  esta- 
blished, with  professors  and  prizes  for  the  meritorious.  From  all  this  care,  one  might  have 
supposed  a plentiful  harvest  would  have  been  reajied.  Hut,  alas  ! with  all  the  expense,  with 
all  the  fine  marbles  that  were  employed,  witli  the  bronze  and  gold  lavished  on  the 
construction  and  decoration  of  the  edifices  erected,  the  art  was  not  re-established  on  its 
true  principles.  Every  thing  was  rich  ; but,  notwithstanding  the  exaggerated  praises  of 
the  ignorant  writers  of  the  day,  every  thing  was  deficient  in  real  beauty.  Richness  of 
material  will  never  compensate  for  want  of  elegance  in  form.  “ 'I'he  buildings  of  the  new 
city,”  observes  Gibbon,  “ were  executed  by  such  artificers  as  the  reign  of  Constantine  could 
allbrd  , but  they  were  decorated  by  the  hands  of  the  most  celebrated  masters  of  the  age  of 
Pericles  and  Alexander.  To  revive  the  genius  of  Phidias  and  Lysippus  surpassed,  indeed 
the  power  of  a Roman  emperor  ; but  the  immortal  productions  which  they  had  bequeathed 
to  posterity  were  exposed  without  defence  to  the  rapacious  vanity  of  a despot.  By  his 
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cominaiuls  the  cities  of  Greece  and  Asia  were  des)>()lled  of  their  most  valuable  oniameiits. 
'I'he  trophies  of  memorahle  wars,  the  objects  of  religious  veneration,  the  most  finislied 
statues  of  the  gods  and  heroes,  of  the  sages  and  ])oets  of  ancient  times,  contributed  to  the 
splendid  triumph  of  Constantino})le,  and  gave  occasion  to  the  remark  of  the  historian 
Cedronus,  who  observes,  with  some  enthusiasm,  that  nothing  seemed  wanting  except  the  souls 
of  the  illustrious  men  whom  those  admirable  monuments  were  intended  to  rejiresent.” 

201.  In  Rome,  the  trium]ihal  arch  erected  in  honour  of  Constantine  ])resents,  to  this  day, 
an  exam])le  of  the  barbarous  and  tasteless  s])irit  of  the  age.  It  is  nothing  less  than  an 
incongruous  mixture,  in  sculpture  and  architecture,  of  two  jieriods  remote  from  each  other. 
Hut,  discordant  as  the  styles  are,  the  absurdity  of  placing  on  it  part  of  the  triumj)hs  of 
Trajan,  whose  arch  was  robbed  for  tbe  occasion,  is  still  greater.  Not  only  was  Trajan’s  arch 
des])oiled  of  its  has  reliefs,  but  the  columns  and  capitals,  which  the  architect,  from  ignorance, 
scarcely  knew  how  to  put  together,  were  stolen  for  the  occasion.  We  have  used  the  term 
ignorance  of  the  architect,  who,  (if  the  monument  were  not  standing,  the  fact  could  scarcely 
be  credited.)  with  the  finest  models  before  his  eyes,  jilaced  modiilions  with  dentils  in  the 
cornice,  and  has  used  tlie  same  parts  in  his  impost. 

202.  'The  partition  of  the  empire  at  the  ileath  of  ronstantine  'vas  ui’ui  ious  as  well  to  the 
arts  as  to  the  empire;  and  at  its  reunion  by  Constantins  in  .3.5.3,  he  exhibited  but  little  soli- 
citude about  their  ])ros])erlty.  On  a visit  of  thirty  days  to  Rome,  he  presented  the  city  with 
the  obelisk  that  now  stands  in  front  of  the  Basilica  of  S.  Giovanni  Laterano.  It  had  been 
intended  by  Constantine  for  his  new  city  ; and,  after  being  brought  down  the  Nile  from  the 
'Temple  of  the  Sun  at  Ilelioiiolis,  was  conveyed  to  the  banks  of  the  'Tiber  instead  of  those 
of  the  Hosjihorus.  After  being  landed  about  three  miles  from  the  city,  it  was  first  elevated 
in  the  Circus  Maximus.  'This  piece  of  granite  is  about  118  ft.  in  length. 

203.  Julian’s  name  is  in  bad  odour  with  the  Christian  world;  but  he  ought,  neverthe- 
less, to  have  justice  rendered  to  him  for  his  administration  of  the  affairs  of  the  emjiire,  his 
love  of  freedom,  and  his  patronage  of  the  arts.  'This  emperor,  at  Constantinople,  con- 
structed some  ])orticoes  and  improved  the  port  ; and,  even  at  so  remote  a spot  as  Paris,  there 
still  remain  the  ruins  of  a palace  and  baths  of  his  construction  ; a circumstance  which  should 
make  his  memory  an  object  of  respect,  perhaps  veneration,  to  the  inhabitants  of  that  city. 

204.  Under  Valentinian  and  Valens  the  arts  received  little  attention,  though  the  former 
manifested  some  care  for  them.  Gratian  was  entitled  to  a sort  of  negative  praise  for 
leaving  the  emi>ire  of  the  West  to  his  brother  Valentinian  II.,  and  that  of  the  East  to  Theo- 
dosius; who,  after  the  death  of  the  former,  held  the  sway  of  the  whole  empire,  patronising 
architecture,  and  erecting  many  large  edifices  in  Constantinople.  After  this  the  empire  was 
lastingly  divided.  On  the  death  of  'Theodosius,  Arcadlus  succeeded  him  in  the  East,  and 
in  the  West  Ilonorius,  under  whom,  whilst  he  was  ingloriously  enjoying  the  ])leasures  and 
luxuries  of  his  ))alace  at  Ravenna,  Alaric,  king  of  the  Visigoths,  entered  and  pillaged  Rome 
in  the  year  410.  Ilonorius  raised  or  repaired  several  of  the  BasHicae  at  Rome;  among 
them  that  of  S.  Paolo  fuori  le  Mura;  and,  in  honour  of  the  two  emperors,  a triumphal  arch 
was  erected  in  the  city  in  406’,  but  of  this  no  remains  are  in  existence. 

20.5.  After  this  time,*for  sixty  years  the  em])ire  of  the  West  was  in  a state  of  distraction. 
Nine  princes  filled  the  throne  during  that  ))eriod,  on  and  off  the  stage,  rather  like  actors 
than  inonarchs.  But  the  extinction  of  the  Roman  name  could  be  no  longer  ])rotracted. 
In  4.5.5,  Genseric,  king  of  the  Vandals,  gave  up  Rome  for  pillage  to  his  soldiers  for  the 
sj)ace  of  three  days,  and  some  years  after,  his  examide  was  followed  by  Ricimer.  In  47G, 
the  Roman  empire  in  the  West  was  annihilated. 

206.  We  have  thus,  in  this  and  the  ])receding  section,  shortly  traced  the  liistory  of  Roman 
architecture  from  its  dawn  among  the  Etruscans  to  the  close  of  the  regal  power  in  Rome; 
and  from  that  period  to  the  time  of  its  culmination  under  Augustu.s,  an  age  of  great  s])len- 
dour  in  the  art,  eonij)arable  even  with  the  Lest  days  of  .Athens,  if  allowance  be  made  for 
tlie  respective  habits  of  the  nations  and  the  climates  under  which  they  were  placed.  From 
the  zenith  we  have  followed  it  in  its  setting  under  Dioclesian,  and  after  that  through  its 
crepusculum,  which,  in  476,  was  succeeded  by  total  darkness;  a darkness,  however,  not 
without  meteors  and  coruscations  which  occasionally  enabled  us  to  enlighten  the  reader  in 
the  journey  he  has  undertaken  with  us.  The  revolutions,  however,  of  empires,  like  those  of 
the  globe  on  its  axis,  bring  other  dawns  ; such  is  the  case  with  the  arts,  which  follow  those 
revolutions;  and  we  shall  hereafter  have  to  record  another  dawn  of  them,  which,  like  thj 
light  of  our  great  luminary,  had  its  day-s])ring  in  the  east,  whence  came  the  architects  of 
\'enice  and  Pisa.  But,  before  we  ai)))roach  that  period,  it  will  be  necessary  to  take  a cur- 
sory glance  at  those  monuments  of  Rome  and  other  places  under  its  dominion,  in  which  the 
ruins  alone  atte.st  the  extraordinary  power  and  magnificence  of  that  State,  and  to  examine 
the  details  of  their  construction  as  respects  what  simj)ly  presents  itself  to  the  eye. 

207.  We  now,  therefore,  proceed  to  a view,  1.  Of  the  religious  buildings  of  the  Ro- 
mans in  quadrangular  and  circular  temples;  2.  Of  their  public  buildings  in  fora,  triumphal 
arches,  bridges,  acjueducts,  theatres,  amphitheatres,  and  baths  and  cirei ; 3.  Of  their  private 
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houses  and  tombs;  confiuin"  ourselves  to  those  ruins  in  the  city,  and  occasionally  the  pro- 
vinces, »lii<  h best  ilKistrate  the  subject. 

208.  Ttmpks — 1.  'I’lie  (Quadrangular  Roman  temple  partook  very  much  of  its  Greek,  or 
j>erliaps  Kiruscan,  ori,iinal  ; tliough  occasionally,  as  in  tlie  I'emple  of  Peace,  llicre  is  a 
very  considerahle  deviation  from  the  type.  But  the  excepiions  to  the  general  rule  are  very 
few  indeed  in  numl)er.  The  most  beautiful  temple  of  tlie  Corinthian  order  that  perhaps 
ever  existed  in  the  world  was  the  (formerly  so  called)  Temple  of  Jupiter  Stator,  in  the 
Campo  Vaccino  or  more  propeily  the  Forum  at  Rome,  and  now  desijznated  the  Temple  of 
the  Dioscuri  or  of  Castor  and  Pollux,  in  consequence  of  recent  excavations.  It  was  an 
octastyle  peripteral  temple,  with  eleven  columns  in  flank,  and  the  cell  occupied  eight 
columns  on  each  side.  No  Greek  work  could  surpa'^s  in  elegance  and  beauty  tlie  piofile  of 
the  Corinthian  order  employed  in  this  edihee.  'Fhe  capital,  whetlur  considered  as  to 
design  or  execution,  is  unparalleled.  At  the  same  time  it  must  be  admitted  that  it  bears 
every  mark  of  the  improvements  that  had  been  elFccted  through  the  mediutn  of  Greek 
artists.  Three  columns  v»ith  their  entablature  remain;  these  are  47‘6‘5  ft.  high,  the  lower 
diameter  being  4‘8^  ; so  that  tlie  coliimiis  are  9'8  diameters  i>igh.  Tlie  height  of  the 
entablature  is  a small  fraction  less  than  one  quarter  the  height  of  the  column.  The  inter- 
columniations  are,  as  nearly  as  possible,  T5  diameter  of  the  column;  whence  the  size  of 
the  temple  will  be  easily  determined. 

209.  At  the  foot  of  the  Ca  itol  stands  the  Corinthian  Temple  of  Jupiter  Tonans  (so 
called),  aRo  called  Temple  of  Saturn,  but  now  of  Vespasian,  of  which,  as  of  the  last,  only 
three  columns  remain.  This  was  an  hexastyle  jieripteral  (except  on  the  side  towards  the 
rock)  temple,  115  ft.  long  and  92  ft.  wide,  measured  from  outside  to  outside  of  column. 
The  columns  are  47'08  ft.  high,  and  their  lower  diameter  is  4 60  ft.  ; their  height,  there- 
fore, ill  terms  of  the  diameter,  is  very  nearly  10^  diameters.  The  height  of  the  entablature 
is  9*77  ft.,  or  not  quite  one  fifth  of  the  height  of  the  column.  The  intercoluinniations  are 
1-.56  diameter.  There  is  a tale  in  Suetonius,  that  Augustus  had  bells  suspended  round 
this  temple  on  the  occasion  of  his  dreaming  that  the  god  complained  of  a falling  off  in  the 
number  of  his  worshippeis.  Its  style  is  inferior  to  the  one  above  descrilied,  yet  it  is  not 
without  beauty,  though  the  cornice  is,  as  compared  with  it,  deficient  in  efl'ect.  (The  de- 
scription of  the  dirterent  species  of  temples  mentioned  by  Vitruvius  is  giren  in  the 
Glossary,  s.  v.  Temple.) 

210.  The  Temple  of  Mars  Ultor  was  one  of  those  erected  by  Augustus.  Its  profile  ex- 
hibits a tine  and  bold  example  of  the  Corinthian  order.  1 is  whole  length  was  about  116  ft., 
and  its  breadth  about  73  It.  The  cornice  of  the  entablature  is  wanting.  The  inter columni- 
ations  are  about  1^  diameter. 

211.  In  the  Campo  Vaccino  are  the  remains  of  a Corinthian  temple,  built  by  M. 
Aurelius  in  honour  of  Antoninus,  his  predecessor,  and  Faustina,  the  wife  of  M.  Aurelius, 
about  the  middle  of  the  2nd  century,  in  a high  style  of  art,  and  is  considered  the  last  |iure 
building  in  Rome  It  was  prostylos  and  hexastylos  ; the  columns  are  d6‘10  ft.  high; 
the  entablature  lT0.3ft  ; diameter  of  the  columns  4 85  ft. ; and  the  intercolumniaiions, 
except  the  centre  one,  which  is  wider  than  the  others,  are  1^  diameter  of  the  columns;  the 
columns  are  9^  diameters  high,  and  the  entablature  rather  less  than  one  fourth  that 
height;  the  frieze  is  ornamented  with  grithiis  and  candelabra.  It  is  not  our  inteuti  n to 
describe  more  thin  the  piincipal  temples,  with  their  parts,  but  to  aflbrd  to  the  reader  in 
this  place  a general  view  cf  the  art  ; we  shall  therefore  merely  mention  those  of  the 
Maison  Carree  at  Nismes,  and  the  little  edifice  at  Trevi,  which  last  is  erected  in  a very 
vitiated  style  : both  are  of  the  Corinthian  order,  and  quadrangular  in  form. 

212.  Rome  is  very  poor  in  examples  of  Ionic  temples,  the  only  two  lemaining  being  that 
of  Fortuna  Virilis  and  that  of  Concord;  the  first  not  very  pure  in  its  detail,  and  the  latter 
in  the  very  worst  style.  The  Temple  of  Fortuna  Virilis  is  of  the  species  called  prostyle 
and  tetrastyle;  that  is,  with  four  columns  in  front  and  seven  on  the  sides,  whereof  the  cell 
occupies  four  iniercolumniations.  'flie  height  of  the  columns  is  27  35  ft.  ; the  lower 
diameter  of  the  columns  3-11  ft.  ; and  the  neiglit  of  the  entablature  6’78  ft.  A peculiarity 
has  been  noticed  in  this  example  of  the  difl'erent  centres  of  the  ornamented  members  being 
ranged  so  as  to  fall  with  exactness  over  the  axes  of  the  columns. 

213.  The  (formerly  so  calh'd)  J'emple  of  Concord,  now  of  Saturn,  or  the  iErarium, 
which  is  a restoration  of  a former  temple,  is  probably  of  the  age  of  Constantine,  and 
scarcely  deserves  the  notice  lure  taken  of  it,  except  as  a connecting  link  in  the  chain  of 
ar  . It  was  hexastyle  and  jieripteral.  Tlie  eight  columns  which  remain  are  of  red  and 
white  granite  of  different  diameters.  The  bases  are  Attic,  and  without  plinths,  except 
those  of  tfie  angular  columns.  'I'he  capitals  are  inelegant  and  clumsily  sculptured,  Tlie 

i mouldings  of  the  architrave  have  been  chiselled  away  to  form,  a plane  surface  for  i-oniaining 
' the  inscription.  Modiilions  and  dentils  are  nut  wiih  in  t!ie  cornice,  and  the  frieze  in  the 
interior  was  sculptured.  'I'lie  height  of  the  columns  is  42  86  f:.,  and  their  lower  diameter 
4-48  ft.  ; so  that  they  are  about  9^  diameters  high.  Tne  height  of  the  entablature  is 
7*2  ft.  or  about  one  sixili  of  the  lieiglit  of  the  coluin.i. 
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214.  TIic  circular  temples  of  Rome  and  its  neighbourhood  will  next  he  mentioned.  I wo 
of  them,  that  of  Vesta  at  Rome  and  of  the  Sybil  at  Tivoli,  of  the  Corinthian  order,  are  oi 
considerable  anti(juity.  Their  cells  are  cylindrical,  and  are  supposed  to  have  been  covered 
with  domes  resting  on  the  walls,  though  that  is  by  no  means  certain.  The  'I’emple  of 
Vesta  is  raised  on  three  steps,  whilst  that  of  the  Sybil  is  raised  on  a circular  basemeiil 
about  five  feet  high.  Both  tlie  cella?  are  encircled  about  with  a colonnade  of  the  ('orinthiun 
order.  The  capitals  of  the  Temjjle  of  the  Sybil  are  extraordinary  as  pieces  of  effective  art 
The  leaves  of  the  capital,  instead  of  being  a}>pHquees  to  the  bell,  as  in  other  examples,  arv. 
in  this  cut  into  it,  and  impart  a magical  appearance  to  it.  The  tout  ensemble  of  this 
temple  seems  to  have  been  conceived  with  an  eye  to  its  situation,  and  the  order  seems 
calculated  only  for  the  spot  on  which  it  stands  (see  Jig.  116.).  The  circular  Temple 
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of  Bacchus  is  of  a late  date.  In  its  exterior  there  is  nothing  to  remark,  except  that  it  lias 
lost  a portico  at  its  entrance  which  originally  belonged  to  it.  It  consists  of  a central  cir- 
cular cell,  if  such  it  may  be  called,  surrounded  by  a circular  aisle,  the  former  being 
separated  from  the  latter  by  twelve  pairs  of  double  columns,  coupled  in  the  direction  of  tlie 
radii  of  the  plan;  from  which  columns  arches  sjuing,  carrying  a cylindrical  wall  :5y  ;5()  ft. 
diameter,  covered  with  a hemispherical  dome  65 '6  ft.  high  from  the  ))avem<  nt.  'flie 
aisle  or  corridor  is  14*75  ft.  wide,  surrounding  the  double  colonnade,  from  which 
to  the  exterior  wall  is  a semicircular  vault,  whose  sofite  is  32  ft.  high  from  the 
pavement.  Of  the  foimer  so  called  'J’emple  of  Minerva  Medica,  now  considered 
to  be  a Hall  or  Nymphanim  belonging  to  the  great  'riiermEe  of  the  .3rd  century, 

of  the  time  of  Uecius, 
little  more  ihan  half  of  it  is 
standing.  It  was  I 10  ft.  in 
diameter;  but  the  inttrior 
was  formed  into  ten  plane 
faces,  each  having  a semi- 
circular recess  towards  tlie 
interior.  A hemispherical 
brick  dome  was  113  ft. 
from  the  pavement.  A 
semicircular  wing,  covered 
by  a hemispheiically  formed 
vault,  stood  on  each  side  of 
the  building,  but  they  are 
now  in  ruins.  Fig.  il7. 
shows  the  ruin  as  it  was  in 
1816,  from  a memorandum 
we  then  made.  A rectan- 
gular vestibule  with  four 
Corinthian  columns  formed 
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tlie  entrance,  and  was  surmounted  by  a pediment  roof.  The  temple  now  stands  in  a 
private  garden. 

215.  We  have  reserved  for  the  last  example  of  a circular  temple  the  celebrated  Pantheon, 
supposed  to  liave  fonned  at  one  time  a portion  of  the  baths  of  Agrippa,  and  erected  about 

B c.  27.  "I'lie  body  of  the  temple  was  probably  erected  in  the  time  of  the  republic  with 

simple  large  nidus,  as  in  Jigs.  118.  and  119.;  the  left  side  shows  it  as  originally  buib, 
and  the  riglit  side  as  now  standing  ; the  portico  was  probably  erected  by  M.  Aurelius 

Antoninus,  cir.  a.d.  166,  and  com- 
])>eted  by  Septimius  Severus,  a.d. 

202,  at  wbiclr  time  the  columns 

were  added  to  the  niches,  and  other 
alterations  made,  as  seen  on  the  right 
half  of  the  plan  and  section,  'i'he 
interior  is  circular  and  about  139  ft. 
diameter,  measuring  from  ins’de 
to  inside  of  the  loluntns,  whicli 
are  about  33  ft.  high.  At  a heiglrt 
of  75  ft.  from  the  ground  in  the 
interior  springs  the  hemispherical 
dome,  which  Iras  five  horizontal  ranks 
of  caissons  or  panels,  the  top  of  the 
dome  being  terminated  by  what  is 
technically  termed  an  eye,  or  circular 
opening,  about  27  ft.  diameter.  All 
that  is  found  in  the  temple  is  of  the 
Corinthian  order. 

216.  Fig.  120.  is  an  elevation  of 
the  Pantheon,  witli  the  j)ortico  of  tlie 
Parthenon  below  it,  for  the  purpose 
of  comparing  the  relative  sizes  of  the 
porticoes  of  the  two  buildings,  'i'he 
portico.  It  will  be  seen,  is  octastyle, 
and  projects  62  ft.  from  the  circum- 
ference of  the  circular  part  of  the 
edifice.  The  shafts  of  the  columns 
are  jilain,  and  the  portico  is  sur- 
mounted by  a ])ediment  similar 
to  that  on  the  wall  of  the  building. 
'I'he  columns  are  47 *03  ft.  high,  and 
their  lower  diameter  4*79  ft.  'I’he 
entablature  is  10-22  ft.,  or  nearly,  not  quite  a fifth  of  the  height  of  the  column.  'Hie 

jirofile  of  the  order  is  bold  and  well 
conceived,  and  the  execution  in  a 
good  style.  It  has  been  strijijied  of 
its  ornaments,  many  whereof  were 
bronze,  by  the  cupidity  of  the  pos- 
sessors of  power  at  various  times. 
Though  the  iiresent  interior  is  com- 
paratively modern,  we  think  it  riglit 
to  give  the  following  particulars  of 
the  order  : — 'Hie  columns  are  34-67 
ft.  high,  the  lower  diameter  being 
3-64  ft.  'I'he  shafts  are  fluted,  and 
have  what  are  called  cablings  up  one 
third  of  their  height.  It  will  be  .seen 
on  inspection  of  the  plan  that  tliese 
columns  are  placed  in  front  of  the 
great  niches.  We  are  not  aware  that 
the  circumstance  whereto  we  are 
about  to  advert  has  been  heretofore 
noticed,  and  we  give  the  result  of  our 
calculation  in  round  numbers  only,  as  an  approximation  to  the  truth.  'I'lie  rules  for 
lighting  apartments  will  form  the  subject  of  a future  section.  We  shall  here  merely  observe, 
that  the  contents  of  the  building,  measuring  round  the  inner  convexity  of  the  columns,  and 
not  calculating  the  niches,  is  about  1,787,300  cubic  feet,  and  that  the  area  of  the  eye  of  tlie 
dome  is  about  32  sipiare  ft.,  from  which  it  follows  that  2226  cubic  ft.  of  space  in  this 
building  are  lighted  by  1 foot  superficial  of  light.  'I'he  building  is  neither  gloomy  nor 
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(lark  ; on  tlic  contrary  a pleasant  I’p'ht  is  difTnscd  througliout.  and  darkness  is  not  found  in 
any  corner  of  it.  'J'his  is  a subject  well  worthy  of  consideration,  and  one  wnicn  we  oro. 
pose  hereafter  to  turn  to  practical  account. 


217.  'Hie  Teinjile  of  Peace  lias  been  reserved  by  us  to  close  the  notices  of  the  Roman  tem- 
ples, because  of  its  deviation  from  the  general  form  of  other  Greek  and  Roman  temples,  which- 
in  the  (juadrangular  species  are  so  formed  on  one  general  plan  that  at  uno  disce  omnes  is  the 
expression  apj)licable  to  them.  Thej^’^s.  121.  and  122.  represent  the  plan  and  section  of  tliis; 

buil(lin<r.  The  former  will  be  seen 


Fir.  121. 

tral  one.  I'he  height  of  the 
appears  to  have  been  decorated 


or  roV«TAVTTKK. 


vaulting  from  the 
with  .sunk  panels. 


to  have  been  rectangular,  with  a 
})orch  extending  along  the  whoie_ 
breadth  of  the  building  in  front. 
This  was  vaulted,  the  summit  in- 
teriorly being  35  ft.  high  ; and  in 
front  were  seven  semicircular-headed 
apertures  serving  as  entrances.  'I’lie 
length  of  the  temple  outside,  not 
including  the  depth  of  the  porcli, 
was  294  ft. ; depth  of  the  porch  30 
ft.  ; width  of  the  building  1 97  ft.  'I  he 
temple  was  longitudinally  divided 
into  three  nearly  ecjual  parts,  whereof 
the  central  one  "was  a rectangular 
sn'one  of  the  whole  length  of  the 
temple,  whose  breadth  was  one  third 
of  its  length.  The  roof  of  this  was 
a vault  with  three  groins,  formed 
by  the  intersection  of  semicylindrical 
vaults  at  right  angles  to  the  ceii- 
pavement  was  about  llfi  ft.,  and 
^\’c  shall  not  however  pursue  tlie 
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verbal  description  of  this  edifice.  whle!i  will  l)e  much  better  understood  by  an  insi)ectioii  of 
t'le  diagrams.  We  will  only  add,  th.it  altliough  the  columns  in  the  interior  are  entirely 
pone,  and  the  building  is  in  a sad  state  of  dilapidation,  enough  has  been  discovered  to  jnove 

that  the  restoration  here  submitted 
to  the  reader  is  not  very  far  from  the 
truth.  In  many  cases  the  restorations 
of  Palladio,  whose  works  it  is  the 
fashion  amongst  half-instrncted  archi- 
tects and  still  less  informed  amateurs 
to  decry,  are  not  to  be  wholly  relied 
on  in  his  capacity  of  anti(|uary,  and 
certainly  must  not  be  taken  for  granted  ; 
but  his  restoration  of  this  temjile  cannot 
widely  differ  from  the  truth.  It  a))- 
jiears  to  have  been  founded  by  Claudius, 
and  tinished  by  Vespasian  after  the 
jonipiest  of  .Judea,  and  seems  to  have  been  the  dejiository  of  the  spoils  of  the  teinjile  at 
Jerusalem.  • It  is  uncertain  by  what  accident  in  the  reign  of  Commodus  it  was  de.stroyed, 
hut  it  is  conjectured  it  was  restored  during  his  reign.  It  may  not  he  here  altogether  out 
of  place  to  notice  that  the  temple  in  (juestion  seems  in  some  measure  to  have  furnished  the 
hint  for  the  nave  of  the  Italian  Duomo  with  its  side  aisles.  It  was  but  in  the  addition 
of  the  transe])ts  and  choir,  whose  type  is  indicated  even  in  the  basilicie  of  the  first 
Christians,  that  a variation  is  to  be  seen.  If  the  cross,  however,  be  not  sulHciently  ajiparent 
in  the  basilica,  it  cannot  be  mistaken  in  the  churches  but  little  later. 

‘J18.  Fora.  — 2.  The  Furum  of  the  Romans  is  described  generally  in  A’itruvius  (Book  vi. 
chap.  I.).  He  directs  that  it  should  be  a large  rectangular  area,  whose  breadth  is  to  be 
about  two  thirds  of  its  length.  The  basilica  or  court  of  justice,  serving  also  as  an  exchange 
for  the  merchants,  is  to  be  attached  to  it.  d'he  forum  in  a Roman  city  was  the  arena  on 
which  business,  politics,  and  pleasure  were  ecpially  transacted,  discussed,  and  enjoyed. 
Among  the  Greeks  it  was  called  the  ayopa,  signifying  a j)!ace  in  which  the  citizens  were 
collected.  It  is  here  to  be  observed,  that  the  fora  of  the  Romans  were  of  two  sorts:  Fora 
CiriJia  and  Fora  Venal ia ; the  former  whereof  were  designed  as  well  with  the  object  ot 
ornamenting  the  cities  in  which  they  were  erected,  as  for  admitting  a site  for  the  ])uhlic 
courts  of  justice,  and  other  public  buildings  ; the  latter  were  intended  to  jrrovide  for  the 
necessities  and  conveniences  of  the  inhabitants,  and  no  doubt  bore  a resemblance  to  cur 
markets.  'I'he  great  Porum  at  Home  was  seated  between  the  Palatine  and  Capitoline 
hdls.  Its  boundary  has  of  late  years  been  more  satisfactordy  traced,  by  the  exten- 
sive excavations  which  have  laid  Irarc  the  pavements  and  other  details  of  the  original 
hnildings  ericted  around  it.  The  theories  of  Bunsen,  Becker,  Dyer,  and  Canina, 
are  arranged  and  explained  by  the  late  Mr.  A.  Ashpitel,  in  the  paper  read  by  him 
at  the  Inst,  of  Brit.  Architect^,  1857.  The  explorations  since  1870  are  to  some  extent 
[i  shown  in  Burn’s  Rome  and  the  Canipagna,  1871  ; and  in  Taylor  & Cresy,  Antiquities 

H ?f  Rome,  new  edit.  fol.  1874.  Photographs  of  a large  size  have  likewise  been  pub- 

I hshed.  not  only  of  the  existing  ruins  but  of  the  discoveries.  The  Forum  of  Ner>a 

5 is  said  to  have  been  .887  ft.  lon<»  and  184  ft,  wide.  At  one  end  were  five  arched 

I entrances,  and  at  the  other  the  Temple  of  Nerva.  The  Forum  of  Trajan,  built  by  the 
I emperor  whose  name  it  bears,  was  erected  from  the  foreign  spoils  taken  by  him  in  his 
] wars.  The  coverings  of  its  edifices  were  all  of  brass,  and  the  ]iorticoes  and  their  columns 

I constructed  in  an  exceedingly  s])lendid  style  of  execution.  Ammianus  IMarcellinus  {Hist. 

lib.  xvi.)  describes,  with  much  force,  the  delight  of  ('onstantius  on  contemplating  it  when 
T he  made  his  triumphal  entry  into  Rome,  'I'he  representations  make  its  length  1150  ft., 
and  its  mean  breadth  about  470  ft.  In  it  was  the  emperor’s  magnificent  column  (fig.  111.), 

I at  one  end  was  the  'I'emple  of  Trajan,  and  at  the  other  his  'rriumiihal  Arch,  'I'his  Forum 
contained  the  celebrated  and  splendid  Basilica  Uljriana.  The  other  examjile  we  shall 

I mention  was  at  Fano,  and  we  mention  it  becau.se  it  contained  a basilica  by  A’itruvius  him- 

. self  He  describes  the  portico  of  the  'I’emple  of  Augustus  as  joining  that  side  of  the 

basilica  which  was  furthest  from  the  centre  of  the  Forum,  and  a temple  of  .Jujiiter  as 

standing  at  the  ojiposite  end.  He  goes  on  to  describe  the  'I’reasury,  Pri.son,  and  Curia, 
as  jilaced  on  the  longer  sides  of  the  Forum  exteriorly  to  the  shops  which  surrounded  the 
j|  area.  'Hie  commentators  on  Vitruvius  have  been  at  considerable  ])ains  tc  make  out  the 

plan  of  the  basilica  of  this  building  from  the  verbal  descri))tion  of  it  by  the  author, 

perhaps  none  of  them  with  greater  success  than  old  Daniel  Barbaro. 

'1  219.  But  no  words  convey  the  description  of  a place  so  well  as  a diagram  of  the  object 

under  consideration;  and  as  there  exists  at  I’ompeii  a forum  so  perfect,  that  all  the  rules 
||  given  by  our  great  master  are  exemplified  in  it,  we  here  ))!ace  the  plan  (fig.  12.8.)  of  the 

II  forum  there  before  the  reader,  so  that  he  may  have  a complete  notion  of  the  arrangemimt. 

‘ Lntering  from  the  gate  of  Herculaneum,  the  princii)al  street  leads  to  its  north-west  coi  ner. 
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whence  llie  access  to  it  is  by  a fiiglit  of  ste])s  downwards,  through  an  arch  in  a brick  wall, 
still  pailially  covered  with  stucco.  It  has  been  conjectured  with  probability,  that  the  en- 
trances to  it  were  occasionally  closed,  from  the  remains  of  iron  gates  having  been  found 
at  some  of  them.  A smaller  passage  occurs  to  the  right  of  the  arch  just  mentioned,  and 
a fountain  attached  to  the  wall  between  them.  A is  supposed  to  have  been  a temple  of 
Venus;  B,  a public  granary;  C,  a temple  of  Jupiter;  D,  probably  a Senaculum,  or 
council  chamber  ; K,  a temple  to  Mercury  ; F,  a Chalcidicum  ; GG,  curia?;  li,  treasury j 
I.  triumphal  arch  ; K,  arjcostyle  portico  with  ambulatory  above. 


arches  ; their  earliest  examj)les  being  extremely  simj)le  and  plain.  A plain  arch  with  a statue 
of  the  victor  and  his  trophies  on  the  summit,  was  for  a long  period  the  only  method  ])ract!sed, 
I'he  arch  by  degrees  exjianded  in  after  times,  the  style  became  enriched,  and  the  whole  was 
at  length  loaded  with  a profusion  of  every  sort  of  ornament.  Latterly  they  were  a rect- 
.ingular  mass  (see_^^.  124.  of  the  arch  of  ('onstantine),  penetrated  by  three  arches,  a central 
and  two  smaller  side  ones.  The  upper  part  consisted  of  a very  high  attic,  freipiently 
covered  with  inscriptions  and  bas  reliefs,  statues,  triumiihal  cars  and  ornaments  of  that  kind. 
The  keystones  were  sometimes  decorated  with  Hgures  of  victory.  Of  the  triumphal  arches 
tliat  remain  there  are  three  classes:  — first,  those  consisting  of  a single  arch,  as  the  arch  of 
Traja:i  at  Ancona,  and  Titus  at  Home;  second,  those  in  which  there  are  two  arches,  as  in 
tlie  exainjile  at  \'erona  ; third,  those  with  three  arches,  whereof  the  central  was  tlie  jirin- 
cipal  one,  and  those  at  the  sides  much  smaller,  as  the  arches  of  Constantine,  Septimius 
Severus,  &c.  'Fhe  most  ancient  of  the  remaining  arches  is  that  of  Augustus  at  Ilimini. 
It  was  erected  on  the  occasion  of  his  repairing  the  Flaminian  way  from  that  town  to  Rome. 
The  erection  of  these  triumphal  arches  afforded  the  means  of  gratifving  the  extraordinary 
vanity  of  the  ]>eople  with  whom  they  originated.  Many  of  them  are  in  very  had  taste;  a 
remark  that  applies  even  to  the  Arch  of  Titus,  which  was  erected  before  the  arts  had  more 
than  begun  to  droop,  (See Jigs,  in  Book  III.)  The  orders  applied  to  them  are  unnecessary 
to  be  described  in  detail,  because  inapplicable  except  under  precisely  similar  circumstances. 

221.  Britfges.  — There  is  perhaps  no  single  point  in  the  history  of  architecture  by  which 
the  civilisation  of  a people  is  so  easily  recognised  as  by  that  of  their  bridges.  Latterly,  in 
this  country,  the  division  of  science  as  well  as  labour  has  so  changed,  that  it  seems  almost 
necessary  to  refer  to  other  works  for  knowledge  on  this  subject  ; but  as  this  is  one  in  which 
architecture  in  all  its  branches  must  be  considered,  we  shall  here,  as  in  the  other  sections 
of  this  work  relating  to  the  point  in  question,  treat  it  in  such  manner  as  to  give  the 
reader  some  notion  of  the  subject.  'Fhe  history  of  the  bridges  in  every  nation  is  connected 
with  local  causes,  which  have  great  influence  on  their  construction;  and  though  in  other 
respects  a nation  may  in  the  arts  have  attained  a high  ))ltch  of  excellence,  yet  it  is  possihlc 
tliat  in  bridge  building  their  progress  may  be  very  limited  as  respects  science.  The  matter 
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will  dc'pc'iul  entirely  on  the  nature  of  the  country.  In  our  view  of  Grecian  Archltecti.r*? 
this  subject  has  not  been  even  mentioned,  and  it  is  nearly  certain  that  Greece  boasts  uo 


Ki;;.  lyi.  PI.AN  AND  VIEW  OK  THE  AECH  OK  CONSTANTINE. 

bridge  whose  date  is  anterior  to  its  occu])ation  by  the  Homans.  But,  independent  of  its 
want  of  ac(}uaintance  with  tlie  arch,  the  circumstance  may  be  accounted  for  by  the  country 
not  being  intersected  by  any  river  of  magnitude.  Those  to  which  one  might  he  inclined 
to  attach  the  name  of  river,  are  rather  mountain  torrents  than  sheets  of  water  rolling  their 
streams  down  to  the  ocean.  A single  arch  in  most  cases  would  be  all  that  was  necessary 
to  connect  opposite  banks,  and  the  rocks  themselves  would  form  abutments  for  the  single 
arch  that  was  to  connect  them,  without  danger  of  failure. 

222.  In  Italy,  however,  a country  watered  by  many  and  considerable  rivers,  the  study  of  the 
architecture  of  bridges  was  indisiiensable,  as  well  for  the  accommodation  of  the  cities  with 
which  it  abounded,  as  for  the  service  of  the  constant  military  expeditions  of  the  restless  aiul 
craving  people  who  inhabited  its  surface.  From  its  very  earliest  foundation,  no  city  in  the 
world  would  sooner  have  been  placed  in  the  ))redicament  of  requiring  bridges  than  Home 
herself;  besides  which,  skill  was  required  in  their  construction  over  a river  like  the  Tiber, 
ra[)id  and  liable  to  be  swelled  by  sudden  floods.  The  earliest  bridges  of  the  Homans  were  of 
timber  ; such  was  that  wliich  joined  the  Janiculum  to  the  Mons  Aventinus,  called  the  Puns 
Suhlicius  from  the  sublicce,  stakes  ( Liv.  i.  c.  S3. ),  whereof  it  was  composed.  It  is  not  here  our 
intention  to  enumerate  the  ancient  bridges  of  Home ; but  the  ruins  of  those  which  have  come 
under  our  observation  exhibit  skill  and  science  not  inferior  to  the  most  extraordinary  ex- 
a\nples  which  modern  art  can  exhibit ; witness  the  Pons  Narniensis  on  the  Flaminian  way 
near  Narni,  about  sixty  miles  from  Home.  It  was  built  by  Augustus,  and  at  the  present 
ilay  there  remains,  as  though  standing  to  mock  modern  science,  an  arch  of  a s))an  of  150  ft., 
whose  intrados  is  100  ft.  above  the  level  of  the  river  below.  But  of  the  works  of  this 
kind  executed  by  the  Homans  we  know  of  none,  either  in  ancient  or  modern  times,  that  is 
comparable  with  that  erected  by  Trajan  over  the  Danube,  whose  piers  from  their  foun 
dation  were  150  ft.  in  height,  and  the  s])an  of  whose  arches  was  170  ft.,  and  to  the 
numher  of  twenty.  The  bridge  was  60  ft.  in  w'idth.  This  work,  whose  existence  is 
scarcely  credible,  putting  in  the  background  all  that  of  wdiich  in  the  present  day  it  is  onr 
habit  to  boast,  is  re])uted  to  have  been  de.stroyed  by  Hadrian,  the  succes.sor  of  its  foundei, 
under  a pretence  that  if  the  barbarians  became  masters  of  it,  it  might  serve  them  as  well 
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for  making  incursions  on  the  enii)ire,  as  for  the  empire  in  repressing  tliose  incursions.  Rut 
otlier  less  creditable  motives  have  been  attributed  to  Hadrian  fur  its  destruction,  one  of 
them  the  envy  he  had  of  the  name  of  its  founder.  ITere  are  still  partial  remains  of  an 
ancient  Roman  bridge  over  the  Tagus  near  Alcantara.  This  consisted  of  six  arches,  each 
;U)  ft.  span,  extending  altogether  800  ft.  in  length,  and  some  of  them  200  ft.  high  above 
the  river.  We  do  not,  in  closing  our  brief  view  of  the  bridges  of  the  Romans,  more  than 
mention  the  extraordinary  temporary  bridge  which  Ca'sar  threw  over  the  lihine. 

22.8.  Aqueducts.  — It  is  obvious  that  of  all  the  re(|uisites  for  a city,  the  supply  of 
wholesome  water  is  only  equalled  by  that  of  discharging  it,  which  latter  we  have  before 
s.-en  was  well  provided  for  in  the  Eternal  City.  The  aqueducts  by  which  the  Romans 
supplied  their  cities  with  tliis  necessary  element,  are  among  the  largest  and  most  mag- 
nilicent  of  their  works.  Tlieir  ruins  alone,  without  Other  testimony,  supply  the  means 
of  estimating  their  extraordinary  power,  skill,  and  Industry.  They  are  works  which  sink 
into  nothingness  all  other  remnants  of  anti(juity,  not  even  excluding  the  amphitheatres, 
which  we  shall  soon  have  to  notice,  because  they  were  for  the  comfort,  not  the  pastime,  of 
the  people.  The  earliest  a(|iieduct  was  that  of  Apj)ius  Claudius,  which  we  liave  above 
noticed  as  constructed  in  the  442d  year  of  the  city.  It  conveyed  the  A(|ua  Aj)pia  to 
Rome,  from  a distance  of  between  seven  and  eight  miles,  by  a deej)  subterraneous  channel 
upwards  of  eleven  miles  in  length.  We  shall  here  digress  for  a moment,  by  observing  that 
uj)on  the  discovery  of  good  water  at  a distance  from  the  city  at  a much  higher  level  than 
the  service  therein  indicated,  it  was  the  practice  to  supjrly  by  means  of  a channel  raised  at 
any  height  as  the  case  needed,  through  a stone-formed  trough  raised  on  the  tops  of  arches 
as  the  course  of  it  required  over  valleys,  and  otherwise  became  necessary  from  the  nature  of 
the  face  of  the  country,  such  a quantity  as  the  source  would  afl'ord.  Hence  the  arcades' 
raised  to  carry  this  simi)le  trough  of  sui)ply  were  often  of  stujjendous  height,  and  their 
length  was  no  less  surprising.  In  the  present  day,  the  power  of  steam  has  afforded  other 
means  of  supplying  a great  city  with  water;  but  we  much  (|uestion  whether  the  supply 
afforded  by  all  the  concealed  pi])es  of  this  vast  metro])olis  can  compete  in  refreshment 
and  general  utility  to  its  inhal)itants  with  those  at  the  present  day  poured  into  Rome, 
without  becoming  a burthen  to  the  respective  inhabitants,  and  this  principally  from  the 
means  which  their  j)redecessors  ])rovided. 

224.  The  aqueduct  of  Quintus  IMartius,  erected  312  years  before  Christ,  is  among  the 
most  extraordinary  of  the  Roman  aqueducts.  Commencing  at  a sj)rlng  thirty-three 
miles  distant  from  Rome,  it  made  a circuit  of  three  miles,  and  then,  after  being  conveyed 
through  a vault  or  tunnel  of  16'  ft.  in  diameter,  continued  for  thirty-eight  miles  along  a 
series  of  arcades  70  ft.  in  height.  It  was  formed  with  three  distinct  channels,  one  above  the 
otlier,  conveying  the  water  from  three  different  sources.  In  the  upper  one  was  the  Aipia 
.Julia,  in  the  next  the  Aqua  'I'eiiula,  and  in  the  lowest  the  Aqua  Martia.  The  Acpia 
Virginia  was  constructed  by  Agriiq):!,  and  in  its  course  jiassed  through  a tunnel  800  ])aces  in 
length.  The  Aijua  Claudia,  begun  by  Nero,  and  finished  by  Claudius,  of  which  Jig.  12.5. 

shows  several  arches,  conveyed  water  to 
Rome  from  a distance  of  thirty-eight 
miles  ; thirty  miles  of  this  length  was 
subterraneous,  and  seven  miles  on  arcades, 
and  it  still  affords  a siqiply  of  water  to  the 
city.  The  Anlo  was  conveyed  to  Rome 
by  two  different  channels : the  first  was  car- 
ried over  a length  of  forty-three  miles, 
and  the  latter  of  sixty-three,  whereof  six 
miles  and  a half  formed  a continued  series  of  arches,  many  of  them  ujiwards  of  100  ft.  in 
height  above  the  ground  on  which  they  stood.  At  the  beginning  of  the  reign  of  Nerva, 
there  were  nine  great  a(|neducts  at  Rome.  fhat  emperor,  under  the  sujierintendence  of 
•Julius  Frontinus,  constructed  five  others,  and  at  a later  period  there  were  as  many  as 
twenty.  According  to  I’rontinus  (de  Aqua?ductibus)  the  nine  earlier  a(|ueducts  supi)lie(i 
14,018  qulnaria  daily,  which  are  equal  to  27,743,100  cubic  ft.  ; and  it  has  been  computed 
tl'.at  when  all  the  aqueducts  were  in  delivery,  the  surprising  (juantity  of  50,000,000  of 
cubic  ft.  of  water  was  afforded  to  the  inhabitants  of  Rome,  so  that,  reckoning  the  po])ula- 
tion  atone  million,  which  it  probably  never  exceeded,  50  cubic  ft.  of  water  were  allowed  for 
the  consumption  of  each  inhabitant.  INIore  magnificent  Roman  acpieducts  are,  however,  to  be 
found  in  the  ]irovinces  than  those  that  supplied  the  city.  'I’hat  of  iWetz,  whereof  many  of 
the  arcades  remain,  is  one  of  the  most  remarkable  ; extending  across  the  iMoselle,  a river 
of  considerable  breadth  where  it  crosses  it,  it  conveyed  the  water  of  the  Corse  to  the  city 
of  Metz.  From  the  reservoir  in  which  the  water  was  received,  it  was  conducted  through 
subterranean  channels  of  hewn  stone,  so  spacious  that  in  them  a man  might  stand  upright. 
'I'he  arches  appear  to  have  been  about  fifty  in  number,  and  about  50  ft.  in  height.  I'hosy 
in  the  middle  of  the  river  have  been  swejit  away  by  the  ice,  those  at  the  extremities  re- 
maining entire.  In  a still  more  perfect  state  than  that  at  I\Iet/.  is  tlie  acjueduct  of  Segoviiu' 
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of  wliirli  one  hundred  and  fifty  of  tlie  arehes  remain,  all  formed  of  large  blocks  unconnected 
bv  cement,  in  two  ranks  of  arcades  one  above  the  other. 

' ^2‘25.  It  has  been  conjectured  that  the  causes  for  not  carrying  these  aqueducts  in  straight 
lines  were  first  to  avoid  excessive  height,  where  low  grounds  were  crossed,  and,  secondly,  to 
diminish  the  velocity  of  the  water,  so  that  it  might  not  he  delivered  to  the  city  iii  a turbid 
state.  Along  the  line  of  an  aqueduct,  according  to  Montfauyon,  at  certain  intervals,  re- 
servoirs called  Castdla  were  formed,  in  which  the  water  might  de))osit  its  silt;  these  were 
round  lowers  of  masonry  raised  of  course  as  high  as  the  aqueduct  itself,  and  sometimes  highly 
ornamented.  The  same  author  observes  that  below  the  general  bed  of  the  channel,  jiits 
were  sunk  for  the  reception  and  deposit  of  the  earthy  jiarticles  which  the  water  contained. 
Vitruvius  directs  the  channels  to  be  covered  over  to  protect  the  water  from  the  sun’s  rays, 
and  (lib.  viii.  chap.  7.)  he  moreover  directs  that  when  water-pipes  are  passed  across  a 
valley,  a venter  should  be  formed,  which  is  a subterranean  reservoir  wherein  the  water  may 
he  collected,  and  by  which  its  expansion  may  be  diminished,  so  that  the  hydrostatical 
pressure  will  not  burst  the  joints.  He  also  recommends  that  open  vertical  pipes  should 
l)e  raised  for  the  esca])e  of  the  air  which  accomi)anies  the  water,  a practice  wliich  the  mo- 
derns have  found  it  necessary  to  adopt  wherever  it  is  necessary  to  bend  pii)es  upwards,  and 
llms  permit  the  escape  of  air,  which  would  impede,  and  even  stop  altogether,  the  movement 
of  the  water  in  them.  (Some  additional  details  are  given  in  the  Gi-ossary.) 

22h.  Theatres.  — Tlie  earliest  stone  theatre  of  Rome,  as  we  have  before  stated  (18.).), 
was  that  of  Tompey  ; but  it  must  be  recollected  that  as  there  are  notices  in  history  of  this 
theatre  having  been  more  than  once  consumed  by  fire,  there  can  be  little  doubt  that  a 
portion,  i)robahly  the  seats  and  scenes,  were  of  wood.  The  second  theatre  of  stone  was 
raised  by  Julius  Ca'sar,  after  which  Augustus  reared  one  in  honour  of  Marcellus,  the  son  uf 
his  sister.  The  scanty  ruins  of  this  last  enable  one  to  do  little  more  than  trace  its  elevation, 
and  from  their  curve  to  compute  its  extent.  There  was  no  essential  difference  between  the 
form  of  the  Roman  and  Greek  Theatre,  of  which  latter  we  have  given  a diagram  in  Jicj.  106'. 
We  nevertheless  think  it  right  here  to  present  the  reader  with  one  of  the  Roman  Theatre 
fig.  12G. ),  as  nearly  as  it  can  be  made  out  from  the  description  of  Vitruvius.  (Book  v. 

Chap.  6.  “ The  form  of 

a theatre,”  according  to 
that  author,  “ is  to  be 
adj  listed  so,  that  from  the 
centre  of  the  dimension 
allotted  to  the  base  of 
the  perimeter,  a circle 
is  to  be  described,  in 
which  are  Inscribed,  at 
equal  distances  from 
each  other,  four  eipii- 
lateral  triangles  whose 
jioints  must  touch  the 
circumference  of  the  cir- 
cle.” — “ Of  the.se  tri- 
angles the  side  of  that 
which  is  nearest  the 
scene  determines  the 
face  of  it,  in  that  part 
where  it  cuts  the  cir- 
cumference of  the  circle. 

A line  drawn  parallel 
to  it  through  the  centre 
Thus  the  pulpitum  be- 
comes more  spacious  and  convenient  that  that  of  the  Greeks,  because  our  actors  remain 
chiefly  on  the  scena.  In  the  orchestra  are  assigned  seats  to  the  senators:  the  height  of  its 
pulpitum  must  not  exceed  5 ft.,  so  that  the  spectators  in  the  orche.stra  may  have  a clear  view 
of  the  motions  of  the  actors.  The  portions  between  the  staircases  (cunei)  of  the  theatre  are 
to  be  .so  divided  that  the  vertices  of  the  triangles,  that  touch  the  circumference,  may  point  to 
the  directions  of  the  a.scents  and  steps  between  the  cunei  on  the  first  pia-cinctiun  or  story. 
.-\bove  these  the  steps  are  placed  alternately  and  form  the  upper  cunei  in  the  middle  of  those 
below.  The  angles  thus  pointing  to  staircases  will  be  seven  in  number,  and  the  remaining 
five  will  indicate  certain  points  on  the  scene.  That  in  the  centre,  for  instance,  is  the  situ- 
ation for  the  royal  door,  tho.se  on  the  right  and  left  the  doors  of  the  guests,  and  those  at  the  ' 
extremities  the  points  at  which  the  road  diverges.  The  seats  {gradus)  for  the  spectators 
are  not  to  be  less  than  20  in.  in  heiglit  nor  more  than  22.  Their  wddth  is  not  to  be 
more  than  2^  ft.  nor  less  than  2 ft.”  Besides  the  theatres  named,  that  of  Cornelius 
Balhus,  built  by  him  in  honour  of  Augustus,  was  on  a scale  of  considerable  magnificence. 


will  separate  the  pulpitum  of  the  proscenium  from  the  orchestra. 
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‘_’27.  The  liir^e  tlieatre  at  Poiniieii,  as  was  frecjiiently  the  case,  was  fonnecl  upon  the  slope 
of  a hill,  the  corridor  being  the  highest  part,  whence  the  audience  descended  to  their  seats, 
and  staircases  were  saved.  The  gradus  at  this  theatre  were  about  1 ft.  .3  in.  high,  and  2 ft. 

4 in.  wide,  and  from  a part  which  is  divided  and  numbered  off,  1 ft.  .3^^  in.  appear  to  have 
been  allotted  to  each  sjiectator.  There  still  remain  some  of  the  iron  rings,  for  the  reception 
of  the  masts  from  which  the  velan'nm.  or  awning  was  suspended. 

228.  Amphithedtrea.  — The  amphitheatre  was  unknown  to  the  Greeks.  At  an  early  period, 
lu>wever,  in  Rome,  human  beings  were  com))elled  to  fight  for  the  amusement  of  spectators. 
'I'he  taste  for  such  spectacles  increased  with  its  indulgence;  bat  it  was  nevertheless  not 

until  the  time  of  the  em- 
perors, that  buildings  were 
erected  solely  for  exhibi- 
tion of  gladiatorial  shows. 
The  principal  amphithe- 
atres, of  which  remains 
still  exist,  are  one  at  Alha, 
a small  city  of  I.atiinn ; 
another  near  the  'fiber  at 
Otricoli ; one  of  brick 
near  the  banks  of  the  Ga- 
rlgliano;  one  at  Puzziioli, 
wherein  parts  of  the  ar- 
cades and  caves  for  wild 
beasts  still  remain;  one  at  Capua;  another  at  Verona;  a very  fine  one  at  Pola  in  Istria 
( /7<7.  127.).  In  France,  Arles,  Saintes,  Autun,  Nlsmes,  and  Nice  possessed  amphitheatres. 
In  short,  wherever  the  Romans  went,  they  erected  those  extraordinary  monuments  of  their 
power  and  skill.  Rut  all  that  we  have  enumerated  were  far  surpassed  by  the  Coliseum, 
which  has  been  already  briefly  mentioned  by  us  at  page  79.  The  form  of  this  building  on 
the  ])lan  is  an  ellipse,  whose  transverse  exterior  axis  is  61.5  ft.  and  its  conjugate  .510  ft., 
covering  therefore  nearly  six  English  acres  of  ground.  'Fhe  whole  mass  is  placed  on  an 
ascent  of  six  stages,  which  encircle  its  whole  circumference.  In  the  centre  is  the  arena,  a 
name  which  it  received  from  being  strewed  with  sand,  the  transverse  and  conjugate  axes 
whereof  are  281  and  176  ft.  respectively.  Round  the  arena  was  a wall  on  which  was  the 
podium  or  fence  ; and  immediately  behind  this  wall  all  round  was  a row  of  cells  in  which 
the  beasts  were  placed  preparatory  to  their  entrance  into  the  arena.  In  the  rear  of  the 
cells  was  a corridor  from  which  vaults  radiated  in  directions  perpendicular  or  nearly  so 
to  the  curve  of  the  ellipse,  and  serving  to  support  the  first  mveniamun  or  interior  range 
of  seats.  In  some  of  these  vaults  were  steps  leading  to  the  podium  ; others  were  merely 
passages  between  the  first  corridor  and  the  next  towards  the  interior.  'Fhe  second  corridor 
was  lighted  by  apertures  cut  through  its  vault  to  the  proecinctio  which  separated  the  first 
and  second  horizontal  division  of  the  seats.  In  rear  of  the  second  corridor,  vaults  again 
radiated,  in  some  whereof  were  steps  leading  to  the  second  division  of  the  seats,  and  in  others 
were  galleries  which  led  from  the  corridor  to  the  double  arcade,  surrounding  the  whole 
edifice.  'Fhe  description  will  be  better  comprehended  by  reference  X.o  Jigs.  128.  and  129., 
in  the  latter  whereof  a portion  of  the  exterior  side  is  removed,  to  exhibit  the  section. 

229.  About  the  whole  exterior  of  the  building,  there  are  three  orders  of  columns  rising 
above  each  other,  and  one  of  pilasters  crowning  the  whole.  The  columns  are  of  ecpial 
diameter,  and  are  filled  in  between  with  eighty  arcades  in  each  story.  'Fhe  arches  of  these 
arcades  have  all  archivolt  mouldings  round  tliem.  Four  of  the  arcades  in  the  lower  tier 
were  reserved  for  the  admission  of  distinguished  personages,  the  remainder  for  the  populace ; 
these  last  were  called  vomitoria,  serving  both  for  ingress  and  egress  to  and  from  the  places 
of  the  spectators,  by  means  of  steps  under  the  vaults  that  5 up])orted  the  seats.  'Fhe  piers 
which  support  the  arches  are  7 ft.  4.  in.  wide  ; on  each  is  a half  column  projecting  from 
the  general  face  of  the  wall.  'Fhe  opening  between  the  piers  is  17  ft.  in.  lmj)ost 
mouldings  are  placed  at  the  s))ringingof  thearche.s,  and  encircle  the  building  except  where 
interrujjted  by  the  columns  and  openings.  The  lower  order  resembles  the  Doric, 
except  that  the  frieze  is  without  triglyphs  and  the  cornice  without  mutules.  Desgodetz 
makes  the  height  of  the  columns  27*6.3  ft.,  and  their  lower  diameter  2 91  ft.  'Fheir 
diminution  i,s  very  small.  'Fhe  height  of  the  entablature  is  6*64  ft.,  and  the  height, 
therefore,  of  the  whole  order  above  the  pavement  is  34*27  ft.  'Fhe  second  order  is 
Ionic,  and  stands  on  a dado  6 ft.  high,  broken  under  the  columns  to  receive  their 
projection  from  the  wall.  'Fhe  columns  are  2.5*73  ft.  high.  'Fhe  volutes  of  the  capitals 
are  without  ornament ; the  eye  being  merely  marked  by  a circle.  'J'he  entablature  is 
6*64  ft.  high,  and  its  subdivisions  are  like  that  in  the  order  below.  'Fhere  are  neither 
modillions  nor  dentils  in  the  cornice.  'Fhe  height  of  the  whole  order  is  .38*37  ft.  'Fhe 
third  order  is  Corinthian,  standing  on  a dado  6*39  ft.  high.  'Fhe  columns  are  2.5*58  ft.  high, 
tile  entablature  6*59  ft.,  and  the  height  of  the  entire  order,  including  the  dado,  is  38*57  ft. 
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The  upper  story  is  decorated  with  a series  of  Corintliian  pilasters  on  siihplinths  2 '79  ft- 
high,  placed  on  a dado  of  the  height  of  7 ft.  The  height  of  the  pilasters,  wliicii  oit  Uol 


diminished,  is  28  ft.,  and  the  height  of  their  entablature  is  7 '.87  ft.  The  frieze  and  archi- 
trave are  broken  vertically  in  each  interjjila.ster  over  three  corbels,  on  which  it  is  supposed. 


running  through  the  back  part  of  the  cornice,  poles  were  placed  for  holding  the  velarium, 
which  was  occasionally  stretched  over  the  building  to  protect  the  spectators  from  the  sun 
or  rain.  The  whole  height  of  the  fa9ade  above  the  steps  was  162  ft.  The  columns  project 
rather  more  from  the  walls  than  their  semidiameter ; and  the  faces  of  the  walls  are  not  in 
the  same  vertical  plane,  but  recede  from  it  towards  the  interior  of  the  building.  The  widths 
of  the  piers  vary  in  the  different  stories,  being  respectively  from  the  lower  part  upwards  as 
8'71,  8 '38,  and  7 '28  ft.  Between  the  pilasters,  in  the  fourth  order,  are  square  windows. 
'J'he  velarium  was  attached  to  the  poles  round  the  circumference  with  a fall  towards  the 
interior,  so  that  the  rain  was  delivered  into  the  arena.  The  following  has  been  suppo.sed 
as  a method  of  spreading  the  velarium,  of  which  Fontana  gives  a representation,  but  no  de- 
scription. To  a cable  placed  round  and  made  fast  on  the  edge  of  the  podium,  and  follow- 
ing its  curve,  strong  ropes  were  attached  in  the  direction  (on  the  plan)  of  the  radiating  walls. 
These  ropes  passed  through  pullies  in  the  poiles,  240  in  number,  at  the  top  of  the  building, 
which  rested  on  the  corbels  above  mentioned,  and  thus  raised  the  velarium  to  the  required 
height.  It  would  follow  the  inclination  of  tlie  seats,  and  the  cloth,  of  whatever  fabric  or 
materials  it  might  be,  being  formed  in  gores  equal  on  the  outer  edges  to  the  distance  of  the 
masts  from  each  other,  might  move  on  the  radiating  ropes  by  rings  attached  to  the  edges  of 
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each  rjforc.  so  as  to  be  moved  backwards  and  forwards  by  j)ersons  stationed  on  tbe  parapet, 
bb-irine  soldiers  were  employed  for  this  ])ur))ose.  'I'be  velarium  was  sometimes  of  silk,  but 
more  usually  yellow  or  brown  woollen  clotb.  Nero  once  bad  a ])iirple  velarium  stretched 
across  tbe  building,  representing  the  heavens  with  stars  of  gold  on  it,  and  a design  em- 
broidered thereon  of  tbe  Chariot  of  tbe  Sun. 

‘230.  It  has  been  conjectured  by  some  Roman  antiquaries  that  tbe  arena  was  boarded; 
and,  from  tbe  clianges  that  could  be  made  on  it  in  a very  short  period,  tbe  conjecture  it 
highly  ]irobable.  Domitian  covered  it  with  water  for  the  purpose  of  exhibiting  marine 
shows  and  naval  figlits.  Sometimes  it  was  changed  into  the  repre.sentatlon  of  a forest  with 
wild  beasts  roaming  about.  The.se  alterations  were  effected  by  means  of  machines  called 
jmpnata.  In  particular  parts  of  the  building,  pipes  were  provided  for  the  di.stribution  of 
perfumes,  which  it  was  a common  practice  to  sprinkle  in  showers  ; but,  on  i)articularly 
great  occasions,  tlie  perfumes  were  allowed  to  flow  down  the  steps  or  gradus  of  the  amphi- 
theatre. 


2.9  1.  Tbe  conjecture  relative  to  the  boarded  floor  of  the  arena  has  been  corroborated  by 
tbe  discoveries  made  while  the  French  bad  possession  of  Rcnne.  'I'hey  excavated  tbe  arena, 
and  found  vaults  and  passages  under  its  whole  area.  It  is  much  to  be  regretted  that  these 
iiKjulries  were  not  carried  on,  owing  to  an  accumulation  of  waters,  for  which  no  drainage  . 
having  been  provided,  they  became  unwholesome  from  .stagnancy,  and  it  therefore  was 
necessary  once  more  to  close  it  again  by  obvious  means.  Great  care  was  bestowed  on  the 
drainage  of  tills  edifice,  which  was  encircled  by  a large  sewer  for  tbe  reception  of  tlie 
water  of  tbe  interior  drains,  that  were  all  conducted  into  it.  Another  drain,  SO  inches 
wide,  was  carried  round  under  tbe  second  corridor,  into  which  are  conveyed  tiie  water 
from  the  perpendicular  conduits  and  that  from  tbe  third  corridor,  whose  drain  is  S ft.  in 
(ie])tb  and  17  inches  in  width.  The  sides  of  these  drains  are  lined  with  tiles.  Another 
drain  runs  on  tbe  outer  side  of  the  third  corridor,  and  is  of  the  same  size  as  the  last  named. 
Other  drains  communicate  with  these  towards  the  arena  !.■<  various  directions. 

2.S2.  Paoli  thinks  that  amphitheatres  were  first  used  by  the  Etruscans,  and  by  them 
introduced  into  Rome  ; that  tbe  people  in  question  first  exhibited  their  games  in  narrow 
valleys,  and  that  the  spectators  were  ranged  around  on  the  sides  of  tbe  hills;  that  when  these 
sports  were  exliiblted  in  cities,  an  arena  was  dug  into  tbe  level  ground,  and  tbe  earth  thrown 
out  was  formed  into  seats  ; and  that  when  tbe  community  became  rich  enough,  or  tbe  games 
came  to  be  held  in  greater  esteem,  tbe  amphitheatre  was  enclosed  with  a wall,  and  tbe  seats 
formed  of  wood  or  stone.  It  certainly  ap}iears  to  us  that'  Faoli’s  conjecture  is  reasonable, 
and  that  Etruscan  buildings  or  formations  were  the  original  type. 

2.9b.  Theampbitheatre  at  Nismes  was  capableof  containing  17,000  per.sons  : it  was “1.9.9  ft. 
long  and  393  ft.  broad;  it  is  two  stories  in  height  with  an  attic,  and  is  the  most  perfect 
specimen  in  existence  after  that  at  Verona,  upon  whose  age  antiquaries  are  divided  in 
opinion,  some  maintainhig  that  it  was  built  in  the  time  of  Augustus  and  others  as  late  as 
the  time  of  Maximian  ; it  is  508  ft  long  and  409  ft  broad  ; and  in  far  better  preservation 
than  the  Colosseuin.  Its  exterior  wall  has  three  stories  of  Tuscan  pilasters  on  tbe 
face  of  the  wall  ; between  these  pilasters  are  arcades  of  semicircular-headed  apertures. 
Mafl'ei  says  this  edifice  would  seat  22,000  .spectators  But  in  this  there  must  be  some 
mistake. 


294.  Baths.  — Publius  Victor  says  that  tbe  city  of  Rome  contained  public  and  private 
baths  to  the  amazing  number  of  8.50.  Some  of  these  we  know,  from  their  ruiivs,  were 
buildings  of  great  extent  and  magnificence.  They  were  all  constructed,  we  mean  the  public 
ones,  on  plans  very  similar;  and,  in  order  to  a description  of  them,  we  give  in  fg.  1.90.  a 
restored  ])lan  of  the  baths  of  Caracalla,  at  Rome.  Those  of  Titus  and  Dioclesian  may 
also  be  traced  ; the  chief  others  being  those  of  Agrippa,  Nero,  and  Domitian.  The  baths 
of  Antoninus  Caracalla  are  thus  described  by  Eustace  (vol.  i.  p.  226. ) : “ Repassing  tbe 

Aventine  Hill,  we  came  to  the  baths  of  Antoninus  Caracalla,  that  occupy  part  of  its  de- 
clivity, and  a considerable  portion  of  the  plain  between  it,  Mons  Cadlolus  and  Mons 
Coilius.  No  monument  of  ancient  architecture  is  calculated  to  inspire  such  an  exalted 
idea  of  Roman  magnificence  as  the  ruins  of  their  tbermie,  or  baths.  JVIany  remain  in  a 
greater  or  less  degree  of  preservation ; such  as  those  of  Titus,  Dioclesian,  and  Caracalla. 

'I'o  give  the  untravelled  reader  some  notion  of  these  prodigious  piles,  I will  confine  my 
observations  to  the  latter,  as  the  greatest  in  extent  and  as  tbe  best  preserved ; for,  though 
it  be  entirely  stripped  of  its  ]nllar.s,  statues,  and  ornaments,  both  internal  and  external,  yet^i 
its  walls  still  stand,  and  its  constituent  parts  and  principal  apartments  are  evidently  dlstin-'^' 
guishable.  The  length  of  the  thermaj  was  1840  ft.,  its  breadth  1476.  At  each  end  were 
two  temples;  one  to  Apollo,  and  another  to  Esculapius,  as  the  tutelary  deities  {genii  tute- 
titres)  of  a place  .sacred  to  the  improvement  of  the  mind  and  the  care  of  the  body.  The 
two  other  temples  were  dedicated  to  the  two  protecting  divinities  of  the  Antonine  family, 
Hercules  and  Bacchus.  In  the  principal  building  were,  in  the  first  place,  a grand  circular 
vestibule,  with  four  halls  on  each  side,  for  cold,  tepid,  warm,  and  steam  baths  : in  the 
centre  was  an  Immense  scjuare  for  exercise,  when  the  weather  was  unfavourable  to  it  in  the 
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open  air  ; beyond  it  a great  hall,  where  1600  marble  seats  were  placed  for  the  convenience 
of  the  bathers  : at  each  end  of  this  hall  were  libraries.  This  building  terminated  on  both 
sides  in  a court  surrounded  with  porticoes,  with  a spacious  odeum  for  music,  and  in  the 
middle  a spacious  basin  for  swimming.  Round  this  edifice  were  walks  shaded  by  rows  of 
trees,  particularly  the  plane  ; and  in  its  front  extended  a gymnasium  for  running,  wrestling, 
&c.  in  fine  weather.  The  whole  was  hounded  by  a vast  portico,  opening  into  exedr®,  or 
spacious  halls,  where  the  poets  declaimed  and  philosophers  gave  lectures  to  their  auditors. 
This  immense  fabric  was  adorned  within  and  without  with  pillars,  stucco  work,  paintings, 
and  statues.  The  stucco  and  paintings,  though  faintly  indeed,  are  yet  in  many  places  per- 
ceptible. Pillars  have  been  dug  up,  and  some  still  remain  amidst  the  ruins ; while  the 
Farnesian  hull  and  the  famous  Hercules,  found  in  one  of  these  halls,  announce  the  multi- 
plicity and  beauty  of  the  statues  which  adorned  the  thermal  of  Caracalla.  The  flues  and 
reservoirs  of  water  still  remain.  The  height  of  the  ))ile  was  proportioned  to  its  extent,  and 
still  appears  very  considerable,  even  though  the  ground  he  raised  at  least  12  ft.  above,  its 
ancient  level.  It  is  now  changed  into  gardens  and  vineyards;  its  high  massive  walls  form 
separations,  and  its  limy  ruins,  spread  over  the  surface,  burn  the  soil  and  check  its  natural 
fertility.” 

2.35.  Returning  to  the  plan  of  the  baths  in  question,  we  have  now  to  explain  that  the 
circular  apartment,  lettered  A,  was  called  the  solar  cell.  It  was  111  ft.  in  diameter,  and 

I contained  the  different  lahra  of  the  baths.  This  solar  cell,  Spartianus  says,  could  not  he 
equalled  by  the  best  architects  of  that  age.  The  dome  was  lined  with  brass,  of  which  ma- 
terial also  were  the  lattices  to  the  windows.  B,  the  apodijterium,  or  undressing  room. 
C,  a xtjUus,  or  apartment  for  exercise  in  unfavourable  weather.  D contained  the  piscina, 
or  large  reservoir  for  swimming.  E,  vestibule  for  spectators  and  the  dresses  of  the  bathers. 
F,  entrance  vestibule  of  the  thermse,  having  libraries  on  each  side.  G G,  rooms  wherein 
the  athletse  prepared  for  their  exercises.  H,  a court,  having  a piscina  for  bathing  in  the 
centre.  I,  ephebenm,  place  of  exercise  for  the  youth.  K K,  the  elctatherium,  or  apartment  for 
anointing  the  bathers  with  oil.  L L,  vestibules.  M,  lacnnicum,  an  apartment  so  called,  as 
it  is  said,  from  the  name  of  the  stove  by  which  it  was  heated,  and  from  the  custom  of  the 
sudatio,  or  sweating,  having  originated  in  Laconia.  N,  ctddarium,  or  hot  water  hath,  which 
was  most  frequented.  O,  iepidarium,  or  tepid  water  hath.  V,  fripidm-ium,  or  cold  water 
hath.  Q,  exedrce  for  seats  for  the  use  of  the  philosoj)hers  and  their  scholars.  W,  rooms  for 
conversation.  R R,  exedroe,  or  large  recesses  for  the  use  of  the  philosophers.  Y,  conisterium, 
or  place  where,  after  anointing,  the  wrestlers  were  sprinkled  with  dust. 

2.36.  We  have  just  given  the  common  explanation  to  the  word  laconicum  ; but  it  is  right 
the  reader  should  know  that  its  true  meaning  is  in  some  doubt.  Galiani  considers  it  a great 
chamber  wherein  the  people  underwent  sweating.  To  this  Cameron  adds,  “ I for  myself 
hold  it  certain  that  the  apartment  for  this  purpose  has  been  by  some  authors  improperly 
termed  ; the  laconicum  is  nothing  more  than  a little  cupola  which  covered  an  aperture  in 
the  pavement  of  the  hot  bath,  through  which  the  vivid  flame  of  the  hypocaustum,  or 
furnace,  passed  and  heated  the  apartment  at  pleasure.  Without  this  means,”  continues  that 
author,  “ the  hot  hath  would  not  have  had  a greater  heat  than  the  other  chambers,  the 
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temperature  of  wlilcli  was  milder,  1 have  been  Induced  to  form  this  0])inlon,  not  onl^- 
from  the  ancient  jtaintings  found  in  the  baths  of  'Htus,  but  also  by  tbe  authority  of  Vitru- 
vius, who  says  that  the  hot  bath  {env  earner  at  a sudatio)  had  within  it,  in  one  of  the  corners,' 
or  rather  ends,  the  laconicum.  Now,  if  the  laconicum  was  in  tlie  corner  of  the  hot  bath, 
it  is  clear  that  it  is  not  the  bath  itself,  but  merely  a part  of  it  ; and  if,  as  others  have  thought, 
it  was  the  hot  bath  itself,  to  what  j)ur})ose  served  the  concamerata  sudatio?” 

237.  The  baths  and  thermae  of  the  Romans,  like  the  gymnasia  of  the  Greeks,  were  liighly 
ornamented  with  bassl  relievi,  statues,  and  paintings.  The  basins  were  of  marble,  and  the 
beautiful  mosaic  pavements  were  only  equalled  by  the  decorations  of  the  vaults  and 
cupolas.  Nothing  more  strongly  proves  the  magnificence  and  luxury  of  the  ancient 
Romans  than  the  ruins  of  the  baths  still  to  be  seen  in  Rome.  Agrippa  decorated  his  baths 
with  encaustic  paintings,  and  covered  the  walls  of  the  caldarium  with  slabs  of  marble,  in 
which  small  paintings  were  inserted.  All  these  luxuries  were  introduced  under  the  em- 
perors ; and  the  mere  act  of  bathing,  as  described  by  Seneca  in  the  instance  of  Scipio 
Africanus,  appears  to  have  been  almost  lost  in  the  effeminacy  of  the  later  practice.  The 
sjdendour  of  the  places  may  be  judged  of  by  calling  to  the  remembrance  of  the  reader 
tliat  the  celebrated  statue  of  the  Laocoon  was  one  of  the  decorations  of  the  baths  of  Titus, 
and  that  of  the  Farnese  Hercules  of  the  baths  of  Caracalla. 

238.  We  have,  in  the  section  on  Aqueducts  (224.),  stated  the  extraordinary  quantity  of 
water  with  which  the  city  was  supplied  by  them,  and  there  can  be  no  doubt  that  the  baths 
caused  a very  great  consum])tlon  of  that  necessary  article  of  life.  After  the  removal  of  the 
empire  to  Constantinople,  we  hear  of  no  thermm  being  erected ; and  it  is  probable  that  at 
that  period  many  of  those  in  the  city  fell  into  decay.  The  aqueducts  by  which  they  were 
supplied  were,  moreover,  injured  by  the  incursions  of  invaders,  another  cause  of  the  destruc- 
tion of  the  baths.  Remains  of  Roman  baths  have  been  discovered  in  this  country,  for 
descriptions  whereof  the  reader  is  referred  to  the  Archa:oIngia. 

239.  We  shall  conclude  our  observations  on  the  Roman  baths  by  the  mention  of  some 
curious  paintings  in  the  baths  of  Titus,  very  similar  in  their  features  to  those  found  in 
places  on  the  walls  of  Pompeii ; we  allude  to  representations  of  slender  twisted  columns, 
broken  entablatures,  and  curvilinear  pediments,  columns  standing  on  corbels  attached  to 
the  walls,  a profusion  of  sculpture,  with  fantastic  animal  figures  and  foliage,  and  many 
other  estravaganzas,  which  found  imitators  after  the  restoration  of  the  arts,  and,  in  some 
cases,  with  great  success. 

240.  Circi.  — The  circus  of  the  Greeks  was  nothing  more  than  a plain,  or  race  course; 
from  its  length  called  'S.ra^iov  (stadium);  as  also  Kfp/foy,  from  its  oval  figure.  With  the 
Romans  it  became  a regular  building  of  great  dimensions  and  magnificence.  The  Cirai/t 
Maximus,  constructed  originally  in  a rude  manner  by  Romulus,  and  afterwards  rebuilt  by 
the  elder  Tarejuin,  is,  in  its  external  dimensions,  computed  to  have  been  2000  ft.  long  and 
550  ft.  broad,  consisting  of  two  parallel  walls  in  the  direction  of  its  length,  united  at  one 
extremity  by  a set  of  apartments,  called  carceres,  arranged  in  the  form  of  the  segment  of  a 
circle  of  about  430  ft.  radius;  and,  at  the  opposite  short  end,  by  a semicircular  enclosure. 
The  carceres  contained  the  chariots  ready  for  starting.  The  arena,  or  space  thus  enclosed, 
contained  a long  low  wall  called  the  spina,  1300  ft.  in  length,  running  along  its  longitudinal 
axis,  and  commencing  at  the  centre  of  the  semicircular  end,  having  a 7neta,  or  goal,  at 
each  of  its  extremities.  Like  those  of  the  theatre  and  amphitheatre,  the  seats  of  the  spec- 
tators were  placed  round  the  arena  with  a podium  in  front;  between  which  and  the  spina 
tiie  races  of  the  chariots  were  exhibited.  The  circus  of  Nero  was  nearly  of  the  same  form, 
but  neither  so  long  nor  so  broad,  being  only  1400  ft.  in  length  and  260  in  breadth,  and 
its  spina  but  800  ft. 

24  1.  The  remains  of  the  circus  of  Caracalla,  of  which  Rianconi  has  given  a very  good 
account,  are  still  sufficiently  abundant  to  trace  the  ))lan  (Jig.  131.).  It  was  nearly  of  the 
same  dimensions  as  that  of  Nero.  There  are  in  this  building  some  curious  examples  of 
lightening  the  spandrels  of  the  arches  over  which  the  seats  were  constructed,  by  filling  them 
in  with  light  vessels  of  pottery ; a practice  which  has  been  partially  adopted  in  some 
modern  buildings,  and  is  still  usefully  practised  on  the  Continent.  Generally  speaking, 
the  circus  was  a parallelogram,  whose  external  length  was  from  four  to  five  times  its  hreadth. 

It  was  surrounded  by  seats  ranged  above  each  other  and  bounded  by  an  exterior  wall, 
probably  jiierced  with  arcades.  The  ,s])ina  was  about  two  thirds  the  length  of  the  building, 
an;l  was  ornamented  with  statues,  obelisks,  and  other  ornaments,  terminated  at  each  end  by 
the  meta,  which  consisted  of  three  obelisks  or  columns.  The  carceres  were  closed  bv  gates 
in  front  and  rear,  which  were  not  opened  till  the  signal  was  given  for  starting.  In  the 
circus  of  Caracalla,  it  will  be  seen  that  these  carceres  were  placed  obliquely  to  the  long 
sides  of  the  edifice,  so  as  to  equalise  the  length  of  their  course  from  the  starting  ))olnt  to  i 
tbe  goal.  So  that  it  would  seem  there  was  as  much  nicety  in  a chariot  rate  of  old  as 
in  a modern  horse  race. 

242.  Private  Hanses. — I'hc  domestic  architecture  of  the  Romans  possesses  great  interest; 
the  general  instructions  spread  over  the  sixth  bt'ok  of  Vitruvius  upon  their  parts  and  pro- 
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portions  have  received  much  illustration  from  the 
discoveries  at  Romjjeii  ; and  it  is  j)leasant  to  find 
that,  following  his  merely  verbal  directions,  a build- 
ing  might  be  i)lanned  which  would  correspond 
as  nearly  with  what  we  now  know  was  the  case, 
as  two  houses,  even  in  a modern  city,  may  be  ex- 
pected to  resemble  one  another.  In  the  following 
observations  we  have  used  most  abundantly  the  ele- 
gant little  work  of  Mazois  (Le  Palais  de  Scaurus, 
‘Jd  ed.  8vo.  Raris,  1822),  and  feel  a pleasure  in  thus 
acknowledging  our  obligations  to  that  author  ; but, 
before  more  immediately  using  his  observations  on 
the  later  habitations  of  the  Romans,  we  shall  pre- 
mise that  until  after  the  war  of  Pyrrhus,  towards  the 
year  280  b.c.,  the  use  of  tiles  as  a covering  for  them 
apjrears  to  have  been  unknown.  Till  then  thatch  or 
shingles  formed  the  covering  of  the  houses.  They 
consisted  of  a single  story;  for,  according  to  Pliny 
(lib.  xxxiv.  c.  15.)  and  Vitruvius  (lib.  ii.  c.  8.),  a law 
was  in  force  forbidding  walls  of  a greater  thickness 
than  one  foot  and  a half ; whence  it  is  clear  thev 
could  not  have  been  safely  raised  higher  than  a 
single  story  with  the  unbaked  bricks  then  in  use. 
Rut  thespace  within  which  the  city  wasconfined,  with 
an  increasing  population,  rendered  it  necessary  to  pro- 
vide in  height  that  which  could  not  be  obtained  in  area; 
so  that,  in  the  time  of  Augustus,  the  height  of  a house 
was  limited  to  70  ft.  {Auiel.  Viet;  and  Strabo,  lib.  v,  ) 

2-^S.  The  extraordinary  fortunes  that  were  realised 
in  Rome  towards  the  last  years  of  the  republic,  when 
the  refinements  of  the  arts  of  Greece  were  introduced 
into  the  city,  soon  led  its  more  favoured  citizens  to 
indulge  iu  architectural  splendour.  Lucius  Cassius 
had  decorated  his  dwelling  with  columns  of  foreign 
marhle ; but  all  other  private  edifices  were  thrown 
into  shade  by  that  of  Scaurus,  in  which  were  em- 
ployed hlack  marble  columns  of  the  height  of  .88  ft. 
Mamurra  lined  his  apartments  with  marble;  and, 
indeed,  such  was  the  prodigality,  for  it  deserves  that 
term,  of  tlie  Romans,  that  Pliny  (lib.  xvii.  c.  50.) 
tells  us  of  Domitius  Ahenobarbus  having  offered  a 
sum  eipiivalent  to  48,500/.  sterling  (sexagies  sester- 
tium)  for  the  house  of  Crassus,  which  was  refuseii. 
Their  villas  were  equally  magnificent.  Cicero  had 
two  of  great  splendour — his  Pormian  and  Tusciilan 
villas;  but  these  were  exceeded  in  beauty  by  those  of 
Lucullus  and  Pollio,  the  latter  near  Posilippo,  where 
some  remains  of  it  are  still  to  he  seen.  Though 
Augustus  attempted  to  stop  this  extraordinary  rage 
for  magnificence,  he  was  unsuccessful ; and  the  ex- 
amples which  were  afforded  by  later  emperors  were 
unlikely  to  restrain  the  practice  where  the  means  ex- 
isted. In  tlie  Domus  Aurea  of  Nero,  domestic  archi- 
tecture ajipears,  from  all  accounts,  to  have  reached 
t'ne  utmost  degree  of  splendour  and  magnificence. 

244.  In  the  better  class  of  Roman  dwellings,  cer- 
tain apartments  were  considered  indispensable  ; and 
tl-.ese,  in  different  degrees  of  size  and  decoration, 
were  always  found.  There  were  others  which  were 
or  were  not  so  found,  according  to  the  wealth  and 
fancy  of  the  proprietor.  Thus,  every  private  house 
of  any  pretension  was  so  planned  that  one  portion 
was  assigned  to  the  reception  of  strangers,  or  rather 
for  puhlic  resort,  and  the  other  for  the  private  use 
of  the  family.  The  public  part  was  destined  for  the 
reception  of  dependants  or  clients,  who  resorted  to 
the  house  of  their  patron  for  advice  and  assistance. 
H 2 
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'J'he  mnnber  of  these  clients  was  honourable  and  useful  to  the  patron,  as  they  might,  in 
civil  matters,  he  depended  on  for  their  votes.  Hence  lawyers  especially  had  their  houses 
thronged  with  them  ; and  it  is  amusing  in  the  ]>resent  day  to  see  the  term  of  client  still 
kept  up  among  our  barristers  ; for  although  his  state  of  dependence  has  lost  nothing  ot 
its  extent,  the  eminence  of  the  patron  is  now  measured  by  the  (juantity  and  amount  of  fees 
his  clients  enable  him  to  consume.  Vitruvius  describes  the  public  portion  as  consisting  of 
the  jjorticus,  vestilmhan,  cavoidluni  or  atrium,  tahlim/m,  alee,  fauces,  and  some  few  others, 
which  were  not  added  excej)t  at  the  especial  desire  of  the  party  for  whom  the  building  was 
to  be  erected. 

24.5.  The  parts  which  were  sacred  to  the 
use  of  the  family  were  the  peristyle,  the  cn- 
hicula  (sleeping  apartments),  the  tricHvlum, 
the  ceci,  the  phiacotheccB,  or  picture  gallei  ii-s, 
the  hihliotheca,  or  library,  baths,  e.re<lr,r, 
xysfi,  and  others. 

24 f).  In  the  more  extended  mansions  of 
the  Romans  was  an  area,  surrounded  on  two 
sides  by  ])orticoes  and  sho))s,  and  ornamente  i 
with  statues,  troj)hies,  and  the  like,  and  on 
the  third  (the  fourth  being  open)  was  the 
decorated  entrance  or  portico  of  the  house. 
Rut  in  smaller  dwellings  this  entrance  or 
portico  was  in  a line  with  tire  front  of  the 
houses  in  the  street ; the  vestibule  or  jmo- 
thyruni  (Jiy.  1.32.)  being  in  the  Roman  houses 
merely  a passage  room,  which  led  from  the 
street  to  the  entrance  of  the  atrium.  In 
this  vestibule,  or  rather  by  its  side,  the  os. 
tiarius  or  jrorter  was  stationed,  as  in  French 
houses  we  find  a concierge.  AVben  there 
were  two  courts,  we  are  inclined  to  think 
that  the  one  nearest  the  street  was  called 
the  atrium,  and  the  farthest  from  it  the  ro- 
iHedimn  ; but  in  many  cases  we  also  think 
that  the  atrium  served  equally  as  a caw.cdimn 
according  to  the  owner’s  rank.  'I'he  explan- 
ation of  Varro  will  certainly  answer  for  one 
as  well  as  the  other.  It  may  be  that  the 
cavjcdium  was  a second  atrium  of  larger 
size. 

247.  Of  the  atrium  ^’itruvius  describes  five  sorts:  1.  The  Tw.xcan,  wherein  the  pro- 

tecting roof  was  a sort  of  jrent-house  on  the  four  sides,  su])ported  by  beams  framed  at 
right  angles  into  each  other  ; the  space  in  the  centre  forming  the  compluvium,  and  the 
basin  or  area  in  the  centre  the  impluvium.  2.  The  tefrasfyle  atrium  (one  with  four 
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columns),  wliich  was  similar  to  tlie  Tuscan,  cxco])t  that  the  angles  of  the  beams  of  the  roof 
or  pent-house  rested  on  four  columns.  3.  The  Corinthian  atrium  {Jig.  133.),  which  dif- 
fered only  from  the  last  in  its  size,  and  the  number  of  its  columns.  4.  The  utriumdis- 
p/iivuituin  in  which  the  slope  of  the  roofs  was  towards  the  body  of  the  building.  5.  'I'he 
atrium  lestudinatum,  which  was  covered  with  a ceiling,  and  with  nothing  more  than  an 
ajierture  therein  to  afford  light.  'I'he  compluvium  was  sometimes  {Plin.  xix.  c.  i.) 
provided  with  a sort  of  awning  The  roof  of  the  four  sides  of  the  atrium  was  covered 
with  ornamental  tiles,  the  eaves’  faces  whereof  were  terminated  between  their  sloping  junc- 
tions with  carved  factes  called  aideJixcK,  similar  to  those  in  the  roofs  of  the  Grecian  tem- 
ples. The  atrium  was,  moreover,  freciuently  embellished  with  fountains.  It  was  in  the 
atrium  that  the  splendid  columns  which  we  have  mentioned,  as  decorating  the  house  of 
Scaurus,  were  placed.  The  walls  were  either  lined  with  marble  or  painted  with  various 
devices,  and  the  j)avement  was  decorated  with  mosaic  work  or  with  precious  marbles. 

248.  'I’he  taldiuum,  which  usually  opened  towards  the  atrium,  seems  to  have  been  a sort  of 
levee  room,  wherein  the  master  of  tlie  mansion  received  his  visitors  or  clients,  lists  of  whom 
were  therein  recorded,  and  where  the  maestro  di  camera  announced  their  names.  Some 
have  thouglit,  and  we  do  not  say  they  are  wrong,  that  this  apartment  contained  (which  it 
might  also  do  without  affecting  the  truth  of  the  first  supposition)  the  family  archives, 
statues,  pictures,  pedigree,  and  other  appurtenances  incident  to  a long  line  of  ancestors. 

249.  'I’he  apartments  on  the  sides  right  and  left  of  the  tablinum  were  called,  as  their 
name  signifies,  «/ce.  'I’hese  were  also  furnished  with  portraits,  statues,  and  other  pieces  re- 
lative to  the  family,  not  omitting  inscriptions  commemorative  of  actions  worthy  their  name. 

2.50.  'I’wo  corridors,  one  on  each  side  of  the  atrium,  which  led  to  the  interior  of  the  house 

from  the  atrium,  were  called  (jaws). 

2.51.  In  houses  of  mcHlerate  dimensions,  chambers  were  distributed  round  the  atrium  for 

the  reception  and  lodging  of  strangers;  but 
in  establishments  of  importance,  wherein  the 
proprietor  was  a person  of  extended  con- 
nexions, there  was  a separate  hospitinm  ap 
propriated  to  that  puri)ose. 

252.  We  have  stated  that  the  peristyle  was 
a portion  of  the  private  part  of  the  house. 
It  was  mostly,  if  not  always,  placed  beyond 
the  atrium,  with  which  it  communicated  by 
means  of  the  tablinum  and  fauces.  Similar 
in  general  form  and  design  to  the  atrium, 
for  it  was  surrounded  by  columns  (see  Jig. 
134.),  it  was  larger  than  that  apartment. 
'I’he  centre  was  usually  provided  with  a par- 
terre in  which  shrubs  and  flowers  were  dis- 
tributed, and  in  its  middle  a fish  pool.  'I’his 
portion  of  the  i)eristyle  was  called  the  xystus 
{Vitr.  lib.  vi.  c.  10.).  In  better  houses 
there  was  an  ante-room  called  proeveton,  to 
each  of  the  bed-chambers,  of  whose  arrange- 
ment very  little  is  known.  'I’he  triclinium 
{rpeis  KKivai,  three  beds),  or  dining-room, 
was  so  called  from  its  having  three  couches 
round  the  table  on  which  the  dinner  wat 
served  ; the  fourth  side  being  left  open  for 
the  servants  (sea  Jig.  135.).  It  was  raised 
two  steps  from  the  peristyle,  and  separated 
from  the  garden  by  a large  window.  Winter  triclinia  were  placed  towards  the  west,  and 
those  for  summer  to  the  east.  In  large  houses  there  were  several  triclinia,  whose  couches 
would  contain  a greater  or  less  number  of  people.  'I’he  ceci  were  large  salons  or  halls, 
of  Greek  origin,  and,  like  the  atria,  were  of  more  than  one  s})ecies ; as  for  instance  the 
tetrastyle,  the  Corinthian,  and  the  Egyptian.  “ 'I'here  is  this  difference,”  observes  Vi- 
truvius (lib.  v.  cap.  6. ),“  between  the  Corinthian  and  Egyptian  (ecus.  The  former  has 
a single  order  of  columns,  standing  either  on  a podium  or  on  the  ground,  and  over  it 
architraves  and  cornices,  either  of  wood  or  plaster,  and  a semicircular  ceiling  above  tlie 
cornice.  In  the  Egyptian  oecus,  over  the  lower  column,  is  an  architrave,  from  which  to 
the  surrounding  walls  is  a boarded  and  paved  floor,  so  as  to  form  a passage  round  it  in  the 
o])en  air.  'I’hen,  perpendicularly  over  the  architrave  of  the  lower  columns,  columns  one 
fourth  smaller  are  placed.  Above  their  architraves  and  cornices,  they  are  decorated  with 
ceilings,  and  windows  are  placed  between  the  upi)er  columns,  'rims  they  have  the  appear- 
ance of  basil  ic;e  rather  than  of  Corinthian  triclinia.”  'fhe  oecus,  called  Cyzicene  l)y  the 
Greeks,  was  different  to  those  of  Italy.  Its  aspect  was  to  the  north,  towards  the  gar- 
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dens,  and  had  doors  in  the  middle.  It  was 
made  long,  and  broad  enough  to  hold  two 
triclinia  opposite  to  each  other.  The  Greek 
occus  was  not,  liowever,  much  used  in  Italv. 
Thii  pinacotlieca  (jiicture  room),  where  pos- 
sil)le,  faced  the  nortli  : both  tliis  and  tlie  Inb- 
liothcca  (library),  whose  aspect  was  east,  do 
not  reipiire  explanation.  The  extdnv.  of  the 
Roman  houses  were  large  ajiartments  for 
the  general  purposes  of  society.  The  upper 
stories  of  the  house,  the  chief  being  on 
the  ground  floor,  were  occupied  by  slaves, 
freedmen,  and  the  lower  branches  of  the 
family.  Sometimes  there  was  a solarium 
(terrace),  which  was,  in  fine  weather,  much 
resorted  to. 

253.  Fig.  136.  is  a plan  of  the  house  of 
Pansa  at  Pompeii,  by  reference  to  which  the 
reader  will  gain  a tolerable  notion  of  the 
situation  of  the  different  apartments  whereof 
we  have  been  speaking.  A is  the  prothyruin. 


which  was  paved  with  mosaic.  R R R R,  Tuscan  atrium,  in  whose  centre  is  the  coin- 
pluvium  or  basin  (b)  for  the  reception  of  the  water  from  the  roof.  One  of  the  jiroportlons 

assigned  to  the  atrium  by  Vitruvius  is,  that  the 
length  shall  be  once  and  a half  the  breadth  ; 
and  here  it  is  precisely  such,  c,  a pedestal  or 
altar  of  the  household  god.  C C,  aUe.  They 
were  on  three  sides  surrounded  by  seats,  and,  from 
Sir  W.  Cell’s  account,  are  analogous  to  similar  re- 
cesses in  the  galleries  of  Turkish  houses,  with  their 
divans : the  thresholds  were  mo.saic.  Vitruvius 
directs  them  to  be  two  sevenths  of  the  length  of  the 
atrium;  which  is  precisely  their  size  here.  D,  ta- 
hlinum.  It  was  separated  from  the  atrium  by  an 
aulreum,  or  curtain,  like  a drop  scene.  Next  the 
Innor  court  was  sometimes,  perhaps  generally,  a 
window,  occupying  the  whole  side.  The  tahlinum 
was  used  as  a dining-room  in  summer.  E E E E, 
])eristyle,  which,  in  this  example,  exactly  corre- 
sponds witli  the  proportions  directed  by  Vitruvius. 
F F F F were  domestic  apartments,  as  penaria, 
or  cuhlcula,  or  cellie  domestica;.  G,  j)rohal>lv 
the  pinacotlieca,  or  aj)artment  for  ])ictures.  II, 
fauces,  or  j)assage  of  communication  between  the 
outer  and  inner  divisions  of  the  house.  I,  cuhi- 
culum.  Its  use  cannot  he  doubted,  as  it  contains  a 
bedstead,  filling  uj)  the  wliole  width  of  the  furtlier 
end  of  it.  K,  triclinium,  raised  two  steps  from  the 
peristyle,  and  separated  from  the  garden  by  a large 
window.  In  this  room  comj)any  was  received, 
and  chairs  placed  for  their  accommodation.  L L L, 
exedr®.  AI  M M,  cella?  familiariae,  or  family  cham- 
bers : the  further  one  had  a window  looking  into 
a court  at  d.  N,  lararium  or  armarium,  a recep- 
tacle for  the  more  revered  and  favourite  gods 
O,  kitchen  with  stoves  therein,  and  opening  into  a 
court  at  e,  and  an  inner  room  P,  in  which  were 
dwarf  walls  to  dei)osit  oil  jars.  Q,,  fauces  con- 
ducting to  the  garden.  Along  the  back  front, 
R R R R,  is  a portico  or  pergula,  for  training 
vines  and  creepers  on  the  hack  front  of  the 
house,  before  the  windows  of  the  triclinium.  S S 
these  two  rooms,  opening  into  the  pergula,  were, 
it  is  presumed,  cubicula.  TT,&c.  : the  apartments 
thus  marked  seem  to  have  constituted  a distinct 
portion  of  the  hou.se,  and  communicated  witli  the 
street  by  a separate  door.  That  they  were  in- 
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eluded  in  tli<;  estahUslmient  of  I’ansa  seems  certain,  from  their  being  connected  u itli  the 
peristyle  hy  the  large  apartment  U.  On  excavating  here,  four  skeletons  of  females 
u'ere  found  marked  hy  their  gold  ear-rings  ; also  a candelahrum,  two  vases,  a fine 
marble  head  of  a faun,  gold  bracelets,  rings  with  engraved  stones,  &c.  See.  V V X are 
shops,  which  ai)pear,  hy  the  remains  of  staircases,  to  have  had  apartments  above.  'I'hey 
e()iitain  dwarf  walls  for  ranging  oil  jars  and  other  goods  against.  W W,  &c.  are  dif- 
ferent shops.  One  is  of  a baker,  and  to  it  the  necessary  conveniences  are  ai)j)eiided.  X X. 
iipotheca  or  store-rooms.  Y is  the  bakehouse,  containing  the  oven  Z,  the  mills,  c 
kneading  trougli.  I've.  : it  is  paved  with  volcanic  stone  in  irregular  polygons,  g g,  i>lace  for 
the  wood  and  charcoal,  h appears  to  have  been  almost  a distinct  dwelling  : two  of  the 
apartments  had  windows  to  the  street,  which  runs  southward  to  the  forum,  f f f,  entrances 
from  the  street  to  the  house  of  Pansa.  The  house  was  surrounded  hy  streets,  or,  in  other 
words,  was  an  insula.  We  have  thus  named  the  principal  apartments,  and  identified  them 
l)V  an  example.  In  more  magnificent  houses  there  were  the  sacrarium,  the  venereum,  the 
splu-cristerium,  the  aleatorium,  &c.  &c.  The  painting  1.37.  is  in  the  kitchen  of  the 
house  of  Pansa,  and  represents  the  worship  of  the  lares,  under  whose  care  and  protection  the 
provisions  and  cooking  utensils  were  ))laced. 


‘25-1.  Tumbs. — The  Romanswere  rather  given  tomagnificence  in  tlie  tombs  erected  fortheir 
dead.  Some  of  these  were  public,  and  others  for  the  interment  of  individuals  or  families. 
The  former  were  often  of  vast  extent,  and  have  been  compared  to  subterranean  cities  ; the 
Dthers  were  jiyramids,  conical  and  cylindrical  towers,  with  ranges  of  vaults  in  them  for 
sejuilture. 

‘255.  Perhaps  the  earliest  tomb  at  Rome  is  that  of  the  Horatil,  now  known  as  that  of 
.Aruns,  son  of  Porsenna,  which  stands  on  the  A]  pian  Way,  and  was  probably  constructed 
}>y  Etruscan  wi  rkmen.  It  has  a basement  -15  ft  scpiare  on  tlie  plan,  on  which  stand 
five  masses  of  rubble  or  earth,  faced  with  masonry,  in  the  form  of  frusta  of  cones,  four  of 
which  are  ten  feet  dia  ne  er  at  the  bottom,  and  are  placed  at  the  lour  angles  of  the  base- 
ment. The  fifth  stands  in  the  centre  of  the  whole  mass,  and  is  larger  than  the  others. 

‘256.  Tlie  principal  totnhs  about  Rtnneare : 1 The  pyramid  of  C'aius  Cestius,  whose  sides 
are  102  ft.  long,  and  its  height  about  the  same  numlier  of  feet.  The  interior  contains  in 
the  centre  a rectanguhir  ctll,  20  ft.  long,  and  13  ft.  broad.  At  each  external  angle  of  tliis 
jiyramid  stands  a Doric  colutnn,  without  any  portion  of  entablature  over  it.  It  is 
possible  these  were  intended  as  ornaments,  though  it  has  often  puzzled  us  to  find  out  how 
they  ever  could  have  been  so  thought.  2.  The  tomb  of  Hadrian,  now  converted  into  the 
Castel  St.  Angilo,  had  originally  a sijuare  basement,  who  e sides  were  170  ft.  long.  From 
this  substructure  rose  a cylindrical  tv>wer,  1 15  ft.  diameter,  probably  at  one  time  encircled 
hy  a colonnade.  It  is  now  used  as  a fortress,  and  was  c<msiderably  altered  by  Pope 
Paul  1 1 1.  ,3.  The  mausoleum  of  Cecilia  Metella  is  circular,  90  ft.  in  diameter,  and  62  (t. 

high,  standing  on  a basement  of  the  same  form,  which  up  to  the  frieze  is  of  Travertine 
stone,  used  as  a casing  to  a rubble  wall:  it  is  the  ta  lie^t  use  of  Travertine,  b c.  10?, 
thongli  some  writers  state  50  b.c.  The  frieze  is  »)f  maible.  In  what  may  be  called  the 
core  is  a cell,  19  ft.  diameter,  to  which  there  is  an  entrance  by  a pass.ige. 

257.  We  do  not,  however,  think  it  nece.ssary  further  to  detail  the  Uotnan  tombs  which 
may  be  found  in  Rome  or  the  provinces,  but,  in  lieu  of  extending  our  description  on  this 
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head,  to  give  the  reader  a notion  of  their  forms  in  Ji(/.  138.  by  a group  from  Pompeii, 

among  the  remains  of  wliieh 
city  there  are  a great  many 
and  various  examples.  Tliev 
are  in  general  of  small  diinen- 
sions,  and  stand  so  near  one 
another  as  to  form  a street, 
called  the  Street  of  the 
Tombs.  Some  of  these  are 
decorated  very  highly,  botli 
as  respects  ornament  in  the 
architecture  and  l>assi  relievi 
on  the  dilFerent  faces.  The 
Romans  were  particular  in 
keej)ing  alive  the  memory 
of  the  dead,  hence  their 
tombs  were  constantly  looked 
after  and  kept  in  repair  ; a 
matter  which,  in  this  country 
of  commerce  and  politics, 
a man’s  descendants  rarely 
think  of,  after  dividing  the 
spoil  at  his  death. 

2.‘58.  Character  of  Roman  Architecture. — d he  character  of  the  Roman  architecture  in  its 
best  period  was  necessarily  very  dirterent  from  the  Grecian,  on  which  it  was  founded.  We 
cnvv  not  those  who  say  that  they  feel  no  beauties  except  those  which  the  pure  Grecian 
Doric  of  the  Parthenon  possesses.  Each  style,  in  every  division  of  architecture,  has  its 
beauties  ; and  those,  among  other  causes,  arise  from  each  style  being  suited  to  the  country 
in  which  it  was  reared  ; neither  can  we  too  often  repeat  the  answer  which  Quatremere  de 
Quincy  gives  in  the  Encydoyedie  Methodhjue  to  the  (juestion  many  years  since  propounded  by 
the  French  Academy  of  Inscriptions  and  Belles  Lettres,  “ Whether  the  Greeks  borrowed 
their  architecture  from  the  Egyptians  ?”  'I’he  answer  of  that  highly  talented  writer  is, 
“ That  there  is  no  such  thing  as  general  human  architecture,  because  the  wants  of  mankind 
must  vary  in  different  countries.  The  only  one  in  which  the  different  species  of  archi- 
te(;ture  can  approach  each  other  is  intellectual;  it  is  that  of  Impressions,  which  the  qualities 
whose  effects  are  produced  by  the  building  art  can  work  upon  the  mind  of  every  man,  of 
every  country.  Some  of  them  result  from  every  species  of  architecture,  ~ an  art  which 
sprung,  as  well  from  the  huts  of  Greece,  as  from  the  subterraneous  excavations  of  Egypt, 
from  the  tents  of  Asia,  and  from  several  mixed  principles  to  us  unknown,  'rims  the  use  of 
the  word  architecture  is  improper.  We  ought  to  name  the  species  ; for  between  the  idea  ot 
architecture  as  a genus  and  as  a species  there  is  the  same  difference  as  between  language 
and  tongue  ; and  to  seek  for  a simple  origin  of  architecture  is  as  absurd  as  a search  would 
be  after  the  primitive  language.  If  so,  the  hut  of  Vitruvius  would  be  but  an  ingenious 
fable,  as  some  have  said  ; but  it  would  be  a ridiculous  falsehood  if  he  had  jiretended  that  it 
was  the  type  of  all  architecture.”  If  we  must  confine  ourselves  to  the  simplicity  and 
purity  of  line  which  the  Greek  temple  exhibits, — circumstances,  be  it  observed,  that  no  future 
occasion  can  ever  again  effectually  call  up,  — all  the  admiration  of  the  numberless  monu- 
ments of  the  Romans  is  based  upon  false  data,  and  we  are  not  among  those  who  feel  inclined 
to  set  ourselves  up  against  the  universal  consent  of  our  race,  'riiiis  far  we  think  it  neces- 
sary to  observe  on  the  silly  rage  which  a few  years  ago  existed  for  setting  up  in  this 
metropolis  pure  Greek  Doric  porticoes  and  pure  Greek  profiles.  What  could  more 
exhibit  the  poverty  of  an  artist’s  imagination,  for  instance,  if  the  thing  exist,  than  appending 
to  a theatre  the  Doric  portico  of  a temple?  But  the  thing  is  too  ridiculous  to  dwell  on, 
and  we  proceed  to  our  purpose.  Whether  the  Romans  invented  the  'I'uscan  order  we  much 
doubt.  No  example  of  it  exists  similar  in  formation  to  that  described  by  Vitruvius : it 
must,  however,  be  admitted  that  it  is  a beautiful  combination  of  parts,  and  worthy  so  great 
a people.  It  seems  highly  probable  that  this  order  was  used  by  the  Etruscans,  and  that  to 
them  its  origin  is  attributable.  The  use  of  timber  in  tbe  entablature,  which  we  know  was 
practised  by  them  to  a great  extent,  seems  to  sanction  such  an  hypothesis.  Its  detail,  as 
well  as  that  of  the  other  orders  of  architecture,  belong  to  another  part  of  this  work  ; we 
shall  not  therefore  further  speak  of  it  than  in  the  language  of  Sir  Henry  Wotton,  who 
says,  with  his  usual  quaintness  and  simplicity,  that  it  is  a sturdy  labourer  in  homely 
apparel. 

259.  The  Doric  order  with  the  Romans  was  evidently  not  a favourite.  In  their  hands 
its  character  was  much  changed.  The  remains  of  it  in  the  theatre  of  Marcellus,  in  the 
examj)les  at  Cora  and  Pompeii,  and  the  fragment  at  the  baths  of  Dioclesian,  are  not  sufficient, 
the  case  of  the  first  only  excepted,  to  justify  us  in  detaining  the  reader  on  the  matter.  The 
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.owcr  order  of  the  Coliseum,  be  it  observed,  wants  the  triglyph,  the  distinguishing  feature 
of  tlie  order  ; so  tliat  altliough  in  a j)revious  page  we  liave  described  it  as  Doric,  we 
tcarcely  know  whether  we  have  not  erred  in  our  description.  Rut  to  ai)proach  the  sulyect 
of  the  Roman  Doric  more  closely,  we  will  examine  the  general  form  of  the  example  which 
the  theatre  of  Marcell  us  atlbrds.  Therein  the  whole  height  of  the  order  is  fH*I5  ft. 
whereof  the  entablature  is  rather  more  than  one  fifth,  and  the  columns  are  7’8G  diameters 
high.  From  the  intercolumniations  nothing  can  be  deduced,  because  the  arcade  whicli 
separates  puts  them  out  of  comparison  with  other  exami)les.  Its  profile  is  clearly  that 
which  has  formed  the  basis  u})on  which  the  Doric  of  the  Italian  architects  is  founded  ; they 
have,  however,  generally  added  a base  to  it.  'I'here  is  great  difference  between  it  and  the 
(Jrecian  Doric,  which  in  its  form  is  much  more  pyramidal,  and  would,  even  in  ancient 
Rome,  have  been  out  of  character  with  the  decorations  applied  in  the  architecture  of  the 
city,  in  which  all  severity  of  form  was  abandoned.  The  details,  however,  of  the  Roman  as 
well  as  of  the  Grecian  Doric  will  be  given,  and,  from  the  representations,  better  understood 
by  the  reader,  when  we  come  to  treat  of  the  Orders  in  the  third  book  of  this  work,  where 
some  varieties  of  it  are  submitted  to  the  reader. 

260.  In  the  examjiles  of  Roman  Ionic,  that  of  the  theatre  of  Marcellus  excepted,  there  is 
a much  greater  inferiority  than  in  the  instance  of  Roman  Doric  to  which  we  have  just 
alluded;  indeid,  that  of  the  Temple  of  Concord,  now  known  as  th.e  'IVinple  ot  baturii,  is 
composed  in  so  debased  a style,  that  allusion  ought  scarcely  to  be  made  to  it.  Tlie  fol- 
lowing table  exhibits  the  general  pioportions  of  the  four  Roman  profiles  of  it : — 


i Height  cii-  1 
1 vided  hy  | Dia- 

Examn'es.  I lower  Dia-  metersin 

1 meter  in  I'n-  Height. 

1 glish  Feet.  | 

Entabla- 
ture in 
'I'erins  of 
the  Dia- 
meter. 

Inter- 

cohim- 

niation. 

Heiglit  of 
Capital  in 
Terms  of 
the  Dia- 
meter. 

Uiiper 
Dia- 
aiet<  r of 
Shaft. 

Fortuna  Virilis  - - i 27  ji8  _ ' p,  *796 

3 109  1 

Concord,  now  Saturn  - - = 9-554 

Marcellus  (Theatre  of)  - ||o  ==  9-000 

Coliseum  - - = 8-842 

2-182 
1 -605 
2 -.891 
2-280 

2-125 

1-807 

•457 

•500 

•557 

•466 

•874 
• 25 
•842 
•8.S3 

261.  From  the  above  it  appears  that,  except  in  the  case  of  the  Temple  of  Saturn,  the 
entablature  is  about  one  fifth  of  the  height  of  tlie  whole  order,  and  that  the  column  diminishes 
about  of  its  lower  diameter.  The  capitals  of  the  Roman  are  much  smaller  than  those 
of  the  Grecian  Ionic,  and  their  curves  are  by  no  means  so  elegant  and  graceful.  There  is 
no  appearance  of  refinement  and  care  in  their  composition,  for  which  the  rules  of  Vitruvius 
give  an  altogether  much  more  lieautiful  profile  than  those  examples,  we  have  here  quoted, 
present.  In  the  Temple  of  Saturn,  the  volutes  are  ])laced  diagonally  on  the  capital,  so 
that  the  four  faces  are  similar  in  form.  In  the  Greek  sjjecimens,  as  also  in  the  Temple  of 
Fortuna  Virilis,  this  is  done  on  one  angle  only  of  the  cajiital  of  the  columns,  and  that  for 
the  purpose  of  again  bringing  the  faces  of  the  volutes  on  to  the  flanks  of  the  building,  instead 
of  showing  the  baluster  sides  of  the  capitals.  On  the  whole,  we  think  the  modern 
Italian  architects  succeeded  in  producing  much  more  beautiful  profiles  of  this  order,  which 
never  appears  to  have  been  a favourite  in  Rome,  than  their  ancient  predecessors. 

262,  The  Corinthian  seems  to  have  been  greatly  preferred  to  the  other  orders  by  the 
luxurious  Romans.  There  is  little  doubt  that  the  capitals  were  generally  the  work  of  Greek 
sculptors,  and  some  of  those  they  have  left  are  exceedingly  beautiful ; one  that  we 
have  already  mentioned,  that  of  Vespasian,  points  to  sculpture  of  the  highest  class,  'I'he 
following  table  contains  the  general  proportions  of  six  well-known  examples  in  Rome: — 


Exan.ples. 

Height  di- 
vided by 
lower  Dia- 
meter in  En- 
glish Feet. 

I Dia- 
;meters  in 
1 Height. 

Entabla- 
ture in 
Terms  of 
the  Dia- 
meter. 

Tnter- 

colum- 

niation. 

Height  of 
Capital  in 
Terms  of 
the  Dia- 
meter. 

1 

1 Upper 
i Dia- 
meter of 
Shaft. 

Pantheon,  Portico 
Pantheon,  Interior 
Jupiter  Tonans,  now  Vespasian - 
Jupiter  Stator,  now  Dioscuri  - 
Facade  of  Nero  - - 

Arch  of  Constantine 

47  029  _ 

4 797  “ 

34  G74  _ 

3-612  ~ 

47  084 
4 598  ~ 

47-648 
4 841  ~ ; 

63-5 

6-568  — 

28-037 
2 902  - ' 

9-804 

9-499 

10-241 

9*820 

9-973 

9-661 

2-317 

2-251 

2-069 

2-5.34 

2-439 

2-388 

2-092 
1-8.34 
1 -558 
1*575 

1 175 
1 -000 
1 -167 
1-08 
1-269 
1*095 

•855 

•866 

•867 

•891 

•883 

•882 

268.  From  the  above,  it  appears  that  a mean  of  the  whole  height  of  the  Corinthian 
order  in  the  Roman  examples  is  1 2-166  diameters,  and  that  the  entablature  is  less  than  a fifth 
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of  the  height  of  the  order,  being  as  '16HG  : 1 ’0000.  The  diminution  of  tlie  shaft  \s  not  so 
much  as  in  the  Ionic,  being  only  of  the  lower  diameter.  The  Temi)le  of  the  Sybil  at 
'Kivoli  presents  quite  a distinct  species,  and  is  the  romance  of  the  art,  if  we  may  be  allowed 
such  an  ex))ression.  The  mean  height  of  the  columns  is  9 ’S.'tS  diameters,  being  rather 
slenderer  than  the  height  recommended  by  Vitruvius  (Lib.  iv.  c.  9. ).  'I'he  attic  base, 
which  will  be  considered  in  another  portion  of  the  work,  was  frequently  employed  by 
the  Roman  artists. 

264.  'I'he  invention  of  the  Composite  order  is  attributed,  with  every  probability,  to  tlie 
Romans.  It  resembles  generally  the  Corinthian,  the  main  variation  consisting  in  the  part 
above  the  second  tier  of  leaves  in  the  capital.  'Khe  following  table  exhibits  the  general 
proportions  of  three  exam])les  : — 


Example. 

Height  divided 
by  lower  Dia- 
meter in  English 
Feet. 

Diame- 
ters in 
Height. 

Entablature  in 
Terms  of  the 
Diameter. 

1 Height  of  Ca- 
jiital  in  Terms 
of  the  Dia- 
meter. 

Dia- 
meter at 
tO])  of 

Shaft. 

Arch  of  'Fitus  - - 

•22  065  _ 

2*07 

10-662 

2-533 

1-287 

•887 

Arch  of  Severn s 

2J  S»7  _ 

2 887 

8-260 

2-316 

1-144 

•882 

Baths  of  Dioclesian 

40  476 
4 619  ~ 

10-495 

2-3 

1 -181 

•802 

26.‘>.  The  mean  of  these  makes  the  entablature  a little  less  than  one  fifth  of  the  entire 
lieight  of  the  order,  the  ratio  being  as  ’1955  : 1 ’0000.  The  diminution  of  the  shaft  in 
of  the  lower  diameters.  'I'he  mean  height  of  the  columns  is  9 '806  diameters. 
strongly  marked  feature  in  Roman  architecture  is  the  stylobate  or  pedestal  for  the 
reception  of  columns,  which  was  not  used  by  the  Greeks.  In  the  examples,  it  varies  in 
height,  but,  generally  speaking,  it  is  very  nearly  four  diameters  of  the  column  ; a mean  of 
tho.se  used  in  the  triumphal  arches  comes  out  at  .8 ’86  diameters.  Another  difl'erence  from 
Greek  architecture  is  in  the  form  of  the  Roman  pilaster,  which  was  sometimes  so  .strongly 
marked  as  to  form  a sort  of  square  column  with  capitals  and  bases  similar  to  those  of  the 
columns  it  accompanies,  except  in  being  square  instead  of  circular  on  the  plan.  It  is  di- 
minished in  some  building.s,  as  in  the  portico  of  the  Pantheon,  and  in  that  of  Mars  Ultor, 
while  in  others,  no  such  diminution  takes  place.  The  reader  will  recollect  that  the  (ireek 
antie  were  never  diminished,  that  their  projection  was  always  very  small,  and  that  the  mould- 
ings of  their  capitals  were  totally  different  from  the  columns  with  which  they  are  connected. 

266.  Rut  the  most  wonderful  change  the  Romans  eff'ected  in  architecture  was  by  the  in- 
troduction of  the  arch  ; a change  which,  by  various  steps,  led,  through  the  basilica,  to  the 
construction  of  the  extraordinary  Gothic  cathedrals  of  Europe,  in  its  progress  opening 
l»eauties  in  the  art  of  which  the  Greeks  had  not  the  remotest  conception.  'I'hese  matters 
will  be  more  entered  into  in  the  next  section : we  only  have  to  observe  here,  that  its  import- 
ance was  not  confined  to  the  passage  of  rivers  by  means  of  bridges,  but  that  it  enabled  the 
Romans  to  supply  in  the  greatest  abundance  to  their  cities  water  of  a wholesome  quality, 
without  which  no  city  can  exist.  To  the  introduction,  moreover,  of  the  arch,  their 
triumphal  edifices  were  indebted  for  their  principal  beauties  ; and  without  it  their  theatres 
and  amphitheatres  would  have  lost  half  their  elegance  and  magnificence.  Whence  the  arch 
came  is  not  known.  It  is  now  considered  to  have  been  borrowed  from  the  Etru‘;cans, 
and  was  employed  at  Rome  in  the  oldest  constructions  of  the  Kings,  as  early  as  b.c.  640. 
In  the  section  on  Egyptian  architecture,  the  subject  has  already  been  noticed. 

267.  The  use  of  coiqiled  columns  and  niches  exhibits  other  varieties  in  which  the  Romans 
delighted ; but  the  former  are  not  found  till  an  age  in  which  the  art  of  architecture  had 
begun  to  decline. 

268.  'I'here  is  still  another  point  to  which  the  reader’s  attention  mu.st  be  directed,  ami  it 
is  almost  a sure  test  of  Roman  or  Greek  design  ; namely,  the  form  of  the  mouldings  of  an 
order  on  their  section.  In  purely  Greek  architecture,  the  contours  of  the  mouldings  are 
all  formed  from  sections  of  the  cone,  whilst  in  that  of  the  Romans,  the  contours  are  all 
portions  of  circles. 

2'.)'9.  Under  the  climate  of  Rome  it  became  necessary  to  raise  the  pitch  of  the  roof  higher 
tluiii  was  necessary  in  Greece;  hence  the  Roman  pediment  was  more  inclined  to  the 
bo'’izon.  As,  however,  when  we  consider  the  practical  formation  of  roofs  generally,  we 
shall  investigate  the  law  which,  forced  by  climate  upon  the  architect,  governed  the  incli- 
nation of  the  pediment,  the  reader  is  referred,  on  that  point,  to  the  place  in  this  woik 
where  the  subject  of  roofs  is  treated.  (See  Rook  II.  Ch  III.,  sec.  iv.,  par.  2027.) 
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270.  We  propose  in  this  section  to  take  a concise  view  of  the  state  of  debased  Honmn 
architecture,  from  the  year  476',  in  whicli  the  Uoman  empire  in  the  West  was  destroyed,  to 
the  introduction  of  the  pointed  arch  at  tlie  latter  end  of  the  12th  century.  It  will  he  ne- 
cessary to  premise  that  the  term  llomanes(]ue  is  very  general,  and  comprises  the  works  of 
the  Lombards  as  well  as  those  of  a later  species,  which  in  this  country  are  called  Saxon  and 
Norman,  for  the  character  of  all  is  the  same,  and  we  think  much  confusion  will  he  pre- 
vented l)v  the  arrangement  we  ])ropose.  Between  the  fifth  and  the  eighth  centuries,  at 
the  beginning  of  which  latter  period  the  whole  of  Europe  formed  one  great  Gothic  kingdom, 
the  prospect  is  over  a dreary  desert  in  which  the  oases  of  our  art  are  few  and  far  between. 
The  constant  change  of  power,  the  division  of  the  em])ire,  which  was  so  overgrown  that  it 

could  no  longer  hang  together,  the  irruittions  of  the  Goths,  whose  name  has  been  most 
Improiterly  connected  with  all  that  is  barbarous  in  art,  make  it  no  easy  task  to  give  the  un- 
learned reader  more  than  a faint  idea  of  what  occurred  in  the  extended  period  through 
which,  often  in  darkness,  we  must  proceed  to  feel  our  way.  But,  previous  to  this,  we  shall 
continue  the  state  of the  architecture  in  the  East;  because,  having  already  given  some  account 
of  Saracenic  architecture,  which  had  its  origin  about  the  seventh  century,  we  shall  not 
a'^iin  have  to  divert  his  attention  from  the  subject  until  the  reader  is  introduced  to  the 
pointed  style  : an  arrangement  which,  we  trust,  will  assist  his  memory  in  this  history. 

271.  The  emperor  Theodosius,  who  died  a.  n.  .395,  exhibited  great  talent  in  arms,  and 
was  desirous  to  extend  the  benefit  of  his  influence  to  the  arts,  in  which  he  did  much  for 
the  empire.  His  sons,  Arcadius  in  the  city  of  Constantinople,  and  Honorius  at  liome, 
were  incapable  of  doing  them  any  service,  though  by  them  was  raised  the  famous  Theodosian 
column  at  the  first  named  city,  which  was  surrounded  with  bassi  relievi,  after  the  fashion 
of  that  erected  long  before  in  honour  of  Trajan  at  Rome.  The  ascent  of  Theodosius  II. 
to  the  throne  promised  as  well  for  the  empire  as  for  the  arts.  He  called  architecture  to 
his  aid  for  embellishing  the  cities  of  the  empire.  Under  him,  in  413,  Constantinople  w'as  sur- 
rounded with  a new  wall  ; .some  extensive  baths,  and  a magnificent  palace  for  the  two  sisters 
of  Pulcheria  were  erected.  In  447,  an  earthquake  nearly  destroyed  the  city,  which  was  so 
iidmirably  restored  under  this  emperor  that  he  might  with  jjropriety  have  been  called  its 
second  founder.  Except  some  trifling  matters  under  Anastasius  1 1.,  and  Justin  his  succe.ssor, 
little  was  done  till  Justinian,  the  nejjhew  of  the  last  named,  ascended  the  throne  of  the  East,  in 
.727.  By  him  the  celebrated  architect  Anthemius  was  invited  to  Constantinople.  Through 
the  genius  of  this  artist,  aided  by  his  colleague  Isidorus  of  Miletus,  on  the  ruins  of  the 
principal  church  of  the  city,  which,  dedicated  to  Saint  Sophia  or  the  Eternal  Wisdom,  had 
l)cen  twice  destroyed  by  fire,  was  raised  so  splendid  an  edifice,  that  Justinian  is  said  on  its 
completion  to  have  exclaimed,  as  Gibbon  observes,  “with  devout  vanity  : ” “ Glory  be  to  God, 
who  hath  thought  me  worthy  to  accomplish  so  great  a work.  I have  vanquished  thee,  O 
.Solomon.”  We  shall  make  no  apology  for  giving  the  description  in  the  words  of  the 
historian  we  have  just  quoted  ; a representation  of  the  building  being  appended  in  Ji(/s. 
139.  and  140.  “ But  the  pride  of  the  Roman  Solomon,  before  twenty  years  had  elapsed,  was 

humbled  by  an  eartlujuake,  which  overtlirew  the 
eastern  part  of  the  dome.  Its  s])lendour  was  restored 
by  the  perseverance  of  the  same  prince  ; and  in  the 
thirty-sixth  year  of  his  reign,  Justinian  celebrated 
the  second  dedication  of  a temple,  which  remains, 
after  twelve  centuries,  a stately  monument  of  his 
fame.  J'he  architecture  of  St.  Sophia,  which  is  now 
converted  into  the  j)rincipal  mosque,  has  been  imi- 
tated by  tbe  Turkish  sultans,  and  that  venerable 
pile  continues  to  excite  the  fond  admiration  of  the 
Greeks,  and  the  more  rational  curiosity  of  European 
travellers.  The  eye  of  the  spectator  is  disappointed 
by  an  irregular  prosj)ect  of  half  domes  and  shelving 
roofs  : the  western  front,  the  principal  approach,  is 
destitute  of  simplicity  and  magnificence  ; and  the 
scale  of  dimensions  has  been  much  surpassed  by 
several  of  the  Latin  cathedrals.  But  the  architect 
who  first  erected  an  aerial  cupola  is  entitled  to  the 
praise  of  bold  design  and  skilful  execution.  'J'he 
dome  of  St.  Sojjhia,  illuminated  by  four  and  twenty 
windows,  is  formed  with  so  small  a curve,  that  the 
lepth  is  only  one-sixth  of  its  diameter;  the  measure  of  that  diameter  is  106  ft.  7i  iti. 


108 


HISTORY  OF  ARCIHTECTURK. 


Hook.  I 


, , , , , ^ ^100 ^ i50 

Fi;;.  M;).  (.nuucu  uf  sama  auI'Iiia.  ki.iwAiiu.N  a.nu  six;tiuk. 

and  tlie  lolty  centre,  where  a crescent  has  su|)])lantL‘d  tlie  cross,  rises  to  the  perpendicular 
height  of  182  ft.  above  the  pavement.  The  circle  which  encompasses  the  dome  lightly 
reposes  on  four  strong  arches,  and  their  weight  is  firmly  supported  by  four  massy  piles” 
(piers),  “whose  strength  is  assisted  on  the  northern  and  soutl.ern  sides  by  four  columns  of 
Egyptian  granite.  A GreeJe  cross  inscribed  in  a quadrangle  represents  the  form  of  the 
edifice;  the  exact  breadth  from  h.  to  b.  is  231  ft.,  and  268  ft.  from  a.  to  a.,  or  the  extreme 
length;  the  width  under  the  dome  from  c.  to  c.  is  109*6  ft.  The  vestibule  opened 
into  the  varthex  or  exterior  portico.  That  portico  was  the  humble  station  of  the 
penitents.  'J'he  nave  or  body  of  the  church  was  filled  by  the  congregation  of  the  faithful  ; 
Imt  the  two  sexes  were  ])rudently  distinguished,  and  the  upjier  and  lower  galleries  were 
allotted  for  the  more  private  devotion  (>f  the  women.  Heyond  the  northern  and  southern 
piles”  (piers),  “ a balustrade,  terminated  on  either  side  by  the  thrones  of  the  emperor  and 
the  patriarch,  divided  the  nave  from  the  choir ; and  the  space,  as  far  as  the  steps  of  the 
altar,  was  occupied  by  the  clergy  and  singer.s.  The  altar  itself,  a name  which  insensibly 
became  familiar  to  Chri.stlan  ears,  was  placed  in  the  eastern  recess,  artificially  built  in  the 
form  of  a demi-cylinder,  and  this  sanctuary  communicated  by  several  doors  with  the 
sacristy,  the  vestry,  the  baptistery,  and  the  contiguous  buildings,  subservient  either  to  the 
pomp  of  worship  or  the  private  use  of  the  ecclesiastical  ministers.”  We  should  be  fearful 
of  thus  continuing  the  cpiotation,  but  that  we  prefer  the  language  of  Gibbon  to  our  own ; 
beyond  which,  the  practical  knowledge  the  rest  of  the  description  discloses  is  not  unworthy 
the  scientific  architect,  and  the  subject  is  the  type  of  the  great  modern  cathedrals,  that  of 
St.  Paul,  in  I.,ondon,  among  the  re.st.  “ The  memory,”  he  continues,  “ of  past  calamities  in- 
spired Justinian  with  a wise  resolution,  that  no  wood,  except  for  the  doors,  should  be  admitted 
into  the  new  edifice;  and  the  choice  of  the  materials  was  ap])lied  to  the  strength,  the  light- 
ness, or  the  s]dendour  of  the  respective  parts.  The  solid  piles  ” (piers)  “ which  sustained 
the  cupola  were  composed  of  huge  blocks  of  freestone,  hewn  into  squares  and  triangles,  ' 
fortified  by  circles  of  iron,  and  firmly  cemented  by  the  infusion  of  lead  and  quicklime; 
but  the  weight  of  the  cupola  was  diminished  by  the  levity  of  its  substance,  which  consists  ^ 
either  of  pumice-stone  that  floats  in  the  water,  or  of  bricks  from  the  Isle  of  Rhodes,  five  || 
tiirie%  less  ponderous  than  the  ordinary  sort.  The  whole  frame  of  tlie  edifice  was  con- 
structed of  brick  ; but  those  base  materials  were  concealed  by  a crust  of  marble  ; and  the 
inside  of  St.  Sophia,  the  cupola,  the  two  larger  and  the  six  smaller  semi-domes,  the  walls,  '3 
the  hundred  columns,  and  the  pavement,  delight  even  the  eyes  of  barbarians  with  a rich 
and  variegated  picture.”  Various  presents  of  marbles  and  mosaics,  amongst  which  latter  i 
were  seen  rejiresentations  of  Chri.st,  the  Virgin,  and  saints,  added  to  the  magnificence  of  the 
edifice,  and  the  jirecious  metals  in  their  purity  imparted  splendour  to  the  scene.  Hefore 
the  building  was  four  feet  out  of  the  ground  its  cost  had  amounted  to  a sum  eijuivalent  to  : 
200,000/.  sterling,  and  the  total  cost  of  it  when  finished  may,  at  the  lowest  computation,  bo  Q 
reckoned  as  exceeding  one  million.  In  Constantinople  alone,  the  emueror  dedicated  twenty- 


CiiAr.  II. 


BYZANTIXK  AND  KOM A NKSCiUD. 


109 


five  cluirches  to  Christ,  the  Virgin,  anil  favourite  saints.  These  were  highly  decorated,  and 
imposing  situations  were  found  for  them.  Tliat  of  the  Holy  Apostles  at  Constantinople, 
and  of  St.  John  at  Ephesus,  appear  to  have  had  the  church  of  St.  Sophia  for  their  ty))es; 
but  in  them  the  altar  was  j)laced  under  the  centre  of  the  dome,  at  the  junction  of  four 
porticoes,  expressing  the  figure  of  the  cross.  “ The  pious  munificence  of  the  emperor  was 
ililfused  over  the  Holy  Land;  and  if  reason,”  says  Gibbon,  “should  condemn  the  monas- 
teries of  both  sexes,  which  were  built  or  restored  by  Justinian,  yet  charity  must  apjilaud 
the  wells  which  he  sank,  and  the  hosjiitals  which  he  founded,  for  the  relief  of  the  weary 
pilgrims.”  “ Almost  every  saint  in  the  calendar  acijuired  the  honour  of  a temple;  almost 
every  city  of  the  empire  obtained  the  solid  advantages  of  bridges,  hospitals,  and  aqueducts  ; 
but  the  severe  liberality  of  the  monarch  disdained  to  indulge  his  subjects  in  tbe  poindar 
luxury  of  baths  and  theatres.”  He  restored  the  Byzantine  palace  ; but  selfishness,  as  re- 
spected his  own  comfort,  could  not  be  laid  to  his  charge:  witness  the  costly  palace  he  erected 
for  the  infamous  Theodora,  and  the  munificent  gifts,  equal  to  180,000/.  sterling,  which 
he  bestoweil  upon  Antioch  for  its  restoration  after  an  eartlujuake.  His  care  was  not 
limited  to  the  peaceful  enjoyment  of  life  by  the  empire  over  which  he  presided;  for  the  forti- 
fications of  Europe  and  Asia  were  multiplied  by  Justinian  from  Belgrade  to  the  Euxine, 
from  the  conflux  of  the  Save  to  the  mouth  of  the  Danube  ; a chain  of  above  fourscore  forti- 
fied places  was  extended  along  the  banks  of  the  great  river,  and  many  military  stations  ap- 
peared to  extend  beyond  the  Danube,  the  pride  of  the  Homan  name.  We  might  consider- 
ably extend  the  catalogue  of  the  extraordinary  works  of  Justinian ; but  our  object  is  a 
general  view,  not  a history  of  the  works  of  this  extraordinary  person,  of  whom,  applying  the 
verses  architecturally,  it  might  truly  be  said  — 

Si  Pere:ama  dextra 
Defend!  possent : etiam  hac  defensa  iVusseiit ; — 

and  by  whom,  if  architecture  could  again  have  been  restored,  such  a consummation  would 
have  been  accoinj)lished. 

‘272.  In  5G5  Justin  succeeded  to  the  throne  of  the  East,  after  whose  reign  nothing  oc- 
curs to  prevent  our  proceeding  to  the  Western  part  of  the  empire,  excej)t  the  notice  neces- 
sary to  be  taken  of  I.eo  the  Isaurlan,  who  ordered  the  statues  in  the  different  churches  to 
he  broken  in  pieces,  and  the  paintings  ndiich  decorated  them  to  be  destroyed.  Under  him 
Ravenna  was  lost  to  the  Eastern  empire,  and  under  his  predecessors  IVlahomet  appeared  ; 
and  in  his  successors  originated  the  Saracenic  architecture  described  in  a previous  section. 
It  was  under  Justin,  in  571,  that  the  prophet,  as  he  is  called,  was  born,  and  was  in  682 
succeeded  by  Abubekr. 

27.‘1.  We  now  return  to  the  empire  in  the  West,  whose  ruin,  in  476,  drew  after  it  that  of 
the  arts,  which  had  grievously  degenerated  since  the  fourth  century,  at  which  period  their 
dtcadetice  was  strongly  marked.  But  we  must  digress  a little  by  supplying  a chasm  in  the 
history  of  our  art  relative  to  the  ancient  basilica?  of  Rome,  the  undoubted  types  of  the 
comparatively  modern  cathedrals  of  Europe;  and  within  the  city  of  Rome  we  shall  find 
ample  materials  for  tracing  the  origin  whereof  we  speak. 

274.  The  severe  laws  against  the  Curistians  which  Severus  had  passed  expired  with  his 
authority,  and  the  persecuted  race,  between  a.  n.  21 1 and  ‘249,  enjoyed  a calm,  during  which 
they  had  been  permitted  to  erect  and  consecrate  convenient  edifices  for  the  purposes  of  re- 
ligious worship,  and  to  purchase  lands  even  at  Rome  for  the  use  of  the  community.  Under 
Dioclesian,  however,  in  many  places  the  churches  were  demolished,  though  in  some  situations 
they  were  only  shut  up.  This  emperor,  as  if  desirous  of  committing  to  other  hands  the 
work  of  persecution  he  had  planned  by  his  edicts,  no  sooner  published  them,  than  he  divested 
himself,  by  abdication,  of  the  imperial  purple. 

275.  Under  Constantine,  in  the  beginning  of  the  fourth  century,  the  Christians  began 
again  to  breathe  ; and  though  that  emperor’s  religion,  even  to  the  period  of  his  death,  is  in- 
volved in  some  doubt,  it  is  certain  that  his  opinion,  as  far  as  we  can  judge  from  his  acts, 
was  much  inclined  towards  Christianity.  Out  of  the  seven  princijial  churches,  or  basilic;e, 
of  Rome,  namely,  Sta.  Croce  di  Gierusalemme,  S.  Giovanni  Laterano,  S.  Lorenzo  fuorl  le 
Mura,  S.  Paolo,  S.  Pietro,  S.  Sebastiano,  and  Sta.  Maria  Maggiore,  all  but  the  last  were 
founded  by  Constantine  himself.  The  ancient  basilica,  which  derived  its  name  from 
^acnXivs  (a  king),  and  olkos  (a  house),  was  that  part  of  the  palace  wherein  justice  was 
administered  to  the  people.  The  building  for  this  purpose  retained  its  name  long  after 
the  extinction  of  the  kingly  office,  and  was  in  use  with  the  Romans  as  well  as  the  Grecians. 
Vitruvius  does  not,  however,  give  us  any  specific  difference  between  those  erected  by  one 
or  the  other  of  those  people.  In  lib.  v.  c.  1.  he  gives  us  the  details  of  its  form  and  ar- 
rangement, for  which  the  reader  is  referred  to  his  work.  The  name  of  basilica  was  after- 
wards transferred  to  the  first  buildings  for  Christian  worship  ; not  because,  as  some  have 
supposed,  the  first  Christian  emperors  used  the  ancient  basilic®  for  the  celebration  of  their 
religious  rites,  but  more  probably  with  reference  to  the  idea  of  sovereignty  which  the  reli- 
gion exercised,  though  we  do  not  assert  that  such  conclusion  is  to  be  necessarily  drawn. 
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riiere  can  be  no  doubt  that  the  most  ancient  Christian  basilica'  were  cxi)rossly  constructed 
for  tile  ]Mirpose  of  religion,  and  their  architectural  details  clearly  jioint  to  the  epoch  in 
which  they  were  erected.  These  new  temjdes  of  religion  borrowed,  nevertheless,  as  well  in 
their  whole  as  in  their  details,  so  much  from  the  ancient  basilica?,  that  it  is  not  surprising 
they  should  have  retained  their  name.  We  here  jilace  before  the  reader  {Jig.  141.)  a plan  of 


the  ancient  basilica  of  S.  Taolo  fuori  le  Mura,  and  {Jig.  142. ) an  interior  view  of  it,  whcreliy 


its  general  ell’ect  may  be  better  understood.  The  latter  shows  how  admirably  it  was  adapted 
to  the  reception  of  an  extremely  numerous  congregation.  The  numberless  columns  which 
the  ancient  buildings  readily  supplied  were  put  in  requisition  for  constructing  these  basilica', 
whereof,  adopting  the  buildings  of  the  same  name  as  the  tyi)e,  they  proportioned  the  eleva- 
tion to  the  extent  of  the  plans,  and,  in  some  cases,  decorated  them  with  the  richest  ornaments. 

I nsteadof  always  connecting  the  columns  together  by  architraves  on  theirsummit,  which  might 
not  be  at  hand,  arches  were  spanned  from  one  to  the  other,  on  which  walls  were  carried  up 
to  bear  the  roofing.  Though  the  practice  of  vaulting  large  areas  did  not  ajqK'ar  till  a con- 
siderable time  after  the  building  of  the  first  Christian  basilica?,  it  must  be  recollected  that  : j 
the  Tem])le  of  Peace  at  Rome  had  previously  exhibited  a specimen  of  the  profound  know- 
ledge  of  the  Romans  in  the  practice  of  vaulting  ; in  that  example,  groined  vaidts  of  very  ^ 
large  dimensions  were  borne  on  entablatures  and  columns.  Nor  does  this  knowledge  appear 
to  have  been  lost  in  almost  the  last  stage  of  decline  of  Roman  architecture  under  the  emperor  !(j 
Hioclesian.  In  the  baths  of  this  empei'or  are  to  be  seen  not  only  groined  vaults  in  three  ; 
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divisions,  whoso  span  is  noarly  70  ft.,  hnt  at  the  back  of  each  springer  a buttress,  precisofy 
ot’the  nature  of  a Hying  buttress,  is  contrived  to  counteract  the  thrusts  of  the  vaulting. 

21 G.  In  recording  tlie  anniliilation  of  the  arts  on  tlie  invasion  of  Odoacer,  at  the  end  of 
the  fifth  and  during  the  course  of  the  sixth  century,  historians  have  imputed  it  to  the 
Gothic  nations,  (jualifying  l>y  this  name  the  barbarous  style  which  then  degraded  the  pro- 
ductions of  the  arts.  Correct  they  are  as  to  the  epocli  of  their  ruin,  which  coincided  truly 
enough  with  the  empire  of  the  Goths;  but  to  this  nation  they  are  unjust  in  attributing  the 
introduction  of  a barbarous  style, 

277.  History  informs  us,  that  as  soon  as  the  princes  of  the  Goths  and  Ostrogoths  had  fixed 
themselves  in  Italy,  they  displayed  the  greatest  anxiety  to  make  the  arts  again  flourish,  and 
hut  for  a number  of  adverse  circumstances  they  would  have  succeeded.  Indeed,  the  people 
whom  the  Romans  designated  as  barbarous,  were  inhabitants  of  the  countries  to  the  nortli 
and  east  of  Italy,  who  actually  acquired  that  dominion  and  power  which  the  others  lost. 
Instructed  at  first  by  their  defeats,  they  ultimately  acquired  the  arts  of  those  who  originally 
conquered  them.  Thus  the  Gauls,  the  Germans,  the  Pannonians,  and  Illyrians,  had,  from 
their  submission  to  the  Roman  people,  acquired  quite  as  great  a love  for  the  arts  as  the 
Romans  themselves.  For  instance,  at  Nismes,  the  birtlqil.-ice  of  Antoninus  Plus,  the  arts 
were  in  a state  of  high  cultivation;  in  short,  there  were  schools  as  good  out  of  as  in  Italy 
itself. 

278.  Odoacer,  son  of  Edicon,  the  chief  of  a Gothic  tribe,  after  obtaining  possession  of 
Rome  in  476,  preserved  Italy  from  invasion  for  six  years;  and  there  is  little  doubt  that  one 
of  his  objects  was  the  preservation  of  the  arts.  He  was,  however,  stabbed  by  the  hand,  or 
at  least  the  command,  of  his  rival  and  successor,  Theodoric,  in  49.8.  Theodoric,  the  son 
of  Theodemir,  had  been  educated  at  Constantinople,  and  though  personally  he  neglected 
the  cultivation  of  science  and  art,  he  was  very  far  from  insensible  to  the  advantages  they 
conferred  on  a country.  From  the  Alps  to  the  extremity  of  Calabria,  the  right  of  conquest 
lad  placed  Theodoric  on  the  throne.  As  resjiects  what  he  did  for  the  arts,  no  better  record 
of  his  fame  could  exist  than  the  volume  of  jniblic  Ejiistles  composed  by  Cassiodorus,  in  the 
royal  name.  “ The  reputation  of  Theodoric,”  says  Gibbon,  “ may  re]>o.se  with  confidence  on 
the  visible  peace  and  prosjierity  of  a reign  of  thirty-three  years  ; tlie  unanimous  esteem  of  his 
own  times,  and  the  memory  of  his  wisdom  and  courage,  his  justice  and  humanity,  which  was 
deeply  impre.ssed  on  the  minds  of  the  Goths  and  Italians.”  The  residence  of  Theodoric  was 
at  Ravenna  chiefly,  occasionally  at  Verona;  but  in  the  seventh  year  of  his  reign  he  visited  the 
capital  of  the  Old  World,  where,  during  a residence  of  six  months,  he  proved  that  one  at 
least  of  the  Gothic  kings  was  anxious  to  preserve  the  monuments  of  the  nations  he  had 
subdued.  Royal  edicts  were  framed  to  prevent  the  abuses,  neglect,  or  dejiredations  of  the 
citizens  upon  works  of  art ; and  an  architect,  the  annual  sum  of  two  hundred  pounds  of 
gold,  twenty-five  thousand  tiles,  and  the  receipt  of  customs  from  the  Luci  ine  jiort,  were 
assigned  for  the  ordinary  repairs  of  the  public  buildings.  Similar  care  was  bestowed  on 
the  works  of  sculpture.  Besides  the  capitals,  Pavia,  Spoleto,  Naples,  and  the  rest  of  the 
Italian  cities,  acquired  under  his  reign  the  useful  or  splendid  decorations  of  churches, 
acjueducts,  baths,  porticoes,  and  palaces.  His  architects  were  Aloysius  for  Rome,  and 
Daniel  for  Ravenna,  his  instructions  to  whom  manifest  his  care  for  the  art;  and  under  him 
Cassiodorus,  for  fifty-seven  years  minister  of  the  Ostrogoth  kings,  was  for  a long  jieriod 
the  tutelary  genius  of  the  arts.  The  death  of  Theodoric  occurred  in  .526  ; his  mausoleum 
is  still  in  existence  at  Ravenna,  being  now  called  Sta.  Maria  della  Rotunda.  That  city 
contains  also  the  church  of  St.  Apollinaris,  which  shows  that  at  this  period  very  little,  if 
any,  change  had  been  made  in  the  arrangement  of  large  churches  on  the  plan  of  the  basilica. 
The  front  of  the  convent  of  the  Franciscan  friars  in  the  same  town,  which  is  reputed  to  be 
tile  entrance  to  the  palace,  bears  considerable  resemblance  to  the  Porta  A urea  of  Dioclesian, 
at  Spalatro.  These  buildings  are  all  in  a heavy  deba.sed  Roman  style,  and  we  are  quite  at 
a loss  to  understand  the  passage  quoted  by  d’iraboschi,  from  Cassiodorus,  who  therein  give.s 
a particular  description  of  the  very  great  lightness  and  elegance  of  columns;  thus  — “ Quid 
dicamus  columnarum  junceam  proceritatem  ? Moles  illas  sublimissimas  faln  icarum  cpiasi 
quibusdam  ercctis  ha'tillbus  contineri  et  substant'ne  qualitate  concavis  canalihus  excavatas, 
ut  magis  ipsas  aestimes  fuisse  transfusas;  alias  cerLs  judices  factum,  quod  metallis  durissimis 
videas  expolitum.”  (Lib.  vii.  Var.  15.)  We  know  no  examples  of  the  period  that  bear 
out  these  assertions  of  Cassiodorus;  on  the  contrary,  what  is  known  of  this  period  indicates 
a totally  different  style. 

279.  If  the  successors  of  Theodoric  had  succeeded  to  his  talents  as  well  as  his  throne, 
and  if  they  had  been  assisted  by  ministers  like  Cassiodorus,  the  arts  and  letters  of  Italv 
might  ha\e  recovered;  but.  after  the  retirement  of  that  mini‘^^tcr,  from  the  succession  of 
Viiiges,  towards  588,  the  arts  were  completely  extinct.  In  548-7,  Rome  was  taken  and 
plundered  by  Totila ; and  afterwards,  in  558,  this  ill-fated  city  was  again  united  to  the 
Easiern  empire  by  the  talents  of  Belisarius  and  Narses. 

280.  From  the  year  568  up  to  the  conquest  of  Italy  by  Charlemagne,  in  774,  the  country 
was  overrun  by  the  Lombards,  a peojile  who  quickly  attained  a high  degree  of  civilizativui, 
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hnd  were  miieli  given  to  tlie  practice  of  arcliltecture.  MaHei,  Muratori,  and  Tiraboschi 
have  clearly  proved  that  neither  the  Goths  nor  the  Lombards  introduced  any  particular 
style,  but  employed  the  architects  whom  they  found  in  Italy.  Kig  14:1.  is  the  west  end 


of  the  church  of  St.  IMichael,  at  Pavia,  a work  executed  under  the  Lombards,  and,  therefore. 

Ik  re  inserted  as  an  example  of  style.  'J'he  anxiety,  however,  of  the  Lombards  to  preserve  the 
arts  was  not  suthcient  to  ))revent  their  increasing  decay,  which  daily  became  more  apparent. 
Not  more  than  the  Goths  do  they  deserve  the  reproach  for  their  treatment  of  and  indiffer-  | 
ence  to  them.  Resides  fortifications  and  citadels  for  defence,  they  built  palaces,  baths,  and  j 
temples,  not  only  at  Pavia,  the  seat  of  their  empire,  but  at  Turin,  Milan,  Spoleto,  and  . 
Renevento.  Hos]utals  under  them  began  to  be  founded.  The  Queen  Theodelinda,  in  : 
|)articular,  signalised  her  pious  zeal  in  founding  one  at  Monza,  near  Milan,  her  favourite 
residence,  and  endowing  it  in  a most  liberal  manner. 

281.  In  the  eighth  century  the  influence  of  the  popes  on  the  fine  arts  began  to  be  felt. 
.Tohn  VI.  and  Gregory  III.,  at  the  commencement  of  the  eighth  century,  showed  great  soli- 
citude in  their  behalf.  During  this  age  the  popes  gained  great  temporal  advantages,  and  , 
their  revenues  enabled  them  to  treat  those  advantages  so  as  to  do  great  good  for  Italy.  In  . 
the  ninth  century  Adrian  I.  signalised  himself  in  this  passion  to  such  an  extent,  that  Ni- 
cholas V.  placed  on  his  monument  the  in-  ; 
scription, — r 

Restitiiit  mores,  mcenia,  templa,  Donios. 

His  works  were  many  and  admirable.  Among  . 
those  of  great  use,  he  constructed  porticoes  • 
from  the  city  to  San  Paolo  and  S.  Lorenzo  i 
fuori  le  MurL 

282.  Before  we  advance  to  the  age  of 
Charlemagne,  it  will  be  necessary  to  notice  ij 
the  church  of  St.  Vitalis,  at  Ravenna,  which  ' 
we  have  reserved  for  this  place  on  account  of 
the  singularity  of  its  construction.  It  was 
erected,  as  is  usually  believed,  under  the  reign  ; 
of  .Justinian,  in  the  sixth  century.  See  Jiys 
144.  and  145.  The  exterior  walls  are  formed 
in  a regular  octagon,  whose  diameter  is  128  ft. 
Within  this  octagon  is  another  concentric  one. 

54  ft.  in  diameter,  from  the  eight  piers  whereof  ; 
(55  ft.  in  height)  a hemispherical  vault  is  i 
gathered  over,  and  over  this  is  a timber  conical 
roof.  The  peculiarity  exhibited  in  the  con-  - 
struction  of  the  cupola  is,  that  the  spandrels  are 
filled  in  with  earthen  vases ; and  that  round  the  ' 
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cxtcM-ior  of  its  base  semicircular  headed  windows  are  introduced,  each  of  which  is  subdivided 
into  two  apertures  of  similar  forms.  Between  every  two  piers  hemicylindrical  recesses  are 
formed,  each  covered  by  a semidome,  whose  vertex  is  48  ft.  from  the  pavement,  and  each 
of  them  contains  two  windows  subdivided  into  three  spaces  by  two  columns  of  the  Corin- 
thian order,  supporting  semicircular-headed  arches.  Between  the  piers  and  the  external 
walls  are  two  corridors,  which  surround  the  whv)le  building,  in  two  stories,  one  above  the 
other,  each  covered  by  hemicylindrical  vaulting.  The  upper  corridor  above  the  vault 
is  covered  with  a sloping  or  leanto  roof.  We  have  before  noticed  the  introduction  of  vases 
in  the  spandrels  at  the  Circus  of  Caracalla  ; and  we  cannot  help  being  struck  with  the 
similarity  of  construction  in  the  instance  above  cited.  It  fully  bears  out  the  observation  of 
jlMdller  {Dcnkniahlcr  der  Deutscheti  Baukunst),  “ that,  though  beauty  of  proportion  seems  to 
have  been  unappreciated  in  these  ages,  and  architecture  was  confined  within  a servile  imi- 
tation of  the  earlier  forms,  the  art  of  compounding  cement,  the  proper  selection  of  build- 
ing materials,  and  an  intimate  acquaintance  with  the  principles  of  solid  construction  with 
which  the  ancients  were  so  conversant,  AV'ere  fully  understood.” 

28.8.  The  ajra  of  Charlemagne,  which  opened  after  the  middle  of  the  eighth  century  and 
continued  into  the  early  part  of  the  ninth,  gave  rise  to  many  grand  edifices  dedicated  to 
Christianity.  Tliis  extraordinary  man,  rising  to  extensive  dominion,  did  much  towards  re- 
JujStoring  the  arts  and  civilisation.  “ Meanwhile,  in  the  south-east,”  says  an  intelligent 
anonymous  writer,  “ the  decrepid  Grecian  empire,  itself  maintaining  but  a sickly  existence, 
had  nevertheless  continued  so  far  to  stretch  a protecting  wing  over  them  [the  arts]  that 
they  never  had  there  equally  approached  extinction.  It  seems  probable  that  Charlemagne 
drew  thence  the  architect  and  artisans  who  were  capable  of  designing  and  building  such  a 
church  as  the  cathedral  of  Aix-la-Chapelle,  in  Germany.”  “ If  Charlemagne,”  says  Gibbon, 
“ had  fixed  in  Italy  the  seat  of  the  Western  emjiire,  his  genius  would  have  aspired  to  re- 
store, rather  than  violate,  the  works  of  the  Cajsars  ; but  as  policy  confined  the  French 
monarch  to  the  forests  of  Germany,  his  taste  could  be  gratified  only  by  destruction,  and 
the  new  palace  and  church  of  Aix-la-Chapelle  were  decorated  with  the  marbles  of  Ravenna 
and  Rome.”  The  fact  is,  that  the  Byzantine  or  Romanesque  style  continued,  with  various 
degrees  of  beauty,  over  the  Continent,  and  in  this  country,  till  it  was  superseded  by  the  in- 
troduction of  the  pointed  style.  Mdller,  from  whom  we  extract  Jig.  146.  which  represents 
the  portico  of  the  Convent  of  Lorsch,  situate  about  two  and  a half  German  miles  from 
Darmstadt,  considers  it  as  all  that  remains  of  the  first  church  built  in  the  time  of  Charle- 
magne. The  same  learned  author  observes,  that,  on  comparison  with  each  other  of  the 
indent  churches  of  Germany,  two  leading  difTerences  are  discoverable  in  their  styles,  of 
which  all  others  are  grades  or  combinations.  The  Jirst,  or  earliest,  whose  origin  is  from  the 
South,  is,  though  In  its  later  period  much  degenerated,  of  a highly  finished  character, 
* |listinguished  by  forms  and  decorations  resembling  those  of  Roman  buildings,  by  flat  roofs, 
l)y  hemicylindrical  vaults,  and  by  great  solidity  of  construction.  Tlie  second  and  later  .stv'io 
•till  preserves  the  semicircular  forms  ; but  the  high  pitched  roof,  more  .adapted  to  the  sejisoii.'! 
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of  a northern  climate,  begins  to  be  substituted  for  the  flat  roof  of  tlie  South,  as  at  the  ca- 
thedral of  Worms  on  the  west  side,  the  western  tower  of  the  church  at  Gelnhausen,  and  in 
many  other  examples. 

284.  We  are  now  approaching  a period  in  which  more  light  can  be  thrown  on  our  sub- 

ject tlian  on  tliat  we  have  Just  quitted.  In  the  ninth  century,  on,  as  it  is  said,  the  designs  of  a 
Greek  artist,  rose  the  cathedral  of  St.  Mark  at  Venice,  the  largest  of  the  Italian  churches  in 
the  Byzantine  style.  Its  plan  is  that  of  a Greek  cross,  whose  arms  are  vaulted  hemicy- 
lindrically,  and,  meeting  in  the  centre  of  the  building,  terminate  in  four  semicircular  arches 
on  the  four  sides  of  a s(juare,  about  42  ft.  in  length  in  each  direction.  From  the  anterior 
angles  of  the  piers,  pende7itives  gather  over,  as  in  St.  Sophia,  at  Constantinoj)le,  and  form  a 
circle  wherefrom  rises  a cylindrical  wall  or  drum  in  which  windows  for  lighting  the  interior 
are  introduced.  From  this  drum,  the  principal  dome,  which  is  hemispherical,  springs. 
Longitudinally  and  transversely  the  church  is  separated  by  ranks  of  columns  supporting 
semicircular  arches.  Tlie  aisles  of  the  nave  and  choir,  and  those  of  the  transepts,  intersect 
each  other  in  four  places  about  the  centre  of  the  cross,  over  which  intersections  are  small 
domes  ; so  that  on  tlie  roof  are  four  smaller  and  one  larger  dome.  In  the  exterior  front 
towards  the  Piazza  San  Marco,  the  facade  consists  of  two  stories,  in  the  centre  of  the  lower 
one  whereof  is  a large  semicircularly  arched  entrance,  on  each  side  of  which  are  two  other 
smaller  arched  entrances  of  the  same  form.  These  have  all  plain  archivolts  springing  from 
the  upper  of  two  orders  of  columns.  On  each  flank  of  the  facade  is  a smaller  open  arcade 
springing  at  each  extremity  from  an  upper  of  two  orders  of  insulated  columns.  A gallery 
with  a balustrade  extends  round  the  exterior  of  the  church,  in  front  whereof,  in  the  centre,  < 
are  the  four  famous  bronze  horses  which  once  belonged  to  the  arch  of  Nero.  The  second 
story  towards  the  Piazza  San  Marco  consists  of  a central  semicircular  aperture,  with  two  1 
blank  semicircular  arches  on  each  side,  not  quite  so  high  and  wide.  These  five  divisions 
are  all  crowned  by  canopy  pediments  of  curves  of  contrary  flexures,  and  ornamented  with  j 

foliage.  Between  each  two  arches  and  at  the  angles  a turret  is  introduced  consisting  of 
three  stories  of  columns,  and  terminated  by  a pinnacle.  The  building  has  been  considerably 
altered  since  its  first  construction ; and,  indeed,  the  ornaments  last  named  point  to  a later 
age  than  the  rest  of  the  edifice,  the  general  character  of  which  has,  nevertheless,  been  pre- 
served. There  is  considerable  similarity  of  plan  between  this  church  and  that  of  St. 
Sopnia. 

285.  Very  much  partaking  tire  character  of  composition  of  St.  Mark,  but  dissimilar  in  | 
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gonoral  plan,  is  the  church  of  St.  Anthony  .at  Padu.a,  which  h.as  six  domes  over  the  nave, 
tr.iiiscpts,  centre,  and  choir.  It  is,  moreover,  distinguished  by  two  slender  towers  or  miiuirets, 
which  impart  to  it  the  air  of  a Saracenic  edifice. 

286.  The  Italian  architecture  in  the  Byzantine  or  Romanesque  style  preserved  a very 
different  sort  of  character  from  that  of  the  same  date  in  Germany  and  other  parts  of  Europe. 
Thus,  — taking  the  cathedrals  of  I’isa  and  Worms,  whose  respective  periods  of  construction 
are  very  close  together,  — the  former  is  sep.arated  into  its  nave  and  aisles  by  columns  witli 
Corinthian  capitals,  reminding  one  very  much  of  the  early  Christian  basilica  ; in  the  latter, 
the  separation  of  the  nave  from  the  aisles  is  by  square  piers.  The  cathedral  at  Pisa,  with 
its  baptistery,  campanile,  and  the  campo  santo  or  cemetery,  are  a group  of  buildings  of  more 
curiosity  than  any  four  edifices  in  the  world,  and  the  more  so  from  being  so  strongly 
marked  with  the  distinguishing  fe.atures  of  the  Byzantine  and  Romanesque  styles.  Tlie 
cathedral  (Jig.  147.),  whose  architect  was  Buschetto  of  Dulichio,  a Greek,  was  built  in  the 

beginning  in  the  11th  cen- 
tury. It  consists  of  a nave, 
with  two  aisles  on  each  side 
of  it,  transepts,  and  choir.  Its 
bases,  capitals,  cornices,  and 
other  parts  were  fragments  of 
antiquity  collected  from  dif- 
ferent places,  and  here  with 
great  skill  brought  together 
by  Buschetto.  The  plan  of 
the  church  is  a Latin  cross;  its 
length  from  the  interior  face  of 
the  wall  to  the  back  of  the 
recess  is  311  ft.,  the  width  of 
the  nave  and  four  side  aisles 
106  ft.  6 in.,  the  length  of  the 
transept  237  ft.  4 in.,  and  its 
width,  with  its  side  aisles, 
58  ft.  The  centre  nave  is 
41  ft.  wide,  and  has  twenty- 
four  Corinthi.an  columns, 
twelve  on  e.ach  side,  all  of 
marble,  24  ft.  10  in.  high,  and 
full  2 ft.  3 in.  in  diameter. 
From  the  capitals  of  these 
.‘olumns  arches  spring,  and  over  them  is  another  order  of  columns,  smaller  and  more  nu- 
aierous,  from  the  circumstance  of  one  being  inserted  over  the  centre  of  an  intercolumniation 
below,  and  from  their  accompanying  two  openings  under  arches  nearly  equal  to  the  width 
)f  sucli  intercolumniations.  These  form  an  upper  gallery,  or  ^r?ybn'«wj,anciently  appropriated 
;o  the  use  of  females.  The  four  aisles  have  also  isolated  columns  of  the  Corinthian  order, 
.)Ut  smaller,  and  raised  on  high  plinths,  in  order  to  make  them  range  with  the  others.  The 
ra/.septs  have  each  a nave  and  two  side  aisles,  with  isolated  columns,  the  same  size  as  those  of 
he  other.  The  soffit  of  the  great  nave  and  of  the  transepts  is  of  wood,  gilt,  but  the  smaller 
mes  are  groined.  The  height  of  the  great  nave  is  91  ft.,  that  of  the  transepts  about  84  ft., 
' l|ind  that  of  the  aisles,  35  ft.  In  the  centre  nave  are  four  piers,  on  which  rest  four  large 
‘ jiirches,  supporting  an  elliptical  cupola.  The  church  is  lighted  by  windows  above  the  second 
* >rder  of  the  interior.  The  edifice  is  surrounded  by  steps.  The  extreme  width  of  the 
vestern  front,  measured  above  the  plinth  moulding,  is  1 1 6 ft.,  and  the  height  from  the  pave- 
nent  to  the  apex  of  the  roof  is  112  ft.  3 in.  The  fa9ade  has  five  stories,  the  first  whereof 
•onsists  of  seven  arches,  supported  by  six  Corinthian  columns  and  two  pilasters,  the  middle 
rch  being  larger  than  the  others  : the  second  has  twenty-one  arches,  supported  by  twenty 
olumns  and  two  pilasters  ; the  third  is  singular,  from  the  facade  contracting  where  the 
■«f  wo  aisles  finish,  and  forming  two  lateral  inclined  planes,  whence  in  the  middle  are  columns 
at  vith  arches  on  them  as  below.  The  columns  whicli  are  in  the  two  inclined  planes  gradually 
4 liininish  in  height : the  fifth  story  is  the  same,  and  forms  a triangular  pediment,  the  columns 
.il;  nd  arches  as  they  approach  the  angles  becoming  more  diminutive.  The  two  exterior  sides 
|iave  two  orders  of  pilasters,  one  over  the  other.  The  roof  of  the  nave  is  supported,  externally, 
ii  'y  a wall  decorated  with  columns,  and  arches  resting  on  their  capitals.  The  whole  of  the 
'uilding  is  covered  with  lead.  The  drum  of  the  cupola  is  externally  ornamented  with 
ighty-eight  columns  connected  by  arches,  over  which  are  pediments  in  marble,  forming  a 
pecies  of  crowns.  The  principal  point  of  difference  in  these  cathedrals  from  the  old 
asilicae,  in  imitation  whereof  they  xvere  doubtless  built,  is  in  the  addition  of  the  transepts, 
y which  a cruciform  plan  was  given  to  these  edifices.  The  style  of  the  building  in 
ucstion  is  much  lighter  than  most  of  the  buildings  of  the  period.  15ut,  whatever  the  taste 
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and  style,  the  architect  of  it  was  a very  skilful  mechanic.  One  of  his  epitaphs,  at  Pisa,  we 
siihjoin,  in  proof  of  what  we  have  stated. 

Quod  vix  mille  bourn  possent  jupa  juncta  movere, 

Et  quod  vix  potuit  per  mare  ferre  ratis, 

Busclrctti  nisu,  quod  erat  mirabile  vieu, 

Dena  puellarum  turba  levavit  onus. 


287.  In  Germany,  the  10th  and  11th  centuries  afford  some  edifices  very  important  in  the 
history  of  the  art.  Such  are  the  cathedrals  of  Sjrire,  Worms,  Mayence,  and  others,  still  in 
existence  to  testify  their  extraordinary  solidity  and  magnificence.  In  that  country,  as  Mdller 
remarks,  there  was  a great  disparity  between  its  several  provinces,  as  respected  tlieir  degrees 
of  civilisation.  On  the  banks  of  the  Rhine,  and  in  the  south,  cities  were  established  when 
those  parts  became  subject  to  the  Romans,  and  there  the  arts  of  peace  and  the  Christian 
religion  took  root,  and  flourished ; whilst,  in  the  north  and  east,  paganism  was  still  in  existence. 
Christianity,  indeed,  and  civilisation  gradually  and  generally  extended  from  the  southern 
and  western  parts.  The  clergy,  we  know  from  history,  themselves  directed  the  building  of 
churches  and  convents.  The  buildings,  therefore,  of  these  parts  are  of  great  importance  in 
the  history  of  architecture.  The  leading  forms  of  these  churches,  as  well  as  of  those  that 
were  built  about  the  same  period  in  France  and  England,  are  founded  upon  the  ancient 
basilicie;  that  is,  they  were  long  parallelograms  with  side  aisles,  and  transepts  which  represent 
the  arms  ol  the  cross,  over  whose  intersection  with  the  nave  there  is  frequently  a louvre. 
The  choir  and  chancel  terminate  semicircularly  on  the  plan.  The  semicircle  prevails  in 
the  vaultings  and  over  openings.  The  nave  is  lofty,  frecjuently  covered  with  groined  vaulting, 
sometimes  with  flat  timber  covering;  the  gables  are  of  small  inclination.  In  the  u])pcr 
parts  small  short  columns  are  frequently  introduced.  The  prevailing  feature  in  the  ex- 
terior is  horizontality,  by  which  it  is  distinguished  from  the  style  which  came  into  use  in  the 
].8th  century.  The  profiles  of  the  mouldings  are,  almost  without  exception,  of  Roman 
origin  ; the  impost  mouldings  under  the  arches  are,  in  this  respect,  peculiarly  striking  ; and 
among  the  parts  the  Attic  base  constantly  appears.  The  Roman  basilicae  were  always 
covered  with  flat  horizontal  ceilings ; those  of  the  churches  we  are  speaking  of  are  mostly 
vaulted.  Hence  the  necessity  of  substituting  pillars  or  piers  for  the  insulated  columns, 
which  had  only  to  carry  wooden  roofs.  There  are,  however,  a few  churches  remaining, 
which  preserve  the  ancient  type,  as  a church  at  Ratisbon,  and  the  conventual  churches  of 
Paulinzell  and  Schwarzach.  Fig.  148.  shows  the  plan,  and^^.  149.  a sketch  of  one  bay  in  a 
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longitudinal  section  of  the  north  side  of  the  nave  of  the  cathedral 
at  Worms,  which  was  commenced  in  the  year  996,  and  conse- 
crated in  1016.  It  is  one  of  the  most  ancient  of  the  German 
churches,  and  one  of  the  most  instructive.  On  our  examination 
of  it,  recently,  we  were  astonished  at  its  state  of  preservation. 
The  plan,  it  will  be  seen,  is  strongly  distinguished  by  the  cross; 
the  square  piers  are  alternately  decorated  with  half  columns;  and 
the  chancel,  at  the  east  end,  terminates  with  a semicircle.  The 
western  end  of  the  church,  which  is  octagonal,  seems  to  be  moit* 
modern  than  the  rest,  inasmuch  as  the  pointed  arch  appears  in  it. 
Fig.  150.  is  a view  of  the  edifice. 

288.  Parts  of  the  cathedral  at  IMentz  are  more  ancient  than 
any  part  of  that  at  Worms  ; hence  it  may  be  studied  with  advan- 
tage, as  containing  a view  of  the  styles  of  several  centuries.  The 
south-eastern  gate  of  the  cathedral  is  given  by  Mdller  in  his  work 
(Plate  VI.). 

289.  Whittington,  a highly  talented  author,  of  whom  the  world 
was  deprived  at  a very  early  age  {Historical  Survey  of  the  Eccle- 
siastical Antiquities  of  France,  41o.  Loud.  1809),  observes,  that 
the  buildings  in  France  of  the  9th  and  10th  centuries  were  imi* 


in  ZANTINE  \>,  D ItOMANESQUE.  117 

tated  from  the  works  of  Charle- 
magne ; hut  that  Iiis  feeble  suc- 
cessors, deficient  both  in  riches 
and  j)ower,  were  unable  to  e<]ual 
them  in  magnitude  or  beauty  of 
materials.  During  a large  por- 
tion of  the  9th  century  the 
country  was  a scene  of  conster. 
nation  and  bloodshed.  The 
most  celebrated,  and  almost  the 
only  foundation  of  consequence 
which  took  j)lace  during  this 
dreary  period,  was  the  abbey  of 
Clugny.  It  was  built,  about 
910,  by  Berno,  abbot  of  Balme, 
with  the  assistance  of  William, 
Duke  of  Aquitaine  and  Au- 
vergne. But  there  is  little 
doubt  that  the  present  cliurch 
was  built  in  the  following  cen- 
tury. During  the  11th  century, 
the  Frencli,  relieved  from  tlieit 
disordered  state,  hastened  to  re- 
build and  repair  their  ecclesias- 
tical structures,  and  their  various 
cities  and  provinces  vied  with  each  other  in  displays  of  enthusiastic  devotion.  Robert  the 
Pious,  by  his  example,  encouraged  the  zeal  of  his  clergy  and  people  ; and  the  science  of 
architecture  revived  with  majesty  and  effect  from  its  fallen  state.  Morard,  the  abbot  of 
St.  Germain  des  Pres,  was  enabled  by  this  monarch  to  rebuild  the  church  of  his  con- 
vent on  a larger  scale.  St.  Genevieve  was  also  restored,  and  a cloister  added  to  it,  by 
his  order.  He,  moreover,  made  preparations  for  erecting  a cathedral  at  Paris  in  a style 
of  as  great  magnificence  as  the  times  would  allow.  At  Orleans,  the  place  of  his  na- 
tivity, he  built  the  churches  of  Notre  Dame  de  bonnes  nouvelles,  St.  Peter,  and  St.  Aignan, 
which  last  was  consecrated  in  1029.  But  our  space  does  not  allow  an  enumeration  of  all 
the  works  undertaken  during  his  reign.  About  this  time,  the  cathedral  of  Chartres  was 
rebudt  by  Fulbert,  its  bishop,  whose  great  re])utation,  in  France  and  the  rest  of  Europe, 
enabled  liim  to  execute  it  in  a manner  till  then  unknown  in  his  country.  Canute,  the 
king  of  England,  and  Richard,  Duke  of  Normandy,  were  among  the  princes  who  assisted 
him  with  contributions.  His  successor,  'J'hierri  or  Theodoric,  completed  the  building.  'I'he 
northern  ]>art  was  afterwards  erected  in  lOGO,  at  the  expense  of  Jean  Cormier,  a native  of 
Chartres,  and  physician  to  the  king.  The  length  of  the  church  is  420  ft.,  its  height  108  ft., 
and  the  nave  48  ft.  wide.  The  transepts  extend  210  ft.  The  abbey  church  of  Cluny, 
whifh  succeeded  that  above  mentioned,  was  one  of  the  largest  and  most  interesting  of  the 
ecclesiastical  monuments  of  France.  It  was  begun  in  the  commencement  of  the  1 1th  century, 
by  the  abbot  Odilo,  and  finished  by  his  successor  Hugh,  in  1069.  'I  he  ceremony  of  its 
dedication  did  not,  however,  take  place  till  many  years  after.  Tiie  style  of  architecture  in 
France,  in  the  lltli,  was  the  same  as  in  the  preceding  centuries  ; but  the  churches  were 
larger  and  more  solidly  constructed.  The  oldest  buildings  of  France,  with  some  exceptions, 
are  traceable  to  this  a*ra  ; .such  are. the  veneialjle  fabrics  of  St.  Germain  des  Pres  at  Pari.s, 
St.  Benigne  at  Dijon,  those  of  Chartres,  La  Charite  sur  Loire  (Cluny  was  destroyed 
1789),  and  others  ; these  all  remain  to  illustrate  the  history  of  the  arts  at  this  ])criod. 
But  as  we  have  said  before,  and  cannot  too  often  repeat,  the  style  which  prevailed  was 
no  more  than  a debased  and  feeble  attempt  to  imitate  the  ancient  architecture  of 
Rome,  and  its  best  examples  are  not,  in  style  even,  equal  to  those  of  the  art  in  its 
lowest  state  under  the  reign  of  Dioclesian ; indeed  the  investigation  is  only  important  as 
being  one  of  the  means  by  which  we  can  arrive  at  a just  conclusion  on  the  state  of  civilisa- 
tion at  ditterent  periods.  Mores  fahricce  loquuntur  is  an  expression  of  Cassiodorus,  so  true, 
that  to  prove  it  would  indeed  be  lighting  the  sun  with  a candle ; and  we  must  not  trifle 
with  the  patience  of  the  reader. 

290.  The  Saxon  churches  of  England,  to  which  and  its  more  modern  architecture  our 
succeeding  chapter  will  be  entirely  devoted,  were  very  inferior  in  every  respect  to  the 
Norman  cliurches  of  France ; and  these  latter  differed  materially  from  those  in  the  neigh- 
bourhood of  Paris,  and  further  to  the  south.  The  Norman  churches  were  larger  in  some 
examples ; but  they  were  more  rude  in  de.sign  and  execution.  The  abbey  church  of 
St.  Stephen,  raised  at  Caen  by  William  the  Conqueror,  and  that  founded  by  his  Queen 
IMatilda  in  the  same  city  in  honour  of  the  Holy  Trinity,  are  the  chief  examples  of  the 
peculiar  manner  of  building  introduced  by  the  Norman  prelates  into  England  at  the  end 
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of  the  1 1th  cemury  ; after  which,  as  we  shall  presently  see,  a new  and  extraordinary  style 
made  its  appearance  in  Europe,  a style  whereof  Ji(j.  151.  will,  on  inspection,  sutKciuuly 
^ive  a general  notion  to  the  reader. 


‘291.  Before  leaving  the  subject  of  this  section,  we  must  fall  back  again  upon  Italy 
to  notice  two  or  three  works  intimately  connected  with  this  period  of  the  art.  ^Ve 
here  more  particularly  allude  to  the  celebrated  baptistry  and  campanile  of  Fisa,  a city 
which  seems  to  have  been  a great  nursing  mother  to  our  art,  no  less  than  to  those  of 
painting  and  sculpture.  The  Campo  Santo  of  that  city,  of  which,  from  the  number  of 
examples  to  be  noticed,  we  regret  we  shall  be  unable  to  give  but  a sliort  account,  belongs 
tt)  the  next  period,  and  must  be  noticed  after  them. 

292.  Uioti  Salvi,  whose  birthplace  even  is  unknown,  commenced,  in  1 152,  the  baptistery 
of  Fisa  {fg.  152.),  and  after  eight  years  completed  it  It  is  close  to  the  cathedral  of  the 

place,  and  though  on  the  wall  of 
the  inner  gallery  there  be  an  in- 
scription, cut  in  the  character  of  the 
middle  ages,  “ a.d.  1278,  ^KnuKiCATA 
KtjiT  i)E  NOVO,”  and  it  may  be  con- 
sistent with  truth  that  the  edi- 
fice was  ornamented  by  John  of 
Fisa,  there  is  nothing  to  invaliilate 
the  belief  that  the  building  stands 
on  the  foundations  originally  set 
out,  and  that  for  its  principal  fea- 
tures it  is  indebted  to  the  architect 
whose  name  we  have  mentioned. 
It  is  100  ft.  in  diameter  within  the 
walls,  which  are  8 ft.  6 in.  thick. 
'J'he  covering  is  a double  brick 
dome,  the  inner  one  conical,  the 
outer  hemisj)herical.  The  former 
js  a frustum  of  a pyramid  of 
twelve  sides.  Its  uj)per  extremity 
forms  a horizontal  polygon,  finished 
with  a small  parabolic  cupola, 
showing  twelve  small  marble  ribs 
on  the  exterior.  The  outer  vault 
terminates  above,  at  the  base  of 
the  small  cupola,  which  stands  like 
a lantern  over  the  aperture.  From 
the  pavement,  the  height  of  the 
cupola  is  102  ft.  The  entrance  is 
by  a decorated  doorway,  from  the 
sill  of  which  the  general  pavement 
***•  BAPTUTBBY  OF  PISA.  jg  tlivce  stcps  Touiid  thc  build- 

ing ; the  space  between  the  steps  and  the  wall  having  been  provided  for  the  accommodation 
of  the  persons  assembled  to  view  the  cereiruny  of  baptism.  An  aisle  or  corridor  is  con- 
tinued round  its  interior  circumference,  being  formed  by  eight  granite  columns  and  four  piers, 
from  which  are  turned  semicircular  arches,  which  support  an  upper  gallery  ; and  above 
the  arches  are  twelve  piers,  bearing  the  semicircular  arches  which  support  the  pyramidal 
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dome.  On  the  exterior  arc  two  orders  of  Corinthian  columns  engaged  in  the  wall,  which 
supi)oi  t semicircular  arches.  In  the  upper  order  the  columns  are  more  nuinerous,  inas- 
much as  each  arch  below  bears  two  columns  above  it.  Over  every  two  arches  of  the  ui)pcr 
order  is  a sharp  pediment,  separated  by  a ))innacle  from  the  adjoining  ones;  and  above  tho 
pediments  a liorizontal  cornice  encircles  the  building.  Above  the  second  story  a division 
ill  the  comjiartments  occurs,  which  embraces  three  of  the  lower  arches  ; the  separation 
being  eflected  by  piers  triangular  on  the  jilan,  crowned  by  pinnacles.  Between  these  jiiers 
semicircular  headed  small  windows  are  introduced,  over  each  of  which  is  a small  circular 
window,  and  thereover  sharp  pediments.  Above  these  the  convex  surface  of  the  dome 
springs  up,  and  is  divided  by  twelve  ribs,  truncated  below  tbe  vertex,  and  ornamented  with 
crockets.  Between  these  ribs  are  a species  of  dormer  windows,  one  between  every  two  ribs, 
ornamented  with  columns,  and  surmounted  each  by  three  small  pointed  pediments.  The 
total  height  is  about  179  ft.  The  cupola  is  covered  with  lead  and  tiles;  the  rest  of  the 
edifice  is  marble. 

293.  'I  he  extraordinary  campanile,  or  bell  tower,  near  the  cathedral  at  Pisa,  was  built 
about  1174.  It  is  celebrated  from  the  circumstance  of  its  overhanging  ujnvards  of  thirteen 
feet,  a jieculiarity  observable  in  many  other  Italian  towers,  but  in  none  to  so  great  an  extent 
us  in  this.  There  can  be  no  doubt  whatever  that  the  defect  has  arisen  from  bad  foundation, 
and  that  the  failure  exhibited  itself  long  before  the  building  was  completed  ; because,  on 
one  side,  at  a certain  height,  the  columns  are  higher  than  on  the  other;  thus  showing  an  en- 
deavour on  the  part  of  the  builders  to  bring  back  the  upper  part  of  the  tower  to  as  vertical 
a direction  as  was  practicable,  and  recover  the  situation  of  the  centre  of  gravity.  The 
tower  is  cylindrical,  50  ft.  in  diameter,  and  180  ft.  high.  It  consists  of  eight  stories  of 
columns,  in  each  of  which  they  bear  semicircular  arches,  forming  open  galleries  round  the 
story.  'I'lie  roof  is  flat,  and  the  upper  story  contains  some  bells.  The  last  of  the  grou])  of 
huildings  in  Pisa  is  tho  Campo  Santo,  which,  from  its  style  and  date  (1278),  is  only  men- 
tioned here  out  of  its  jilace  in  order  to  leave  this  interesting  spot  without  necessity  for  further 
recurrence  to  it.  It  is  the  public  burying  place  of  the  city,  and,  whether  from  the  remains  on 
its  walls  of  the  earliest  examples  of  Giotto,  and  Cimabue,  the  beauty  of  its  proportions,  or 
the  sculpture  that  remains  about,  is  unparalleled  in  interest  to  the  artist.  It  is  a quadrangle, 
403  ft.  in  length,  1 17  ft.  in  width,  and  is  surrounded  by  a corridor  32  ft.  in  breadth,  'i'his 
corridor  is  roofed,  forming  a sort  of  cloister  with  semicircular-headed  windows,  which  were 
at  first  simple  apertures  extending  down  to  the  pavement,  but  they  have  been  sidjsc(|uently 
divided  into  smaller  apertures  by  columns,  which,  from  the  springing  of  the  arches,  brancli 
out  into  tracery  of  elegant  design.  The  interior  part  of  the  (luadrangle  is  o})cn  to  the  sky. 
Some  of  the  arches  above  mentioned  were  completed  as  late  as  the  year  14G4. 

The  style  of  the  transition  to  pointed  art  will  be  noticed  in  the  sect'on  on  Pointeu 
Akchitkctuhk  at  the  end  of  Book  I. 


Sect.  XV. 

(a)  ORIGIN  OF  THE  POINTED  ARCH. 

294.  About  the  end  ot  the  12th  and  the  beginning  of  the  13th  century,  a most  singular 
and  important  change  took  place  in  the  architecture  of  Europe.  The  flat  southern  roof, 
35iys  Mbller,  was  suj)erseded  by  the  high  pitched  northern  covering  of  the  ecclesiastical 
edifices,  and  Its  introduction  brouglit  Avith  it  the  use  of  the  pointed  arch,  which  was  sub- 
smuted  for  the  semicircular  one:  a necessary  consequence,  for  the  roof  and  vaults  being 
thus  raised,  the  cl)aracter  of  the  whole  could  not  be  preserved  without  changing  the  entire 
arrangement  of  the  combination  of  forms.  But  we  have  great  doubts  on  Mdller’s  hypo- 
thesis ; it  will.  Indeed,  be  hereafter  seen  we  have  a different  belief  on  the  origin  of  the  pointed 
arch.  Before  we  at  all  enter  upon  the  edifices  of  the  period,  we  think  it  will  be  better  to 
put  the  reader  in  possession  of  the  different  hypotheses  in  which  various  writers  have  in- 
didged,  relative  to  the  introduction  or  invention  of  the  pointed  arch  ; and  though  we  attach 
very  little  importance  to  the  discovery,  if  it  could  now  be  clearly  established,  we  are,  as  our 
work  would  be  incomplete  without  the  notice,  compelled  to  submit  them  for  the  reader’s 
consideration. 

295.  1.  Some  have  derived  this  style  from  the  holy  groves  of  the  early  Celts.  — But  we  can 
see  no  ground  for  this  hypothesis,  for  it  was  only  in  the  14th  and  15th  centuries  that  ribs 
between  the  groins  (which  have  been  compared  to  the  small  branches  of  trees)  were  intro- 
duced ; hence  it  is  rather  difficult  to  trace  the  similarity  which  its  supporters  contend  for. 

29G.  2.  That  the  style  originated  from  huts  made  with  twigs  and  branches  of  trees  intertwined. 

An  hypothesis  fancifully  conceived  and  exhibited  to  the  world  by  Sir  James  Hall,  in 

some  very  interesting  plates  attached  to  his  work.  Mdller  properly  observes  upon  this 
theory  of  twigs,  that  it  is  only  in  the  buildings  of  the  15th  and  IGth  centuries  that  the 
supposed  imitation  of  twigs  appears. 
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297.  3.  From  the  framed  construction  of  timber  buildings.  — This  is  an  hypothesis  wliich 
it  would  he  loss  of  time  to  examine,  inasmuch  as  all  th6  forms  and  details  undoubtedly  arise 
from  the  vault  and  arch;  and  a close  examination  of  the  buildings  of  the  1 3th  century 
proves  that  the  ancient  ecclesiastical  style  involves  the  scientific  construction  of  stone 
vaulting,  all  timber  construction  being  limited  to  the  framing  of  the  roof. 

298.  4.  From  the  imitation  of  the  aspiring  lines  of  the  pyramids  of  Egypt,  — This  hypo- 
thesis is  the  fancy  of  Murphy,  the  ingenious  and  useful  editor  of  a work  on  the  convent  of 
Ratalha,  in  Portugal,  and  also  of  some  of  the  finest  edifices  of  the  Moors  in  Spain.  The  fol- 
lowing is  the  reasoning  of  the  author  : — The  pyramids  of  the  Egyptians  are  tombs  ; the 
dead  are  buried  in  churches,  and  on  their  towers  pyramidal  forms  are  placed  ; consequently, 
the  pyramids  of  the  towers  indicate  that  there  are  graves  in  the  churches  ; and  as  the  pyra- 
midal form  constitutes  the  essence  of  the  pointed  arch  style,  and  the  pyramids  of  the  towers 
are  imitations  of  the  Egyptian  pyramids,  the  pointed  arch  is  derived  from  the  latter.  Tlie 
reader,  we  are  sure,  will  not  require  from  us  any  examination  of  the  series  of  syllogisms 
here  enumerated. 

2f>9.  5.  From  the  intersection  of  semicircular  arches  which  occurs  in  late  instances  of  the  lio- 
nianesque  style.  — This  Avas  the  hypothesis  of  the  late  Dr.  Milner,  a Catholic  bishop  of  great 
learning  and  most  amiable  bearing,  and  a person  so  intimately  acquainted  Avith  the  subject 
on  Avhicli  he  Avrote,  that  Ave  regret  his  reasons  for  the  conjecture  are  not  satisfactory  to 
us,  albeit  the  combination  (fg.  153.)  whereof  he  speaks  is,  in  the  Romanesque  style,  of  S 

frequent  occurrence.  Idle  venerable  prelate  seems 
to  have  lost  sight  of  a principle  familiar  to  every 
artist  — tl'.at  in  all  art  the  details  of  a style  are 
subordinate  to  and  dependent  on  the  masses,  and 
that  the  converse  never  occurs  ; how,  then,  could 
the  leading  features  of  a style  so  universal  have 
had  their  origin  in  an  accidental  and  unessential 
decoration,  like  that  of  the  theory  in  question? 
None  of  the  above  hypotheses  are  satisfactory ; 
and  Muller  Avell  observes,  that  the  solution  of  the  question,  Avhetlier  the  pointed  style  be- 
longs to  one  nation  exclusively,  is  attended  Avith  great  difficulties.  And  it  may  be  said 
that  the  jiroblem  for  solution  is  not,  Avho  invented  the  pointed  arch,  but,  in  Avhat  Avay  its 
prevalence  in  the  13th  century  is  to  be  accounted  for. 

3(X).  We  are  not  of  opinion  that  it  is  of  much  importance  that  this  vexata  quwstio  should  be 
settled;  and  that  it  Avill  uoav  satisfactorily  be  done,  we  consider  very  much  out  of  the  limits 
of  probability.  Rut  Ave  suppose  that  the  reader  Avill  be  inclined  to  ask  for  our  oavu  bias  on 
the  subject ; and,  as  Ave  are  bound  to  ansAver  such  a question,  the  reply  is,  that  Ave  are  of  the 
faith  of  the  Rev.  Mr.  Whittington,  to  Avhose  Avork  Ave  have  before  referred,  that  the  pointed 
arch  Avas  of  Plastern  extraction,  and  that  it  Avas  im])orted  by  the  first  crusaders  into  the 
West.  “ All  eastern  buildings,”  says  that  ingenious  Avriter,  “as  far  back  as  they  go  (and 
Ave  cannot  tell  hoAV  far),  have  pointed  arches,  and  are  in  the  same  style;  is  it  not  fair  to 
supjjose  that  some  of  these  are  older  than  the  12th  century,  or  that  the  same  style  existed 
before  that  time?  Is  it  at  all  probable  that  the  dark  ages  of  the  AVest  should  have  given  a 
mode  of  architecture  to  the  East?”  Lord  Aberdeen,  Avhose  taste  and  learning  in  matters  of 
this  nature  Avell  qualified  him  for  the  posthumous  introduction  to  the  public  of  the  author 
Ave  are  using,  observes,  in  his  preface  to  Whittington’s  Avork,  that,  “ if  Ave  could  discover  in 
any  one  country  a gradual  alteration  of  this  style  [the  Romanesque],  beginning  Avith 
the  form  of  the  arch,  and  progressively  extending  to  the  Avhole  of  the  ornaments  and  general 
design  ; — after  Avhich,  if  Ave  could  trace  the  neAv  fashion  sloAvly  making  its  Avay,  and  by  de- 
grees adopted  by  the  other  nations  of  Europe  ; — the  supposition  of  Mr.  Walpole  [that  it 
arose  from  Avhat  was  conceived  to  be  an  improvement  in  the  corrupt  specimens  of  Roman 
taste  then  exhibited,  and  Avas  afterAvards  gradually  carried  to  perfection]  would  be  greatly 
confirmed.  Nothing,  hoAvever,  of  this  is  the  case.  We  find  the  Gothic  [pointed]  style, 
notwithstanding  the  richness  and  variety  it  afterwards  assumed,  appearing  at  once  with  all 
its  distinctive  marks  and  features,  not  among  one  people,  but,  very  nearly  at  the  same  period 
«>f  time,  received  and  practised  throughout  Christendom.  How  Avill  it  be  possible  to  account 
for  this  general  and  contemporary  adoption  of  the  style,  but  by  a supposition  that  the  taste 
and  knowledge  of  all  on  this  subject  Avere  draAvn  from  a common  source?  and  where  can  we 
look  for  this  source  but  to  the  East,  Avhich,  during  the  crusades,  attracted  a portion  of  the 
population,  and,  in  a great  degree,  occupied  the  attention,  of  the  different  states  of  Europe?” 
This  Avas  an  opinion  of  Sir  Christopher  Wren,  at  least  greatly  so,  his  leaning  being  rather 
to  deducing  the  origin  of  the  style  from  the  Moors  in  Spain.  It  is  the  fashion  of  modern 
half-educated  critics  to  place  little  reliance  on  such  authorities  as  Wren.  We  liaA'e,  from  ex«  lu 
perience,  learned  to  venerate  them.  The  noble  author  Avhom  Ave  have  been  quoting  proceeds  | 
by  stating  that  “ the  result  receives  confirmation  from  the  circumstance  of  there  being  no  i 
specimen  of  Gothic  [pointed]  architecture  erected  in  the  West  before  the  period  in  ques-  • 
tion.”  Exception,  however,  is  to  be  made  for  the  rare  occurrence  of  a very  few  examples, 
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whose  construction  iray  pcrlia])s  l)e  placed  higher  than  tlie  I ‘2th  century,  and  the  cause  of  wliose 
existence  may  he  satisfactorily  explained.  “ It  may  he  sufficient  here  to  observe,  that  no 
people  verseci  in  the  science  of  architecture  could  long  remain  ignorant  of  the  pointed  form 
of  tile  arch,  tlie  most  simple  and  easy  in  construction,  as  it  might  be  raised  without  a centre 
by  tlie  gradual  projection  of  stones  placed  in  horizontal  courses ; and,  whether  jiroduced  by 
accident  or  necessity,  we  may  reasonably  expect  to  meet  with  it  occasionally  in  their  works.” 
It  is  certain  that,  though  neglected  in  their  general  practice,  the  ancients  were  ac(}uainte<S 
with  this  mode  of  building  • and  the  occurrence  of  an  arch  merely  pointed  and  unaccom- 
panied with  any  other  characteristic  of  the  style,  is  no  better  evidence  of  the  prevalence  of 
Gothic  { pointed ) architecture,  than  that  the  appearance  of  Corinthian  capitals  in  Uomanesijue 
buildings  must  give  them  the  right  to  be  called  classical  edifices.  It  is  not  easy  to  answer 
the  question, — In  what  part  of  the  East  are  we  able  to  point  to  buildings  constructed  in 
the  pointed  style,  of  a date  anterior  to  those  erected  in  the  West  ? A little  reflection, 
however,  will  solve  the  difficulty ; and  here  we  must  again  trespass  on  the  author  we  have 
so  copiously  used,  though  our  limits  will  not  allow  us  to  follow  him  in  his  own  words.  It 
is  manifest  that  the  frequent  wars  and  revolutions  of  the  East  entailed  the  same  fate  on 
works  of  art  and  utility  as  attended  the  princes  and  chiefs  of  the  states  subverted.  Thus 
tlie  number  jf  architectural  examples,  and  especially  those  of  early  date,  was  greatly  di- 
minished. Again,  the  people  of  the  East  with  whom  we  are  best  acquainted,  in  a great 
measure  sacrificed  their  less  durable  mode  of  building  to  that  which  they  found  established 
by  the  Greeks.  Thus,  the  church  of  Santa  Sophia  was  a model,  after  the  conquest  of  Con- 
stantinople, for  all  the  mosques  that  were  erected,  with  the  addition  occasionally  of  minarets 
more  or  less  lofty,  as  the  piety  and  magnificence  of  the  sultans  might  dictate.  Previously 
to  the  conquest  of  the  metropolis  of  the  East,  such  a practice  was  prevalent,  and  in  the 
cities  of  the  empire  many  Christian  edifices  were  adapted  to  the  purposes  of  Mohammedan 
worship.  Yet,  notwithstanding  these  causes,  which  form  an  impediment  to  full  information 
on  the  state  of  the  early  architecture  of  the  East,  there  is  an  abundance  of  facts  to  give 
probability  to  our  notion,  except  in  the  eyes  of  those  who  view  the  subject  through  the 
medium  of  prejudice  and  established  system  ; at  least  so  we  opine. 

.‘301.  “ If  a line,”  says  our  author,  “be  draxvn  from  the  north  of  the  Euxine,  through 
Constantinople  to  Egypt,  we  shall  discover  in  every  country  to  the  eastward  of  this  boun- 
dary frequent  examples  of  the  pointed  arch,  accompanied  with  the  slender  proportions  of 
Gothic  [pointed]  architecture;  in  Asia  Minor,  Syria,  Arabia,  Persia;  from  the  neigh- 
bourhood of  the  Caspian,  through  the  wilds  of  Tartary  ; in  the  various  kingdoms,  and 
throughout  the  whole  extent  of  India,  and  even  to  the  furthest  limits  of  China.  It  is  true 
that  we  are  unable,  for  the  most  part,  to  ascertain  the  precise  date  of  these  buildings  ; but 
this  in  reality  is  not  very  important,  it  being  sufficient  to  state  the  fact  of  their  comparative 
antiquity,  which,  joined  to  the  vast  diffusion  of  the  style,  ajipears  adequate  to  justify  our 
conclusion.  Seeing,  then,  the  universal  prevalence  of  this  mode  in  the  East,  which  is  satis- 
factorily accounted  for  by  the  extensive  revolutions  and  conquests  effected  by  Eastern 
warriors  in  that  part  of  the  world,  it  can  scarcely  appear  requisite  to  discuss  the  probability 
of  its  having  been  introduced  from  the  West,  or,  still  less,  further  to  refute  the  notions  of 
those  who  refer  the  origin  of  the  style  [as  some  have  very  ignorantly  done]  to  the  in- 
vention of  English  artists.  Had  it  been  adopted  from  the  practice  of  the  West,  such  a 
peculiarity  of  taste  and  knowledge  must  have  been  imjiarted  by  some  general  communi- 
cation ; this  has  only  occurred  at  one  period,  during  which  no  building  of  the  species  in 
(jiiestion  existed  in  Europe.  The  inhabitants  of  the  West  could  not  convey  a knowledge 
which  they  did  not  possess  ; but,  as  it  became  pretty  general  amongst  them  shortly  after 
the  epoch  alluded  to,  it  is  reasonable  to  infer  that  they  acijuired  it  from  those  nations  they 
are  said  to  have  instructed.  On  the  whole,  it  is  probable  that  the  origin  of  the  Gothic 
style,  notwithstanding  the  occasional  imitation  of  a corrupt  and  degraded  species  of  Roman 
architecture,  is  sufficiently  indicated  by  the  lofty  and  slender  proportions,  by  the  minute 
parts,  and  the  fantastic  ornaments  of  Oriental  taste.” 

302.  Mdller,  a writer  for  whose  opinions  we  entertain  the  highest  respect,  is  not, 
however,  of  opinion  that  the  pointed  arch  originated  with  the  Arabs;  and  he  observes  that 
a scrutiny  of  their  buildings  will  exhibit  nothing  that  bears  upon  the  Gothic,  or  jiointed, 
style.  He  says  that  their  arches  are  in  the  shape  of  a horseshoe  ; that  the  columns  are 
low,  that  they  stand  single,  and  are  not  connected  in  groups  ; that  the  windows  are  small, 
the  roofs  flat,  and  that  the  prevalent  general  forms  are  horizontal  : that,  in  the  ancient 
churches  of  the  1 3th  century,  the  arches  are  pointed,  the  pillars  high  and  composed  of  several 
columns,  windows  large,  and  roofs  and  gables  high.  Rut  at  the  end  of  his  argument  he  admits 
that  the  solution  of  the  question,  “ which  of  the  European  nations  first  introduced  or  im- 
proved the  pointed  style  is  not  so  easy,  for  we  find  this  style  of  building  almost  con- 
temporary in  all  parts  of  Europe.”  Now,  though  we  are  not  about  to  use  the  argument 
which  is  not  always  valid,  post  hoc  trgo  pro]>ter  hoc,  xve  must  observe,  that  the  introduction  of 
the  pointed  arch  immediately  after  the  first  Crusade,  and  not  before,  is  a most  singular 
ooc’urrence  ; and  we  are  inclined  to  give  it  the  same  force  as  that  used  by  old  Rishop 
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I^atimcr  on  the  subject  of  the  Goodwin  Sands  and  Tenterden  steeple.  One  of  the  points 
of  Moller’s  reasoning  we  do  not  tliink  at  all  fortunate  ; it  is  tliat  on  the  forms  of  the 
Bloresque  arches.  Now,  it  must  immediately  occur  to  the  reader  that  one  of  tlie  forms  (as 

Oat  the  side),  and  that  a common  one,  is  to  be  found  in  their  arches,  that  of  contrary 
flexure  ; a form  in  the  architecture  of  this  country  in  the  time  of  the  Tudors  univer- 
sally  adopted,  tlioiigh,  it  must  be  allowed,  much  flattened  in  the  application. 
Another  point  seems  to  have  been  altogether  overlooked  by  Moller,  namely,  the  practice  of 
tlinperhig  the  walls,  whereof  an  instance  occurs  in  Westminster  Abbey  ; and  one  which  l as 
a very  strong  affinity  to  the  jrractice  of  the  Moors,  who  left  no  space  unornamented.  The 
higher-pitched  gables  of  the  northern  roofs,  we  admit,  fostered  the  discovery,  by  the  intro- 
duction of  forms  from  necessity,  which  were  admirably  calculated  to  carry  out  to  their  ex- 
treme limits  the  principles  of  which  the  Crusaders  had  acquiredsome  notion  for  practice  on 
their  return  to  their  respective  countries.  As  to  the  objection  that  the  Arabs  had  no  original 
architecture,  it  is  admitted.  They  must,  however,  have  had  that  of  the  tent,  whose  form  in- 
verted would  give  all  that  is  sought.  These  obs.  rvations  we  do  not  throw  out  as  partisans  ; 
the  hypothes's  adopted  by  us  is  sanctioned,  in  addition  to  the  learned  author  upon  whom 
we  have  drawn  so  much,  by  Warburton,  and  T.  Warton,  and  Sir  Christopher  Wren;  and 
though  none  of  th,  se  had  the  opportunity  of  basing  their  opinions  upon  the  labours  of  the  I 

recent  travellers  whom  we  have  been  able  to  use,  we  do  not  think,  u|)on  this  mooted  ques- 
tion, either  of  them  would  be  reduced  to  the  necessity  of  retiacting  what  he  has  respectively 
written. 

303.  In  glancing  over  the  many  writers  on  the  subject,  it  is  amusing  to  seethe  difference  ii 

of  opinion  that  exists.  For  instance,  twenty  are  of  opinion  that  it  originated  in  Gennany;  - 

fourteen,  that  it  was  of  Eastern  or  Saracenic  origin ; six,  that  it  arose  from  the  hint  sug- 
gested by  the  intersection  of  the  Norman  arclies  ; four,  that  it  was  the  invention  of  tlie 
Goths  and  Lombards;  and  three,  that  its  origin  was  in  Italy.  Sprung,  however,  from 
whatever  place,  it  appears  to  have  given  in  every  sense  an  independence  to  the  art  not  before  . 

belonging  to  it,  and  to  have  introduced  principles  of  far  greater  freedom,  in  respect  of  the  | 

ratio  of  points  of  support  to  the  whole  mass,  than  were  previously  exliibited  or  probably 
known.  Those  who  may  feel  desirous  of  consulting  these  views  in  detail,  will  find  notices 
of  sixty-six  theories  in  the  fifth  volume  of  Britton’s  Architectural  Antiquities.  Only  twor.f 
these  theories  attempt  to  account  for  the  introduction  of  the  pointed  arch  on  the  ground  of 
usefulness;  one  was  put  forward  by  Dr.  Whewdl  as  regarded  vaulting;  the  other  by  Dr. 
Young  and  Mr.  Weir,  who  urged  that  the  use  of  the  pointed  arch  was  originally  due  to  a 
discovery  of  its  diminishing  lateral  jrressure.  Mr.  Sharpe  has  advocated  the  .same  view. 
'I'hese  theories  will  also  be  found  in  Ramee,  Manuel  de  V Histoire  Generale  de  V Architecture, 
1843,  ii.,  238,  248. 

303a.  Michelet  (Hisfoire  de  France)  observes,  “Or,  lors  de  I’apparition  de  I’ogive  en  Occi- 
dent ve's  1200,  Innocent  III  est  le  dernier  rayon  de  cette  puissance  univcrselle,  le  pouvoir 
tie  I’Eglise  Catholique  s’aff'aiblit.  La  tentative  des  ordres  des  mendiants,  des  peres  prccheurs 
est  infructueuse.  Le  pouvoir  des  pretres  tombe  dans  la  main  des  laujiies.  La  puissance 
du  droit  canonique,  de  ce  robuste  auxiliaire  de  I’Eglise,  s’cflace  en  France  devant  ces  lois 
sages  faites  j)ar  le  pieux  Roi  St.  Louis,  et  ses  etablissements  immortels  servent  de  code 
nouveau  a ses  siijets.  En  Angleterre  le  Roi  Jean-sans-terre  donne,  en  1215,1a  grande 
Charte.  En  Allemagne,  au  commencement  du  treizieme  siecle,  parait  le  Sachsenspiegel. 

Au  milieu  du  quatorzieme,  oir  le  regne  de  I’ogive  est  a son  apogee,  I’Empereur  Charles  IV 
donne  la  Bulle  d’or.  Au  treizieme  siecle  se  terminent  les  Croisades  qui  mirent  le  Rape  au 
dessus  des  pouvoirs  temporels.  Ces  guerres  saintes  avaient  fait  prevaloir  Tautorite  de 
I’Evetpie  de  Rome.  Mais  au  treizieme  siecle  I’activite  des  peoples  chn't'ens  avait  prit  une 
autre  direction,  et  ils  finirent  par  secouer  toute  espece  de  domination.”  It  is  impossible,  in 
naming  the  pontificate  of  Innocent  III.,  to  refrain  from  noticing  that  it  was  an  epoch,  in 
which  such  men  appeared  on  the  scene  as  St.  Thomas  Aquinas,  St.  Dominic,  St.  Francis  of 
Assisi,  John  Gerson,  author  of  the  “ Imitation  of  Jesus  Christ,”  a composition  that  has 
been  oftener  printed  than  any  other  work ; and  in  literature  and  the  arts,  about  the  same 
)>eriod,  are  to  be  found  the  names  of  Dante,  Robert  de  Lusarches,  Etienne  de  Bonn,  veil, 
Pierre  de  Montereau,  Lapo  or  Jacopo,  besides  a host  of  others.  t 

.304.  'I'he  foregoing  remarks  comprise  a resume  of  the  early  views  on  this  subject,  .] 
but  we  must  not  omit  to  mention  those  held  by  the  learned  writer,  Mr.  James  Fergusson, 
who  observes  that  Dr.  Whewell,  in  his  Nates  on  German  Churches,  has  very  distinctly  stated  f 

the  question  of  such  inquiries: — “ These  only  tend  to  show  how  the  form  itself,  as  an  arch,  | 

may  have  been  suggested,  not  how  the  use  of  it  must  have  become  universal  ” (see  also  299).  ' 

Fergusson  then  {Builder  Journal,  1849,  p.  290,  303,  317),  treating  the  history  of  the  pointed  ft 
arch  succinctly  by  certain  facts,  brings  forward  four  sets  of  pointed  arches.  1.,  the  ancient  ( 
buildings  extending  down  to  the  period  of  the  Roman  empire;  II.,  the  decline  of  the'  I 
Roman  influence,  extending  to  the  present  day,  in  the  countries  of  the  East  to  which  these  ^ 
two  classes  of  arches  are  confined  ; III.,  the  arch  appearing  in  the  south  of  France  alone,  in  * 
the  age  of  Charlemagne,  e.xtending  to  the  11th  century,  when  it  was  superseded  by  the  # 
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roiiml  ard>  stylo;  aiul  IV  ,ll'c  true  Gothic  pointed  arch,  prevailing  almost  universally  over 
the  whole  of  Europe  till  tlie  time  of  the  Reformation,  in  the  16th  century.  In  the  East, 
“arches  still  are  more  freciuently  constructed  by  placing  the  stones  horizontally  than  in  a ra- 
diating position.”  'J'he  history  of  the  subject  will  never  be  correctly  understood  till  we  take 

both  kinds  into  account,  for  the  second 
almost  certainly  arose  out  of  the  first.  'I'he 
first  exanijile  put  forth  by  him  is  from  the 
third  pyramid  at  Gizeh,  in  the  roof  of  tlie 
sepulcliral  chamber  {fig.  154),  consisting 
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only  of  two  stones,  showing  hoiv  early  the  curvilinear  form,  with  a point  in  the  centre,  was 
used,  and  consequently  how  familiar  it  must  have  been  to  the  architects  of  all  ages. 
Another  early  fonn  is  here  given  from  the  tomb  called  “ Campbell’s  Tomb,”^^.  155.  1 lie 

pyramids  at  Meide,  in  Ethiopia,  dating  about  lOOO  to  805  years  b. c.,  at  all  events  being 
of  a period  anterior  to  the  age  of  the  Greek  and  Roman  influence,  were  discovered  by 
Mr.  Hoskins.  Here,  stone  arches  show  both  circular  and  pointed  forms  {fig.  156);  and 
IMr.  Layard  discovered,  at  Nimroud,  drains  with  pointed  vaults  of  the  same  age  as  those 
it  Meriie.  A tumulus  near  Smyrna,  in  Asia  Minor,  presents  an  example  almost  a counter- 
|iart  of  that  from  the  third  pyramid  ; a gateway,  near  Missolonghi,  is  formed  by  the  courses 
)f  masonry  projecting  beyond  one  another  till  they  meet  in  the  centre.  Other  examples  are 
.een  in  the  tomb  of  the  Atridaj  at  Mycenae  {figs.  14  and  16,  tomb  called  treasury  of  Atreus); 
n a city  gatcAvay  at  Arpino,  in  Italy  ; in  an  aqueduct  at 
rnsculiim;  and  in  a gateway  at  Assos,  in  Asia  Mi- 
lor  {fig  157).  This  is  known  froiu  the  character  of  its 
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nrisonry  and  other  circumstances  to  belong  to  the  best  period  of  Greek  art,  in  fact  to  he 
oeval,  or  nearly  so,  with  the  Parthenon.  These  examjiles  explain  all  the  peculiarities  of 
liis  mode  of  construction. 

ll  305.  With  the  appearance  of  Rome,  this  form  entirely  disappears  from  the  countries  to 
.'hich  her  influence  extended,  and  is  supjdanted  so  completely  by  the  circular  radiating 
inn,  that  not  a single  instance  is  probably  known  of  a pointed  arch  of  any  form  or  mode 
if  construction  during  the  period  of  the  Roman  supremacy.  The  moment,  however,  that 
or  power  declined,  the  pointed  form  reappears  in  Asia,  its  native  seat ; and  we  recur  to 
'le  very  few  that  remain  in  Syria  and  Western  Asia  for  examples.  'I'he  first  of  these  are 
1 the  church  of  the  Holy  Sepulchre  at  Jerusalem,  built  by  Constantine  the  Great, 
nd  now  known  as  the  INIosque  of  Omar.  Its  arches  are  throughout  pointed,  but  so 
midly  as  to  be  scarcely  observable  at  first  sight.  Fergusson  also  states  the  reasons  for 
is  inability  to  give  other  specimens  ; and  describes  the  cathedral  of  Ani,  in  Armenia,  (see 
1 o Donaldson,  in  the  Civil  Engineer,  ^c.  Journal,  1843,  p.  183)  which  is  built  with  pointed 
xhes  throughout,  and  contains  an  inscription  proving  that  it  was  finished  in  the  year  1010 : 
e quotes  M.  Texier’s  assertion  (/.lescr.  r/e  V Armenie,io\.  1 842)  that  “it  results  that,  at  a time 
hen  the  pointed  arch  was  altogether  unknown,  and  never  had  been  used,  in  Europe, 
uildingswere  being  constructed  in  the  pointed  arch  style  in  the  centre  of  Armenia.”  At 
fiarbekr,  Mr.  Fergusson  continues,  “ there  is  an  extremely  remarkable  building,  now  con- 
n ted  into  a mosque  ; the  Armenians  call  it,  with  much  plausibility,  the  palace  of  Tigrancs; 
le  friezes  and  cornices  are  executed  according  to  the  principles  of  Roman  art  of  the  4 th 
“ntury,  nevertheless  the  pointed  arch  is  found  everywhere  mixed  with  the  ar Jiitecturc,  as 
it  were  currently  practised  in  the  country.”  The  palace  at  Modain,  the  ancient  Ctesiphon. 
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a builcllnj;  of  tlie  6th  century,  is  remarkable  for  the  gijrantic  portal  which  has  not  a pointed 
but  an  elliptical  arch.  The  pointed  arch,  however,  was  employed  in  jNJesopotainia  long 
before  it  was  known  in  Europe. 

306.  In  the  Roman  empire,  the  aqueducts  that  supplied  Constantinople  with  water,  which 
were  commenced  under  Constantine  immediately  after  the  founding  of  the  citv,  hut  com- 
pleted under  Valens,  a.d  364  and  378,  exhibit  pointed  arches,  generally  in  the  lowest 
itory,  and  always  in  the  oldest  part,  as  near  Pyrgos — “ I would  have  no  hesitation,”  he.savs 
“ in  as.serting  the  general  use  of  tlie  pointed  arch  by  the  Mahomedansfrom  the  earliest  yeiirs 
of  their  existence  to  the  present  hour.  The  Arabs,  it  must  be  recollected,  when  thev  left 
their  deserts  to  subdue  the  world,  were  warriors  and  not  architects  ; tliey  consequentlv  em- 
ployed the  natives  of  the  conquered  countries  to  erect  their  mosques  ; yet,  with  scarcelv  a 
single  exception,  all  their  edifices  are  l)uilt  with  pointed  arches.  They  are  used  in  the  oldest 
part  of  the  mosque  of  Amrou,  at  Old  Cairo  ; this  portion  was  built  in  the  twenty- K rst  vear 
of  the  Hegira,  a.d.  643.  Except  the  two  mosques  of  Amrou,  in  Egypt.  I do  not  know  of 
any  erections  of  the  Saracens  anterior  to  the  end  of  the  7th  century.  The  pointed  arch  is 
used  throughout  the  mosque  erected  by  the  Calif  Walid  at  Jerusalem,  in  the  year  87.  or 
about  A D.  705.  The  gieat  mosque  at  Damascus  is  of  the  same  age;  and  from  that 
period  to  the  present  time  there  is  no  difficulty.  In  Sicily,  too,  which  the  Saracens  occupied 
for  two  Centuries  preceding  1037,  they  used  the  pointed  arch  in  all  the  monuments  they 
have  left  there.  In  Spain,  however,  although  ])ointed  arches  occur  in  the  baths  at  Gerona, 
at  Rarcelona,  and  other  places  in  the  nortli,  whose  date  is  tolerably  well  ascertained  to  be  of 
tlie  9th  or  10th  centuries,  as  a general  rule  the  Moors  usul  the  round  or  horseshoe  arch 
(see  85),  almost  universally  in  their  erections  in  that  c untry.  One  other  example 
that  should  lie  noted,  occurs  at  the  celebrated  mosque  of  Kootub,  at  Delhi.  Wlten  the 
Pathans  conquered  India,  in  the  beginning  of  the  13th  century,  they  lirought  with  them 
their  own  style  of  architecture.  This  building,  carried  out  by  the  Hindoos,  was  com- 
menced about  the  year  1230,  and  completed  in  about  ten  years.  The  princi|)al  arch,  22  feet 
span  and  about  40  feet  high,  though  of  tlie  pure  equilateral  Gothic  form,  is  erected  witli 
horiz  intal  courses  to  nearly  the  summit,  when  courses  of  stone  are  placed  on  their  ends,  as 
done  in  the  aqueduct  at  Tusculum,  before  mentioned, 

307.  “With  the  Western  styles,  the  first  seiies  to  be  noticed  is  that  found  in  the  south 
of  France,  comprised  to  the  south  of  the  Loire  and  the  north  of  the  Garonne,  extending 
from  the  Gulf  of  Nice  to  the  shores  of  the  Ray  of  Biscay  ; being,  in  date,  from  about  the 
ag.‘  of  Charlemagne  till  the  middle  or  end  of  the  11th  century,  when  it  was  superseded  hy 
the  round  arch  styles.  This  assertion  may  startle  some  readers,  but  it  would  long  ago 
have  been  received  as  well  established  facts,  had  it  not  been  for  the  preconceived  opinion 
that  no  pointed  aich  existed  in  Europe  anterior  to  the  12th  century.  One  of  the  best 
known  examples  is  that  of  the  cathedral  at  Avignon,  where  the  porch  and  general  dt tails 
of  the  church  are  so  nearly  classical,  that  they  are  usually  ascribed  to  the  age  of  Charlemagne, 

and  even  earlier.  At  Vaison  are  two  well- 
known  churches,  so  classical  also,  tln.t  they 
are  often  called  Roman  temples;  both  are 
roofed  with  wagon  vaults  of  a pointed 
form,  and  must  certainly  date  before  the 
middle  of  the  12th  century,  when  Vaison 
was  destroyed  and  deserted ; they  are  j)i  o- 
bably  of  the  9th  or  10th  centuries.  The 
same  remark  applies  to  the  churches  at  Per- 
nes,  Souillac  158),  Moissac,  Carcas.sone, 
and  many  other  churches  of  that  age,  all  of 
whicli  are  covered  with  pointed  vaidts,  but 
of  a form  extremely  different  from  the  true 
Gothic  vaults  of  the  13th  and  16th  cen- 
turies.” The  chairel  in  the  castle  of  Loches 
in  Lorraine  is  given  by  Mr.  Fergusson  in 
his  Handhooh,  as  exjilaining  most  of  the 
peculiarities  of  the  style.  The  original 
building  was  founded  by  the  Count  of 
Anjou  in  the  year  962,  and  the  western 
tower  certainly  br  longs  to  him.  The  nave 
is  either  a part  of  the  original  edifice,  or 
was  erected  by  his  son,  Foulques  Neira, 
992  and  1040.  The  supposition 
that  it  belongs  to  the  latter  receives  con- 
rig.  158.  ciiuucu  AT  SOUILLAC.  flrmatlon  fi oiii  its  siiigularly  Eastern  aspect, 

and  the  fact  that  this  Count  three  times  visited  the  Holy  Land,  and  died  there  in  the  year 
above  quoted.  Tlie  churches  of  Moissac,  Souillac,  and  St.  Frond  at  Perigueux,  with 
wveral  others,  are  still  more  eastern  in  their  appearance,  d’his  latter  building,  of  which 
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vve  "ive  a plan  (^<7.  159),  was  co.nnicnccd  in  the  year  98-1,  and  was  comph  ted  in  1047, 

on  tlie  type  of,  if  not  copied  from,  the 
caihedral  of  St.  Mark,  at  Venice.  A 
section  is  given  in  fig.  160,  exhibiting 
the  use  of  tlie  pointed  arches  in  con- 
struction only.  Tlie  choir  at  I..oches 
was  erected  between  the  years  1140 
and  1 180,  and  is  in  tlie  late  and  elegant 
Norman  style  universal  in  that  country, 
just  anterior  to  the  introduction  of  the 
true  pointed  style,  which  was  timidly 
ellected  in  the  7101th  of  France  about 
the  year  1 150,  being  mixed  with  round 
arches  in  all  the  great  cathedrals  and 
churches  erected  between  11. :0  and 
1200,  at  which  date  the  style  may  be 
said  to  have  been  perfected  in  all  its 
essential  peculiarities. 

.807a.  “ In  England  it  was  in  every 
respect  above  twenty- five  years  later 
The  first  really  authentic  example  ot 
its  use  is  in  Canterbury  Cathedral  after 
the  fire  in  1175,  and  was  apparently  in- 
troduced by  William  of  Sens;  nearly 
half  a century  passed  before  it  can  he 
said  to  have  entirely  superseded  the 
Norman  arch.  In  Germany,  the  intro- 
duction was  somewhat  later,  and  we 
know  of  no  authentic  specimen  of  pure 
Gothic  anterior  to  the  commencement 
of  the  18th  century,  and  even  then 
nearly  half  a century  elapsed  before  it 
entirely  superseded  the  round  arch  style.  During  the  whole  of  the  first  half  of  that  century, 
we  find  round  arches  mixed  up  with  the  pointed  ones  which  were  then  coming  into  fashion.” 
.8076.  These  views  were  combated  by  Mr.  E.  Sharpe,  as  noticed  in  the  Builder,  p.  817, 
e.specially  as  to  the  first  named  works  being  considered  as  arches  at  all  ; and  a question 

arose  at  the  Institute  of 
British  Architects,  as  to 
the  age  of  the  French 
buildings  named;  T,  aus- 
actions,  1860-61,  |). 

21 1,  &c.,  and  1 15.  Mr. 
Street,  in  his  Brick 
Aichitecture  in  Italy, 
states,  (p.  258)  that — 
“ The  Italians  ignored, 
as  much  as  possible,  the 
clear  exhibition  of  the 
pointed  arch,  and,  even 
when  they  did  use  it, 
^ not  unfrequently  intro- 
duc  d it  in  such  a way 
as  to  show  their  con- 
tempt for  it  as  a feature  of  construction  ; employing  it  often  only  for  ornament,  and  never 
hesitating  to  construct  it  in  so  faulty  a manner,  that  it  required  to  be  held  together  with  iron 
rods  from  the  very  first  day  of  its  erection.  This  fault  they  found  it  absolutely  necessary  to 
commit,  because  they  scarcely  ever  l)rought  themselves  to  allow  theuse  of  the  buttress.” 

(6)  jMEM^VAL  ARTIFICEKS. 

808.  In  considering  the  question  of  the  origin  of  pointed  architecture,  those  'who  have 
hitherto  been  supposed  to  have  devised  the  pointed  arch  itself  must  not  be  neglected:  and 
to  these  persons  we  are  indebted  for  the  gigantic  masses  of  exquisitely  decorated  composition, 
to  be  seen  in  the  structures  which  they  designed  and  erected.  These  men  are  imagined  to 
have  belonged  to  a corporation  or  guild  having  authority  over  all  countries,  or  to  a guild 
in  each  country,  having  authority  only  in  its  own  nation.  This  so-called  confraternity  has 
been  known  as  the  Freemasons.  In  the  following  account  of  them  we  shall  much  abridge 
the  two  papers  read  before  the  Royal  Institute  of  British  Architects,  and  given  i»i 
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the  Tran^act’otjs  of  that  society,  1860  and  1861.  Before  doing  so,  however,  it  will  he 
necessary  to  introduce  a few  preliminary  remarks  on  the  state  of  architecture  previous  to 
the  period  when  the  so-called  body  of  Freemasons  is  said  to  have  arisen. 

309.  'i'he  pontificate,  towards  the  end  of  the  10th  century,  of  a Benedictine  monk,  named 
Gerhert,  afterwards  known  under  the  name  of  Sylvester  II„  and  whose  life,  if  Platina 
( Lires  of  the  Po/ies)  may  be  relied  on,  was  not  of  the  most  virtuous  character,  seems  to 
have  induced  an  extraordinary  change  in  the  arts.  Gerhert  was  a native  of  Auvergne,  and, 
under  Arabian  masters  at  Cordova  and  Granada,  applied  himself  to,  and  became  a great 
proficient  in,  mathematical  learning.  He  afterwards  appears  to  have  settled  at  Rheinis, 
and  to  have  there  planted  a school  which  threw  out  many  ramifications.  The  scholars  of 
the  period  were  confined  to  the  clergy,  and  the  sciences,  having  no  tendency  to  injure  the 
Church,  were  zealously  cultivated  by  its  members. 

309a,  In  the  11th  century,  architecture,  considered  as  an  art,  was  little  more  than  a bar- 
barous imitation  of  that  of  ancient  Rome,  and  in  it,  all  that  ajrpears  tasteful  was,  perhaps, 
more  attributable  to  the  symmetry  flowing  from  an  acquaintance  with  geometry,  than  the 
result  of  fine  feeling  in  those  that  exercised  it.  It  was  adapted  to  religious  monument.s, 
with  great  modifications ; but  the  materials  and  resources  at  hand,  no  less  than  the  tastefr 
of  those  engaged  in  it,  had  considerable  influence  on  the  developments  it  was  doomed  to 
undergo.  The  sculptures  of  the  period  were  borrowed  largely  from  the  ancients,  and 
among  them  are  often  to  be  found  centaurs  and  other  fabulous  animals  of  antiquity. 

309b.  In  the  l‘2th  century,  the  Elements  of  Euclid  became  a text  book,  and  though  this 
country  was  then  behind  the  Continent,  as  respected  the  art  of  architecture,  there  is  good 
reason  for  believing  it  was  by  no  means  so  in  regard  to  proficiency  in  mathematics,  inas- 
much as  the  Benedictine  monk,  Adelard  of  Bath,  is  known  to  have  been  highly  distinguished 
for  his  acquirements  in  them. 

310.  The  crusades  had  made  the  people  of  Europe  acquainted  with  the  East,  and  in  tlie 
r2th  century  the  result  of  the  knowledge  thus  acquired  was  manifest  in  France,  England, 
and  Germany  ; it  coidd,  however,  scarcely  be  expected  that  the  art  would  emerge  otherwise 
than  .slowly  under  the  hands  of  the  churchmen,  who  were  the  princij)al  practitioners,  as  it 
is  generally  supposed;  but  there  were  undoubtedly  professional  men,  as  they  may  be  called, 
in  the  12th  century,  who  undertook  the  management  of  work,  as  we  shall  notice  presently; 
and  it  is  well  authenticattd  (Ue  Beka,  De  Episcopis  Ultraject.)  that,  in  1099,  a certain 
Bishop  of  Utrecht  was  killed  by  the  father  of  a young  freemason,  from  whom  the  prelate 
had  extracted  the  mystery  (arcanum  magisterium)  of  laying  the  foundations  of  a church. 
The  period  at  wliich  arose  tlie  celebrated  Confraternite  des  j>onts,  founded  by  St.  Benezet, 
is  known  to  have  been  towards  the  latter  end  of  the  12tl»  or  the  beginning  of  the  1 ‘Uh 
century.  The  association  of  Freemasons  had,  however,  its  types  at  a period  extreinely  remote. 
Among  the  Romans,  and  still  earlier,  among  even  tlie  Greeks,  existed  corporations  (,if  they 
may  he  so  called)  of  artificers  and  others;  such  were  Numa’s  Collegia  Fuhrontm  and  Col- 
legia Artificum,  who  made  regulations  for  their  own  governance.  These  collegia  were  much 
in  favour  with  the  later  Roman  emperors,  for  in  tlie  tliird  and  fourth  centuries  we  find  that 
architects,  painters,  and  sculptors,  and  many  of  the  useful  artificers,  were  free  from  taxation, 
'i'he  downfall,  however,  of  the  eastern  and  western  empires,  involved  them  in  one  common 
ruin,  though  it  did  not  actually  extinguish  them. 

311.  The  idea  of  the  early  establishment  of  a superintending  body  of  co-workers  such  as 
the  Freemasons  are  said  to  have  been,  appears  to  have  originated  in  the  assumption,  that 
as  the  monuments  of  the  13th  century  bear  so  great  a resemblance  to  each  other,  no 
other  probable  cause  could  he  assigned  for  their  similarity,  than  the  influence  of  some 
powerful  association  of  operators.  Allowance,  however,  must,  in  many  cases,  be  made  for 
the  materials  at  hand  in  different  localiiies,  which,  it  is  hardly  necessary  to  observe,  in- 
fluence style  in  architecture  most  perceptibly.  Another  point  too  often  forgotten  in  this 
inquiry,  is  the  gradual  progression  of  the  art,  and  the  long  transitional  periods  between 
each  phase  of  pointed  architecture.  Some  writers  on  the  Freemasons  have  imagined 
tliat  the  concealment  of  their  modes  of  arranging  arch  stones  was  the  chief  object  of 
tlieir  association,  and  there  can  be  no  doubt  that  tlie  whole  science  of  construction  was 
studied  and  taught  in  the  lodges.  Others  have  tl  ought  that  they  inclined  to  Maniclieism. 
of  wliich  the  sects  were  numberless  : l)ut  we  think  they  had  enough  to  engage  their 
attention,  without  discussing  whether  all  things  were  iftected  by  the  combination  or 
repulsion  of  the  good  and  the  bad ; or  that  men  had  a double  soul,  good  and  evil  ; or  that 
their  bodies  were  formed,  the  upper  half  by  God,  and  the  lower  half  by  the  devil.  Some 
have  considered  that  though  the  Freemasons,  as  a body,  were  not  hostile  to  the  Church,  they 
were  inveterate  enemies  of  the  clergy  and  more  particularly  of  the  monks,  'i’his  may  be 
abundantly  seen  in  the  ridicule  and  grotesque  lampoons  bestowed  on  them  in  the  sculptures 
of  the  13th  century.  As  an  instance  of  the  extreme  length  to  which  the  ridicule  of 
the  priests  was  tlien  carried,  there  is  at  Strasburg  the  representation  of  an  ass  saying  mass 
and  served  by  other  animals  as  acolytes ; and  this  work  must  have  been  done  under  the 
eyes  of  the  monks  themselves  ! 
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212.  'Hie  remarks  by  the  present  editor,  On  the  Su/ter intendents  of  Phu/llsh  Huihlings  in 
the  Middle  Ayes  contains  the  first  classified  account  of  the  official  situations  of  persons 
engaged,  with  some  general  idea  of  their  duties.  This  list  includes  the  terms:  — I, 
Architect;  2,  Ingeniator  ; 2,  Supervisor;  4,  Surveyor;  5,  Overseer;  6,  Master  of  the 
Works;  7,  Keeper  of  the  Works;  8,  Keeper  of  the  Fabric;  9,  Director;  10,  Clerk  of  the 
Works;  11,  Devizor  ; 12,  Master  mason  ; and  12.  Freemason  and  mason,  or  inferior  work- 
man.  It  will  be  impossible  here  to  give  more  than  a brief  outline.  To  commence  with 
the  freemasons:  — In  1077,  Robertus,  cementarius,  was  employed  at  St.  Albans,  and  for 
his  skill  and  labour,  in  which  be  is  stated  to  have  excelled  all  the  masons  of  his  time,  he 
had  granted  to  him  and  his  heirs,  certain  lands  and  a house  in  the  town.  In  1 1 12,  Arnold, 
\ lay  brother  of  Croyland  Abbey,  is  designated  “of  the  art  of  masonry  a most  scientific 
master.”  William  of  Sens,  employed  at  Canterbury,  was  a layman  and  was  called  “ magis- 
ter”;  the  history  of  his  work  has  been  preserved  to  us  in  tlie  well  written  account  by  the 
monk  Gervase,  who  details  the  burning  and  rebuilding  of  that  cathedral.  A number  of 
eliosen  cementarii  were  assembled  at  St.  Albans  in  12  JO,  of  whom  the  chief,  magister  Hugo 
de  Guldclif,  proved  to  be  a “ deceitful  but  clever  workman.  ” Very  many  other  names  of 
masons  are  noticed,  but  these  cannot  all  be  here  given.  In  1217,  a writer  uses  the  syno- 
nyms maszun  for  cementarius  ; artificer  is  a word  also  used  in  the  same  century  ; marnioiarius, 
or  marbler  ; and  latomus  or  lathornus,  stone-cutter,  also  occur.  In  1260,  a mason  dc  frannehe 
^>ere  ou  de  grosse  y.ere  is  named  in  the  Statutes;  while  it  is  not  until  1296  that  the  terms 
*•  lathomos  vocatos  ffremaceon.s,”  and  “ lathomos  vocatos  ligier.s,”  are  used  to  designate  the 
masons  who  were  called  free( stone )masons,  and  the  masons  called  layers  or  setters.  In  the 
fahric  rolls  of  Exeter  cathedral,  the  term  siineutarius  is  used  before,  and  the  term  f remason 
after,  the  above-named  period  of  1296.  Thus  tlie  derivation  of  the  term  freemason,  from  a 
freestone  worker,  appears  more  probable  than  the  many  fanciful  origins  of  it  so  often  quoted. 
What  becomes  then  of  the  “travelling  bodies  of  freemasons”  who  are  said  to  have  erected  all 
the  great  buildings  of  Europe  ? Did  they  ever  exist?  The  earliest  mention  of  them  appears 
to  have  been  promulgated  by  Aubrey,  some  time  before  1686,  who  cited  Sir  William  Dug- 
dale  as  having  told  him  “many  years  since,  that  about  Henry  Ill’s  time  (1216-72), 
the  Pope  gave  a hull  or  patents  to  a company  of  Italian  freemasons  to  travel  up  and  down 
over  all  Europe  to  build  churches.  FTom  them  are  derived  the  fraternity  of  Adopted 
Masons.”  No  evidence  has  been  adduced  in  support  of  this  statement;  searches  have  been 
made  in  the  Vatican  library  without  success.  Wren’s  Pareutalia  gives  an  account  of  these 
aersonages  to  the  same  purport,  though  somewhat  enlarged,  {par.  401),  and  this  has  been 
juoted  as  an  authority.  FTom  a careful  comparison  of  circumstances,  Dugdale’s  in- 
‘jrniation  to  Aubrey  most  probably  referred  to  the  “ Letters  of  Indulgence  ”of  Poj)e  Nicho- 
as  1 1 1.,  in  1278,  and  to  others  by  his  successors  as  late  as  the  Idth  century,  granted  to  the 
odge  of  masons  working  at  Strashurg  cathedral,  as  also  noticed  on  page  131  herein. 

212.  Concerning  the  Fratres  Pontis,  or  tlie  Confraternite  des  pouts,  already  referred  to, 
[par.  210),  much  has  been  written  during  the  last  one  hundred  years  asserting  that  this 
irotherhood  had  been  founded  for  the  express  purpose  of  travelling  far  and  wide  to  build 
iridges.  Even  as  regards  France,  only  a notice  is  found  of  such  a troop  having  been 
brined  by  St.  Uenezet,  for  building  the  bridge  at  Avignon,  and  that  of  St.  F-isprit, 
iver  the  Rhone,  during  the  12th  and  14th  centurie.s,  ( 1 1 7 8 1188  and  1265-1209),  In 
England  no  such  companies  are  found  recorded  ; but  wherever  a bridge  was  built,  a cliajicl 
ippears  to  have  been  founded,  to  which  a priest  was  attached  to  pray  for  the  soul  of  the 
imnder,  to  receive  passage  money,  and  sometimes  to  juay  with  the  passenger  for  the  safe 
ermination  of  his  journey.  Two  instances  only,  of  an  early  date,  have  been  put  forward 
)f  so  called  fraternities  of  masons  ; the  first  is  that  Godfrey  de  Lucy,  bishop  of  Winche.ster, 
brined  in  1202,  a confraternity  for  repairing  his  church  during  the  five  years  ensuing. 
‘Such,”  says  Milner,  “was  probably  the  origin  of  the  Society  of  Freema.sons.”  The 
econd,  as  asserted  by  Anderson,  {Const'tutions  of  the  Free  and  Accepted  Masons,  1728),  but 
lot  since  authenticated,  is  that  the  register  of  William  Molart  or  Molash,  prior  of  Can- 
erhury  cathedral,  records  that  a respectable  lodge  of  freemasons  was  held  in  that  city  in 
429,  under  the  patronage  of  Henry  Cliichele,  the  archbishop,  at  which  were  pre.sent 
I'homas  Stajiylton,  master,  the  warden,  fifteen  fellowcrafts,  and  three  entered  apprentices, 
t does  not  then  appear  to  have  been  known  that  each  cathedral  establishment  possessed  a 
lermanent  stafif'of  officers,  with  certain  workpeople,  and  “took  on”  additional  hands  when- 
ver  the  edifice  was  to  receive  addition.s,  or  to  be  rebuilt.  The  monarch  also  had  an  office 
or  carrying  out  the  repairs  and  rebuildings  at  the  palaces  and  royal  houses.  A guild  of 
iiasons  was  undoubtedly  in  existence  in  London,  in  1375,  49th  Edward  III  , and  in  1376 
wo  companies  of  masons  and  of  freemasons  were  in  existence.  The  .Masons’  Company  of 
iOndon  was  incorporated  in  1411,  and  Stow  says  “ they  were  formerly  called  freemasons.” 
The  ma.sons,  during  the  17th  and  ISth  centuries,  often  became  designers  or  architects, 
s witness  Nicholas  Stone,  George  Dance  the  elder.  Sir  Robert  'I'aylor,  and  others. 

314.  At  this  date  of  1275,  some  writers  have  placed  the  origin  of  that  wonderful  society, 
avised,  as  they  urge,  by  the  masons  combining  and  agreeing  on  certain  signs  and  tokens  by 
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wliich  they  miglit  know  one  another ; eng:iging  to  assist  cacli  other  against  the  then  common 
custom  of  impressment  by  the  monarch  ; and  further,  not  to  work  unless  free  and  on  their 
own  terms,  especially  as  the  monarch  would  not  pay  them  as  highly  as  did  his  subjects.  All 
this  appears  iirobahle,  but  there  is  no  sufficient  authority  for  it.  The  workpeople  had  at 
times,  as  at  Stratford-on-Avon,  in  1353,  special  protection  until  the  edifice  was  completed. 

315.  But  previous  to  1375,  the  date  above  mentioned,  the  Statutes  at  Large  afford  much 
valuable  information,  hitherto  unquoted,  on  the  subject  of  the  manners  and  customs  of 
workpeople.  In  1349,  the  Statute  23rd  Edward  III.  relates  that  “ great  part  of  the 
people  and  especially  of  workmen  and  servants  late  died  of  the  jiestilence,  whereby  many 
demand  excessive  wages  and  will  not  work  the  hours  of  labour  were  settled  at  tlie  same 
time,  liecause  “diverse  artificers  and  labourers,  retained  to  work  and  serve,  waste  much  part 
of  the  day  (the  manner  of  doing  so  is  described)  and  deserve  not  their  wages.”  Their 
wages  were  settkd  in  tlie  year  following;  while  in  1360-1,  a Statute  declares  that  “carpenters^ 
and  masons  and  all  other  labourers  shall  take  from  henceforth  wages  by  the  day  and  not  by 
the  week,  nor  in  any  other  manner,”  and  continues  “that  all  alliances  and  covines  of  masons 
and  carpenters,  and  congregations,  chapters,  ordinances  and  oaths,  hetwixt  them  made  or  to> 
be  made,  shall  he  from  henceforth  void  and  wholly  annulled,”—  with  other  details.  This  im-'' 
portant  Act  was  enforced  by  many  others,  and  by  the  well-known  Statute  of  3rd  Henry  VI., 
1425,  passed  at  the  “special  request  of  the  Commons,”  again  putting  down  all  chapters  ar.d 
congregations  held  by  masons.  In  1436-7,  15th  Henry  VI.,  the  “masters,  wardens,  and 
peo|)le  of  the  guilds,  fraternities,  and  other  companies  incorporate,  dwelling  in  divers  parts 
of  the  realm,”  were  warned  not  to  “ make  among  themselves  unlawful  and  unreasonable 
ordinances,  for  their  singular  profit  and  common  damage  to  the  people” — their  letteis 
patent  were  to  be  brought  to  the  justices  and  others  for  their  approval.  Many  later 
Statutes  were  passed ; but  they  were  all  at  length  superseded  by  the  well  known  Statute  of 
5th  Elizabeth,  1562-3,  which  continued  in  force  until  so  late  as  1813,  when  such  portion 
was  repealed  as  forbade  exercise  of  trades  by  persons  not  having  served,  and  as  regulated 
the  mode  of  binding  apprentices  &c.,  but  at  the  same  time  the  customs  and  privileges  of 
cities  and  boroughs  were  saved.  It  is  certain,  from  all  these  ob.ser\ations,  that  there  were 
fellowships  or  guilds  of  masons  existing  before  the  middle  of  the  Hth  century;  hut 
whether  the  one  in  London  had  any  communication  with  those  guilds  existing  in  the  other 
corporate  towns,  or  whether  there  was  a supreme  guild  which  led  to  a systematic  working, 
is  still  without  elucidation.  It  has  been  as.serted  for  year.s,  on  the  faith  of  certain  manu- 
script “ Constitutions,”  that  a company  of  Freemasons,  formerly  existing  at  York,  lield  a 
charter  of  incorporation  from  King  Athelstan,  dated  in  926,  under  which  they  claimed 
authority  over  the  companies  throughout  Eng  and.  As  noticed  hereafter  (/.ar.  322a),  it  is 
distinctly  proved  that  the  Grand  Ledge  of  Masons  of  Germany  was  not  established  until 
so  late  as  1 452. 

316.  These  guilds  or  companies  had  legendary  histories,  as  had  probably  mo.st  of  the 
other  building  trades.  That  whicli  belonged  to  the  stonetnasons  was  accepted  by  the  Scx'kty 
of  Free  and  Accepted  Masons,  when  it  was  established  or  reestablished  in  1722  ; this  la.st  has 
descended  as  a highly  respected  charitable  and  friendly  society  to  the  present  day.  Of  such 
histories  or  “ constitutions,”  besides  at  least  six  in  manuscript,  dating  about  1 646-60,  them 
are  two  others  in  the  British  Museum.  The  earliest  one  is  presumed  to  date  about  the 
latter  part  of  the  14th  century,  and  has  the  form  of  a poem  in  about  575  lir.e.s,  entitled  G>«- 
st'tutions  of  Geometry',  it  was  first  noticed  by  Mr.  Halliwell,  and  edited  by  him  in  IS'lO. 
The  other  manuscript,  dating  about  1500,  has  been  printed  nearly  in  facsimile  by  Mr. 
IVI.  Cooke.  They  were  all  undoubtedly  compiled  for  the  u.se  of  a body  of  working 
masons ; they  refer  to  yearly  assemblies,  to  a lodge  as  a workshop,  taking  apprentices, 
workmanship,  moral  conduct,  punishment  of  offenders,  and  observance  of  their  “ articles 
and  points,”  or  bye-laws  as  they  may  be  termed.  No  references  are  made  to  secret  signs  or 
to  masonic  marks ; as  regards  the  latter,  a few  remarks  will  be  offered  subsequently. 

317.  The  masons  when  about  to  set  to  work,  had  a lodge  or  workshop  provided  for  them, 
and  sometimes  had  to  make  it  for  themselves  ; this  shed  or  building  also  served  them  oc- 
casionally as  a residence,  or  place  for  eating  their  meals,  as  often  occ  urs  at  the  present  day. 
This  lodge  is  noted  in  an  early  account  as  being  covered  with  thatch,  while  in  a much 
later  one  it  is  to  be  “properly  tiled,”  an  expression  still  in  use  by  the  modern  society,  when 
the  door  of  their  place  of  meeting  is  closed.  This  lodge  is  adverted  to  in  the  manuscripts 
above  mentioned,  as  also  in  the  Fabric  Rolls  of  York  Minster,  published  in  Browne’s  Hhtory 
of  York  Cathedral,  1838-4  7,  and  separately  by  the  Surtees  Society,  in  1859.  These  records 
elucidate  many  interesting  points  connected  with  works  and  workpeople  ; and  causes  us  to 
regret  that  the  example  set  in  printing  them  has  not  yet  led  other  De  ans  and  Chapters  to  do 
tile  like,  or  to  allow  them  to  be  published.  They  show  that  there  was  a continuous  line  of 
master  masons  from  1347,  the  date  of  the  earliest  document,  who  were  duly  sworn  to  the 
office,  had  a fixed  salary,  a residence,  and  if  becoming  blind  (which  appeals  to  have  been, 
and  is  still,  very  often  a result  of  employment  in  masonry),  or  compelleci  by  bodilj  infirmity 
to  give  up  the  direction  of  tlie  works,  he  was  pen.sioncd,  and  sometimes  he  was  bound  not 
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to  umlcrtake  duties  elsewhere  wlille  engaged  at  tlie  cathedral.  'I'hc  master  mason  was 
piten  succeeded  hy  his  junior  or  assistant ; in  one  instance  a light  took  place  inconse- 
quence of  a master  mason,  who  was  a stranger  to  the  place,  having  been  api)olntcd  to  the 
otiice.  Gowns  or  rubes,  the  latter  sometimes  lined  with  fur,  were  provided  for  the  master, 
and  tunics  for  his  men,  as  well  as  gloves  (at  l^d.  each)  to  the  masons  and  carpenters  ; also 
aprons  and  clogs,  and  occasional  potations  and  remuneration  for  extra  work.  Thisolliccr  in 
the  king’s  household  had  a livery,  as  ])rol)ably  had  the  carpenter  and  other  oHiccrs. 

;118.  It  is  necessaiy  to  mention  th.it  the  trades,  from  a very  early  period,  aj)pear  to  have 
kept  themselves  to  their  distinct  handicrafts;  thus,  while  the  monasteries  had  masons  and 
carpenters,  and  a plumber  and  his  boy,  at  hand,  yet  the  glazier,  bell-founder,  painter  or 
decorator,  smith,  and  some  others,  were  residents  in  the  town  or  some  adjoining  city.  Only 
in  a few  of  the  monasteries  were  the  monks  able  to  perform  some  of  tliese  duties  them- 
selves. In  Italy,  however,  talented  youths  were  received  and  educated  at  sucli  establish- 
ments, and  became  lay  brethren,  as  much  for  their  own  safety  as  out  of  gratitude  to  their 
niasters ; the  devotion  of  their  time  and  talents  in  ornamenting  the  sacred  edifices,  has  led 
])crsons  to  urge  tliat  ecclesiastical  buildings  were  designed,  erected,  and  decorated,  by  clerical 
I rands. 


.‘519.  We  will  now  proceed  to  notice  very  succinctly  the  other  official  titles.  As  far  as 
the  design  of  the  building  was  concerned,  that  lal)our  appears  to  have  been  left  to  the 
master  mason,  whatever  interest  the  monatcli,  the  bishoj),  the  abbot,  or  tire  ]irior,  may  have 
(lis|)laycd  in  giving  instructionr.  as  to  their  wishes  ; no  doubt  clever  men  then,  as  now,  in- 
terfered with  tlreir  architects  and  induced  them  to  follow  special  orders,  whether  correct  in 
taste  or  otherwise.  'I  he  term  “ Architect  ” has  rarely  been  found  in  the  middle  ages  ; 
perhaps  to  a certain  extent  the  word  “ ingeniator,”  so  early  as  1199,  may  have  taken  its 
place.  “ Supervisor  ” occurs  constantly,  soon  after  the  Conquest,  and  has  been  translated 
“ sitrveyor,'’  and  sometimes  “ overseer  ; ” it  is  not  always  clear  what  is  to  be  understood  by 
tiie  term;  whether  actually  a “d. signer”  and  professional  man,  as  field  by  some  persons  in 
the  celebrated  example  of  William  of  Wykeham,  at  Windsor  Castle  ; or  merely  as  a 
“director,”  seeing  to  the  orders  of  others  being  carried  out : as  we  hold  was  the  position  of 
Wykeham,  acting  for  the  monarch,  the  design  being  attributable  to  the  master  mason. 
Numerous  examples  are  given  in  the  paper  from  which  we  are  quoting;  audit  likewise 
. contains  a searching  enquiry  into  Wykeham’s  professional  capacity,  with  what  result  we 
must  beg  the  reader  to  judge  for  himself.  The  “ Magister  Operum  ” or  “master  of  the 
works  ” was  an  important  officer  in  many  monastic  establishments  ; at  Croyland,  for  instance, 
lie  was  the  first  of  the  six  greater  officers,  and  to  his  superintendence  was  submitted  the 
construction,  reparation,  beautifying,  and  enlarging,  of  all  the  buildings  belonging  to  the 
A nonastery.  The  sacrist  often  held  this  office,  and  many  names  are  known,  more  especially 


hat  of  Alan  de  Walsingham,  at  Ely  monastery,' whose  history  and  labours  deserve  atten- 
ion.  In  the  agreement  made  at  York,  in  1367,  it  was  arranged  that  the  plumber 
vas  to  work  with  his  own  hand  wherever  he  should  be  required  by  the  “ master  of  the 
hric;”  if  his  services  were  not  required,  he  might  olitain  leave  of  absence  from  the  chap- 
Kvr,  or  from  the  “ master  of  the  work,”  but  to  return  when  required  by  the  said  master.  At 
me  same  period  there  appears  to  have  been  a “keeper  of  the  fabric  ” who  was  to  settle  the 
mount  of  tlie  day’s  work  for  the  plumber  and  his  servants,  and  to  pay  salaries.  As  the 
■master  of  the  work,”  the  “keeper  of  the  works,”  and  the  “ master  mason,’'  are  all  mentioned 
‘ !i  one  document  of  the  same  period,  they  cannot  be  considered  as  one  person.  The  bouse- 
Mold  of  the  monarch,  as  before  noticed,  comprised  an  office  for  carrying  out  works  at  the 
foyal  ])alace.s.  The  earliest  list  yet  found  is  of  the  reign  of  Edward  IV.  (1461-83);  in  it 
le  “clerk  of  the  works,”  who  is  placed  first,  has  a fee  of  two  shillings  per  day,  or  ‘^6L  10s. 
er  annum,  a clerk  at  sixpence  per  day,  four  shillings  i)er  day  for  riding  expenses,  and 
■venty  pence  for  boat  hire.  The  next  officer  in  the  list  is  the  comptroller,  then  follow  the 
'icrk  of  the  engrossment  of  the  pay- book,  the  purveyor  with  an  allowance  for  his  horse,  the 
eeper  of  the  store- house,  the  clerk  of  the  check,  tlie  clerk  of  the  comptrollements,  the  car- 
enter,  the  plumber,  the  mason  (in  tins  list  is  omitted),  the  j -dner,  the  glazier,  the  surveyor 
‘ the  mines,  who  has  also  S6l.  10s.  per  annum,  and  lastly,  tlie  devizor  of  building,  who  has 
le  same  amount.  It  would  appear  from  a passage  in  the  Ordinances  published  by  the 
jciaty  of  Antiquaries,  1790,  that  this  clerk  of  the  works  was  first  instituted  by  Edward 
II.,  and  the  livery  for  that  officer  is  known  to  have  been  given  as  early  as  1391.  Similar 
its  occur  later ; in  Elizabeth’s  reign,  the  title  becomes  that  of  surveyor  and  paymaster,  or 
rveyor  and  clerk  ; in  one  of  1610,  containing  the  household  of  prince  Henry,  Inigo  Jones 
“surveyor  of  the  works  ;”  Mr.  Smith,  “paymaster  and  overseer  ; ” and  Edward  Carter, 
yjlerk  of  the  works.”  Jones  was  subsequently  “surveyor”  of  the  king’s  works;  and 
Kmliam,  Sir  C.  Wren  (who  received  the  fee  of  45Z.  12s.  6d.),  and  others,  were  styled 
surveyor-general.”  This  royal  establishment  eventually  became  the  Board  of  Works,  then 
e Office  of  Works,  and  is  now  known  as  the  Commission  of  Public  Works.  It  was  this 
)ard  of  Works  that  served  as  the  school  for  architects,  or  to  which  the  best  architects  were 
(|;aehed,  during  the  I7lh  and  ISth  centuries  The  earliest  instance  of  the  term  “clerk  of 
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tlio  works”  occurs  in  1241,  25th  Henry  III.,  fur  certain  works  to  be  done  at  Windsor;  in 
later  times  it  appears  in  connection  with  the  palaces  at  Westminster  and  elsewhere  ; and 
such  an  appointment  it  will  be  remembered  was  held  by  William  of  Wykeham,  in  135(), 
and  by  Geoffrey  Chaucer,  in  1.389.  The  “devizor”  already  named,  altliough  it  occurs  sc 
I al  ly  as  about  1470,  is  a title  to  which  but  one  name  has  been  attached,  that  of  John  ol 
Ikidua,  on  the  faith  of  a passage  in  Walpole’s  Anecdote  \ 

320.  'J’hese  careful  notices  are  concluded  by  the  statement  that  “ there  is  one  circumstance 
respecting  nearly  all  these  officers  which  perhaps  needs  a passing  comment.  Very  many  of 
them  were  either  ecclesiastics  or  were  rewarded  witli  ecclesiastic  preferment.  But  it  mnsl 
be  remembered  that,  during  the  period  to  which  our  attention  has  been  confined.  i\\c  church 
was  the  only  field  for  exertion  open  to  those  of  the  nobility  and  gentry  who  were  not  in- 
clined to  embrace  the  profession  of  arms  ; it  also  afforded  a means  by  which  to  obtain  a 
livelihood ; therefore  the  clergy,  so  called,  would  thus  secure  the  offices  at  tlie  disjiosal  of 
tlie  monarch  and  of  the  nobility.  Some  names,  however,  appear  to  have  been  unconnected 
with  the  church.”  It  might  be  added  that  in  late  times  in  France,  eminent  architects  were 
ai)])ointed  ahbes,  and  from  their  estahlisliments  derived  the  funds  for  the  remuneration  of 
their  services.  “It  is  very  difficult  to  understand  tlie  duties  of  these  officers.  The  over- 
seer would  bo.  perhaps,  tlie  most  easily  explained,  but  his  Latin  designation  as  used  in  the 
Records,  is  unknown  to  us  unless  the  Latin  word  “ Supervisor  ” has  been  the  one  the  trans- 
lators have  found.  The  English  word  supervisor,  if  that  of  .steward  be  questionable,  is, 
perhaps,  best  kept  for  those  who,  acting  on  behalf  of  others,  as  Wykeham  for  the  monarch, 
have  yet  no  grounds  to  be  considered  the  designers  of  the  building.  The  master  of  the 
works,  as  he  was  called  in  the  monastic  establishments,  and  later  in  Scotland,  held  tlie 
])lace  of  the  English  king’s  chief  professional  man,  and  was,  no  doubt,  one  of  the  talented 
advisers  of  the  day.  The  king’s  clerk  of  the  works  clearly  stood  in  the  place  of  the  archi- 
tect. The  master  or  keeper  of  the  fabric  was  probably  the  keeper  of  the  whole  structure; 
and  the  keeper  of  the  works  was,  perhaps,  only  the  custodian  of  the  particular  works  then 
in  jirogress ; the  edifice,  under  those  circumstances,  being  developed  by  the  master  of  the 
works  or  by  ti'e  master  mason.  But  there  is  one  officer  of  whom  we  should  desire  to  know 
mucli,  but  of  whom  nothing  whatever  is  known  ; this  is  the  devizor  of  buildings.” 

321.  We  would  refer  the  student  to  the  paper  by  Mr.  Ferrey,  read  at  the  same  society 
in  18()4,  Some  remarks  upon  the  works  of  the  early  mediaral  architects,  Gundulph,  Flamhard, 
IVilliam  of  Sens,  and  others.  The  subject  will  be  well  concluded  Iiy  quoting  tlie  result  of 
Mr.  Street’s  enquiry  into  the  designers  of  the  buildings  in  Spain.  lie  states  in  his  Account 
of  Gothic  Archit  cture  in  Spain,  186.5,  p.  464,  that  “it  is  often,  and  generally  thoughtle.ssly, 
assumed  that  mo.st  of  the  churches  of  the  middle  ages  were  designed  by  monks  or  clerical 
architects.  So  far  as  Spain  is  concerned,  the  result  at  which  we  arrive  is  quite  ho.stile  to 
this  assum])tion,  for  in  all  tlie  names  of  architects  that  I have  noticed  there  are  but  three 
who  were  clerics.  In  our  own  country  it  is  indeed  commonly  asserted  that  tlie  bishops  and 
abbots  were  themselves  the  architects  of  the  great  churches  built  under  their  rule.  Gun- 
dulph, Flambard,  W'al.singham,  and  W’ykeiiam,  have  all  been  so  described  but  I suspect 
upon  insufficient  evidence ; and  those  who  have  devoted  tlie  most  study  and  time  to  the 
subject  seem  to  be  the  least  disposed  to  allow  ti  e truth  of  the  claim  made  for  them.  The 
contrary  evidence  which  I am  able  to  adduce  from  Spain  certainly  serves  to  confirm  these 
iloubt.s.  In  short,  the  common  belief  in  a race  of  clerical  architects  and  in  ubiquitous 
bodies  of  freemasons,  seems  to  me  to  be  altogether  erroneous.”  This  work  treats  very 
minutely  on  the  jiosltion  of  the  designer  of  the  buildings  in  Spain.  (See  par.  395-) 

322.  Among  other  matters  connected  with  the  progress  of  the  art.  Stieglitz,  in  1834, 
brought  to  the  notice  of  the  public,  the  marks  on  courses  of  stone  in  many  buildings  in 
Germany,  and  elsewhere,  called  “mason’s  marks,”  which  by  some  have  been  sup]ioscd  to  be 
the  personal  marks  of  the  masters  of  the  works,  hut  which  are,  in  fact,  nothing  more  than 
directions  to  the  setters,  and,  indeed,  are  used  by  masons  up  to  the  present  hour.  Some  of 
these,  however,  are  curious  in  form  and  figure,  and  were  most  jirohahly  determined  by  the 
lodge.s.  'J'heir  forms  are  principally  rectangular,  of  forty-five  degrees,  of  the  equilateral 
triangle,  of  the  intersection  of  horizontal  and  perpendicular  lines,  and  circular.  Some  of 
them  have  so  great  a resemblance  to  Runic  characters,  that  therefore  it  has  been  argued  the 
.Anglo-Saxons  taught  the  Germans  arcliitecture,  and  that  they  cultivated  the  art,  and  had 
masonic  lodges  among  themselves,  at  a very  early  period ; but  this  seems  rather  unrea'^on- 
ahle;  neither  is  it  likely  that  the  natives  of  this  island  were  the  chief  artists  employed  on 
foreign  cathedrals,  though  some  may  have  been.  'I’hat  these  marks,  however,  were  used 
from  some  traditional  knowledge  has  also  been  urged,  d'hus  the  mark  the  cruciform 
hammer  of  Thor,  is  found  in  the  minster  at  Bale,  and  repeated  in  the  sixteenth  century  in 
the  church  at  Oschatz.  This  mark  abounds  in  a great  variety  of  phases, — on  medals,  on 
annulets,  in  the  museum  of  the  Royal  Academy  of  Copenhagen;  and  on  many  Runiemonu- 
inents,  as  mentioned  by  Hobhouse  in  his  illustrations  of  Childe  Harold,  It  is  also  found 
on  the  sacred  jar  of  the  Vaishnavas  { Asiatic  Researches,  vol.  viii.).  At  the  Chateau  de 
Coucy  (13th  century)  is  found  Lj,  the  Runic  letter  S.  One  mark  of  frequent  recurrence 
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is  \1/,  an  inverted  Runic  '1'.  It  may  be  seen  at  Frlbourfi;,  at  the  beantWul  ciiurcli  ot  St. 
Catheiine  at  Oppenheini,  and  at  Strasburg,  connected  with  tlie  letter  N.  ^V  it  bout  found- 
ing any  liypotlicsis  up«n  the  singular  agreement  ot  these  marks  with  the  sixteen  letters 
oAhe  Runic  alphabet,  it  is  at  least  a curious  matter  for  furtlier  examination,  llobhouse, 
as  above  mentioned,  states,  that  a character  resembling  the  hammer  of 
'I'hor  is  found  in  some  Spanish  inscriptions,  and  he  seems  to  think  it 
hears  affinity  to  Jig.  16T.  which  is  often  drawn  by  boys  in  Italy,  though 
no  meaning  is  ascribed  to  it ; this  figure  is  found  at  New  Slioreham 
church;  Archaiologiail  Jnin-nal,  \V\.,  y^.  390. 

322a.  The  larUest  lodge  of  whiclt  we  have  any  authentic  knowledge, 
was  that  of  Strasburg.  Erwin  von  Steinbach  seems  to  have  been  at 
the  head  of  it;  he  appears  also  to  have  been  the  first  secular  architect 
of  importance  that  arose,  and  to  have  had  irrivileges  of  gi\at  iin- 
poitaiue  conceded  to  him  by  the  emperor,  Rodolph  of  Ilai  sburg.  This  lodge  was 
regularly  constituted,  with  power,  round  a certain  extent  ot  territory,  to  maintain  order 
and  obedience  among  tbe  workmen  unde’  its  jurisdiction.  In  1278,  Pope  Nicholas  III, 
granted  to  the  lx  dy  a bull  of  absolution,  whicli  was  renewed  by  his  Miccessors  up  to  the 
time,  in  the  fourteenth  century,  when  Benedict  XII.  occupiLcl  tbe  ]'apal  chair,  'I’o 
Iodo:iue  Dotzlnger,  master  of  the  works  at  Strasburg  in  1452,  the  merit  seems  attri- 
butable of  so  forming  an  alliance  between  the  different  lodges  of  Germany,  as  to  induce 
a greater  uniformity  of  i)ractice.  Whether  from  the  central  lodge  of  Strasburg,  whence 
certainly  biv.nched  lodges  at  Cologne,  Vienna,  and  Zurich,  branched  also  the  lodges  of 
France,  England,  and  Italy,  in  which  last  named  country  one  existed  at  Orvieto,  it  is  now 
perhaps  too  difficult  a task  to  discover. 

3225.  IMuch  stress  has  been  laid  upon  the  marks,  which  are  found  upon  the  faces  and  beds 
of  stones  in  nearly  all  countries.  \r\  Jiy.\6'2.  are  given  several  of  tliese  fanciful  forms,  as  we 
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^maintain  them  originally  to  have  been,  a and  b,  are  from  the  interior  and  exterior  of  the 
nave  of  Gloucester  cathedral,  c,  Malmesbury  abbey  church,  d,  Furness  abbey,  e,  Poi- 
tiers, in  France,  f,  St.  Radigonde.  g,  Cologne  cathedral;  and  A,  Roman  altars  at  Rising- 
ham:  these  are  all  from  Mr.  G.  Godwin’s  paj'cr  in  the  Arduvologia,  vol.  xxx.  i,  from 
*Segovia  cathedral ; k,  Tarragona  cathedral ; and  I,  Verucla  cathedral ; are  given,  with  many 
• Dlhers,  by  INIr.  G.  E.  Street  in  his  Guthic  Ardiittcture  of  Spain.  Numerous  examples  are 
ifiveninthe  Free'itasons'  Month! g Magazine,  SiC.  new  series,  1862,  and  in  the  Builder  Journal 
or  1863.  Perhaps  the  fact  of  their  occurrence,  as  in  the  jiresent  day,  is  simply  due  to  their 
>eing  the  marks  or  signs  by  which  each  mason  recognises  the  iiarticular  stone  for  the 
■orrect  workmanshi])  of  which  he  is  answerable.  On  large  works  a list  is  kept  of  them 
)V  the  foreman,  and  any  new  man  having  a mark  similar  to  one  already  on  the  list,  has  to 
nake  a distinctive  difference.  An  eminent  practical  mason  assured  us  that  from  tbe 
T 'baracter  of  the  mark  be  could  tell  at  once  the  kind  of  stone  on  which  it  was  made. 

general  history  of  Pointed  Akchitectuke  is  placed  at  page  233;  the  Pkactice  oe 
. ’dinted  Akchitectuke  is  jilaced  in  Book  1 1 1.,  together  with  much  relative  information 
nd  illustration  in  Pkincitles  of  Pkopoktion,  in  the  same  Book. 
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323.  The  commencement  of  a new  cr.i  in  architecture  first  dawned  in  Florence,  and  then 
oon  spread  its  meridian  light  over  Italy  and  the  rest  of  Europe.  The  French  have  well 
Applied  tbe  term  renaisrance  to  its  commencement.  It  is  with  us  denominated  tliat  of  the 
of  tbe  arts.  The  Florentines  had  at  an  early  period,  according  to  Villani,  dc- 
jti-'nnined  to  erect  in  their  city  a monument  which  should  surpass  all  that  had  bef  re 
' ppeared  ; in  1294  ArnoTo  di  Lapo  (according  to  Vasari),  but  Arnolfo  di  Cambio  da 
'olle  f according  to  Molini),  had  so  prepared  his  plans  that  the  first  stone  was  laid  Sept, 
_ , 1296,  and  the  name  of  Sta.  INIaria  del  Fiore  was  then  given  to  it.  The  works  were 
I'lopped  1310  on  the  death  of  Arnolfo.  In  1324  Giotto  was  capoinaestro,  who,  dying 
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132G,  Ills  ck'slgn  for  the  campanile  was  carried  out  by  Taddeo  Gaddi,  who  died  1.366, 
In  1.355  Francisco  Talenti,  as  capnmaei^tro,  was  ordered  to  make  a model  to  show  how 
the  chapels  in  the  rear  were  to  he  disposed  correct  without  any  defect.  On  June  19, 
1357,  the  foundations  of  a new  and  larger  church  were  begun  by  Talenti.  Andrea 
Orcagna,  Bucozzo,  Taddeo  Gaddi  and  otlier  arcbliects  of  talent  were  consulted  in  turn, 
and  in  1376  the  last  of  the  four  arches  was  completed;  the  central  tribune  with  its  five 
chapels  were  completed  H07  ; and  in  1421  the  armatures  (centering?)  of  the  last  tribune 
were  taken  down  ( 7’Ae  27>ncs,  May  12,  1887).  This  edifice,  though  conmenced  before 
the  revival  of  the  art*;,  is  one  of  particular  interest  and  instruction  in  the  history  of  archi- 
tecture, and  one  wherein  is  found  a preparation  for  changing  the  style  then  prevalent  into 
one  sanctioned  by  the  ancient  principles  of  the  art.  Fig.  163.  shows  the  plan,  and  Jig.  164 
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the  half  section  and  half  elevation  of  it.  The  walls  are  a’most  entirely  cased  with 
marble.  The  whole  length  of  it  is  454  feet  ; from  the  jravement  to  the  summit  of  the 
cross  is  nearly  387  feet  ; the  transept  is  nearly  334  feet  long  ; the  lieight  of  the  nave 
153  feet,  and  that  of  the  side  aisles  96.^,  In  1407  Brunelleschi  was  consulted  with  others 
as  to  the  dome,  but  was  not  appointed  until  1420;  he  nearly  completed  the  drum  at  Ids 
death  in  1446.  The  church  was  consecrated  March  25,  1436,  and  the  works  ceased  in 
1474,  The  facade,  destroyed  iir  1588,  was  rebuilt  from  a design  by  E.  de  Fahris,  and 
unveiled  in  May  1886.  The  revival  of  architecture  is  so  connected  with  tlio  life  of 
Brunelleschi,  that  a few  passages  in  the  latter  will  assist  us  in  giving  information  on  the 
former.  He  was  born  in  1377,  and  was  intended  by  his  father,  Lippo  Lippi,  a notary  of 
Florence,  to  succeed  him  in  his  own  profession  ; but  tlie  inclina'ion  of  the  youtli  being 
bent  towards  the  arts,  the  parent  with  reluctance  placed  him  with  a goldsmith,  an  occu- 
])ation  then  so  connected  with  sculpture  that  the  greatest  artists  of  the  time  applied 
themselves  to  the  chasing  and  casting  ornaments  in  the  precious  metals.  Brunelleschi 
became  skilful  as  a sculptor,  but  determined  to  devote  himself  to  architecture,  in  which 
the  field  was  then  unoccupied.  In  company  with  Donatello  he  therefore  visited  Rome, 
and  applied  himself  with  ardour  to  the  study  of  the  ruins  in  the  Eternal  City,  where  he 
first  began  to  meditate  upon  the  scheme  of  uniting  by  a grand  cupola  the  four  arms  of  tlie 
Duomo.at  Florence.  During  Ids  residence  he  settled  in  his  mind  the  proper  dons  of  the 
orders  ot  architecture  from  tlie  classic  examples  which  the  city  alforded,  and  studied  the 
science  of  constructiim  as  practised  by  the  ancients  ; from  them  he  learnt  that  perl'ect 
accordance  which  always  exists  between  what  is  useful  and  what  is  beautiful,  both  of 
which  are  recipioeally  subordinate  to  each  other.  Here  he  discovered  tlie  principles  of 
that  nice  equilibrium,  equally  requisite  for  the  beauty  no  less  than  for  the  solidity  of 
an  edifice.  He  returned  to  Florence  in  1407.  In  this  year  the  citizens  convoked 
an  assembly  of  architects  and  engineers  to  deliberate  upon  some  plan  for  finishing 
the  Duomo.  To  this  assembly  Brunelleschi  was  invited,  and  gave  his  advice  for  raising 
the  base  drum  or  a’ tic  story  upon  which  the  cupola  should  be  placed.  It  is  not  im- 
portant here  to  detail  the  jealousies  of  rivals  which  impeded  his  project;  nor,  when  the 
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ainmlsslon  was  at  length  confided  to  him,  the  disgraceful  assignment  to  him  of  Lorenzo 
ihiherti  as  a colleague,  whose  incapacity  for  such  a task  our  architect  soon  made  manifest, 
utfice  it  to  say,  that  before  his  death  he  had  the  satisfaction  to  see  the  cupola  finished, 
ith  the  exception  of  the  exterior  of  the  drum  under  the  cupola  ; for  whose  decoration,  as 
ell  as  for  the  lantern  with  which  he  proposed  to  crown  the  edifice,  he  left  designs,  which, 
owever,  were  lost.  One  of  the  directions  he  left  on  his  death  particularly  insisted  upon 
>e  necessity  of  following  the  model  he  had  prepared  for  the  lantern,  and  that  it  was  es- 
Mitial  that  it  should  be  constructed  of  large  blocks  of  marble  so  as  to  prevent  the  cupola 
oin  opening ; an  advice  which  experience  has  since  proved  in  other  cases  to  be  far  from 
)und.  Tills  cupola  is  octagonal  on  the  plan,  as  will  be  seen  by  reference  to  the  figures, 
Jiul  is  1.38  feet  6 inches  in  diameter,  and  from  the  cornice  of  the  drum  to  the  eye  of  tlie 
ome  of  the  height  of  13.3  feet  3 inches.  Before  it  nothing  had  appeared  with  which  it 
)uld  he  fairly  put  in  comparison.  The  domes  of  St.  Mark  and  that  at  Pisa  are  far  below 
in  grandeur  and  simiilicity  of  construction.  In  size  it  only  yields  to  St.  Peter’s  at 
Lome,  for  which  it  is  probable  it  served  as  a model  to  Michael  Angelo ; for  in  both,  the  inner 
ul  outer  cupolas  are  connected  in  one  arch  at  their  springing.  It  is  moreover  well 
nown  that  Buonarroti’s  admiration  of  it  was  so  great  that  he  used  to  say  that  to  imitate 
was  indeed  difficult,  to  surpass  it  impossible.  Vasari’s  testimony  of  it  shall  close  our 
:count  of  this  magnificent  structure:  — “ Se  puo  dir  certo  che  gli  antichi,  non  andarono 
lai  tanto  alto  con  lor  fabriche,  ne  si  messono  a un  risico  tanto  grande,  che  eglino  volessino 
'mbattere  col  cielo,  come  par  veramente  ch’  ella  combatta,  veggendosi  ella  estollere  in 
int’  alte/za  che  i monti  intorno  a Fiorenza  paiono  simili  a lei.  E nel  vero  pare,  che  il 
elo  ne  abbia  invidia  poiche  di  continuo  le  saette  tutto  il  giorno  la  percuotono.”  It  might 
supposed  that  such  a work  was  sufficient  to  occupy  the  whole  of  Brunelleschi’s  time  ; 
so  : the  Duke  Filippo  Maria  engaged  him  on  the  fortifications  at  Milan,  besides  which 
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lie  was  employed  on  several  otlier  military  works;  a proof  of  the  great  diversity  of  talent  he 
possessed.  It  is,  therefore,  from  tlie  extensive  employ  he  enjoyed,  not  only  in  Florence, 
i)ut  in  many  other  parts  of  Italy,  quite  certain  that  he  infused  a new  taste  into  its  buildings, 
and  that  he  is  justly  entitled  to  the  title  of  the  Restorer  of  Architecture  in  Euro])c.  IR 
died,  and  was  buried  in  the  church  he  had  raised  in  1444.  He  left  a number  of  scholars, 
among  ^vhom  Luca  Fancelli  and  Michelozzo  were  ])erhai)s  the  ablest.  These  ])upiis  spread 
throughout  Italy  the  etlects  of  the  vast  change  that  had  been  thus  begun  ; a taste  for  archi- 
tecture was  excited  ; its  true  principles  became  known;  and  in  a short  space  of  time,  as  if 
the  matter  had  been  one  of  arrangement  between  them,  the  illustrious  house  of  Medici,  the 
dukes  of  Milan,  and  the  princes  and  nobility  of  the  country  contended  who  should  most 
patronise  its  professors.  Tlie  learned  began  to  expound  to  artists  the  books  of  Vitruvius, 
the  only  writer  among  the  ancients  whose  works  on  that  subject  have  come  down  to  us. 

:')24.  Leo  Battista  Alberti,  of  the  ancient  and  illustrious  family  of  the  Alberti  of 
Florence,  succeeded  Brunelleschi  in  carrying  on  the  great  cliange  of  which  we  have  been 
speaking,  and  was,  indeed,  a great  contributor  to  the  art,  not  only  by  his  literary  labours 
on  architecture,  in  whicli  he  displays  profound  erudition,  knowledge  of  construction,  and 
an  intimate  acquaintance  with  the  works  of  the  ancients,  but  also  by  the  distribution,  ele- 
gance, grace,  and  variety,  which  his  designs  exhibit.  His  book,  De  Re  Edificatmid,  is  the 
foundation  of  all  that  has  been  since  written  on  the  art,  and  deserves  careful  perusal  by 
every  one  who  studies  for  the  purpose  of  practice.  We  shall  here  present  a short  account 
of  it,  which,  in  imitation  of  Vitruvius,  he  divided  into  ten  books. 

.225.  'Fhe  first  book  treats  on  the  origin  and  utility  of  architecture ; the  choice  of  the 
soil  and  situation  for  placing  buildings;  the  preparation,  measurement,  and  suitable  divi- 
sion according  to  their  nature,  of  the  edifices  to  be  erected;  of  columns  and  pilasters;  of 
the  different  kinds  of  roofs,  doors,  and  windows,  their  number  and  size;  of  the  different 
sorts  of  staircases  and  their  landings  ; of  the  .sewage  or  drains,  and  of  suitable  situations  for 
them  respectively.  In  the  book  the  subjects  are,  the  choice  of  materials;  the  pre- 

cautions to  be  taken  before  beginning  a building  ; the  models,  of  whatever  description,  that 
should  be  made  ; the  choice  of  workmen  ; the  trees  fit  for  use,  and  the  season  in  which  they 
should  be  felled  ; the  methods  for  preventing  rot,  and  susceptibility  of  fire  ; of  stone  in  its 
varieties;  the  different  sorts  of  bricks,  tiles,  lime,  sand,  and  mortar,  'fhe  third  hook 
treats  of  construction  ; foundations  according  to  the  varieties  of  soil  ; encroachments  ; the 
carrying  up  and  bond  of  masonry  ; rough  and  rubble  work  ; on  the  different  sorts  of 
masonry;  on  the  inlaying  and  facing  of  walls;  on  beams,  joists,  and  the  method  of 
strengthening  them;  on  floors,  arches,  and  vaults;  the  covering  of  roofs,  pavements,  and  tlie 
season  for  beginning  and  completing  certain  works.  'Vho  fourth  book  is  confined  to  the  plii- 
losojdiy  of  the  art,  showing  the  causes  which  influence  mankind  in  the  adoption  of  modes 
of  building  according  to  the  climate,  the  soil,  and  the  habits  or  government  of  a people.  It, 
however,  treats  of  the  proper  position  of  a city  ; of  the  size  to  be  given  to  it ; of  the  form 
of  the  walls;  of  the  customs  and  ceremonies  of  the  ancients  as  apiilied  to  this  ])oint ; of 
fortifications,  bastions  or  towers,  gates  and  ramparts;  bridges,  both  of  timber  and  stone; 
sewers,  ports,  harbours,  and  s(|uares  reejuisite  in  a city.  The  fifth  book  contains  in- 
structions for  the  erection  of  palaces  for  ])eaceable,  and  castles  for  absolute  jirinces  ; for  tlie 
houses  reejuired  by  a republic;  large  and  small  religious  edifices;  academies,  jniblic 
schools,  hospitals,  and  palaces  for  senators.  In  it  are  given  some  hints  on  military  and 
jiaval  architecture,  on  farm  buildings,  and  country  houses.  In  the  sixth  book  Alberti 
treats  on  architectural  ornament,  columns,  and  the  method  of  adjusting  their  proportions. 
After  some  observations  on  the  principles  of  beauty,  on  taste,  and  on  the  mode  of  im- 
proving it,  he  enters  shortly  on  the  history  of  architecture.  These  are  followed  by  several 
chapters  on  the  doctrine  of  mechanics,  machines,  the  method  of  raising  and  working 
columns,  polishing  them,  imitations  in  stucco  and  incrustation  in  thin  layers,  and  matters 
of  that  nature.  The  seventh  book  continues  the  discussion  on  ornaments  in  architecture, 
but  chiefly  in  respect  of  columns,  showing  the  edifices  in  which  the  use  of  them  is  suitable; 
and,  in  imitation  of  Vitruvius  in  his  directions  relative  to  tem))les,  our  author  dilates  on 
buildings  for  ecclesiastical  purposes.  He  shows  what  sorts  of  columns  and  pilasters  are 
best  suited  to  them,  how  far  the  employment  of  statues  is  proper,  and  how  they  should  be  n 
sculptured.  The  eighth  book  is  on  roads  and  their  decorations,  tombs,  pyramids,  columns, 
altars,  epitaphs,  &c.  In  it  he  turns  to  the  subjects  of  streets,  cities,  ornaments  appropriate 
to  gates,  ports,  arches,  bridges,  crossways,  markets,  public  stjuares,  walks,  porticoes,  theatres  j 
amphitheatres,  circi,  libraries,  colleges,  baths,  &c.  ; and  the  style  in  whicli  public  buildings 
should  be  constructed  and  decorated.  The  ninth  book  is  a continuation  of  the  preceding 
one  ; but  in  this  he  speaks  in  addition  of  the  appropriate  decoration  of  royal  palaces,  and  of 
the  ornaments  respectively  suitable  to  city  and  country  dwellings,  and  of  the  paintings  and 
sculpture  that  should  be  employed  in  them.  In  the  tenth  and  last  book  the  principal  sub- 
ject is  the  finding  a supply  of  water  for  buildings  both  in  town  and  country,  and  it  closes 
with  some  useful  hints  on  the  aid  of  architecture  to  domestic  economy.  This  truly  great 
man  constructed  many  works  in  diflerent  cities  of  Italy,  some  of  which  still  remain  to 


Chap  11. 


ITALIAN. 


136 


[attest  his  skill.  Wo  arc  not  to  examine  them  with  the  eye  of  an  archil  ect  flourishing  even 
half  a century  later,  though  under  that  category  tliey  do  him  honour,  but  with  the  o3ro 
of  an  artist  of  his  own  day,  and  we  shall  then  find  our  veneration  for  his  memory  cannot  l>e 
too  strongly  expressed.  In  Florence  he  finished  the  Uuccellal  palace,  and  built  tlie  choir 
of  tlie  Annunziata.  At  IMantua  he  built  a church  of  singular  beauty,  consisting  of  a simple 
nave,  crowned  with  a vault  decorated  with  caissoyis,  which  rivals  the  \vorks  of  tlie  ancients. 
'Ilie  additions  he  made  to  the  church  of  St.  Francesco  at  Rimini,  a pointed  church,  though 
not  in  the  same  style,  because  it  then  came  into  disrejiute,  show  an  extraordinary  a])titude 
for  overcoming  the  most  difficult  and  repulsive  subjects  with  which  an  architect  has  to  deal, 
and  that  work  alone  would  stamp  him  as  a man  of  genius.  On  his  other  acquirements  it  is 
not  within  our  province  to  dwell ; we  shall  merely  sum  them  up  by  saying  that  he  was  poet, 
painter,  sculptor,  philosopher,  mathematician,  and  antiquary.  Such  was  Alberti,  in  whom 
was  concentrated  more  refinement  and  learning  than  have  hardly  since  appeared  in  a single 
individual  of  our  species.  The  time  of  his  death  is  not  accurately  known  ; some  place  it  at 
the  end  of  the  fifteenth,  and  others  at  the  beginning  of  the  sixteenth  century. 

.326.  About  the  time  that  Alberti  was  engaged  on  the  practice  and  literature  of  the  art, 
a very  extraordinary  volume,  written  by  a member  of  the  Colonna  family,  was  published  by 
Aldus,  at  Venice,  in  1499,  folio.  Its  title  is  as  follows:  — Polyphili  Hypnerotomachia  i 
opus  itulied  Ihigud  conscriptum  ; ubi  humana  omnia  non  nisi  somnium  esse  docet.  This  work 
desenes  to  be  better  known  than  we  fear  its  rarity  will  ever  permit.  With  the  singularity 
of  the  plan,  it  unites  the  advantage  of  placing  before  the  reader  many  elevated  and  elegant 
ideas,  and,  under  the  veil  of  a fable,  of  inculcating  precepts  of  the  greatest  utility  to  artists 
and  those  that  love  the  art.  The  testimony  of  Felihien  in  favour  of  this  work  runs  so  fa- 
vourably, that  we  must  transcribe  it: — “ Sans  prejudice,”  says  that  author,  “ du  grand  profit 
qu’on  pent  tirer  de  la  lecture  de  Vitruve,  et  de  I’etude  qu’on  doit  faire  de  ses  principes  et  de 
ses  regies,  il  ne  fant  pas  moins  examiner  les  tableaux  curieux  de  plusieurs  superbes  edifices, 
monumens  ou  jardins,  (jue  I’imagination  riante  et  feconde  de  I’auteur  du  Songe  amis  sous 
les  yeux  de  ses  Icctenrs.”  When  it  is  recollected  that  the  manuscripts  of  Vitruvius  were 
extremely  rare,  and  that  when  Colonna  wrote  (1467  ) that  author  had  not  been  translated,  — 
when  we  reflect  that  in  his  descriptions  he  rears  edifices  as  magnificent  and  regular  as 
those  which  Vitruvius  presents  to  us,  we  cannot  withhold  our  surprise  at  the  genius  and  pene- 
tration of  the  author.  With  him  architecture  appears  in  all  her  majesty.  Pyramids, 
il  obelisks,  mausolea,  colossal  statues,  circi,  hippodromi,  amphitheatres,  temples,  aqueducts, 
J baths,  fountains,  noble  palaces,  delicious  gardens,  all  in  the  purest  taste  and  of  the  most 
j perfect  proportion,  attend  in  her  train,  and  administer  to  the  pomp  with  which  the  author 
I]  attires  her.  With  him  all  these  ideal  productions  of  the  art  were  not  merely  the  residt  of 
an  ardent  imagination,  but  were  the  fruit  of  an  intimate  acquaintance  with  its  rules,  whicli 
he  explains  to  his  reader,  and  inspires  him  at  the  same  time  with  a taste  for  the  subject  of 
his  pages,  lie  often  breaks  out  against  the  gross  ignorance  of  the  architects  of  his  dav, 
and  endeavours  to  inculcate  in  them  the  sound  principles  of  the  art.  He  demonstrates 
that  it  is  not  enough  that  an  edifice  possesses  stability  and  solidity,  but  that  it  must  be 
impressed  with  a character  suitable  to  the  purpose  for  which  it  is  destined  ; that  it  is  not 
enough  that  it  be  well  decorated,  but  that  the  ornaments  used  arise  from  necessity,  or  at 
the  least  from  utility.  Architecture  thus  treated  in  fiction  was  much  more  pleasantly^ 
studied  than  it  would  have-  been  by  mere  application  to  the  dry  rules  of  Vitruvius.  The 
impression  made  by  the  work  was  increased  by  the  poetic  glow  with  which  the  precepts 
were  delivered;  the  allegories  it  contained  warmed  the  imaginations  of  a people  easily  excited, 
and  Italy  soon  saw  realised  what  Polyphilus  had  seen  in  a dream.  This  work  is  decorated 
J with  wood  engravings  of  singular  beauty,  in  which  the  details  and  accessories  are  strictly 
classical;  it  is  written  with  great  spirit  and  elegance,  and  we  arc  not  amazed  at  the  magical 
effect  which,  with  the  accompaniment  of  Alberti’s  book  above  mentioned,  it  every  where 
produced. 

.327.  The  Italian  school,  which  ultimately  appropriated  and  adapted  the  ancient  Roman 
. orders  and  their  details  to  comparatively  modern  habits,  was  for  a long  while  engrafted 
''  on  or  amalgamated  with  what  is. called  Gothic.  We  here  (^fig.  165.)  place  before  the  reader 
I an  instance  of  this,  in  the  celebrated  Loggia  at  Florence,  designed  by  Orgagna.  The  same 
■ feeling  appears,  indeed,  in  what  Hrunelleschi  did  in  his  Duomo,  and  in  many  other  buildings 
in  Florence,  in  Pisa,  Sienna,  and  other  cities.  Brunelleschi  doubtless  made  a strong  effort  to 
^ emancipate  himself  altogether  from  the  mixture  of  two  discordant  styles,  and  in  some  mea- 
, sure  succeeded.  Still  there  continued,  as  is  evident  in  the  Ricardi,  Strozzi,  and  other  palaces 
in  Florence,  a lingering  love  for  the  mixture,  which  the  architects  had  great  apparent  diffi- 
culty in  shaking  off.  It  is,  however,  extraordinary  that  with  all  this  lingering  love  for  the 
; ancient  style,  in  which  there  was  much  littleness,  when  the  architects  of  this  period  came 
to  the  crowning  members  of  their  edifices,  they  placed  on  them  such  massive  and  finely 
composed  cornices  that  the  other  parts  are  quite  lost;  and  in  this  member  it  is  evident  they 
were  influenced  by  those  feelings  of  unity  and  breadth  that  gave  so  much  value  to  the  best 
1 vorks  of  the  ancients. 
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f5‘28.  The  revival  of  the  arts  in  Italy  was  vastly  assisted  by  the  commerce  and  riches  of 
the  country  ; and  with  the  decay  of  that  commerce,  nearly  300  years  afterwards,  their  palmy 
days  were  no  more  ; from  that  time  they  have  never  thriven  in  the  country  that  gave 
them  birth.  It  is  our  intention,  in  this  view  of  Italian  architecture,  to  consider  it  under 
the  three  schools  which  reigned  in  Italy  — l.The  Florentine;  2.  The  Roman;  3.  The 
Venetian. 

329.  1.  Florentine  School.  — Climate  and  the  habits  of  a j)eoi)le  are  the  princii)al  agents 
in  creating  real  style  in  architecture;  but  these  are  in  a great  measure  controlled,  or  it  is 
perhaps  more  correct  to  say  modilied,  by  the  materials  which  a country  supi)lies.  Often, 
indeed,  these  latter  restrict  the  architect,  and  influence  the  lightness  or  massiveness  of  the 
style  he  adopts.  The  quarries  of  Tuscany  furnish  very  large  blocks  of  stone,  lying  so  close 
to  the  surface  that  they  are  without  other  difficulty  than  that  of  carriage  obtained,  and 
removed  to  the  spots  where  they  are  wanted.  This  is  probably  a circumstance  which  will 
account  for  the  solidity,  monotony,  and  solemnity  which  are  such  commanding  features  in 
tile  Florentine  school  ; and  which,  if  we  may  judge  from  the  colossal  ruins  still  exist- 
ing, similarly  prevailed  in  the  buildings  of  ancient  Etruria.  In  later  times  another  cause 
contributed  to  the  continuation  of  the  practice,  and  that  was'the  necessity  of  affording  places 
of  defence  for  the  upper  ranks  of  society  in  a state  where  insurrection  continually  occurred. 
'I’hus  the  palaces  of  the  Medici,  of  the  Fitti,  of  the  Strozzi,  and  of  other  families,  served  almost 
eijually  for  fortresses  as  for  jialaces.  The  style  seems  to  have  interdicted  the  use  of  columns 
in  the  fa(;ades,  and  on  this  account  the  stupendous  cornices  that  were  used  seem  actually 
necessary  for  the  purpose  of  imparting  grandeur  to  the  composition.  In  the  best  and  most 
celebrated  examples  of  their  palaces,  such  as  the  Strozzi,  Pandolfmi,  and  others  in  Florence, 
and  the  Picolomini  palace  at  Sienna,  the  cornices  are  proportioned  to  the  whole  height  of 
the  building  considered  as  an  order,  notwithstanding  the  horizontal  subdivisions  and  small 
btcrposcd  cornices  that  are  practised  between  the  base  and  the  crowning  member,  llic 
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( courts  of  these  palaces  are  usually  siirroiuulecl  by  columns  or  arcades,  and  their  interior  is 
I scarcely  ever  indicated  by  the  external  distribution.  From  among  the  extraordinary  palaces 
I with  whif'i  Florence  abounds,  we  place  before  the  reader  tlie  ex(|uisite  facade  of  the  l*an- 
I dolliu;  palace,  the  design  whereof  (^’p.  lO’G. ) is  attributed  to  the  divine  llallUelle  d’Urbino. 


In  it  almost  all  tlie  re(]uisltes  of  street  architecture  are  displayed.  It  is  an  example 
ivlierein  the  principles  of  tluit  style  are  so  admirably  develoj)ed,  as  to  induce  us  to  recom- 
nend  it,  in  conjunction  with  tlie  facade  of  the  Farnese  palace  hereafter  given,  to  the 
daborate  study  of  the  young  architect. 

3.30.  Without  further  allusion  to  the  double  cupola  of  the  Duomo,  already  noticed, 
he  first  of  its  sjiecies,  and  the  prototyjie  of  that  of  St.  Peter’s  at  Rome  afterwards  reared 
)y  Mich.ael  Angelo,  the  principles  and  character  of  the  Florentine  school  are  not  so 
manifest  in  its  churches  as  in  its  palaces.  These  nevertheless  possess  gre.at  interest;  for 
diey  were  the  bases  on  which  those  of  the  Roman  school  were  formed,  as  well  as  of  those 
i'xainiiles  wliich,  with  different  degrees  of  purity,  were  afterwards  erected  in  many  of  the 
capitals  of  Eurojie.  Resides  the  plan  of  the  Duomo,  those  of  St.  Michele,  Sta.  Maddelina, 
St.  Pancrazlo,  St.  Lorenzo,  and  St.  Spirito,  are  the  key  to  all  excellence  in  modern  art,  as 
espects  real  church  architecture.  It  is  unfortunate  that  of  this  school  few  of  the  churches 

' liave  been  fini.shcd,  .so  that  their  facades  are  generally  imperfect.  The  Interior  was  pro- 
)erly,  with  them,  a matter  to  be  first  considered  and  brouglit  to  perfection. 

3.31.  Amongst  the  many  extraordinary  architects  of  the  Florentine  school,  whereof  a 
ist  will  hereafter  be  given,  was  Bartolomeo  Ammanati,  whose  bridge,  “f/cZ/a  Santissuiui 
Trinitii,"  sufficiently  proves -that  the  greatness  of  the  Florentine  school  does  not  alone 

I lepend  on  its  palaces  and  churches.  This,  one  of  the  most  beautiful  examples,  as  well 

j or  design  as  constructive  science,  in  which  was  obtained  for  the  waters  of  the  Arno  a 

1 naximum  of  waterway,  combined  with  a beauty  of  form  inappreciable  through  gra])hic 
» neans,  .still  strides  the  river  of  Florence,  to  attest  the  consummate  skill  of  Ammanati. 
< The  bridge  in  question  consists  of  three  arches  : the  middle  one  is  96  ft.  .span,  and  each  of  the 

' )thers  86  ft. ; the  width  of  the  piers  is  26  ft.  9 in.,  and  the  breadth  of  the  bridge  between 

he  parai)ets  is  33  ft.  The  arches  are  very  slightly  i)ointed,  the  cusp  being  hidden  by  the 
ams’  heads  sculptured  on  the  keystones  ; their  rise  above  the  springing  is  very  little, 
• icnce  they  have  been  mistaken  by  some  writers  for  cycloidal  arches.  Alfonso  and  Giulio 
i’arigi,  who  assisted  in  constructing  the  work,  left  an  account  of  the  mode  in  which  it  was 
p<|  arried  on,  and  the  manuscrii)t  is  still  pre.served  in  the  Florentine  Library.  IMore  recently, 
■|[!l  description  of  this  bridge  has  been  published  by  Ferroni,  under  the  title  of  “Della  vera 
j:  Jurva  degli  Archi  del  Ponte  della  Santissima  Trinita  di  Firenze.”  The  Ifitti  palace  had 
‘ )cen  begun  in  the  time  of  Brunelleschi,  in  1435,  for  Luca  Pitti,  a wealthy  citizen  of  Florence. 

1 llemaining  long  unfinished,  it  was  at  last  sold  to  Eleonora,  wife  of  Cosmo  L,  who  pur- 
. based  the  adjoining  ground,  and  planted  the  Boboli  Gardens.  About  the  middle  of  the 
6th  century,  Nicolo  Bracciani,  surnamed  Tribolo,  made  designs  for  finishing  the  building; 

■ ind  was  succeeded  by  Bernardo  Buontalenti.  After  him  came  our  Ammanati,  who  lel’t 
>ther  de.signs  for  fini.shing,  which  was  accomplished  by  Alfonso  and  Giulio  Parigi.  It  is 
low  the  residence  of  the  grand  duke,  and  has  served  as  a model  for  imitation  to  many  modern 
irchltects,  though  there  is  in  it  much  to  condemn.  The  details,  however,  and  proportions 
)fthe  orders  used  in  it  by  Ammanati,  are  very  beautiful.  This  architect  died  in  1586,  at 
^ he  age  of  seventy-five.  He  was  a pu]jil  of  Baccio  Bandinelli,  and  during  his  life  compo.sed 
W n large  work,  entitled  La  Citla,  which  contained  designs  for  all  the  fabrics  belonging  to 
I regular  and  well-arranged  city,  beginning  with  the  gates,  then  ])roeeeding  to  the  ])alaces 
>t  the  prince  and  magistrates,  the  churches,  the  fountains,  the  scpiares,  the  loggia  for  tiie 
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mcrdiants.tliL'  bridges,  Uicatros,  &c,  Tliis  work  appears  to  have  been  lost,  the  last  possessor 
of  it  known  having  been  tlie  ])rince  Ferdinand  of  Tuscany.  Tliough  in  tlie  biglier  ix*- 
lineinent  of  finislied  details  the  Florentine  school  did  not  reach  the  extreme  elegance  of  tim 
Roman  and  Venetian  schools,  yet  for  hold  imposing  masses  of  architecture  we  think  no 
city  ))resents  such  a collection  of  highly  picturesque  architectural  examj)les  as  Florence. 

'I’he  IMtti  palace  indeed,  just  mentioned,  is  more  imposing  by  its  broad  parts  than  almost 
any  other  building  with  which  we  are  acquainted,  though  it  becomes  poor  when  translated 
into  French,  as  at  the  lAixemhourg. 

3S2.  So  late  as  1454,  we  find  in  the  Strozzi  and  other  palaces  sciniclrcular-headed  win- 
dows,  wherein  are  half  columns  at  the  sides,  and  a column  in  the  middle,  resembling  those 
in  the  Ryzantine  or  Romanesque  edifices.  The  two  apertures  thus  formed  are  crowned  hv 
semicircular  heads,  which  are  circumscribed  by  the  outer  semicircle,  and  the  spandrel  formed 
by  the  three  curves  is  occupied  by  a patera. 

.833.  The  period  of  the  Florentine  school,  which  must  be  taken  as  commencing  with 
Rrunelleschi,  includes  the  names  of  IMichelozzo,  Leo  Rattista  Alberti,  Pollaiuolo  (wlio  ob- 
tained the  soubri(|uet  of  Chronaca,  from  his  constant  recital  of  his  travels),  the  architect 
of  the  Strozzi  palace,  Raflaelle  Sanzio,  Renedetto  da  Majano,  Raccio  d’Agnolo,  Raccio 
Randinelli,  Ruontalenti,  Ammanati,  and  others:  it  extends  from  a.  n.  HOOtoA.  ]>.  16(H), 

The  works  of  Michael  Angelo,  though  a Florentine,  do  not  belong  to  this  school  ; neither 
do  those  of  San  Gallo  and  some  othe-rs,  who  have  been  improperly  clas.sed  as  Florentine 
architects. 

334.  2.  Roman  School.  — d’hough  the  city  of  Rome,  during  the  period  of  the  rise  and 

])rogress  of  the  Roman  school  of  architecture,  was  not  altogether  free  from  insurrectionary 
troubles,  its  palatial  style  is  far  less  massive  than  that  of  Florence.  None  of  its  buildings 
present  the  fortress-like  a])pearance  of  those  in  the  last-named  city.  Indeed,  the  Roman 
palaces,  from  their  grace  and  lightness,  indicate,  on  the  part  of  the  people,  habits  of  a much 
more  pacific  nature,  and  an  advancing  state  of  the  art,  arising  from  a more  intimate  ac- 
(juaintance  with  the  models  of  antiquity  which  were  on  every  side.  The  introduction  of  H 
columns  becomes  a favourite  and  pleasing  feature,  and  great  care  and  study  ap]>ear  to  have  ‘ 

been  constantly  bestowed  on  the  fa^'ades  of  their  buildings;  so  much  so,  indeed,  in  manv, 
that  they  are  but  masks  to  indifferent  interiors.  In  tliem  the  entrance  becomes  a principal 
ol)ject ; and  though  in  a great  number  of  cases  the  abuses  which  enter  into  its  comjx)- 
sltlon  are  manifold,  yet  the  general  effect  is  usually  successful.  The  courts  in  these 
palaces  are  most  frequently  surrounded  with  arcades,  whence  a staircase  of  considerable 
dimensions  leads  to  the  sala  or  principal  room  of  the  palace.  The  general  character  is  that 

of  grandeur,  but  devoid  altogether  of  the  severity  which  so  strongly  marks  the  Florentine 
school.  The  noblest  example  of  a palace  in  the  world  is  that  of  the  Farnese  family  at 
Rome,  to  which  we  shall  afterwards  have  occasion  to  return. 

335.  Rramante,  born  in  1444  at  some  place,  but  which  is  still  in  doubt,  in  the  duchy  of 
Urbino,  must  be  considered  the  founder  of  the  Roman  school.  Though  educated  as  a 
])alnter  under  Fra  Rartolomeo,  and  likely  to  have  ranked  in  that  occui)ation  as  a master 
of  no  ordinary  powers,  his  great  love  of  architecture  induced  him  at  an  early  j)eriod  to 
(|uit  ])aintlng  as  a j)rofession.  In  Lombardy  he  wandered  from  city  to  city  for  the  ))uri)ose 
of  obtaining  emj)loyu.ent  as  an  architect,  but  there  is  no  evidence  that  his  exertions  in 
that  ])art  of  Italy  were  rewarded  with  great  success.  The  dry  style  which  afterwards  cha- 
racterised his  works  has  been  said  to  have  had  its  origin  in  his  jirotracted  stay  at  Milan, 
'*!iile  the  works  of  the  Duomo  were  carrying  on  there  under  Rernardino  di  Trevi,  a 
builder  of  such  skill  as  to  have  gained  the  esteem  of  Leonardo  da  Vinci.  Re  this  as  it 
may,  it  was  in  this  city  his  determination  to  follow  our  art  became  irrevocable.  From 
IMilan  he  went  straightway  to  Rome;  where,  however,  he  was  obliged  to  make  himself 
known  by  some  works  in  his  first  profession  of  a painter  in  the  church  of  St.  Giovanni 
Laterano.  Naturally  of  hospitable  and  social  disiicsition,  and  a lover  of  cxjiensc  and  * 
luxury,  so  intense  was  his  ardour  to  become  great  in  the  art  he  adopted  that  l;e  refrained 
from  all  society,  holding  commerce  only  with  the  monuments  of  antiquity  by  which  he 
was  surrounded,  studying  with  the  utmost  diligence,  and  drawing  them  for  his  future  a|)- 
plication  of  the  principles  ujion  which  they  were  founded.  Me  even  extended  his  researches 

to  Naple.s,  losing  no  opportunity  of  noting  all  the  ruins  from  which  instruction  in  his  art 
could  be  drawn.  Gratia  (Cardinal  of  Naples),  who  had  remarked  his  zeal,  gave  him  his 
first  commis.sion  in  Rome,  which  was  the  construction  of  the  cloister  of  the  Convent  della 
Face;  and  this,  from  the  intelligence  and  speed  with  which  he  executed  the  task,  brought 
him  at  once  into  repute.  At  this  period  Rome  could  boast  but  of  few  architects,  and  W 
those  that  were  established  there  were  of  small  account.  The  Florentine  school  seems  to 
liave  sprung  in  the  most  decided  manner  from  the  habits  of  the  people  and  the  massiveness 
of  their  materials,  modified  by  some  knowledge  of  the  buildings  of  the  ancients : that 
of  Rome  seems  to  have  been  founded  upon  the  princij)le  of  inaking  the  ancient  architecture 
of  Rome  suit  the  more  modern  habits  of  a very  different  people,  though  living  on  the 
same  spot.  To  exj)]ain  ir.ore  immediately  our  meaning,  v.'e  cite  the  small  circuUr  chapel 
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of  St.  Pietro  in  Montorio,  wlierein  we  find  a jump  at  once  in  tlic  adai>tation  of  tlie  circular 
peripteral  temple  of  tlie  Romans  to  the  purpose  of  Christian  ceremonies.  And  again,  it 
is  impossible  to  look  at  the  Palazzo  della  Cancelleria  without  being  struck  by  tbe  base- 
ment and  two  orders,  which  wonld  be  suggested  by  a contemplation  of  the  Colisseiim, 
though  afterwards  the  Roman  architects  had  the  good  sense  to  see  that  the  orders  of 
architecture  placed  against  the  walls  of  a building  where  the  use  was  not  recpiired  by  the 
interior  distribution  was  a tasteless  and  useless  application  of  them.  The  architect  of  the 
Palazzo  Farnese  only  uses  them  for  the  decorations  of  his  windows.  In  this  respect  we 
hope  good  sense  is  once  more  returning  to  this  country  ; and  that  the  absurd  j)ractlce  in 
almost  every  case  of  calling  in  the  orders  to  aid  the  effect  of  a fa9ade,  will  be  abandoned 
for  the  better  plan  of  obtaining  an  imposing  effect  from  the  simplicity  and  arrangement  uf 
the  necessary  parts.  We  must,  however,  return  to  Hramante,  whose  other  employment  we 
pass  over  to  come  to  his  great  work,  — one  which,  after  the  continued  labour  U])on  it  of  his 
successor  Michael  Angelo,  seems  to  have  exhibited  the  great  canons  of  art;  one  which 
has  regulated  all  the  modern  cathedrals  of  Euroj)e,  for  tliey  are,  in  fact,  but  repetitions 
I of  it;  and  one,  therefore,  which  requires  a lengthened  notice  in  this  ])lace,  as  intimately 
connected  with  the  rapid  progress  of  the  Roman  school.  The  ancient  Basilica  of  St. 

: Peter  had  become  so  ruinous  that  Pope  Nicholas  V.,a  man  who  deliglited  in  magnificent 
! undertakings,  a lover  of  architecture,  and  of  more  than  ordinary  genius,  had  conceived  the 
project  of  rebuilding  it,  and  under  the  designs  of  Bernardo  Rosellini  had  actually  seen  a 
1 portion  of  the  design  rise  from  the  ground  before  bis  death.  The  project  seemed  then  to 
' l)e  forgotten  and  abandoned,  until  Michael  Angelo  Buonarroti,  seeking  a place  for  the 
erection  of  the  mausoleum  of  .lull us  II.,  upon  which  he  was  engaged,  thought  that  the 
tribune  of  Rosellini’s  j)rojected  new  basilica  would  be  well  suited  for  its  reception,  and 
iccordingly  proposed  it  to  the  pontiff.  Julius,  i)leased  with  the  suggestion,  immediately 
sent  for  San  Gallo  and  Bramante  to  examine  into  it.  In  these  cases,  one  project  generally 
suggests  another,  and  the  rearing  a new  St.  Peter’s  became  a fixed  object  in  the  mind  of 
lulius  II.  'I'he  trihune  of  Nicholas  V.  was  no  longer  thought  of,  except  as  a space  to 
be  included  within  the  new  works.  He  consulted  several  architects  upon  the  subject ; but 
the  fact  is,  that  the  only  real  comjietltion  lay  between  Giuliano  dl  San  Gallo  and  Bra- 
inante.  The  last  was  the  successful  artist ; and  from  a great  number  of  projects  the  pope 
st  last  chose  that  upon  which  St.  Peter’s  was  afterwards  commenced.  The  real  design  of 
Bramante  can  scarcely  be  traced  in  the  basilica  of  the  Vatican  as  executed.  The  changes 
it  was  doomed  to  undergo  before  completion,  more  than  perhaps  any  other  building  was 
ever  subjected  to,  have  been  drawn  into  a history  by  the  Jesuit  Bonanni.  When  Bramante 
died,  his  designs,  if  indeed  he  made  any,  were  disjiersed  ; and  for  what  we  do  know  of  them 
we  are  indebted  to  Raffaelle,  who  took  much  pains  in  collecting  the  ideas  of  our  architect, 
us  they  afterwards  ajipeared  in  Serlio’s  Treatise  on  Architecture.  J'he  original  ]»lan  of 
Bramante  was  simple,  grand,  and  in  its  ]»arts  harmonious,  and  would  doubtless  have 
been  effective,  far  beyond  the  edifice  as  executed.  It  has  been  well  observed  by  Q.  de 
Quincy,  in  his  Life  of  Bramante,  “ Le  Saint  I’ierre  d’aujourd’hui  parait  moins  grand  (pi’il 
ne  I’est  en  effet.  Le  Saint  Pierre  de  Bramante  aurait  certainement  ete  plus  grand  encore 
en  apparence  qu’en  realite.”  There  would  moreover  have  been  an  accordance  between 
the  interior  and  exterior.  The  peristyle  was  to  have  three  ranks  of  columns  in  dej)th, 
which  would  have  necessarily  had  unecpial  intercolumniations.  The  cupola  was  rather 
that  of  the  Pantheon,  ornamented  exteriorly  with  an  order  of  columns.  Bramante  carried 
his  imitation  even  to  the  steps  round  the  springing  of  that  monument.  From  the 
medals  of  the  design  struck  about  the  period,  it  seems  that  the  facade  was  to  have  been 
decorated  at  its  extremities  with  two  campanili ; but  the  authority  of  a medal  may  he 
doubtful.  The  idea,  therefore,  which  is  said  to  have  originated  with  Michael  Angelo, 
of  placing  the  dome  of  the  Pantheon  upon  the  vaulting  of  the  Temple  of  Peace  emanated 
from  Bramante,  though  the  honour  of  actually  carrying  such  a ]>roject  into  execution 
belongs  to  Michael  Angelo  da  Buonarroti.  It  is  not,  however,  probable  that  if  Bra- 
niante  had  lived  he  could  have  strictly  executed  the  design  he  produced ; for  it  has  been 
well  proved  that  the  piers  which  carry  the  dome  would  not  have  been  sufficiently  sub- 
stant  al  for  the  weight  to  be  i)laced  upon  them,  inasmuch  as  Bramante’s  cupola  would 
have  been  much  heavier  than  that  executed  by  Michael  .Angelo,  and  that  architect  con- 
sidered it  necessary  to  make  his  piers  three  times  as  thick  as  the  former  bad  proposed 
for  his  cupola.  Bramante’s  general  design  having  been  adopted  by  Julius  II.,  M’as  imme- 
diately commenced  with  a boldness  and  ])romptitude  of  which  few  but  such  men  as  Julius 
and  Bramante  were  cajrable.  One  half  of  the  ancient  basilica  was  taken  down  ; and  on  the 
18th  of  April,  1506,  the  first  stone  of  the  new  fabric  was  laid  by  the  pope  in  the  pier  of  the 
dome,  commonly  called  that  of  Sta.  Veronica.  The  four  piers  soon  rose  ; the  centres  wiTe 
l)repared  for  connecting  them  by  vaults,  which  were  actually  turned.  The  weight  and 
thrust  of  the  vaults,  however,  hent  the  i)iers,  and  cracks  and  fissures  made  their  aj)- 
pearance  in  every  direction.  Thus,  without  more  than  their  own  weight,  much  less 
that  ''f  the  cupola,  the  works  threatened  ruin.  The  great  haste  used  in  carrying  on  the 
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works  liatl  doubtless  much  contributed  to  this  catastrophe.  Eramante  in  the  nieantiine 
dyin*;,  Iladaelle,  Giocoudo,  and  Giuliano  di  San  Gallo,  and  afterwards  I5aida//are  Peru/.zi 
and  Antonio  San  Gallo,  were  engaged  on  the  edifice,  and  severally  used  the  proper  means 
for  remedying  the  defects  that  had  arisen,  and  for  fortifying  the  great  piers  of  the  dome. 
'I’o  do  this,  as  well  as  to  push  forward  its  completion,  IMichael  Angelo  was  employed  ; and 
the  rest  of  that  great  man’s  life  was  chiefly  devoted  to  carrying  on,  under  his  own  designs, 
the  works  of  the  fabric.  From  the  death  of  Eramante  in  1513  to  154G,  when  Antonio 
San  Gallo  died,  the  architects  above  named,  all  of  whose  names  are  almost  sacred,  had  been 
more  or  less  employed  upon  it.  It  was  during  this  period  that  Bramante’s  original  plan 
of  a Latin  was  changed  into  a Greek  cross  l)y  Peruzzi.  The  works  had  at  this  time  become 
the  .source  of  much  jobinng;  every  body  that  had  any  emp'oyment  on  them  seemed  bent  on 
providing  for  himself,  when  Michael  Angelo  consented,  for  he  was  far  from  desirous  of  being 
employed,  to  superintend  the  future  progress  of  the  fabric.  The  first  use  made  of  his  au- 
thority  by  Michael  Angelo  was  that  of  discharging  all  the  agents  and  employes  of  the  jjlace  ; 
he  may  be  said  to  have  again  driven  the  money-lenders  out  of  the  temple.  That  he  might 
have  more  moral  power  over  this  worthless  race,  he  set  the  exami)le  of  declining  to  receive 
tlie  salary  of  COO  crowns  attached  to  his  appointment  as  architect,  and  gratuitously  suj)er- 
intended  the  works  during  the  period  of  seventeen  years, — a disinterestedness  that  afterwards 
found  a parallel  in  one  of  the  greatest  architects  tliat  this  or  any  other  country  ever  saw  ; 
we  need  scarcely  mention  the  name  of  Inigo  Jones.  Michael  Angelo  began  by  undoing 
what  his  predecessor  San  Gallo  had  executed;  and  after  having  accomplished  that,  his 
whole  powers  w'ere  directed  towards  carrying  on  the  structure  to  such  a point  that  no 
cliange  could  possibly  be  made  in  his  plans ; so  that  after  having  strengthened  the  great 
piers,  vaulted  the  naves,  and  carried  up  the  exterior  pedestal  of  the  cupola,  at  the  death 
of  Paul  111.  in  1519  the  form  of  these  parts  of  the  basilica  was  unchangeably  fixed. 
Under  Julius  111.,  the  successor  of  I’aul,  the  intrigues  which  had  always  been  carried  on 
against  Michael  Angelo  were  renewed.  He  was  accu-sed  of  having  contrived  the  arrange- 
ment without  sufficient  light,  and  of  having  changed  every  thing  his  predecessors  had 
done.  Thus  proceeded  this  great  work ; hut  notwithstanding  the  severe  trials  he  had  to 
undergo  from  the  envy  of  his  contemporaries,  — rivals  he  could  not  encounter,  — Buonarroti 
steadily  pursued  his  course.  He  felt  that  his  own  destiny  and  that  of  the  fabric  were 
identical ; and,  notwithstanding  all  the  disgusting  treatment  to  which  he  was  exposed, 
determined  to  stand  to  his  post  while  life  remained.  Writing  to  Vasari,  he  says,  “ For  me 
to  leave  this  i)lace  would  be  the  cause  of  ruin  to  the  church  of  St.  Peter,  whicli  would  he 
a lamentable  occurrence,  and  a greater  sin.  As  1 hope  to  establish  it  beyond  the  possibility 
of  changing  the  design,  1 could  first  wish  to  accomplish  that  end  ; if  I do  not  already 
commit  a crime,  by  disappointing  the  many  cormorants  wdio  are  in  daily  expectation  of 
getting  rid  of  me.”  And  in  another  letter  to  IMesser  1 ionardo  Euonarrotti,  in  reply  to  the 
pressing  instance  of  the  grand  duke  to  have  him  at  Florence,  he  says,  “ I w'ould  prefer 
death  to  being  in  disgrace  with  the  duke.  In  ail  my  affairs  I have  endeavoured  to  adiicre 
to  the  truth  ; and  if  1 have  delayed  coming  to  Florence  as  I promised,  the  promise  should 
have  been  construed  with  this  condition,  that  I w'ould  not  dejtart  hence  until  the  fabric  o( 
St.  Peter’s  w’as  so  far  advanced  as  to  prevent  its  being  spoiled  by  others,  and  my  design 
altered  ; nor  to  leave  opportunity  for  those  thieves  to  return  and  plunder,  as  has  been  their 
custom,  and  as  is  still  their  hoj)e.  Thus  placed  by  Divine  Providence,  I have  exerted 
myself  to  prevent  those  evils.  As  yet,  however,  1 have  not  been  able  to  succeed  in  ad- 
vancing the  building  to  that  point  which  I desire,  from  w'ant  of  money  and  men;  and  being 
old,  without  any  one  about  me  to  whose  care  1 could  leave  the  work,  as  I serve  for  the  love  of 
God,  in  whom  is  all  my  hope,  I cannot  abandon  it.”  At  this  jteriod,  with  the  letter,  to  which 
we  have  not  done  sufficient  justice  in  the  translation,  it  is  impossible  not  to  sympathise,  nor 
to  be  unaffected  by  the  simi)Ie  and  unbending  honesty  of  this  honour  to  the  race  of  man,  in- 
dependent of  all  our  admiration  of  his  stupendous  power  as  an  artist.  At  the  age  of  eighty- 
seven,  the  pedestal  being  then  ready  for  the  reception  of  the  cupola,  he  made  a small 
model  in  clay  for  that  important  feature  of  his  work,  which  was  afterwards,  to  a scale,  ac- 
curately under  his  direction,  executed  in  wood  ; but  deficiency  in  the  funds  prevented  the 
progress  of  the  building.  To  the  height  of  upwards  of  28  ft.  above  the  exterior  attic  the 
cupola  is  in  one  solid  vault,  whose  diameter  is  near  139  ft.  at  its  springing,  at  which  place 
its  thickness  is  near  10  ft.  exclusive  of  the  ribs.  As  the  inner  and  outer  vaults  are  not  con- 
centric, the  interval  between  them  increases  as  they  rise.  Where  they  receive  the  lantern 
they  are  10  ft.  7 in.  apart.  The  construction  of  this  dome  proves  the  profundity  of  the 
arcliitect’s  knowledge  as  a scientific  builder  to  have  equalled  his  superiority  as  an  architect. 

336.  After  the  death  of  Michael  Angelo,  this  cupola  with  its  lantern  was  rigorously  ex- 
ecuted, upon  the  model  he  had  left,  by  Jacopo  della  Porta  and  Domenico  Fontana.  His 
intentions  were  religiously  respected,  in  the  completion  of  the  fabric,  until  the  time  of  Pin  o 
Eigorio,  whom  Pius  IV.  deprived  of  his  situation  for  attempting  to  swerve  from  the  model 
and  substitute  his  ovm  work. 

337.  Between  the  foundation  of  the  church  by  Bramante,  and  its  entire  comph  tion  by 
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C.-irlo  Maderiio,  as  seen  in  jirjs.  IG7.  and  1G8.,  a century  liad  elapsed  , but  during  that  century 


|arcliitectura]  as  well  as  grapbical  and  plastic  taste  had  undergone  great  changes ; and 
|t  though  the  first  was  still  far  from  the  vicious  ])oint  to  which  Borromini  carried  it,  the 
)i  great  principles  of  order  and  autliority,  as  founded  on  the  models  of  antirpiity,  were  passed 
away,  and  no  longer  occui)ied  the  attention  of  the  architect.  The  spirit  of  innovation,  too 
often  mistaken  for  genius,  had  made  such  inroads,  that  regularity  of  j)lan,  simplicity  of  form. 
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and  fho  happy  union  of  taste  with  common  sense  had  altogetlier  disappeared.  Tlie  part 
*idded  to  the  edifice  by  Maderno  a|)pears  in  tlie  plan  in  a darker  tint,  by  which  it  is  seen 
that  he  added  three  arcades  to  the  nave,  in  wliich  the  sa  ne  ordonnance  is  continued. 

338.  Respecting  tlie  alteration  in,  or  rather  addition  to  the  plan,  it  is,  and  is  likely  to 
eontinne,  a moot  ])oint,  whether  this  change  by  Maderno  has  injured  the  effect  of  the 
church.  “ There  are,”  says  De  Quincy,  “in  tlie  method  of  judging  of  works  of  archi- 
tecture,  so  many  different  jioints  of  view  from  which  they  may  be  judged,  that  it  is  quite 
possible  to  approve  of  even  contrary  things.”  We  are  not  ourselves  disposed  to  censure 
the  application  of  IMaderno,  though  it  cannot  be  denied  that  the  symmetry  of  the  fabric 
was  in  some  measure  destroyed  by  it.  It  is  possible  that  the  constant  habit  of  seeimr 
cathedrals  with  a prolonged  nave,  before  we  first  saw  St.  Peter’s,  may  have  disjiosed  us  to 
look  leniently  at  a point  which  so  many  better  judges  than  ourselves  have  condemned. 
Michael  Angelo’s  plan  was,  doubtless,  one  of  great  simplicity  and  unity.  According  to  his 
intention,  the  cupola  was  the  jirinciiial  feature,  the  four  arms  of  its  cross  being  accessaries 
which  would  not  interfere  with  or  lessen  the  effect  of  its  grandeur,  whose  points  of  view 
could  not  be  much  varied.  On  the  other  hand,  the  edifice,  enlarged  according  to  the  first 
project  of  Bramar.te,  has  acquired  an  immensity  of  volume,  which,  observes  the  author 
before  (juoted,  one  would  be  now  sorry  to  see  it  deprived  of.  “ Ce  sont  deux  (jrandeins 
vnisiues  sans  ctre  riv(des."  In  its  exterior,  however,  it  must  be  admitted  that  the  pro- 
longation of  the  nave  has  not  improved  the  effect ; and  that  arose  from  the  necessity  of 
strictly  conforming  to  the  forms  that  existed.  It  is  manifest  that  the  number  of  divisions 
which  resulted  from  the  mixtilinear  jilan  of  Michael  Angelo  would  not  well  sort  with  the 
extended  mass  which  the  nave  created.  It  was  absolutely  necessary  that  it  should  be 
conformable  with  what  had  been  completed  ; and  the  eflect  of  this  was  lessening  the 
elevation  of  the  cupola  in  an  almost  fatal  manner.  The  fa9.ide  of  entrance  cannot  in  any 
way  be  defended  ; and  it  is  much  to  be  regretted  that  the  fine  entrance  designed  by  the 
great  master  was  lost  to  the  world. 

339.  St.  Paul’s  is,  perhaps,  the  only  great  instance  in  Europe  wherein  the  design  wr.s 
made  and  wholly  carried  into  execution  by  the  same  architect.  Works  of  this  nature 
usually  exceed  the  span  of  man’s  life.  St.  Peter’s  was  altogether  a century  and  a half  in 
building.  Tiie  change  of  architects  is  not  the  least  inconvenience  of  such  a state  of  things; 
for  during  so  long  a period  such  a change  of  taste  arises  that  the  fashion  and  style  of  an 
art  are  from  accident  scarcely  the  same  at  its  commencement  and  end.  Thus  the  church 
of  tlie  Vatican,  which  was  begun  by  Bramante  in  a comparatively  pure  style,  was,  in  the 
end,  defaced  by  the  vicious  bizarreries  of  Borromini.  It  was  fortunate  Miciiael  Angelo,  so 
far  foreseeing  accidents  of  this  nature,  had  fixed  unchangeably  the  main  features  of  his  com- 
position. 

340.  That  the  first  idea  of  this  stupendous  fabric  owes  its  origin  to  Bramante  cannot  be 

disputed  ; but  its  greatness,  as  conceived  by  him,  is  confined  to  the  boast  of  placing  the 
cupola  of  the  Pantheon  upon  the  vaulting  of  the  Temple  of  Peace.  The  sketch  of  it  given 
by  Serllo  is  nothing  like  the  cupola  which  was  executed.  On  the  other  hand,  what  was 
executed  by  Michael  Angelo  was  scarcely  new  after  what  Brunelleschi  had  accomplished 
ut  Sta.  INIaria  del  Fiore.  This,  however,  was  a chef  d’ccuvre  of  construction;  that  of  St. 
Peter’s  was  a chef  d’a-uvre  of  construction  and  architecture  combined.  What  was  new 
111  it  was,  that  it  was  the  loftiest  and  largest  of  all  works,  ancient  or  modern,  uniting  in  its 
vast  volume  the  greatest  beauties  of  proportion  to  simplicity  and  unity  of  form  ; to  mag- 
nificence and  richness  of  decoration  a symmetry  which  gives  harmony  to  the  whole,  coii- 
iidered  by  itself,  and  not  less  so  when  considered  in  relation  to  the  mass  of  which  it  is 
tile  crown.  The  great  superiority  of  this  cupola  over  all  others  is  visible  in  another  point 
or  view,  which  we  shall  more  particularly  notice  in  the  account  of  St.  Paul’s  in  a siib- 

sc(]uent  page  : it  is,  that  the  same  masonry  serves  for  the  exterior  as  well  as  the  interior, 

whereby  an  immense  additional  eflect  is  gained  in  surveying  it  from  the  inside.  All  is 
fair  ; there  is  no  masking,  as  in  other  cupolas  that  followed  it, 

341.  Whatever  oi)inions  may  be  formed  on  the  other  works  of  Michael  Angelo,  no 

difference  can  exist  respecting  the  cupola  of  St.  Peter’s.  “ Si  tout,”  observes  l)e 
(Quincy,  “ ce  qui  avait  ete  fait  et  pense,  ou  projete  avant  lui,  en  ce  genre,  ne  pent  lui 

disputer  le  prix  de  I’invention  et  de  I’originalite,  et  ne  pent  servir  qu’a  marquer  la  ^ 

hauteur  de  son  genie,  il  nous  semble  que  les  nombreuses  coupoles  elevees  dans  toute 
I’Europe  depuis  lui  et  d’aj)res  lui,  ne  cloivent  se  considerer  encore  que  comme  autant 
d’echelons,  prbpres  a fairc  mieux  sentir  et  mesurer  sa  superiorite,”  Tlie  bungling  of  Carlo 
Aladerno  at  St.  Peter’s  is  much  to  be  regretted.  The  arches  he  added  to  the  nave  are 
smaller  in  dimensions  than  those  which  had  been  brougiit  up  immediately  adjoining  the 
piers  of  the  cupola;  and,  what  is  still  more  unpardonable,  the  part  which  he  added  to  the 
nave  is  not  in  a continued  line  witli  the  other  work,  but  inclines  above  3 ft.  to  the  north: 
in  other  words,  tlie  cliurch  is  not  straight,  and  that  to  such  an  extent  as  to  strike  every 
educated  eye  His  taste,  moreover,  was  exceedingly  bad. 
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.‘M2.  Ill  the  principal  cluirclics  of  Rome  there  is  great  .similarity  of  plan  ; tliey  usually 
consist  of  a nave  and  side  aisle.s,  in  wliich  latter,  chapels  are  ranged  along  tite  sides.  'I’lio 
sejiaration  of  the  nave  and  aisles  is  edected  hy  arcades.  The  transepts  are  not  much 
extended,  and  over  the  intersection  of  them  with  the  nave  and  choir  a cupola  generally  ri.ses. 
'Hie  chaitels  of  the  Virgin  and  of  the  Holy  Sacrament  are  commonly  in  the  transepts; 
ar.d  the  great  altar  is  at  the  end  of  the  cliuir,  which  usually  terminates  semicircularly  on 
the  jilaii.  Unlike  those  of  the  Florentine  school,  the  inteiiors  of  the  Roman  churches 
are  decorated  to  excess.  Rictures,  mosaics,  and  marbles  of  every  variety  line  the  walls 
,‘\  profusion  of  gilding  imparts  to  them  a richness  of  tone,  and  the  architectural  details 
are  often  in  the  highest  state  of  enrichment.  'I'liey  are,  indeed,  temples  worthy  of  the 
worshij)  of  the  Deity.  Yet,  with  all  this  magnificence,  the  facades  are  often  mean  ; and 
when  a display  of  architecture  is  exhibited  in  tliem,  it  is  produced  by  abuses  of  the  worst 
class.  They  are  generally  mere  masks  ; for  between  the  architecture  of  these  false  fronts 
and  that  of  the  interior  there  is  no  architectural  connection.  In  very  many  instances  the 
sides  of  the  churches  are  actually  hidden  by  adjacent  buildings,  so  that  they  are  altogether 
inseen  ; a circumstance  which  may  have  conduced  to  the  repetition  of  the  abu.se.  Faulty, 
nmvever,  as  these  edifices  are,  to  them  is  Kuro])c  indebted  as  models,  whicb  have  in 
modern  times  been  more  purified.  We  bave  not  space  to  enumerate  or  criticise  the 
churches  with  which  Rome  abound.s.  St.  Carlo  on  the  Corso,  by  Onorio  Llinghi,  is  a fine 
example  of  them,  and  gives  a fair  notion  of  the  general  distribution  we  have  described. 
Those  of  a later  date,  e.specially  those  by  Borromini,  may  be  coiusidered  as  indices  rcruni 
vitmidariim  in  architecture  ; and  though  we  are,  perhaps,  from  the  cui)idity  of  upholsterers 
and  house  decorators,  likely  to  be  doomed  to  sit  in  rooms  stuffed  with  the  absurdities  of 
the  taste  j)revalent  in  the  time  of  Louis  X^^,  we  can  hardly  conceive  it  necessary  in  these 
days  to  recommend  the  student’s  abhorrence  of  such  freaks  of  plan  and  elevation  as  are  to 
be  found  in  the  church  of  St.  Carlo  alle  (juattro  Fontane,  by  that  architect. 

;Mo.  The  palaces  of  Rome  are  among  the  finest  architectural  works  in  Europe;  and  of 
tho.se  in  Rome,  as  we  have  before  observed,  none  equals  the  Farnese,  whose  facade  is 
given  in  Jig.\6d.  “ Ce  vaste  palais  Farnese,  qui  a tout  prendre,  pour  la  grandeur 


de  la  masse,  la  regularite  de  son  ensemble,  et  Texcellence  de  son  architecture,  a feun 
jusqu’ici,  dans  Toplnion  des  artistes,  le  premier  rang  entre  tons  les  palais  (ju’on  renonuue,” 
is  the  general  description  of  it  by  De  Quincy,  upon  whom  we  have  drawn  largely,  and  inust 
continue  to  do  so.  This  edifice,  by  San  Gallo,  forms  a quadrangle  of  256  ft.  by  1S5  ft. 
I It  is  constructed  of  brick,  with  the  excejitlon  of  the  dressings  of  the  doors  and  windows, 
ij  the  (juoins  of  the  fronts,  and  the  entablature  and  loggia  in  the  Strada  Giulia,  which  are  of 
I travertine  stone.  Of  the  same  stone,  beautifully  wrought,  is  the  Interior  of  the  court. 

|j  The  building  consists  of  three  stories,  including  that  on  the  ground,  which,  in  the  elevations 
j or  fa9ades,  are  separated  by  impost  cornices.  The  only  break  in  its  symmetry  and  sim- 
j plicity  occurs  in  the  loggia,  placed  in  the  centre  of  the  first  story,  which  connects  the 
I windows  on  eacli  side  of  it  by  four  columns.  On  tlie  ground  story  the  windows  are  decorated 
I with  square- headed  dressings  of  extremely  simple  design  ; in  the  next  story  they  are  flanked 
^ by  columns,  whose  entablatures  are  crowned  alternately  with  triangular  and  circular 
^ pediments  ; and  in  the  third  story  are  circular-headed  windows,  crowned  throughout  with 
li  triangular  pediments.  The  taste  in  which  these  last  is  composed  is  not  so  good  as  the 
rest,  though  they  were  probably  the  work  of  Michael  Angelo,  of  whose  cornice  to  the  edifice 
Vasari  observes,  “ E stupendissimo  il  cornlccione  inaggiore  del  medesimo  palazzo  nella 


141 


HISTORY  OF  AllCIirri:CTURE. 


Book  I. 


fscc’uita  (1inan/i,  non  si  potendo  aicnna  cosa  ne  ]iiu  holla  no  pin  ma"nifica  dosidcrarc." 
'1  lie  facade  towards  the  Strada  Giulia  is  dilfcront  from  the  other  fronts  In  the  centre  only, 
wherein  there  are  three  stories  of  arcades  to  the  loj^gla,  each  of  whose  piers  are  decorated 
wlih  columns  of  the  Doric,  Ionic,  and  Coriutliian  orders  in  the  respective  stories  as  they 
rise,  and  these  in  form  and  dimensions  corresjiond  with  the  three  ranks  of  arcades  towards 
the  court.  It  ajipears  prohahle  that  this  central  arrangement  was  not  in  the  original 
design  of  San  Gallo,  hut  introduced  when  the  third  story  was  completed.  Magnificent  as 
from  its  simplicity  and  symmetry  is  the  exterior  of  this  palace,  which,  as  l)e  Quincy  ohscrves, 
“ est  un  edifice  toujours  digne  d’etre  le  sojour  d’un  prince,”  yet  does  it  not  exceed  the  heautv 
of  the  interior.  'I'he  (juadrangle  of  the  court  is  88  ft.  sijuare  hetween  the  columns  of 
the  arcades,  and  is  composed  with  three  stories,  in  which  the  central  arrangement  above 
mentioned  towards  the  Strada  Giulia  is  repeated  on  the  two  lower  stories,  over  the  upper 
whereof  is  a solid  wall  pierced  in  the  windows.  The  jders  of  the  lower  arcade  are  orna- 
mented with  Doric  columns,  whose  entablature  is  charged  with  triglv])hs  in  its  frieze,  and 
its  metop;e  are  sculptured  w'ith  various  symbols.  The  imposts  of  the  piers  are  very 
finely  inofiled,  so  as  to  form  the  entablatures  w’hen  continued  over  the  columns  of  the 
entrance  vestibule.  In  the  Ionic  arcade,  over  this,  the  frieze  of  the  order  is  decorated 
with  a series  of  festoons.  The  distribution  of  the  different  ajiartments  and  jrassage  is 
well  contrived.  All  about  the  building  is  on  a scale  of  great  grandeur.  Though  long 
unoccuj)ied,  and  a large  portion  of  its  internal  ornaments  has  disappeared,  it  still  com- 
mands our  admiration  in  the  Carracci  Gallery,  which  has  continued  to  serve  as  a model 
for  all  suhse(jueut  works  of  the  kind.  The  architecture  of  the  Farnese  palace,  more 
especially  as  respects  the  arcades  of  its  court,  is  the  most  perfect  adaptation  of  ancient  ar- 
rangement to  more  mod(.>rn  habits  that  has  ever  been  designed.  We  here  allude  more 
l)articularly  to  the  arcades,  upon  whose  piers  orders  of  columns  are  introduced.  'J'liis 
species  of  com])osltion,  heavier,  doubtless,  less  elegant,  yet  more  solid  than  simple  colon- 
nades, is,  on  the  last  account,  ])referable  to  them,  where  several  stories  rise  above  one 
another,  'i'he  idea  was,  certainly,  conceived  from  the  practice  in  the  ancient  theatres  and 
amj)hitheatres  ; and  in  its  application  at  the  Farnese  palace  rivals  in  beauty  all  that 
anti(|uity  makes  us  in  its  remains  ac(juainted  with.  San  Gallo,  its  architect,  died  in  l.'JIG. 

.814.  It  would  be  imj)ossible  here  to  enumerate  the  palaces  with  which  Rome  abounds  ; 
but  we  must  mention  another,  that  of  St.  Giovanni  Laterano,  by  Domenico  Fontana, 
as  a very  beautiful  s])ecimen  of  the  palatial  style.  Milizia  censures  the  detail  of  this  edifice, 
and  there  is  some  truth  in  his  observations  in  that  respect  ; but  the  composition  is  so  simple 
and  grand,  and  the  cornice  crowns  it  with  so  much  majesty,  that  the  detail  is  forgotten  in 
the  general  efiect,  and  its  architect  well  deserves  the  rank  of  a great  artist. 

8 1.1.  The  villas.  Ocelli  d' Italia,  as  they  have  been  called,  round  the  suburbs  of  Rome, 
are  in  a style  far  lighter  than  the  palaces  whereof  we  have  just  been  speaking.  They  are 
tlie  original  models  of  the  modern  country  houses  of  this  island,  and  exhibit  great  skill  in 
tlieir  plans  and  elegance  in  their  facades.  Generally  they  rose  from  the  riches  and  taste  of 
a few  cardinals,  who  studded  the  environs  of  the  Flternal  City  with  some  of  the  fairest  gems 
of  the  art.  ]\IM.  Percler  and  Fontaine  published  a collection  of  them  at  Paris,  from 
which  we  extract  the  Villa  Pia  { /i(^.  170.).  It  was  designed  by  Pirro  Ligorio,  a Neapolitan 
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arcliitcct,  who  died  in  1580  and  is  thus  descM-ibed  by  the  authors  whose  view  of  it  we  have 
borrowed.  “It  was  built,"  say  they,  “in  iinitation  of  the  houses  of  the  ancients,  which 
Ligorio  had  particularly  studied.  This  clever  artist,  who  to  his  talent  as  an  architect 
joined  the  information  of  a learned  anti(|uary,  here  threw  into  a small  space  every  thing 
that  could  contribute  to  render  it  a delightful  dwelling.  In  the  midst  of  verdant  thickets, 
and  in  the  centre  of  an  amphitheatre  of  flowers,  he  constructed  an  open  lodge,  decorated 
with  stuccoes  and  agreeable  pictures.  The  lodge  is  raised  upon  a base,  bathed  by  the  water 
of  a basin,  enclosed  with  marbles,  fountains,  statues,  and  vases.  Two  flights  of  steps, 
which  lead  to  landings  sheltered  by  walls  ornamented  with  niches  and  seats  of  marble,  ofler 
protection  from  the  sun’s  rays  by  the  trees  that  rise  above  them.  Two  porticoes,  who.se 
interior  walls  are  covered  with  stuccoes,  lead  on  each  side  to  a court  paved  in  mosaic  work. 
This  is  enclosed  by  a wall,  round  which  seats  are  disposed.  Here  is  a fountain  spouting 
up  from  the  centre  of  a vase  of  precious  marble.  At  the  end  of  the  court  facing  the  lodge 
an  open  vestibule,  supported  by  columns,  fronts  the  ground  floor  cf  the  principal  pavilion  ; 
and  is  decorated  with  mosaics,  stuccoes,  and  bassi-relievi  of  beautiful  design.  The  apartments 
on  the  first  floor  are  ornamented  with  fine  pictures.  Finally,  from  the  summit  of  a small 
tower,  which  rises  above  the  building,  the  view  extends  over  the  gardens  of  the  Vatican,  and 
tJie  plains  through  which  the  Tiber  takes  its  course,  and  the  splendid  edifices  of  Rome.” 
For  further  information  on  the  Roman  villas,  we  refer  the  reader  to  the  work  we  have 
(jiioted. 

.846.  The  Roman  school  of  architecture,  founded  by  Bramante,  includes  San  Gallo, 
Ikionarroti,  Sansovino,  Peruzzi,  Vignola  (whose  extraordinary  palace  at  Caprarola  de- 
serves the  study  of  every  architect),  and  many  others.  It  ends  with  Domenico  Fontana, 
he  period  of  its  duration  being  from  1470  to  1607,  or  little  more  than  1.80  years. 

.847.  Before  we  proceed  to  the  Venetian  .school,  it  will,  however,  be  proper  to  notice 
wo  architects,  whose  works  tended  to  change  much  for  the  worse  the  architecture  of 
heir  time  ; we  mean  Borromini  and  Bernini,  though  the  latter  was  certainly  purer  in  his 
a.ste  than  the  former.  Borromini,  whose  example  in  his  art  was  followed  throughout 
Kurope,  and  who,  even  in  the  present  day,  has  his  returning  admirers,  was  the  father  of  all 
nodern  abuses  in  architecture  ; and  the  reader  must  on  no  account  confound  his  works  with 
hose  of  the  Roman  school,  which  had  ceased  nearly  half  a century  before  the  native  of 
ilissona  had  begun  to  practise.  Fie  Inverted  the  whole  system  of  Greek  and  Roman 
rchitecture,  without  replacing  it  by  a substitute.  He  saw  that  its  leading  forms,  sprung 
rom  a primitive  type,  were,  by  an  imitation  more  or  less  rigorous,  subjected  to  the  prin- 
il)les  of  the  model  from  which  its  order  and  arrangement  emanated.  He  formed  the 
Toject  of  annihilating  all  idea  of  a model,  all  principles  of  imitation,  all  plea  for  order  and 
■roportion.  For  the  restriction  in  the  art  resultant  from  the  happy  fiction,  or  perhaps 
cality  of  a type,  one  whose  tendency  was  to  restrain  it  within  the  bounds  of  reason,  he 
ubstituted  the  anarchy  of  imagination  and  fancy,  and  an  unlimited  flight  into  all  species  of 
aprice.  Undulating  flexibility  supplanted  all  regularity  of  form  ; contours  of  tlw;  most 
rotesque  description  succeeded  to  right  lines  ; the  severe  architrave  and  entablature  were 
ent  to  keep  up  the  strange  delusion  ; all  species  of  curves  were  adopted  in  his  operations, 
nd  the  angles  of  his  buildings  were  perplexed  with  an  infinite  number  of  breaks.  What 
lakes  this  pretended  system  of  novelty  more  absurd  is  (and  we  are  glad  to  have  the  oppor- 
uiity  here  of  observing  that  the  remarks  we  are  making  are  a])plicable  to  the  present 
ishionable  folly  of  decorating  rooms  d la  Louis  XIV.  and  XV.),  that  its  only  novelty  was 
le  disorder  it  introduced,  for  Borromini  did  not  invent  a single  form.  He  was  not  scru- 
ulous  in  retaining  all  the  parts  which  were  indicated  by  imitating  the  type  ; he  decom- 
osed  some,  transposed  others,  and  usually  employed  each  member  in  a situation  directly 
le  reverse  of  its  proper  place,  and,  indeed,  just  where  it  never  would  be  naturally  placed, 
'bus,  for  example,  to  a part  or  ornament  naturally  weak,  he  would  assign  the  office  of 
upporting  some  great  weight ; whilst  to  one  actually  capable  of  receiving  a great  load,  he 
ould  a.ssign  no  office  whatever.  With  him  every  thing  seems  to  have  gone  by  contraries; 
id  to  give  truth  the  appearance  of  fiction,  and  the  converse,  seems  to  have  been  his  greatest 
Lilight.  Out  of  all  this  arose  a constant  necessity  for  contrivance,  which  marked  Borromini 
i a skilful  constructor,  in  which  respect  he  attained  to  an  extraordinary  degree  of  Intel  li- 
enee. It  seems,  however,  not  improbable  that  one  of  his  great  objects  in  studying  con- 
ruction  was,  that  he  might  have  greater  facility  in  carrying  his  curious  conceits  into 
cecution  ; for  it  may  be  taken  almost  as  an  axiom  in  architecture,  so  great  is  the  relation 
etween  them,  that  simple  forms  and  solid  construction  are  almost  inseparable  ; and  it  is 
ily  necessary  to  have  recourse  to  extraordinary  expedients  in  construction  when  our  pro- 
jctions  result  from  an  unrestrained  imagination.  Further  notice  of  this  architect  is  not 
icessary ; one  of  his  most  celebrated  works  is  the  restoration  of  the  church  of  St. 
iovanni  Laterano,  — after  St.  Peter’s,  the  greatest  in  Rome.  His  purest  work  is  the 
lurch  of  St.  Agnese;  whilst  that  of  St.  Carlo  alle  quattro  fontane,  which  we  have  here- 
forc  noticed,  is  the  most  bizarre.  Borromini  died  in  1667. 

348.  Bernini,  the  other  artist  whom  we  have  mentioned,  was  equallv  painter,  sculptor, 
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and  architect;  his  ]nincij)al  work  is  the  colonnade  in  front  of  St.  Peter’s.  He  was,  notwith- 
■Standing  the  ahuses  to  he  found  in  his  works,  a jnan  of  great  talent.  In  their  general 
arrangement  his  huildings  are  good  and  harmonious;  his  profiles  are  graceful ; his  orna- 
ments, though  sometimes  ])rofuse,  are  usually  elegant.  Bernini,  however,  was  no  check 
upon  the  pernicious  character  of  his  cotemporary  Borromini  ; instead,  indeed,  of  relieving 
architecture  of  some  of  her  ahuses,  he  encumbered  her  with  fre.sh  ones.  He  was  also  fond 
of  broken  pediments,  and  of  placing  them  in  improper  situations.  He  employed  undulations, 
projections  innumerable,  and  intermixtures  of  right  lines  with  curves;  for  beautiful  simphcitv 
he  substituted  elegant  fancy;  and  is  to  be  imitated  or  admired  by  the  student  no  farther 
than  he  followed  nature  and  reason.  He  made  some  designs  for  the  Louvre  at  Paris,  whidi 
are  exceedingly  good.  His  death  occurred  in  1680. 

.349.  3.  The  Venetian  School  is  characterised  by  its  lightness  and  elegance;  by  the  con- 

veirient  distribution  it  disjrlays  ; and  by  the  abundant,  perhaps  exuberant,  use  of  columns, 
pilasters,  and  arcade.s,  which  enter  into  its  com])osition.  Like  its  sister  school  of  painting, 
its  address  is  more  to  the  senses  than  is  the  case  with  those  we  have  ju.st  quitted.  We 
have  already  given  an  account  of  the  church  of  St.  INIark,  in  the  1 2th  century  ; from 
which  period,  as  the  republic  rose  into  importance  by  its  arms  and  commerce,  its  arts  were 
de.stined  to  an  equally  brdliant  career.  The  possession  in  its  jjrovinces  of  some  fine  monu- 
ments of  anti()uity,  as  well  as  its  early  acquaintance  with  Greece,  would,  of  course,  work 
beneficially  for  the  advancement  of  its  architecture.  'I’hat  s])ccies  of  luxury,  the  natural 
result  of  a desire  on  the  ]uirt  of  individuals  to  perpetuate  their  names  through  the  medium 
of  their  habitations,  though  not  jiroductive  of  works  on  a grand  or  monumental  scale,  leads, 
in  a democracy  (as  were  the  states  of  Venice),  to  a very  general  display  of  moderately 
.splendid  and  elegant  palaces.  Hence  the  extraordinary  number  of  specimens  of  tlie 
luiilding  art  supplied  by  the  Venetian  school. 

3.50.  San  JMicheli,  wlio  was  born  in  1484,  may,  with  propriety,  be  called  its  founder. 
Having  visited  Rome  at  the  early  age  of  sixteen  for  the  purpo.se  of  .studying  its  ancient 
monuments  of  art,  and  having  in  that  city  found  much  employment,  he,  after  many  years 
of  absence,  returned  to  his  native  country.  The  mode  in  which  he  combined  pure  and 
beautiful  architecture  with  the  requisites  called  for  in  fortifications  may  be  seen  displayed 
to  great  advantage  at  V’erona,  in  which  city  the  Porta  dell  Pidlio  is  an  instance  of  his 
wonderful  ingenuity  and  taste.  But  his  most  admired  works  are  his  palaces  at  Verona  ; 
though,  perhaps,  that  of  the  Grimani  family  at  Venice  is  his  most  magnificent  production. 
The  general  style  of  composition,  very  different  from  that  of  tlie  jialaces  of  Florence  ano 
Rome,  is  marked  by  the  use  of  a basement  of  rustic  work,  wherefrom  an  order  rises,  often  with 
arched  wiudow.s,  in  which  he  greatly  delighted,  and  these  were  connected  with  the  order  after 
the  manner  of  an  arcade,  the  whole  being  crowned  with  the  proper  entablature.  As  aii 
ezample,  we  give,  in  ti^.  171.,  the  fa^uide  of  the  I’omjiei  jialace  at  Verona.  'I’he  genius  of 


San  Micheli  was  of  the  very  highest  order ; his  works  are  as  conspicuous  for  excellent  con- 
struction as  they  are  for  convenience,  unity,  harmony,  and  simplicity,  which  threw  into 
shade  the  minor  abuses  occasionally  found  in  them.  If  he  had  no  other  testimony,  it  would 
be  sufficient  to  say,  that  for  his  talents  he  was  held  in  great  esteem  by  Michael  Angelo; 
and  our  advice  to  the  student  would  be  to  study  his  works  with  diligence.  San  jMicheli 
devoted  himself  with  great  ardour  to  the  practice  of  military  architecture  ; and  though  the 
invention  was  not  for  a long  time  afterwards  assigned  to  him,  he  was  the  author  of  tlie 
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bvsteni  used  by  Vauban  and  his  school,  wlio,  for  a long  period,  deprived  him  of  the  credit  of  it. 
Hefore  him  all  the  ramparts  of  a fortification  were  round  or  s<|uare.  He  introduced  a new 
method,  inventing  the  triangular  and  pentangular  bastion,  with  plain  fosses.  Hanks,  and 
scpiare  bases,  wliicli  doubled  the  support;  he  moreover  not  only  Hanked  the  curtain,  hut 
all  the  fosse  to  the  next  bastion,  the  covered  way,  and  glacis.  The  mystery  of  this  art 
consisted  in  defending  every  part  of  the  inclosure  by  the  Hank  of  a bastion  ; hence, 
making  it  round  or  square,  the  front  of  it,  that  is,  the  space  which  remains  in  the  triangle, 
which  was  before  undefended,  was  by  San  INlicheli  provided  against.  We  cannot, 
however,  further  proceed  on  this  subject,  which  belongs  to  military,  which  at  that  period 
was  intimately  connected  with  civil  architecture.  The  Porta  del  Pal/io  at  Verona  has 
been  mentioned  ; that  city,  however,  contains  another  gate  of  great  architectural  merit  by  this 
master,  the  Porta  Nnova,  a square  edifice,  supported  within  by  a number  of  piers  of  stone, 
with  enclosures  or  apartments  for  the  guards,  artillery,  &c.  The  proportions,  as  a whole, 
are  pleasing  ; it  is  of  the  Doric  order,  devoid  of  all  extraneous  ornament,  solid,  strong,  and 
suitable  to  the  purposes  of  the  building.  Except  in  the  middle  gate  and  the  architectural 
parts,  the  work  is  rusticated.  The  exterior  fa9ade  stands  on  a wall,  with  two  large  pyra- 
midal pilasters  of  marble  rising  from  the  bottom  of  the  fosse ; at  the  top  are  two  round 
enclosures  approaching  almost  to  towers.  In  the  interior,  to  the  two  gates  near  the  angles 
are  two  corresponding  long  passages,  vaulted,  leading  to  a number  of  subterraneous  galleries 
and  rooms.  For  beauty,  however,  we  do  not  think  this  gate  so  beautiful  as  that  of  del  Pallio, 
w hich  we  here  give  (j^.9.  172.).  But  the  gem  of  this  great  master  is  the  little  circular 
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chapel  at  San  Bernardino,  whose  beauty,  we  think,  has  scarcely  ever  been  surpassed,  and 
w'hich  exhibits,  in  a striking  degree,  the  early  perfection  of  the  Venetian  school.  It  was  not 
finished  under  San  Micheli,  and  blemishes  are  to  be  found  in  it  ; it  is  nevertheless  an  ex(|ui- 
site  production,  and,  in  a surprisingly  small  sjiace,  exhibits  a refinement  which  elsewhere  w e 
scarcely  know'  equalled.  'I'he  works  which  he  designed  sjirpass,  we  believe,  in  number 
those  of  all  the  masters  of  Italy,  Palladio,  perhaps,  excepted.  He  gave  a tone  to  his  art 
in  the  Venetian  states,  which  endured  for  a considerable  period.  His  death  occurred  in 
1549. 

.S51.  Contemporary  with  San  Micheli,  was  another  extraordinary  genius  of  this  school, 
i)orn  at  Florence, — Jacopo  Tatti  by  name,  but  more  usually  called  Sansovino,  from  the 
country  of  his  master,  Andrea  Contucci  di  Monte  Sansovino.  Such  was  the  res]>ect  for 
;his  artist  in  Venice,  his  adopted  city,  that  at  a nnoment  when  it  became  necessary  to  raise 
iv  means  of  taxation  a large  sum  on  the  citizens,  the  senate  made  a sjiecial  exemption  in 
avour  of  him  and  Titian.  The  Roman  school  might  lay  claim  to  him,  if  the  xvorks  he 
executed  at  Rome,  and  not  his  style,  would  justify  it ; but  that  is  so  marked,  so  tinctured 
vlth  the  system  of  arcades  with  orders,  its  distinguishing  feature,  that  an  inspection  of 
lis  works  w'ill  immediately  satisfy  even  a superficial  observer.  He  was  a great  master  of 
lis  art ; and  though  he  does  not  in  so  great  a degree  appear  to  have  profited  by  the  ex- 
niqiles  of  antiijuity  as  the  architect  last  named,  he  has  left  behind  buildings,  wbich,  for 
licturesque  ellect,  leave  him  little  inferior  in  our  rating.  He  was  the  architect  of  the 
ibrary  of  St.  Mark  at  Venice,  a portion  whereof  is  given  in  Jig.  173.  ; a building  of 
loble  design,  notwithstanding  the  improprieties  with  which  it  is  replete.  It  consists  of 
w'o  orders  ; the  lower  one  of  highly  ornamented  Doric,  and  the  upper  one  Ionic  and  very 
Cracefnl  in  effect.  Of  both  these  orders,  as  will  be  seen  in  the  figure,  the  entablatures  are 
)f  inordinate  comparative  height.  The  upper  one  was  expressly  so  set  out  for  the  purpose 
•f  exhibiting  the  beautiful  sculptures  with  which  it  is  decorated.  The  cornice  is  crowned 
vith  a balustrade,  on  whose  piers  statues  were  placed  by  the  ablest  scholars  of  Sansovino. 
\ portico  occupies  the  ground  Hoor,  which  is  raised  tliree  steps  from  the  level  of  the 
liazza.  This  portico  consists  of  twenty-one  arcades,  whose  piers  are  decorated  with 
olumns.  In  the  interior  are  arches  corresponding  to  the  external  ones,  sixteen  whereof, 
•ith  their  internal  apartments,  are  appropriated  for  shops.  Opposite  the  centre  arch  is  a 
lagnificent  staircase  leading  to  the  hall,  beyond  which  is  the  library  of  St.  Mark.  The 
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faults  of  this  building,  wliicli  are 
very  many,  are  lost  in  its  grace 
and  elegance,  and  it  is  perhaps 
the  chef  d'oeuvre  of  the  master. 
Whilst  Sansovino  was  engaged 
on  it  he  propounded  an  archi- 
tectural problem,  which  re- 
minds us  very  much  of  the  egg 
of  Columbus:  “ How  can  the 
exact  half  of  a metope  be  so 
contrived  as  to  stand  on  the 
external  angle  of  tlie  Doric 
frieze  ? ” The  solution,  clumsy 
as  that  of  the  navigator  with 
his  egg,  practised  in  this  build- 
ing, is,  however,  a bungling 
absurdity  ; namely,  that  of 
lengthening  the  frieze  just  so 
much  as  is  necessary  to  make 
out  the  deficiency.  Sansovino 
was  invited  to  pass  into  France, 
where  he  gave  some  designs, 
which  tended  to  the  advance- 
ment of  the  art  in  that  coun- 
try. On  his  return  he  built 
the  Zecca,  or  mint,  one  of  his 
finest  works.  Another  of  his 
extraordinary  productions  is 
the  palace  of  the  Comari,  on  the 
Grand  Canal  at  San  Maurizio. 
The  church  of  San  Fantino, 
among  the  finest  of  Venice,  is  also  by  him  ; as  is  that  of  San  Martino  and  many  others, 
.lacopo  was  fertile  in  invention:  his  architecture  was  full  of  grace  and  elegance;  but  he 
was  deficient  in  a thorough  knowledge  of  construction,  which,  in  the  library  of  St.  Mark, 
brought  him  into  disgrace,  of  which,  from  all  accounts,  the  builders  ought  to  have  sutt'ered 
the  principal  share.  He  continually  introduced  the  orders,  and  especially  the  Doric  and 
Composite.  The  members  of  his  entablatures  were  much  sculptured  ; but  his  ornaments 
v/ere  extremely  suitable  and  correct.  In  statues  and  bassi  relievi  he  greatly  indulged,  thereby 
adding  considerably  to  the  effect  and  majesty  of  his  buildings.  Scamozzi  mentions  a 
work  by  him  on  the  construction  of  floors,  and  particularly  describes  a method  adopted 
by  him  for  preventing  dust  falling  through  the  joints  of  the  boards.  The  work  has  been 
lost.  Sansovino  died  in  1570. 

.‘152.  After  such  artists  as  San  Micheli  and  Sansovino,  it  would  have  seemed  to  an  ordinary 
mind  difficult  to  have  invented  new  forms,  or  rather  so  to  have  modified  the  old  ones  as  to 
be  original.  Andrea  Palladio,  however,  not  only  knew  how  to  be  original,  but  to  leave  his 
works  as  models  for  the  countries  of  Europe,  in  which  the  style  which  bears  his  name  h:;s 
had  no  rival  ; so  true  is  it,  in  all  the  arts,  that  there  is  always  room  to  be  found  for  a man 
on  whom  nature  has  bestowed  the  faculty  of  seeing,  feeling,  and  thinking  for  himself.  In 
the  case  of  the  architect  something  more  than  genius  is  necessary:  it  is  requisite  that  cir- 
cumstances should  exist  by  which  his  art  may  be  developed,  or,  in  other  words,  that  what 
he  is  capinble  of  producing  may  at  the  time  be  suitable  to  the  wants  of  society.  Such 
circumstances  existed  for  a long  period  in  Italy,  where,  up  to  the  time  at  which  we  are 
arrived,  the  rich  and  great  had  been  contending  with  the  governments  which  should  be 
tl>e  greatest  patrons  of  the  art.  Hence  sprung  the  multitude  of  extraordinary  works  in 
the  country  named,  which  still  point  out  the  greatness  in  art  at  which  it  had  arrived,  when 
it  was  one  of  the  really  necessary  arts.  Neither  in  the  Venetian  states,  nor  at  the  time 
when  he  rose  into  reputation,  which  was  about  the  middle  of  the  sixteenth  century,  had 
Palladio  that  opportunity  of  signalising  himself  which  had  occurred  to  many  former 
masters.  Venice  had  risen  into  power  and  wealth  by  its  arms  and  commerce;  was  the 
natural  protcctrix  of  the  art;  and  although  the  works  she  required  were  not  on  scales  of 
the  grandest  dimensions,  yet  those  which  her  citizens  required  kept  pace  in  luxury  with  the 
incre;ising  wealth  of  the  families  by  whom  they  were  recjuired.  This  xvas  the  career  open 
to  the  genius  of  Palladio.  Architecture  in  these  states  was  not  called  upon  to  furnish 
churches  of  colossal  dimensions,  nor  palaces  for  sovereigns,  nor  immense  public  monu- 
ments left  for  posterity  to  finish.  'I'he  political  state  of  the  country,  very  luckily  foi 
his  talents,  furnished  a numerous  class  of  citizens  who  contended  wdiich  should  procure  for 
himself  the  aid  of  this  great  man  in  rearing  a villa  or  palace,  and  which  might  serve  the 
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double  purpose  of  a present  lUvelling  for,  and  a future  memorial  of,  Ins  family, — a passion 
tliat  covered  the  hanks  of  the  13reiita  witli  edifices  wliich,  of  their  class,  form  a complete 
school  of  civil  architecture. 

Tlie  taste  of  Palladio  was  tempered  by  the  care  he  bestowed  on  accommodating  ex- 
terior beauty  to  interior  convenience,  and  by  suiting  the  art  t'^  the  wants  of  persons  with 
u'loderate  means,  througli  the  medium  of  greatness  without  great  dimensions,  and  richness 
of  ertect  without  great  outlay.  In  the  imitation,  or  rather  appropriation,  of  the  architecture 
of  the  ancients,  none  of  his  predecessors  of  any  of  the  schools  had  so  luckily  hit  on  that  just 
medium  of  exactness  w ithout  pedantry,  of  severity  without  harshness,  of  liberty  without 
licentiousness,  which  have  since  made  the  architecture  of  ancient  Greece  popular,  and  so 
modified  it  as  to  be  practicable  and  convenient  in  all  countries.  We  here  speak,  of  course, 
of  the  elements,  and  not  the  comhinations,  of  Greek  art,  and  of  it  changed  by  a passage 
through  an  intermediate  state  during  the  existence  of  the  Roman  empire.  No  architect  can 
consider  himself  thoroughly  educated  who  has  not  studied  the  works  of  Palladio.  “ De 
fait,”  .says  De  Quincy,  in  his  Life  of  this  architect,  “ il  n’e.st  point  d’architecte  qui,  apres 
avoir  forme  ou  reforme  son  style  sur  les  grands  modeles  de  I’art  des  anciens,  et  des  premiers 
maitres  de  I’ltalie  moderne,  ne  se  croie  pas  oblige  d’aller  encore  etudier  dans  la  patrie  et 
les  oeuvres  de  Palladio,  un  genre  d’applications  plus  usuelles,  et  plus  en  rapport  avec  I’etat 
de  nos  moeurs ; e’est-a-dire,  le  secret  d’accoinmoder  tour-a-tour,  et  nos  besoins  aux  plaisirs 
d'une  belle  architecture,  et  I’agrement  de  celle-ci  aux  sujetions  que  de  nouveaux  besoin.s 
lui  imposent.”  It  w.as  from  the  peculiar  properties  of  Palladio's  taste  and  style,  suited  a., 
they  are  to  more  moderate  fortunes,  that  they  found  in  England  a .secona  native  country 
(if  .such  an  expression  may  be  allowed),  where  Inigo  Jones,  Wren,  Gibhs,  Taylor,  Cham- 
hers,  and  many  others,  have  naturalised  the  plans,  facades,  distribution,  and  details  which 
were  originally  planted  in  the  ])rovinces  of  the  Venetian  republic.  Indeed,  the  style  of 
I’alladio  could  not  he  prevented  from  spreading  through  Europe,  as  a mean  between 
the  .severe  use  of  ancient  forms  and  the  licentious  style  of  those  who  reject  all  rules 
whatever.  The  buildings  by  him  exhibit  great  good  sense,  simple  means  of  accom- 
plishing the  end,  a satisfactory  agreement  between  the  demands  of  necessity  and  pleasure, 
and  such  an  harmony  between  them  that  it  is  hard  to  determine  which  has  submitted  to 
the  other.  The  interior  di.stribution  of  his  palaces  and  villas  in  respect  of  plan  would, 
without  considerable  modification,  be  but  ill  suited  to  modern  habits.  We  give,  174. 

(see  next  page'),  a plan  and  elevation  of  the  Villa  Capra,  one  of  his  most  celebrated  works  of 
that  class.  Convenience  changes  as  the  mode  of  life  varies ; indeed,  except  in  a private  build- 
ing of  large  extent,  the  large  quadrangular  court  of  the  houses  of  Italy  is  here  unknown. 
Palladio’s  plans,  however,  were  convenient  to  those  for  whom  they  were  executed  ; and  in 
that  way  they  must  be  judged.  With  his  eyes  con.stantly  turned  to  the  practice  and  detail 
of  the  ancients,  he  ac(]uired  a bold,  simple,  and  agreeable  style  ; and,  his  churches  excepted, 
the  beauties  of  the  master  are  to  be  sought  in  his  fa^-ades,  and  the  (juadrangles  of  his  palaces. 
Pedestals,  either  with  panels  or  raisings,  were  always  avoided  by  him  ; his  architraves  were 
rarely  sculptured  ; and  the  upper  ornaments  of  his  entablatures  were  always  carefully 
centred  above  each  other.  His  doors,  windows,  and  niches  are  composed  with  great 
.simplicity  ; and  pediments,  when  used,  are  unbroken.  In  the  members  of  his  cornices  he 
never  lost  sight  of  the  character  of  the  order  employed,  and  was  extremely  particular  in 
duly  adjusting  its  profiles.  He,  however,  did  not  scruple  to  vary  the  proportions  of  an 
order  according  to  the  nature  of  the  building  to  which  it  was  applied;  and  in  the  propor- 
tions of  his  churches  and  apartments  he  seems  to  have  delighted,  as  afterwards  did  Sir 
Christopher  Wren,  in  arithmetical,  geometrical,  and  harmonic  proportions.  'J’hough  ex- 
tremely partial  to  the  use  of  the  Ionic  order,  yet  the  others  were  not  unfrequentlv  used  bv 
him.  His  Corinthian  capital  is  not  to  be  praised;  it  is  profiled  very  clumsily,  and  ought 
not  to  be  followed.  The  domes  which  he  erected  are  almost  invariably  hemispherical. 
It  is  not  to  be  supposed  that  his  buildings  are  perfect,  though  they  approach  perfection; 
hut  it  is  more  than  probable  that  many  of  the  abuses  we  see  in  them  prose  either  from 
want  of  sufficient  superintendence,  the  number  he  designed  being  very  great,  or  that  they 
were  introduced  after  his  death.  This,  we  think,  may  be  safely  assumed,  because  the 
instructions  in  his  work  on  architecture  are  very  peremptory  on  (he  subject  of  abuses. 
So  well  based  upon  the  practice  of  the  ancients  does  the  style  of  our  master  appear  to  be,  that 
it  is,  with  but  few  modification.s,  suited  to  all  nations,  and  just  such  as  the  ancients  themselves 
would  have  adopted.  “ I.es  fermes,”  observes  Le  Grand  in  his  parallele,  “ que  dirigeait 
I’alladio  et  qu’il  couvrait  de  tuiles  on  d’un  chaume  ru.stique,  I’emportent  de  beaucoup  sur 
les  palais  somptueux  de  Borromini,  ou  sur  les  riches  et  bizarres  productions  de  Guarino 
CJuarini.”  Certain,  indeed,  it  is  that  simplicity,  unity,  and  style  are  more  powerful  means 
jf  producing  grandeur,  than  great  volume  or  large  masses  unskilfully  handled.  A fine  in- 
stance of  this  is  seen  in  the  fa9ade  of  the  Thiene  palace  at  Vicenza,  175.  ( See  next  page.  ) 
354.  The  number  of  palaces  and  villas  with  which  Palladio  enriched  the  Venetian  and 
V’icentine  territories  is  almost  incredible;  the  variety  of  plan  and  elevation  in  them  seems 
!|is  inexhaustible  as  their  miinber.  To  the  buildings  above  referred  to  may  be  added  the 
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Carita  at  Venice,  wliicli  is  a lovely  si)eciinen  of  his  style.  His  grandest  church  is  that  Del 
Kedentore  at  Venice.  Generally  in  the  facades  of  his  churches  there  are  abuses,  whereof  it  is 
scarcely  credible  he  would  have  been  guilty;  such  are  the  two  half  pediments  in  the  church 
we  have  just  mentioned.  The  theatre  built  upon  the  ancient  model  for  the  Olympic 
Academy  at  Vicenza  gained  great  reputation  for  him.  Palladio  died  in  1580. 

.855.  The  last  architect  of  the  Venetian  school  who  obtained  celebrity  was  Vincenzo 
.Scamozzi.  'I'he  son  of  an  architect,  and  born  in  a country  which  had  become  the  nursery 
of  the  art,  his  ])Owers  were  exhibited  at  an  early  age.  Like  Palladio  and  other  great 
masters,  he  selected  for  his  principal  guides  the  antiquities  of  the  Eternal  City,  and  the 
precepts  of  Vitruvius,  whose  work  at  that  j)eriod  was  considered  of  high  importance,  as  in 
truth  it  really  was.  There  is  no  doubt  that  Scamozzi  was  much  indebted  to  the  works 
of  Palladio,  although  he  aHected  occasionally  to  decry  them  ; but,  in  opposition  to  De 
».iuincy,  we  think  that  his  style  is  more  founded  on  that  of  San  .Micheli  or  Sansovino. 
'I'his  is,  however,  of  little  importance  ; for  his  natural  talents  were  of  a very  high  order. 
.■\t  a very  early  period  of  his  career,  so  great  was  his  reputation  that  he  was  employed  by 
the  canons  of  San  Salvadore  in  opening  the  lantern  to  the  cupola  of  their  church  ; a task  in 
which  it  appears  that  he  accjuitted  himself  with  great  ability.  Eor  the  upper  order  of  the 
Procurazie  Nuove  at  Venice  he  has  often  been  unjustly  rej)roached,  because  he  did  not 
confine  himself  to  two  stories,  so  as  to  com])lete  the  design  of  Sansovino.  The  design  of 
Scamozzi,  had  it  been  continued  in  the  lhazza  San  Marco,  would  have  placed  in  the  back 
ground  every  other  piazza  in  Europe.  The  two  lower  stories  of  the  Procurazie  Nuove 
are  similar  in  design  to  the  Library  of  S.  Alarco;  and  it  is  greatly  to  be  regretted  that 
Scamozzi  was  so  much  otherwise  occupied  that  he  had  not  the  ojiportunity  of  watching 
the  whole  of  its  execution,  which  would  have  extended  to  thiity  arcades,  whose  whole 
length  would  have  been  426  feet.  Scamozzi  only  siqierintended  the  first  thirteeen  ; the 
three  built  by  Sansovino  excepted,  the  rest  were  trusted  to  the  care  of  builders  rather  than 
artists,  and,  from  the  little  attention  bestowed  upon  jireserving  the  profiles,  exhibit  a neg- 
ligence which  indicates  a decline  in  the  arts  at  Venice.  Scamozzi  is  placed  in  the  first 
rank  as  an  architect  by  his  design  for  the  cathedral  at  Saltzburg,  whither  he  was  invited  by 
the  archbishop  of  the  see.  This  church,  which  was  not  completed  till  after  his  death  in 
1616,  is  454  ft.  long,  and  329  ft.  wide,  being  in  the  form  of  a Latin  cross  on  the  plan,  over 
whose  centre  a cui)ola  rises.  The  distribution  of  the  interior  is  with  a nave  and  two  side 
aisles;  the  former  whereof  is  64  ft.  wide,  and  107  ft.  high,  Scamozzi’s  employment 
was  very  extended,  and  his  country  has  to  lament  it  ; for  fewer  commissions  would  have 
insured  greater  perfection  in  their  execution,  which,  in  those  that  exist,  is  often  unworthy 
of  the  name  of  the  master.  Scamozzi  published  a work  on  the  art,  which  will  be  found  in 
our  list  of  authors  at  the  end  of  this  work.  He  died  in  1616. 

356.  IJesides  Giovanni  da  Ponte  and  Alessandro  Vnttoria,  the  Venetian  school  contains  the 
names  of  few  more  than  those  we  have  named  : they  aj)pear  to  have  commanded  the  whole 
of  the  employ  of  the  states  and  neighbourhood  of  Venice  for  a period  of  about  110  years, 
ending  in  1616.  When,  however,  it  no  longer  continued  to  grow  and  flourish  in  its  native 
s )il,  its  scions,  grafted  throughout  Euro])e,  spreading  their  branehes  in  every  country, 
prospered  wherever  they  appeared.  On  the  former  of  the  two  architects  just  named,  a few 
observations  are  necessary.  He  died  in  1597,  at  the  age  of  eighty-five  years.  Princij)ally 
occupied  in  the  repan.tion  and  re-establishment  of  the  buildings  of  the  city  that  had  fallen 
into  decay,  he  was  nevertheless  engaged  on  some  considerable  works;  among  which  was 
the  great  hall  of  the  arsenal  at  Venice,  986  feet  long,  and  the  more  celebrated  work  of  the 
Wialto  Bridge,  whence  he  obtained  the  sobri(]uet  Da  Ponte,  and  for  the  execution  whereof 
he  competed  with  Palladio  and  Scamozzi.  The  span  of  the  single  arch  of  which  the  work 
consists  is  about  72  ft.,  and  the  thickness  of  the  arch  stones  about  4 ft.  4 in.  It  is  seg- 
mental, and  the  height  from  the  level  of  the  water  is  about  22  ft.  9 in.  The  width  of  the 
bridge  is  equal  to  the  sjjan  of  the  arch,  and  this  width  is  divided  longitudinally  into  five 
divisions,  that  is,  into  three  streets  or  passage.s,  and  two  rows  of  shops.  The  middle  street 
or  passage  is  21  ft.  8 in.  wide,  and  the  two  side  ones  near  1 1 ft.  The  number  of  shoj)s  on 
it  is  twenty-four.  The  last  work  of  Da  Ponte  was  the  construction  of  the  prisons  away 
from  the  ducal  palace.  This  edifice  is  a quadrilateral  building,  with  a portico  of  seven 
arcades  A story  rises  out  of  it  pierced  by  seven  great  windows  decorated  with  pediments, 
and  it  is  joined  to  the  palace  by  the  bridge  so  well  known  under  the  name  of  II  Ponte  dei 
Sosjnri.  'J’he  work  w-as  not  carried  to  completion  during  Giovanni’s  life,  but  was  finished 
by  his  nephew  Contino.  In  his  church  on  the  Grand  Canal,  constructed  for  the  nuns  of 
.Santa  Croce,  there  is  little  merit  except  that  of  solidity  ; indeed,  he  does  not  apj)ear  to 
have  possessed  much  taste,  as  may  be  inferred  from  the  two  ranks  of  columns  in  the  hall  of 
the  arsenal  above  mentioned,  which  cannot  be  said  to  belong  to  any  of  the  species  of  co- 
lumns usually  employed.  The  solid  character  of  the  great  prison  is  appropriate,  and  more 
in  consonance  with  the  rules  of  die  art. 
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357.  The  architecture  of  Europe  from  the  middle  of  the  .sixteenth  century  was  founded 
on  that  of  Italy.  Of  its,  value,  the  French  and  the  English  aeem  to  have  a .stronger  per- 
ception than  the  rest  of  the  nations.  We  shall  therefore  now  consider  the  architecture  ol 
France : that  of  England  from  a much  earlier  date  will  be  separately  considered  in  the 
succeeding  chapter.  riiilibert  Delorme  was  among  the  first  of  the  architects  of  France 
who  promoted  a taste  for  good  architecture  ; and  though  in  some  respects  he  may  have  hcen 
surpassed  by  other  artists  of  his  time,  in  others,  whether  connected  with  theory  or  practice, 
he  has  left  his  rivals  a great  distance  behind  him.  Although  he  might  not  have  had  the 
purity  of  detail  of  Jean  Bullant,  nor  the  richness  of  invention  and  execution  of  P.  Lescot, 
he  has  acquired  by  his  talent  in  construction  a reputation  which  has  survived  his  buildings. 
The  Queen  Catherine  of  Medicis  having  resolved  upon  the  construction  of  a palace  at  Paris, 
which  should  far  surpass  all  that  had  previously  been  done  in  France,  resolved  upon  placing 
it  on  a spot  then  occupied  by  some  tile  kilns  (Tuileries)  in  the  faubourg  St.  Honore,  and 
committed  the  design  and  erection  to  Delorme.  It  is,  however,  contended  by  some  that 
Jean  Bullant  was  joined  with  him  in  the  commission.  If  that  was  really  the  case,  it  is 
probable  that  the  labours  of  the  latter  were  confined  to  details  of  ornament  and  execution, 
rather  than  to  the  general  design  and  disposition.  What,  if  it  was  so,  belonged  to  each 
is  not  now  to  be  discovered  ; but  the  genius  of  Delorme  has  survived  all  the  revolutions 
the  celebrated  building  in  question  has  undergone.  Catherine  seems  not  to  have  been 
satisfied  with  the  works  ; for  she  appears  to  have  begun  another  palace  on  the  site  of  the 
Hotel  Soissons,  that  of  the  present  Halle  au  Bled.s,  and  to  have  entrusted  this  to  the  care  of 
Jean  Bullant.  That  of  the  Tuileries  was  in  the  end  continued  by  Henri  IV.;  enlarged  hy 
Louis  XIII.  on  the  same  line,  after  the  designs  of  Du  Cerceau,with  two  main  bodies  and  two 
composite  pavilions;  all  which  were  in  the  time  of  Louis  XIV.  afterwards  brought 
together  by  the  designs  of  Leveau  and  Dorhay.  In  the  centre  pavilion  all  that  now 
remains  of  Delorme’s  work  is  the  lower  order  of  Ionic  columns.  This  morsel  of  Delorme 
exhibits  a good  Ionic  profile  in  the  order,  and  is  one  of  his  best  works.  Generally  speaking, 
the  profiles  of  this  master,  which  Chambrai  has  admitted  into  his  Parallele,  make  one  ac- 
knowledge the  justice  of  that  author’s  observation,  that  he  had  “ un  peu  trop  vu  les  plus 
belles  choses  de  Rome,  avec  des  yeux  encore  preoccupes  du  style  Gothique.  Le  talent  de 
cet  architecte  conslstait  prlncipalement  dans  la  conduite  d’un  b'.timent,  et  de  vrai  il  Qait 
plus  consomme  en  la  connaissance  et  la  coupe  des  pierres  que  dans  la  composition  des 
ordres  ; aussi  en  a-t-il  ecrit  plus  utilement  et  bien  plus  au  long.”  Delorme  was  the 
author  of  two  works  on  architecture:  one,  Un  TraiU  cnmplctede  V Art  de  Bdtir,  on  architecture 
generally;  the  other,  Nouvelles  Inventions  pour  bien  bdtir  et  a petits  ft  ais.  The  last  relates 
more  especially  to  a practice  in  carpentry,  which,  on  the  Continent,  has  been  put  into 
execution  with  great  success,  its  principle  being  still  constantly  a])plied.  The  method 
of  carpentry  invented  by  Delorme,  and  which  still  goes  in  France  hy  his  name,  consists  ir 
substituting  for  the  ordinary  system  of  framing  and  rafters,  curved  ribs,  in  two  thicknesses, 
of  any  sort  of  timber,  three  or  four  feet  long,  and  one  foot  wide,  of  an  inch  in  thickness,  and 
which  are  connected  in  section  and  tie  according  to  the  form  of  the  curve,  whether  pointed, 
semicircular,  or  segmental.  These  arches,  in  order  to  be  strong  and  solid,  should  he  fixed 
at  their  feet  on  plates  of  timber  framed  together,  lying  very  level  on  the  external  walls ; 
and  the  planks  which  are  to  form  the  principal  curve  are  to  be  placed  accurately  upright 
on  their  ends,  in  which  situation  they  may  be  kept  by  braces  morticed  into  them  at  con- 
venient distances,  and  retained  in  their  places  by  w'edges,  for  it  is  essential  to  the  strength 
of  this  species  of  carpentry  that  it  should  be  kept  in  a vertical  position.  In  this  country 
the  species  of  carpentry  just  mentioned  has  never  been  practised  to  the  extent  it  deserves. 
Delorme  died  in  1570.  With  him  w'as  cotemporary  Jean  Bullant,  wdiose  name  has  been 
just  mentioned,  and  who,  whilst  San  Gallo  was  occupied  on  the  Palazzo  Farnese,  was 
raising  the  Chateau  d’Ecouen,  in  which  the  prelude  to  good  taste  is  manifest,  and  in  xvhose 
details  are  exhibited  the  work  of  an  architect  very  far  advanced  above  his  time,  and  capable 
of  raising  the  art  to  a much  higher  pitch  of  excellence  than  it  enjoyed,  had  not  the  habits 
of  the  nation  restrained  him  in  his  useful  course.  A considerable  portion  of  the  facade  of 
the  Tuileries  towards  the  Carousel  is  suspected  to  have  been  the  work  of  Bullant ; but  the 
chateau  of  Ecouon,  built,  or  rather  begun,  about  15^0,  for  the  constable  IVIontmorency,  was 
almost  the  first  step  to  the  establishment  of  pure  architecture  in  France,  and  its  architect 
may  fairly  be  named  the  Inigo  Jones  of  the  French 

358.  By  the  wars  in  Italy  under  Charles  VIII.,  Louis  XII. , and  Francis  I.,  the  French 
had  become  intimately  accjuainted  with  the  architecture  of  Italy,  and  the  taste  of  the 
monarch  last  named  induced  him  to  bring  from  that  country  some  of  their  most  celebrated 
artists ; so  that  in  France  there  was  almost  a colony  of  them.  Among  them,  fortunately 
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for  Ihe  (jiiicker  working  of  good  taste,  was  the  celebrated  V'^ignola,  who  resided  in  France 
many  years  ; a circumstance  which  may,  with  some  probability,  account  for  the  high  esteem 
in  whicli  that  great  master’s  profiles  have  always  been  held,  and  indeed  in  wliich  they  are 
still  held  there,  though,  generally  speaking,  the  French  have  invariably  been  more  attached 
in  their  practice  to  the  Venetian  than  to  the  Roman  school.  Serlio,  another  Italian  archi- 
tect of  note,  was  employed  in  the  country  by  Francis,  and  actually  died  at  Fontainebleau. 
At  the  period  whereof  we  are  now  treating  there  appears  to  have  been  a number  of  able 
artists;  for  to  Delorme  and  Rullant  must  be  added  Lescot,  who,  with  Jean  Gougeon  as  his 
sculptor,  was  many  years  employed  upon  the  building  usually  called  the  r/cw.r  Loui-re, 
to  distinguish  it  from  the  subsequent  additions  which  have  quadriqjled  the  original  project 
of  Lescot.  To  judge  of  the  works  of  the  French  architects  of  this  period,  a relative,  and 
not  an  abstract  view,  must  be  taken  of  them  ; relative,  we  mean,  to  the  general  cultivation  of 
the  arts  when  any  individual  artist  appears.  In  this  respect  Lescot’s  works  at  the  Louvre  are 
entitled  to  the  greatest  praise ; and  from  the  examples  he  as  well  as  Bullant  and  Gougeon 
afforded,  it  might  have  been  exj)ected  that  pure  architecture  Avould  have  proceeded  with- 
out check  until  it  reached  a point  as  high  as  that  to  which  it  had  been  carried  in  Italy. 
Such  was  not,  however,  to  be  the  case.  IMary  de  Medicis,  during  her  regency,  having  de- 
termined on  building  the  Luxembourg  palace,  was  anxious  to  have  it  designed  in  the  .style 
of  the  palaces  of  Florence,  her  native  city.  Jacques  de  Brosse,  her  architect,  was  therefore 
compelled  to  adopt  the  character  required  : his  prototype  seems  to  have  been  the  Pitti 
palace,  and  his  version  of  it  is  a failure.  The  gigantic  palaces  of  Florence  well  enough  bear 
out  against  the  rustic  and  embossed  work  employed  upon  them  ; but  when  their  scale  is  re- 
duced, the  employment  of  massive  parts  requires  great  caution.  The  palace,  however,  of  the 
Luxembourg  became  a model  for  the  fashion  of  the  day,  and  produced  an  intermediate  style, 
which  lasted  many  years  in  France,  and  arrested  the  arrival  at  perfection  whereof  the  above 
work  of  Bullant  and  others  had  opened  a fair  prospect.  De  Brosse  was  an  able  artist,  and 
his  design  for  the  fa9ade  of  St.  Gervais  of  three  orders  is,  under  the  circumstances,  entitled 
to  our  praise.  This  architect  acquired  much  honour  by  the  aqueduct  of  Arcueil,  the  com- 
pletion whereof,  in  1624,  it  is  supposed  he  did  not  long  survive. 

359.  Under  Louis  XIV.  the  art  remained  for  the  most  part  in  the  intermediate  state 
just  noticed ; and  yet  that  monarch  and  his  minister  Colbert  lost  no  opportunity  of  em- 
bellishing the  kingdom  with  its  productions.  He  employed  Bernini  to  make  designs  for 
the  palace  of  the  I.,ouvre  ; and  for  that  purpose  induced  the  artist  to  visit  France,  where  he 
was  received  with  the  highest  re.spect.  He  left  a design  for  a fa9ade  of  the  building  in 
question,  which,  though  in  a corrupt  style,  exhibits  nevertheless  marks  of  grandeur  and 
magnificence  Avhich  would  have  been  worthy  of  the  monarch.  Bernini,  disgusted,  as  he 
alleged,  with  the  workmen  of  Paris,  departed  from  the  country  without  leaving  any  ex- 
ample of  his  architectural  powers.  That  he  did  so  France  has  no  reason  to  lament,  since  it 
gave  Perrault  the  opportunity  of  ornamenting  the  capital  with  one  of  the  most  .splendid  monu- 
ments of  the  art  which  Europe  can  boast.  To  Perrault  is  the  credit  due  of  having  given 
an  impulse  to  French  architecture  it  has  never  lost,  and  of  having  changed  the  heavy  style 
of  his  time  into  the  light  and  agreeable  forms  of  the  Venetian  school.  The  beauties  of  the 
fa9ade  of  the  Louvre  {fig.  176.)  are  so  many  and  great  that  its  defects  are  forgotten.  'Hie 
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proportions  are  so  exquisite,  tluit  the  eye  cannot  rest  on  tlie  coupled  columns  and  the  arch 
of  tlie  princi})al  gate  rising  into  the  story  of  the  colonnade.  The  original  profession  ol 
Perrault  was  tliat  of  medicine,  which,  however,  he  only  exercised  for  the  benefit  of  liis 
friends  and  the  poor ; hence  the  design  he  made  with  others  in  competition  for  the  above 
work  having  been  successful,  he  was  associated  for  its  execution  with  Louis  le  Veau,  the 
king’s  principal  architect.  From  the  variety  of  sciences  in  which  Perrault  excelled,  it  is 
not  probable  that  the  assistance  of  a practical  architect  was  actually  necessary  ; indeed  the 
four  volumes  which  he  published  under  the  title  Essrns  de  Plu/sique,  and  the  collection  of 
machines  for  raising  and  removing  great  weights,  which  he  also  published,  show  that  he 
was,  without  assistance,  ([ulte  com])etent  to  the  charge  which  was  committed  to  him  with 
others.  He  built  the  observatory  at  Paris,  possessing  an  originality  of  character 
wlilch  Milizla  says  is  very  conformable  to  its  purpose.  But  however  suitable  it  may  have 
been  considered  at  the  time  of  its  erection,  and  it  cannot  be  denied  there  is  a fine  masculine 
character  about  it,  it  is  for  its  purpose  in  the  present  age  altogether  ill  adai)ted  for  the  ob- 
jects of  astronomy.  Perrault  died  in  1688.  Cotemi)orary  with  him  was  Le  Mercier,  the 
architect  of  the  church  de  I’Oratolre,  in  the  line  St.  Honore.  Le  INIercier  died,  however, 
in  1660;  eight  and  twenty  years,  therefore,  before  the  decease  of  Perrault.  Among  the 
architects  whose  practice  was  exceedingly  extended  was  Jules  Hardouin  Mansart,  the 
architect  of  Versailles,  and  the  especial  favourite  of  Louis  XIV.  He  was  principally  em- 
ployed  between  the  years  1675  and  his  death  in  1703.  Flis  ability,  as  Mil izia  observes, 
was  not  e(jual  to  the  size  of  his  edifices;  though  it  is  hardly  fair  for  that  author  to  have 
made  such  an  observation  on  the  architect  of  the  cupola  of  the  Invalides  at  Paris.  Of  this 
church  and  dome  De  Quincy  has  most  truly  stated,  that  though  nothing  that  can  be  called 
classic  is  to  be  noticed  about  it,  yet  it  contains  nothing  in  dissonance  with  the  principles  of 
tlie  art.  It  is  a whole  in  which  richness  and  elegance  are  combined;  in  which  lightness 
and  solidity  are  well  balanced  ; in  which  unity  is  not  injured  by  variety  ; and  whose  general 
ell’ect  silences  the  critic,  however  he  may  be  disposed  to  find  fault.  In  Versailles,  the  taste 
which  we  have  above  noticed  as  introduced  by  De  Brosse  is  ]irevalent ; but  the  interior 
of  the  chipel  displays  to  great  advantage  the  great  genius  of  Mansart,  and  shows  that  lie 
wa»  not  incapable  of  the  most  refined  elegance. 

360.  Jacques  Ange  Gabriel  was  the  relation  and  worthy  pupil  of  Mansart.  'I'he  colon- 
nades to  the  Garde  Meuble  in  the  Place  Louis  XV.  (now  the  Place  de  la  Concorde)  exhiliit 
a style  which,  with  the  exception  only  of  Perrault’s  facade  of  the  Louvre,  not  all  tl;e 
patronage  of  Louis  X 1 \\  was  capable  of  eliciting.  To  Gabriel  almost,  if  not  perhaps  as 
much  as  to  Perrault,  the  nation  is  under  a debt  of  gratitude  for  the  confirmation  of  good 
taste  in  France.  He  has  been  accused  of  pirating  the  Louvre ; but  reflection  and  com- 
parison will  show  that  there  is  no  real  ground  for  such  an  accusation.  The  ditlereiice  be- 
tween the  two  works  is  extremely  wide.  The  basement  of  Perrault  is  a wall  j)ierced  with 
windows;  that  of  Gabriel  is  an  arcade:  in  the  upper  stories  the  columns  are  not  coupled, 
which  is  the  case  at  the  Louvre.  From  these  circumstances  alone  the  character  of  the  two 
works  is  so  different,  that  it  is  <juite  unnecessary  to  enter  into  other  detail.  Architecture 
in  France  at  this  period,  the  commencement  of  the  eighteenth  century,  was  in  a palmy 
state,  and  has  never  before  or  since  risen  to  higher  excellence  ; though  the  French  are  still, 
from  the  superior  method  of  cultivating  the  art  there,  and  the  great  encouragement  it  re- 
ceives, the  first  architects  in  Europe.  The  great  extent  of  the  Place  I.,ouis  XV.  (744  ft. 
long,  and  522  broad)  is  injurious  to  the  effect  of  the  Garde  Meuble,  which,  as  the  reader 
will  recollect,  is  rather  two  palaces  than  one.  Its  basement  is  perhaps,  speaking  without 
reference  to  the  vast  area  in  front  of  it,  too  high,  and  the  intercolumniatlons  too  wide,  for 
the  order  (Corinthian)  employed  ; but  it  is  easier  to  find  fault  than  to  do  equally  well ; and 
we  cannot  leave  the  subject  without  a declaration  that  we  never  pass  away  from  its  beauties 
without  a wish  to  return  and  contemplate  their  extreme  elegance.  They  are  to  us  of  that 
class  to  which  Cicero’s  exj)ression  may  be  well  a])plied  ; “ pernoctant  nobiscum,  peregri- 
nantur.”  Gabriel  died  in  1742.  Antoine,  the  architect  of  the  INlint  at  Paris,  was  another  of 
the  choice  spirits  of  the  period  ; he  continued  the  refined  style  whereof  we  are  speaking ; 
and  though  the  age  of  Louis  XV.  was  not  destined  to  witness  the  erection  of  such  stupendous 
edifices  as  that  of  Louis  le  Grand,  it  displayed  a purer  and  far  better  taste.  This  architect 
was  the  first  who  employed  in  his  country  the  Grecian  Doric,  which  had  then  become  known, 
though  not  perfectly,  by  the  work  of  Le  Iloy.  Antoine  used  it  at  L' Hospice  de  la  Charite ; 
and  De  Quincy  cites  it  as  a circumstance  which  called  forth  the  approbation  of  people  of 
taste,  and  observes  that  the  attempt  would  have  attracted  more  followers,  if,  instead  of  exciting 
the  emulation  of  architects  in  the  study  of  it  and  its  judicious  application  to  monuments,  to 
which  the  character  of  the  order  is  suitable,  fashion  had  not  applied  it  to  the  most  vulgar 
and  insignificant  purposes.  Antoine  lived  into  the  present  century,  having  died  in  1801,  at 
the  age  of  68. 

361.  Louis  XV.,  during  a dangerous  illness  at  Metz,  is  reported  to  have  made  a vow 
which  led  to  the  erection  of  the  celebrated  church  of  St.  Genevieve,  or,  as  it  has  since  been 
called,  the  Pantheon;  the  largest  modern  church  in  France,  and  second  to  none  in  simplicity, 
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le^ancc,  and  variety.  Another  cause  may,  however,  with  as  much  prohahility,  he  assigned  ; 
he  inadequacy  of  accommodation  for  the  religious  wants  of  the  }H)))ulation,  and  especially 
-f  that  appertaining  to  the  patroness  Saint  of  Paris.  Many  })rojects  had  been  j)resented 
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for  the  purpose,  hut  that  of  Soufflot  received  the  preference.  This  talented  artist,  who  wav 
born  in  1713,  at  Irancy  near  Auxerre,  after  passing  some  time  in  Italy,  had  been  settled  at 
Lyons,  and  there  met  with  considerable  and  deserved  employment.  In  that  city  the  great 
hospital  had  deservedly  brought  him  into  notice,  for  his  knowledge  in  jiroviding  against  tlic 
miseries  of  mankind,  not  less  than  had  his  beautiful  theatre  for  providing  for  its  pleasures. 
The  plan  {fig.  1 77.  ) of  the  Pantheon  (so  it  is  now  usually  called)  is  a species  of  Greek  cross. 
'I'lie  interior  is  divided  transversely  into  two  equal  parts  on  each  side,  and  a central  one 
much  larger,  by  isolated  columns,  instead  of  the  plans  previously  in  use  of  arcades  decorated 
with  pilasters.  It  is.  however,  strictly,  in  its  internal  as  well  as  external  character,  to  be 
classed  as  belonging  to  the  Venetian  school.  Its  west  front  and  transverse  section  are 
given  in  Jig.  178.  'I’he  light  effect,  which  is  so  striking  in  the  interior,  ))roduced  by  the 
employment  of  columns  instead  of  the  old  system  of  arcades,  is  extremely  pleasing,  though, 
as  has  often  been  truly  urged,  they  have  no  office  to  perform.  Objections,  moreover,  have 
been  taken  to  the  wide  intercolumniations  of  the  j)ortic(i,  and  to  some  other  parts,  which 
here  it  is  unnecessary  to  particularise.  It  is,  notwithstanding  all  that  has  been  written 
against  it,  most  certainly  entitled  to  take  the  fourth  place  of  the  modern  great  churches  in 
Euro])e;  which  are,  Santa  Maria  del  Fiore  at  Florence,  St.  Peter’s  at  Rome,  St.  Paul’s  at 
London,  and  then  the  church  in  question.  Its  gieatest  fault  is  instability  about  the  piers 
of  the  cupola,  — the  old  fault,  from  which  not  one  is  altogether  free,  and  one  which  gave 
Soufflot  so  much  uneasiness  that  it  is  said  to  have  hastened  his  death.  This  failure  was 
afterwards  rectified  by  his  celebrated  pupil  Rondelet,  who,  with  consummate  skill,  imparted 
perfect  and  lasting  security  to  the  edifice. 

362.  We  ought  perhaps  before  to  have  mentioned  the  name  of  Servandoni,  as  eminently 
influencing,  in  his  day,  the  taste  of  Paris,  which,  as  the  world  knows,  is  that  of  France.  A 
Florentine  by  birth,  and  a scholar  of  the  celebrated  Pannini.  he,  in  1731,  exhibited  a model 
for  the  fa9ade  of  St.  Suljnce  ; and  after  a year’s  probation  before  the  public,  it  was  adopted. 
On  an  extended  front  of  196  ft.  he  succeeded  iii  imparting  to  it,  as  a whole,  an  air  of  great 
majesty,  and  of  giving  to  the  church  a porch  of  vast  extent  without  injury  to  the  general 
effect.  Servandoni  was  very  extensively  employed : his  style  was  that  of  the  Venetian 
school ; and  his  death  occurred  in  1766. 

363.  To  write  an  history  of  the  modern  architecture  of  France,  and  at  the  same  time  ti> 
do  its  professors  justice,  would  require  a much  larger  volume  than  that  under  our  pen  ; 
we  profess  to  give  no  more  than  a bird’s-eye  view  of  it,  so  as  to  bring  the  reader  generally 
acquainted  with  its  progress;  and  it  is  not  without  much  regret  that  we  propose  closing  our 
account  of  it  in  the  person  of  Jacques  Gondouin,  who  died  at  Paris  in  1818,  at  the  age  of 
eighty-one;  an  architect  whose  veneration  for  the  works  of  Palladio  was  so  unbounded,  that 
for  the  study  of  them  exclusively  he  performed  a second  journey  into  Italy : a strange 
infatuation  in  a man  of  great  acquirements,  if  the  opinions  of  some  of  our  anonymous 
critics  are  of  any  value.  W'hen  Gondouin  was  employed,  the  heavy  .style  of  Louis  XIV.  had 
passed  away,  and  the  suitable  and  elegant  style  of  the  Venetian  school  had  been  adopted. 
The  pupils  of  Blondel,  among  whom  he  was  eminent,  were  stimulated  by  the  patronage  of 
the  whole  capital ; and  even  in  the  present  day,  so  far  capable  are  its  inhabitants  of  appre- 
ciating the  merits  of  an  architect,  regret  as  we  may  to  record  it,  that  it  is  from  that  circuin 
stance  alone  likely  to  maintain  its  superiority  over  all  others  in  Europe.  The  most  celebrated 
work  of  Gondouin  is  the  Ecole  de  Medecine,  whose  amphitheatre  for  lectures,  capable  of 
holding  1200  persons,  is  a model  for  all  buildings  of  its  class,  without  at  all  entering  on 
the  great  merits  of  the  other  parts  of  the  building.  He  was  one  of  those  upon  whom  the 
effects  of  the  French  Revolution  fell  with  particular  force,  though,  upon  the  re-establish- 
ment  of  order,  he  in  some  measure  recovered  his  station  in  society.  He  was  entrusted  with 
the  ei’ection  of  the  column  in  the  Place  Vendome,  but  merely  as  respected  its  preparation  for 
the  sculpture. 

364.  In  Paris  is  to  be  found  some  of  the  most  beautiful  street  architecture  in  Europe. 
That  of  Rome  and  Florence  is  certainly  of  a very  high  class,  and  exhibits  some  examples 
which  will  probably  never  be  equalled.  These,  moreover,  have  associations  attached  to 
them  which  spread  a charm  over  their  existence  of  which  it  is  not  easy  to  divest  one’s  .self 
and  which,  perhaps,  contain  some  of  the  ingredients  which  enter  into  our  high  admiration 
of  them.  But,  on  a great  and  general  scale,  the  most  beautiful  street  architecture  in 
Europe  is  to  be  found  in  Paris;  and  so  great  in  this  respect  do  we  consider  that  city,  that 
we  are  certain  the  education  of  an  architect  is  far  from  complete  if  he  be  not  intimately 
acquainted  with  the  examples  it  affords.  In  that,  as  in  most  of  the  cities  of  Europe,,  the 
requirements  of  the  shopkeeper  interfere  with  the  first  principles  of  the  art;  but  in  this  the 
violation  of  the  rules  of  sound  building,  so  as  to  connect  them  with  his  accommodation,  are 
less  felt  by  the  critical  observer  than  elsewhere.  The  spirit  which  seems  to  actuate  the 
French  nation  is  to  produce  works  which  may  properly  be  called  monumental ; in  this  country, 
tlie  government  has  never  applied  itself  to  a single  work  worthy  of  that  epithet.  I’lie  prin- 
cipal care  of  an  English  minister  .seems  to  be  that  of  keeping  his  place  as  long  as  the  nation, 
will  endure  him.  (’ommercc  and  politics  are  the  only  siibjccts  which  such  a personage 
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seeins  to  think  worthy  Ills  attention,  and  the  sciences  have  only  been  patronised  by  tlie 
oovernnient  in  jiroportion  to  their  bearing  on  those  two  absorbing  points.  But  we  .shall 
perhaps  revert  to  this  in  tlie  following  chapter. 


Sect.  XVIII. 

GERMAN  AKCHll’ECTURE. 

No  country  exhibits  more  early,  beautiful,  or  Interesting  specimens  of  Romanesrjue 
and  pointed  architecture,  than  Germany.  The  Rhine,  and  the  southern  parts  of  it  which 
were  under  the  sway  of  the  Romans,  are  those,  as  we  have  already  observed,  in 
which  these  are  principally  to  be  found.  Their  history,  however,  has,  sufficiently  for 
general  purposes,  been  traced  under  the  sections  of  Byzantine  or  Romanesque  and  Pointed 
Architecture.  The  revival  of  the  arts  in  Italy,  as  it  did  in  other  nations,  here  equally  brought 
in  the  styles  of  the  Italian  schools,  Avliich,  as  elsewhere  throughout  Europe,  have  lasted  to 
the  present  period  ; and  will  certainly  endure  until  some  general  change  in  the  habits  of 
its  different  nations  renders  necessary  or  justifies  some  other  style  as  a worthy  successor  to 
them.  On  this  to  speculate  were  a waste  of  time;  though  there  be  some,  and  those  men  of 
talent,  who  contemplate  a millennium  of  architecture,  by  making  every  thing  in  style  de- 
pendent on  the  new  materials  (cast-iron  for  instance)  which  it  is  now  the  practice  to  employ, 
and  often,  it  must  be  conceded,  most  usefully.  AVhilst  the  pointed  style  lasted  in  Eimope, 
Italy  was  occasionally  indebted  to  the  Germans  for  an  architect.  Thus,  notAvithstanding  the 
denial  of  Milizia,  Lapo,  a German  architect,  Avas  employed  in  the  early  stages  of  construction 
of  Santa  Maria  del  Fiore  ; and  it  is  Avell  authenticated  that  Zamodia  a German,  Annex  of 
Friburg,  and  Ulric  of  Ulm,  Avere  employed  on  the  cathedral  at  Milan.  Franchetti  ( Storia 
e Descrizione  del  Duomo  di  Milano,  4to.  Milan,  1821)  asserts,  that  the  first  of  these  Avas 
engaged  on  it  about  1.891,  the  period  of  the  golden  age  of  pointed  architecture  in  Germany; 
and  the  reputation  of  the  Germans  in  this  respect  Avas  at  that  time  so  great,  that  John 
and  Simon  of  Cologne  Avere  actually  carried  into  Spain  for  the  purpose  of  designing  and 
carrying  info  execution  the  cathedral  at  Burgos.  It  is  at  this  period  difficult  to  assign 
the  cause  of  the  nation  so  completely  dropping  astern,  to  use  a nautical  phrase,  in  the  fine 
arts,  and  more  particularly  architecture.  It  Avas  most  probably  the  result  of  their  political 
condition,  and  the  consequent  relative  position  they  occupied  in  the  affairs  of  Europe. 
But,  Avhatever  the  cause,  it  is,  in  fact,  most  certain,  that  from  the  revival  of  the  arts  in  Italy 
until  near  the  end  of  the  18th  century,  Germany  furnishes  the  names  of  feAv,  if  any,  architects 
Avho  are  knoAvn  beyond  the  limits  of  the  country.  Italy  during  the  time  in  question  seems 
to  have  repaid  the  nation  for  the  early  assistance  received  from  them.  At  Fulda  and  Vienna, 
Carlo  Fontana  Av as  extensively  engaged;  Guarini  on  the  church  of  Santa  Anna  at  Prague  ; 
Scamozzi  on  the  cathedral  at  Salzburg ; AndreAv  Pozzo,  avIio  died  at  Vienna  in  1 709,  Avas 
there  employed  on  several  of  the  churches  : Martinelli  of  Lucca  Avas  another  of  the  number 
that  Avere  solicited  to  decorate  the  country  Avith  their  Avorks.  Fischers,  indeed,  Avas  a na- 
tive ; but  his  Avorks,  and  especially  his  palace  at  Schdnbrun,  begun  in  1696  for  the  Emperor 
Joseph,  though  not  altogether  Avithout  merit,  is  but  a repetition  of  the  extravagances  of  the 
school  of  Borromini ; and  equally  so  Avas  the  palace  built  by  the  same  artist  for  Prince 
Eugene  at  Vienna,  in  1711.  (^Essai  d Architecture  HistoTi<]ue,  Leipsig,  172.5.)  Pietro 
Cart,  Avho  built  the  bridge  at  Nuremberg,  Neuman,  Bott,  and  Eosander  of  Prussia,  are  the 
only  native  architects  of  the  period  recorded  by  Milizia. 

.866.  But  it  Avas  not  only  from  Italy  that  the  Germans  dreAV  their  architects ; France 
contributed  a supply  to  the  country  in  the  persons  of  Blondel,  avIio  Avas  there  much  em- 
ployed toAvards  the  end  of  the  17th  century  ; Robert  de  Cotte  and  Boffrand  in  the  first  part 
of  that  folloAving.  It  is  therefore,  from  Avhat  has  been  stated,  impossible  to  give  any 
independent  account  of  the  architecture  of  Germany.  The  Germans  had  none.  Whoso 
were  th.eir  architects,  they  Avere  the  folloAvers  of  a style  Avhich  contemporaneously  existed 
in  France  and  Italy  even  doAvn  to  the  bizarreries  of  that  Avhich  prevailed  in  the  time  of 
Louis  XV.;  and  it  is  a very  curious  fact,  that  Avhilst  Germany  Avas  seeking  the  aid  of 
architects  from  France  and  Italy,  England  covdd  boast  of  professors  of  the  art  Avhose  fame 
Avill  endure  while  printing  remains  to  spread  knoAvledge  amongst  mankind.  During  the 
last  century,  Germany  appears  to  have  risen  in  this  respect  from  its  slumber,  and  to  have 
produced  some  men  of  considerable  architectural  abilities.  Of  these  Avas  Carl  Gotthard 
.-P  .anghans  Avho  Avas  born  in  17.82,  and  built  the  celebrated  Brandenburg  gate  at  Berlin, 
Avhich,  though  formed  much  on  the  model  of  the  Propylea  at  Athens,  and  therefore  on  the 
score  of  originality  not  entitled  to  that  praise  Avhich  has  been  so  unsparingly  exhausted  upon 
it,  proves  that  a vast  change  had  begun  in  Germany  as  respected  matters  of  taste  in  ar- 


HISTORY  OF  ARCIliTECTLTlE. 


Hook  I. 


chitecture.  Copies  prove  sad  poverty  of  iina^ination  on  the  part  of  the  artist  copying  ; and 
all,  therefore,  that  can  be  said  in  favour  of  such  an  expedient  as  that  under  consideration 
is,  that  better  forms  being  submitted  in  this  example  to  the  Germans,  it  created  a dawn  oJ 
taste  to  which  they  had  long  been  strangers.  'I'he  inaccurate  work  of  Le  Roy,  which  had 
preceded  that  of  Stuart  and  Revett  on  the  anticjuities  of  Athens,  was  the  means  through 
which  Langhans  wrought  and  tried  his  successful  experiment.  In  France,  as  we  have 
already  observed,  Antoine  had  tried  the  employment  of  the  Grecian  Doric  at  Paris,  hut 
without  the  impression  produced  by  Langhans.  'J'his  architect  died  at  Berlin  in  1808, 
and  is,  jrerhaps,  entitled  to  be  considered  as  the  father  of  good  architecture  in  Germany, 
where  he  met  the  highest  patronage  and  encouragement.  KnoblesdorflT,  who  died  in  17.5h. 
had,  it  must  be  allowed,  prepared  in  some  measure  the  change  which  was  effected  ; but 
neither  he  nor  his  successor  are  known  in  the  world  of  art  beyond  the  confines  of  their 
own  country.  The  names  of  Boumann,  Goutard,  Naumann,  and  others  of  much  merit 
occur  to  us  ; but  the  examples  which  they  have  left  are  not  of  the  class  that  justifj 
specimens  for  presentation  to  the  reader  in  a general  work  of  this  nature.  None  of  them 
rise  so  high  as  to  be  put  in  competition  with  the  examples  of  the  French  school ; and  from 
the  circumstance  of  the  principal  works  of  Germany  at  Munich,  Berlin,  &c.  having  been 
executed  by  artists  still  living,  we  feel  precluded  here  from  allusion  to  them;  because,  if 
we  were  to  enter  on  an  examination  of  them,  we  must  detail  their  defects  as  well  as  their 
beauties.  An  extraordinary  species  of  bigotry  has  laid  hold  on  some  in  relation  to  them, 
which  lime  will  temper;  and  the  world,  as  it  always  does,  will  ultimately  come  to  a right 
judgment  of  the  rank  they  are  entitled  to  occupy  as  works  of  art.  In  the  other  branches 
of  the  arts  the  Germans  are  lising  fast;  but  there  is  withal  an  affectation  of  the  works  of 
the  middle  afes  in  their  productions,  which,  impressed  as  they  are  with  great  beauties, 
are  not  sufficiently  pure  to  prognosticate  the  establishment  of  schools  which  will  sweep  all 
b'fore  them,  as  diil  tho:e  of  Italy. 


Skct.  XIX. 
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J167.  What  has  been  .said  in  the  preceding  section  on  the  architecture  of  Germany  is 
eijually  applicable  to  that  of  Spain  and  Portugal,  whose  architects  were  educated,  if  not  in 
the  schools  of  Italy,  yet  on  the  principles  that  guided  them.  Still,  the  ])re-eminence  in 
architecture  on  the  revival  of  the  arts  must  be  given  to  these  countries  over  the  con- 
temporaneous buildings  erected  in  Germany,  and  more  especially  to  those  of  Spain. 
IJmler  Ferdinand  and  Isabella,  both  greatly  attached  to  the  tine  arts,  the  pointed  style 
gave  way  to  the  architecture  then  in  esteem  in  Italy  ; and  Juan  de  Olotzaga,  a native  of 
Biscay,  is,  we  believe,  entitled  to  the  merit  of  Iiaving  first  introduced  it  about  1400  in  the 
design  for  the  cathedral  of  Huesca  in  Aragon.  Pedro  de  Gumiel  is  supposed  to  have 
been  the  architect  of  Santa  Engracia  at  Zarigossa,  1476-1517,  but  is  known  as  the  artist 
who  designed  the  college  of  S.  Ildefonso  at  Alcala,  a splendid  building  in  a mixed  and 
impure  style,  commenced  IMarch  14,  1498.  In  this  the  orders  were  employed.  The 
edifice  consists  of  three  courts:  the  first  Doric,  with  an  arcade  and  two  orders  above,  in 
the  lower  whereof  the  Doric  was  repeated,  and  the  upper  was  Ionic ; the  second  couit 
has  thirtv-two  Composite  columns,  with  arcades  ; and  the  third  is  designed  with  thirty- 
six  Ionic  columns,  beyond  which  is  the  theatre.  The  church  is  of  the  Ionic  order,  and 
contains  the  monument  of  Cardinal  Ximene-,  the  founder,  considered  one  of  the  finest  in 
Spain.  'J  he  names  of  Juan,  Alonso,  and  Fra  Juan  d’Escobedo  continue  in  their  works 
the  history  of  the  an  in  Spain,  wherein  a style  between  the  pointed  and  Italian  prevailed 
during  the  gre  ter  part  of  the  reign  of  Charles  V.  Juan  Gil  de  Hontanon,  at  the  end  of 
the  15ih  century,  appears  in  Spain  as  an  architect  of  much  celebrity.  He  made  a design  for 
the  cathedral  at  Salamanca,  which  was  submitted  to  the  judgment  of  four  of  the  then 
most  eminent  architects  of  the  country — Alonso  de  Covarrubias,  the  architect  of  the 
church  at  Toledo;  Mae-tro  Filippo  of  that  of  Seville;  with  Juan  di  Badajoz  of  that  of 
Burgos.  Tliis  cathedral  at  Salamanca  is  ,S7 8 ft.  long,  and  has  a nave  and  two  series  of 
aisles  on  each  side.  The  nave  is  1.80  ft.  high,  and  50  ft.  wide.  Rodrigo  Gil  de  Hontanon, 
^on  of  the  above-named  architect,  had  the  execution  of  this  church,  which  was  commenced 
in  1513.  Juan  Gil  de  Hontanon  commenced  15'22-23  the  cathedral  of  Segovia,  very 
similar  to  that  of  Salamanca,  except  that  it  is  more  simple,  and  in  a purer  style.  It  is 
ecjual  in  sue  and  grandeur  to  those  of  Toledo  and  Seville.  Between  1560  and  1577 
it  was  continued  by  Rodrigo  Gil;  then  carried  on  by  Francisco  Campo  Aguero, 
who  died  in  1660  ; to  whom  succeeded  F.  Biadero,  who  died  in  1678.  Re.pecting 
Hontanon,  Don  Antonio  Ponz  ob'-erves,  in  the  10th  volume  of  his  Travels  in  Spain, 
tliat  he  must  have  been  a clever  architect,  and  well  acquainted  with  the  Greek  and 
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Roman  stylos  which  in  Ills  time  were  beginning  to  revive  ; but  that,  like  many  other  artists, 
he  was  obliged  in  some  measure  to  luimour  the  taste  of  those  who  employed  him : he 
fberefbre  adopted  tlie  Gothic  style,  without  the  ornameiits  and  details.  The  edbrts  oftlie 
u chitects  of  t lis  period  were  not  confined  altogether  to  church  building  ; for  in  15,‘i2 
Pedro  de  Uria  constructed  a bridge  at  Almaraz  over  tiie  Tagus,  which  may  vie  with  the 
most  extraordinary  works  of  that  class.  'I'wo  large  pointed  arclics  form  the  bridge,  which 
is  58(r  ft.  long,  2.5  ft.  wide,  and  1.34  It.  liigh.  The  opening  of  one  of  the  arches  is  150  ft., 
tliat  of  the  otlier  1 19  ft.  The  piers  are  lofty  towers,  that  in  the  centre  standing  on  a high 
rock.  .\n  inscription  gives  the  date  of  erection  1552,  and  imports  tliat  it  was  constructed 
at  the  expense  of  the  city  of  Placentia. 

3e'8.  Alonso  de  Covarrubias,  the  architect  ot  the  church  of  Toledo,  seems  to  have  use  I 
in  it  a Gothic  sort  of  style,  though  when  he  flourished  the  Roman  orders  had  become 
known  and  used.  This  Alonso  was  in  considerable  employ,  as  was  his  assistant,  Diego 
Siloe,  who  built  the  church  at  Granada,  with  the  monastery  and  church  of  San  Girolamo 
in  that  city.  This  cathedral  has  a nave  and  two  aisles ; and  in  it  the  Corinthian  order, 
though  defective  in  height,  is  used.  The  cupola  is  well  designed.  Both  Siloe  and  his 
master  loaded  their  buildings  with  sculptures  to  excess,  from  a seeming  notion  that  beauty 
and  richness  were  the  same  or  inseparable.  Alonzo  Berruguette  was  another  architect  of 
the  16th  century  who  was  deservedly  employed.  He  went  to  Italy  in  1.500,  there  to 
pursue  his  studies  in  the  arts  of  painting  and  sculpture  as  well  as  architecture,  and  was 
at  Florence  when  INIichael  Angelo  and  Leonardo  da  Vinci  exhibited  their  cartoons. 
He  was  the  architect  of  Charles  V.  ; and  it  is  supposed  that  he  designed  the  palace  at 
Madrid,  begun  by  Henry  II.,  continued  by  Ilenry  III.,  and  splendidly  rebuilt  by 
Charles  V.,  but  no  longer  in  existence.  Berruguette  erected  the  gate  of  San  Martino, 
which  is  the  principal  one  at  Toledo.  It  is  of  the  Doric  order,  with  the  royal  arms  on 
the  exterior,  and  a statue  of  Santa  I.eocadia  in  tlie  interior.  'I'here  are  great  simi)licity 
and  elegance  in  the  composition  of  this  work.  'I’lie  palace  of  Alcala,  the  residence  of  the 
archbishop  of  Toledo,  is  attributed  to  him  ; a building  not  wanting  in  magnificence, 
though  defective  in  its  detail.  A great  portion  of  the  cathedral  of  Cuen^’a  is  said  to  be 
by  Berruguette;  but  not  tlie  fagade,  which  was  erected  in  1699  by  Josef  de  Arroj'o,  ana 
afterwards  continued  by  Luis  Arriaga.  There  is  considerable  effect  about  the  cloister, 
which  is  well  and  ingeniously  decorated.  This  archite  c t,  it  is  thought,  had  some  part  in  the 
Pardo,  which  was  rebuilt  in  1547  ; whereare  still  allowed  to  remain, — notwitlixtanding  the 
additions  by  Philip  II.  of  the  miserable  eastern  and  western  facades — the  porticoes  of  Ionic 
columns,  with  their  low  stone  arches.  Though  the  windows  are  greatly  too  far  apart,  and 
too  sm:.ll  in  the  lower  story,  the  stairs  d fficult.  of  ascent,  yet,  upon  the  whole,  the  editice 
is  not  ill  arranged  or  executed.  At  tlie  period  whereof  we  here  speak  tfiere  was  a pro- 
digious passion  among  the  Spaniards  for  large  screens  and  altars  in  tlie  churches  ; in  thesi 
the  taste  of  Berruguette  was  most  conspicuous.  In  the  use  of  the  orders,  which  he  fully 
understood,  he  v\as  remarkably  fond  ot  emfiloying  them  over  one  another.  The  cathedral 
at  Seville  vvas  principally  rebuilt  liy  Fernan  Ruiz,  who  was  much  engaged  in  the  city, 
and  e-pecially  on  enlarging  or  raising  the  well  known  tower  called  “ La  Giralda.”  This 
singular  edifice  was  l>egun  in  the  1 1th  century,  the  original  idea  of  it  lieing  given  by  the 
erchitiCt  Geher,  a native  of  Seville,  to  whom  the  invention  of  algebra  is  attributed;  and 
also  the  design  of  two  other  similar  towers,  one  in  Morocco,  and  t!ie  other  at  R.Lata. 
Tlie  tower  ot  which  we  are  now  speaking  was  at  first  250  ft.  high,  and  50  ft.  wide,  and 
was  without  diminution  as  it  rose.  The  walls  are  8 ft.  thick  of  squand  stones  from  the 
level  of  the  pavement;  the  rest  for  87  ft.  is  of  brick.  In  the  centre  of  this  tower  is  h 
smaller  one,  the  interval  between  the  two  towers  being  2.3  ft.,  which  serves  fiir  the  ascent — 
one  so  convenient  that  two  persons  abreast  can  mount  it  on  horseback.  The  central  tower 
does  not  diminish  ; but  as  the  editice  rises  in  height  the  walls  gather  over,  so  as  to  allovv 
the  passage  of  only  one  person.  Upon  the  Moors  of  Seville  negotiating  their  surrender, 
one  of  the  conditions  of  it  was,  that  this  tower  should  not  be  destroyed;  to  which  Don 
Alfonso,  the  eldest  son  of  the  king,  answered,  that  if  a portion  of  it  were  touched,  not 
a man  in  Seville  should  survive.  In  the  earthquake  of  1395  it  was  partially  injured,  and 
remained  in  the  state  of  misfortune  that  then  occurred  until  1568,  when,  by  the  authorities, 
Fernan  Ruiz  received  the  commission  to  raise  it  100  ft.  higher.  This  height  he  divided 
into  three  parts,  crowning  it  with  a small  cupola  or  lantern  : the  tiist  division  of  his 
addition  is  of  equal  thickness  with  the  tower  on  a plinth,  w hence  six  pilasters  rise  on  eav  li 
facade,  between  which  are  five  windows,  over  which  is  an  entablature  surmounted  by 
balustrades;  the  second  division  is  lower,  w'ith  the  same  ornament;  and  the  third  is 
octagonal  with  pilasters,  over  which  the  cupola  rises,  crowned  with  a bronze  statue  ot 
Faith,  vulgarly  called  “ La  Giralda.”  Ruiz  by  this  work  augmented  his  fame  ; and  not- 
w thstanding  the  earthquakes  which  have  since  occurred,  it  has,  fortunately  enough,  been 
preserved.  We  have,  however,  to  apologise  to  our  readers  for  this,  w hich  is  anecdote,  and 
iiwt  qui'e  in  order  to  be  placed  liere,  because  paitly  connected  with  a period  we  have  long 
since  left.  Pictorially  speaking,  the  tow'er  of  “ La  Giralda  ” is  a splendid  object,  and  the 
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apology  was,  perhaps,  unnecessary.  The  age  of  Charles  V.  in  Spain  was  Augustan  for 
its  architecture.  By  his  mandate  the  palace  was  raised  at  Granada,  a work  of  Alachuca, 
another  an  hitect  of  this  period.  The  principal  facade  is  rustic,  with  tliree  large  gates,  and 
eight  Doric  columns  on  ))edesials  sculptured  with  historical  bassi-rilievi.  The  second 
story  is  Ionic  with  eight  columns,  over  which  are  pilasters.  The  internal  vestibule  is  on 
a circular  plan,  with  a portico  and  gallery  on  columns  of  the  same  order.  Milizia,  from 
whom  we  have  extracted  all  our  notices  on  the  architecture  of  Si)ain  in  this  age,  regrets 
that  the  arches  spring  from  the  columns.  Though  we  cannot  commend  such  a practice, 
we  should  be  sorry,  in  certain  cases,  to  see  a veto  put  upon  it,  because  the  practice  is 
occasionally  compatible  with  fine  effect. 

3G9.  Towards  the  end  of  the  sixteenth  century  appears  in  Spain  an  artist,  by  name 
Domingo  Teotocopuli,  by  birth  a Grecian,  and  a disciple  of  Tiziano  Vecelli.  He  became, 
under  his  master,  a good  painter;  but  is  known  in  Spain  rather  as  a celebrated  architect 
in  his  day.  At  Madrid,  and  in  Toledo,  he  executed  many  works  of  merit;  but  his  grand 
work  was  the  church  and  monastery  of  the  Bernardine  monks  of  San  Domingo  di  Silos, 
in  which  he  employed  his  talents  in  architecture,  painting,  and  sculpture,  the  wliole  being 
from  his  hand. 

370.  Garzia  d’Emere  and  Bartolome  «li  Bustamante,  the  latter  c-.specially,  would  re- 
qtiire  an  extended  notice  in  the  history  of  the  art  in  Spain,  if  our  limits  permitted  us  to 
enter  on  their  merits.  The  latter  was  the  architect  of  the  hospital  of  San  Juan  Bautista, 
founded  by  its  archbishop  in  1545,  near  Toledo.  We  should  continue  the  account  if  build- 
ings existed  from  which  features  different  from  the  contemporaneous  works  in  the  rest 
of  Europe  could  be  extracted ; but  the  fact  is,  that  the  progress  of  the  art  has  already 
been  told  in  other  countries,  and  its  success  in  Spain  would  be  but  a repetition  in  minor 
degree  of  what  has  already  been  said.  Still  w’e  consider  some  notice  must  be  taken  of 
Juan  Bautista  of  Toledo,  who  died  in  1567,  an  arclutect  and  sculptor  of  surpassing  merit; 
and  as  he  was  the  architect  who  gave  the  designs  for  the  Escurial,  we  shall  not  apologise 
lor  transcril)ing  the  account  of  him  given  by  Milizia. 

371.  Having  studied  at  Rome,  he  was  invited  to  Naples  by  Don  Pedro  di  Toledo, 
then  viceroy  there,  who  employed  him  as  architect  to  the  Emperor  Charles  V.  in 
many  important  works  in  that  city,,  whence  he  was  called  by  Philip  II.  to  become 
architect  of  all  the  royal  works  in  Spain,  and  especially  of  the  Escurial,  which  that 
monarch  was  anxious  to  erect  in  the  most  iqagnificent  style.  For  this  purpose  he  left 
Naples,  and  in  1563  commenced,  upon  his  own  design,  the  Escurial,  which  he  continued 
to  su|>erintend  till  his  deatli  in  1567.  In  this  great  undertaking  he  was  succeeded  by 
Juan  de  Herrera,  his  pupil,  who  finished  it,  'I'hose,  therefore,  says  the  author  whom  we 
quote,  that  attribute  this  work  to  Luis  de  Fox,  to  Bra»uante,  to  Vignola,  and  other  archi- 
tects who  may  have  given  designs  for  it,  are  unacquainted  w'ith  the  subject.  The  wonders 
related  of  the  Escurial,  as  to  the  number  of  its  doors  and  windows,  are  not  tales  to  be  here 
recounted;  and  the  attempt,  indeed,  at  exaggeration  is  vastly  silly,  becau'-e  it  is  on  so  grand 
a scale  that  the  simple  truth  imparts  quite  sufficient  knowledge  for  conveying  an  idea  of 
its  splendour.  The  motives  of  Philip  II.  in  founding  this  structure  were  twofold, — first, 
the  injunction  of  his  predecessor  Charles  V.,  who  was  desirous  of  constructing  a tomb  for 
the  royal  family  of  Spain  ; and  secondly,  of  erecting  an  edifice  of  colossal  dimensions  to 
commemorate  the  famous  victory  of  S.  Quintin,  achieved  on  the  festival  of  San  Lorenzo, 
the  saint  to  whose  interposition  the  king  attributed  his  success,  'I he  situation  chosen  to 
receive  it  was  beautiful.  It  is  at  the  distance  of  a few  miles  from  Madrid,  at  the  foot  of  the 
Carpentani  mountains,  by  which  the  two  Castiles  are  divided.  J he  plan  of  the  edifice  is 
said  to  resemble  a gridiron,  the  instrument  of  martyrdom  of  San  Lorenzo,  of  which  the 
handle  is  the  projection  in  the  eastern  facade  ; we  confess,  however,  we  have  some  difficulty 
in  tracing  the  resemblance.  It  is  divided  internally  into  fifteen  courts,  varying  consider- 
ably in  size ; many  of  them  are  decorated  with  porticoes  and  galleries,  and  contain  in  all 
upwards  of  eighty  fountains.  The  materials  are  granite  very  well  wrought;  the  roofs 
partly  covered  with  lead  and  partly  with  slate.  The  cupola  of  the  church  is  of  stone.  The 
four  angles  of  the  n ain  jilan  are  distinguished  by  towers  rising  four  stories,  besides  those 
in  the  roofs,  above  the  general  fronts;  besides  which  there  are  four  others  Hanking  the 
cupola.  Parts  of  the  building  are  in  much  better  taste  than  others ; but  such  an  enormous 
pile  of  building  cannot  be  otherwise  than  imposing,  more  especially,  too,  if  there  he  any- 
thing like  symtiietry  and  regularity  in  the  parts.  Towards  the  west  the  principal  fa9ade 
is  740  feet  long  and  60  feet  in  height.  The  towers  at  the  angles  just  mentioned  rise  to  the 
height  of  i?00  feet.  This  fa9ade,  like  the  others,  has  five  stories  of  windows,  which  neces- 
sarily of  themselves,  from  the  way  in  which  they  are  arranged,  have  the  effect  of  cutting 
it  up  into  minute  divisions.  The  central  compartment  of  it  is  140  feet  in  length,  and  con- 
sists of  two  orders  of  half  columns;  the  lower  has  eight  semi-columns,  which  are  Doric 
standing  on  a plinth,  and  in  the  central  intercolumniation  is  the  door  ; the  other  inter- 
columtiiations  are  filled  with  niches  and  windows  in  three  stories.  The  upper  order  con- 
sists of  four  Ionic  columns  on  pedestals,  and  is  surmounted  by  a pediment.  This  upper 
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order  has  two  stories  of  nicnes  in  its  intercolumnlations.  in  the  u])pcr  central  one  whereof 
is  placed  the  statue  of  San  Lorenzo.  'I’lie  two  minor  doors  in  tliis  fa(;ade  are  also  made 
features  in  the  design.  'I’he  fa(;ade  towards  the  east  has  the  projecting  handle  of  the  grid- 
iron to  which  we  have  alluded,  in  which  part  is  contained  the  i)alaee  ; aiul  westward  of  it 
the  great  chapel  or  church,  witli  its  cupola  rising  above  the  mass,  to  complete  the  com- 
position. 'I’owards  the  south  the  length  is  580  ft.,  similar  to  the  length  on  the  north.  On 
entering  from  the  central  gate  of  the  western  facade,  the  mona.stery  is  divided  from  the  col- 
lege by  a large  vestibule,  from  wbich  three  large  arched  openings  lead  into  the  king’s  court : 
this  is  2.‘50  ft.  long,  and  1.8G  ft.  wide,  surrounded  by  l)uildings  of  five  stories,  and  orna- 
nented  with  pilasters.  At  the  eastern  end  of  this  court  is  the  entrance  to  the  church,  over 
ivhose  vestibule  or  i)ronaos  are  the  libraries.  To  it  a flight  of  seven  stej)s  erosses  the  whole 
ividth  of  the  court;  and  from  the  landing  rises  a Doric  arcaded  porch  of  five  openings,  three 
vhereof  belong  to  the  central  compartment  and  lead  to  the  church,  the  other  two  leading 

0 the  monastery  and  the  college.  IJehind  the  })orch  the  fa9ade  of  the  church  rises,  and  is 
tanked  hy  two  towers,  which  res])ectively  belong  to  the  monastery  and  college,  and  are 
Miiamented  above  the  general  height  of  the  buildings  of  the  court  with  two  orders  of 
)ilasters,  being  terminated  by  small  cu])olas.  'I’he  interior  of  the  church  is  Doric,  and  is  in 
)lan  a Greek  cross.  The  nave  is  53  ft.  and  the  aisles  are  30  ft.  wide.  Its  whole  length 
s .3G4  ft.,  its  width  230,  and  height  170.  From  the  intersection  of  the  nave  and  transepts 
he  cupola  rises,  6G  ft.  in  diameter,  and  330  ft.  in  height  from  the  pavement  to  the  cross, 
ts  exterior  is  composed  with  a square  tambour  or  drum,  if  it  may  be  so  called,  from  which 
he  order  rises.  The  choir  is  only  30  ft.  high,  and  its  length  but  60  ft.  In  point  of  taste 
ml  dimensions,  the  church  is  inferior  to  several  in  other  parts  of  Europe.  The  pres- 
•vtery,  we  should  have  stated,  is  raised,  so  as  to  form  almost  another  church,  and  seemingly 
. ithout  relation  to  the  principal  one.  'Fhe  staircase  which  leads  to  the  Pantheon,  and 
. hich  possesses  considerable  magnificence,  is  placed  between  the  church  and  the  ante- 
acristy  : we  are  not  aware  why  this  name  has  been  given  to  the  sepulchre  of  the  kings  of 
Ipain.  It  is  nearly  under  the  high  altar.  The  chamber  appropriated  to  the  reception  of 
he  kings  is  36  ft.  diameter,  and  38  ft.  in  height,  richly  encrusted  with  various  marbles  and 
letals,  and  ornamented  with  sixteen  double  Corinthian  pilasters  on  pedestals,  arranged 
ctagonally  ; and  between  them  are  recesses,  with  the  sarcophagi,  amounting  to  twenty-six, 
hat  is,  four  in  each  of  six  sides,  and  two  over  the  entrance  which  faces  the  altar  of  the  He- 
iirrection.  This  is  a fair  specimen  of  the  style  which  prevailed  in  Spain  under  the  reigns 
f I’hilip  IV,  and  Charles  II.  The  college,  the  seminary,  and  the  royal  palace  occupy  the 
jst  of  the  building.  In  1773,  many  additions  were  made  to  the  buildings  about  the  Es- 
iirial  for  the  Infants  Don  Antonio  and  Don  Gabriele,  by  Villaneuva,  an  Italian  architect, 
iid  by  them  the  palace  was  mucli  improved.  Juan  de  He'rera,  who  died  in  1597,  besides 
is  employment  at  the  building  just  described,  contributed  greatly  to  the  advancement  of 
le  art  hy  the  execution  of  the  many  commissions  with  which  he  wasentrusteJ.  'I’he  bridge 
f Segovia,  at  Madrid,  is  by  him  ; as  is  the  royal  pleasure-house  at  Araiijuez,  begun  under 
'hilip  II.  and  finished  by  Charles  III,, — a work  which,  though  far  from  pure,  exhibits 
reat  architectural  ability.  His  successor  at  the  Escurial  was  Francesco  de  Mora,  by 
horn,  at  Madrid,  is  the  Palace  de  los  Consejos,  the  most  splendid  edifice  which  that 
qtital  can  boast  Instead  of  a central  doorway,  it  has  two  at  its  flanks,  of  the  Doric 
der,  with  appropriate  decorations.  In  the  beginning  of  the  seventeenth  century,  the 
real  square  of  Madrid  was  erected  after  the  designs  of  Juan  Gomez  de  Mora,  and  is  ad- 
irable  for  its  grandeur  and  svmmetry.  This  architect  built  at  Alcala  the  church  and 
>1  lege  of  the  Jesuits,  which,  Mdizia  says,  is  a magnificent  and  well-proportioned  edifice. 

is  of  two  orders,  and  the  material  employed  in  the  fa9ade  is  granite.  The  royal  convent 
the  Augustins,  at  Madrid,  is  also  attributed  to  him. 

372.  Early  in  the  eighteenth  century  Felipe  Ivara,  or  Juvara,  a native  of  Messina, 
iid  very  great  employ,  we  might  almost  say  throughout  Europe.  He  became  tlie  pupil 

Fontana,  and  afterwards,  on  his  xisiting  Spain,  seems  to  have  established  a school  there, 
e built  the  fagade  of  the  royal  palace  of  S.  Ildefonso,  looking  towards  the  gardens, 
ara  died  in  173.5,  at  Madrid,  whither  he  had  been  invited  by  Philip  V.  to  rebuild  tlie 
lace,  which  had  been  consumed  by  fire.  The  work  was  afterwards  entrusted  to  Sacchetti, 
pupil  of  Ivara.  It  is  on  a very  large  scale,  and  was  mo.s*^  solidly  constructed. 

373.  We  have  thought  it  necessary  to  give  the  above  succinct  account  of  the  architecture 

■ Spain,  which  did  not,  however,  produce,  after  the  revival  of  the  arts  in  Europe,  any 
irks,  except  in  respect  of  dimensions,  comparable  with  those  of  Italy.  The  abuses  in 

'2m  are  almost  universally  carried  to  an  extent  scarcely  credible;  it  is,  therefore,  useless 

1 refer  the  reader  or  student  to  them  as  models.  It  almost  seems  as  if  from  Italy  pure 
iihitecture  had  not  had  time  to  spread  itself  before  it  became  tinctured  with  the  corrup- 
1 ns  of  Borromini  ; which,  not  only  in  Spain  and  Portugal,  but  throughout  Germany,  and 
<2n  France,  were  diffused  with  incredible  rapidity.  Llaguno  and  Cean-Bermudez, 
^'ticias  de  los  Arquitectos,  ^c.,de  Espana,  4 vols.  4to.,  Madrid,  1829.  G.  Fj.  Street,  Some 

■ count  of  Gothic  Architecture  in  Sp  tin,  8vo.,  1865. 

JM 


HISTORY  OF  ARCHITECTURE. 


Book  1, 


Sf.lt.  XX. 

RUSSIAN  ARCHITECTURE. 


.'?74.  We  scarcely  know  whether  we  are  justitied  in  making  a short  section  with  this 
heading,  inasmuch  as  there  is  not  known  to  us,  up  to  the  end  of  the  eighteenth  century, 
the  name  of  a single  Russian  architect,  i^nglish,  French,  Italian,  and  German  artists  have 
been  employed  in  the  decoration  of  the  city  of  Petersburg,  though  we  believe  tliat  the 
nation  is  now  beginning  to  produce  persons  capable  of  conducting  their  jiublic  works. 
Rus.sia  has  received  all  its  improvement  from  abroad,  and  has  used  every  exertion  to  com- 
municate it  to  an  uncivilised  jieople. 

.375.  The  ecclesiastical  architecture  of  Rus.sia  is  of  course  coeval  with  the  introduction  of 
(^liristianity  into  the  country,  which  was  not  earlier  than  the  time  of  Vladimir  the  Great, 
although  the  Princess  Olga  had  been  baptized  at  Constantinople  as  early  as  the  year  964. 
Vladimir,  to  display  his  zeal  in  behalf  of  Christianity,  had  a church,  supposed  to  be  the 
first  built  by  him,  erected  at  Cherson  ; a year  after  which  the  church  of  St.  Basil,  which,  as 
well  as  the  first  named,  was  of  timber,  was  erected  under  his  command.  This  prince  also 
built  a church  at  Kief,  where,  it  is  said,  there  were  already  at  the  time  500  churches. 
After  Vladimir,  Prince  Yaroslaf  ap])ears  to  have  bestowed  great  attention  on  the  erection 
of  ecclesiastical  edifices.  At  Kief  he  founded  a church,  dedicated  to  St.  Sophia,  and  at  No- 
vogorod  another  to  the  same  saint : these  partly  exist  in  the  pre.sent  day.  By  him  also 
were  reared  the  convents  of  St.  George  and  St.  Irene.  The  celebrated  convent  of 
Petchorsky,  at  Kief,  was  erected  in  1075,  subsequent  to  which  period  the  Russian  metro- 


politans continued  subject  to  those  of  Constantinople  till  the  capture  of  that  city  by  Mahomet 
the  Second.  Between  this  last  capital  and  Kief  the  bonds  of  amity  of  their  rulers  were 
drawn  closer  by  many  intermarriages;  but  in  the  year  1 124  a fire  desolated  the  latter  cifv, 
which  must  have  risen  into  great  importance,  inasmuch  as  600  churches  and  monasteries 
were  destroyed  in  the  conflagration.  Afterwards,  again,  in  the  civil  war  under  Yisaslaf, 
Kief  was  taken  and  fired;  a calamity  to  which  it  was  again  subject  at  the  same  period  that 
Constantinople  was  taken  by  the  Venetians.  After  this  Kief  never  again  recovered  its 
ancient  magnificence.  In  1 154,  at  which  period  IMoscow  is  first  mentioned  in  history,  it  was 
but  an  insignificant  village.  It  received  great  additions  under  Daniel  of  Moscow;  and  in 
1.304,  under  John  Danielowitz,  it  became  the  capital  of  the  empire.  On  the  4th  of  August, 
1326',  the  first  stone  was  laid  of  a church  in  the  Kremlin  there  in  honour  of  the  Assumjition 
of  the  Virgin.  'The  palace  of  the  Kremlin  was  a timber  structure  until  the  reign  of  Demetri 
Donskoi,  when  it  was  reconstructed  of  stone.  On  the  capture  of  Constantinople  by  Mahomet 
the  Second,  the  Russian  church  ceased  to  be  dependent  on  that  of  Constantinople,  'ITie 
palace  of  the  Kremlin,  known  by  the  name  of  the  granite  palace,  rose  in  1487;  and,  in 
twelve  years  afterwards,  the  Belvedere  palace  was  raised.  Ivan  IV.,  whose  sway  was  of 
extended  duration,  was  a great  patron  of  the  arts;  his  decease  took  place  circa  1584.  He 
renewed  the  laws  relative  to  the  paintings  in  the  new  churches,  whence  arises  their  so  close 
resemblance  to  each  other  that  it  is  difficult  to  judge  of  the  epochs  of  their  execution.  The 
celebrated  clock  tower  Ivan  Valiki,  at  the  Kremlin,  was  erected  by  the  Czar  Boris,  in  1600, 
at  which  time  Moscow  contained  400  churches,  whereof  35  stood  in  the  Kremlin  alone. 
After  the  time  of  Peter  the  Great,  a change  of  style  was  introduced,  (1696-1725). 

376.  llie  Church  of  the  Assumption  above  mentioned,  as  respects  the  plan,  is  an  oblong 
square  divided  ; the  vaulting  whereof  is  supported  by  six  columns  in  the  interior.  Though 
at  the  first  glance  it  be  not  perceived,  the  arrangement  of  the  cupolas  soon  points  to  the 
form  of  a Greek  cross.  In  the  earlier  churches  the  plan  was  a square,  with  a porch  in 
front  of  it ; but,  in  the  Church  of  the  Assumption,  the  porch  is  a portion  of  the  church, 
the  arches  of  the  cupolas  being  placed  in  the  same  way  as  if  the  church  were  of  the  ancient 
form.  The  six  columns  just  mentioned  divide  the  church  into  four  parts,  — from  cast  to 
west,  and  then  from  north  to  south.  At  the  eastern  sides  are  three  apsides,  divided  by  the 
width  of  a column,  the  middle  one  being  of  larger  dimensions  than  the  other  two;  an 
arrangement  which  prevails  in  most  of  the  Greek  churches.  The  apsides  contain  altars, 
which  are  frequent,  except  in  the  small  chapels.  The  altar  in  the  Greek  church  is  not 
exposed  to  public  view  ; it  is  concealed  or  covered  by  the  iconostasis  (image-bearer),  a very 
large  screen,  which,  from  occupying  the  whole  Avidth  of  the  church,  divides  it  into  two  parts. 
This  screen  has  a central  principal  and  two  side  smaller  doors ; behind  which  latter,  on  each 
side,  stands  a second  and  smaller  iconostasis,  of  the  width  only  of  the  smaller  apsis,  but  .1 
whose  plan  with  three  doors  and  an  altar  behind  is  similar  to  the  great  one.  This  Avas  the 
distribution  in  the  early  churches ; but,  in  the  more  modern  ones,  there  are,  at  nearly  the 
extremity  of  the  edifice,  three  distinct  iconostases.  The  place  for  the  choristers  is  on  each  f 
side  in  front  of  the  iconostasis,  betAveen  its  principal  and  side  doors.  The  principal  cupola  t 
rises  in  front  of  the  iconostasis ; and,  in  cathedral  churches,  at  the  foot  of  the  apsis  on  the  t 
left  a canopy  Is  placed  for  the  emperor,  opposite  Avheveto  is  one  for  the  metropolitan 
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'nicre  is  generally  one  prineii)al  and  four  subordinate  cupolas  round  it,  which  stand  on  the 
four  feet  of  the  Greek  cross.  The  iconostasis  is  a principal  object  in  every  cliurch.  It  is 
usually  in  four  or  five  horizontal  coinj)artinents,  each  containing  an  une<jual  nmuher  of 
pictures  of  saints  painted  on  tablets  or  long  square  panels,  whose  places  are  fixed  with  great 
precision.  In  the  first  story,  if  we  may  so  call  it,  are  the  three  doors;  the  centre  one,  being 
In  two  foldings,  is  decorated  with  the  subject  of  the  Annunciation,  accompanied  with  the 
heads  of  the  four  Evangelists  or  their  emblems.  To  the  right  of  the  door  is  a picture  of 
Christ,  and  of  the  Madonna  on  the  left.  To  the  right  of  the  Christ  is  the  saint  or  festival 
of  the  church,  after  which  the  doors  are  inserted.  Above  the  doors,  on  the  left  hand,  is 
placed  a Greek  cross;  on  the  right  hand  the  cross  of  INIoses,  — as  symbols  of  the  Old  and 
New  'I'estaments.  The  paintings  are  all  on  a ground  of  gold.  In  the  middle  of  the  second 
story  is  Christ  on  a throne ; on  the  right  Saint  John  the  Baptist ; on  the  left  the  Madonna 
without  Child;  then,  on  each  side,  two  archangels  and  six  apostles.  In  the  third  story  or 
horizontal  compartment,  the  Madonna  is  introduced  with  the  Infant  on  her  knees,  sur- 
rounded on  each  side  by  the  prophets.  In  the  fourth  story  is  painted  God  the  Father  on 
a throne,  with  the  Infant  Jesus,  surrounded  on  each  side  by  patriarchs  of  the  church. 
Occasionally  a fifth  story  appears,  upon  which  is  painted  the  liistory  or  Passion  of  our 
Siiviour.  Paintings  on  a gold  ground  abound  in  the  other  parts  of  the  church.  The 
exteriors  of  these  churches  are  extremely  simple ; cornices  or  other  horizontal  crownings 
ire  not  to  found,  but  the  coverings  follow  the  cylindrical  forms  of  the  arches  to  which  they 
ire  the  extradoses,  and  are  variously  painted.  The  Russian  churches  built  in  the  eleventh 
:entury,  which  from  the  number  of  their  cupolas  resemble,  and  indeed  were  imitated  from 
hose  of  the  East,  give  a peculiar  effect  to  the  architecture.  The  forms  of  these  cupolas 
ire  varied,  but  they  generally  stand  on  an  octagonal  tambour ; some  are  hemispherical, 
•thers  in  curves  of  contrary  flexure,  and  a number  of  other  figures. 

.377.  The  type  of  the  Russian  church,  which  is  on  plan  a Greek  cross,  Is  to  be  found  in 
ianta  Sophia  at  Constantinople.  After  the  disputes  between  the  Iconoclasts  and  Iconolaters, 
I’hich,  at  the  close  of  the  seventh  century,  ended  in  the  separation  of  the  Eastern  and 
Vestern  churches,  sculpture  of  statues  disappeared  from  the  Greek  church,  statues  of  angels 
xcejited.  Again,  at  this  period,  the  altars  on  the  side  of  the  principal  one  were  established, 
ot,  as  in  the  Catholic  churches,  at  the  extremities  of  the  transepts;  their  place  is  always  in 
niche  or  apsis.  This  arrangement  is  found  in  the  churches  of  the  eleventh,  twelfth,  ami 
lirteenth  centuries,  at  Bari,  Trani,  Malfetta,  Otranto,  &c.,  while  the  Greek  worship  existed; 
nd  a similar  disposition  is  even  seen  at  Palermo  and  other  places  where  the  worshi})  has 
.een  Catholic.  In  the  Catholic  churches  a sacristy,  for  the  use  of  the  priests  in  robing, 
fc.,  is  always  provided  on  the  side  of  the  church  ; in  the  Greek  church,  however,  the  priests 
She  themselves  behind  the  iconostasis  on  the  left  of  the  altar,  another  altar  being  placed  on 
}ie  right  for  the  consecration  of  the  elements  ; and  this  arrangement  exists  in  the  present  day. 
he  Greek  church  has  no  gynaeceum,  or  separate  place  for  the  women.  — For  the  above  we 
e indebted  to  the  researches  of  I\I.  Hallmann,  an  ingenious  architect  of  Hanover. 

378.  It  is  in  Saint  Petersburg  principally  that  we  are  to  look  for  edifices  which  deserve 
lention.  The  foundation  of  the  city  was  laid  in  1703,  by  the  Czar  Peter,  when  he  con- 
ructed  a fort  on  an  island  in  the  Neva  for  defence  against  the  Swedes.  Buildings,  both 
jiblic  and  private,  were  soon  erected ; and  the  nobility  and  merchants  being  induced  to 
ijttle  there,  the  place  quickly  assumed  the  appearance  of  a considerable  city.  In  the  reigns  of 
atherine  the  Second  and  Alexander  it  reached  a degree  of  great  magnificence,  from  which 
^ has  not  declined,  but  has  rather  advanced.  Magnitude,  rather  than  beauty  of  form,  marks 
le  public  buildings  of  the  city.  The  church  of  our  Lady  of  Kazan  is  of  great  dimensions  : 
||r  which,  and  its  fifty-six  granite  columns  with  bronze  capitals,  it  has  obtained  more  cele- 
ity  than  it  will  acquire  for  the  beauty  of  its  composition.  Some  of  the  palaces  in  the 
ty  are  of  colossal  dimensions  ; that  of  Michailoff,  built  by  Paul,  is  said  to  have  cost  ten 
illions  of  rubles.  It  was  under  the  reign  of  Peter  the  Great  that  the  great  change  took 
ace  in  the  national  character  of  Russian  church  architecture  by  the  introduction  of  the 
assical  orders.  The  bulbous  cupola,  though  at  this  period  not  entirely  laid  aside,  fell  into 
■mparative  disuse,  being  replaced  by  a green  painted  dome  of  which  the  Italian  form  was 
e model.  The  tasteless  custom  of  painting  the  exteriors  of  buildings  with  bright  and  in- 
ngruous  colours  was  retained ; and,  though  well  enough  suited  to  the  barbaric  structures 
the  Muscovite  czars,  it  ill  accorded  with  the  purer  style  of  Italy.  It  is  unnecessary  fur- 
jer  to  detain  the  reader  by  any  observations  on  the  churches  of  the  modern  capital.  In 

pint  of  style  or  of  history,  they  possess  little  or  no  interest  for  an  English  reader.  To 

Vose  who  wish  to  become  better  acquainted  with  the  architecture  of  Russia,  we  recommend 
reference  to  Geissler’s  Tableaux  Pittoresque^  des  Moiurs,  ^;c.  des  Jiusses,  7'artares,  ]\fonffolen, 
|jrt'/t  -es  Nations  de  V Empire  Eusse;  to  Lyall’s  Character  of  the  Russian f,  &c.,  4to,  1823; 
j“d  Ricard  de  Montferrand’s  L'Eplise  de  S.  Isaac,  fol.  184.5.  The  essay  by  the  late 
M.  Hallmann  above  noticed,  was  printed  in  the  TruJisaclions  of  the  Institute  of  British 
‘‘chitects,  1842. 
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Sect.  I. 

EARLY  HOUSES  AND  ARCHITECTURE  OF  THE  BRITONS. 

379.  On  the  invasion  of  Britain  by  Julius  Ca?sar,  in  the  year  55  b.  c.,  the  inhabitants 
dwelt  in  houses  resembling  those  of  Gaul  ; and  in  Kent,  and  other  southern  parts  of  the 
island,  their  houses  were  more  substantial  and  convenient  than  those  in  the  north.  Caves 
or  earth  houses  seem  to  have  been  their  original  shelter  ; to  which  had  preceded  the  wicker 
enclosure,  whose  sides  were  incrusted  with  clay.  These  were  thatched  with  straw.  The 
wooden  houses  of  the  ancient  Gauls  and  Britons  were  circular,  with  high  tajicring  roofs, 
at  whose  summit  was  an  ajicrture  for  the  admission  of  light  and  emission  of  smoke.  These, 
where  the  edifices  were  grander  than  ordinary,  were  placed  upon  foundations  of  stone. 
'J'liere  is  no  instruction  to  be  derived  from  pursuing  this  subject  further.  That  the  arts  at 
the  period  in  question  scarcely  existed,  is  quite  certain  ; and  Caractacus  may,  when  carried 
jirisoner  to  Rome,  have  well  expressed  surprise  that  the  Romans,  who  had  such  magnificent 
palaces  of  their  own,  should  envy  the  wretched  cabins  of  the  Britons. 

.‘180.  If  the  Britons  were  so  uninformed  in  arcliitecture  as  to  be  satisfied  with  such 
structures  for  their  dwellings  as  we  have  named,  it  will  hardly  be  contended  that  they  were 
the  builders  of  so  stiqiendous  a fabric  as  Stonehenge.  On  this  subject  we  have  already 
stated  our  opinion  in  Chap.  II.  From  the  distant  period  at  which  we  believe  this  and 
similar  edifices  to  have  been  erected  uj)  to  that  of  which  we  are  speaking  many  cen- 
turies must  have  elapsed,  during  which  the  mechanical  knowledge  whieh  was  employed  in 
tlieir  erection  might  have  been  lost,  and  indeed  must  have  been,  from  tbe  condition  of  the 
inliabitants,  of  wliich  mention  has  been  made. 

381.  The  Romans,  after  their  invasion  of  the  island,  soon  formed  settlements  and  planted 
colonies  ; and  it  is  not  difficult  to  imagine  the  change  which  took  place  in  its  architecture. 
The  first  Roman  colony  was  at  Camalodunum.  This,  when  it  was  afterwards  destroyed 
by  the  Britons  in  the  great  revolt  under  Boadicea,  appears  to  have  been  a large  and  well- 
built  town,  adorned  with  statues,  temples,  theatres,  and  other  public  edifices.  ( Tacit. 
Annal.  lib.  xiv.  c.  .32.)  In  the  account  given  of  the  prodigies  said  to  have  happened  at 
this  jilace,  and  to  have  announced  its  approaching  fall,  it  is  mentioned  that  the  statue  of 
Victory  fell  down  without  any  vi.sible  violence  ; in  the  hall  of  public  business,  the  confused 
murmurs  of  strangers  were  perceived,  and  dismal  bowlings  were  heard  in  the  theatre.  At 
Camalodunum  the  temple  of  Claudius  was  large  enough  to  contain  the  whole  garrison, 
who,  after  the  destruction  of  the  town,  took  refuge  in  it ; and  so  strong  was  it,  that  they 
were  enabled  to  hold  out  therein  against  the  whole  British  army  for  a period  of  two  days. 
London,  however,  exhibited  a more  striking  example  of  the  rapid  progress  of  Roman 
architecture  in  Britain.  At  the  time  of  the  first  Roman  invasion  it  was  little  more  tlian  a 
British  town  or  enclosed  fore.st ; and  there  seems  to  be  ground  for  supposing  that  at  the 
time  of  the  second  invasion,  under  Claudius,  it  was  not  much  improved.  But  when,  about 
sixteen  years  afterwards,  it  came  into  the  possession  of  the  Romans,  it  became  a rich,  po- 
pulous, and  beautiful  city.  Not  only  did  the  Romans  raise  a vast  number  of  solid  and 
magnificent  .structures  for  their  own  accommodation,  but  they  taught  the  arts  to  the  Britons,^ 
and  thus  civilised  them.  Agricola,  of  all  the  Roman  governors,  took  means  for  that  pur- 
pose. That  they  might  become  less  and  le.ss  attached  to  a roaming  and  unsettled  life,  and 
accustomed  to  a more  agreeable  mode  of  living,  he  took  all  opportunities  of  rendering  them 
as^sistance  in  erecting  houses  and  temples,  and  other  public  buildings.  He  did  all  in  his 
power  to  excite  an  emulation  amongst  them ; so  that  at  last  they  were  not  content  without 
structures  for  ornament  and  pleasure,  such  as  baths,  porticoes,  galleries,  banqueting  houses, 
&c.  From  this  time  (a.  n.  80)  up  “ to  the  middle  of  the  fourth  century,”  says  Henry 
( Hist,  of  England),  “ architecture,  and  all  the  arts  immediately  connected  with  it,  greatly 
flourished  in  this  island  ; and  the  same  taste  for  erecting  solid,  convenient,  and  beautiful 
buildings  which  had  long  prevailed  in  Italy,  was  introduced  into  Britain.  Every  Roman 
colony  and  free  city  (of  which  there  was  a great  number  in  this  country)  was  a little  Rome, 
encompassed  with  strong' walls,  adorned  with  temples,  palaces,  courts,  halls,  basilica*,  baths, 
markets,  aqueducts,  and  many  other  fine  buildings  both  for  use  and  orn.ament  The 
country  every  where  abounded  with  well-built  villages,  towns,  forts,  and  stations  ; and  the 
whole  was  defended  by  that  high  and  strong  wall,  with  its  many  towers  and  castles,  which 
reached  from  the  mouth  of  the  river  Tyne  on  the  east  to  the  Sobvay  Firth  on  the  west. 
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nils  spirit  of  building,  v hicli  was  introduced  and  encouraged  by  the  Uouians,  so  much 
ini})roved  tlie  taste  and  increased  the  number  of  the  British  builders,  tliat  in  the  tliird 
century  this  island  was  famous  for  the  great  number  and  excellence  of  its  architects  and 
artificers.  When  the  Emperor  Constantins,  father  of  Constantine  the  Great,  rebuilt  the 
city  of  Autun  in  Gaul,  a.  d.  296,  he  was  chiefly  furnished  with  workmen  from  liritain, 
which  (says  Eumenius)  very  much  abounded  with  the  best  artificers.  It  was  about  tiie 
end  of  the  third  century  that  in  Britain,  as  well  as  all  the  other  provinces  of  the  Western 
empire,  architecture  began  to  decline.  It  may  have  been  that  the  building  of  Constanti- 
nople drew  off  the  best  artists  ; or  that  the  time  left  for  the  ])eaceful  culture  of  the  arts  may 
have  been  broken  in  upon  by  the  irruptions  of  invaders  from  the  north.  According  to  the 
Venerable  Bede  {Hist.  Eccles.,  lib.  i.  c.  12.),  the  Britons  had  become  so  ignorant  of  the  art 
before  the  final  departure  of  the  Homans  that  they,  from  want  of  masons,  repaired  the  wall 
between  the  Forth  and  Clyde  with  sods  instead  of  stone.  Henry  observes,  however,  on 
this,  that  “ we  cannot  lay  much  stress  on  this  testimony  ; because  it  does  not  refer  to  the 
provincial  Britons,  but  to  those  who  lived  beyond  the  Wall  of  Severu-s,  where  the  Roman 
arts  never  much  prevailed  ; and  because  the  true  reason  of  their  repairing  that  wall  with 
turf,  and  not  with  stone,  was  that  it  had  been  originally  built  in  that  manner.  Besides,  we 
are  told  by  the  same  writer,  in  the  same  place,  that  the  provincial  Britons,  some  time  after 
this,  with  the  assistance  of  one  Roman  legion,  built  a wall  of  solid  stone,  8 ft.  thick  and 
12  ft.  high,  from  sea  to  sea.” 

.882.  The  dei>arture  of  the  Romans,  and  that  of  the  fine  arts  which  they  had  introduced, 
were  occurrences  of  almost  the  same  date.  We  must,  however,  recollect  that  architecture 
was  beginning  to  decline  at  Rome  itself  before  the  departure  in  question.  The  inhahitants 
i>f  the  country  who  remained  after  the  Romans  were  gone  had  not  the  skill  nor  courage 

to  defend  the  works  with 
which  the  Romans  had  pro- 
vided them  ; and  their 
towns  and  cities,  therefore, 
were  seized  by  invaders, 
who  plundered  and  de- 
stroyed them,  throwing 
down  the  noble  structures 
with  which  the  art  and  in- 
dustry of  the  Romans  had 
adorned  the  country.  The 
vestiges  of  Roman  architec- 
ture still  remaining  in  Bri- 
tain are  pretty  numerous  ; 
but  scarcely  any  of  them 
are  of  sufficient  interest  to 
be  considered  as  studies  of 
Roman  architecture.  Even 
in  its  best  days,  nobody 
would  study  the  works  of 
art  m the  colonies  in  preference  to  those  in  the  parent  state.  We  have  here  179.) 
inserted  a rejirescntation  of  a small  portion  of  the  Roman  wall  at  Leicester,  as  an  examjile 
of  the  construction.  Temples,  baths,  and  villas  of  the  time  have,  moreover,  been  brought 
to  light  not  unfrequently. 

388.  The  arrival  of  the  Saxons  in  this  country,  a.  n.  449,  soon  extinguished  the  very 
little  that  remained  of  the  arts  in  the  island.  'Fhis  people  were  totally  ignorant  of  art ; like 
the  other  nations  of  Germany,  they  had  been  accustomed  to  lire  in  wretched  hovels  formed 
lout  of  the  earth,  or  built  of  wood,  and  covered  with  reeds,  straw,  or  the  branches  of  trees. 
It  was  not,  indeed,  until  200  years  after  their  arrival  that  stone  was  employed  by  them  for 
their  buildings.  Their  cathedrals  were  built  of  timber.  The  Venerable  Bede  says  there 
was  a time  when  not  a stone  church  existed  in  all  the  land  ; the  custom  being  to  build 
them  of  wood.  Finan,  the  second  bishop  of  Lindisfarne,  or  Holy  Island,  built  a church  in 
that  island,  a.  d.  652,  for  a cathedral,  which  yet  was  not  of  stone,  but  of  wood,  and  covered 
with  reeds ; and  so  it  continued  till  Eadbert,  the  successor  of  St.  Cuthbert,  and  seventh 
bishop  of  Lindisfarne,  took  away  the  reeds,  and  covered  it  all  over,  both  roof  and  walls, 
with  sheets  of  lead.  Of  similar  materials  was  the  original  cathedral  at  York,  a church  of 
stone  being  a very  rare  production,  and  usually  dignified  with  some  special  hi.storical 
irecord.  Bede,  for  instance,  says  of  Paulinus,  the  first  bishop  of  York,  that  he  built  a 
|.•hurch  of  stone  in  the  city  of  Lincoln,  whose  walls  were  standing  when  he  wrote,  though 
t:he  roof  liad  fallen  down.  Scotland,  at  the  beginning  of  the  eighth  century,  does  not  seem 
i|;o  have  had  a single  church  of  stone.  Naitan,  king  of  the  I’icts,  in  his  letter  to  Ceolfred, 
Ubbot  of  Weremouth,  a.  d.  710,  intreats  that  some  masons  may  be  sent  him  to  build  a 
iduirch  of  stone  in  his  kingdom,  in  imitation  of  tlie  Romans. 
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38*1.  We  here  think  it  necessary  to-  notice  that  we  have  thouglit  proper,  under  this 
chapter,  to  preserve  tl>e  periods,  or  rather  styles  of  the  periods  of  architecture,  according  to 
their  ordinary  arrangement  in  English  works,  namely,  the  Anglo-Saxon  and  Norman,  in 
distinct  sections.  It  is  a matter  of  little  importance  to  the  reader  how  he  acquires  his 
knowledge,  so  that  his  author  do  not  unnecessarily  prolong  the  accjuisition  of  it.  Though, 
therefore,  the  Anglo-Saxon  and  Norman  architecture  are  neither  of  them  anything  more 
than  Romanesque  or  Byzantine,  to  which  we  have  appropriated  rather  a long  section,  we 
have  here  separated  them  into  two  distinct  periods. 

385.  About  the  end  of  the  seventh  century  masonry,  as  well  as  some  other  arts  con- 
nected with  it,  was  once  more  restored  to  England,  by  the  exertions  of  Wilfred,  bishop  of 
Y'ork,  and  afterwards  of  Hexham,  and  of  Benedict  Biscop,  the  founder  of  the  abbey  of  Were- 
mouth.  The  former,  who  was  an  indefatigable  builder,  and  one  of  the  most  munificent 
prelates  of  the  seventh  century,  erected  edifices,  which  were  the  admiration  of  the  age,  at 
Ripon,  York,  and  Hexham.  The  cathedral  of  the  latter  place  obtained  great  celebrity. 
Eddius,  speaking  of  it  ( Vita  WHfridi),  says,  that  Wilfrid  “ having  obtained  a plot  of  ground 
at  the  place  from  Queen  Etheldreda,  he  there  founded  a very  magnificent  church,  and  dedi- 
cated it  to  the  blessed  apostle  St.  Andrew.  The  plan  of  this  holy  structure  appears  to  have 
been  inspired  by  the  spirit  of  God;  a genius,  therefore,  superior  to  mine  is  wanting  to  de- 
scribe it  properly.  Large  and  strong  were  the  subterraneous  buildings,  and  constructed  of 
the  finest  polished  stones.  How  magnificent  is  the  supersiructure,  with  its  lofty  roof  rest- 
ing on  many  jiillars,  its  long  and  lofty  walls,  its  sublime  towers,  and  winding  st  lirs ! ' To 
sum  all  up,  there  is  not  on  this  side  of  the  Alps  so  great  and  beautiful  a work.”  Biscop 
was  a zealous  cotemporary  and  companion  of  Wilfrid,  and  had  also  a great  love  for  the 
arts.  He  travelled  into  Italy  no  less  than  six  times,  chiefly  for  the  purpose  of  collect- 
ing books  and  works  of  art,  and  of  endeavouring  to  induce  workmen  to  come  over  to  Eng- 
land. An  estate  of  some  extent  having  been  obtained  by  him  from  Ecgfrid,  king  of 
Northumberland,  near  the  mouth  of  the  river  Were,  he  founded  a monastery  there  in  674. 
Relative  to  this  monastery  of  Weremouth,  thus  writes  Bede  : — “ About  a year  after  laying 
the  foundations,  Benedict  passed  over  into  France,  and  there  collected  a number  of  masons, 
whom  he  brought  over  with  him  to  build  the  church  of  his  monastery  of  stone,  after  the 
Roman  manner,  whereof  he  was  a vast  admirer.  Such  was  his  love  for  the  apostle  Peter,  to 
whom  the  church  was  to  be  dedicated,  that  he  stimulated  the  workmen  so  as  to  have  mass 
celebrated  in  it  but  a little  more  than  a year  from  its  foundation.  When  the  work  was 
well  advanced,  he  sent  agents  into  France  for  the  purpose  of  procuring,  if  possible,  glass 
manufacturers,  who  at  that  time  were  not  to  be  found  in  England,  and  of  bringing  them 
over  to  glaze  the  windows  of  his  monastery  and  church.  His  agents  were  successful,  having 
induced  several  artisans  to  accompany  them.  These  not  only  executed  the  Avork  assigned 
to  them  by  Benedict,  but  gave  instructions  to  the  English  in  the  art  of  making  glass  for 
windows,  lamps,  and  other  uses.” 

.886.  'File  Bishop  Wilfrid,  as  Ave  learn  from  William  of  IMalmesbury,  Avith  the  assistance 
of  the  artificers  that  had  been  brought  over,  effected  great  reparations  in  the  cathedral  at 
York,  Avhich  Avas  in  a decayed  and  ruinous  state.  He  restored  the  roof,  and  covered  it 
Avith  lead,  cleansed  and  Avhited  the  Avails,  and  put  glass  into  the  AvindoAvs ; for,  before  he 
had  introduced  the  glass  makers,  the  Avindows  of  private  dAvellings  as  Avell  as  churches 
were  filled  Avith  linen  cloth,  or  Avith  Avooden  lattices.  It  Avill  be  observed  that  the  improve- 
ments Ave  here  mention  Avere  introduced  by  the  bishops  Wilfrid  and  Biscop  toAvards  the 
end  of  the  seventh  century  ; but,  from  our  ancient  historians,  it  Avould  appear  that,  in  the 
eighth  and  ninth  centuries,  stone  buildings  Avere  rarely  met  Avith,  and,  Avhen  erected,  Avere 
objects  of  great  admiration.  The  historian  Henry  observes,  that  “ Avhen  Alfred,  toAvards 
the  end  of  the  ninth  century,  formed  the  design  of  rebuilding  his  ruined  cities,  churches, 
and  monasteries,  and  of  adorning  his  buildings  Avith  more  magnificent  structures,  he  Avas 
obliged  to  bring  many  of  his  artificei-s  from  foreign  countries.  Of  these  (as  we  are  told 
by  his  friend  Asser)  he  had  an  almost  innumerable  multitude,  collected  from  dllferent  na- 
tions ; many  of  them  the  most  excellent  in  their  several  arts.  Nor  is  it  the  least  praise  of 
this  illustrious  prince,  that  he  was  the  greatest  builder  and  the  best  architect  of  the  age  in 
Avhich  he  flourished.”  His  historian,  Avho  Avas  an  eycAvitness  of  his  Avorks,  speaks  in  the 
folloAving  strain  of  admiration  of  the  number  of  his  buildings,  “ What  shall  I say  of  the  toAvns 
and  cities  Avhich  he  rei)aired,  and  of  others  Avhich  he  built  from  the  foundation  ?”  Henry 
continues,  — “ Some  of  his  buildings  Avere  also  magnificent  for  that  age,  and  of  a ncAv  and 
singular  construction  ; particularly  the  monastery  of  yEthclingay.  The  church,  however, 
Avas  built  only  of  Avood ; audit  seems  probable  that  Alfred’s  buildings  Avere,  in  general, 
more  remarkable  for  their  number  and  utility  than  for  their  grandeur ; for  there  is  suf- 
ficient evidence  that,  long  after  his  time,  almost  all  the  houses  in  England,  and  the  far 
greatest  part  of  the  monasteries  and  churches,  Avere  very  mean  buildings,  constructed  of 
Avood  and  covered  Avith  thatch.  Edgar  the  Peaceable,  Avho  flourished  after  the  middle  of 
the  tenth  century,  observed  (see  William  Malms,  lib.  ii.  j).  32.),  that,  at  his  accession  to 
the  throne  all  the  monasteries  of  England  were  in  a ruinous  condition,  and  consisted  only 
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of  rotten  hoards.”  The  taste,  however,  of  the  Anglo-Saxons  was  not  indulged  in  mag- 
nificent huildings  ; and  the  incursions  of  the  Danes,  who  destroyed  wherever  they  came, 
together  with  the  unsettled  state  of  the  country,  may  account  for  their  revenues  being  ex- 
pended on  mean  and  inconvenient  houses. 

387.  Under  the  circumstances  mentioned,  it  may  he  safely  inferred  that  the  art  was  not 
in  a very  flourishing  state  in  the  other  parts  of  the  island.  Indeed,  the  ancient  Britons, 
after  retiring  to  the  mountains  of  Wales,  appear  to  have  lost  it  altogether  ; and,  as  the 
Ilonourahle  Daines  Barrington  { Archaologia)  has  thought,  it  is  very  prohahle  tliat  few,  if 
any,  stone  huildings  existed  in  Wales  previous  to  the  time  of  Edward  I.  The  chief  palace, 
called  the  White  Palace,  of  the  kings  of  Wales,  was  constructed  with  white  wands,  who.se 
hark  was  peeled  off,  whence  its  name  was  derived  ; and  the  price  or  penalty,  hy  the  laws  of 
the  country,  for  destroying  the  king’s  hall  or  palace,  with  its  adjacent  dormitory,  kitchen, 
chapel,  granary,  bakehouse,  storehouse,  stable,  and  doghouse,  was  five  pounds  and  eighty 
pence,  e(jual,  in  quantity  of  silver,  to  sixteen  pounds  of  our  money,  or  160/.  The  castles 
appear  also  to  have  been  built  of  timber ; for  the  vassals,  upon  whom  fell  the  labour  of 
building  them,  were  required  to  bring  with  them  no  other  tool  than  an  axe. 

388.  Neither  do  the  arts  of  building  appear  to  have  been  better  understood  in  Scotland 
at  the  former  part  of  the  period  whereof  we  are  speaking.  The  church  built  at  Lindis- 
farne  hy  its  second  bishop,  Finan,  in  652,  was  of  wood, — more  Sentorum  ; audit  has  already 
been  mentioned  that,  for  the  stone  church  which  Naitan,  king  of  the  Piets,  built  in  710,  he 
was  under  the  necessity  of  procuring  his  masons  from  Northumberland.  In  Scotland,  there 
are  still  to  he  seen  some  stone  huildings  of  very  high  antiquity,  which  Dr.  Henry  seems 
inclined  to  attribute  to  this  period  ; we,  however,  are  inclined  to  place  them  in  an  age  far 
anterior,  later  (hut  not  much  so)  than  Stonehenge.  We  have  never  seen  them,  and  there- 
fore form  our  opinion  from  the  description  given  in  Gordon’s  Itinerarium  Septentrionale, 
'I’hese  buildings  are  all  circular,  though  of  two  different  kinds,  so  different  from  each  other 
that  they  seem  to  he  the  works  of  different  ages  and  of  different  nations.  The  four  prin- 
cipal ones  are  in  a valley,  called  Glenheg.  Of  a different  period,  too,  we  consider  the 
circular  towers  which  are  found  as  well  in  Scotland  as  in  Ireland.  It  is  true  that  in  both 
countries  these  are  found  in  the  neighbourhood  of  churches ; hut  that  does  not  the  more 
convince  us  that  they  were  connected  with  them. 

389.  Ducarel,  in  his  Norma?i  Antiquities,  enumerates  some  of  the  churches  in  England 

Among  them  are  those  of 
Stukely  in  Buckingham- 
shire, Barfreston  {Jig.  1 80.  ) 
in  Kent,  and  Avington  in 
Berkshire.  Other  exam- 
ples may  be  cited  as  at 
Waltham  Abbey;  the  tran- 
sept arches  at  Southwell, 
Nottinghamshire;  the  nave 
of  the  abbey  church  at  St. 
Alban’s,  Herts;  tower  at 
Clapham,  Beds,  &c.  The 
Anglo-Saxon  a;ra,  though 
it,  perhaps,  properly  com- 
prised the  time  between 
A.  n.  600  to  A.  D.  1066; 
that  is,  from  the  conversion 
of  the  Saxons  to  the  Nor- 
man conquest,  is  not  known 
with  any  thing  approaching 
to  certainty,  from  the  reign 
of  Edgar  in  980  to  the  last- 
named  event ; immediately 
previous  to  which  Edward 
the  Confessor  had,  during 
his  lifetime,  completed 
Westminster  Abbey  in  a 
style  then  prevalent  in  Nor- 
mandy, and  with  a magni- 
ficence far  exceeding  any 
other  then  extant.  No  less 
than  eighteen  of  the  larger 
monasteries,  all  of  them  Be- 
nedictine, had  been  foundea 
hy  the  Saxon  kings  in 


which  belong  to  the  ages  anterior  to  the  Norman  conquest. 
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their  successive  leijrns;  and  it  is  evident  that  the  churches  attached  to  tliein  were  the  most 


decorated  parts,  as  respected  their  architecture. 


The  six  principal  of  these  were,  St. 

Germain’s,  in  Cornwall;  Col- 
chester, in  Essex  ; Tewkes- 
bury,  in  Gloucestershire  ; St. 
Frideswide  and  St.  Alban’s, 
already  mentioned  ; and  Glas. 
tonbury,  in  Somersetshire. 
King  selects  the  western  por- 
tion of  Tewkesbury  as  the 
grandest  in  England  for  effect 
and  extent.  'I'he  characteris- 
tics of  Anylo-  S(ixo7i  Archl/ec. 
ture  are  detailed  in  the  follow- 
ing paragraph, 

390.  Arches.  — Always  se- 
micircular, often  i)lain ; some- 
times decorated  with  a variety 
of  mouldings  on  the  sofite  as 
often  entirely  occupied  by  them.  They  are  found 


rUAI.  CHURCH,  ELY* 


without  any  buttresses  externally. 
— Almost  always  open  timbering. 


Fij?.  185.  TWO  CAPITALS,  CONVENTUAL  CHURCH,  ELV. 


well  as  on  the  face,  tlie  former  being 
double,  triple,  or  quadruple,  each  springing  from  two  columns,  and  generally  cased  with  a" 

different  moulding,  which  is  frequently  double,  thus 
making  six  or  eight  concentric  circles  of  them  ; and 
as  each  of  them  projects  beyond  that  under  it,  a 
moulding  is  placed  under  them,  generally  the  same  as 
that  used  upon  the  face.  (See  Jig.  181.)  Columns. — 
Single,  cylindrical,  hexagonal  or  octagonal,  on  square 
l)linths  ; very  few  diameters  in  height.  Shafts  often 
ornamented  with  spiral  or  fluted  carving,  with  lo- 
zenge, herring-bone,  zigzag,  or  hatched  work.  {Fig. 

182.  ) Caj)itals Indented  with  fissures  of  different 

lengths  and  forms,  and  in  different  directions.  The 
divisions  thus  formed  are  variously  sloped  off,  or 
hollowed  out  towards  the  top.  (See  the  two  exam- 
ples, 183.,  from  the  conventual  church  at  Ely.) 
Occasionally  the  capitals  have  rude  imitations  of 
some  member  of  a Grecian  order,  as  in  the  crypt  at 
I.,astringham  in  A'orkshire,  where  volutes  are  used, 
{Fig.  184.)  In  their  ornaments  much  variety  is  dis- 
played,  but  the  opposite  ones  are  mostly  alike. 
Windows.  — Semicircular-headed,  extremely  narrow 
in  proportion  to  their  height,  being  sometimes  not 
more  than  six  or  eight  inches  wide  to  a height 
of  more  than  three  feet,  and  si)laycd  or  bevelled 
off  on  the  inside  through  the  whole  thickness  of 
the  wall.  Walls. — Of  very  great  thickness,  and 

JMasonry  of  solid  construction.  Ceilings  and  Roofs. 
In  crypts,  as  at  York,  Winchester,  and  a few  othei 


places,  vaulting  is  to  be  found.  Ornaments,  except  in  capitals,  in  arches  and  on 
shafts  of  columns  are  very  sparingly  employed.  (Sec  Norman  Ornaments  also,  in 
the  following  section  on  Norman  Architecture,  par.  397.)  Plans,  — Rectangular 
and  parallelogrammic ; being  usually  divided  into  a body  and  chancel,  separated  by  an 
ornamented  arch  The  chancel  sometimes  of  ea’ial,  and  sometimes  of  less  breadth  than 
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tl»e  nave,  aiul  tenniiiated  towards  the  cast  in  a semiciifle.  In  larger  churches,  tliere 
is  a nave  and  two  side  aisles,  the  latter  being  divided  from  the  former  by  ranks  of  co- 
lumns; but  no  transe))ts  appear  till  towards  the  latter  part  of  the  period.  “ Whe- 
ther,” observes  Mr.  Alillers.  in  his  account  of  Ely  Cathedral,  whose  system  we  ado})t, 
**  their  churches  were  ever  higher  than  one  tier  of  arches  and  a range  of  windows 
above  (as  at  Ely),  may  be  questioned.  Richard,  prior  of  Hexham,  speaks  of  three  stories, 
which  implies  another  tier  of  arches  ; but  if  he  is  rightly  so  understood,  this  seems  an  ex- 
leption  from  a general  rule,  for  the  church  at  Hexham  is  spoken  of  by  all  writers  who 
mention  it,  as  the  glory  of  Saxon  churches  in  the  seventh  century.  Afterwards,  about  970, 
a considerable  change  took  place  ; transepts  came  into  general  use,  with  a sijuare  tower  at 
the  intersection,  rising  but  little  above  the  roof,  and  chieHy  used  as  a lantern  to  give  light 
to  that  part  of  the  church.  Towers  were  also  erected  at  the  west  end  : the  use  of  them 
coincides  with  the  introduction  of  bells,  at  least  of  large  and  heavy  ones.”  The  churches 
of  this  period  were  of  small  dimensions,  and  the  comparative  sizes  of  the  Saxon  and  the  Nor- 
man churches  which  followed  is  almost  a criterion  of  their  age. 

391.  King  {Muniinentu  Antiqua,  vol.  iv.  p.  240.)  gives  three  asras  of  the  Saxon  sty’e, 
From  Egbert,  598,  to  the  Norman  conquest.  It  has  been  questioned  by  antiquaries 
whether  any  Saxon  remains  actually  exist  in  this  country;  but,  admitting  their  arguments, 
which  are  founded  on  references  to  records — no  mean  authorities, — it  must  be  recollected 
that,  on  their  own  showing,  some  of  these  trend)  so  close  upon  the  period  of  the  Conquest 
as  to  show  that  the  Saxon  style  might  have  prevailed  in  them,  for  the  general  change  of 
style  in  any  art  is  not  effected  in  a day.  If  we  look  for  examples  coeval  wiih  the  Saxons 
tliemselves,  and  without  controversy  to  be  attributed  to  them,  they  will,  perhaps,  be  found 
only  in  crypts  and  baptismal  fonts  ; for  many  churches  were  rebuilt  by  the  Normans, 
who  left  these  parts  untouched,  'fhe  principal  characteristics  of  the  style  now  called 
Anglo-Saxon,  are  a debased  copy  of  Roman  details,  comprising  long  and  short  masonry, 
the  absence  of  buttresses,  semicircii'ar  and  triangular  arches,  rude  balustres  in  the  window 
openings,  hammer  dressed  work  and  unchiselled  sculptures.  Also  the  occasional  use  of 
a rude  round  staircase  to  the  west  of  the  tower.  A list  of  portiotis  of  about  one  hundred 
and  forty  buildings  is  given  by  Godwin,  in  English  Archceologist's  Handbooli,  1867.  The 
castles  of  Roman  or  Saxon  foundation  were,  Richborough,  in  Kent  ; Castletown,  in 
Derbyshire;  Porchester,  in  Hampshire;  Pevensey,  in  Sussex  ; Castor,  in  Noifolk  ; Burgh, 
in  Suff  ilk  ; Chesterford,  in  Essex;  Corfe,  Dorset;  Exeter  Castle  gateway;  Dover,  in 
Kent  ; and  Beeston,  in  CXe'.hiie.  (See  also  Proportion  in  Architecture,  Book  III.) 


Sect.  II. 

NORMA  .V  ARCHITECTURE. 

392.  From  the  landing  of  William  in  1C66,  architecture  received  an  impulse,  indicated 
in  various  styles,  which  lasted  till  the  time  of  the  Tudors;  when,  as  we  shall  hereafter  see, 
it  gave  way  to  one  altogether  different.  That  called  the  Norman  style,  which  continued 
from  1066  to  nearly  1200,  comprised  the  reigns  of  William  I.,  William  II.,  Henry  I., 
Stephen,  Henry  II.,  and  Richard  I.  The  twelfth  century  exhibited  a rage  for  building 
in  Britain  more  violent  than  has  been  since  seen.  The  vast  and  general  improvements  that 
were  introduced  into  fabrics  and  churches  in  the  first  years  of  this  century  are  thus  de- 
; scribed  by  a contemporary  writer  ( Orderic.  Vital.  Hist.  Eccles.,  lib.  x.  p.  788.):  — “ The 
t cathedrals,  and  abundance  of  churches,  newly  built  in  all  parts  of  the  country,  the  great 
« .number  of  splendid  cloisters  and  monasteries,  and  other  residences  for  monks,  that  were 
■ ihere  raised,  sufficiently  prove  the  happiness  of  England  under  the  reign  of  Henry  I. 

: Peace  and  prosperity  were  enjoyed  by  the  religious  of  all  orders,  who  lent  their  whole  power 
? to  increase  the  magnificence  and  splendour  of  divine  worship.  The  ardent  zeal  of  the  faithful 
prompted  them  to  rebuild  their  houses,  and  especially  their  churches,  in  a more  suitable 
» manner.  Thus  the  ancient  edifices  raised  in  the  days  of  Edgar,  Edward,  and  other  Chris- 
tian kings,  were  taken  down,  and  others  of  greater  magnitude,  beauty,  and  more  elegant 
workmanship,  w^ere  reared  in  their  stead  to  the  glory  of  God.”  As  an  example  of  the  fervour 
- with  which  these  objects  were  carried  into  effect,  we  cite  the  following  Instance,  quoting 
i from  Dr.  Henry,  upon  whom  we  have  drawn,  and  shall  draw,  rather  largely.  “ When  JoH'red, 
ii‘  ihbot  of  Croyland,  resolved  to  rebuild  the  church  of  his  monastery  in  a most  magnificent 
iJlmanner  (a.d.  1106),  he  obtained  from  the  archbishops  of  Canterbury  and  York  a bull  dis- 
^jpensing  with  the  third  part  of  all  penances  for  sin  to  those  who  contributed  any  thing 
‘f  towards  the  building  of  that  church.  This  bull  was  directed  not  only  to  the  king  and 
' Kople  of  England,  but  to  the  kings  of  France  and  Scotland,  and  to  all  other  kings,  earls, 
larons,  archbisnops,  bishops,  abbots,  priors,  rectors,  presbyters,  and  clerks,  and  to  all  true 
iclicvers  in  Christ,  rich  and  poor,  in  all  Christian  kingdoms.  To  makefile  best  use  of 


170 


HISTORY  OF  ARCHITECTURE. 


Rook  1. 


this  bull,  he  sent  two  of  his  most  eloquent  monks  to  proclaim  it  over  all  France  and  Flan- 
ders ; two  other  monks  into  Scotland  ; two  into  Denmark  and  Norway  ; two  into  Wales, 
Cornwall,  and  Ireland;  and  others  into  ditterent  parts  of  England.  Ry  this  means  (savs 
the  historian)  the  wonderful  benefits  granted  to  the  contributors  to  the  building  of  this 
ehurch  were  published  to  the  very  ends  of  the  earth ; and  great  heaps  of  treasure,  and 
masses  of  yellow  metal,  flowed  in  from  all  countries  upon  the  venerable  abbot  Joffred,  and 
encouraged  him  to  lay  the  foundations  of  his  church.  Having  spent  about  four  years  in 
collecting  mountains  of  different  kinds  of  marble  from  quarries,  both  at  home  and  abroad, 
together  with  great  quantities  of  lime,  iron,  brass,  and  other  materials  for  building,  he  fixed 
a day  for  the  great  ceremony  of  laying  the  foundation,  which  he  contrived  to  make  a very 
effectual  mean  of  raising  the  superstructure;  for  on  the  long-expected  day,  the  feast  of 
the  holy  virgins  Felicitas  and  Perpetua,  an  immense  multitude  of  earls,  barons,  and 
knights,  with  their  ladies  and  families,  of  abbots,  priors,  monks,  nuns,  clerks,  and  persons 
of  all  ranks,  arrived  at  Croyland  to  assist  at  this  ceremony,  'fhe  pious  abbot  JoffVed  began 
by  saying  certain  prayers,  and  shedding  a flood  of  tears  on  the  foundation.  Then  each  of  the 
carls,  barons,  knights,  with  their  ladies,  sons,  and  daughters,  the  abbots,  clerks,  and  others, 
laid  a stone,  and  upon  it  deposited  a sum  of  money,  a grant  of  lands,  tithes,  or  patronages, 
or  a promise  of  stone,  lime,  wood,  labour,  or  carriages  for  building  the  church.  After  this 
the  abbot  entertained  the  whole  company,  amounting  to  five  thousand  persons,  to  dinner. 
To  this  entertainment  they  were  well  entitled ; for  the  money  and  grants  of  different  kinds 
which  they  had  deposited  on  the  foundation  stones  were  alone  sufficient  to  have  raised  a 
very  noble  fabric.”  This  spirit  extended  throughout  the  island  ; for,  in  Scotland,  David  I. 
raised  thirteen  abbeys  and  priories,  some  of  them  on  a scale  of  considerable  magnificence, 
besides  several  cathedrals  and  other  churches. 

393.  The  common  people  of  the  country,  and  the  burgesses  in  the  towns,  were  not 
much  better  lodged  than  in  the  previous  age  ; their  condition,  indeed,  was  not  improved. 
In  London,  towards  the  end  of  the  twelfth  century,  the  houses  were  still  built  of  timber, 
and  covered  with  reeds  or  straw.  The  palaces,  however,  or  rather  castles,  of  the  Anglo- 
Norman  kings,  nobility,  and  prelates,  were  on  a very  superior  construction.  William  of 
Malmesbury  says  that  the  Anglo-Saxon  nobility  squandered  their  ample  means  in  low  and 
mean  dwellings  ; but  that  the  French  and  Norman  barons  lived  at  less  expense,  though 
dwelling  in  large  and  magnificent  palaces.  The  fact  is,  that  among  these  latter  the  rage  for 
erecting  fortified  castles  was  quite  as  great  as  that  of  erecting  ecclesiastical  buildings 
among  the  prelates.  The  system  became  necessary,  and  was  induced  as  well  by  the  pre- 
vious habits  of  the  country  they  had  left,  as  by  their  situation  in  the  island.  Surrounded 
by  vassals  whom  they  held  in  subjection,  and  whom  they  depressed  and  plundered  in  every 
way,  they  were  so  detested  by  them  that  deep  fosses  and  lofty  walls  were  necessary  for 
their  security.  The  Conqueror  himself,  aware  that  the  want  of  fortified  places  had  no  less 
assisted  his  conquest  than  it  might  his  expulsion,  resolved  to  guard  against  such  a contin- 
gency by  the  strong  castles  which  he  placed  within  the  royal  demesnes.  Matthew  Paris 
observes  that  William  excelled  all  his  predecessors  in  the  erection  of  castles,  in  executing 
which  he  harassed  his  subjects  and  vassals.  So  much  was  the  practice  a matter  of  course, 
that  tlie  moment  one  of  the  nobility  had  the  grant  of  an  estate  from  the  crown,  a castle  was 
built  upon  it  for  his  defence  and  residence;  and  this  spirit  was  not  likely  to  be  diminished 
l)y  the  dis])utes  relative  to  the  succession  in  the  following  reigns.  William  Rufus,  accord- 
ing to  the  statement  of  Henry  Knighton,  was  as  much  addicted  to  the  erection  of  royal 
castles  and  palaces  as  his  father,  as  the  castles  of  Dover,  Windsor,  Norwich,  and  others 
sufficiently  prove  ; and  it  is  certain  that  no  monarch  before  him  erected  so  many  and  noble 
edifices,  llenry  I.  followed  in  his  taste;  but  in  the  reign  of  Stephen,  1135  to  1154,  says 
the  author  of  the  Saxon  Chronicle,  every  one  who  had  the  ability  built  a castle,  and  the 
whole  kingdom  was  covered  with  them,  no  fewer  than  1115  having  been  raised  from  their 
foundations  in  the  short  space  of  nineteen  years;  so  that  the  expression  is  by  no  means 
stronger  than  is  justified  by  the  fact. 

.391.  It  will  be  j>roper  liere  to  give  tlie  reader  some  concise  general  description  of  these 
structures,  wliich  served  for  residence  and  defence.  The  situation  cliosen  for  a castle  was 
usually  on  an  eminence  near  a river.  Its  figure  on  the  plan  was  often  of  great  extent,  and 
irregular  in  form  ; and  it  was  surrounded  by  a deep  and  broad  ditch,  called  the  fos$e, 
which  could  be  fille-I  with  water.  An  outwork,  called  a barbican,  which  was  a strong  and 
lofty  wall,  with  turrets  upon  it,  and  designed  for  the  defence  of  the  great  gate  and  draw- 
bridge, was  placed  before  the  latter.  Within  the  ditch,  towards  the  main  building,  was 
placed  its  wall,  about  8 or  10  ft.  thick,  and  from  20  to  30  ft.  high,  with  a parapet  and 
embrasures,  called  crennels,  on  the  top.  At  proper  intervals  above  the  wall  square  towers 
were  raised,  two  or  three  stories  in  height,  wherein  were  lodged  some  of  the  principal 
officers  of  the  proprietor  of  the  castle,  besides  their  service  for  other  purposes  ; and,  on  the 
inside,  were  apartments  for  the  common  servants  or  retainers,  granaries,  storehouses,  and 
other  necessary  offices.  On  the  top  of  the  wall,  and  on  the  flat  roofs  of  the  towers,  the 
defenders  were  placed  in  the  event  of  a siege ; and  thence  they  discharged  arrows,  darts, 
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,‘incl  stones  on  tlielr  assailatits.  Tlie  great  gate  was  i)laeed  in  some  part  of  the  wall  flanked 
tt’itli  a tower  on  eaeh  side,  with  rooms  over  the  entrance,  which  was  closed  with  massive 
oak  folding  doors,  frecjuently  plated  with  iron,  and  an  iron  grate,  or  portcullis^  which,  by 
machinery,  was  lowered  from  above.  W ithin  this  exterior  wall,  or  hallium,  was,  in  the 
more  extensive  castles,  the  outer  ballium,  which  was  a large  open  space  or  court,  wherein 
a church  or  chapel  was  usually  placed.  Within  the  outer  hallium  was  another  ditch,  witii 
wall,  gate,  and  towers,  inclosing  the  inner  ballium  or  court,  in  which  was  erected  the 
large  tower,  or  keep.  It  was  a large  fabric,  some  four  or  five  stories  high,  whose  enormously 
thick  walls  were  jiierced  with  very  small  apertures,  serving  barely  as  windows  to  the  gloomy 
apartments  upon  which  they  opened.  This  great  tower  was  the  dwelling  of  the  owner  of 
the  castle;  and  in  it  was  also  lodged  the  constable,  or  governor.  It  was  provided  with 
underground  dismal  apartments  for  the  confinement  of  prisoners,  whence  the  whole  build- 
ing received  the  appellation  of  dungeon.  In  the  keep  was  also  the  great  hall,  in  which  the 
friends  and  retainers  of  the  owner  were  entertained.  At  one  end  of  the  great  halls  of 
castles,  palaces,  and  monasteries,  a low  platform  was  raised  a little  above  the  rest  of  the 
floor,  called  the  dais,  on  which  stood  the  principal  table  xvhereat  persons  of  higher  rank 
were  placed.  The  varieties  which  occurred  in  the  arrangement  and  distribution  of  castles 
were,  of  course,  many,  as  circumstances  varied;  but  the  most  magnificent  were  erected  nearly 
on  the  plan  we  have  just  described,  as  may  be  gathered  as  well  from  their  ruins  as  from  an 
account  by  Matthew  Paris  of  the  taking  of  Bedford  Castle  by  Henry  III.,  a.d.  1224. 
'I'his  castle,  we  learn  from  him,  was  taken  by  four  assaults.  In  the  first  was  taken  the  l)ar- 
hican  ; in  the  second,  the  outer  ballium  ; in  the  third  attack,  the  miners  threw  down  the 
wall  by  the  old  tower,  where,  through  a chink,  at  great  risk,  they  possessed  themselves  of 
the  inner  ballium  ; on  the  fourth  assault,  the  miners  fired  the  tower,  which  thereby  became 
so  injured  and  split  that  the  enemy  thereon  surrendered.  The  keeps  of  which  we  have 
spoken  are  such  extraordinary  edifices,  that  we  think  it  right  to  place  before  the  reader, 
the  following  table  of  some  of  the  principal  ones  of  the  Norman  asra,  as  given  in  Daiia- 
way’s  Discourses  upon  Architecture. 


Internal  Square,  or  Oblong. 


1 Names. 

1 I,eiif;th. 

lireaclth. 

Heif-ht. 

Division  of  Rooms. 

1 Dates  and  Founders. 

Tower  of  London 

lUi  ft. 

96  ft. 

— ft. 

By  semicircular  arches. 

j William  the  Conqueror. 

Porcliester 

115 

65 

— 

Four  floors. 

Canterbury 

88 

80 

50 

Two  walls  continued 

from  the  base  to  the 
top. 

Rochester 
Dover  - 

75 

72 

104 

92 

By  semicircular  arches. 

Gundulph  (Bishop). 

Colcliester  - 

140 

102 



Three  large  rooms  on 

each  floor. 

Norwich 

110 

92 

70 

- 

Roger  Bigod. 

Ludlow 

— 

— 

no 

Four  stories. 

Roger  de  Lad. 

lledinghatn 

62 

55 

100 

Three  tiers  above  base- 

ment. 

Guildford 

42 

47 



Oxford 

- 

- 

. 

. 

Robert  D’Oiley. 

Rainborough  - 

- 

- 

- 

- 

1070.  ^ 

Richmond 

- 

- 

- 

Vault  supported  by  a 

1100.  1 

single  octangular  pil- 
lar. 

Newcastle  upon  Tyne 

82 

62 

54 

By  internal  arches  and 

1080.  Robert,  son  of 

door  cases  in  Nor- 
man style. 

1 

William  1.  1 

Corfe 

72 

60 

80 

Round,  or  Polygonal. 

rundel 

- 

- 

69 

57  — 

Iloof  open  in  the  centre, 
straight  buttresses. 

1070.  Rog?r  Montgo- 
meri. 

Conisburgh 

1 

1 

23  diameter. 

Three  floors,  two  of 
them  state  apart- 
ments. 

1070.  W de  Warren. 

York 

- 

64 

45 

Four  segments  of 

1068.  V illiam  the  Con- 

'runbritlge 

. 

1 

64 

50  — 

circles 

queror. 

Bi;rkeley 

• 

• 

■ 

- 

Circular,  flanked  by 
four  small  towers. 

1120  Rob.  Fitzharding. 

Lincoln 

- 

- 

- 

— 



1086.  William  the  Con- 

Oxford 

• 

- 

- 

- 

Polygon,  flanked  by 
three  square  towers. 

queror. 

Windsor 

• 

. 

90 

85  — 

- - - - . 

Rebuilt  by  Kdw.  111.  I 

Durham 

• 

* 

63 

61  — 



Heightened  in  1830.  | 

;595.  Gundul|)h  is  said  to  have  introduced  the  architectural  ornaments  of  the  Norman 
style  into  the  interior  as  well  as  on  the  exterior  of  castles.  The  use  of  battlements,  loop- 
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holes,  and  open  galleries,  or  machicolations,  was  certainly,  as  our  author  above  quoted  re. 
marks,  known  to  the  Romans. 

Troes  contra,  defeiulere  saxis 

Perque  cavas  densi  tela  intorquere  fenestras.  Mn.  1.  ix.  .WS. 

The  architects  and  artificers  by  whom  the  Norman  works  were  planned  and  executed  were 
men  of  great  science  and  skill,  and  the  names  of  several  have  most  deservedly  obtained  a 
place  in  history.  Gervaseof  Canterbury  records  that  William  of  Sens,  the  architect  of  Arch- 
bishop Lanfranc  in  building  his  cathedral,  was  an  artist  of  great  talents  ; and  that  he  not 
only  made  a complete  model  of  the  cathedral  upon  which  he  was  employed,  but  of  all  the 
details  of  sculpture  necessary  for  its  execution,  besides  inventing  machines  for  loading  and 
unloading  the  vessels,  and  conveying  the  heavy  materials,  many  whereof  were  brought  from 
Normandy.  Of  Walter  of  Coventry,  another  architect  of  the  age,  Alatthew  Paris  speaks  in 
the  highest  terms,  saying  that  “so  excellent  an  architect  had  never  yet  appeared,  and  pro- 
bably  never  would  appear  in  the  world.”  Dr.  Henry  on  this  very  properly  observes, 
“ That  this  encomium  was  undoubtedly  too  high  ; but  it  is  impossible  to  view  the  remains 
of  many  magnificent  fabrics,  both  sacred  and  civil,  that  were  erected  in  this  period,  without 
admiring  the  genius  of  the  architects  by  whom  they  were  planned,  and  the  dexterity  of  the 
workmen  by  whom  they  were  execute  I.”  (See  par.  ,S21  et  seq.) 

.SQd.  Of  the  twenty-two  English  cathedrals,  fifteen  retain  parts  of  Norman  crertion, 
whose  dates  are  pretty  well  ascertained  ; and  by  them  the  Norman  manner  was  progressively 
brought  to  perfection  in  England.  We  subjoin  the  following  enumeration  of  Norm  m 
bishops,  who  were  either  patrons  of  the"  art,  or  are  supposed  to  have  practised  it  themselves. 


A.  D. 

ISislirp.  1 Works. 

1059  to  1089 
1077  to  1107 
108G  to  1108 
1093  to  1133 

1080  to  1100 
1107  to  1140 
1115  to  1125 
1 1123  to  1147 
1 1129  to  U(i9 

! 1158  to  1181 

Aldred,  Bishop  of  Worcester. 
Gundulph,  of  Rochester. 

Maurice,  of  London. 

William  de  Carilepho. 

I.anfranc,  of  Canterbury. 

Roger,  of  Salisbury. 

Krnulf,  of  Rochester. 

Alexander,  of  Lincoln. 

Henry  of  Blois,  Bishop  of  Winchester. 

Roger,  Archbishop  of  York. 

St.  Peter's,  Gloucester. 

Rochester,  Canterburv,  and  Peterborough. 
Old  St.  Paul’s  CathedVal. 

Cathedral  of  Durham,  but  completed  by  Ra- 
iiulph  Flambard. 

Cathedral  at  Old  Sarum. 

Completed  Gundulf’s  works  at  Rochester. 
Rebuilt  his  cathedral. 

Conventual  churches  of  St.  Cross  and  Rum- 
sey,  in  Hampshire. 

Of  Norman  architecture  the  princi|)al  characteristics  are  subjoined  in  the  following  sub- 
section. (See  also  Book  HI.,  chap,  iii.) 

397.  Arches Generally  semicircular,  as  in  the  nave  of  Gloucester,  here  given  {Jig.  18.5. ). 


Of  larger  opening  than  the 
Saxon,  and  their  ornaments 
less  minute  ; often  bound- 
ed by  a single  moulding, 
though  sometinies  by  more 
than  one ; occasionally  with- 
out any  moulding  at  all  ; 
the  soffitt  always  plain. 
In  the  second  story,  two 
smaller  equal  arches  under 
one  larger,  with  a column 
of  moderate  size,  or  even 
comparatively  slender,  be- 
tween them.  In  the  third 
story  (see  Jig.  186.),  gene- 
rally three  together,  the 
centre  one  higher  and 
broader  than  the  others,  and 
opened  for  a window  ; but 
the  whole  three  only  oc- 
cupy a space  equal  to  that 
of  the  lower  arch.  Arches  of  entrance  are  profusely  decorated 
{Jig.  187.,  from  Ely)  with  mouldings,  foliage,  wreaths,  masks, 
figures  of  men  and  animals  in  relief,  and  all  the  fancies  of  the 
wildest  imagination,  in  which  every  thing  that  is  extravagant, 
grotesque,  ludicrous,  nay,  even  grossly  indecent,  is  to  be  found. 
Before  the  end  of  the  i)eriod  — and  we  may  almost  say  early  in 
it — it  exhibits  examples  of  pointed  arches.  'I'hey  are,  how- 
ever, sparingly  introduced  : one  or  more  tiers  appear  in  the  up- 
per stories  of  a building,  whilst  all  the  lower  ones  are  circular. 
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ducod  alternately,  sometimes  we  (iiul  one  capriciously  inserted  between  several  round  ones 
these  arc,  for  the  most  part,  obtusely  pointed,  tliongh  occasionally  they  are  the  reverse. 

'i’hey  are  always  wide,  stand  on 
hea\y  columns,  or  are  decorated 
with  mouldings,  or  l)oth.  'I’he 
approaches  to  the  pointed  style 
were  not  strongly  marked,  but 
they  were  indieated ; for  the 
pointed  style  cannot  be  pro- 
nounced to  have  commenced 
until  the  sharp-pointed  arcii 
sprung  from  a slender  column 
graced  with  a capital  of  carved 
foliage,  and  this  it  is  not  safe 
to  place  earlier  than  the  reign 
of  John.  The  arch  which  rises 
more  than  a semicircle  does 
not  very  often  occur  ; but  it 
must  be  mentioned  as  exhibit- 
ing one  of  the  varieties  of  the 
period.  Columns.  — These  are 
of  very  large  diameter  relative 
to  their  heights  and  intervals. 
Their  shafts  are  circular,  hexa- 
gonal, and  sometimes  octago- 
nal, on  the  plan  ; tinted,  lo- 
zenged,  reticulated,  and  other- 
wise sculptured.  Sometimes 
they  are  square  on  the  plan, 
and  then  accomi)anied  by  por- 
tions of  columns  or  pilasters 
applied  to  them.  Sometimes 
four  columns  are  connected 
together,  with  or  without  an- 
gular pieces.  They  are  much 
higher  in  proi)ortion  to  their 
diameters  tlian  the  Saxon  co- 
lumns heretofore  described  ; 
and  though  their  caj)itals  are 
not  unfrequently  quite  ])lain, 
they  are  more  commonly  deco- 
rated with  a species  of  volute, 
or  with  plants,  flowers,  leaves,  shells,  animals,  &e.  The  bases  stand  on  a strong  plinth, 
adapted  on  its  plan  to  receive  the  combined  and  varied  forms  of  the  columns.  Windows,  are 
stiil  narrow,  and  semicircular-headed  ; but  they  are  higher,  and  often  in  groups  of  two  or  three 
together.  Ceilings,  usually,  if  not  always,  of  timber,  except  in  crypts,  in  which  they  are 
vaulted  with  stone,  with  groins  mostly  plain,  yet  sometimes  ornamented  on  the  edge,  but  uni- 
versally without  tracery.  The  White  Tower  of  London,  however,  exhil)its  an  example  of  a 
centre  aisle  covered  with  vaulting.  Our  belief  is,  and  in  it  we  are  corroborated  by  tlie  Rev. 
Mr.  Dallaway,  whose  judgment  w’e  hold  in  no  small  esteem,  that  there  is  no  instance  of  a 
genuine  Anglo-Norman  building  which  was  intended  to  be  covered  with  a stone  roof  or 
ceiling.  This  is  not  oidy  indicated  by  the  detail,  but  by  the  circumstance  of  the  walls 
being  insufficient  (thick  as  they  are)  in  solidity  to  resist  the  thrust.  I’eterborough,  Ely, 
St.  Peter’s,  Northampton,  Steyning,  Romsey,  ^c.  are  calculated  and  constructed  to  receive 
wooden  roofs  only.  Walls,  are  of  extraordinary  thickness,  with  but  few  buttresses,  and 
those  of  small  projection;  flat,  broad,  and  usually  without  ornament.  Ornaments. — Among 
these  must  be  first  named  the  ranges  of  arches  and  pilasters  which  had  nothing  to  suj)port, 
already  incidentally  mentioned,  and  which  were  intended  to  fill  up  void  spaces,  internally 
as  well  as  externally,  for  the  purpose  of  breaking  up  large  masses  of  surface ; they  are 
very  common  on  the  inside  of  north  and  south  walls,  sometimes  intersecting  each  other  so 
as  to  produce  those  compartments  that  are  alleged  to  have  given  rise  to  the  pointed  arch. 
'Ihe  mouldings  of  the  Saxon  period  continued  much  in  use,  and  we  ought,  perhajrs,  to 
have  given  some  of  them,  as  belonging  to  the  jueceding  section  ; and,  indeed,  should  have 
so  done,  if,  in  the  Norman  style,  they  had  not  increased  in  number  and  variety,  and  had 
not  also  been  employed  in  profusion  about  the  ornamental  arches  just  named,  especially  in 
conspicuous  places  on  the  outside,  as  in  the  west  front  especially.  The  most  usual  orna- 
ments (Jiff.  188.)  were,  I.  The  chevron,  or  zigzag  moulding;  2.  The  embaUkd  frette ; 


PRIOR'S  ENTRANCB  AT 


174 


HISTORY  OF  ARCHITECTURE. 


Book  I. 


3,  The  triani]ular  frette ; 4.  The  nail  head;  5.  The  billet;  6.  'Hie  cable;  7.  The  hatched, 
3.  'I'he  lozenge;  9.  The  wavy;  10.  The  pellet  moulding;  11.  'J'he  nebule.  Tlie  tyrns  wia 
used,  as  was  also  the  cavetto,  which  were  both  of  Grecian  extraction.  The  chief  of  these 
ornaments,  perhaps  all,  were  used  in  the  Saxon  age,  besides  others  which  were  oc- 
casionally employed,  and  which  to  designate  by  name  would  be  difficult ; such,  for  in- 
stance, as  the  corbel-table  (12),  which  consists  of  small  ranges  of  arches,  resting  on  consoles 
sometimes  decorated  with  carved  heads,  often  introduced  along  the  whole  building  im- 
mediately lielow  the  eaves  or  battlement.  Sometimes  carved  heads  are  observed  in  tha 
spandrels  of  arclies,  and  are  abo  used  as  capitals  of  the  ornamental  pilasters,  or  as  cor- 
bels, to  support  what  is  called  th‘'  canopy,  or  exterior  semicircle  of  moulding  on  arches 
of  entrance,  or  above  the  keystones  of  those  arches.  There  are  instances  of  whole  figures 
over  doors  in  mezzo-rilievo,  which  Millers  observes  was  the  nearest  approach  the  Normans 
seem  to  have  made  to  a statue.  Plans.  — The  churches  of  this  period  are  always  with 
transepts,  and  a tower  at  the  intersection,  loftier  than  heretofore,  but  without  spires  over 
them.  There  are  rising  from  them  stories  of  arches,  one  above  the  other ; and  the  eastern 
ends  are  semicircular.  Though  much  of  the  Saxon  style  is  retained,  there  is,  from  the 
larger  dimensions  of  the  edifices  of  this  period,  a much  more  impressive  air  of  mag- 
nificence than  had  before  appeared.  Millers  very  truly  says,  that  the  churches  were 
“ in  all  dimensions  much  ampler,  with  a general  air  of  cumbrous  massive  grandeur, 
'i'he  Normans  were  fond  of  stateliness  and  magnificence  ; and  though  they  retained  the 
other  characteristics  of  the  Saxon  style,  by  this  amplification  of  dimensions  they  made  such 
a striking  change  as  might  justly  be  entitled  to  the  denomination  which  it  received  at 
its  first  introduction  among  our  Saxon  ancestors,  of  a new  style  of  architecture."  The 
criterion  between  the  Saxon  and  Norman  styles,  of  enlarged  dimensions,  is  too  vague 
to  guide  the  reader  in  a determination  of  the  age  of  buildings  of  this  period  ; for  it  is  only  in 
large  edifices,  such  as  cathedral  and  conventual  churches,  with  their  transepts,  naves,  side 
aisles,  and  arches  in  tier  above  tier,  that  this  can  be  perceptible.  There  are  many  parish 
churches  of  this  age,  whose  simplicity  of  form  and  small  dimensions  have  been  mistaken 
foi  Saxon  buildings  ; and  which,  from  not  possessing  any  of  the  grander  Norman  features, 
have  been  assigned  to  an  earlier  age.  The  distinction  ascertainable  from  heights  of  co-‘ 
lumns,  — namely,  taking  the  height  of  the  Norman  column  at  from  four  to  six  diameters, 
and  that  of  the  Saxon  at  only  two,  — will,  we  fear,  be  insufficient  to  decide  the  question  in 
cases  of  doubt;  but  it  must  be  admitted  this  is  one  of  the  means  which,  in  some  measure, 
would  lead  us  to  an  approximate  judgment  of  the  matter,  and  a careful  observation  and 
comparison  of  specimens  would  make  it  more  definite.  We  shall  here  merely  add,  that  the 
first  Norman  architects,  by  the  lengthened  vista  of  the  nave,  uninterrupted  by  any  choir 
screen,  produced  a sublime  and  imposing  effect  by  the  simple  grandeur  and  amplitude  of 
dimensions  in  their  churches. 

398.  Examples. — Examples  of  Norman  architecture  in  English  cathedral  churches  are  to  be 
found  at  Ely,  in  the  western  towers  and  nave;  at  Bristol,  in  the  elder  Lady  Chapel,  and  Chap- 
ter House;  at  Canterbury  in  the  choir,  and  the  round  part  called  Becket’s  Crown ; at  Norwich. 
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m in  the  nave  and  choir  ; at  ITercford,  in  the  transept  tower  and  choir  ; at  U'eVs,  in  the  nave 
I and  choir;  at  Chester,  in  the  Chapter  House;  at  Chichester,  in  tiie  presbytery;  at  Peter- 
borough, in  tl)e  transept.  In  the  conventual  churches,  for  examples  we  may  refer  the  reader 
to  Llantony,  near  Monmouth  ; the  nave  and  west  front  of  Fountains,  Yorkshire  ; the  nave 

I and  chapel  of  St.  Joseph,  at  Glastonbury  ; the  west  front  at  Selby,  in  Yorkshire ; many  parts 
at  St.  Alhn7is;  the  choir  at  Wenlock,  in  Shropshire;  Cartmell,  in  Lancashire;  Furness ; West 

I End,  at  Byland,  with  the  wheel  window,  and  the  south  transept  ; parts  of  Bolton,  in  York- 
J shire  ; part  of  Brinhbourn,  in  Northumberland  ; part  of  Edniondsbury,  in  Suffolk  ; and  St. 

II  John's  Church,  at  Chester.  I'or  examples  of  parochial  churches,  Melton,  Suffolk  ; Sotterton 
; and  Sleaford,  Lincolnshire ; Chris!church,  Hampshire  ; Sherbourn  Minster,  Dorset  ; JVin- 

chelsea,  Steyniny,  and  New  Shorehmn,  Sussex  ; chancel  of  St.  Peter's,  Oxford  ; Earl's  Barton 
I Tower,  Northamptonshire  ; West  Walton  Tower,  Norfolk  ; Ifflcifi  Oxfordshire  ; Castle  Rising 
■ Norfolk  ; St.  Margaret's  Porch,  at  Y^ork  ; St.  Peter's  Church,  Northampton  ; besides  several 
round  or  polygonal  bell-towers,  both  in  Suffolk  and  Norfolk, — may  be  referred  to.  Ex- 
[j  amples  of  military  Norman  architecture,  from  1070  to  1270,  were  at  Launceston,  Cornwall ; 

Arundel,  Sussex  ; Windsor,  in  Berks  (rebuilt)  ; Tower  of  London ; the  square  keeps  of 
I IJ'.iingham,  Essex  ; Caerphilly,  Glamorgan  ; Carisbrook,  Isle  of  Wight  ; Porchester,  Hants 
(1160);  Guildford,  Surrey;  Bamborough,  Northumberland;  Kendworth,  Warwickshire; 
Richmond,  Y’orkshire  ; Cardiff,  Glamorganshire;  Cuiderbury,  Kent;  Oxford  (1071); 
I AViccas^/e,  Northumberland  ( 1 1 20)  ; Gisborough,  Y^orkshire  (1120)  ; Ca  tie  Rising,  Nor- 
• idk  ; Middlehatn,  Y^orkshire  ; Cockermotith,  Cumberland  ; Dttrham  (1153);  Lincoln  ( 1086)  ; 
Berkeley,  Gloucestershire  ( 1 153)  ; Lancaster;  Orford,  Suffolk,  polygonal  (1120);  Ludlow, 
Salop  (1  120)  ; Kenilworth,  enlarged  (1220)  ; Warkworth,  Northumberland,  square,  with  the 
I angles  cut  off;  Denbigh;  Beeston,  Cheshire;  Hawarden,  Pembrokeshire. 
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399.  The  next  period  of  architecture  in  Britain  which  comes  under  our  consideration, 
following,  as  we  consider  it,  the  sensible  classif  cation  of  the  Rev.  Mr.  Millers,  is  that 
which  he  has  denominated  the  early  English  style,  whose  duration  was  from  about  1200  to 
1300;  extending,  therefore,  through  the  reigns  of  John,  Henry  III.,  and  Edward  I.,  during 
which  the  building  of  churches  and  monasteries  was  still  considered  one  of  the  most 
effectual  means  of  obtaining  the  pardon  of  sin,  and  consequently  the  favour  of  Heaven.  In 
the  thirteenth  and  fourteenth  centuries,  the  churches  built  in  Britain  were  almost 
innumerable. 

400.  We  have  already  noticed  (chap.  ii.  sect,  xv.  )the  introduction  of  the  pointed  arch  into 
architecture  ; a feature  which  completely  changed,  from  all  that  previously  existed,  the  cha- 
racter of  the  edifices  to  which  it  was  applied.  If  any  service  could  be  rendered  to  the  history 
of  the  art,  or  if  the  solution  of  the  problem,  “who  were  its  inventors?”  could  throw  any 
useful  light  on  the  manners  and  customs  of  the  people  that  first  adopted  it,  we  should  be  the 
last  to  relinquish  the  investigation.  The  question  has  furnished  employment  to  many 
lirerary  idlers,  liut  the  labour  they  have  bestowed  on  the  subject  has  not  thrown  any  light 
on  it;  and  excepting  the  late  Mr.  Whittington  and  the  late  Prof,  Willis,  of  Cambridge, 
on  whose  valuable  enquiries  we  cannot  sufficiently  enlarge,  they  might  have  been  more  use- 
fully engaged.  This  statement  must  necessarily  be  modified  in  consequence  of  the  publica- 
tions of  the  lea-ned  labours  of  Mr.  Fergusson,  of  which  we  have  so  largely  availed  our- 
selves in  the  above-named  section;  besides  those  of  Thomas  Rickman,  of  Mr.  Sharpe,  and 
of  other  ardent  enquirers  on  this  and  kindred  subjects, 

401.  During  the  reign  of  Henry  III.  alone,  no  less  a number  than  157  abbeys,  priories, 
and  other  religious  houses  were  founded  in  England.  Several  of  our  catliedrals  and  con- 
ventual churches  in  a great  part  belong  to  this  period,  m which  tlie  lancet  or  sharp-pointed 
arch  first  appeared  in  the  buildings  of  this  country,  though  on  the  Continent  it  was  used 
nearly  a century  earlier.  The  great  wealth  of  the  clergy,  added  to  the  zeal  of  the  laity, 
furnished  ample  funds  for  the  erection  of  the  magnificent  structures  projected  ; but  it  was 
with  extreme  difficulty  that  workmen  could  be  procured  to  execute  them.  With  the  popes 
it  was,  of  course,  an  object  that  churches  should  be  erected  and  convents  endowed.  On  the 
subject  of  the  employment  of  Freemasons  we  have  already  expressed  our  views  (.par.  308, 
et  id/. ),  therefore  we  cannot  coincide  with  Wren,  Parentalia,  m stating  that  they  ranged 
from  one  nation  to  another,  their  government  was  regular,  and  they  made  a camp  of 
huts;  a surveyor  governed  in  chief;  every  tenth  man  was  called  a warden,  ami  over- 
looked each  nine.  “ Those  who  liave  seen  the  account  in  records  of  the  charge  of  the 
fabrics  of  some  of  our  cathedrals,  near  400  years  old,  cannot  but  have  a great  esteem  for 
their  economy,  and  admire  how  soon  they  erected  such  lofty  structures.”  It  was  in  the 
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course  of  this  yierlotl  that  sciilj)tiire  was  first  made  extensively  available  for  architectiiiai 
decoration,  'llie  cathedral,  conventual,  and  otlier  churches  built  in  Britain,  began  to  be 
ornamented  on  the  outside  with  statues  of  various  dimensions  in  basso  and  alto  rilievo. 
'I'liey  were  not  equal  in  execution  to  those  of  France,  which  have  also  had  the  additional 
good  fortune  to  have  been  better  preserved,  from  tlieir  exposure  to  seasons  less  inclement 
and  to  an  atmosphere  unimpregnated  with  the  smoke  of  coal. 

402.  Great  improvements  seem  to  have  taken  place  in  the  castles  of  the  time  ; they  still 
continued  to  serve  for  the  dwelling  and  defence  of  the  prelates  and  barons  of  the  country 
The  plans  of  them  were  generally  similar  to  those  already  described  ; but  it  must  still  be 
conceded  that  the  inhabitants  and  owners  of  them  sacrificed  their  convenience  to  their 
security,  which  seems  to  have  been  the  chief  concern  in  the  construction  of  their  castles, 
whose  apartments  were  gloomy,  whose  bed-chambers  were  few  and  small,  whose  passages 

id  dark.  The  plan,  however,  as 
Mr.  Dallaway  observes,  “ which 
allowed  of  enlarged  dimensions, 
and  greater  regularity  and  beauty 
in  the  architecture  of  the  towers, 
owes  its  introduction  into  Eng- 
land  to  King  Edward  1.  We 
may,  indeed  consider  his  reign  as 
the  epoch  of  the  grand  style  of 
accommodation  and  magnificence 
combined  in  castle  architecture. 
Wlien  engaged  in  the  Crusades,  he 
surveyed  with  satisfaction  the  supe- 
rior form  and  strength  of  tlie  castles 
in  the  Levant  and  in  the  Holy 
iauul.”  Of  the  five  castles  erected 
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I)y  him  in  Wales,  Caernarvon  (///.  189. ),  Conway  (fg.  190  , showing  tlie  suspension  bridge, 
and  the  railway  bridge  beyond  it),  Harlech,  and  Beaumaris  still  retain  traces  of  their  an- 
cient magnificence;  but  that  of  Aberystwith  has  scarcely  a feature  left.  Caernarvon  Castle 

consisted  of  two  distinct  parts  : 
one  military,  and  suited  to  the 
recejition  of  a garrison ; the  other 
palatial.  The  ground  jilan  was 
ofilong,  unetpially  divided  intoa 
lower  and  an  uiiper  ward.  Of  the 
towers,  which  are  all  polygonal, 
tl’.e  largest,  from  some  tradition 
called  the  Eagle  'lower,  has 
threesmall  angular  turrets  rising 
from  it ; the  others  having  but 
one  of  the  same  descrijjtlon. 
“ I'he  enclosing  walls,’’  conti- 
nues Mr.  Dallaway,  ‘‘are  seven 
feet  thick,  with  aluies  and  para- 
pets pierced  frequently  with 
Killti  holes.  A great  singularity  is  observable  in  the  extreme  height  both  of  the  great 
entrance  gate  and  th.at  which  is  called  the  Queen’s.  Leland  observes  of  the  portcullises  at 
Fembrokc,  that  th.ey  were  composed  ex  solido  ferro.  In  confirmation  of  the  opinion  that  the 
royal  founder  adoirted  the  form  of  such  gates  of  entrance  from  the  East,  similar  ones  are 
almost  universal  in  the  castles,  mosques,  and  palaces  of  the  Saracens,  which  he  had  so  fre- 
(piently  seen  during  the  Crusades.  'I'he  tower  of  entrance  from  the  town  of  Caernarvon  is 
still  j)erfcct,  and  is  the  most  handsome  structure  of  that  age  in  the  kingdom.  It  is  at 
least  100  ft.  high;  and  the  gateway,  of  very  remarkable  depth,  is  formed  by  a succession 
of  ribbed  ai^ches,  sharply  pointed.  'I'he  grooves  for  three  j)ortcuHises  may  be  discovered  : 
and  above  them  are  circular  perforations,  through  which  missile  weapons  and  molten 
lead  might  be  discharged  iq)on  the  assailants.  In  the  lower  or  palatial  division  of  the 
castle  stand  a large  polygonal  tower  of  four  stories,  which  was  appropriated  to  Queen 
Eleanor,  and  in  which  her  ill-fated  son  was  born,  and  another  which  was  occupied  by 
the  king,  of  a circular  shape  externally,  but  square  towards  the  court.  The  apartments  in 
the  last  mentioned  are  larger,  and  lighted  by  windows  with  square  heads,  and  intersected 
with  carved  mullions.  There  is  a singular  contrivance  in  the  battlements,  each  of  which 
had  an  excavation  for  the  archers  to  stand  in,  pointing  their  arrows  through  the  slits; 
and,  a curious  stratagem,  the  carved  figures  of  soldiers  with  helmets,  apparently  looking 
over  the  parapet.  This  device  is  repeated  at  Chepstow.”  'I'he  ornamental  character  of 
tne  architecture  at  Caernarvon  and  Conway  is  rather  ecclesiastical,  or  conventual,  than 
military.  At  Conway,  as  has  been  well  observed  by  an  anonymous  author,  “ what  i.s 
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called  the  Queen’s  Oriel  is  remarkable  for  the  fancy,  luxuriance,  ami  elegance  of  the  work- 
manshii).  Nor  is  the  contrivance  of  the  little  terraced  garden  below,  considering  the 

history  of  the  times,  a matter  of  small 
curiosity,  where,  though  all  the  snr- 
rpnnding  country  were  hostile,  fresh 
air  might  be  safely  enjoyed  ; and  the 
commanding  view  of  the  singularly 
beautiful  landscape  around,  from  both 
that  little  herbary  or  garden,  and  the 
bay  window  or  oriel,  is  so  managed  as 
to  leave  no  doubt  of  its  purpose.” 

403.  The  model  of  Conway  Castle 
has  little  resemblance  to  that  we  have 
just  left.  It  resembles  rather  the 
fortresses  of  the  last  Greek  emperors, 
or  of  the  chieftains  of  the  north  ot 
Italy.  The  towers  are  mostly  cir- 

K,k.191.  CAKR.Pna.,.v  CAsr,.K.  turrets,  with  a 

single  slender  one  rising  from  each  ; and  machicolations,  not  seen  at  Caernarvon,  are  in- 
troduced. The  greater  part  of  the  castler  of  Wales  and  Scotland  for  the  defence  of  the 

marches  were  built 

ill  the  reign  of  Ed- 
ward I.  On  the 
subjugation  of  the 
former  country,  and 
its  partition  into 
lordshi))s  among 
Edward’s  follow- 
ers, many  castles 
were  reared  upon 

•ic.  I9‘2.  TRRFOII,  AND  CINQtIKKOir.  IIKADS.  thc  geilel’a!  phui  of 

hose  he  had  erected,  though  varying  in  dimensions 
ind  situation,  according  to  the  means  of  defence  pro- 
)0sed  to  be  secured  to  their  founders  and  possessors. 

We  may  here  observe,  that  in  the  castle  at  Conway 
Kdward  I.  erected  a hall  129  ft.  by  31,  and  22  ft. 
ligh,  which  is  formed  to  suit  the  curvature  of  the 
•ock  ; and  that  from  that  period  no  residence  of 
;onsequcnce,  either  for  the  nobility  or  feudal  lords, 

Avas  erected  with- 
out one,  varying, 
however,  of  course, 
in  their  minuter 
parts,  according  to 
circumstances,  and 
in  degree  of  mag- 
nificence. 

404.  Caer-Phil- 
ly  Castle,  in  Gla- 
morganshire {Jiy. 

191.),  was  another 

)f  the  castles  of  this  period.  It  was  the  strong-hold  of  the  De  Spencers  in  the  reign  of 
he  second  Edward.  Its  vallations  and  remains  are  very  extensive.  'I  he  hall  was  much 
arger  than  that  at  Conway. 

405.  The  characteristics  of  this  style  are,  that  the  arches  are  sharply  (lancet)  pointed,  and 
lofty  in  proportion  to  their  siian.  In  the  upper  tiers 
two -or  more  are  comprehended  under  one,  finished  in 
trefoil  or  cinquefoil  heads  (/^r.  192.)  instead  of  points,  the 
separating  columns  being  very  slender.  Columns  on  which 
the  arches  rest  {fig.  193.)  are  very  slender  in  proportion 
to  their  height,  and  usually  consist  of  a central  shaft  sur- 
rounded by  several  smaller  ones  {fig.  194.).  The  base 
takes  the  general  form  of  the  cluster,  and  the  capital  {fig. 
195.)  is  frequently  decorated  with  foliage  very  elegantly 
composed.  The  windows  are  long,  narrow,  and  lancet 
shsiped,  whence  some  writers  have  called  this  style  the 
Lancet  Gothic.  They  are  divided  bv  one  plain  mulliou, 
N 
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or  ill  upper  tiers  by  two  at  most,  finishetl  at  tbe  top  with  some  simple  ornament,  as  a lozem^e 
or  a trefoil.  They  liave  commonly  small  marble  sliafts  on  each  side,  both  internally  and  ex- 
ternally ; two,  three,  or  more  together  at  the  east  or  west  end,  and  tier  above  tier.  Roofs 
are  high  pitched  and  the  ceilings  vaulted,  exhibiting  the  first  examjiles  of  arches  with  cross 
springers  only,  which  in  a short  period  diverged  into  manv  more,  rising  from  the  capitals  of 
the  columns,  and  almost  overspreading  the  whole  surface  of  the  vaulting.  The  longitudinal 
horizontal  line  which  reigned  along  the  apex  of  the  vault  was  decorated  with  bosses  of  flowers, 
figures,  and  other  fancies.  Walls  much  reduced  in  thickness  from  those  of  the  preceding  pe- 
riod:  they  are,  however,  externally  strengthened  with  buttresses,  which,  as  it  were,  lean 
against  them  for  the  purpose  of  counteracting  the  thrust  exerted  by  the  stone  vaults  which 
form  the  ceilings,  and  which  the  walls  and  piers  by  their  own  gravity  could  not  resist,  'i'hc 
huttresses  are  moreover  aided  in  their  office  by  the  pinnacles,  adorned  with  crockets  at  theii 
angles,  and  crowned  with  finial  flowers,  by  which  they  are  surmounted.  The  ornaments  wow 
become  numerous,  hut  they  are  simple  and  elegant.  The  mouldings  are  not  so  much  varied 
as  in  the  Norman  style,  and  are  generally,  perhaps  universally,  formed  of  some  combination 
of  leaves  and  flowers,  used  not  only  in  the  circumference  of  arches,  especially  of  windows, 
but  the  columns  or  pilasters  are  completely  laid  down  with  them.  Trefoils,  quatrefoils, 
cinquefoils,  roses,  mullets,  bosses,  patera;,  &c.  in  the  spandrils,  or  above  the  keystones  of 
the  arches  and  elsewhere.  The  ornamental  pinnacles  on  shrines,  tombs,  &c.  are  extremely 
high  and  acute,  sometimes  xvith  and  sometimes  without  niches  under  them.  In  east  and 
west  fronts  the  niches  are  filled  with  statues  of  the  size  of  life  and  larger,  and  are 
crowned  with  trefoil,  &c.  heads,  or  extremely  acute  pediments,  formed  by  the  meeting  of 
two  straiglit  lines  instead  of  arcs.  All  these  ornaments  are  more  sparingly  introduced  into 
large  entire  edifices  than  in  smaller  buildings  or  added  jiarts.  7'//e /j/ims  are  generally 
similar  to  those  of  the  second  period  ; but  that  important  feature  the  tower  now  begins  to 
rise  to  a great  height,  and  lanterns  and  lofty  spires  are  frequent  accompaniments  to  the 
structure.  It  will  naturally  occur  to  the  reader,  that  in  the  transition  from  the  second  to 
the  third  style,  the  architects  left  one  extreme  for  another,  though  it  has  been  contended 
that  the  latter  has  its  germ  in  the  former.  However  that  may  be,  the  period  of  which  we 
are  now  speaking  was  undoubtedly  the  parent  of  the  succeeding  styles,  and  that  by  no 
very  forced  or  unnatural  relationship.  (See  Book  III.  Chap,  3.) 

406.  The  principal  examples  of  the  early  English  style  in  the  cathedral  churches  of 
England  are  to  be  seen  at  Oxford,  in  the  chapter-house.  Lincoln,  in  the  nave  and  arches 
beyond  the  transept.  York,  in  the  north  and  south  transept.  At  Durham,  in  the  additional 
transept.  Wells,  the  toxver  and  the  whole  western  front.  Carlisle,  the  choir.  Ely,  the^-5i| 
presbytery.  Worcester,  the  transept  and  choir.  Salisbury,  the  whole  cathedral  ; the  only  Si; 
unmixed  example.  At  Rochester,  the  choir  and  transept.  “ It  is  well  worthy  of  observa- 
tion,”  says  Mr.  Dallaway,  “ that  though  the  ground  plans  of  sacred  edifices  are,  generally 
s])eaking,  similar  and  systematic,  yet  in  no  single  instance  which  occurs  to  my  memory  do 

we  find  an  exact  and  unvaried  copy  of  any  building  which  preceded  it  in  any  part  of  the 
structure.  A striking  analogy  or  resemblance  may  occur,  hut  that  rarely.”  3 

407.  The  examj)les  of  conventual  architecture  of  this  period,  to  which  we  beg  to  refer 
the  reader,  are  those  of  Lanercost,  in  Cumberland  ; Rivaulx,  Yorkshire  ; Westminster  Abbey. 

At  Fountains,  the  choir  and  east  end  ; Tinterne  Abbey,  in  Monmouthshire  ; Netley,  Hamp- 
shire ; Whitby,  in  Yorkshire;  Valle  Crucis,  in  Denbighshire;  Ripnn  Minster  and  the 
south  transejJt  of  Beverley  Minster,  in  Yorkshire;  Stilton  Abbey,  Dorsetshire;  part  of  the 
nave  of  St.  AUnm's  ; Tynemouth  and  Brinkbourn,  Northumberland  ; Vale  Royal,  in  Cheshire;  ‘ 
and  the  eastern  fa9ade  of  Howden,  in  Yorkshire. 

408.  Among  the  examples  of  parochial  churches  in  this  style  are  Grantham,  in  Lincoln- 

shire, whose  tower  is  180ft.  high;  Attelborough,  in  Norfolk  ; Higham  Ferrars,  in  North- 
amptonshire ; St.  Michael,  Coveritry  ; Truro,  in  Cornwall  ; Witney,  in  Oxfordshire;  Strat- 
ford upon  Avon,  in  Warwickshire;  St.  Peter  Maiicroft,  Norwich;  Boston,  Lincolnshire,^;^ 
remarkable  for  its  lantern  tower  rising  262  ft.  from  the  ground,  and  perhaps  almost^  {■ 
belonging  to  the  succeeding  period;  St.  Mary,  Edmuiid's  Bury,  Suffolk;  Maidstone,  inb|(^i 
Kent ; and  Ludlow,  in  Shropshire.  , 
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409.  The  fourth  period  in  the  architecture  of  Britain  is  that  which  IMr. Millers  calls  the 
Ornamented  English  Style,  which  begins  about  1300  and  lasts  till  1460,  and  comprises, 
therefore,  the  latter  portion  of  the  reign  of  Edward  I.,  and  the  reigns  of  Edward  II.. 
Edward  III.,  Richard  II„  Henry  IV.,  Henry  V.,  and  Henry  VI. 

410.  This  a>ra  has  by  Dallaway  and  others  been  subdivided  into  two  parts,  viz.  first 
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tVom  l.‘?00  to  HOO,  which  they  call  that  of  the  Transition  Style  or  pure  Gothic,  and  from 
1400  to  1460,  called  the  Decorated  Gothic;  but  the  change  between  the  latest  examples 
of  the  first  and  the  earliest  of  the  last  is  marked  by  such  nice  and  almost  imperceptible 
distinctions,  that  it  is  next  to  impossible  to  mark  their  boundaries  with  precision  ; and  we 
have  therefore  preferred  adhering,  as  we  have  in  the  other  ages  of  the  art,  to  the  arrange- 
ment adopted  by  Mr.  IMillers.  In  the  early  part  of  the  period  the  change,  or  rather  pro- 
gress, was  extremely  slow,  and  marked  by  little  variation,  and,  indeed,  until  1400,  the 
stvle  can  scarcely  be  said  to  have  been  perfected ; but  after  that  time,  it  rapidly  attained  all 
the  improvement  whereof  it  was  susceptible,  and  so  proceeded  till  about  1460;  after 
which,  as  we  shall  hereafter  see,  it  assumed  an  exuberance  of  ornament,  beyond  which  as 
it  was  impossible  to  advance,  it  was  in  a predicament  from  which  no  change  could  be 
effected  but  by  its  total  abandonment. 

411.  Notwithstanding  the  wars  of  the  rival  houses  of  York  and  Lancaster,  which  occu- 
pied a considerable  portion  of  the  interval  whereof  we  are  speaking,  and  deluged,  as  the 
reader  will  recollect,  our  land  with  the  blood  of  the  bravest  of  men,  the  art  did  not  aj)pear 
to  suffer  ; a circumstance  apparently  extraordinary,  but  satisfactorily  accounted  for  by  the 
zeal  of  both  the  contending  parties  for  the  religion  they  in  common  professed.  True  it  vi 
that  the  taste  for  founding  and  building  monasteries  and  churches  was  not  so  universal  aa 
in  the  period  last  described  ; the  decline,  however,  of  that  taste  might  in  some  measure 
have  arisen  not  only  from  the  unhapiry  state  of  the  country  just  alluded  to,  but  also  from 
the  doubts  raised  in  the  minds  of  many  persons  of  all  ranks  by  Wickliffe  and  his  followers 
as  to  the  merit  attached  to  those  pious  and  expensive  works.  “ It  cannot,”  says  Henry, 
“be  denied  that  the  style  of  sacred  architecture  commonly  called  Gothic  continued  to  be 
greatly  improved,  and  in  the  course  of  this  period  was  brought  to  the  highest  perfection.” 
To  account  in  some  measure  for  this,  it  must  be  recollected  that  during  the  civil  wars  the 
superior  ecclesia.stics  were  confined  to  their  cloisters,  as  few  of  them  had  taken  an  active 
part  in  the  dispute  which  agitated  the  realm  ; and,  indeed,  some  of  the  fine.st  structures  now 
remaining  were  reared  from  the  accumulation  of  wealth  amassed  by  instigating  the  noble 
and  affluent  to  contribute  to  churches  built  under  their  own  inspection.  The  choir  at 
Gloucester,  a most  beautiful  example,  was  completed  during  these  turbulent  times  by 
Abbot  Sebroke,  together  with  the  arcade  that  supports  the  magnificent  tower  of  that 
cathedral. 

412.  During  this  period  the  efforts  of  painting  and  sculpture  were  superadded  to  tho.se 
of  architecture  ; and  to  these  must  be  joined  the  enchanting  effects  produced  by  expanded 
windows  glowing  with  the  richest  colours  that  stained  glass  could  bestow  on  them.  To 
enter  into  a history  of  the  rise,  progress,  and  perfection  of  this  art,  would  here  be  out  of 
place.  A separate  work  would  be  required  to  trace  it  from  its  introduction  in  this  country 
as  connected  with  our  art  in  the  reign  of  Henry  III.,  to  that  point  when  it  reached  its 
zenith  in  the  fifteenth  century.  Dallaway  observes,  with  much  truth,  that  it  is  a vulgar 
error  to  suppose  the  art  was  ever  lost,  inasmuch  as  we  had  eminent  professoi’s  of  it  in  the 
reign  of  Charles  I. 

413.  In  military  architecture,  from  the  reign  of  Edward  III.  to  the  close  of  the  con- 
tention between  the  houses  of  York  and  Lancaster,  many  improvements  were  effected. 
Within  that  period  a great  number  of  the  castellated  edifices  of  which  the  country  could 
boast  were  erected  or  renewed.  Their  style  is  marked  by  turrets  and  hanging  galleries 
over  the  salient  angles  and  gateways,  of  great  variety  in  design.  In  the  fortress  at  Am- 
berley,  in  Sussex,  built  by  William  Rede,  Bishop  of  Chichester,  about  1370.  and  one  of 
the  ablest  geometricians  of  the  age,  the  ground  plan  is  nearly  a parallelogram  with  four 
large  towers  at  the  angles,  not  projecting  externally,  but  inserted  into  the  side  walls.  Of 
this  £era  is  also,  at  Swansea  Castle,  the  lofty  perforated  parapet  or  arcade,  through  which 
the  water  was  conveyed  from  the  roof.  Upon  this  plan  Henry  Gower,  Bishop  of 
St.  David’s,  in  1335,  improved,  in  his  magnificent  castellated  palace  at  Llanphey  Court. 

414.  From  the  circumstance  of  the  circuit  of  many  of  the  castles  encompassing  several 
acres  of  ground,  the  base  court  was  proportionably  spacious  ; hence  the  halls  and  other 
state  apartments  were  lighted  by  windows,  smaller,  but  similar  in  form  to  those  used  in 
churches.  The  rest  of  the  apartments  were  unavoidably  incommodious,  defence  being  the 
chief  consideration.  In  the  castles  and  palaces  of  the  period,  the  halls,  which  formed  a 
principal  feature  in  them,  require  some  notice.  The  earliest  whereof  mention  is  made  was 
that  built  by  William  Rufus  in  his  palace  at  Westminster.  Hugh  Lupus  erected  one  at 
Chester,  and  one  was  executed  for  Robert  Consul  at  Bristol.  Others  we  find  erected  by 
Henry  I.  at  Woodstock  and  Beaumont  in  Oxford  ; probably  of  rude  construction,  and 
divided  into  two  aisles  by  piers  of  arcades  or  timber  posts.  In  the  following  century, 
when  ca.stles  began  to  be  constantly  inhabited,  and  space  became  re(juisite  for  holding  the 
numerous  feudal  dependents  on  various  occasions,  the  size  of  the  hall  was  of  course  in- 
creased, and  internal  architecture  and  characteristic  ornaments  were  applied  to  it.  At  the 
upper  end,  where  the  high  table  was  placed,  the  floor  was  elevated,  forming  a haul  pas  or 
Jais,  a little  above  the  general  level  of  the  floor.  Tlie  example  afforded  by  Edward  III.  at 
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Windsor  was  followed  during  his  own  and  the  succeeding  reign.  I'he  halls  of  Westminster 
ard  Elthain  were  rehullt  by  Richard  II.  ; Kenilworth  by  John  of  (Jaunt  ; Dartington,  in 
Des'O’^shire,  by  Holland  Duke  of  Exeter.  Crosby  Hall,  in  London,  was  finished  by  tlie 
Duke  of  Gloucester,  afterwards  Richard  III.  We  here  subjoin  the  dimensions  of  some 
>f  the  principal  halls  in  castles  and  palaces  before  the  end  of  the  fifteenth  century,  ranged 
in  order  of  their  size,  as  partly  revised  : — 


Length 

Breadth 

Height 

in  feet. 

in  feet. 

in  feet. 

Westminster  (1397) 

- 

- 

- 

‘238-9 

67  to  68 

90 

Durham  Castle 

- 

- : 

:560,  now 

180 

50 

36 

London,  Guildhall  - 

- 

.. 

- 

153 

50 

60  (Wren's  roof') 

Conwav  (roof  laid  on  stone  ribs) 

- 

- 

129 

31 

22 

Bristol  (divided  by  upright 

beams  of  timber 

108 

50 

— 

Eltham  Palace 

- 

- 

- 

101-3 

36-3 

54 

Cliester 

- 

- 

- 

99 

45 



Raby  Castle 

- 

- 

- 

90 

36 

— 

Kenilworth  Castle  (1 300) 

- 

- 

- 

88-8 

45 

32*3  walls 

Swansea 

- 

- 

- 

88 

30 

— 

Leicester  Castle  Hall  (oak  pillars) 

- 

- 

78 

51 

24 

SpofTorth 

- 

- 

- 

76 

36 

— 

Dartington  (1476)  - 

- 

- 

- 

70 

40 

44 

Caerphilly  - 

- 

- 

- 

70 

30 

17  walls 

Crosby  Place  (1456-70) 

- 

- 

- 

69 

17 

38-6 

Mayfield  Hall  (stone  ribs) 

- 

- 

- 

68 

38 

— 

Goodrich  Castle 

- 

- 

- 

65 

28 

— 

Warwick  Castle 

- 

- 

- 

62 

35 

25 

Berkeley  Castle 

- 

- 

- 

61 

32 

— 

Second  one  at  Swansea 

- 

- 

- 

58 

33 

— 

415.  Generally,  in  respect  of  plan,  the  internal  arrangement  of  these  halls  was  very 
similar.  The  high  table,  as  we  have  observed,  was  elevated  on  a platform  above  the  level 
of  the  floor,  and  was  reserved  for  the  lord  and  his  family,  with  the  superior  guests.  Rouiul 
the  walls  separate  tables  and  benches  were  distributed  for  the  officers  of  the  household  amt 
dependents.  The  centre  was  occupied  by  the  great  open  fire-place,  directly  over  wlildi 
in  the  roof  was  placed  a turret,  denominated  a louvre,  for  conveying  away  the  smoke.  At 
Bolton  Castle  we  find  the  chimneys  in  the  walls  ; but,  perhaps,  those  at  Conway  ami 
Kenilworth  are  earlier  proof  of  the  alteration.  I’lie  roofs  with  which  some  of  these  halls 
are  spanned  exhibit  mechanical  and  artistic  skill  of  the  first  order.  The  thrust,  by  the 
simplest  means,  is  thrown  comparatively  low  down  in  the  best  examples,  so  as  to  lessen 
the  horizontal  effect  against  the  walls,  and  thus  dispense  with  considerable  solidity  in 
the  buttresses.  Fig.  196.  is  a section  of  the  celebrated  Hall  of  Westminster,  by  wliich 
our  observation  will  be  better  understood.  These  roofs  were  framed  of  oak  or  ches- 
nut.  Whether,  when  of  the  latter,  it  was  imported  from  Portugal  and  Castile,  is  a 
t^uestion  that  has  been  discussed,  but  not  determined,  by  antiquaries.  Large  stone  corbels 
and  projecting  consoles  were  attached  to  the  side  walls,  and  were  disposed  in  bays  called 
severeys  between  each  window.  Upon  their  ends,  demi-angels  were  generally  carved, 
clasping  a large  escochion  to  their  breasts.  Near  to  the  high  table,  a projecting  or  bay 
window,  termed  an  oriel,  was  introduced.  It  was  fully  glazed,  frequently  containing 
stained  glass  of  the  arms  of  the  family  and  its  alliances.  Here  was  the  standing  cupboard 
which  contained  the  plain  and  parcel-gilt  plate.  The  rere-dos  was  a sort  of  framed  canopy 
hung  with  tapestry,  and  fixed.behind  the  sovereign  or  chieftain.  The  walls  were  generally 
lined  to  about  a third  of  their  height  with  panelled  oak  or  strained  suits  of  tapestry.  It 
was  during  this  aera  that  privy  chambers,  parlours,  and  bowers  found  their  way  into  the 
castle.  Adjoining  to,  or  nearly  connected  with  the  hall,  a spacious  room,  generally  with  a 
bay  window,  looking  on  to  the  quadrangle,  was  planned  as  a receiving-room  for  the  guests, 
as  well  before  dinner  as  after.  This  was  decorated  with  the  richest  tapestry  and  cushions 
embroidered  by  the  ladies,  and  was  distinguished  by  the  name  of  the  presence  or  privy- 
chamber.  The  females  of  the  family  had  another  similar  apartment,  in  which  their  time 
was  passed  in  domestic  occupations  and  amusements.  This  last  room  was  called  my  lady's 
bower  or  parlour,  and  here  she  received  her  visitors.  Bay  windows  were  never  used  in 
outer  walls,  and  seldom  others,  excepting  those  of  the  narrowest  shape. 

416.  The  dawn  of  improvement  in  our  domestic  architecture  opened  in  the  latter  part  of 
theperiod,  during  which  also  brick  cameverymuch  into  use  inEngland  as  a building  material. 
“ Michael  de  la  Pole,”  as  we  learn  from  Leland’s  Itinerary,  “ marchant  of  Hull,  came  into 
such  high  favour  with  King  Richard  II.  that  he  got  many  privileges  for  the  towne.  And 
in  hys  tyme  the  toune  was  wonderfully  augmented  yn  building,  and  was  enclosyd  with 
ditches,  and  the  waul  begun  ; and  in  continuance  endid,  and  made  all  of  brike,  as  most 
part  of  the  houses  at  that  time  was.  In  the  waul  be  four  principal  gates  of  brike.”  After 
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ciiiimeriiting  twenty-five  towers,  “ M.  de  la  Pole,”  we  find  from  Leland,  “biiildid  a goodlle 
lioiise  of  brike,  against  the  west  end  of  St,  Marye’s  churche,  lyke  a palace,  with  goodly 
orcliarde  and  garden  at  large,  also  three  houses  besides,  every  on  of  which  hath  a tower  of 
Inik.”  {Itin.  vol.  i.  p.  57.)  This  was  the  first  instance  of  so  large  an  application  of  brick 
in  England. 

417.  One  of  the  most  important  parts  of  the  castle  was  the  great  gateway  of  entrance, 
in  which  were  combined,  at  the  same  time,  the  chief  elements  of  architectural  beauty  and 
military  defence.  It  usually  occupied  the  central  part  of  the  screen  wall,  which  had  the 
aspect  whence  the  castle  could  be  most  conveniently  approached.  Two  or  more  lofty  towers 
flanked  either  side,  the  whole  being  deeply  corbelled;  a mode  of  building  brought  by  the 
Arabs  into  Europe,  and  afterwards  adopted  by  the  Lombards  and  Normans.  The  corbel 
is  a ])rojecting  stone,  the  back  part  whereof,  which  lies  in  the  wall,  being  balanced  by  the 
siii)erincumhent  mass,  it  is  capcxble  of  su])porting  a para])et  jirojecting  beyond  the  face  of  the 
wall  rising  from  the  horizontal  course  laid  immediately  on  the  corbels,  between  which  the 
said  horizontal  course  was  ]>lerced  for  the  purpose  of  enabling  the  besieged  to  drop  missiles 
or  molten  metal  on  the  heads  of  the  assailants.  The  corbel  is  often  carved  with  the  head 
of  a giant  or  monster,  which  thus  seems  attached  to  the  walls.  In  John  of  Gaunt’s  entrance 
gateway  at  Lancaster,  the  arch  is  defended  by  overhanging  corbels  witli  pierced  apertures 
between  them,  and  on  either  side  are  two  light  watch-towers  crested  with  battlements. 

418.  Of  the  military  architecture  of  this  time,  a perfect  idea  may  be  obtained  from 
the  two  remarkable  towers  of  Warwick  Castle  {Jig.  197.),  which  were  erected  (in 
1.895)  by  Thomas  de  Beauchamp  Earl  of  Warwick.  Tlie  taller  one  rises  105  ft.  above 
its  base,  and  is  .88  ft.  diameter,  having  five  stories,  which  are  se])arated  from  each  other 
by  groined  ceilings.  In  the  interior,  the  walls  of  the  state  chambers  were  painted  ; a prac- 
tice introduced  iitto  England  in  the  beginning  of  the  thirteenth  century  ; and  they  were 
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sometimes  lined  with  wain- 
scot of  curious  carved  bait, 
serie  on  the  panels,  which 
afterwards  became  more 
adorned,  and  were  hung 
with  tapestry.  At  War- 
wick  was  a memorable  suit 
of  arras  whereon  were  re- 
presented the  achievements 
of  the  famous  Guy  Earl  of 
Warwick. 

419.  The  period  of  which 
we  are  treating  was  as  ce- 
lebrated for  its  bridge  as 
for  its  military  architecture, 
and  exhibits  as  one  of  its 
examples  that  famed  curiosity  the  triangularly  formed  bridge  of  Croyland  in  Lincolnshire, 
erected  over  the  confluence  of  three  streams.  Bridge  architecture  was  in  many  instances 

so  necessarily  connected  with  the  construction  of 
a fortress,  that  it  may  almost,  in  this  age,  be  taken 
as  a branch  of  military  architecture. 

420.  This  style  exhibits  Arches,  less  acute  and 
more  open  {Jig.  198.  from  York  Minster),  the 
forms  varying.  Columns.  — The  central  and  de- 
tached shafts  now  worked  together  into  one,  from 
experience  of  the  weakness  of  those  of  the  pre- 
vious style,  exceedingly  various  in  their  combina- 
tions. The  Windows  are  larger,  divided  by  mul- 
lions  into  several  lights  spreading  and  dividing  at 
top  into  leaves,  flowers,  fans,  wheels,  and  fanciful 
forms  of  endless  variety.  'I’hese  marks  are  con- 
stant, but  in  the  proportionate  breadth  there  is  much 
variation,  for  after  having  expanded  in  the  reigns 
of  Edward  I.  and  II.,  they  grew  narrower  again  in 
proportion  to  their  height  in  that  of  Edward  III. 
and  also  sharper.  The  head  was  then  formed  of  lines 
just  perceptibly  curved,  sometimes  even  by  two 
straight  lines,  sometimes  just  curved  a little  above 
the  haunches,  and  then  rectilinear  to  the  apex. 
Eastern  and  western  windows  very  lofty  and  ample, 
and  splendidly  decorated  with  painted  glass.  Jioof 

or  Ceiling The  vaulting  more  decorated.  The 

principal  ribs  spread  from  their  imposts  running 
oyer  the  vault  like  tracery,  or  rather  with  transoms 
divided  into  many  angular  compartments,  and  orna- 
mented at  the  angles  with  heads,  orbs,  historical  or 
legendary  pictures,  &c.,  elaborately  coloured  and 
gilded.  Ortiaments.  — More  various  and  laboured, 
but  not  so  elegant  and  graceful  in  character,  as 
in  the  preceding  style.  Niches  and  tabernacles  xvith  statues  in  great  abundance.  Tiers 
of  small  ornamental  arches  are  frequent.  The  pinnacles  are  neither  so  lofty  nor  tapering, 
but  are  more  richly  decorated  with  leaves,  crockets,  &c.  Sculpture  is  introduced  in  much 
l)rofusion,  and  is  frequently  painted  and  gilt.  Screens,  stalls,  doors,  pannelled  ceilings, 
and  other  ornaments,  in  carved  and  painted  wood.  (See  Book  III.  Chap,  .S.) 

421.  The  principal  examples  of  the  ornamented  English  style  in  cathedral  churches,  are 
at  Exeter,  the  nave  and  choir.  Lichjidd,  uniformly.  At  Lincoln,  the  additions  to  the 
central  tower.  At  Worcester,  the  nave.  Fork,  nave,  choir,  and  western  front.  At  Canter- 
bury, transept.  At  Gloucester,  transept  and  cloisters  begun.  Norwich,  the  spire  and  tower. 
Salisbury,  spire  and  additions.  Bristol,  the  nave  and  choir.  Chichester,  the  spire  and  choir. 
Ely,  Our  Lady’s  Chapel  and  the  central  louvre.  Hereford,  the  chapter-house  and  cloisters, 
now  destroyed.  In  the  later  part  of  the  period,  the  choir  at  Gloucester  ; the  nave  at  Can- 
terbury Bishop  Beckington’s  additions  at  Wells,  and  from  the  upper  transept  to  the  great 
east  window  at  Lincoln.  In  conventual  churches,  for  the  earlier  part  of  the  period,  the 
western  facade  of  Howden  (1320.),  Chapel  of  Merton  Co’lege,  Oxford.  Gisborne  Priory, 
Yorkshire.  Chapel  at  New  College,  Oxford.  St.  Stephen's  Chapel,  Westminster.  The  ad- 
ditions to  the  pediments  of  the  choir  at  Kirkstull,  Yorkshire.  St.  Mary's  in  York. 
Kirhham  in  Yorkshire,  and  the  choir  of  Selby,  in  the  same  county.  For  the  later  part  of 
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tl)e  period,  at  Tttvhcsbunj,  the  choir.  At  FJt/  Cathedral,  St.  Mary's  Cha/iel.  Ci  jylaiat 
fa<;ade  in  Lincolnshire.  Beverley  Minster  in  Yorkshire.  Chapel  of  Magdalen  College,  Oxford. 
Eton  College  Chapel,  Bucks.  Chapel  on  the  Bridge  at  U'ahefield  in  Yorkshire,  built  hy 
J'idward  I V.  in  memory  of  his  father  Edward  Duke  of  York  ; and  the  Beauchamp  Chape! 
•It  Warwick.  In  parochial  churches,  for  the  early  part  of  the  period,  examples  may  he 
rvfcTed  to  at  Grantham,  Lincolnshire.  Attclhorough,  Norfolk.  Higham  Ferrers.  North- 
amptonshire. St.  Miehael,  Coventry.  Truro,  Cornwall.  Witney,  Oxfordshire.  Stratford- 
upon-Avon,  Warwickshire.  St.  Peter  Mancroft,  Norwich.  Boston,  Lincolnshire  ; its  re-- 
markable  lantern  tower,  which  is  262  ft.  high,  was  begun  in  1309,  and  was  in  j)rogre.ss 
of  execution  during  the  whole  reign  of  Edward  III.  'I'he  expen.se  of  it  having  been 
cliieHy  defrayed  by  the  merchants  of  the  IIan.se  Towns.  St.  Mary,  Edmtaids  Bury,  Suffolk. 
Maidstone,  Kent ; and  Ludlow,  Salop.  For  the  later  part  of  the  period,  St.  Mary  Overy, 
.Southwark.  Thaxted  and  Saffron  Walden,  Essex.  Lowth  and  Stamford,  Lincolnshire. 
Cumpden,  Gloucestershire.  St.  Mary  Redclijf  and  the  tower  of  St.  Stephen,  Bristol. 
Taunton  and  Churton  Mendip,  Somersetshire.  Lavenhnm,  Suffolk.  Manchester  College. 
.<t.  Marys,  Oxford.  Whittlesea,  Cambridgeshire.  Wahefeld,  Yorkshire.  Doncaster, 
Yorkshire.  Newarh-upon-  Trent.  Hechingtori,  Idncolnshire.  Mould  Gresford  and  Wrex- 
ham in  Flintshire.  Melton  Mowbray,  Leicestershire.  Oetangidur  towers  of  St.  Margaret's, 
Norwich,  and  All  Saints,  York. 


Skct.  V. 

fl.OKlI)  ENGI.JSn  oa  TUDOR  STVI.E. 

■422.  “ I'liere  is,”  as  Dr.  Henry  observes,  “ a certain  perfection  in  art  to  which  liunid\i 
genius  may  aspire  with  success,  but  beyond  which,  it  is  the  apprehension  of  many,  that 
improvement  degenerates  into  false  taste  and  fantastic  refinement.  The  rude  simplicity  of 
Saxon  architecture  was  (ultimately)  supplanted  by  the  magnificence  of  the  ornamental 
Gothic  ; but  magnificence  itself  is  at  last  exhausted,  and  it  terminated  during  the  present 
period  in  a style,  which  some,  with  an  allusion  to  literature,  denominate  ‘the  Florid.’  It 
is  a style  censurable  as  too  ornamental,  departing  from  the  grandeur  peculiar  to  the  Gothic, 
without  ac(juiring  proportional  elegance ; yet  its  intricate  and  redundant  decorations  are 
well  calculated  to  rivet  the  eye,  and  amaze,  perhaps  bewilder,  the  mind.”  The  jjeriod  of 
the  style  is  from  1460,  to  the  dissolution  of  the  religious  houses  in  1537,  and  comprehends, 
therefore,  the  reigns  of  Edward  IV.  and  V.,  Richard  III.,  Henrys  VII.  and  VIII. 

423.  The  ecclesiastical  buildings  of  this  a?ra  are  few.  Somersetshire,  a county  devoted 
to  the  cause  of  the  House  of  Lancaster,  from  the  gratitude  or  policy  of  Henry  VII.,  boasts 
perhaps  more  churches  than  any  other  county  in  the  florid  style  ; still  they  are  very  few, 
and  the  superb  chapel  which  that  monarch  erected  at  Westminster  is  the  best  specimen 
that  can  be  adduced  for  giving  the  reader  a proper  and  correct  idea  of  the  Florid  or  Tudor 
style.  There  is  doubtless  an  abundance  of  examples  in  oratories,  porches,  and  small 
chajtels,  sepulchral  sacelia  and  the  like  ; hut  beyond  them  we  could  cite  very  few  entire 
sacred  buildings  ; and  those  will  be  hereafter  appended  to  this  section  as  in  the  preceding 
ones.  In  civil,  or  rather  domestic  architecture,  the  case  was  far  different  : a very  great 
change  took  place  ; and  we  shall  endeavour  to  place  a succinct  account  of  it  from  the  Rev. 
INIr.  Dallaway’s  work,  to  which  we  have  already  been  much  indebted.  The  fifteenth  cen- 
tury exhibits  to  us  a number  of  vast  mansions  of  the  noble  and  opulent,  wherein  the  cha- 
racteri.stic  style  of  the  immediately  preceding  castles  was  not  entirely  abandoned,  but 
superseded  and  mixed  up  with  a new  and  peculiar  one.  The  household  books  of  the 
nobility  which  have  come  to  our  knowledge,  indicate  a multitudinous  set  of  servants  and 
retainers,  for  the  reception  of  whom  a great  area  of  ground  must  have  been  covered,  and  in 
which  provision,  by  the  number  of  apartments,  was  made  for  a noble  display  of  hos])itality. 
This  circumstance,  of  course,  induced  a gorgeous  style  peculiar  to  the  earlier  Tudor  a>ra,  of 
most  of  whose  splendid  mansions  no  memorial  now  exists  but  in  the  records  of  the  times, 
j But  for  the  ))urpose  of  bringing  a view  of  the  whole  subject  under  the  eye  of  the  reader,  a 
brief  recapitulation  will  here  be  iieces.sary.  The  first  palace  of  the  Norman  kings  was  the 
3 Tower  of  London,  which  was  a strictly  military  residence.  At  Westminster  was  a palace 
: of  W'illiam  Rufus,  to  whom  Westminster  Flail  owes  its  original  foundation.  At  Oxford 
a palace  was  built  by  Henry  L,  and  at  that  place  he  kept  his  Christmas  in  1115,  as  in 
1229  and  1267  Henry  III.  did  in  the  vicinity  at  Woodstock.  It  was  at  this  place  that 
Henry  II.  built  a house  of  retirement,  which  has  furnished  the  siibject  of  some  well-known 
legends.  Henry  III.  is  said  to  have  refoimded  the  palace  at  Westminster,  which  was 
much  enlarged  by  Edward  III.  This,  from  the  time  of  Rufus,  its  founder,  to  the  reign  of 
Richard  II.,  to  whom  it  owed  its  completion  in  the  state  apartments,  with  its  magnificent 
hall  and  bijou  of  a chapel  (St.  Stephen’s),  had  attained  a greater  extent  than  any  contem- 
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porary  palace  "m  Europe.  Edward  III.,  besides  erecting  his  suburban  palace  at  Kennington 
l)ad  re-edified  and  greatly  extended  Windsor  C'astle  as  a liabitable  fortification.  Henry  IV. 
inlierited  John  of  Gaunt’s  castle  of  Kenilworth  and  the  Savoy  in  London,  to  l)oth  of  which 
he  made  great  additions.  His  gallant  and  victorious  son  was  too  much  occupied  with  his 
military  affairs  to  pay  much  attention  to  such  matters;  but  many  of  his  commanders,  bv 
the  exorbitant  ransoms  they  exacted  of  their  French  ])risoners,  were  enabled  to  construct 
mansions  of  vast  extent  in  those  counties  where  their  revenues  commanded  influence.  Of 
these,  as  signal  examples,  may  be  cited  Hampton  Court  in  Herefordshire  by  Sir  Rowland 
Lenthal  ; and  Ampthill,  Bedfordshire,  by  Sir  John  Cornwal  Lord  Fanhojie  At  Greenwich, 
a palace  of  great  beauty,  in  the  early  part  of  the  reign  of  Henry  VI.,  was  built  by  the 
regent  Humphrey  Duke  of  Gloucester,  which,  from  its  superiority  over  others,  was  by  its 
founder  called  Placentia  ox  Plaisance.  This  was  completed  by  Edward  IV.,  and  is  now 
remembered  as  the  birthplace  of  Queen  Elizabeth.  The  Lord  Treasurer  Cromwell 
expended  a large  sum  on  his  residence  at  Tattershall  in  Lincolnshire,  and  at  Wingfield 
IManor  in  Derbyshire,  as  did  Lord  Say  and  Sele,  and  Lord  Boteler,  respectively,  at  Sudley 
in  Gloucestershire,  and  Hurstmonceaux  in  Sussex,  all  of  which  are  now  either  destroyed 
or  only  in  ruins.  Additions  were  made  by  Edward  IV.  to  Nottingham  Castle,  and  bv  his 
brother  Richard  III.  to  Warwick  Castle  and  that  of  Middleburg  in  Yorkshire. 

424.  Upon  the  establishment  of  the  Tudor  dynasty,  Henry  VII. , on  the  ruins  of  a 
former  ])alace  at  Shene  in  Surrey,  which  after  the  repairs  he  bestowed  upon  it  was  destroyed 
by  fire,  built  a palace,  whereto  he  gave  the  name  of  Richmnnd,  in  allusion  to  his  former 
title,  a name  which  was  afterwards  given  to  the  beautiful  town  on  the  Thames,  in  its 
vicinity.  'Fhe  dimensions  of  the  state  ajjartments  in  this  splendid  building,  whereof  not  a 
vestige  now  remains,  are  to  be  found  in  the  Survey  of  1 64  9,  when  it  was  offered  for  sale  by  the 
Commissioners  of  Parliament.  They  abounded  with  bay  windows  of  capricious  formation, 
with  rectangular  and  semicircular  projections,  producing  a picturesque  effect ; and  to  add 
to  its  fantastic  appearance,  there  were  many  octangular  tower.s,  surmounted  with  cupolas  of 
the  same  plan,  whose  mitres  as  they  rose  were  fringed  with  rich  crockets.  They  were 
bulbous  in  their  general  form,  thus  bearing  a resemblance  in  contour  to  the  royal  crown  of 
the  period. 

42.5.  The  Tudor  style,  in  domestic  architecture,  is  thus  divided  by  Mr.  Dallaway.  “ 1 
That  just  alluded  to;  2,  The  variations  under  Henry  VHI.  ; 3.  'Fhe  Elizabethan  style” 
(which  will  form  a separate  section),  “as  it  admitted  of  Italian  ornament  in  the  designs 
of  John  of  Padua  and  his  followers,  until  the  time  of  Inigo  Jones. 

426.  'Hie  reign  of  Henry  VIII.  su])plies  numberless  instances  of  the  gorgeous  expense 
to  which  the  nobility  and  gentry  proceeded  in  the  jwoductions  of  our  art.  'I'he  example 
set  by  tlie  monarch  himself  was  witnessed  in  no  less  than  two  royal  mansions,  each  large 
enough  to  contain  his  numerous  retinue.  The  following  are  the  palaces  that  were  built 
or  repaired  by  Henry  Vlll.  ; — 


1.  Beaulieu,  or  Newhall,  Essex. 

2.  Ilunsdon,  Herts,  originally  built  by  Sir  John  Oldhall,  temp.  Edw.  ! V 

3.  Ampthill,  Bedfordshire. 

4.  Nons:ich,  Surrey. 

.5.  York  Place,  Whitehall,  Westminster. 

0.  Bridewell  and  Blackfriars,  London,  for  the  reception  of  the  emperor  Charles  V. 

7.  St.  James’s,  Westminster. 

8.  Kimholton,  Huntingdonshire,  the  jointure  of  the  divorced  Queen  Catharine  of  Arragon. 

9.  Sheriff  Hutton,  Yorkshire, given  lor  the  residence  of  Henry  Duke  of  Richmond,  the  king’s 

natural  son. 

10.  King’s  Langley,  Herts. 

It  was  natural  that  the  courtiers  of  such  a monarch  should  vie  with  each  other  in  erect- 
ing sumptuous  houses  in  the  provinces  where  they  were  seated.  "NVolsey,  besides  the 
progress  he  had  made,  at  the  time  of  his  fall,  in  his  colleges  at  Christchurch,  Oxford,  and 
Ipswich,  had  completed  Ham])ton  Court,  and  rebuilt  the  epi.scopal  residences  of  York 
House  (afterwards  Whitehall),  and  Esher  in  Surrey.  Edward  Stafford,  Duke  of  Buck- 
ingham, in  his  palace  at  Thornbury,  Gloucestershire,  almost  rivalled  the  cardinal,  and 
perhaps  might  have  done  so  entirely  if  he  had  not  been  hurried  to  the  scaffold  before  his 
man.sion  was  completed.  Grimsthorpe,  in  Lincolnshire,  rose  under  the  orders  of  the  Duke 
of  Suffolk  (Charles  Brandon).  The  Duke  of  Norfolk  and  his  accom))lished  son,  the  Earl 
of  Surrey,  were,  as  appears  from  the  descriptions  of  Kenninghall,  Norfolk,  and  Mount 
Surrey,  near  Norwich,  magnificent  in  the  mansions  they  required  for  their  occupation.  We 
shall  merely  add  the  following  list  (which  might,  if  it  were  necessary,  be  much  augmented) 
of  .some  other  mansions  of  note.  They  are — 1.  Haddon  Hall,  Derbyshire.  2.  Cow- 
dray,  Sussex,  destroyed  by  fire  in  1793.  3.  Hewer  Castle,  Kent.  4.  Go.sfield  Hall, 

Essex,  ])erfect.  5.  Hengreave  Hall,  Suffolk,  perfect,  and  whereof  a beautiful  work  has 
been  published  by  John  Gage,  Esq.  (now  Rookwode),  a descendant  of  its  ancient  possessors. 
6.  Layer  Marney,  Essex,  now  in  ruins.  7.  Raglan  Castle,  IMonmontlishire,  in  ruins. 
8.  Ilunsdon  House,  Herts,  rebuilt.  9.  South  Wingfield,  Derbyshire,  dilapidated. 
10.  Hill  Hall,  Essex,  built  by  Sir  Thomas  Smyth,  in  1542.  1 1.  Wolterton  (see Jiy.  199.) 
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in  East  Rarshain^  Norfolk,  in  ruins.  12.  Ilarlaxton,  Lincolnshire,  perfect.  13.  West- 
tt’ootl,  Worcestershire,  perfect. 


Fig.  199.  woi.TERroN  house. 

427.  In  a very  curious  tract,  entitled,  “ A Dyetorie  or  Regiment  of  Health,”  by 
Andrew  Boorde,  of  I’liysike  Doctor,  8vo.,  first  iirlnted  in  1.547,  the  following  directions 
are  given  how  a man  should  build  his  house  or  mansion  ; from  which  it  appears  that  there 
were  certain  leading  points  for  the  guidance  of  the  architect,  founded,  of  course,  they  were 
on  the  habits  of  the  time.  “ Make,”  says  our  friend  Andrew,  “the  hall  of  such  fashion 
that  the  jiarlor  be  annexed  to  the  head  of  the  hall,  and  the  buttyre  and  ])antrye  at  the  lower 
ende  thereof ; the  cellar  under  the  pantrye  sett  .somewhat  at  a base;  the  kechyn  sett  some- 
what at  a base  from  the  buttrye  and  pantrye  ; coming  with  an  entrie  within,  by  the  wall 
of  the  buttrie  ; the  pastrie  house  and  the  larder  annexed  to  the  kechyn.  Then  divyde  the 
logginges  by  the  circuit  of  the  quadrivial  courte,  and  let  the  gatehouse  be  ojiposite,  or 
iigainst  the  hall  doore  ; not  directly,  but  the  hall  doore  standyng  aba.se  of  the  gatehouse,  in 
tlie  middle  of  the  front  enteringe  into  the  place.  Let  the  prevye  chamber  be  annexed  to 
the  great  chamber  of  estate,  with  other  chambers  necessary  for  the  buildinge  ; so  that 
many  of  the  chambers  may  have  a ])ros])ecte  into  the  cliapell.”  Some  of  the  ])rincipal  in- 
novations in  the  early  Tudor  style,  were  the  introduction  of  gatehouses,  bay  window.s,  and 
(juadrangular  areas,  matters  rather  incompatible  with  buildings  constructed  for  defence.  The 
materials  of  tliese  j^alaces  and  mansions  were  of  freestone  and  brick,  according  to  the  facility 
with  which  from  the  situation  they  could  be  procured.  Sometimes,  indeed  often,  these 
materials  were  mixed.  Moulded  brickwork  and  terra  cotta  were  introduced  for  ornamental 
l)arts  by  Trevigi  and  Holbein  towards  the  end  of  the  period,  or,  perhaps  strictly  sjjeaking, 
at  the  end  of  it.  The  brickwork  was  occasionally  plastered  and  pointed  as  at  Nonsuch. 
At  Layer  Marney  and  other  places,  bricks  of  two  colours  highly  glazed  were  used  for 
variegating  the  surface,  and  were  formed  into  lozenges.  'J'he  chimney  shafts  seem  to  have 
exliausted  invention  in  the  twisted  and  diapered  patterns  into  which  they  were  wrought,  and 
decorated  witli  lieads  and  cajutals  and  cognizances  of  the  founder.s.  'I’he  gateways  were 
l)rominent  features  in  these  edifices,  and  the  most  ex])ensive  ornaments  were  lavished  on 
them.  That  at  Whitehall,  designed  by  Holbein,  was  constructed  with  differently  coloured 
glazed  bricks,  over  which  were  appended  four  large  circular  medallions  of  busts,  still 
preserved  at  Hatfield  Peveril,  Herts.  This  gateway  contained  several  apartments,  among 
wliich  not  the  least  remarkable  was  the  study  wherein  Holbein  chiefly  received  his  sitters, 
'file  ga^^eways  at  Hampton  Court  and  Woolterton  were  very  similar  to  this. 

428.  W’e  will  h.ere  digress  a little  on  the  bay  window  which,  as  generally  understood. 
wa3  simply  a jirojecting  window  between  two  buttresses  (whence  its  name,  as  occupying  a 
bay  of  the  building),  and  almost  universally  jilaced  at  the  end  of  the  room.  It  was  invented 
about  a centiir}-  before  the  Tudor  age,  in  which  it  usually  consisted  on  the  ])lan  of  right 
angles  intersected  by  circles,  as  in  the  buildings  at  Windsor  by  Henry  VIII.,  and  at 
'I'hornbury  Ca.stle.  When  placed  at  the  end  of  a great  hall,  it  extended  in  height  from  the  floor 
to  the  ceiling,  and  was  very  simple  and  regular  in  its  form.  In  a MS.  at  the  Herald’s  College 
relating  to  an  entertainment  given  at  Richmond  by  Henry  VIE,  the  following  passage 
occurs,  and  may  be  taken  as  descriptive  of  one  of  the  purposes  to  which  it  was  apiilied. 
“ Agaynst  that  hi.s  grace  had  supped:  the  hall  was  dressed  and  goodlie  to  be  scene,  and  a 
rich  cupboord  sett  thereup  in  a baye  window  of  IX  or  X stages  and  haunces  of  bight, 
furnissed  and  fulfilled  with  plate  of  gold,  .silver,  and  regilte.”  Carved  wainscotting  in 
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panels,  generally  of  oak,  lined  the  lower  part  of  the  halls  with  greater  unity  of  design  and 
execution  than  heretofore  ; and  it  now  found  its  way  into  parlours  and  presence  chambers 
with  every  variety  of  cyphers,  cognizances,  chimeras,  and  mottoes,  which  in  the  castles  of 
France  about  the  age  of  Francis  1.  were  called  Boisseries.  Of  these  some  curious  speci- 
mens still  remain  in  the  hall  and  chambers  of  the  dilapidated  mansion  of  the  Lords  de  La 
Warre  at  Ilalnacre  in  Suffolk.  The  area  or  court  was  quadrangular,  and  besides  the  great 
staircase  near  the  hall,  there  were  generally  hexangular  towers  containing  others : indeed, 
tney  were  ursually  to  be  found  in  each  angle  of  the  great  court,  rising  above  the  parapets, 
im])arting  a ])leasant  and  ])ictures<iue  effect  to  the  mass  of  building,  and  grouping  well  with 
the  lofty  and  ornamented  chimneys  of  which  we  have  above  spoken. 

429.  It  is  melancholy  to  reflect  upon  the  dis- 
ai)pearance  of  these  mansions  which  were  once 
the  ornaments  of  the  provinces,  and  now  one  hy 
one  falling  fast  away  by  the  joint  operation  of 
what  is  called  repair  and  by  decay.  Most  of  their 
remains  have  been  removed  to  raise  or  to  be  in- 
corporated with  other  buildings  for  which  they 
might  have  well  been  spared 

430.  The  characteristics  of  the  style  are  arches 
universally  flat,  and  wide  in  proportion  to  their 
height  (/i”.  200. ).  Windows,  much  more  open  than 
in  the  last  period,  flatter  at  the  top,  and  divided  in 
the  upper  part  by  transoms,  which  are  almost  con- 
stantly  crowned  with  embattled  work  in  miniature. 
'Lhe  ceilings  or  vaultings  spread  out  into  such  a 
variety  of  parts,  that  the  whole  surface  appears 
covered  with  a web  of  delicate  sculpture  or 
embroidery  thrown  over  it  ; and  from  different 
intersections  of  this  ribbed  work,  clusters  of  pen- 
dant ornaments  hang  down,  as  Mr.  Millers  ob- 
serves, like  “ stalactites  in  caverns.”  The  fly- 
ing buttresses  are  equally  ornamented,  and  the 
external  surfaces  of  the  walls  are  one  mass  of  deli- 
cate sculpture.  The  ornaments,  as  may  be  de- 
duced from  the  above  particulars,  are  lavish 
and  profuse  in  the  highest  degree.  F'retwork, 
figures  of  men  and  animals,  niches  and  taber- 
nacles, accompanied  with  canopies,  pedestals,  and 
traceries  of  the  most  exquisite  workmanship, 
carried  this  style  to  the  summit  of  splendour; 
and  all  these  combined,  had,  perhaps,  no  small 
share  in  producing  the  extinction  it  was  doomed 
to  undergo.  (See  Book  111.  Chap.  3.) 

431.  Scotland  boasts  of  many  fine  specimens  of  ecclesiastical  architecture,  'i’he  abbeys 
of  Melrose  and  Kelso,  founded  by  David  L,  as  well  of  those  of  Dryburgh  and  Jedbu  gli, 
all  in  Roxburghshire,  prove  that  the  art  advanced  to  as  great  perfection  north  of  the  Tweed, 
as  it  did  in  England.  Roslin  chapel,  erected  by  Sir  William  St.  Clair,  for  richness  and 
variety  of  ornamental  carvings  cannot  be  exceeded;  its  plan  is  vvitlioiit  parallel  in  any  other 
specimen  of  the  fifteenth  century.  Holvrood  chapel  was  finished  in  1440  by  James  II..  and 
is  a beautiful  example;  the  flying  buttresses  are  more  ornamented  than  any  even  in  England. 

432.  Examples  of  the  Florid  Gothic  or  Tudor  style  are  to  be  seen  at  the  cathedral 
churches — of  Gloucester,  in  the  chapel  of  Our  Lady;  at  Oxford,  in  the  roof  of  the  choir; 
at  Ely,  in  Alcock’s  chapel;  at  FeUrbi trough,  in  Our  Lady’s  chapel,  and  at  Hereford,  in  the 
north  porch.  In  conventual  churches,  at  Windsor,  St.  George’s  chapel  ; at  C(imbridi,e, 
King’s  College  chapel ; at  Westminster,  King  Henry  V’ I I.’s  chapel ; at  Great  Malvern,  in 
AVorcestershire,  the  tower  and  choir  ; at  Christ  Church,  Oxford,  the  roof  of  the  clioir,  and 
at  Evesham  Abbey,  in  Worcestershire,  ihe  campanile  and  gateway. 

433.  For  parochial  churches,  we  are  unab'.e  to  refer  the  reader  to  a complete  specimen, 
in  all  its  parts,  of  the  Tudor  style.  The  jiulpit  and  screen  at  Dartmouth  in  Devonshire,  are 
worthy  of  notice,  and  Edyngdon  Church,  Wilts,  for  its  transitional  features. 

434.  This  section  will  l)e  closed  by  a tabular  view  of  the  promoters,  dates  of  erection, 
and  dimensions,  of  the  diff'ereTit  cathedrals  of  England,  arranged  from  the  best  modern 
authorities,  such  as  The  Cathedrals  of  England,  by  John  Britton  ; Worcester  and  Lincoln, 
by  C.  Wild;  Carlisle,  by  R.  W.  Billings;  Canterbury,  by  W.  Woolnotli  ; which  are  tiie 
best  architectural  illustrations  of  these  strucluri  s ; Piof.  Willis’s  Architectural  History  of 
('anlerbury  Cathedral,  1845,  must  be  referred  to  fry  all  students;  wliile  Murray’s  Handbooks 
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them,  aro  profusely  illustrated  with  wooJcuts  of  exterior  and  interior  views,  toinl-s,  shrines, 
and  otlier  interesting  details.  The  Journals  of  tlie  two  Archseological  Societies  also  con- 
tain carefully  prepared  accounts  of  many  of  these  structures.  (All  inside  dimensions.) 


BRISTOL — Conventual  Church,  Augustinian  (Holy  Trinity). 


j Dates  and  Founders. 

]Nave. 

Choir. 

Aisles. 

Transepts. 

Tower. 

Abbots. 

L.  B.  H. 

L.  B.  H. 

L.  B.  II 

L.  B.  H. 

L.  B.  H. 

1142-70  Robert  Fitzhardiiig 
ISOG")  Edmund  Knowle, 
1341  /’ John  Snow  and  others 

J^^^^Jotin  Newland 
1515-26  Robert  Elliot 

Destroyed 
16  cent 

o 

o 

1 1 1 

— 

s.118-43 

n.  groined 
s.  Vault. 

30^  2.9  1 22 

See  foundecl  1.541 . The  chapter  house  and  vestibule,  1155-70,  is  now  42  fc.  by  25  ft.  The  Elder  Lady  chaoel 
dates  1 19G-12I.5,  and  the  roof,  1283-94.  The  stills  were  put  up  by  R.  Elliot.  The  internal  length  is  173  ft., 
the  breadth  ll8  ft.  The  chapter  hon.se  rebuilt  1833  by  Mr.  Pope;  18-55,  choir  rearranged  and  sedilia  restored 
by  T.  S,  Pope  ; tower  arches  rebuilt  about  1865  by  J.  Foster  ; nave  building  1875  by  G.  E.  Street,  R.A. 


CANTERBURY — Cathedral  Church,  Benedictine  (Christ  Church). 


D tes  and  Founders. 

Nave. 

Choir. 

Aisles. 

Transepts, 

low  ers. 

L.  B.  H. 

L.  B.  H. 

L.  B.  H. 

L.  B.  H. 

L.  B.  H. 

1070 

Archb.  Lanfranc 



.And  crvpt. 





logs'! 

to 

Archb.  Attselm  with  '1  j 
lErnulpb  1 . 

1 Co,. rad  ('  - j 

Tlie  second  church  (destroyed  by  fire,  1174) 

1109  J 

and  crypt  163x83  6. 

1 123-36 

Archb.  W.  Corboyl 

Re.storedthe  chinch  after  a fire,  1130. 

Jl^^jArchh.  Richard 

— 

189  38  71  1 
and  retro- 
clioir. 

and  aisles. 

148^31^  70| 
Upper. 

1304 

Henry  de  Estria,  prior 

— 

Stoneenclosure  Hft.high. 

1376  1 

1 S.  Sudbury, 

1 W.  Courtenay  and 
I T.  Arundel,  Arcblis. 

Lower 

“ Chichele” 

141  1 J 

1 T.  Cbillenden,  prior 

221  72  78 

— 



127,^33  78 

s w.  157 

1449-68 

T.  Goldstone  1.  prior 

— 

Lady  cliapci 

1472 

W.  Selling,  prior  i 

1500 

W.  Morion,  Archb, 

— 



— 

C Cnmpletd 

1492 

T.  Goldsione  1 1 , prior  ) 

— 

j 

1 

— 

35  35 233 i 

1840 

— 

— 

i - 

- 1 

N.W.  re- 
built - 1 57 

See  founded  6 '1.  ’I’he  original  Norman  structure  of  Archbishop  Lanfranc,  1070-86,  was  rebuilt  alter  the 
canonisation  of  Thomas  a Becket.  The  architects  of  the  new  choir  were  William  of  Sens,  1175-78.  and 
William  the  Englishman,  1179-84  The  chapter  house,  dating  1264  and  1391-1411,  is  87  ft.  long  by  35  It. 

wide  and  52  ft.  high  The  cloisters  are  134  ft  square.  Ttiis  cathedral  forms  a double  cross,  and  has  a 
lofty  crypt.  At  the  eastern  end  and  projecting  beyond  the  general  line  of  the  plan  is  the  “ corona  ” or 
“ Becket’s  crown,”  of  the  shape  of  about  three  ioiirths  of  a circle.  The  internal  length  is  514  ft.  and  ureadth 
148  It.  6 in.  Restorations  1820-48  by  G.  Austin,  and  later  by  H.  G.  Austin. 


CARLISLE — Cathedral  Church,  Augustinian  Canons  (S.  Mary). 


Dates  and  Founders. 

Nave. 

Choir. 

Aisles. 

Transepts. 

Towers.  | 

Bishops. 

10S2'(  f 

1130/  Y 

Gilbert  de  Welton 

1395  j Thomas  de  Appleby 
1400-19  William  Strickland 

L.  B.  H. 

37  g|o2. 

135  Origin- 
ally. 

zi 

L,  B.  H. 

Ai.sles  and 
arcade  of 
choir. 

Upper  part. 
134 

Completed. 

L.  B.  H. 
Included 
134  14i  - 

L.  B.  H. 

South. 
113.1  22  42 
N. restored 

L.  B.  H 1 

Piers  of’ 
centre. 

Rebuilt 
above  roof 

- - 128 

See  foundrd  1133.  The  east  window,  of  late  Decorated  work  32  ft.  wide,  is  perhaps  the  most  beautiful  in 
thewiorld:  see  BWWogs's  Co7  lisle  Cnt/iedral.  I be  refectory  is  79  ft.  long  and  27  ft.  wide.  The  internal 
length  is  205  ft.  and  breadth  13l  ft.  6 in.  Restorations  18.53-67  by  Ewan  Christian. 
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CHESTER  — CoNvENTUAi,  Church,  Benedictine  (S.  Wcrburgh). 


Dates  and  Founders. 

Nave. 

Choir. 

Aisles. 

Transepts. 

Tower,  j 

L.  B.  H. 

L.  B.  11. 

L.  B.  H. 

L.  B.  H. 

L.  B.  H. 

1128 

1211 

Ranulf,  earl  of  Chester 
{ 

Partly. 

Transepts 

dissimilar. 

Completed. 

39  22  N. 

cir. 

■.  - { 

1 75; 

Completed. 

1320  J 

92  m 70 
117  nosv. 

— 

— 

] 

1485 

Simon  Ripley,  abbot  1 

1 Upper 

S.  now  St. 
Oswald’s  ch. 

- - 127j; 

1492 

— Oldham,  do.  J 

i parts. 

I W.  front 

78i  77  — 

. 1 

1537 

John  Bircliensiiaw, abbot 

; <and  clcar- 

— 

— 

— 

Finished. 1 

1 story. 

1 

See  founded  1541.  The  chapter  house  was  built,  cir.  1 128,  by  Earl  Ranulf.  The  refectory,  n >w  the  King’s 
Seliool;  other  remains  of  tlie  inonasiery.  The  internal  lengib  is  348  ft.  G in.  and  breadth  130  ft.  Restoia- 
tion  of  the  choir,  1844,  by  R,  C.  Hussey  ; 1855,  Lady  chapel ; 18G8,  by  Sir  G.  G.  Scott. 


CHICHESTER  — Cathedral  Church,  Secular  Canons  (S.  Peter). 


Dates  and  Founders. 

Nave. 

Clioir. 

Aisles. 

Transept. 

Towers. 

Bishops. 

L.  B.  H. 

L.  B.  H 

L.  B.  H. 

L.  B.  H. 

L.  B.  H. 

3rd  bishop 

First  church  partly 
him.  ' 

burnt,  1114,  and  restored  by 
Consecrated  1148. 

172“^  C2 

105  11  59 

Included. 

— 

1223-44  Ralph  de  Neville 

— 

Retro-cboir. 

I'wo  outer 
of  nave. 

1-9  341  — 
north. 

Hilbert  de  S.  Leofard 

130o  J 

1305-26  John  de  Langton  / 

— 

Lady  chapel. 

Detached  at  | 

— 

— 

— 

— 

W.  end. 
32  32  120 

1 

1329  \ 

S.  and 

Central  107. 

1380/ 

window. 

j Spire  27 1 

I 507-36  Robert  Sherborne 

Upper  pai 

rt  of  choir,  stalls,  and  decorations  of  S.  transejit. 

See  founded  707.  The  church  founded  by  bishop  Seffrid  II.  upon  that  of  bishop  Ralph.  There  are  four 
aisles  to  the  nave.  The  external  length  is  411  ft.  3 in. ; internal  length  380  ft.  and  breadth  129  ft.  Restora- 
tions 1847-56  by  R.  C.  Carpenter;  since  1859  by  W.  Slater.  The  central  tower  fell  March  21,  1861,  and 
rebuilt  by  Sir  G.  G.  Scott,  and  W.  Slater. 


DURHx\l\I — Cathedral  Church,  Benedictine  (S.  Ciithbert). 


j Dates  and  Founders. 

Nave. 

Choir. 

Aisles. 

'I’rausept. 

Towers. 

Bishops. 

L.  B.  H. 

L,  B.  H. 

L.  B.  H. 

L.  B.  H. 

L.  B.  11. 

1093-5  William  de  Carilepb 

— 

Rebuilt  and 
aisles. 

— 



Flainbard 

1 1 - 0 J 

77 

175  77  71 

Included. 

/ 

East  or  Nine 

1237}"  Bichard  le  Poore 

— 

— 

1 

1 

A Itars. 
129i  34  — 

W.  - 143 

14561 

V 

172‘33.i  — 

C.  rebuilt 

1480  / 

1 31  33  2.7 

See  founded  G35.  The  chapel  of  the  Nine  Altars  was  begun  about  1230,  forming  a sort  of  transept  at  the 
end  of  the  choir.  This  cathedral  is  rem  u kable  from  the  pillars  of  its  nave,  which  are  curionsli  strial*-d. 
The  Galilee  or  Latly  chapel,  at  the  west  end,  begun  by  Hugh  de  I’udsey  (1153-95),  48  ft.  by  76  ft.  6 in.,  and 
finished  by  Bishop  Langley  (14f:6-37).  The  chapter  house  dates  1133-43.  The  cloisters  erected  by  Bishop 
Skirlavv,  1388-1405-37,  are  about  14G  ft.  square;  the  dormitory  is  now  the  new  library.  The  internal  length  is 
420  It.  and  breadth  172  ft.  Repairs  were  made  1778-1800  by  James  Wyatt,  and  since  1859  by  Sir  G.  G.  Scott. 
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ELY  — CATHEnPwM.  Chdrch,  Henedictike  (S.  Etheldreda  and  S.  Peter). 


1 Dates  and  Founders. 

Nave. 

Choir. 

Aisles. 

Transepts 

Tower. 

L.  B.  H. 

L.  B.  n. 

E.  B.  II. 

L.  B.  II. 

L.  B‘.  H. 

1 1082 

Simeon,  abbot,  I 

1 

foundations  / 

I 1107 

Richard,  abbot 

I 

O 

*74 

— 



1-81  73  — 

S.W.  Trans 
- - 120 

j 1174 

1 1189 

1 Geoffry  Riddell,  bishop 

— 

— 

— 

- 1 

C.  of  Wfront 
- - 215 

1229-54 
! 1322-28 

Hugh  de  Norwood, 
bishop  J 

— 

123  III  70 

— 

= 1 

Octagon. 
7H  - 
, 65|  clear. 

j 1328-42 

Simon  Wontacute,  bishop 

— 

— 

Lantern. 
30  30  142 

1.321-  49 

John  Wisbeach,  prior 

— 

Lady  chapel 

— 

- \ 

Inside 

1 Outside  170 

; 1337 

Jolmde  Hotham,  bishop 

— 

W.  portion 

— 

See  founded  1 108.  The  octagon  tower  and  choir  stalls  were  designed  by  Alan  de  Walsingham,  a monk, 
132-2-42  ; and  perhajis  the  Lady  chapel  1321-49,  which  is  without  aisles,  and  is  internally  100  ft.  long,  40  ft. 
wide,  and  60  ft.  high  to  its  vaulting.  The  Galilee  chapel,  at  the  western  end,  by  Bishop  Eustace,  1 198-1215, 
is  40  ft.  long.  'J  he  chantries,  are  Bishop  Alcock’s  1486-1500,  and  Bishop  West’s  1515-53.  The  exterior 
length  is  505  ft.  from  the  west  front  to  the  east  face  of  buttresses  ; the  internal  length  is  517  ft.  and  breadth 
178  ft.  6 in.  Restorations  from  1830  by  John  Bacon,  clerk  of  the  works  ; and  1852  by  Sir  G.  G.  Scott. 


EXETER — Catheoral  Church,  Benedicxine  (S.  Peter). 


Dates  and  Founders. 


Bishops. 

1136^  William  Warelwast 
12  58  ] 

1280  I Bronescomb 

1280 'I 
1291  f 

' 1326^  Walter  de  Stapeldon 
5 23o'9^  John  Graud'son 


Peter  Quivil 


Nave. 

Choir. 

Aisles. 

* Transej)ts. 

Towers. 

L.  B.  H. 

L.  B.  H 

L.  B.  H. 

L.  B.  H. 

L.  B.  H. 

28  28  145 

5 

I.ady  chapel 
and 

completed. 

to  transepts. 

“ 1 

( 

139  29  68 

— 

— 

- 

formed  out 
of  the 

commenced 

V 

tower.<. 

121  ',^6. 

132  14  35 

140  Jig, 

— 

148  14  35  J 

— 

- See  founded  1050.  The  general  plan  of  the  church  is  that  designed  by  Bishop  Quivil.  The  west  front 
ds  celebrated  for  the  display  of  a series  of  statues  of  kings,  warriors,  saints,  and  apostles,  guardians  as  it 
were  of  the  entrance,  arranged  in  three  rows.  The  lower  part  of  the  ciiapter  house  dates  from  about  Bishop 
iBrewer’s  time  (1224-14)  ; the  upper  part  is  by  Bi'^hop  Lucy  (1420-55)  ; the  ceiling  richly  decorated  by  Bishop 
Bothe  (1465-78).  The  cloisters,  which  are  only  perfect  on  one  side,  are  by  Bishop  Brantyngham,  1370-94. 
'The  “Fabric  Rolls”  of  this  Cathedral  are  interesting  records.  The  internal  length  is  378  ft.  5 in.  and  the 
breadth  139  ft.  The  Lady  chapel  was  restored,  1822,  by  John  Kendall. 


GI..OUCESTER — Church  of  BENEnic  riNES,  IMitred  Abbey  ( S.  Peter). 


Dates  and  Founders. 

j Nave. 

Choir. 

Aisles. 

Transepts. 

Tower. 

Abbots. 

L.  B.  H 

L.  B.  H 

L.  B.  H. 

L.  B.  H. 

L.  B.  H. 

2088 

1 

1 

1100 

^ Serlo 

04 

.180  671 

— 

W,  180  21  39 

— 

1242 

j 

j 1318 

J.  Tliokey 



— 

S.  180  22  40 

1 1329-37 

J.  Wygemore 



— 

— 

S. 53  35  78 

] 13.37 

"I  Adam  de  Stanton  and 

/ 

Upper  part 

1 1351 

J — Horton 

— \ 

1.45  35  86 
and  stalls. 

W.  53  35  78 

j 1420-37 

— Morwent 

W front  and 
two  bays. 

— 

— 



! 1450-57 

— Seabroke 

c6  354  176 

1 

to  leads. 

i 
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See  frnmd(>(M541.  The  rliapter  hnuse  (Norman)  is  72  ft.  Ion?,  34  f».  wide,  ami  3 ft.  6 in.  high.  The 
Lady  chapel  was  commenced  by  Abbot  Hanley,  1457-72,  and  finished  by  Abbot  W.  Farley,  1472-98.  The 
cloisters  are  the  most  perfect  and  beautiful  of  any  in  England,  and  are  unusually  placed,  being  on  the  north 
side.  They  were  commenced  by  Abbot  Horton,  1351-77,  and  completed  by  Abbot  Froucester,  1381-1112;  in 
them  is  a monk’s  lavatory,  and  the  “ carols.”  The  internal  length  is  406  ft.  and  breadth  141  ft.  Restorations 
were  commenced  1853  by  F.  S.  Waller,  w ho  published  a work  on  the  cathedral  in  1856. 


HEREFORD  — Cathedr.m,  Cherch,  Secular  Canons  (The  Virgin  and  S.  Ethdbert) 


Dates  and  Founders. 

Nave. 

Choir. 

Aisles. 

Transepts. 

Tower. 

Bishops. 

L.  B.  H. 

L.  B H. 

L.  B.  H 

L.  B.  H. 

L.  B.  H. 

1079' 

1 Robert  de  Losinga  f 

180  70 

97  33  70 

130  14i  — 

W.  117  53- 

1096 

} and  J 

i 

1 1 1 .5 

J Reynelm  orReinlielm  ( 

145  former  Iv 

1 

Cir.  1190' 
Cir.  1220 

Giles  de  Braose 

- s 

Vestibule  & 
Ladychapel. 

— 

— 

1260‘ 

\ 

Clerestory 



1282' 

1287 

) Richard  de  Swinefield 
^ and 

} 

and  vaulting 

— 

E.109  - 1 

C.  Upper 
part. 

1.820 

J Adam  de  Orleton 

— 

— 

— 

1 

— 3i  141  ' 
43  exter-  : 

H92‘ 
1 502 

Edmund  Audley 

Chantry. 

— 

— 

~~  1 

nally  | 

1 

See  founded  680.  The  Lady  chapel  is  93  ft.  by  31  ft.  The  octagonal  chapter  house,  1.330,  with  a central  pillar. 
^0  ft.  diam.,  was  taken  down  by  Bish  'p  Egerton,  1724-46.  The  great  west  tower,  130  ft.  high,  fell  1786,  and 
destroyed  a great  portion  of  the  nave  and  aisles,  which  were  then  shortened  about  15  ft.  The  length  between 
the  external  faces  of  the  buttresses  is  344  ft.  ; the  internal  length  325  ft.,  the  breadth  109  ft.  at  lesser 
transepts  and  147  ft.  at  larger  ones.  Restorations  1786  by  James  Wyatt ; from  1841  by  L.  N.  Cottingham 
and  his  son  ; from  18.58  by  Sir  G.  G.  Scott. 


LICHFIELD  — Cathedral  Church,  SEctji.AR  Canons  (The  Virgin  and  S.  Chad). 


Dates  and  Founders. 

Nave. 

Choir. 

Aisles. 

Transepts 

Tower. 

C.r. 

L.  B.  H. 

L.  B.  H. 

L.  B.  H. 

L.  B.  H. 

L.  B.  11. 

1200  

1220  

1240  

— 

Lower  part 
3 W.  bays. 

§1 

S.  - - 

149  28  - 

N.  - - 

\V.  Spires 
195 

1250  

1 275  

1.89  64^60 
W.  front 

N.  aisle  12i  ; 

; S aisle  13  0 

^ ( 
_ J 

C.  Spire 
- ^llli 
and  1.88 
= 294  i 

78  - - 

i 

1 325  

— 

137  28  67  Included 

See  founded  6-56.  I'he  church  is  tery  uniform,  having  been,  like  Salisbury  and  Exeter,  built  on  one  jtlan. 
” A dated  record  would  render  this  cathedral  one  of  the  most  valuable  for  the  history  of  the  development 
of  styles:”  Professor  Willis.  The  polygonal  apse  is  a special  feature  of  this  cathedral,  and  is  uni()ue  in 
England  ; the  triple  spires  is  another  feature.  The  arches  in  the  triforia  show  the  dog-tooth  moulding  in 
great  perfection.  The  Lady  cha()el  by  Bishop  W.  Langton,  1296-1321.  The  chapter  bou.-e,  cir.  1240,  is 
an  elongated  octacon,  40  ft.  3 in  by  27  ft.  5 in.,  with  a central  pillar.  The  internal  length  is  371  ft.  and 
breadth  149  ft.  Restorations  since  i860  by  .Sir  G.  G.  Scott. 


I.ONDON— Oi.D  Cathedral  Church  (St.  Paul). 


Dates  and  Founders. 

Nave. 

Choir. 

Ai.'les. 

Transept. 

'lower. 

Bishops. 

L.  B.  H. 

L.  B.  H. 

L.  B H. 

L.  B.  H. 

L.  B.  H. 

1087  1 
to 

! 1 1 28  J 

Mauritius  ^ 

[ Ricliard  de  Beaumes  \ 

280  oy  93 

— 

! 

Incliid  d. 

280  93 

1222-40  1 

f Eustace  de  Faut  onberge 
and 

255^3  lOli 

Included. 

|C.  47  285 
Spire  1315 
204 

1 

L Roger  de  Bileye 

1 

Burnt  1561  j 

1255-83 

— 

— 

I.ady  Chapel 



— 

— 

Cn/.p.  III. 
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See  founded  604.  The  chapter  house  was  built  1332,  and  was  octangular,  32  ft.  G in.  diam.,  and  placed 
in  the  cloisters,  91  ft.  square,  erected  by  Henry  de  Winghara,  1260.  Inigo  Jones  commenced  the  restora- 
tions  1633,  and  added  in  1636  the  beautiful  Corinthian  portico  at  the  western  end.  The  Church  was  burnt 
1666,  and  was  taken  down  1675.  Dugdale’s  History  of  St.  Paul's  has  numerous  plates  by  Hollar.  The 
external  length  was  about  590  ft.  and  of  the  transepts  290  ft. ; the  breadth  across  the  nave  104  ft.  ; these 
dimensions  are  obtained  from  Longman’s  Three  Cathedrals  of  St.  Piul,  8vo.,  1873.  The  lengths  in  the 
above  table  are  approximate  only,  arising  chiefly  from  the  error  of  690  ft.  as  given  by  Dugdvle  for  the 
length.  The  dimensions  of  the  present  edifice  are  given  in  paragraphs  470-474. 


THNCOLN — CATHEniiAL  CmnicH  (S.  Mary). 


Dates  and  Founders. 

Nave. 

Choir. 

Aisles. 

Transepts. 

Towers. 

Bishops. 

L.  B.  H. 

L.  B.  H. 

L.  B.  H. 

L.  B.  H. 

L.  B.  H. 

1128-48  Alexander 

Vaulting 



j 

1 179  44  72  E.andE  side 

1186')  Hugli  de  Grenoble  or 

158  40  72 

Included.  | 

of  W.  trails  and  W.  side 
as  high  as  second  tier  of 

1200  J S.  Hugh  of  Lincoln 

windows. 
Coinpl.  W 

\ 

1203-9  William  of  Blois 

— 

— 

; 

1 

irans.  and 
, Galilee. 

( 

222  66  74 

, 1209-35  Hugh  of  Wells 

pA 

213  SO  and  upper  part 

— 

I 

1 ^ 

of  W.  front. 

One  story 
of  C tower. 

1235-53  Robert  Grost^e 

Presbytery 
0 r A n ^ 6 1 

— 

W.  Trans. 

uCi*  ■ ■ 

~ ] 

Choir. 

Jon  w-  Sutton 



1 

— ) 

C.  Upper 
part. 

1 1 

53  — 270 

( 

W.  south 

1342-47  Thomas  Bell 

— 

— 

- 

end  and  its 
circular 

1438  William  Alnwick  I 

i 

wiiuiow. 

W.  front  173  ft.  and  S3  q 

high,  and 
window. 

large  W. 

1 

W.  Upper 

( 

1450  

— 

1 - 

— 

— 

part. 

- - 180 

See  founded  634.  The  plan  is  a double  or  Lorraine  cross.  The  architect  of  S.  Hugh’s  work  is  said  to 
be  Geoflfry  de  Noiers.  The  chapter  house,  cir.  13th  century,  is  a decagon  with  a central  pillar,  60  ft.  diam. 
and  40  ft.  high.  The  central  spire  was  blown  dowm  in  1547  ; the  others  were  removed  in  1808.  The 
Galilee  porch  on  W.  side  of  the  S.W.  transept  is  later  than  S.  Hugh’s  work.  The  fa9ade  is  decorated 
with  statues  and  sculpture,  like  Wells  and  Exeter.  The  cloisters  were  built  by  Bishop  Sutton  and  are 
very  slight.  There  is  a curious  “ stone  beam”  over  the  vaulting  and  between  the  west  towers.  Total 
internal  length  482  ft.  and  breadth  222  ft.  at  west  transepts.  The  west  front  was  restored  about  1862. 


M.^NCHESTER  — Coli.ep.iate  Church  ( The  Virgin,  S.  Denis  of  France,  and 
S.  George  of  England). 


Dates  and  Founders. 


1424')  John  Huntingdon,  1st 
1458  j warden 

1490  James  Stanley,  bishops 

1518  

1 8 30  


Nave. 


Choir. 


Aisles. 


L.  B.  H.  L.  B.  11.  L.  B.  H. 

1 25i  - 81  16  — 

II  r-,1 

inclusive  of  aisles. 
( A crypt  under  it. 


Transept. 


L.  B.  H. 

North,  now 
Sf.  James’s 
f^hantry. 

16  17  — 


88  29  - I l88  18^ 

1 10  inclusive  of  aisles  and  chapels. 

jLadyChapel  or  Clieiham  Chapel. 


L.  B.  K. 


W.  Rebuilt 
27  -27  137 


Parish  church  ; made  collegiate  1422  ; see  founded  1847.  Lady  chapel  16  ft.  square.  St.  John  Baptist 
or  Derby  chapel,  cir.  1500,  80  ft.  by  26  ft.,  and  the  chapter  house  22  ft.  by  13  ft.  6 in.,  having  an  unequal 
apsidal  end,  are  both  by  Bishop  Stanley.  Jesus’  chapel,  by  Bexwith,  a merchant,  1506,  is  35  ft.  bv  25  ft 
The  Trafiford  chapel,  1506,  is  27  ft.  by  21  ft.  6 in. ; St.  George’s  chapel,  adjoining  the  last,  1508,  is  25  ft.  by 
27  ft.  6 in. ; and  the  Bibby  porch,  1520,  is  13  ft.  square.  The  Strangeways  chapel,  1508,  is  68  ft  bv  22  ft 
The  Oldham  chapel,  1518,  is  15  ft.  by  12  ft.  The  internal  length,  215  ft.  and  breadth  112  ft. ; externally* 
232  ft.  and  130  ft.  Restored  and  portions  rebuilt  by  J.  P.  Holden.  Tower  rebuilt  by  him,  but  not  a copy 
The  later  restorations  have  been  carried  on  by  J.  S.  Crowther. 
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NORWICH  — Cathf.oral  CiniKCn,  Bfnfoictine  (Holy  Trinity). 


Dales  and  Founders. 

Nave. 

Choir. 

Aisles. 

Transept. 

Tower. 

Bishops. 

L.  B.  H. 

L.  B.  H. 

L.  B.  H. 

L.  B.  11. 

L.  B.  H. 

1 

1096  1 jj  , .IT  • 
1101  J Losinga 

— 

165  45  83 

Included. 

180  36^73 

- - 140 

- 4'Jext. 

;|2>|Evera,d  1 

200  to  screen 
2-50  to  tower 

- 'Oi  70 
20 

— 

— 

— 

1200/  Oxford 

— 

Restored. 

— 

— 

1 Spire 

1356-69  Tliomas  Percy 

— 

— 

— 

~ 1 

- - 140 
and  169 

1426-36  William  Alnwick  ^ 

W.  front 
83  — — 

— 



_ 1 

= 309 

1446-72  

Vaulting. 







1472-99  

— 

Clere.story 
and  vaulting 

— 

— 

J 

i 


See  founded  f 30  and  again  (M-h  Before  1272  the  cathedral  was  so  dilapidated  as  to  render  it 
be  rebuilt.  The  cloisters  commenced  by  Bishop  Walpole  in  1297,  were  completed  by  Bishop 
1430  ; they  are  the  most  spacious  in  England,  being  about  176  ft.  square  and  14  ft.  9 in.  wide, 
chapel  was  dotroyed.  The  external  length  is  414  ft.  G in.  and  breadtli  191  It.;  the  internal  len 
and  breadth  180  ft.  The  length  from  the  west  door  to  apse  is  3S3  ft.  7 in. 


necessary  to 
Alnwick  in 
"I'he  Lady 
gth  is  404  ftj* 


OXFORD^ — PitioRY  Church  of  Aucu.stiman  Cavon.s 

(S.  Frideswide,  or  Clnist  Churcli).  Cs 


Dates  and  Founders. 

Nat  e 

Choir. 

Aisles.  j Transejit 

Tower  and  [ 
Spire.  1 

1150-80  Canutus,  prior 

1250  

].S25  

1528  Cardinal  Wolsey 

L.  B.  II. 

58  g,  4I.i 

Latin  chapel 
Koof. 

L.  B.  M. 
68  53  37  i 

Lady 

Cluipel. 

Roof  of 
Choir. 

L.  B 11. 
Included. 

I..  B.  H 
102  21  43.i 

- f 

L.  B.  Hi 

Iivide  1 
i - 20  145  ! 

See  founded  154.6.  It  is  the  smallest  cathedral  in  England.  The  chapter  house  (Early  English),  oblong  T 
in  form,  54  ft.  ly  24  ft.,  may  be  comiiared  with  those  of  Lincoln,  Salisbury,  and  Chester,  belong  ng  to  far  ^ 
wealthier  communities.  Wolsey  de.'troyed  the  west  front  and  the  greater  i art  of  the  nave  '1  hree  sides  of 
the  small  cloister  (64  ft.  wide)  remain  Internal  length  154  ft.  (it  was  202  fc.  when  complete)  and  breadth 
i02  ft.  Interior  restorations,  18.5G,  by  R.  W.  Billing. 


PETERBOROUGH— Conventual  Church,  Benedictine  (SS.  Peter,  Paul,  and  | 

Andrew). 


Dates  and  Founders. 

Nave. 

Choir. 

Aisles. 

Transepts. 

Towers. 

Abbots. 

L.  B.  H. 

L.  B.  H. 

L.  B.  H. 

L.  B.  H. 

L.  B.  H. 

1118'!  John  of  Seez  and 
1133/  Martin  of  Bee 

— 

119  79  78 

— 

F.  aisles 

1 155  1 William  de  Water- 
1177/  ville 

Portion 

— 

-{ 

Transepts 
185  57  71 

C.  Lower 
part  1 

226  ll  73i 

— 

226  13  71 

w.  trans. 

1200-37  

w.  front 
w.  porch 

Remain  of 
Lady  chapel 

— 

Lantern  of 
C Tower  124 

137.0  

— Ashton  & Robert 
1528  / Kirton 

— 

— 

E.  aisle  or 
new  building 

W.  spires  153 

i 

See  founded  1545.  The  three  arches  forming  tlie  west  front,  153  ft.  long,  are  73  ft.  high  in  the  opening  ,| 
and  “ as  a i)ortico,  it  is  the  finest  and  grandest  in  Europe  : ” Fergusson.  There  are  o dy  the  remains  of  the 
cloisters  132  ft.  wide.  The  external  length  480  ft.  and  203  ft.  wide.  The  intern  il  length  is  426  It.  and  the 
breadth  185  ft  Paley  licmarliS  on  the  Arch,  of  Peterborough  Cathedral,  18-59.  It  was  under  restoration  by 
Edward  Blore  from  1832  ; and  from  1859  by  G.  G.  Sco'.t,  11. A.,  to  hi,  death,  1878.  Tne  central  tower  was 
rebuilt  by  John  L.  Pearson,  R.A.,  1885-G. 
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IlIPON — CoM.FciATE  Cmrucii  (by  James  I.);  (S.  Wilfrid). 


Dates  iind  Founders. 

Nave. 

Clioir. 

Aisles. 

Transepts. 

Tow  crs. 

L.  B.  H. 

L.  B.  H. 

L.  B.  H. 

L.  B.  H, 

L B.  U. 



Wilfrid 

Crypt. 







- - 110 
(Spires  now 
removed 

1154-81 

Roger,  Archb.  of  York 

169^8788 

Part  N.  side. 

Included. 

132  36N- 
33  s- 

were  110  ft. 
higher.) 

1215-55 

Walter  Gray 

vv.  front  ? 

— 

— 

1288-1.300 
1317-40  1 



E.  part. 





William  de  Alelton, 



101  67  79 

Included. 



Archb.  of  York 

Choir  screen 
2 bays  on 
S.  side. 

1454-59 



— 

E.  side  S. 
transept. 

E.  and 
sides  of  C, 

1 500-20 

Removed  & 
Perpend, 
work  substi- 

rebuilt. 

IfifiO 

tuted. 

H oof  ro.stcl 

See  founded  18o6.  The  chapter  house,  34  ft.  8 in.,  29  ft.  wide,  by  IS  ft.  8 in.  high,  with  an  apsidal  end, 
ly  Archb.  Roger,  but  tiie  two  central  pillars  and  vaulting  are  later.  The  crypt  under  it  is  perhaps  the 
iriginal  church  of  Archb.  Thomas  of  Bayeux,  1070-1100.  The  I.ady  chapel,  1482,  is  over  it,  a most 
inusual  position;  it  is  now  the  library.  Melton  extended  the  church  eastward  to  twice  its  former 
ength  (ireat  east  window,  2o  ft.  by  51  feet  high,  dates  at  the  end  of  i4th  century.  The  crypt  under  the 
entre  tower  is  1 1 ft.  5 in.  by  7 ft.  8 in.,  and  9 ft.  4 in.  high;  it  is  dedicated  to  the  Holy  Trinity.  The 
eternal  length  is  270  ft.  5 in.  and  breadth  132  ft.  In  1829  the  nave  was  new  roofed  and  ceiled;  and  from 
8G2  the  choir  groined  in  wood  and  other  restorations  by  Sir  G.  G.  Scott. 


llOCHESrER — Cathedra!,  Church,  Benedictine  (S.  Andrew). 


D.ites  and  Founders. 

Nave. 

Choir. 

A.isles. 

I’ransepts. 

Tower. 

Bishops. 

L.  B.  11. 

L.  B.  H. 

L.  B.  H. 

L.  B.  H. 

L.  B.  H. 

1077-80 

Gundulf,  commenced 

128  55 

! 

— 

North  95 
now  40 

1 130 
1200 

John 

w.  front 
New  roof 

-1 

New  roof 

110^2^1  : 
44  Lady  clipl 

— 

— 

i 220-2 7 
Jrir.  1350 
\Ar.  1400 

f William  de  IIoo,  sacrist 
and  prior 

Included. 
Chapel  St. 

L.92^^5  - 
W.12->>i  29  - 

Central 
- - 156 

Marv. 

See  founded  604.  Thecnpt  (liarly  English)  is  one  of  the  best  of  the  class.  The  walls  of  “ Gundult ’s 
)wer,”  24  ft.  square  and  9.5  ft  high,  are  6 ft.  thick,  the  entrance  is  supposed  to  have  been  from  the  top 
f Bishop  Ernulf’s  work  1 114-24,  the  west  front  (perhaps),  dormitory,  refectory,  and  chapter  house  alone 
;maiu  : the  door  to  the  1 itter  is  of  Decorated  work  and  remarkable.  The  chapel  of  St.  Mary  is  45  ft. 
r 30  ft.  The  internal  length  is  313  ft.  6 m.  and  breadth  122  ft.  3 in.  Restorations  1825-30,  by  L.  N. 
ottiugham,  and  of  late  years  by  Sir  G.  G.  Seott. 


SALISBURY — Cathedrai,  Church,  Secuear  Canons  (S.  Mary) 


Dates  and  Founders. 

Nave. 

Choir. 

Ai'les. 

Transepts. 

Tower. 

Bishops. 

L.  B.  H. 

L.  B.  H. 

L.  B.  H. 

L.  B.  H. 

!l.  b.  h. 

1 Richard  Poore  ( 1220) 

194  84 

— 

— 

— 

- - 207 
out.  50^  - 

229-46  Robert  Bingham 

140  78  84 

- 16.1  38 



246-56  William  of  York 



__ 

' 

'E.  145  44  81 

256-62  Giles  of  Bridport 

— 

— 

— 

W.206  57  81 

330-75  Robert  de  Wyvil 

— 

— 

— 

1 

Spire 
- - 403 

8ee  founded  705.  This  is  the  most  uniform  of  the  cathedrals  ; the  original  plan  given  by  Bishop  Poore 
IS  carried  out  by  his  successors.  Elias  de  Dereham  was  clerk  of  the  woiks  for  the  first  twenty  yeare,  and 
thertiis  for  the  following  twenty.  The  great  regularity  of  the  masonry  is  a distinctive  peculiarity  of 
rly  English  work.  According  to  the  account  rendered  to  Henry  111.,  it  appeared  that  40,0r0  marks 
1,GG6/.  I3.S-.  4(/.)  had  up  to  1258  been  expended  on  the  fabric.  The  chapter  house  is  an  octagon  58  ft.  diam. 
I'll  53  ft  high,  with  a central  shaft;  this  with  the  cloisters,  182  ft.  square,  were  commenced  by  Bishop 
alter  de  la  Wyle  (12G3-70  , and  completed  by  Bishop  R.  de  Wickhampton  (1270-M).  The  latter  were 
1 tored  18.50-.56,  by  Mr.  Clutton  for  Bishop  Denison.  The  sculptures  in  the  former  were  painted,  1859, 
«• , by  Mr.  Hudson,  and  have  been  explained  by  W.  Burges.  I'he  stone  spire  is  described  in  B.  3,  ch.  iv.  The 
*'ernal  length  is  480  ft.,  the  breadth  230  ft.  The  internal  length  is  4.50  ft.,  and  breadth  206  ft.  The  west 
I It  is  112  ft.  long.  Sir  C.  Wren  effected  some  repairs.  Restorations,  1782-91,  by  James  Wyatt. 
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WELLS — Cathedhai.  Church  (S.  Andrew). 


Dates  and  Founders. 

Nave. 

Choir. 

Aisles. 

Transepts. 

Tower. 

Bishops. 

L.  B.  H. 

L.  B.  H. 

L.  B.  H. 

L.  B,  H. 

L.  B.  H. 

1148-66  Robert. 

1 174-96  Reginald  Fitz  Jocelin 

161  68 

3 w.  arches 

Nave 
- 13i  - 
Included. 

135  C7 

To  roof. 

1206-42  Jocelyn  of  Wells 

w.  front  aii(' 
3 arches. 

— 

— 

— 

— 

103  69  73 

1809-29  John  de  Drokinsford 

1 

J 

And  Lady 
chapel. 

Included 
- IH  - 

— 

3 completd 
- - 1584 

( 

47  33  - 

‘ 

1866-S6  .Toliii  Harewell 

— 

— 

— 

— 

S.  W.  TJppei 

1407-24  Nuliolas  Bnbvviih 

— 

— 

— 

— 

N.W.  23  125 

See  founded  f09,  and  with  Bath  lOoO.  Though  one  of  the  smallest  cathedrals,  it  is  a very  extraordinary 
example.  Its  western  fa9  ide  is  decorated  with  six  rows  of  sculpture  in  a very  perfect  state,  and  somewhat 
similar  to  Exeter  and  Lincoln.  The  subjects  are  angels,  siil  jects  from  the  Old  and  New  Testaments,  kings, 
hi'hops,  and  warriors,  amounting  to  over  300:  they  have  been  explained  by  C.  R.  Cockerell,  in  his 
Iconography.  The  original  plan  seems  to  have  been  can  ied  out  to  its  completion.  Tlie  chapel  or  room 
under  the  chapter  house  and  the  curious  staircase,  were  completed  about  1V86,  by  Bishop  Burnell ; and 
the  chap'er  house,  octagon,  52  ft.  0 in  wide  and  42  ft.  high,  with  a central  pillar,  by  Bishop  William  de  la 
March,  1293-1302  ; see  figs.  127S-7.  The  east  walk  of  the  cloisters,  163  ft.,  and  library,  date  1407-24  ; the  west 
166  ft.  and  part  of  the  south,  dale  1443-64,  and  completed  for  130  ft.  more,  soon  after  by  Thomas  Henry, 
I'reasurer.  The  support  ol  the  central  tower  is  assisted  by  an  inverted  arch  as  at  Salisbury.  The  internal 
length  is  385  ft.  and  the  breadth  135  ft.  The  west  front  is  147^  ft.  long.  Restorations,  1842,  by  C.  R. 
Cockerell,  and  later  by  B.  Ferrey. 


WINCHESTER — Cathedral  Church,  Benedictine  (S.  Mary). 


1 Dates  and  Founders. 

Nave. 

Choir. 

Aisles. 

Transepts 

Tower, 

Bishops. 

L.  B.  H. 

L.  B.  H. 

L.  B.  H. 

L.  B,  H. 

L.  B.  11. 

1079-98  Walkelin 

— 

— 

— 

208  78  - 

(Fig.  1266.) 

50  48  13«i 

1204}  L”^y 

E.  adt 

iitions. 

— 

— 

1320  

1845-66  William  de  Edingdon 
1.866  ) William  de  Wykeliam  f 
1404  \ (Rigs.  1802-4.)  1 

1404-47  Cardinal  Beaufort  [ 

Commenced 
2i0  to  choir 
264  3®  78 

155  86  78 
Lady  chapel 
54  28  - 

Inclufled 
- 13  40 

Included. 

i - 

— 

1447-86  William  Waynflete 
1500-28  Richard  Fox 

Completed 
118  ft.  long 

-1 

Completed. 
Preshytery 
& beyond. 

— 

See  founded  648  The  west  front  was  originally  the  work  of  Bishop  Edingdon.  The  nave,  which  wa.s 
“ transformed  ” (Prof.  Willis)  by  Wykeham  is,  with  Ely  and  Canterbury,  probably  the  longest  in  the 
world,  S.  Peter’s  at  Rome  excepted.  The  Cloisters  are  180  ft.  by  174  It.  The  exterior  of  the  choir  is  of  the 
finest  Gothic  of  the  filteenth  century.  The  choir  as  at  Gloucester,  is  inider  the  tower.  The  chantries  of 
Waynflete  and  Beaufort  are  fine  examples.  The  crypt  is  an  interesting  example,  and  more  so  now  that 
the  chalk,  4 ft.  deep,  filled  in  about  400  years  since,  has  iieen  removed,  188;i-7.  There  is  no  chapter  house. 
The  external  length  is  5-i7  ft.  9 in. ; the  internal  1 ngth  is  52-i  ft  , the  breadth  208  ft.  The  stone  screen  and 
the  episcopal  throne  are  by  Gaibeit.  The  west  front  restored  1860. 


WORCESTER — Cathedral  Church,  Benedictine  (S.  Mary). 


Dates  and  Founders. 


Bishoirs. 

1804  S.  Wulf'stan 
^^1094!  W’illiam  de  Blois 

I T.  Coliham  and  Henry 
j Wakefield 

1.872  W.  de  Lynn 

j-  Henry  Wakefield 


Nave. 

Clioir. 

Aisles. 

Transepts. 

Tower. 

L.  B.  H. 

L.  B H 

L.  B.  H. 

L.  B.  H. 

L.  B.  11. 

= { 

Crypt. 
113  62 

&Latly  cbpl. 
172  - - 

E.  120  25  - 
Included 

— 

170  78  68 

— 

Included. 

W.128  3‘2  6f)i 







__ 

- 44  1G(; 

Nave  vaulting  and  altera- 
tions at  W.  end. 

— 



1 

Chap.  III. 


ELIZABETHAN. 


l‘)5 


See  rounded  680.  The  chapter  house  is  circular  (sometimes  called  a decagon)  55  ft.  diam.,  45  ft.  high, 
with  a plain  cential  pillar.  The  cloisters  (Perpendicular)  about  120  ft.  square,  were  erected  in  the  time  of 
Bishop  Lynn.  They  were  restored  1866.  The  refectory,  now  the  King’s  School,  120  ft.  by  38  ft.,  is  still 
perfect.  The  external  length  is  405  ft. ; the  internal  length  388  ft.  and  the  breadth  128  ft.  Restorations 
since  1837  by  11.  E.  Perkins. 


YORK — CATHEnitAi.  Church,  Secular  Canon.s  (S.  Peter  the  Apostle). 


Dates  and  Founders. 

Nave. 

Choir. 

Aisles. 

Transepts. 

Towers. 

Archbishops. 

L.  B.  H. 

L.  B.  H. 

L.  B.  H. 

L.  B.  H. 

L.  B.  H. 

1215-55  Walter  Gray 







S.223  94 

1228-56  JobnleRomeyn  (treas.) 
1285-96  John  le  Romain 

205  93 



220  47 

N.  - - 91A 

C tower. 

1355  John  de  Tiioresby 

Completed. 

f 

Lady  chapel 

— 

— 

1361-73  John  de  Thoresby 

1373'!  Alex,  de  Neville 
1400J  Thomas  Arundel 

- \ 

64  94  102^ 
Presbytery. 

146  101 

— 

( 

C.  recased. 

1405  

Completed 

— 1 

44  42  198 

1420  JohnBermingham(treas.) 
1432  ^ 

W.  front. 

— 

— 

S.W. 

N.W. 

1457  

j 

32  32  172 

See  founded  622  or  626.  The  octagonal  chapter  house,  57  ft.  diam.  and  67  ft.  10  in.  high,  was,  perhaps, 
erected  at  the  same  time  as  the  nave  ; it  has  no  central  pillar.  The  choir  and  crypts  were  rebuilt  on  a 
larger  scale,  1 154-81,  by  Archb.  Roger  ; some  parts  are  earlier.  The  aisles  surrounding  the  church  in  every 
part  are  of  similar  dimensions  and  were  built  at  same  time.  The  open  central  tower  is  188  ft.  high  from 
the  floor.  The  Rose  window  in  the  S.  transept  is  the  finest  in  England,  it  is  22  ft.  6 in.  diam.  The  five  lancet 
lights,  dating  12.50,  in  the  N.  transept  are  each  5 ft.  7in.  wide  and  54  ft.  high.  The  church  was  consecrated 
July  3,1472.  The  “Fabric  Rolls”  of  this  cathedral  are  valuable  records  of  building  operations.  The 
evternal  length  is  518  ft.  The  internal  length  is  486  ft.  and  the  breadth  223  ft.  I’he  choir  roof  was  burnt 
1829,  and  restored  by  Sir  R.  Smirke  ; the  nave  roof  burnt  1840,  and  restored  by  S.  Smirke  The  S.  transept 
was  restored  1875,  by  G.  E.  Street. 


WESTMINSTER — Abbev  Churcit,  Benedictine  (S.  Peter). 


Dates  and  Founders. 


and 


I I 

Kave,  Choir.  Aisles.  Transepts.  W.  Towers. 


L.  B.  H. 

156  38  101 
(fig.  1278) 


L.  B.  H. 

189  7710,5^5 
82,^  38  78  N 


38^ 


13G 


lOli 


,L.  B.  H 

1269}  Henry  III. 

1272  ) King  Edward  I. 

1307  / (five  bays) 

1413  f Henry  V. 

1509)  . Edward  IV. 

I_(six  bays  and  towers) 

1713-35  Additions  to  west  front  and  towers,  by  Sir  C.  Wren  and  others. 
1490  King  Henry  VIl.’s  Cliapel,  100  ft.  long,  35  ft.  wide,  and  G6  ft. 
with  aisles,  and  54  ft.  high  (figs.  1325-6). 


L.  B,  H. 


- 16^  - 


- 


L.  B.  H. 


- - 122^ 
- -102i 


See  founded  1540,  annulled  in  1550.  The  flying  buttresses  of  Henry  VII.’s  chapel  are  among  the  most 
Deautifully  decorated  in  England.  The  triforia  of  the  church  are  lighted  from  a range  of  windows 
laxternally,  etreh  consisting  of  three  circles,  inscribed  within  a triangle.  The  chapter  house,  an  octagon 
pf  58  ft  in  diameter,  is  of  the  same  date  as  the  choir;  the  two  sides  of  the  cloister,  which  is  135  ft.  by 
141  ft.,  date  as  the  western  part  of  the  nave.  Portions  of  the  “ Fabric  Rolls  ” have  been  printed  in  Scott, 
l^/eaningrs,  8vo.,  1863, 2nd  edition.  The  total  length  intorna'ly  is  given  as  489  ft.  and  511  ft.  6 in.  These 
hmensious  are  from  Neale’s  History,  those  “ corrected  ” in  Ackermann’s  History  are  smaller.  The  outside 
pf  the  chapel  was  restored  1809-22  by  Thomas  Gayfere,  mason,  under  James  Wyatt,  R.A. ; the  building 
Ijenerally  by  Edward  Blore,  and  by  Sir  G.  G.  Scott,  R.A.,  1848-62.  Later  by  J.  L.  Pearson,  R.A. 
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RATH — Abbfy  Ciniunr,  Renfdictink.  ( SS.  Peter  and  Fatil). 


Dates  and  Founders. 

Nave. 

Choir. 

Aisles. 

Transepts. 

C.  Tower. 

L.  B.  H. 

L.  B.  H. 

L.  B.  H. 

L.  B.  H. 

L.  B..  II. 

M9.5  1 

Bishop  Oliver  Kin^r,  but 

74 

150;}  J 

not  roofed 

143  78 

75  - 76 

— 

123  - - 

40  30  168 

15721 

1 Bishop  Peter  Chapiran, 

to  ' 

Bishop  Montague,  and 

G eneral 

Repairs,  Sic. 

1616  J 

1 others 

1 5f}5 

Prior  Rirde’s  chapel 

See  founded  070,  and  witli  Wells  1050.  Considered  to  be  the  last  building  in  the  Perpendicular  period, 
of  great  magnitude.  Edward  Leycestre,  master  of  the  works,  succeeded  1537  by  John  Multon,  freemason. 
It  lias  52  large  sized  windows.  Its  internal  length  is  218  ft.  and  breadth  74  ft.  Interior  remodelled  1835 
by  G.  P.  Mannei-s,  and  restored  1868-71  by  Sir  G.  G.  Scott,  R.A. 


S.  ALRAN’S — Abbey  Church,  Benedictine  (S.  Alban). 


Dates  and  Founders. 

Nave. 

Choir. 

Aisles. 

Nave. 

Transepts. 

1 

C.  Tower. 

1077  ) Abbot  Paul  (east  part  of 
1078J  nave) 

1195  Abbot  John  de  Celia  f 

to  1235  / & W.  de  Trumpirgton  1^ 

1260  cir.  John  de  Hertford 

1290  cir.  Roger  de  Nortone 
1.308)^  John  de  Marynes 
1326  / Hugh  de  Eversdone 

L.  B.  H. 

275i  77|  67 

3 w.  portals 
and  w.  end 
of  nave. 

L.  B.  H. 

70  65i 

Sanctuary. 
93i  35  67 
Lady  ch 

56  23  31J  1 

L.  B.  n. 

275J  15  - 

apel  and  ant 

« S 24 

L.  B.  H. 

1751  32  62 

e-chapel. 

L.  B.  II. 

45  47  - 

outs.  143i 
ins.  102" 

Founded  793.  See  founded  1877.  Abbot  John  de  Whethamstede,  1420-40  and  1451-64,  altered  the 
ground  story  windows  north  side  of  nave  and  choir,  added  the  large  windows  in  nave  and  transepts,  and 
the  watching  loft.  The  internal  length  is  620  ft.  8^  in.  Outside  length,  550  ft.  from  plinth  of  buttress 
of  east  wall  of  Lady  chapel  to  plinth  of  west  porch.  Restoration  was  commenced  1870  to  the  tower,  &c., 
by  Sir  G.  G.  Scott  (died  1878).  The  west  front  and  part  of  south  transept  were  pulled  down  and  rebuilt 
1884-7  by  direction  of  Sir  E.  Becket  Denison,  now  Lord  Grimthorpe. 


TRURO— Cathedral  Church  (S.  Mary) 


Dates  and  Founders. 

Nave. 

Choir. 

Aisles. 

Transepts. 

Tower. 

L.  B.  H 

L.  B.  H. 

L.  B.  H. 

L.  B.  H. 

L.  B.  H. 

May  20, 1879,  "I  Bishop  Benson 
to  and 

Nov.  1,  1887.  J Bishop  Wilkinson 

130  70 

112  70 

Nave. 

95  ll^  30 
Choir. 
112  27^  28 

no  27  70 
Choir. 

- 22  70 

15  15  - 
:}0  30  out 

C.  to  be  225  f* 
W.  24  205  > 
Clock  tower ' 

- - 135 

See  founded  1884.  South  of  south  choir  aisle  is  a second  aisle  7 ft.  wide,  and  south  of  this  is  the  old 
aisle  of  the  parish  church  (Early  English  and  Decorated  periods).  This  is  76  ft.  long,  17  ft.  wide,  and  1' 
29  ft.  high.  A western  tower  has  been  added  to  this  aisle,  and  forms  a feature  in  connection  with  the  ' 
south  transept.  The  external  length  is  284  ft.,  73  ft.  across  the  nave  and  aisles,  and  117  ft.  across  tran- 
septs.  The  internal  length  is  276  ft.  by  110  ft.  The  architect  is  John  L. Pearson,  R.A.  At  present,Nov. 
1887,  are  erected  only  the  choir,  the  great  transepts  and  aisles,  the  east  transept,  the  baptistery,  two  nave 
bays  up  to  the  triforium,  the  clock  tower  at  south  transept,  and  the  central  tower,  including  the  first 
stage  of  the  lantern  with  temporary  roof. 
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SOUTHWELL — Collkgiate  Church,  Secular  Canons  ( S.  Mary  the  Virgin). 


Dates  and  Pounders. 


1 I 10  — 

'to?25o]  ^“■■‘5'  ‘="8'“'' 

1 335-40  Organ  Screen 


Nave. 

Choir. 

Aisles. 

Transepts. 

Towers. 

L.  B.  H 

b.  B.  H. 

II.  B.  H. 

L.  B.  H. 

L.  B.  H. 

150i2«|48 
A'  N.  porch. 

— 

- 16  - 

128  28^  • 

C.  Towers. 
- - 105 

114  28.f  48 
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1270-85  Cloister  to  chapter  house 
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1294  Chapter  house,  324  ft.  dia- 

meter-,  and  vestibule. 

H5  ) Large  windows  and  west 

window. 

See  founded  1886.  Eepairs  carried  on  steadily  since  about  185G  by  John  Orcgory  and  his  labourers. 
From  1875  the  roofing,  restoration  of  the  west  spires  and  of  the  chapter  house,  were  completed  under 
Mr.  Ewan  Christian,  who  (1886)  has  commenced  the  stalls  and  restoration  of  the  screens  ; and  the  flooring 
of  stone  and  marble.  The  perfect  condition  of  this  structure,  erected  of  magnesian  limestone  similar 
to  that  of  Bolsover  Moor,  attracted  the  attention  of  the  Commissioners  in  their  Report  on  Stone  for  the 
Houses  of  Parliament,  fob,  1839.  Its  internal  length  is  306  ft.  It  w'as  reopened  February  2,  1888. 
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Sect.  VI. 

Er.IZABETHAN  ARCHITECTURE  OR  LATE  TUDOR  STVLE. 

43f).  The  revival  of  the  arts  in  Paly  has  furnished  the  subject  of  Chap.  II.  Sect.  XVI. 
It  comineiiced,  as  we  have  there  s.en,  with  its  author  Brunelleschi,  who  died  in  1444  ; 
and  it  was  not  till  nearly  a century  afterwards  that  its  influence  began  to  be  felt  in  this 
country.  The  accession  of  Queen  Elizabeth  took  place  in  1558. 

487.  Whilst  the  art  here,  tliough  always,  as  respected  its  advancing  slate,  much  behind 
that  of  the  Continent,  was  patronised  by  the  clergy,  it  flourisbed  vigorously  ; but  wbeii 
that  body  was  scattered  by  the  dissolution  of  the  religious  houses,  no  one  remained  to  foster 
it ; and  though  Henry  VIII.  delighted  in  spectacle,  and  a gorgeous  display  of  his  wealth, 
(■  ij  he  w^as  far  too  great  a sensualist  to  be  capable  of  being  trained  to  refinement  in  the  arts. 

' Tliere  is  in  England  no  general  pervading  love  of  the  arts,  as  among  all  classes  on  the 
t ^ Continent.  Tlie  Elizabetlian,  or  as  some  have,  perhaps  more  properly,  called  it,  the  last 
I Tudor  style,  is  an  imperfectly  understood  atlaptation  of  Italian  forms  to  the  habits  of  its 
I 1 day  in  this  country.  It  is  full  of  redundant  and  unmeaning  ornament,  creating  a restless 
, ■ feeling  in  the  mind  of  tlie  spectator,  vvhi.  h,  in  the  cinque-cento  work,  the  renaissance  of 

1 I Paly,  was  in  some  degree  atoned  for  hy  excellence  of  design,  by  exquisite  execution  of  the 
^ t suliject,  and  by  a refinement  in  the  forms  which  some  of  the  first  artists  the  world  ever 
If  saw  gave  to  its  productions.  In  Italy,  the  orders  almost  instantaneously  rose  in  tlieir 
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proper  proportions,  soor.  leaving  nothing  to  be  desired  ; but  in  England  tl:ey  were  for  a 
long  time  engrafted  on  Gothic  plans  and  forms. 

438.  Tlie  work  of  Andrew  Borde  has  been  before  mentioned;  but  the  earliest  publication 
in  England  relative  to  practical  architecture  was,  “ Tlie  first  and  chiefe  Grounds  of  Archi- 
tecture used  in  all  the  ancient  and  famous  Monyments  with  a farther  and  more  ample 
Discourse  uppon  the  same  than  ha-,  hitherto  been  set  forlhe  by  any  other.  By  Jolin  Sliute. 
paynter  and  archi  ecte.”  ‘‘  Printed  by  John  Marslie,  fol.,  1563.”  This  Jolin  Shute  had 
been  sent  by  Dudley,  Duke  of  Northumberland,  to  Italy,  probably  with  the  inteniion  of 
afterwards  employ ing  him  upon  the  works  which  he  was  projecting.  His  work,  though 
republished  in  1579  and  1584,  is  novv  so  rare  that  only  two  copies  are  known  to  exist, 
one  of  which  is  in  the  library  of  the  Royal  Institute  of  British  Architects,  and  the  other 
in  the  Bodleian  Library  at  Oxford.  From  this  and  many  other  circumstances,  it 
is  easy  to  discover  that  domestic  architecture  under  Elizabeth  had  assumed  a mere 
scientific  character.  Indeed,  there  is  ample  evidence  that  no  building  was  now  under- 
taken without  the  previous  arrangement  of  a digested  and  regulated  plan  ; for  early  in 
the  reign  of  this  sovereign  the  treatises  of  Lomazzo  and  many  others  v^ere  translated 
into  English ; and  in  the  construction  of  the  palatial  houses  of  the  aristocracy,  the 
architects  had  begun  to  act  upon  a system.  The  principal  deviation  froiti  the  plans  of 
the  earlier  Tudor  houses  was  in  the  bay  windows,  parapets,  and  porticoes,  whereof  the  two 
latter  were  intensely  carved  with  all  the  forms  that  the  most  fantastic  and  grotescpie 
imagination  could  supply.  The  exteriors  of  these  porticoes  were  covered  with  carved 
entablatures,  figures,  and  armorial  bearings  and  devices.  The  galleries  were  lofty,  wide, 
and  generally  more  than  a hundred  feet  in  length  ; and  the  staircases  were  spacious  and 
magnificent,  often  occupying  a considerable  portion  of  the  mansion.  Elizabeth  herself  does 
not  appear  to  have  set,  during  the  passion  of  the  period  for  architecture,  any  example  to 
her  subjects.  She  might  have  thought  her  father  had  done  sufficient  in  building  palaces ; 
but,  however,  be  that  as  it  may,  she  encouraged  the  nobles  of  her  court  in  great  expenditure 
on  their  residences.  With  the  exception  of  the  royal  gallery  at  Windsor,  she  herself  did 
actually  nothing  ; whilst  on  Kenilworth  alone.  Lord  Leicester  is  supposed  to  have  expended 
no  less  a sum  than  60,000/.,  an  almost  royal  sum  of  money. 

439.  Before  proceeding  further,  it  becomes  our  duty  here  to  notice  a peculiar  construction 
which  prevailed  in  the  large  manor  houses  of  the  provinces,  and  more  especially  in  the 
counties  of  Salo]),  Chester,  and  Stafford,  the  memory  of  many  whereof,  though  several  are 
still  to  be  seen,  is  chiefly  preserved  in  engravings  ; — we  allude  to  those  of  timber  frame- 
work in  places  where  the  supply  of  stone  or  brick,  or  both,  was  scanty.  The  carved 
pendants,  and  the  barge-boards  of  the  roofs  and  gables,  which  had,  however,  made  their 
appearance  at  a rather  earlier  period,  were  executed  in  oak  or  chesnut  with  much  beauty 
of  design,  and  often  with  a singularly  pleasing  effect.  The  timbered  style  reached  its 
zenith  in  the  reign  of  Elizabeth,  and  is  thus  illustrated  in  Harrison’s  description  of 
England  : — “ Of  the  curiousnesse  of  these  piles  I speake  not,  sith  our  workmen  are  grown 
generallie  to  such  an  excellence  of  devise  in  the  frames  now  made,  that  they  farre  passe  the 
finest  of  the  olde.”  And,  again  ; “ It  is  a worlde  to  see  how  divers  men  being  bent  to 
buildinge,  and  having  a delectable  view  in  spending  of  their  goodes  by  that  trade,  doo 
dailie  imagine  new  devises  of  their  owne  to  guide  their  workmen  withall,  and  those  more 
curious  and  excellent  than  the  former.”  (p  336.)  The  fashion  was  no  less  prevalent  in 
cities  and  towns  than  in  the  country ; for  in  them  we  find  that  timber-framed  houses 
abounded,  and  that  they  also  were  highly  ornamented  with  carvings,  and  exhibited  in  their 
street  fronts  an  exuberance  of  extremely  grotesque  figures  performing  the  office  of  corbels. 
The  fashion  was  imported  from  the  Continent,  which  supplies  numberless  examples, 
especially  in  the  cities  of  Rouen,  Bruges,  Ulm,  Louvain,  Antwerp,  Brussels,  Nurein- 
burg,  and  Strasburg,  very  far  surpassing  any  that  this  country  can  boast.  We  have, 
however,  sufficient  r.niains  of  them  in  England  to  prove  that  the  wealtliy  burgess 
affected  an  ornamental  display  in  the  exterior  of  his  dwelling,  rivalling  that  of  the  aris- 
tocracy, and  wanting  neither  elegance  nor  elaborate  finishing,  whilst  it  was  productive  of 
a highly  picturesque  effect  in  the  street  architecture  of  the  day.  “ This  manner,”  says 
Dallaway,  “ was  certainly  much  better  suited  to  the  painter’s  eye  than  to  comfortable 
habitation  ; for  the  houses  were  lofty  enough  to  admit  of  many  stories  and  subdivisions, 
and  being  generally  placed  in  narrow  streets  were  full  of  low  and  gloomy  apartments, 
overhanging  each  other,  notwithstanding  that  they  had  fronts,  which  with  the  projecting 
windows  and  the  interstices  were  filled  for  nearly  the  whole  space  with  glass.”  Fig.  201  is  a 
representation  of  Moreton  Old  Hall,  Cheshire,  built  circa  1550-59,  partly  rebuilt  1602. 

440.  A better  idei  of  the  architecture  of  this  age  cannot  be  obtained  than  by  a notice 

of  the  principal  architects  who  have  furnished  materials  for  the  foregoing  observations ; 
for  this  purpose  we  shall  refer  to  Walpole’s  Anecdotes  A folio  book  of  drawings, 

belonging  to  the  Earl  of  Warwick  in  the  time  of  Walpole,  enabled  him  to  bring  to 
the  knowledge  of  the  world,  and  pi  rpetuate  the  memory  of,  an  artist  of  no  mean 
powers,  whose  name,  till  that  author’s  time,  was  almost  buried  in  oblivion,  and  of 
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vlioni  little  is  still  known,  though  his  work  contains  memoranda  relating  to  many  of 
,.e  j)r’jici))al  edifices  erected  during  t!ie  reigns  of  Elizabeth,  and  James,  her  successor. 


t ig.  201.  Tl.MBKU-FIlAMED  HOU>E,  Moreton  O.d  Hall,  Cheshire. 

Ills  name  was  John  Thorpe;  and  at  the  sale  of  the  library  of  the  lion.  Charles 
(Jreville  in  1810,  the  MS.  in  question  came  into  tlie  possession  of  the  late  Sir  John 
Soane,  Professor  of  Architecture  to  the  Royal  Academy.  It  is  a folio,  consisting  ot 
280  pages,  wherein  the  plans,  often  without  a scale,  are  nevertheless  accurately  executed. 
Several  of  the  subjects  were  merely  designs  for  proposed  mansions.  'I'he  elevations  are 
neatly  drawn  and  shadowed.  The  general  form  of  the  plans  is  that  of  three  sides  of  a 
i^uadrangle,  the  portico  in  the  centre  being  an  open  arcade  finished  by  a turreted  cujjola. 
When  the  quadrangles  are  perfect,  they  are.  for  convenience,  surrounded  by  an  open 
c.nridor.  The  windows,  especially  in  the  principal  front,  are  large  and  lofty,  and  mostly 
alternated  with  hjws  or  projecting  divisions,  and  always  so  at  the  Hanks.  Great  efforts 
were  made  by  Thorpe  to  groiq)  the  chimneys,  which  were  embellislud  with  Roman  Doric 
columns,  and  other  conceits.  Portions  of  the  volume  have  been  engraved  by  IMr.  C.  J. 
Richardson  in  the  first  part  of  his  Architectural  Remains  of  the  lieiyns  of  Elizabeth  and 
lamei  /.,  fol.  18.88-40.  Amongst  the  contents  of  Thorpe’s  volume  (wliich  has  been  col- 
lated for  this  edition,  1866),  are; — Outlines  of  a “jambe  mould,”  muniell,”  “ ravle  mo.  for 
jtayre,”  “ corbell  table,”  paiapets,  &c.  ; and  the  five  Orders,  with  rules  for  drawing  them. 

Page  19,  ‘20.  Plan  and  elevation,  “ Buckhiirst  bowse,  Sussex.”  Built,  1565,  by  Thomas 
Sackville,  Eail  of  Dorset,  Lord  High  Treasurer  to  Queen  Elizabeth.  The  front  ex- 
tends 230  ft.  The  courtyard  is  100  ft.  by  80  ft , and  the  hall  80  ft.  by  50  ft. 

24.  a front  or  a garden  syde  for  a noble  man,”  dated  1600 

37,  ;18,  50.  “ The  way  how  to  drawe  any  ground  plot  into  tlie  order  of  peispcctive,”  with 

descriptions,  the  front  being  parallel  with  the  spectator. 

39,  40.  l*lan,  with  a conrtyaid  in  front.  “ Sr  Geo.  Moores  bowse.” 

44.  Plan.  “ Cannons,  my  La:  Lakes  howse.” 

48.  Plan.  “ Copthall,  16  fo.  8 ynch.  J'his  cort  should  be  83  (or  88)  fo.  square.”  Built 
for  Sir  Thomas  Heneage.  The  gallery  was  168  ft.  long,  22  ft.  high,  and  22ft.  wide. 

49.  Elevation.  “Woollerton,  Sir  Fraunc.  Wdloughby,”  Nottinghamshire,  which  has  the 
inscription,  “ Inchoatce,  1580-1588.”  Mr.  Dallaway  notices  that  the  tomb  of 
Hobert  Smithson,  in  Wollaton  church,  calls  him  “architcctor  and  surveyor  unto 
tlie  most  worthy  house  of  Wollaton,  with  divers  others  of  great  account.  Ol).  1614,’ 
wliich  would  appear  to  invalidate  Thorpe’s  claim  ; Smithson  was  probably  Thorpe’s 
pupil  and  successor.  Tlie  property  now  belongs  to  Lord  Middleton.  (See  fig.  203.  j 

54.  Plan,  nmgh.  “ Sr  Jo.  Bagnall.”  A gallery  60  ft.  long. 

■">7,  58.  Two  plans.  “ Burghley  juxta  Stamford.”  Built,  1578-80,  for  William  Cecil, 
Lord  Trea.surer.  (See  105.) 

67,68.  'I’wo  plans.  “Thornton  Colledg,  Sr  Vincent  Skynners.”  A gallery  113  ft. 
long,  and  25  ft.  wide. 
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69.  Plan  of  Henry  VII. ’s  Chapel.  “ Cajiella  ista  II.  7ini  iinpensis  14.0001b.  adiecit 
ipse  Ao  1502.” 

77,  78,  Plan.  Chateau  de  Madrid.  Bois  de  Boulogne,  near  Paris,  now  pulled  down. 

88,  89,  Plan  and  elevation.  Old  Somerset  House. 

93.  Plan.  “ Sr  Walter  Coap  at  Kensington,  ])fected  p me  J.  T.”  Holland  House, 

finished  in  1607,  and  added  to  by  Inigo  Jones  and  N.  Stone. 

94.  Plan.  ‘‘Sr  George  Coj  pin,”  Hertfordshire,  cir.  1608  (?) 

109.  Plan.  “A  London  house,  I..a  Darby,  channell  row”  (?) 

105,  106.  Plan.  “ Duke  of  Buckingham  at  BurghUy,” or  Biirley-on-the-Hill.  (See  57.) 
113,114.  Plan.  “Wymbleton.  An  bowse  standing  on  the  edge  of  an  hie  hill.”  Built, 
1588,  forSir'rho.Cecil.  Fuller  says  it  was  “a  daring  structure,  nearly  equal  toNonesuch.” 
123,  124,  127,  128.  Plans.  “ Queene  mother’s  bowse,  fabor  St.  Jarmins,  alia  Paree, 
altered  p Jo.  Thorpe.” 

136.  Plan.  “ London  bowse  of  3 bredthes  of  ordy  tenemts.”  Supposed  design  for  Sir 
Fulke  Greville’s  (Lord  Brooke)  house,  near  Gray’s  Inn. 

139,  140.  Plan.  “ Kerby  whereof  I layd  ye  first  stone,  Ao  1570,”  Northampton- 


shire, for  I>ord  Chancellor  Hatton. 

150.  Plan.  “Riclmit.  Lodge,  Sticles  ” (?).  ( Robert  Stickles ’) 

151.  Plan.  “Sr  Pcival  Hart,”  Lulling.stone,  Kent. 


Fig.  202.  L()>U1  Olil)  CASTI.E. 


155-158.  Plan  and  elevation.  “ Longford  Castle,  Wiltshire  {fig.  202),  A diagram 
of  the  Ti  inity  is  drawn  in  the  middle  of  the  triangular  court.  Built  for  Sir  Thomas 
Gorges  and  his  wife,  the  Marchioness  Dowager  of  Northampton,  in  1591  ; now  the 
Earl  of  Radnor’s.  The  plan  differs  from  that  given  ( 1766)  in  Britton’s  Arch.  Antiq. 

153.  Plan.  “ Mounsier  Jammet  in  Paris,  his  bowse,  1600. 

164.  Plan.  “ Gyddye  Hall,  84  fo.  square,”  Essex.  Altertd  for  Sir  Anthony  Coke. 

167,  168.  Plan.  “St.  Jarmin’s  how.se,  V leagues  from  Paris,  Ao  1600.” 

203,  204.  Plan.  “ Audley  end  and  later,  “ Audley  End  in  Essex,  seat  of  Lord  Suffolk.” 
now  the  property  of  I..ord  Braybrooke.  Thorpe’s  part  was  completed  about  1616. 

215,  216.  Three  plans.  Greek  cross.  Lyveden.co.  Northam.  ( ?).  Built  by  Sir  T.  Treshain. 

225.  Two  plans.  “ Mr.  Tayler  at  Potter’s  barr,  1596.” 

232.  Plan,  H shape,  with  a courtyard,  “ 94  fo.  square,”  and  a gatehouse.  “This  plot 
drawne  after  8 fo.  8 inche,  p Jo.  Thorpe,”  (?  his  own  drawing). 

234.  Two  elevations.  “ Heddington  Jo  Chenyes,”  (?  Toddington,  co.  Bedford). 

239,  240.  Two  plans.  “ Sr  Walt.  Covert,  Sussex,”  at  Slaugham,  near  Horsham. 

267,  272.  Two  jdans.  “ Ampthill  old  how.se,  enlardged  p J.  Thorpe.”  “Duke  of 
Bedford  ” (?).  It  was  the  residence  of  Queen  Catherine,  first  wdfe  of  Henry  ^Ti  1. 

265,  266.  Plan  and  elevation.  “ for  Mr.  Willm  Powell,”  or  Howell ; of  timber. 

Amongst  tlie  general  designs,  which  are  chiefly  plans,  are,  page  21,  “ Sir  Jo,  Danvers, 
Chelsey  ; ” 28,  “ Sr  Wm.  Ruflden”(?);  31,  “Mr,  Johnson  ye  Druggyst ; ” 43,  “Sir 
Walter  Rawley  — Sir  James  ; ” 45,  ‘-  Sir  Tho.  Dorrell,  Lincolne  shire  ; ” 46,  and  half  eleva- 
tion, “ Godstone;  ” 59,  two  plans,  “ Sr  George  Set.  Poole;  ” 62,  a long-fronted  house  at 
“ Higate  ; ” 65,  “ Sr  James  (?)  Clifton’s  bowse;  ” 121,  “ Mr.  Keyes  ; ” 132,  “ Mr.  Den- 
man ; ” 147,  148,  and  elevation, Sr  Wdliam  Haser;dge  ; ” 176,  “ Mr.  Panton;”  182, 
“ Holdenby  banquetg  at  16  fo ; ” 185,  “ Mr,  Folte”(?);  187,  “ Mr.  W.  Fitwilliams;  ” 199, 
Sr  Hen.  Nevile  ; ” 201,202,  “Jo.  Clanricard;”  205,  “Sr  Tho.  Holt,  12pte;”  and 
253,  “ Hatfield  lodge.”  275-278,  has  a gallery  160ft.  long  and  about  25ft.  wide;  146 
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] is  designed  within  a circle;  and  16’ 1,  on  a triangle  with  a hexagon  intnior  court;  loo  is 
I also  a triangular  plan,  as  named.  Many  of  tliese  designs  might  probably  be  identified,  but 
jit  would  entail  much  labour. 

I 441.  W'alpole,  upon  Thorpe's  Co////w.v/7/ows,  observes,  that  the  taste  of  this  master’s  man- 

■ sions  was  that  “ bastard  style  which  intervened  between  Gothic  and  Grecian  architecture, 
I or  which,  perhaps,  was  the  style  that  had  been  invented  for  the  houses  of  the  nobility  when 

■ they  first  ventured,  on  the  settlement  of  the  kingdom  after  the  termination  of  the  (juarrel 
■ between  the  Roses,  to  abandon  their  fortified  dungeons,  and  consult  convenience  ami  mag- 
lij  uificence.”  The  same  author  continues,  “ Thorpe’s  ornaments  on  the  balustrades,  iiorches, 

I and  outsides  of  windows  are  barbarous  and  ungraceful,  and  some  of  his  vast  windows 
> advance  outwards  in  a sharp  angle;  but  there  is  judgment  in  his  disposition  of  apartments 
snd  offices,  and  he  allots  more  ample  space  for  halls,  staircases,  and  chambers  of  state.  He 
i 4ppears,  also,  to  have  resided  at  Paris,  and  even  seems  to  have  been  emjiloyed  there.” 

!i(  Among  the  designs  he  made  is  that  of  a whimsical  edifice,  designed  for  himself,  forming  on 
the  plan  the  initial  letters  of  his  name  which  are  joined  by  a corridor,  the  []  being 
the  situation  of  the  offices,  and  the  “f  being  skilfully  distributed  into  large  and  small 
^ upartments.  The  epigraph  to  the  design  is  as  follows  : — ())ages  .30  and  50) 


Thes  2 Letters  | and  T 
ioyned  together  as  you  see 
Is  nient  a dwelling  howse  for  mee 
JoHiv  Thorpe.” 


Walpole  truly  observes  of  this  volume,  that  “ it  is  a very  valuable  record  of  the  maguifi 
cence  of  our  ancestors,  and  preserves  memorials  of  many  sum])tuous  buildings  of  which  no 
other  monument  remains.”  We  ought,  perhaps,  to  have  suffered  our  account  of  Tliorjte 
to  have  been  preceded  by  those  of  others,  but  the  consjticuous  rank  he  holds  in  the  list 
of  English  architects  of  this  period  induced  us  to  place  him  before  another,  for  a little 
time  his  jjredecessor  in  the  works  of  the  country.  We  allude  to  the  name  of  Robert 
Adams,  who  translated  Ubaldini’s  account  of  the  defeat  of  the  S])anish  Armada  from  the 
Italian  into  Latin  ; a feat  which  we  fear  but  few  architects  of  the  ])resent  day  would  easily 
accomplish,  such  is  the  fall  of  education  for  artists,  notwithstanding  all  the  boasts  of  march 
of  intellect.  This  translation  appeared  in  4to.,  1589.  He  was  surveyor  of  the  queen’s 
buildings,  and  appears  to  have  been  a man  of  considerable  ability.  His  place  of  sepulture 
was  in  an  aisle  on  the  north  side  of  the  old  church  at  Greenwich,  with  this  inscription, 
“ Egregio  Viro,  Roberto  Adams,  operum  regiorum  supervisori  architectura?,  peritissimo, 
ob.  1595.  Simon  Basil, ’operationum  regiarum  contrarotulator,  hoc  posuit  monumentum 
ICOl.” 


( Jiff  204.),  of  which  the  hint  might  have  been  taken  from  the  Cami)anile  of  Santa  Chiara  at 
Nai)les,  and  of  the  quadrangles  of  Merton  and  Wadham  colleges.  He  was  tlie  first  in  this 
country  who  introduced  the  classical  orders  in  series  above  each  other.  He  evidently  bor- 
rowed the  practice  from  Philibert  Delorme,  who  had  done  the  same  tiling  at  the  Chateau 
dWnet,  near  Paris,  one  of  the  victim  edifices  of  the  Revolution.  We  ai)i)rchend  any 
argument  to  prove  the  ahsurdity  of  such  conceits  is  unnecessary. 

44J.  Many  of  the  grandest  works  of  what  is  termed  the  Elizabethan,  or,  in  truth,  the 
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442.  Bernard  Adams  and  L.awrence  Bradshaw  were  also  eminent  among  the  architects 
of  the  period  under  our  consideration;  but  we  must  notice  more  particularly  Gerard 
Chrismas,  who  was  associated  with  Bernard  Jansen  in  the  erection  of  Not  thamjtton,  after- 
wards Suffolk,  and  now  Northumberland  House,  not  strictly  belonging  in  time,  though  in 
style,  to  the  reign  of  Elizabeth.  Both  of  these  architects  are  considered  to  have  been  much 
employed.  In  the  balustrade  and  on  the  street  front  were  the  letters  H.  N.  and  C.  JE., 
which  no  doubt  stood  for  Henric.  Howard.  Northampton.  Comes  .lEdificavit.  Yet  C.  jE. 
has  been  supposed  to  denote  “ Chrismas  .lEdificavit.”  Such  letters  were  repeated,  a 
practice  then  much  in  vogue,  for  there  are  many  examjrles  of  inscriptions  of  letters  en- 
closed within  the  balustrade,  as  if  within  lines,  and  pierced  so  that  the  sky  .seen  through 
them  renders  them  distinct  from  almost  every  jroint  of  view.  Bernard  Jansen  was  probably 
the  architect  first  employed  at  the  splendid  mansion  of  Audley  Inn  in  Essex,  fir  Thomas 
Howard,  Earl  of  Suffolk;  and,  besides  the  association  with  Chrismas  al)ove  mentioned, 
was  joined  with  Moses  Glover  in  completing  Northumberland  House,  and  was  prol)ahly 
tlie  architect  who  finished  Sion  House  in  Middlesex,  for  Henry  Earl  of  Northumberland, 

’ who  had  at  the  time  expended  9000Z.  in  the  work. 

44:5.  Robert  and  Huntiiigdon  Smithson,  father  and  son,  were  engaged  on  Wollaton  Hall 
(Jiff-  20.‘5.  at  the  foot  of  the  preceding  page),  in  Nottinghamshire,  as  also  at  Bolsover  in 
Derbyshire.  'I'he  former  died  in  1G14,  at  the  age  of  seventy-nine,  and  the  latter  in  1648, 
but  very  possibly  John  Thorpe  was  consulted  in  this  splendid  work,  for  among  his  designs, 
as  the  reader  will  lecollect,  are  some  for  Wollaton. 

444.  Thomas  Holt,  a native  of  York,  was  the  architect  of  the  public  schools  at  Oxford 
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ist  Tudor  style,  were  not  completed  before  the  middle  of  the  reign  of  James  1.  ; so  that  it 
lay  he  said  to  have  been  practised  until  the  days  of  Inigo  Jones,  in  whose  early  works  it 
lay  be  traced.  “ This  fashion,”  says  Dallaway,  “ of  building  enormous  houses  was  ex- 
‘luied  to  that  period,  and  even  to  the  civil  war.  Audley  Inn,  Hatfield,  Charlton,  Wins, 
ad  particularly  Wollaton,  are  those  in  which  the  best  architecture  of  that  age  may  be 
>en.  Others  of  the  nobility,  deserting  their  baronial  residences,  indulged  themselves  in  a 
valship  in  point  of  extent  and  grandeur  of  their  country-houses,  which  was,  of  course, 
(llowed  by  opulent  mercliants,  the  founders  of  new  families  Sir  Baptist  Hickes,  the 
ing’s  mercer  (afterwards  ennobled ),  built  Campden  House,  Gloucestershire,  which  \vas 
■arcely  inferior  to  Hatfield,  afterwards  burnt  down.  There  is  scarcely  a county  in 
Ingland  which  cannot  boast  of  having  once  contained  similar  edifices;  a very  few  are  stil. 
ihabited ; others  may  be  traced  by  their  ruins,  or  remembered  by  the  oldest  villagers,  who 
in  confirm  the  tradition  ; and  the  sites,  at  least,  of  others  are  pointed  out  by  descriptions  as 
living  existed  within  the  memory  of  man.” 

446.  The  following  is  a list  of  some  of  the  principal  palatial  houses  finished  before  1600. 
tthers  of  the  reign  of  Elizabeth’s  successors  will  hereafter  be  noticed.  Of  so  many  of 
lem  are  the  names  of  the  architects  undetermined,  though  many  are  assigned  to  those  we 
ive  already  mentioned,  that  we  shall  not  attempt  to  assign  a column  to  the  artists  in 
iiestion,  for  fear  of  misleading  our  readers. 


Name. 

Date. 

County. 

Founder. 

Present  State. 

Catledge  - 

1560 

Cambridge - 

Lord  North  - 

_ 

Taken  down 

Basing  house 

- 

1560 

Hants 

Marquis  of  Winton 

. 

In  ruins 

Kelston  • 

1587-92 

Somerset  - 

Sir  J.  Harington  - 

- 

Rebuilt 

Gorhamhury 

- 

1565-68 

Herts 

Sir  N.  Bacon 

- 

In  ruins 

Buckhurst 

- 

1 560-67 

Sussex 

Lord  Buckhurst  - 

- 

Destroyed 

Knowle  - 

- 

1570 

Kent 

Lord  Buckhur-.t  - 

- 

Perfect 

Fenshurst  - 

1570-85 

Kent 

Sir  H.  Sydney 

- 

Perfect 

Kenilworth 

- 

1571-75 

Warwick  - 

Earl  of  Leicester  - 

- 

In  ruins 

Ilunsdon  - 

- 

1575 

Warwick  - 

Lord  Hunsdon 

- 

Rebuilt 

Wanstead  - 

- 

1576 

Essex 

Earl  of  Leicester  ■ 

- 

Destroyed 

Burleigh  •• 

- 

157,5-80 

Lincoln 

Lord  Burleigh 

- 

Perfect 

Osterley  - 

- 

1577 

Aliddlesex  - 

Sir  Thomas  Gresham 

- 

Rebuilt 

Longleat  - 

- 

1567-78 

Wilts 

Sir  J.  Thynne 

Perfect 

Stoke  Pogis 

- 

1580 

Bucks 

Earl  of  Huntingdon 

- 

Rebuilt 

Toddingion 

. 

1580 

Beds 

Lord  C.’heyney 

- 

Destroyed 

Theobalds 

- 

1570-90 

Herts 

Lord  Burleigh 

Destroyed 

Wimbledon 

- 

1588 

Surrey 

Sir  T.  Cecil 

- 

Rebudt 

Westwood 

- 

1590 

Worcester  - 

Sir  J.  Packiiigton  - 

. 

Perfect  1 

Hardwick  Hall 

- 

1590-97 

Derby 

Countess  of  Shrewsbury 

In  ruins 

447.  Relative  to  Osterley,  in  the  above  table,  a curious  anecdote  has  been  preserved  by 
idler.  In  his  Worthies  of  Middlesex.  Queen  Elizabeth,  when  visiting  its  magnificent 
erchant,  the  owner,  observed  to  him  that  the  court  ought  to  have  been  divided  by  a wall, 
e immediately  collected  so  many  artificers,  that  before  the  queen  had  risen  the  next 
orning,  says  the  historian,  a wall  had  been  actually  erected. 

448.  Many  of  these  houses  possessed  terraces  of  imposing  grandeur,  which  were  con- 
•cted  hy  broad  or  double  flights  of  steps,  with  balustrades,  whereof,  if  we  may  judge  froiri 
'instanley’s  print  of  Wimbledon,  the  seat  of  Sir  Edward  Cecil,  it  was  a very  fine  example, 
lie  following  extracts  from  the  parliamentary  survey  of  it  in  1649  will  convey  some 
(tion  of  its  extent.  “ The  scite  of  this  manor-house  being  ])laced  on  the  side  slipp  of  a 
iing  grownde,  renders  it  to  stand  of  that  height,  that  betwixt  the  basis  of  the  brick  wall  of 
e lower  court,  and  the  hall  door  of  the  sayd  manor-house,  there  are  five  several  ascents, 
nsisting  of  three  score  and  ten  stepps,  which  are  distinguished  in  a very  graceful  manner, 
iie  platforms  were  composed  of  Flanders  brick,  and  the  stepps  of  freestone,  very  well 
'ought.  On  the  ground  floor  was  a room  called  the  stone  gallery,  108  foot  long,  pillared 
d arched  with  gray  marble.”  The  ceiling  of  the  hall  “ was  of  fret  or  parge  work,  in  the 
iddle  whereof  was  fixed  one  well-wrought  landskip,  and  round  the  same,  in  convenient 
stances,  seven  other  pictures  in  frames,  as  ornaments  to  the  whole  roome ; the  floor  was 
hlack  and  white  marhle.” 

449.  As  we  have  above  observed,  the  Elizabethan  style  is  a mixture  of  Gothic  and  Italian, 
is  characterised  by  orders  very  inaccurately  and  rudely  profiled  ; by  arcades  whose  openings 
e often  extravagantly  wide,  their  height  not  unfrequently  running  up  into  the  entabla- 
re.  The  columns  on  the  piers  are  almost  universally  on  pedestals,  and  are  often  banded 
courses  of  circular  or  square  lilocks  at  intervals  of  their  height  ; when  square,  they  arc 
nstantly  decorated  with  pri.smatic  raisings,  in  imitation  of  precious  stones,  a species  of 
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ornament  which  is  of  very  frequent  recurrence.  Nothing  like  unbroken  entablatures 
ap])e.ar  ; all  is  frittered  away  into  small  parts,  especially  in  scrolls  for  the  reception  of  in- 
•criptions,  which,  at  tlieir  extremities,  are  voluted  and  curled  up,  like  so  many  pieces  of 

scorched  leather.  All  these  ec- 
centricities are  so  concentrated 
in  their  sepulchral  monuments 
that  no  better  insight  into  the 
leading  principles  of  the  style 
can  be  afforded  than  an  example 
from  Westminster  Abbey,  here 
given  in  the  monument  of  Queen 
Elizabeth  herself  20a.), 

In  this  it  will  be  seen  that  the 
taste  is  cumbrous  and  confused  ; 
and  to  add  to  the  anomalies,  the 
figures  were  coloured,  and  the 
different  sorts  of  marbles  and 
alabasters  of  numberless  hues. 
The  general  composition  consists 
in  a large  altar  tomb  under  an 
open  arcade, with  a rich  and  com- 
plicated entablature.  The  co- 
lumns are  usually  of  black  or 
white  marble,  of  the  Doric  or 
Corinthian  order.  Small  pyra- 
midal  figure.s,  whose  sides  were 
richly  veneered  with  varioasly 
coloured  pieces,  disposed  in  or- 
namented squares  or  circles  sup- 
])orting  globes,  are  of  continual 
occurrence.  Armorial  bearings 
in  their  various  colours  were  in- 
troduced to  excess.  When  the 
monument  is  })laced  against  a 
wall,  which  is  more  usually  the 
case,  the  plan  was  accommodated 
to  it,  and  the  alcove  with  its 
columns  universally  retained. 

Among  the  best  examples  are 
those  of  Thomas  Ratcliffe  Earl  of  Sussex  at  Boreham  in  Essex,  to  cost  1500/.,  and  of  his 
countess  in  Westminster  Abbey;  of  Robert  Dudley  Earl  of  Leicester  at  Warwick;  and 
of  Henry  Carey  Lord  Hunsdon  in  We.stminster  Abbey. 

450.  It  seems  droll  in  this  age,  when  throughout  Europe  the  principles  of  good  taste  in 
architecture  are  so  well  understood,  that  fashion,  induced  by  the  cupidity  and  ignorance  of 
upholsterers  and  decorators,  — the  curses  of  the  art.  — should  again  sanction  an  adoption  of 
the  barbarous  forms  and  unmeaning  puerilities  which  it  might  be  supposed  Jones  and  W ren 
had,  by  their  example,  consigned  to  a merited  oblivion.  We  fear  our  warning  voice  will 
do  little  to  suppress  the  rage  till  its  cycle  is  completed.  We  have,  in  the  prolongation  of 
the  subject,  sacrificed  our  own  feelings  to  the  rage  in  the  present  day  for  designs  of  this 
class,  and  have  assigned  to  it  a far  longer  description  than  it  deserves.  The  wretched 
cockney  imitations  of  it  perpetrated  for  retired  shopkeepers  in  the  insignificant  villas  of  the 
suburbs  of  the  metropolis,  and  occasionally  for  the  amusement  of  country  gentlemen  a 
little  more  distant,  as  well  as  the  use  of  what  is  called  Gothic,  appear  to  us  in  no  other 
light  than  mockeries  of  a style  which  is  repudiated  by  the  manners  of  the  nineteenth  century. 
The  style  called  Elizabethan  we  consider  quite  as  unworthy  of  imitation  as  would  be  the 
adoption  in  the  present  day  of  the  model  of  the  ships  of  war,  with  their  unwieldly  and  top- 
heavy  ]ioops,  which  encountered  the  Armada,  in  preference  to  the  beautiful  and  compact 
form  of  a well -moulded  modern  frig.ate. 


Fig.  205. 


Skct.  VII. 

JAMES  I.  TO  ANNE. 

451 . The  first  of  the  reigns  that  heads  this  section  has,  in  some  measure,  been  anticipated 
in  our  notice  of  Elizaliethan  architecture,  which  it  was  impossible  to  keep  altogether  distuicl 
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Voin  the  followin«-  relj^n.  Tlie  angular  and  circular  bay  windows  now  disappeared  entirely, 
ind  were  su|)planted  by  large  square  ones,  of  very  large  dimensions  in  their  lieight, 
jnequally  divided  by  transoms,  and  ])laced  in  lengthened  rows,  so  as  to  form  leading 
eatures  in  the  several  stories  of  the  building.  Battlements  were  now  entirely  omitted, 
ind  the  general  effect  of  the  pile  became  one  of  massive  solidity,  broken  by  a sejuare  turret 
oftier  than  those  at  the  angles.  The  houses  built  in  the  reign  of  James  I.  are  deficient  in 
he  picturesque  beauty  found  in  those  of  his  predecessors.  Alaiiy  of  them  were  finished  by 
he  architects  named  in  the  last  section,  and  they  were  on  a larger  scale  than  even  those  of 
he  age  of  Elizabeth.  Audley  Inn  in  1616,  Hatfield  in  1611,  and  Charlton  House  in 
^Viltshire  for  Sir  Henry  Knevett,  were,  perhaps,  the  best  sjiecimens.  'I'he  house  at 
"ampden,  Gloucestershire,  built  by  Sir  Baptist  Hickes,  and  whicii  was  burned  down  during 
he  civil  wars,  consisted  of  four  fronts,  the  principal  one  being  towards  the  garden,  upon  the 
'•round  terrace ; at  each  angle  was  a lateral  projection  of  some  feet,  with  spacious  bay 
vindows ; in  the  centre  a portico,  with  a series  of  the  columns  of  the  five  orders  (as  in  the 
chools  at  Oxford),  and  an  open  corridor.  The  parapet  was  finished  with  pediments  of  a 
apricious  taste,  and  the  chimneys  were  twisted  pillars  with  Corinthian  capitals.  A very 
apacious  dome  issued  from  the  roof,  which  was  regularly  illuminated  for  the  direction 
f travellers  during  the  night.  This  immense  building  was  enriched  with  friezes  and 
ntablatures,  most  profusely  sculptured  ; it  is  reported  to  have  been  erected  at  the  expense 
f 29,000/.,  and  to  have  occupied,  with  its  offices,  a site  of  eight  acres.” 

452.  The  use  of  the  orders  became  more  general.  In  Glamorganshire,  at  Beaupre 
’astle  (1600),  which  has  a front  and  porch  of  the  Doric  order,  we  find  a composition  in- 
ludlng  that  just  named,  the  Ionic  and  the  Corinthian,  wherein  the  caj)ltals  and  columns 
re  accurately  designed  and  executed.  The  following  table  exhibits  some  of  the  principal 
ouses  of  the  period  : — 


House. 

Date. 

County. 

Founder. 

Present 

State. 

Architect. 

Holland  House  - 

1607 

Middlesex  - 

Sir  Walter  Cope  - 

Perfect 

J.  Thorpe  (?). 

Hramshill  - 

1607-12 

Hants 

Edward  Lord  Zouche  - 

do. 

Uncertain 

Castle  Ashby 

1625-35 

Northmptn. 

Herbert  Lord  Compton 

do. 

do. 

summer  Hill 

1624 

Kent 

Earl  of  Clanricarde 

do. 

J.  Thi.rpe  (?) 

Jharlton 

1615  (?) 

Wilts 

Sir  Henry  Knevet 

Kestored 

Uncertain 

Hatfield 

1607-12 

Herts 

Robert  Earl  of  Salisbury 

Perfect 

do. 

l«ongford  Castle  - 

1691-1612 

Wilts 

Sir  T.  Gorges 

do. 

do. 

I’einple  Newsliam 

1612-19 

Yorkshiie  - 

Sir  Arthur  Ingram 

do. 

do. 

Jharlton,  Great  • 

1607-12 

Kent 

Sir  Adam  Newton 

do. 

do. 

Jolsover 

1607-13 

Derby 

Sir  Charles  Cavendish  | 

Dilapi- 

dated 

j Huntingdon 
^ Smithson 

Vudley  Inn 

1610-16 

Essex 

T.  Earl  of  Suffolk 

Perfect 

B.  Jansen 

f 1580) 
1 1588/ 

( J.  Thorpe  (?). 

Vollaton  - 

Notts 

Sir  Francis  Willoughby 

do. 

] R.  and  11. 
( Smitlison 

453.  Under  James,  the  pride  and  magnificence  of  the  aristocracy  was  as  equally  dis- 
laycd  in  the  sumptuous  monuments  erected  to  the  memory  of  the  departed  as  in  their 
ately  palaces ; and  we  can  scarcely  point  to  a county  in  England  whose  ))arish  churches 
j not  attest  the  fact  by  the  gorgeous  tombs  that  exist  in  villages  where  the  mansions  of 
lose  thus  commemorated  have  not  long  since  passed  from  the  memory  of  man.  A year’s 
;ntal  of  an  estate,  and  that  frecpiently  under  testamentary  direction,  was  often  squandered 

f*  )i  the  sepulchral  monument  of  the  deceased  lord  of  a manor. 

' ' 454.  In  the  reign  of  James  I.  properly  commences  the  career  of  Inigo  Jones,  to  which 
e hasten  with  delight,  as  indicating  the  dawn  of  true  architecture  (for  the  Gothic  had  irre- 
ievably  passed  away)  in  England.  It  resembles  the  arrival  of  a traveller  at  an  oasis  in  the 
;sert,  after  a parching  and  toilsome  journey.  “ Jones,  if  a table  of  fame,”  says  Walpole, 
like  that  in  the  Tatler,  were  to  be  formed  for  men  of  real  and  indisputable  genius  in 
ery  country,  would  save  England  from  the  disgrace  of  not  having  her  representative 
nong  the  arts.  She  adopted  Holbein  and  Vandyck,  she  borrowed  Rubens,  she  produced 
ligo  J.  lies.  Vitruvius  drew  up  his  grammar,  Palladio  showed  him  the  practice,  Rome 
splayed  a theatre  worthy  his  emulation,  and  King  Charles  was  ready  to  encourage, 
nploy,  and  reward  his  talents.  This  is  the  history  of  Inigo  Jones  as  a genius.”  Gene- 
lly  speaking,  we  are  not  admirers  of  Walpole,  who  often  sacrificed  truth  to  fancy,  and  the 
.aracter  of  an  artist  to  a prettily-turned  period  ; hence  we  are  disinclined  to  concur  in  his 
iticisms  without  many  qualifications;  but  in  this  case  he  has  so  well  expressed  our  own 
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feelings,  tlmt  we  regret  we  cannot  add  force  to  the  observations  in  which  we  so  fidly 
concur. 

455.  Inigo  Jones  was  the  son  of  a clotliworker,  and  was  born  about  1572.  From  tlic 
most  probable  accounts  he  appears  to  have  been  apprenticed  to  a joiner,  in  which  state  he 
was,  from  some  accounts,  discovered  by  the  Earl  of  Arundel,  from  others  by  AVhlliam  Earl 
of  Pembroke,  and  by  one  or  other  of  these  noblemen  sent  to  Italy,  rather,  however,  accord- 
ing to  Walpole,  to  study  the  art  of  painting,  than  that  of  architecture,  for  the  former  of  which, 
the  author  named  says,  Nature  aj)pears  not  to  have  fitted  him,  inasmucli  as  “ he  dropped  the 
l)encil,  and  conceived  Whitehall.”  But  our  own  belief  is,  that  though  he  might  have  after- 
wards been  patronised  by  both  the  noblemen  above  mentioned,  he  owed  this  ])art  of  his 
education  to  neither  of  them  ; for,  considering  that  at  his  first  visit  to  Italy,  before  1605, 
Lord  Pembroke  was  but  just  of  age,  and  that  Lord  Arundel  was  somewhat  younger, 
there  is  no  great  probability  that  either  of  them  thus  assisted  him  in  his  studies  on  the 
Continent. 

456.  Of  his  employment  as  an  architect  nothing  can  be  traced  previous  to  the  visit  of 
James  I.  to  the  University  of  Oxford,  in  1605,  at  which  time  he  was  thirty-three  years  old  ; 
and  then,  according  to  Leland  {Collectanea,  App.  vol.  vi.  p.  647.),  “They”  ^the  Univer- 
sity) “hired  one  Mr.  Jones,  a great  traveller,  who  undertook  to  further  them  witli  rare 
devices,  but  performed  little  to  what  was  expected.  He  had  for  his  pains,  I have  con- 
stantly heard,  50/.  ;”  from  which  it  is  certain  that  his  earliest  visit  to  Italy  was  before 
1605.  At  Venice  he  became  acquainted  with  the  works  of  Palladio;  and  there,  as 
Walpole  observes,  “ learned  how  beautifully  taste  may  be  exerted  on  a less  theatre  thar 
the  capital  of  an  empire.”  In  this  city  his  reputation  was  so  great,  that  Christian  IV. 
a])pointed  him  his  architect,  though  of  the  buildings  erected  by  him  in  Denmark  we  know 
nothing.  In  this  country’s  capital,  however,  he  was  found  by  James,  and  by  his  Queen 
(Anne)  was  removed  from  Copenhagen  to  Scotland,  in  the  quality  of  her  architect.  By 
Prince  Henry  he  was  employed  in  the  same  capacity,  and  about  this  time  had  the  grant  in 
reversion  of  surveyor  general  of  the  works.  On  the  untimely  and  lamented  death  of  that 
prince,  he  once  more  visited  Italy,  where  he  perfected  his  taste  and  ripened  his  judgment 
It  a])pears  more  than  probable  that  it  was  previous  to  his  second  journey  that  he  designed 
those  of  his  buildings  that  partake  of  a bastard  style.  These  buildings,  however,  are  such 
as  could,  under  the  circumstances,  have  been  designed  only  by  a great  master  in  a state  of 
transition  from  one  style  to  another ; such,  for  instance,  are  the  north  and  south  sides  of 
the  quadrangle  at  St.  John’s  College,  Oxford,  in  which  he  seems  to  have  co])ied  all  the 
faults  of  the  worst  examples  of  his  great  master  Palladio;  still  the  com])osltion  is  so 
picturesque,  that,  though  reluctantly,  we  cannot  avoid  admiring  it.  In  the  garden  front  of 
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the  same  college  {fig-  206.),  notwithstanding  its  impurity,  there  is  a breadth  and  grandeur 
which  subdue  criticism,  and  raise  our  admiration;  and  we  by  no  means  subscribe  to  Horace 
Walpole’s  dictum,  that  “ Inigo’s  designs  of  that  period  have  a littleness  of  parts  and  a 
weight  of  ornament.”  Previous  to  his  second  return  to  England,  the  surveyor’s  place  had 
fallen  in,  and  finding  the  office  in  debt,  he  prevailed,  as  Walpole  observe.s,  with  an  air  of 
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Roman  dlsintoresteclncss,  and  showing  that  architecture  was  not  the  only  thing  he  liad 
learned  in  Koine,  on  the  conijitroller  and  paymaster  of  the  ofKce,  to  give  up,  as  he  did,  all 
the  profits  of  the  office  till  the  arrears  were  cleared. 

457.  By  the  Fvedera,  vol.  xviii.  p.  99.,  we  find  that  there  was  issued  to  him,  in  conjunction 
with  the  Earl  of  Arundel  and  others,  a commission  to  prevent  the  building  on  new  found- 
ations within  two  miles  of  London  and  the  palace  of  Westminster  ; and  in  1620  he  was,  if 
possible,  more  uselessly  employed  by  James  I.  in  guessing,  for  it  was  no  more,  who  were 
tlie  builders  of  Stonehenge.  For  this  last,  the  necessary  preliminary  information  had  not 
even  dawned,  although  Walpole,  in  his  usual  off-hand  manner,  loses  not,  in  alluding  to  it,  the 
opportunity  of  displaying  his  own  dreadful  ignorance  on  the  subject.  ( See  Chap.  1 1.  Sect.  II., 
where  this  monument  has  been  examined.)  In  the  year  last  named,  Jones  was  one  of  the 
commissioners  for  the  repair  of  old  St.  Paul’s,  though  the  repairs  were  not  commenced  till 
165.‘5,  in  which  year  Laud,  then  Bishop  of  London,  laid  the  first  stone,  and  Inigo  Jones 
the  fourth.  Our  architect  was  now  too  much  disinclined  to  Gothic  to  bend  his  genius  to 
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anything  in  the  shape  of  a restoration  ; and  tliongh  the  Roman  portico  which  he  placed 
licforo  the  clmich  was  magnificent,  the  api)Ucation  of  Roman  to  Gotliic  architecture  of 
course  mined  the  cathedral.  Tlie  reader  will  find  a representation  of  this  portico  in 
Dngdale’s  St.  Paul's.  Abstractedly  considered,  it  was  a fine  composition  ; and  its  dimen- 
sions, of  a length  of  200  ft.,  a depth  of  50  ft.,  and  a height  of  40  ft.,  were  calculated  to  give 
it  an  im))osing  effect. 

458.  The  llanqueting  House  at  Whitehall,  which  we  have  pride  in  quoting  as  one  of 
the  most  magnificent  works  in  Europe,  has  generally  been  supposed  to  have  been  erected  in 
the  reign  of  Charles  L;  but  there  is  sufficient  reason  for  a.ssigning  the  period  of  its  execution 
to  the  preceding  reign.  It  was  begun  in  1619,  and  finished  in  two  years.  The  designs 
for  the  palace  of  Whitehall,  whereof^<7.  207.  at  the  foot  of  the  preceding  page,  exhibits  a 
block  plan,  on  which  the  banqueting-house  (at  A),  it  will  be  seen,  forms  a very  inconsi- 
derable portion,  would,  had  they  been  executed,  have  formed,  beyond  all  comparison,  the 
finest  in  the  world.  In  magnitude  it  would  have  exceeded  even  the  palace  of  Diocletian. 
'I'lie  form,  as  will  be  observed,  was  an  oblong  square,  and  consisted  of  seven  courts,  whereof 
six  were  quadrangular.  The  central  one  was  larger  than  the  other  two  chief  divisions; 
and  these  were  again  subdivided  into  three  courts,  the  centre  one  of  which,  on  the  north 
side,  had  two  galleries  with  arcades,  and  that  on  the  south  a circular  Persian  court,  as  it 
was  called,  whose  diameter  was  210  ft;.  Surrounded  on  the  ground  floor  by  an  oj)en 
arcade,  the  piers  between  the  arches  were  decorated  with  figures  of  Persians,  with  what 
propriety  it  is  useless  to  discuss ; and  the  upper  story  was  ornamented  between  each 
window  with  caryatides,  bearing  Corinthian  capitals  on  their  heads,  surmounted  by  an 
entablature  of  that  order,  and  the  whole  was  finished  by  a balustrade.  Towards  \\Tst- 
minster,  the  front  extended  1152  ft.;  and  that  towards  the  park,  in  which  the  length  of 
the  banqueting-house  is  included,  would  have  been  720  ft.  With  the  exception  of 
Westminster  Hall,  the  banqueting-house  (now  used  as  a chapel)  was,  until  of  late  years, 
t!ie  laigest  room  in  England,  its  length  being  115  ft.,  breadth  60  ft.,  and  height  55  ft. 

459.  In  16S2,  Jones  was  employed  on  Somerset  House,  to  the  garden  front  whereof  he 
executed  (Jig.  208.)  a fa9ade  of  singular  beauty,  lost  to  the  world  by  its  demolition  on  the 
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rebuilding  of  the  edifice  for  its  present  purposes.  On  the  ascent  of  Charles  I.  to  the 
throne,  our  architect  seems  to  have  been  very  much  employed.  As  surveyor  of  the  public 
buildings,  his  stipend  was  8s.  Ad.  a day,  besides  an  allowance  of  46/.  per  annum  for  hou.se- 
rent,  a clerk,  and  incidental  expenses. 

*160.  ^ In  the  passion  for  masques  which  prevailed  during  the  reign  of  Charles  I.,  Jones  was 
a principal  contributor  to  their  splendour.  They  had  been  introduced  into  this  country  by 
Anne  of  Denmark  ; and  Walpole  gives  a list  of  thirteen  to  which  he  furnished  the  scenes 
and  machinery. 

461.  'I  hey  who  have  seen  Wilton  can  appreciate  Inigo’s  merit  for  having  introduced  into 
England,  in  the  seats  of  our  aristocracy,  a style  vying  with  that  of  the  villas  of  Italy. 
Some  disagreement  appears  to  have  arisen  between  him  and  Philip  Earl  of  Pembroke, 
which  here  it  would  be  irrelevant  to  dwell  on ; we  will  merely  mention  that  in  the 
Harleian  library  existed  an  edition  of  Jones’s  Stonehenge,  which  had  formerly  be- 
longed to  the  nobleman  in  question ; and  that  its  margins  are  filled  by  the  former 
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possessor  with  notes,  not  on  the  substance  of  the  work  itself,  hut  on  its  author,  and  anything 
else  tliat  could  he  injurious.  lie  calls  him  “ Inicjuity  Jones,”  and  says  he  had  I6,0(X)/. 
a year  for  keeping  the  king’s  houses  in  repair.  The  censures  were  undeserved  ; and  the 
accusations,  unwarranted  by  facts,  are  extremely  discreditable  to  the  memory  of  Earl 
riiilip. 

■462.  The  works  of  Jones 
were  exceedingly  numerous ; 
many,  however,  are  assigned  to 
him  which  were  the  productions 
of  his  scholars.  Such  buildings 
as  the  Queen’s  house  at  Green- 
wich (much  altered,  and,  invleed, 
spoiled,  of  late  years,  for  the  jjur- 
pose  of  turning  it  into  a public 
naval  school);  Coleshill,in  Berk- 
shire, built  in  1650;  Shaftes- 
bury House,  in  Aldersgate 
Street ; the  square,  as  planned, 
and  Church  of  St.  l\ml,  Coveiu 
Garden  ; and  many  other  works, 
are  strong  proofs  of  the  advance- 
ment of  architecture  during  his 
career.  York  Stairs  {fig.  209. ). 
another  of  his  examples,  exhibits 
a pureness  and  propriety  of  cha- 
racter which  appears  to  have 
been  afterwards  uiuijipreciated 
by  his  successors,  with  Wren  at 
their  head,  whose  mention  by 
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the  side  of  Jones  is  only  justified  by  the  scientific  and  co'.istructive  skill  he  possessed. 

463.  Jones  was  a follower  of  the  Venetian  school,  which  we  have  described  in  a previous 
section.  His  respect  for  Palladio  is  evinced  by  the  circumstance  of  a co|)y  of  that  great 
master’s  works  being  his  companion  on  his  travels  through  Italy.  It  is  filled  with  his 
autograph  notes,  and  is  now  deposited  in  the  library  of  Worcester  College,  Oxford.  Eord 
Burlington  had  a Vitruvius  noted  by  him  in  a similar  manner.  It  is  curious  to  see  the 
amateurs  and  pseudo-critics  of  the  present  day  decry  these  two  authors,  whom  Jones,  a 
genius  of  the  first  order,  thought  his  be.st  instructors.  The  class  in  question  are,  however, 
no  longer  considered  worthy  of  being  listened  to  on  matters  of  the  art ; and  the  public 
taste  is,  in  this  respect,  turning  once  more  into  the  proper  channel.  Palladian  architecture, 
tluis  introduced  by  Jones,  would  have  readied  a splendour  under  Charles  1.  perhajis  eijual 
to  that  which  Italy  can  boast,  had  not  its  progress  been  checked  by  public  calamities,  in 
which  it  was  the  lot  of  the  artist  to  share  the  mi.sfortunes  of  his  royal  master.  In  addition 
to  being  the  favourite  of  the  king,  he  was  a Roman  Catholic  ; and  f('r  this  (as  it  was  then 
mriously  called)  delinquency,  he  had  to  pay  545/.  in  the  year  1646.  He  died,  aged 
'9  years,  at  Somerset  House  on  the  21st  of  June,  1652  ; and  left  4,200/.  in  legacies,  and 
00/.  for  a monument,  so  that  he  did  not  die  in  ])Oveity  as  usually  stated. 

464.  Tlie  plans  of  houses  introduced  from  Italy  by  this  master  were  not,  perhajis,  alto- 
rether  suited  to  the  climate  or  habits  of  the  English.  One  of  his  greatest  faults  was  that  of 
liming  at  magnificence  under  circumstances  in  which  it  could  not  be  attained.  Thus,  his 
ooms  were  often  sacrificed  to  the  show  and  effect  resulting  from  a hall  or  a staircase,  or 
>oth  ; sometimes,  to  gain  the  appearance  of  a vista  of  apartments,  they  were  made  too  small 
or  the  scale  of  the  house.  His  distribution  of  windows  is  purely  Italian,  and  the  j)iers 
letween  them  consequently  too  large,  so  that  the  light  is  occasionally  insufficient  in 
luantity.  The  habits  of  Italy,  which  enabled  Palladio  to  raise  his  princi})al  floor,  and  to 
lave  the  farm  offices  and  those  for  the  vintage  in  the  same  range  of  building  as  the 
aansion,  impart  an  air  of  great  magnificence  to  the  Italian  villa.  Jones  saw  that  this 
rrangement  was  not  required  for  English  convenience,  and  therefore  avoided  the  Palladian 
ractice ; “but,”  says  Mitford,  “the  architects  who  followed  him  were  dazzled,  or  dazzled 
heir  employers.  To  tack  the  wings  to  the  centre  with  a colonnade  became  a phrase  to 
xpress  the  purpose  of  plan  of  the  most  elegant  effect ; and  the  effect,  provided  the  com- 
ination  be  harmonious,  will  be  elegant ; but  the  arrangement  is  very  adverse  to  general 
anvenience,  and  esj-iecially  in  the  moderate  scale  of  most  general  use.  Where  great 
i)lendour  is  the  object,  convenience  must  yield  to  it.  Magnificence  must  be  paid  for  in 
anvenience  as  well  as  money.”  Webb  and  Carter  were  the  pupils  of  Jonee.  The  former 
'ill  furnish  us  presently  with  a few  remarks.  During  the  time  of  the  Commonwealth,  the 
istory  of  architecture  in  this  country  is  a com])lete  blank.  We  know  of  no  public  work 
f consequence  that  was  designed  or  executed  in  the  interregnum.  On  the  restoration  of 
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the  monarchy,  however,  the  art  began  to  revive  ; but  it  was  much  tinclured  with  the 
contemporary  French  style,  whicli  Lord  Burlington,  on  its  reappearance  many  years  after- 
wards, had  the  merit  of  reforming,  and  of  bringing  back  the  public  taste  to  the  purity 
which  Jones  had  introduced  : but  tliis  we  shall  liave  to  notice  hereafter. 

465.  John  Wel)b  was  nephew  as  well  as  scholar  of  Inigo  Jones,  whose  only  daughter 
he  married.  He  built  a large  seat  for  the  Bromley  family  at  Horseheath,  in  Cambridgeshire; 
and  added  a portico  to  the  Vine,  in  Hampshire,  for  Challoner  Chute,  the  S])eaker  to 
Richard  Cromw'ell’s  parliament.  Ambresbury,  in  Wiltshire  {fy.  210.),  w'as  only  executed 
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by  him  from  the  designs  of  his  master,  as  also  the  east  side  of  the  court  of  Greenwich 
Hospital.  Captain  William  Winde,  a native  of  Bergen-op-Zoom,  and  pujiil  to  Sir  Baltliazai 
Gerbier,  was,  soon  after  the  Restoration,  in  considerable  employ  as  an  architect.  He  hui  I 
Cliefden  House,  Bucks,  which  was  destroyed  by  fire  in  1795  ; the  Duke  of  New'castle’s,  ii 
Lincoln’s  Inn  Fields;  Combe  Abbey,  Warwickshire,  for  Lord  Craven;  and  for  the  saint 
peer  he  finished  Hempsted  Marshall,  which  had  been  begun  by  his  master.  But  the  cliie 
and  best  work  of  Winde  was  Buckingham  House,  in  St.  James’s  Park,  on  w'hose  site  iio" 
stands  a palace,  larger,  indeed,  but  unworthy  to  be  its  successor.  It  is  known  from  prints 
and  not  a few'  of  our  readers  will  probably  recollect  the  building  itself.  It  was  erected  lii 
John  Sheffield,  Duke  of  Buckingham  ; and  on  its  frieze  was  the  inscription  “ sic  sir 
I .dCTANTUR  LARES.”  The  arrears  in  the  payments  for  this  house,  according  to  an  anecdoti 
in  Walpole,  w'ere  so  distressing,  that  when  it  was  nearly  finished,  “ Winde  had  enticed  lii 
Grace  to  mount  upon  the  leads  to  enjoy  the  grand  prospect.  When  there,  he  coolly  lockei 
the  trap-door,  and  threw  the  key  to  the  ground,  addressing  his  astonished  patron,  ‘ I an 
a ruined  man,  and  unless  I have  your  word  of  honour  that  the  debts  shall  be  paid,  I wil 
instantly  throw  myself  over.’  ‘ And  what  is  to  become  of  me,’  said  the  duke  ? ‘ You  slial 
come  along  with  me.’  The  promise  was  given,  and  the  trap-door  opened  (upon  a sigi,|i 
made)  by  a workman  in  the  secret,  and  who  was  a party  to  the  plot.”  We  do  not  vouc! 
for  the  truth  of  the  tale. 

466.  An  architect  of  the  name  of  Marsh  is  said,  by  Vertue,  to  have  designed  the  additiona 
buildings  at  Bolsover,  as  also  to  have  done  some  considerable  works  at  Nottingham  Castle  r 
and  Salmon,  in  his  account  of  Es.sex,  mentions  a Doctor  IMorecroft,  who  died  in  1677,  ai 
the  architect  of  the  manor-house  of  Fitzwalters.  Of  the  works  of  the  French  taste  abou 
the  middle  of  the  period  under  discussion,  a better  notion  cannot  be  obtained  than  froi 
Montague  House,  late  the  British  Museum  ( /i^.  211.),  the  work  of  a Frenchman  her 
whose  example  had  followers  ; indeed.  Wren  himself,  in  some  of  his  works,  has  caught  tli 
vices  of  the  French  school  of  the  day,  though  he  was  a follower  of  the  Venetian  and  Roma 
schools.  The  fire  which  destroyed  London  in  1666,  a few  years  after  the  death  of  Jonejj 
brought  into  notice  the  talents  of  Sir  Christopher  Wren,  whose  career  was  opened  uiid< 
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le  reign  of  Charles  II.  “ The  length  of  his  life  enriched  the  reigns  of  several  princes  and 
isgraced  the  last  of  them.”  (At  the  advanced  age  of  86  he  was  removed  by  George  1.  from 
le  office  of  Surveyor  General.)  “ A variety  of  knowledge  proelaims  the  universality,  a mul- 
plicity  of  works  the  abundance,  St.  I’aul’s  the  greatness,  of  Sir  Christojiher’s  genius.  The 
jblest  teinjile,  the  largest  palace,  the  most  stupendous  hospital,  in  such  a kingdom  as 
ritain,  are  all  works  of  the  same  hand.  He  restored  London  and  recorded  its  fall.”  As 
le  boast  of  England  is  the  Catliedral  Church  of  St.  Paul,  it  will  be  necessary  to  dwell  a 
jttle  on  a description  of  it. 

467.  'I'he  larger  jiortion  of  this  cathedral  stands  on  part  of  the  site  of  the  old  one,  as 
|iown  by  the  annexed  diagram  (^Jiy.  212.),  which  also  exhibits  their  comparative  sizes.  It  is 
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< lied  from  a drawing  by  Sir  Chri.stopher  in  the  library  of  All  Souls  College  at  Oxford. 

' e instructions  to  the  surveyor,  according  to  tlie  compiler  of  the  Parentalia,  were  — “ to 
'.ptrive  a fabric  of  moderate  "bulk,  but  of  good  proportion;  a convenient  quire,  with  a 
' tibule  and  porticoes,  and  a dome  conspicuous  above  the  houses:”  and  in  conformity  with 
t m,  a design  was  made  which,  from  various  causes,  does  not  appear  to  have  given  satis- 
I ;ion ; whereon  the  compiler  observes,  that  “ he  endeavoured  to  gratify  the  taste  of  the 
( noisseurs  and  criticks  with  something  coloss  and  beautiful,  with  a design  antique  and 
' 1 studied,  conformable  to  the  best  style  of  the  Greek  and  Roman  architecture.”  'I'he 
1 del  made  from  this  design  st  11  exists.  This  however  was  not  approved,  and  “the  sur- 
' or  then  turned  Ids  tliouglits  to  a cathedral  form,  so  altered  as  to  reconcile  as  near  as 
psible  tlie  Gotldc  to  a better  manner  of  architecture.”  A design  was  approved  by  tlie 
1 g,  who  issued  his  warrant  under  privy  seal  14th  May,  1675,  for  the  execution  of  the 
',*ks.  Tliis  design  (engraved  for  the  first  time  in  Longman’s  The  Three  Cathedrals, 
1 :1)  was  wholly  departed  from  by  Wren,  in  execution. 

68.  Much  trouble  was  experienced  in  removing  the  immense  ruins  of  the  old  church,  for 
t de^t^uction  whereof  recourse  wasliad  to  many  expedients.  On  the  north  side,  the  foiinda- 
I IS  are  placed  upon  a stratum  of  hard  pot  earth  about  6 feet  in  thickness,  but  not  more 
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than  4 ft.  thick  on  the  south  side  ; and  upon  this  stratum,  from  the  exj)erience  of  the  old 
cluirch  having  firmly  rested,  the  architect  wisely  determined  to  place  the  new  one.  'J'he 
work  was  commenced  on  the  western  side,  driving  eastward  to  the  extremity  of  the  site ; 
at  which,  on  the  northern  side,  a pit  was  discovered  whence  the  hard  ])ot  earth  had 
been  extracted,  and  the  vacuity  so  made  filled  up  with  loose  rubbish.  'I'he  length  of  this 
hole  in  the  direction  of  the  foundation  was  not  more  than  G or  7 ft.,  and  from  the  fear  of 
piles,  if  driven,  becoming  rotten,  the  surveyor  determined  to  excavate  through  the  sand, 
and  to  build  up  from  the  stratum  solid  for  a depth  of  40  ft.  The  pit  sunk  here  was  IH  ft. 
wide;  in  this  he  built  up  a pier,  10ft.  square,  till  it  rose  to  within  15  ft.  of  the  present 
surface.  At  this  level  he  introduced  an  arch  from  the  pier  to  the  main  foundation,  and  or 
this  arch  the  north-eastern  quoin  of  the  choir  is  founded. 

4G9.  On  the  21st  of  June,  1675,  the  first  stone  was  laid;  and,  within  ten  years,  the  wai.s 
of  the  choir  and  its  side  aisles,  and  the  north  and  south  circular  porticoes,  were  finished ; tlie 
piers  of  the  dome  also  were  brought  up  to  the  .same  height.  The  son  of  the  architect  laid 
the  last  stone  in  1710.  This  was  the  highest  stone  on  the  top  of  the  lantern.  Thus  the 
whole  edifice  was  finished  in  thirty-five  years,  under  the  remarkable  circumstances  of  having 
only  one  architect,  one  master  jnason  (Mr.  Strong),  and  the  see  being  occupied  the  whole 
time  by  one  bishop.  Doctor  Henry  Compton.  The  master  builder’s  name  was  Jennings. 

470.  The  plan  of  St.  Paul’s  is  a Latin  cross,  and  bears  a general  resemblance  to  that  of 
St.  Peter’s.  A rectangular  parallelogram,  480  ft.  from  east  to  west  (measuring  from  the 
top  of  the  steps  of  the  western  portico  to  the  exterior  of  the  eastern  wall  of  the  choir),  is 
crossed  by  another  parallelogram,  whose  extremities  form  the  transepts,  250  ft.  in  length 
from  north  to  south.  At  the  eastern  end  of  the  finst  parallelogram  is  a hemicylindrical 
recess,  containing  the  altar,  and  extending  20  ft.  further  eastward  ; so  that  the  whole  length 
is  500  ft.,  exclusive  of  the  flight  of  .steps.  At  the  north  and  south  ends  of  the  tran.sept.s 
are  porticoes,  segmental  on  the  jdan,  and  projecting  20  ft.  The  centre  of  the  intersection 
(»f  the  parallelograms  is  280  ft.  from  the  we.stern  front.  The  width  of  each  parallelogram 
is  125  ft.  At  the  western  end  of  the  edifice,  on  the  north  and  south  extremities,  are  towers 
whose  western  faces  are  in  the  same  plane  as  the  general  front,  but  whose  northern  and 
southern  faces  respectively  project  about  27  ft.  from  the  walls  of  the  aisles  of  the  nave  ; .so 
that  the  whole  wldtli  of  the  western  front  is  about  180  ft.  In  the  re-entering  angles  on 
each  side,  between  the  towers'  and  the  main  building,  are  two  chapels,  each  50  ft.  long  and 
20  ft.  broad,  open  to  tlie  aisles  of  the  nave  at  their  western  end  Externally  two  orders 
reign  round  the  building.  'I'he  lower  one  Corinthian,  standing  on  a basement  10  ft.  above 
tlie  level  of  the  ground,  on  the  western  side,  wliere  a flight  of  steps  extending  the  whole 
breadth  of  the  front,  exclusive  of  the  towers,  leads  to  the  level  of  the  church.  'I'he  height 
of  this  order,  including  the  entablature,  is  50  ft.  ; and  that  of  the  second  order,  which  is 
composite,  is  one  fifth  less,  or  40  ft.  ; making  the  total  height  100  ft.  from  the  ground  to  the 
top  of  the  second  entablature.  'I'he  portico  of  the  western  front  is  formed  with  the  two 
orders  above  mentioned,  the  lower  story  consisting  of  twelve  coupled  columns,  and  the 
iqrper  one  of  eight  ; which  last  is  surmounted  by  a pediment,  whose  tympanum  is  sculp- 
tured with  the  subject  of  the  Conversion  of  St.  Paul,  in  pretty  high  relief.  Half  of  the 
western  elevation,  and  the  half  transverse  .section,  is  given  in  Jig  213.  At  the  northern 
and  southern  ends  of  the  transepts  the  lower  order  is  continued  into  porticoes  of  six  fluted 
columns,  standing,  in  plan,  on  the  .segment  of  a circle,  and  crowned  with  a semi-dome  abut- 
ting against  the  ends  of  the  transepts. 

471.  'Phe  porch  of  the  western  front  is  50ft.  long  and  20ft.  wide;  the  great  doorway, 
being  in  the  centre  of  it,  leads  to  a vestibule  50  ft.  square,  at  whose  angles  are  four  pier.>' 
connected  at  top  by  semicircular  arches,  under  which  are  placed  detached  cou])led  colunuif 
m front  of  the  piers.  'I’he  body  of  the  church  is  divided  into  a nave  and  two  side  aisles 
decorated  with  pilasters  supporting  semicircular  arches;  and  on  each  side  of  the  porch  am 
ve.stibule  is  a passage  which  leads  directly  to  the  corresponding  aisles.  'I'he  choir  is  similarl) 
disposed,  with  its  central  division  and  side  aisles. 

472.  'Phe  entrances  from  the  transepts  lead  into  vestibules  25  ft.  deep,  and  the  wholi 
breadth  of  the  transept  in  length,  each  communicating  with  the  centre  by  a central  passagi 
and  its  aisles  formed  between  two  massive  piers  and  the  walls  at  the  intersections  of  the 
transepts  with  the  choir  and  nave.  'Phe  eight  piers  are  joined  by  arches  springing  froiiD 
one  to  the  other  so  as  to  form  an  octagon  at  their  springing  points,  and  the  angles  betweei 
the  arches,  instead  of  rising  vertically,  sail  over  as  they  rise  and  form  pendentives,  whiil 
lead,  at  their  top,  into  a circle  on  the  plan.  Above  this  a wall  ri.ses  in  the  form  of  a trim 
eated  cone,  which,  at  the  height  of  168  ft.  from  the  pavement,  terminates  in  a horizont;i 
cornice,  from  which  the  Interior  dome  springs.  Its  diameter  is  100  ft.,  and  it  is  60  ft  i 
height,  in  the  form  of  a paraboloid.  Its  thickness  is  18  in.,  and  it  is  constructed  of  brick 
work.  From  the  haunches  of  this  dome,  200  ft.  above  the  pavement  of  the  church,  anothc 
cone  of  brickwork  commences,  8.7  ft.  high,  and  94  ft.  diameter  at  the  bottom.  'Phis  con 
is  pierced  witli  ajiertiires,  as  well  for  tlie  jiurpose  of  diminisliing  its  weight  as  for  distri 
buting  light  between  it  and  the  outer  dome.  At  the  top  it  is  gathered  into  a dome,  iu  tli 
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nrm  of  a hyperboloid,  pierced  near  the  vertex  with  an  aperture  12  ft.  in  diameter.  Tl;e 
^ p of  this  cone  is  285  ft.  from  the  ])avement,  and  carries  a lantern  55  ft.  high,  terminating 
a dome,  whereon  a ball  and  cross  is  raised.  'I'he  last-named  cone  is  provided  with 
irbels,  sufficient  in  number  to  receive  the  hammer  beams  of  the  external  dome,  which  is 
■ oak,  and  its  base  220  ft.  from  the  pavement,  its  summit  being  level  with  the  top  of  the 
3'iie.  In  form,  it  is  nearly  hemispherical,  and  generated  by  radii  57  ft.  in  length,  whose 
litres  are  in  a horizontal  diameter,  passing  through  its  base.  The  cone  and  the  interior 
i|j)me  are  restrained  in  their  lateral  thrust  on  the  sujiports  by  four  tiers  of  strong  iron 
|iains,  placed  in  grooves  prepared  for  their  reception,  and  run  with  lead.  The  lowest 
these  is  inserted  in  the  masonry  round  their  common  base,  and  the  other  three  at  ditlerent 
ights  on  the  exterior  of  the  cone.  Externally  the  intervals  of  tl.e  columns  and  pilasters 
e occupied  by  windows  and  niches,  with  horizontal  and  semicircular  heads,  and  crowned 
|th  pediments.  In  the  lower  order,  excepting  modillions  under  the  corona,  the  entabla- 
re  is  quite  plain,  and  there  are  also  console  modillions  in  the  upper  order.  The  edifice, 
three  directions,  is  terminated  with  pediment  roofs ; and  at  the  extremities,  on  each  of 
lose  faces,  are  acroteria,  supporting  statues  25  ft.  above  the  roof  of  the  edifice.  Over  tlie 
;ersection  of  the  nave  and  transepts  for  the  external  work,  and  for  a height  of  25  ft.  above 
2 r&of  of  the  church,  a cylindrical  wall  rises,  whose  diameter  is  146  ft.  Between  it  and 
2 lower  conical  wall  is  a space,  but  at  intervals  they  are  connected  by  cross  walls.  This 
Under  is  quite  plain,  but  perforated  by  two  courses  of  rectangular  apertures.  On  it 
nds  a peristyle  of  thirty  columns  of  the  Corinthian  order,  40  ft.  high,  including  bases 
d capitals,  with  a plain  entablature  crowned  by  a balustrade.  In  this  peristyle,  every 
irth  intercolumniation  is  filled  up  solid,  with  a niche,  and  connection  is  provided  between 
and  the  wall  of  the  lower  cone.  Vertically  over  the  base  of  that  cone,  above  the 
listyle,  rises  another  cylindrical  wall,  appearing  above  the  balustrade.  It  is  ornamented 
til  pilasters,  between  which  are  a tier  of  rectangular  windows  above,  and  one  of  blanks 
"w.  On  this  wall  the  external  dome  is  posited.  As  will  be  seen  by  reference  to  the 
tion,  the  lantern  which  we  have  before  noticed  receives  no  supj)ort  from  it.  It  is  mere.y 
lainental,  differing  entirely  in  that  respect  from  the  dome  of  St.  Peter’s. 

||i73.  The  towers  in  the  western  front  are  220  ft.  high,  terminating  in  open  lanterns, 
dered  witli  domes  formed  by  curves  of  contrary  flexure,  and  not  very  purely  composed, 
tingh  perliaps  in  character  with  the  general  faqade.  Tlte  total  height  to  the  top  of  the 
c from  the  pavement  outside  is  404  ft.,  but  usually  stated  as  365  ft. 
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474.  T1  e interior  of  tlie  nave  and  choir  are  each  designed  with  three  arclies  longitu- 
dinally springing  from  piers,  strengtliencd,  as  well  as  decorated,  on  their  inner  faces,  by  an 
entablature,  whose  cornice  reigns  throughout  the  nave  and  church.  Above  this  entabla- 
ture, and  breaking  with  it  over  each  })ilaster,  is  a tall  attic  from  projections  on  which 
spring  semicircular  arches  which  are  formed  into  arcs  doubleaux.  Between  the  last,  pen- 
dentives  are  formed,  terminated  by  horizontal  cornices.  Small  cupolas,  of  less  height  than 
their  semi-diameter,  are  formed  above  these  cornices.  In  the  upright  plane  space  on  the 
walls  above  the  main  arches  of  the  nave,  choir,  and  transepts,  a clerestory  is  obtained  over 
the  Attic  order,  whose  form  is  generated  by  the  rising  of  the  pendentives.  ^ 'I'he  inner 
dome  is  plastered  on  the  under  side,  and  painted  by  Sir  James  Thornhill,  with  subjects 
relating  to  the  history  of  St.  Paul. 

475.  For  external  elegance,  we  know  no  church  in  Europe  which  exhibits  a cupola 
cotnparable  with  that  of  St.  Paul’s,  though  in  its  connection  with  the  church  by  an  order 
hio-her  than  that  below  it  there  is  a violation  of  the  laws  of  the  art.  The  cost  of  the  church 
was  736,7521.,  exclusive  of  the  stone  and  iron  enclosures  round  it,  which  cost  11,202/. 
more;  in  all  747,954/.  About  nine-tenths  of  that  sum  were  raised  hy  a tax  on  coals  im- 
ported into  London.  As  compared  with  St.  Peter’s,  we  subjoin  a few  of  the  principal  di- 
mensions of  the  two  churches. 


Direction  of  Measure. 

81.  Peter’s  in  En- 
glisli  Feet. 

St.  Paul’s  in  En- 
glish  Feet. 

Excess  of  the  former  i 
in  Feet. 

Length  within 

669 

500 

169 

Breadth  at  entrance 

226 

100 

126 

Principal  facade 

.895 

180 

215 

Breadth  at  the  cross 

442 

228 

219  I 

Cupola,  clear  diameter 

189 

108 

81  i 

Cupola,  height  of,  with  lantern 

482 

8.80 

102 

Church  in  height 

146 

110 

86  1 

1 

476.  If  we  suppose  sections  to  be  made  through  the  transepts  of  the  four  principal 
churches  of  Euroi>e,  we  have  their  relative  sizes  in  the  following  ratio  : — 


St.  Peter’s,  Rome  - - - 

_ 

. 

- 1-0000 

Santa  Maria  del  Fiore,  at  Florence 

- 

- 

- 

- -5858 

St.  Paul’s,  London 

- 

- 

- 

- -4166 

St.  Genevieve  ( Pantheon),  Paris  - 

- 

- 

- 

- -8808 

477.  Notwithstanding  its  imposing  effect  as  a whole,  and  the  exhibition  in  its  construc- 
tion of  a mechanical  skill  of  the  very  highest  order  ; notwithstanding,  also,  the  abstract 
beauty  of  the  greater  number  of  its  parts,  it  is  our  duty  to  observe  that  many  egregious 
abuses  are  displayed  in  the  fabric  of  St.  Faul’s,  the  first  and  greatest  whereof  is  the  great 
waste  of  interior  effect  as  compared  with  the  total  section  em])loyed.  If  we  suppose,  as 
before,  sections  from  north  to  south  to  be  made  through  the  transepts  of  the  four  prin- 
ci])al  churches,  the  following  table  will  exhibit  the  pro])ortion  of  their  clear  internal  to  their 
external  areas : — 


St.  Peter’s,  Rome  - 

Santa  Maria  del  Fiore,  Florence 

St.  Paul’s,  London 

St.  Genevieve  ( Pantheon),  Paris 


- «,1?25  : 10,000 

- 8,855  : 10,000 

- 6,865  : 10,000 

- 6,746  ; 10,000 


Whence  it  is  seen  how  highly  in  this  respect  the  Duomo  of  Florence  ranks  above  the  others. 
I’he  defect  of  St.  Paul’s  in  this  respect  is  mainly  induced  hy  the  false  dome  ; and  thougli 
we  may  admire  the  ingenuity  that  provided  for  carrying  a stone  lantern  on  the  top  of  a 
truncated  cone,  deceitfully  appearing,  as  it  does,  to  stand  on  the  dome  from  Avhich  it  rises, 
we  cannot  help  regretting  that  it  afforded  the  opportunity  of  giving  the  building  a cupola, 
liable  to  the  early  attack  of  time,  and  perhaps  that,  more  to  be  dreaded,  of  fire. 

478.  In  the  skill  required  for  raising  a building  on  a minimum  of  foundation.  Sir  Chris- 
topher Wren  appears  to  have  surpassed,  at  least,  tho.se  who  preceded  him.  In  similarly 
or  nearly  so  formed  buildings,  some  criterion  of  the  comparative  skill  employe'd  in  their 
construction  may  be  drawn  from  comparing  the  ratio  between  the  area  of  the  whole  plan, 
and  that  of  the  sum  of  the  areas  of  the  horizontal  sections  of  the  whole  of  the  piers, 
walls,  and  pillars,  which  .serve  to  support  the  superincumbent  mass.  The  similarity  of  the 
four  churches  already  compared  affords,  therefore,  a criterion  of  their  respective  merits  in 
this  respect.  We  hardly  need  say  that  one  of  the  first  qualifications  of  an  architect  is  to 
produce  the  greatest  effect  by  the  smallest  means.  The  subjoined  table  is  placed  before  the 
reader  as  a comparison  of  the  four  churches  in  reference  to  the  point  in  question. 
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Cliurch. 

Whole  .\roa  in 
Knglish  I'cet. 

Area  of  Toints  of 
Support. 

1 

liutio. 

St.  I’eter’s  at  Rome 

£27,069 

59,808 

1 : 0-261 

Sta.  3Iaria  del  Fiore,  Florence 

84,802 

17,080 

1 ; 0-201 

St.  Paul's,  London 

84,025 

14,811 

1 : 0-170 

St.  Genevieve  (Pantheon),  Paris 

60,287 

9,269 

1 : 0-154 

riie  merit,  therefore,  shown  in  the  construction  of  the  above  edifices  will  be  nearly  as  15. 
17,  20,  26',  or  inversely  proportional  to  the  numbers  in  the  last  column. 

479.  We  must  here  mention  one  of  the  most  unpardonable  defects,  or  rather  abuses, 
.vliich  this  church  exhibits,  and  which  must  be  learnt  from  reference  to  Jig.  214.  '1  herein  is 


' iven  a transverse  section  of  the  nave  and  its  side  aisles.  From  this  it  will  be  seen  that  the 
^lorinous  expense  of  the  second  or  upj)er  order  all  round  the  church  was  incurred  for  no 
iher  purpose  than  that  of  concealing  the  flying  buttresses  that  are  used  to  counteract  tlie 
irusts  of  the  vaults  of  the  nave,  choir,  and  transepts,  — an  abuse  that  admits  of  no  apology. 

; is  an  architectural  fraud.  We  do  not  think  it  necessary  to* descend  into  minor  defects 
k1  abuses,  such  as  vaulting  the  church  from  an  Attic  order,  the  multiplicity  of  breaks, 
id  want  of  repose ; the  general  disappearance  of  tie  and  connection,  the  piercing,  as 
raetised,  the  piers  of  the  cupola,  and  mitering  the  archivolts  of  its  great  arches,  and  the 
ke,  because  we  think  all  these  are  more  than  counterbalanced  by  the  beauties  of  the  edi- 
:e.  We  cannot,  however,  leave  the  subject  without  observing  that  not  the  least  of  its 
Herits  is  its  freedom  from  any  material  settlement  tending  to  bring  on  jiremature  dilapida- 
on.  Its  chief  failures  are  over  the  easternmost  arch  of  the  nave,  and  in  the  north  transept, 
T the  remedy  whereof  (the  latter)  the  architect  left  written  instructions.  There  are  also 
»me  unimportant  failures  in  the  haunches  of  most  of  the  flying  buttresses,  which  are 
•arcely  worth  notice. 

480.  The  wretchedly  naked  appearance  of  the  interior  of  this  cathedral  is  a disgrace 
dther  to  the  architect  nor  to  the  country,  but  to  the  clergy,  Terrick,  bishop  of  London, 
id  Potter,  archbishop  of  Canterbury,  who  lefused  to  sanction  its  decoration  with  pictures, 
ratuitously  profl'ered  by  artists  of  the  highest  reputation  ; and  this  after  the  cupola  itself 

I II id  been  decorated.  The  colour  of  the  sculpture  is  of  no  use  in  heightening  the  eflect  of 
^ 'le  interior. 

481.  The  Purentulia  contains  a description  of  the  manner  in  which  the  walls  of  the  old 
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catlu'dral  were  destroyed,  and  tliose  of  the  present  one  raised;  which  should  be  read  hj 
all  those  engaged  in  the  practice  of  arcliiteetnre. 

482.  Wren,  havino-  lived  to  see  the  completion  of  St.  raid’s,  was,  as  before  stated,  dis- 
placed from  tile  office  of  surveyor  of  Crown  buddings  to  make  room  for  an  incompetent 
pretender,  named  Benson.  Pope,  in  the  Dnnciad,ha%  left  a record  of  the  job,  in  the  lines— 

While  Wren  witli  sorrow  to  Uie  grave  dfscends, 

(Jay  tlies  impeiisioned  will)  a hundred  friends. 

Wren  died  at  the  am*  of  91  years,  and  was  buried  under  the  fabric,  “with  four  words,”  says 
Walpole,  “ that  coniprebended  his  merit  and  his  fame.” 

“SI  QU/EllAS  MONUMENTUM  CIRCUMSPICE.” 

483.  It  will  be  impossible,  consistently  with  our  space,  to  describe  the  works  of  Sir  Chris- 
toirher  Wren.  One  upon  which  his  fame  is  as  justly  founded  as  upon  St.  Paul’s  itself,  is 
St..  Stephen’s  Church  in  Wallbrook,  in  which,  on  a plot  of  groumi  80l  ft.  by  .597  ft.,  he 
has  contrived  a structure  whose  elegance  is  not  surpassed  by  any  one  we  know  to  have 
been  raised  under  similar  restrictions.  The  church  in  (juestion  is  divided  longitudinally 
into  five  aisles  by  four  ranks  of  Corinthian  columns  standing  on  pedestals  ; the  places  of 
four  columns  near  the  centre  being  unoccupied  ; the  surrounding  central  columns  form  the 
aiudes  of  an  octagon,  45  ft,  diameter,  on  which  arches  are  turned,  and  above  which,  by 
means  of  pendentives,  the  circular  base  of  a dome  is  formed,  which  is  in  the  shape  of  a seg- 
ment of  a sphere,  with  a lantern  thereon.  The  ceiling  of  the  middle  ^aisle  from  east  to 
west  is  vaulted  in  groins.  The  rest  of  the  ceiling  is  horizontal.  The  interior  of  St.  Jame.s's, 
We.stmlnster,  is  another  beautiful  example  of  the  master,  though  recently  underrated  by 
an  ignorant  critic. 

484.  One  of  the  peculiarities  remarkable  about  Wren’s  ])eriod  is  the  investment  of  the 
form  of  the  Gothic  spire  with  a clothing  of  Italian  architecture,  by  which  the  modern 
steejile  was  produced  If  any  example  could  reconcile  us  to  such  a practice,  it  imglit 
be  found  in  that  of  Bow  Church,  another  of  Wren’s  works,  which  rises  to  tiie  heiglit 
of  197  ft.  from  the  ground,  the  sides  of  the  suuare  from  which  it  ri.ses  being  32  ft.  (i  in. 
There  are  in  the  leading  proportions  of  this  tower  and  spire,  some  extraordin.iry  examples 
in  relative  heights  as  compared  with  widths  sesquialteral !y,  which  would  almost  lead  one 
to  suppose  that,  in  this  respect,  our  architect  was  somewhat  superstitious. 

485.  In  St.  Dunstan  in  the  East,  Wren  attempted  Gothic,  and  it  is  the  least  oflensive 
of  his  productions  in  that  .style.  It  is  an  elegant  composition,  but  wants  the  claim  to  ori- 
ginality. St.  Nicholas,  Newcastle,  and  the  High  Church,  Edinburgh,  are  its  i)rototypes. 

486.  'J’he  Monument  of  London  is  original,  notwithstanding  columns  of  this  sort  had 
been  ]>reviously  erected.  Its  total  expense  was  8856/.,  and  it  was  commenced  in  1671, 
completed  in  1677.  The  height  is  202  ft.  ; hence  it  is  loftier  than  any  of  the  historical  co- 
lumns of  the  ancients.  The  pedestal  is  about  21  ft.  square,  standing  on  a plinth  6 ft. 
wider.  The  lower  diameter  of  the  column  on  the  iqiper  part  of  the  base  is  15  ft.,  and  the 
sliaft  incloses  a staircase  of  black  marble,  consisting  of  .345  steps.  It  was  fluted  after  the 
work  was  carried  up.  The  quantity  of  Portland  stone  whereof  it  is  com])osed  is  i.8,196 
cubic  feet.  The  Antonine  column  at  Rome  isl63^,and  that  of  Trajan  132  ft.  high.  That 
erected  by  Arcadius  at  Coirstantinople,  when  perfect,  was  of  the  same  height  as  that  last 
mentioned.  The  structure  of  which  we  are  speaking  loses  much  by  its  situation,  which 
has  neither  been  improved  nor  deteriorated  by  the  streets  conseijuent  on  the  rebuilding  of 
London  Bridge  : and  though  it  cannot  compete  with  the  'I'rajan  collunn  in  point  of  in- 
trinsic beauty,  it  is,  nevertheless,  an  exquisite  and  well-proportioned  work,  and  seems  much 
better  calculated  with  propriety  to  record  the  object  of  its  erection,  than  the  other  is  to  he 
tlie  monument  of  a hero.  In  these  days,  it  is  singular  to  see  that  no  other  mode  than  the 
erection  of  a column  could  be  found  to  record  the  glorious  actions  of  a Nelson.  Such  w^as 
the  poverty  of  taste  that  marked  the  decision  of  the  committee  to  wdiom  that  object  w as  most 
imjiroperly  entrusted. 

487.  Among  the  works  of  Wren  not  to  be  passed  without  notice  is  the  lilbrary  of 
Trinity  College,  Cambridge.  It  is  one  of  his  finest  productions,  and  one  with  w'hich  he 
himself  was  well  sati.sfied.  It  consists  of  tw'o  orders  ; a Doric  arcade  below,  open  to  a 
basement  supported  by  columns,  which  hasa  flat  ceiling,  exceedingly  convenient  as  an  ambula- 
tory, and  itself  simple  and  well  proportioned.  The  principal  story  is  decorated  with  three- 
quarter  columns  of  the  Ionic  order,  well  proportioned.  From  their  volutes,  festoons  are 
pendent,  and  the  key-stones  of  the  windows  are  carved  into  cherubs’  heads,  &c.  'I'his  is 
the  elevation  towartls  Nevill’s  Court ; that  towards  the  garden  has  three  Doric  doors  below’, 
but  above  is  without  columns  or  pilasters  in  the  upper  stories.  Without  ornament,  it 

is  not  tlie  less  graceful  and  imposing.  The  interior,  as  a single  room,  is  designed  with  great  .■ 
grandeur  and  propriety. 

488.  We  cannet  further  in  detail  continue  an  account  of  the  works  of  this  extra- 
ordinary  architect,  but  shall  now  proceed  to  submit  a list  of  his  principal  works,  together  ^ 
with  a catalogue  of  those  of  his  principal  churches  whose  estimates  exceeded  llie  cost  of 
SCKKli 


Completed. 


ItcKiin. 


! 


Palace  at  Greenwich,  for  Charles  11. 

- 

I bo'3 

'I'heatre  at  Oxford  - 

- 

- 

- 

1668 

1669 

The  Monument 

- 

- 

- 

1671 

1677 

Temple  Bar 

- 

- 

- 

1670 

1672 

St.  Paul’s  Cathedral 

- 

- 

- 

1 675 

1 

710 

Library  at  'J'rinitv  College,  Cai 

nbridge 

- 

- 

1679 

Canu)anile  at  Christ  Church,  Oxford 

- 

- 

1681 

1 682 

Ashmolean  Library 

- 

- 

- 

1682 

Palace  at  Winchester 

- 

- 

- 

1 683 

Unfinishe( 

I. 

College  of  I'hvsicians 

- 

- 

- 

1689 

College  at  Chelsea  - 

- 

« 

- 

1690 

Palace  at  Hampton  Court  - 

- 

- 

- 

1690 

1694 

'lowers  of  Westminster  Abbey 

- 

- 

- 

1696 

Greenwich  Hospital 

- 

- 

- 

1698 

1 

703 

relies  : — 

Time  of  erection 

Cost. 

Allhallows  the  Great 

- 

- 

- 

1697 

5,64  1 /. 

9.S. 

9/4 

Allhallows,  Lombard  Street 

- 

- 

1 694 

8,058 

15 

6 

St.  Andrew  Wardrobe 

- 

- 

- 

1 692 

7,060 

16 

1 1 

St.  Andrew,  Holborn 

- 

- 

- 

1 687 

9,000 

0 

() 

St.  Antholin 

- 

- 

- 

1682 

5,685 

5 

10 

St.  Bride  - - - 

- 

- 

- 

1680 

1 1,430 

5 

1 1 

Christ  Church,  Newgate  Street 

- 

- 

- 

1687 

11,778 

9 

6' 

St.  Clement  Dane’s 

- 

- 

1 680-82 

8,786 

17 

0 

St.  Dionis  Backchurch 

- 

- 

- 

1674-84 

5,737 

10 

8 

St.  Edmund  the  King 

- 

- 

- 

1690 

5,207 

1 1 

0 

St.  I>awrence  Jewry 

- 

- 

- 

1677 

1 1,870 

1 

9 

St.  James,  Garlick  Hill 

- 

- 

- 

1683 

3,. 35  7 

10 

8 

St.  James,  Westminster 

- 

- 

circa 

1689 

8,500 

0 

0 

St.  IVlichael  Royal  - 

- 

- 

- 

1694 

7,555 

7 

9 

St.  Martin’s,  Ludgate 

- 

- 

- 

1684 

5,378 

9 

7 

St.  Margaret,  Lothbury 

- 

- 

- 

1690 

5,340 

8 

1 

St.  Mary,  Somerset 

- 

- 

- 

1695 

6,579 

18 

1 

St.  Mary,  Aldermanbury  - 

- 

- 

- 

1677 

5,237 

3 

6 

St.  Mary  le  Bow 

- 

- 

- 

1 673 

8,071 

18 

1 

'I’he  steeple 

- 

- 

- 

1680 

1,.388 

8 

7 

St.  Nicholas,  Coleabbey 

- 

- 

- 

1677 

5,042 

6 

1 1 

St.  Olaye  Jew^ry 

- 

- 

- 

1673 

5,580 

4 

10 

St.  Peter,  Cornhill  - 

- 

- 

- 

1681 

5,647 

8 

2 

St.  Swithin’s,  Cannon  Street 

- 

.. 

- 

1679 

4,687 

4 

6 

St.  Magnus,  London  Bridge 

- 

- 

- 

1676 

9,579 

18 

10 

I*"]  489.  \V"e  must  here  close  our  account  of  Wren.  Those  of  our  readers  who  desire  further 

1^  I information  on  the  life  and  works  of  this  truly  great  man  will  do  well  to  consult  the 
1 1 Parentalia,  or  Memoirs  of  the  Family  of  the  Wrens,  compiled  by  his  son,  and  published  by  hi.s 
grandson  Stephen  Wren.  Fol.  Lond.  1750. 

I 490.  Among  the  architects  of  Wren’s  time,  there  was  a triad  of  amateurs  who  would 
’ have  done  honour  to  any  nation  as  professors  of  the  art.  The  first  of  these  was  Henry 
||  Aldrich,  1).  1).,  Dean  of  Christ  Church,  Oxford,  who  died  in  1710.  He  was  attached  to  the 
Is  Venetian  school,  as  we  may  see  in  the  three  sides  of  Peckwater  quadrangle,  and  the  garden 
1- front  of  Corpus  Christ!  College,  a facade  which  for  correct  taste  is  not  surpassed  by  any 
lit  edifice  in  Oxford.  'Hie  second  of  these  amateurs  was  Dr.  Clarke,  one  of  tlie  Lords  of  the 
R [ Admiralty  in  the  reign  of  Queen  Anne.  This  distinguished  amateur  sat  for  Oxford  in 
ft  fifteen  sessions.  'J'he  Library  of  Worcester  College,  to  which  he  bequeathed  his  valuable 
p I architectural  collection  of  books  and  MSS.,  was  from  liis  design.  He  built  the  library  at 
ft  f Christ  Church.  The  third  was  Sir  James  Purrough,  Master  of  Caius  College,  Cambridge; 
ji  ^ by  whom,  in  1703,  the  chapel  of  Clare  Hall  in  that  University  was  beautifully  designed 
H and  executed. 

m 491.  We  now  approach  the  works  of  a man  who,  whatever  some  have  thought  of  them, 
^1  has  a stronger  claim  on  our  notice  as  an  inventor  than  any  of  his  predecessors.  It 
f must  be  anticipated  that  we  allude  to  Sir  John  Vanbrugh.  Ujion  no  other  artist  has 
|^=  alpole  delivered  criticisms  more  unworthy  of  himself,  nor  is  there  anyone  of  whose 
genius  he  had  less  cajiacity  fo  ajipreciate  the  powers.  The  singular  mind  of  Vanbrugh 
i 'l»|  was  distracted  by  control  : his  buildings  are  the  result  of  a combination  of  forms  and  anti- 
i cipation  of  efTects,  originating  solely  from  himself;  cH’ects  which  none  before  had  seen  lor 
ii 
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coiitcMiipIatecl.  As  a wit,  he  was  inferior  to  none  that  levelled  its  shafts  at  him,  and  hence 
his  novel  compositions  in  architecture  became  among  the  professed  critics  of  the  day  so't’ 
much  the  more  an  object  of  derision,  as,  in  their  ])uny  notions,  his  only  assailable  point.  J 
Attacked  from  ])arty  feeling,  the  public  allowed  itself  to  be  biassed  by  epigrams  and  smart  ^ . 
verses  from  the  pens  of  Rope  and  Swift ; and  when  the  former,  in  his  fourtli  epistle,  in  all u- 3 
sion  to  Vanbrugh’s  works,  exclaims, — j 

“ 1,0  ! what  huge  heaps  of  littleness  around,  5, 

The  whole  a laboured  quarry  above  ground,”  — | 


he  little  thought  he  was  leaving  to  posterity  a record  of  his  consummate  ignorance  of  art,  f 
and  of  his  total  insensibility  to  grandeur,  ui  all  that  relates  to  composition  in  architecture. 

492.  The  opinion  of  Sir  Joshua  Reynolds  first  enlightened  the  public  upon  the  thitherto  f ' 
condemned  works  of  this  extraordinary  architect.  “ I pretend,”  says  Reynolds,  in  his  fifth  ' 
discourse,  “ to  no  skill  in  architecture.  I judge  now  of  the  art  merely  as  a painter.  When 
1 speak  of  Vanbrugh,  I speak  of  him  merely  on  our  art  To  speak,  then,  of  Vanbrugh  ' 
in  the  language  of  a painter,  he  had  originality  of  invention,  he  understood  light  ana  1 
shadow,  and  had  great  skill  in  composition.  To  support  his  principal  object,  he  produced 
his  second  and  third  groups  of  masses  ; he  perfectly  understood  in  his  art  what  is  most  dif- 
ficult in  our.s,  the  conduct  of  the  backgrounds  by  which  the  design  and  invention  is  (are) 
set  off  to  the  greatest  advantage.  What  the  background  is  in  painting  is  the  real  ground 
upon  which  the  building  is  erected;  and  as  no  architect  took  greater  care  that  his  work 
should  not  appear  crude  and  hard,  — that  is,  that  it  did  not  abruptly  start  out  of  the  ground, 
without  expectation  or  preparation,  — this  is  the  tribute  which  a painter  owes  to  an 
architect  who  coinjioses  like  a painter.”  The  testimony  of  Mr.  Payne  Knight,  a person  of 
a taste  highly  refined  and  cultivated,  in  his  Principles  of  Taste,  is  another  eulogium  on 
the  works  of  this  master.  And  again  we  have  the  concurrence  therein  of  another  able 
writer  on  these  subjects,  who,  though  frequently  at  variance  in  oj)inion  with  ]\Ir.  Knight, 
thus  expresses  himself  in  his  Essay  on  the  Picturesque,  vol.  ii.  p.  21  1.  : “ Sir  J.  Reynolds 
is,  I believe,  the  first  who  has  done  ju.stice  to  the  architecture  of  Vanbrugh,  by  showing  it 
was  not  a mere  fantastic  style,  without  any  otl>er  object  than  that  of  singularity,  but  that  he 
worked  on  the  princii)Ies  of  painting,  and  that  he  has  produced  the  most  painter-like  effects. 

It  is  very  probable  that  the  ridicule  thrown  on  Vanbrugh’s  buildings,  by  some  of  tlie 
wittiest  men  of  the  age  he  lived  in,  may  have  in  no  slight  degree  prevented  his  excellencies 
from  being  attended  to  ; for  what  has  been  the  subject  of  ridicule  will  seldom  become  the 
object  of  study  or  imitation.  It  appears  to  me,  that  at  Blenheim,  Vanbrugh  conceived  and 
executed  a very  bold  and  difficult  design,  that  of  uniting  in  one  building  the  beauty  and 
magnificence  of  the  Grecian  architecture,  the  picturesqueness  of  the  Gothic,  and  the  mas- 
sive grandeur  of  a castle  ; and  that,  in  sj)ite  of  many  faults,  for  which  he  was  very  justly 
reproached,  he  has  formed,  in  a style  truly  his  own,  and  a well-combined  whole,  a mansion 
worthy  of  a great  prince  and  warrior.  “ His  first  point  appears  to  have  been  massiveness, 
as  the  foundation  of  grandeur  : then,  to  prevent  the  mass  from  being  a lump,  he  has  made 
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virious  bold  projections  of  various  heights,  which  seem  as  foregrounds  to  the  mam  huild- 
•uvr-  and  lastly,  liaving  been  probably  struck  with  a variety  of  outline  against  the  sky  m 
nnn’v  Gotliic  and  otlier  ancient  buildings,  he  has  raised  on  the  top  of  that  part  where  the 
slantin.r  roof  begins  in  any  house  of  the  Italian  style,  a number  ot  decorations  of  various 
cliar-icttws  'I'hese,  if  not  new  in  themselves,  have,  at  least,  been  applied  and  combined 
1,V  him  in  a new  and  peculiar  manner,  and  the  union  of  tliem  gives  a surprising  splendour 
and  ma«rni licence,  as  well  as  variety,  to  the  summit  of  that  princely  edifice.  The  study, 
therefore,  not  the  imitation,  might  be  extremely  serviceable  to  artists  of  genius  and  dis- 


T93.  Vanbrugh’s  principal  work  was  Blenheim  (whereof  we  give,  in  fgs.  21.5.  and  216., 


the  plan  and  principal  elevation),  a monument  of  the  victories  of  Alarlborough  raised  by  a 
grateful  nation.  Its  length  on  the  north  front  from  one  wing  to  the  other  is  .348  ft.  The 
internal  dimensions  of  the  library  are  1.30  by  .32  ft.  The  hall  is  jierhajis  small  compared 
A’ith  the  apartments  to  which  it  leads,  being  only  53  ft.  by  44,  and  60  ft.  high. 

494.  The  execution  of  his  design  for  Castle  Howard,  in  Yorkshire,  was  commenced  in 
1702,  and,  with  the  exception  of  the  west  wing,  was  completed  by  him.  The  design  possesses 
much  greater  simplicity  than  that  of  Blenheim  'I'liere  is  a jiortico  in  the  centre,  and  a 
cuiiola  of  considerable  height  and  magnitude.  The  galleries,  or  wings,  are  flanked  by 
pavilions.  The  living  apartments  are  small  ; but  for  the  comfort  and  convenience  of  the 
liou.se,  as  an  habitation,  many  improvements  have  been  made  since  the  time  of  Vanbrugh 

495.  At  Eastbury,  in  Dorsetshire,  he  built  a spacious  mansion  for  j\Ir.  Doddington . 
'I'lie  front  of  it,  with  the  offices,  extended  .370  ft.  We  regret  to  say  that  it  was  taken  down 
by  the  first  Earl  Temple,  about  the  middle  of  the  last  century. 

496.  King’s  Weston,  near  Bristol,  erected  for  the  Honourable  Edward  Southwell.  A 
beautiful  feature  in  the  lu'use  is  the  grouping  of  the  chimneys,  in  which  jiractice  no  artist 
has  surpa.ssed,  nor  perhaps  equalled,  him.  This  house  is  not,  however,  a favourable  spe- 
cimen of  our  architect’s  jiowers. 

497.  In  the  front  which  he  executed  to  Grimsthorpe,  in  Lincolnshire,  he  imlulged  him- 
self in  an  imitation  of  Blenheim  and  Castle  Howard.  The  hall  here  is  of  noble  dimen- 
sions, being  1 10  ft.  in  length,  and  40  ft  in  height,  surmounted  by  a cupola. 

498.  Charles  Howard,  the  third  Earl  of  Carlisle,  Deputy  Earl  Alarshal  in  1 703,  appointed 
Vanbrugh,  Clarenceux  king  of  arms,  over  the  heads  of  all  the  heralds,  who  remonstrated, 
without  effect,  against  the  apiiointment.  The  cause  of  such  an  extraordinary  promotion  is 
supposed  to  have  had  its  origin  in  the  Earl’s  satisfaction  with  the  works  at  Castle  Howard. 
It  was,  however,  altogether  unjustifiable,  for  Vanbrugh  wa.s,  from  all  accounts,  totally  ig- 
norant of  heraldry.  He  held  the  situations  of  surveyor  of  the  works  at  Greenwich  Hos- 
pital, comptroller  general  of  the  works,  and  surveyor  of  the  gardens  and  waters.  'I  hough 
perhaps  out  of  place  in  a history  of  architecture,  we  cannot  resist  the  opportunity  of  men- 
tioning that  our  artist  was  a dramatist  of  genius,  'Hie  Relapse,  'I'lie  Provoked  Wife,  The 
Confederacy,  and  iEsop,  according  to  Waljiole,  will  outlast  his  edifices.  He  died  at 
Whitehall,  iMarch  26.  1726.  Vanbrugh  can  hardly  be  said  to  have  left  a legitimate  fol- 
lower; he  formed  no  .school.  Archer,  indeed,  attemjited  to  follow  him,  and  seems  the  only 
one  of  his  time  that  could  ajipreciate  the  merit  of  his  master.  But  he  was  too  far  behind 
him  to  justify  our  pausing  in  the  history  of  the  progress  of  British  architecture  to  say  more 
than  that  his  best  works  are  Heythrop,  and  a teniplc  at  Wre.st.  St.  Philip’s  Church  at 
Birmingham  is  also  by  him.  “ A chef  d’ceuvre  of  his  absurdity,”  says  Dallaway,  “was  the 
church  of  St.  John’s,  Westminster,  with  four  belfries,”  a building  which  has  not  inaptly  been 
likened  to  an  elephant  on  his  back,  with  his  four  legs  sprawling  in  the  air. 
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'199.  Thougli  the  exam))le  of  Wren  was  highly  beneiicial  to  his  art,  he  does  not  seem  to 
have  been  anxious  to  pro))agate  liis  doctrines  by  precepts,  for  he  had  but  one  pupil  who 
deserves  a lengthened  notice.  That  pupil  was  Nicholas  Hawksmoor,  who,  at  tl)e  age  of 
eighteen,  became  the  disciple  of  Sir  Christopher,  “ under  whom,”  says  Walpole,  “ during' 
life,  and  on  his  own  account  after  his  master’s  death,  he  was  concerned  in  erecting  many 
public  edifices.  Had  he  erected  no  other  than  the  church  of  St.  Mary  Woolnotli,  Lom- 
iiard  Street,  his  name  would  have  deserved  with  gratitude  the  remembrance  of  all  lovers  of 
the  art.  This  church  has  recently  (on  the  opening  of  King  William  Street)  been  unfor- 
tunately disfigured  on  its  southern  side  by  some  incompetent  bungler  on  whom  the  patron- 
age  of  the  churchwarden  lucklessly  fell.  Such  is  the  fate  of  our  public  buildings  in  this 
c*nintry.  The  skill  displayed  by  Hawksmoor  in  the  dis-tribution  and  design  of  St.  Mary 

Wool  noth  is  not  more  than 
rivalled  by  the  best  i)roductions 
of  his  master  and  instructor. 
We  here  give,  in  Jiys.2\l.  and 
2 1 8. , a half  section,  elevation,  and 
plan  of  it.  It  was  commenced 
in  1716,  and  finished  in  1719. 
Not  until  lately  was  it  seen  to 
advantage.  Lombard  Street,  in 
which  one  side  still  stands,  was 
narrow,  and  its  northern  eleva- 
tion, the  only  one  till  lately  pro- 
perly seen,  required,  from  its  as- 
j)ect,  the  boldest  form  of  detail  to 
give  it  expression,  because  of  its 
being  constantly  in  shade,  and 
therefore  experiencing  no  play' 
of  light  except  such  as  is  re- 
flected. This  is  composed  with 
three  large  semicircular  rusti-- 
cated  niches,  each  standing  on  a 
. lofty  rusticated  pedestal,  relieved  with  blank  rece.sses,  which  are  repeated  in  the  intervals 
hi  low  between  the  niches.  Tlie  whole  rests  on  a basement,  whose  openings,  of  course, 

correspond  to  those  above.  'I'iie 
niches  in  the  recesses  are  de- 
corated with  Doric  columns 
on  pedestals,  and  the  top  of 
the  entablature  of  the  order  is 
level  with  the  sj)ringing  of  each 
niche  head  running  through  on- 
each  side,  so  as  to  form  an  im- 
post. The  front  is  crowned 
with  a block  cornice,  continued 
round  the  building,  and  the  cen- 
tral part  of  the  northern  front 
We  are  not  prepared  to  maintain  that  the  whole  of 
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is  surmounted  by  a balustrade, 
the  details  are  in  the  purest  taste;  but  the  masses  are  so  extremely  i)ictures<jue,  and 
so  adapted  to  the  circumstances  of  the  aspect  and  situation,  that  their  faults  are  forgottciv 
Not  so  the  interior,  which  needs  no  apology.  It  is  a combination  of  proportions, 
whose  beauty  cannot  be  surpassed  in  any  similar  example.  The  plan  is  nearly  a square, 
whose  north-west  and  south-west  angles  are  truncated  at  angles  of  forty-five  degree.s, 
for  the  introduction  of  stairs.  The  leading  lines  are  an  inscribed  square  who.se  sides 
are  equal  to  two  thirds  of  the  internal  width,  the  remaining  sixth  on  each  side  being 
assigned  to  the  intercolumniations  between  the  columns  and  the  pilasters  on  the  in- 
ternal walls.  The  columns,  twelve  in  number,  are  placed  within  the  sides  of  the  inscribed 
S(juare,  and  at  the  angles  are  coupled  at  intervals  of  one  diameter.  The  order  is  Corinthian  ; 
the  columns  are  fluted,  and  crowned  by  an  enriched  entablature  one  quarter  of  their  height. 
'I'he  space  thus  enclosed  by  the  columns  continues  in  a clerestory  above,  pierced  on  tlie 
four  sides  by  semicircidar  windows,  whose  diameters  are  ecjual  to  one  of  the  wide  interco- 
lumniations  below.  The  height  of  this,  including  its  entablature,  is  one  half  that  of  the 
lower  order  ; thus,  with  its  pedestal,  making  the  total  height  of  the  central  part  of  tlie 
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church,  ecjual  to  Its  extreme  width.  A sescjuialteral  proportion  is  thus  obtained  in  section 
as  well  as  plan.  'I'lie  eastern  end  is  recessed  s(juare  lor  an  altar  j)iece,  and  arclied  with  a 
semicircular  ceiling  enriched  with  caissons.  The  galleries  are  admirably  contrived,  and  in 
n ) way  interfere  with  the  general  effect,  nor  destroy  the  elegance  and  simj)licity  of  the 
design.  Tiie  ceilings  throughout  are  horizontal,  and  planned  in  compartments,  whose 
parts  are  enriched.  As  regards  construction,  there  is  a very  unnecessary  exjienditure  of 
materials,  the  ratio  of  the  superficies  to  the  i)oints  of  support  being  l;0-26'3.  Hawksmoor 
was  not  so  ha)<py  in  the  cliurch  of  St.  George’s,  Bloomsbury,  in  wliich  he  ha  . really  made 
King  George  I.  the  head  of  the  church  by  placing  him  on  the  toj)  of  the  steeple,  which  we 
must,  with  Wali)ole,  term  a master-stroke  of  absurdity.  But  many  parts  of  the  building 
are  higlily  ('cserving  the  attention  of  the  student;  and  if  the  commissioners  for  new  churches 
in  these  days  had  been  content  with  fewer  chu'ches  constructed  solidly,  like  this,  instead 
of  many  of  the  pasteboard  monstrosities  they  have  sanctioned,  the  country,  instead  of  re- 
gretting they  ever  existed,  which  will  at  no  very  remote  period  be  the  case,  would  have 
owed  them  a deep  debt  of  gratitude.  The  only  gratification  we  have  on  this  point  is,  that 
a century,  and  even  less,  will  close  the  existence  of  a large  portion  of  them.  Hawksmoor 
was  deputy  surveyor  of  Chelsea  College  and  clerk  of  the  works  at  Greenwich,  and  in  that 
post  was  continued  by  William,  Anne,  and  George  I.,  at  Kensington,  Whitehall,  and  St, 
.lames’s.  Under  the  last  named  he  was  first  surveyor  of  all  the  new  churches  and  of  West- 
minster Abbey,  from  the  death  of  Sir  Christopher  Wren.  He  was  the  architect  of  the 
churches  of  Christ  Church,  Spitalfields,  St.  George,  Middlesex,  and  St,  Anne,  Eimehouse  ; 
rebuilt  some  jiart  of  All  Souls,  Oxford,  particularly  the  new  quadrangle  comj)leted  in  1734, 
and  was  sole  architect  of  the  new  quadrangle  at  Queen’s.  At  Blenheim  and  Castle 
Howard  he  was  associated  with  Vanbrugh,  and  at  the  last-named  place  was  employed  on 
the  mausoleum.  Among  his  private  works  was  Easton  Neston,  in  Northamj)tonshire,  and 
the  restoration  to  perj)endicularity,  by  means  of  some  ingenious  machinery,  of  the  western 
front  of  Beverley  Minster.  He  gave  a design  for  the  Radcliff'e  Library  at  Oxford,  and  of 
a stately  front  for  Brazenose.  His  death  occurred  on  the  25th  of  March,  1736,  at  the 
.age  of  seventy-five. 

500.  Those  acquainted  with  the  condition  of  the  country  will  be  prepared  to  expect  that 
the  arts  were  ni<t  much  patronised  by  George  I.  The  works  executed  during  his  reign 
were  rather  the  result  of  the  momentum  that  had  been  imi)arted  previous  to  his  accession 
than  of  his  care  for  them  ; and  it  is  a consolation  that  the  examjjles  left  by  Inigo  Jones  had 
an  efi'ect  that  has  in  this  country  never  been  entirely  obliterated,  though  in  the  time  of 
George  III.,  such  was  the  residt  of  fashionable  ))atronage  and  misguided  taste,  that  the 
.'\damses  had  nearly  consummated  a revolution.  That  reign,  however,  involved  this  country 
in  so  many  disasters  that  we  are  not  sur])rised  at  such  an  episode. 

501.  .After  the  death  of  Hawksmoor,  succeeded  to  public  patronage  the  favourite  architect 
of  a period  extending  from  1720  to  his  death  in  1754,  whose  name  was  James  Gibbs,  a 
native  of  Aberdeen,  w'.iere  he  first  drew  breath  in  1683.  Though  he  had  no  claims  to  the  rank 
of  exalted  genius,  he  ought  not  to  have  been  the  object  of  the  fiipj)ant  criticism  of  Walpole, 
whose  (lualitications  and  judgment  were  not  of  such  an  order  as  to  make  him  more  than  a 
pleasant  gossip.  He  certainly  had  not  sufficient  discernment  properly  to  estimate  the  talent 
displayed  in  Gibbs’s  works.  Every  critic  knows  how  easily  phrases  may  be  turned  and 
antitheses  pointed  against  an  artist  whom  he  is  determined  to  set  at  nought ; of  which  we 
have  before  had  an  instance  in  the  case  of  Sir  John  Vanbrugh  ; and  w e shall  not  here 
further  dilate  upon  the  practice.  We  will  merely  observe,  that  on  tlie  appearance  of  arv 
work  of  art  the  majority  of  the  contemporary  artists  are  usually  its  b.est  judges,  and  that  in 
ninety-nine  cases  out  of  a hundred  the  public  afterwards  sanction  their  decision  ; and  we 
will  add,  in  the  words  of  old  Hooker,  that  “the  most  certaine  token  of  evident  goodnesse  V.i, 
if  the  generall  perswasion  of  all  men  doe  so  account  it;”  and  again,  “although  wee  know 
not  the  cause,  yet  this  much  wee  may  know,  that  some  necessarie  cause  there  is,  whenso- 
ever the  juflgement  of  all  m n generally  or  for  the  most  part  runne  one  and  the  same  way." 
We  do  not,  therefore,  think  it  useful  in  respect  of  an  artist  of  any  considerable  talent  to 
repeat  a criticism  more  injurious  to  the  writer  than  to  him  of  whom  it  was  written. 

502.  'I'he  church  of  St.  Martin’s  in  the  Fields  is  the  most  esteemed  work  of  our  archi- 
tect. It  was  finished  in  1726,  as  ap])ears  from  the  inscription  on  the  frieze,  at  the  cost  of 
33,017/.  9s.  3d.  The  length  of  it,  including  the  portico,  is  twice  itsw-idth,  one  third  where- 
of, westv.'ard,  is  occupied  by  the  portico  and  vestibule.  The  portico  is  liexastyle,  of  the 
Corinthian  order,  and  surmounted  by  a pediment,  in  whose  tympanum  the  royal  arms  are 
sculptured.  The  intercolumniations  are  of  two  diameters  and  a half,  and  the  ])rojectlon  of 
the  portico  of  two.  Its  sides  are  flanked  by  ante  in  their  junction  with  the  main  building, 
one  diameter  and  a half  distant  from  the  receiving  pilaster.  The  north  and  south  eleva- 
tions are  in  two  storie.s,  se}iarated  by  a fascia,  with  rusticated  windows  in  each.  Between 
the  windows  the  walls  are  decorated  with  pilasters  of  the  same  dimensions  as  the  columns 
of  the  portico,  four  diameters  apart  ; but  at  the  east  and  w'est  ends  these  elevations 
ire  marked  by  insulated  columr.s  coiq)led  with  ante.  'I’he  flanks  are  connected  with  the 
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prevailing  lines  in  tlie  portico  by  columns  placed  on  the  walls,  recessed  for  the  pur- 
pose. and  coui)lcd  with  ant;c,  whereby  a play  of  light  is  proiluced,  which  imparts  great 
edect  to  the  other  jjarts.  'I'he  interior  is  divided  into  three  unetiual  portions  by  a range 
on  each  side  of  four  Corinthian  columns,  and  two  ])ilasters  placed  on  pedestals,  raised  tc 
the  height  of  the  pewing.  From  their  insulated  entablatures  rises  an  elliiJtical  ceiling, 
covering  what  may  he  called  the  nave.  This  ceiling  is  formed  by  arcs  douhleaux,  be- 
tween which  the  vault  is  transversely  pierced  in  the  spaces  above  the  intercolumniations 
by  semicircular  arches  springing  from  the  top  of  the  entablature  of  each  column.  Over 
what  may  he  called  the  aisles,  from  the  entablatures  of  the  columns,  semi-circular  arches 
are  turned  and  received  northward  and  southward  on  consoles  attached  to  the  walls,  and 
by  their  junction  with  the  longitudinal  arches  from  column  to  column  pendentives  are 
evolved,  and  thereby  are  generated  small  Hat  domes  over  the  galleries.  'J'he  altar  is 
recessed  from  the  nave  in  a large  niche  formed  by  two  quadrants  of  circles,  whose  radius 
is  less  than  one  fourth  of  the  whole  width  of  the  niche.  It  is  vaulted  semi-«;llipticaHjk-. 
Galleries  are  introduced  on  the  north,  south,  and  west  sides  of  the  church.  On  the  two 
former  sides  they  extend  from  the  walls  to  the  columns,  against  which  the  continuity  of 
their  mouldings  is  broken.  'I'he  interior  is  highly  decorated,  perhaps  a little  too  theatri- 
cally for  the  sombre  habits  of  this  country  ; but  its  effect  is,  on  the  whole,  extremely  light 
and  beautiful.  'I'he  tower  and  spire  are,  as  in  all  the  English  churches  of  the  Italian  style, 
a sad  blemish  ; but  tbe  taste  of  the  day  comi)clled  their  use,  and  we  regret  that  the  clergy 
still  ])erslst  in  considering  them  reejuisites.  'I'he  length  from  the  front  upper  step  to  the 
east  wall  (inclusive)  is  159  ft.  6 in.,  and  the  breadth  from  north  to  south  79  ft.  4 in.  'I’he 
total  area  of  the  church  is  12,669  ft.,  whereof  the  points  of  support  occujjy  280.3  ft.  'I'he 
ratio,  therefore,  of  the  former  to  the  latter  is  a 1 1 0*220,  from  which  we  may  infer  that  the 
edifice  exhibits  no  very  extraordinary  constructive  skill.  'I'he  span  of  the  roof  (^9.  696.), 
which  is  of  the  common  king-post  form,  is  .38  ft.  Gibbs,  unlike  Wren,  does  not  appear  to 
liave  been  guided  in  his  leading  ])roportions  of  this  work  by  a series  of  ratios.  'Fhe  only 
point  in  which  we  perceive  an  apj)roximation  to  such  a system  is  in  the  length  from  the 
])linths  of  the  columns  of  the  portico,  being  just  double  the  width  of  the  church  measured  at 
the  same  level.  'I’he  portico  is  well  designed,  and  hitherto  has  not  been  equalled  in  London. 

50.3.  In  the  church  of  St  Mary  le  Strand,  Gibbs  was  not  so  successful.  'I’here  is  no 
portion  of  its  space  on  which  the  eye  rests  with  pleasure.  It  is  cut  iq)  into  littlenesses, 
which,  though  not  individually  offensive,  destroy  all  re})ose  or  notion  of  mass  in  the  fabric. 
He  built  the  new  church  at  Derby,  and  executed  some  works  at  King’s  College,  Cam- 
bridge, which  last  were  not  calculated  to  raise  his  reputation ; but  in  the  senate  hou.se  of 
that  university,  he  was  more  successful.  In  the  Radclifl’e  Library  at  Oxford,  his  fame  was 
m;iintained.  It  was  completed  in  1747,  and  thereon  he  was  comj)limented  with  the  degree 
of  Master  of  Arts,  'i'his  lil)rary  is  on  the  plan  circular  in  general  form,  and  rises  in  the 
centre  of  an  oblong  scpiare,  370  ft.  long,  by  110  in  width.  Its  cupola  is  100  ft.  in  dia- 
meter, and  140  ft.  high.  It  possesses  no  features  of  striking  beauty,  and  yet  is  a most 
valuable  addition  to  the  distant  view  of  Oxford,  from  whatever  point  of  view  it  is  .seen, 
'fhe  interior  is  pleasing,  and  the  disposition  good.  The  books  are  arranged  in  two  circular 
galleries,  round  a large  central  area.  A description  of  this  celebrated  building  was  pul)- 
lisbed  with  plans  and  sections,  fol.  1747.  Gibbs  was  the  ipchitect  also  of  St.  Bartholo- 
mew’s Ho.spita!.  In  1728,  he  published  a large  folio  volume  of  designs,  including  several 
of  his  works. 
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504.  Some  works  of  considerable  imiiortance  were  erected  during  tlie  reign  of  George  I., 
by  a countryman  of  the  last-named  arcliitect,  Colin  Campbell,  who  is,  however,  more 
, esteemed  for  three  volumes  be  i»ublished  of  the  princii)al  buildings  in  England,  under  the 

name  of  the  ntruvius  BrUunniriis.  Of  this  work  Lord  Rurlington  was  the  original  pro- 

jector and  i)atron.  Afterwards,  in  176'7  and  1771,  it  was  continued  in  two  volumes,  undei 
I tin*  superintendence  of  Wolfe  and  Gandon,  two  architects  of  considerable  rei)utation. 
C'amitbell’s  talents  were  not  of  a very  high  order,  tliougli  Merewortb,  in  Kent,  an  imitation 
of  the  Villa  Capra,  built  for  Mildmay  Earl  of  Westmorland,  and  Wansted  House,  in 

B Essex,  built  in  1715,  and  pulled  down  in  1815,  the  latter  es])ecially,  entitle  him  to  be  con- 

sidered an  artist  of  merit.  Foreigners,  whilst  this  last  was  in  existence,  always  preferred 
it  to  any  other  of  the  great  mansions  of  the  country.  Gili>in  says  of  it,  “ Of  all  great 
ij  houses,  it  best  answers  the  united  purposes  of  grandeur  and  convenience.  'I'he  plan  is 
} simjjle  and  magnificent.  'I'he  front  extends  26‘0  ft.  A ball  and  saloon  occupy  tlie  body  of 
tlie  house,  forming  the  centre  of  each  front.  From  these  run  two  sets  of  chambers.  No- 
il thing  can  exceed  their  convenience.  They  communicate  in  one  grand  suite,  and  yet  each, 
I by  the  addition  of  a back  stair,  becomes  a separate  apartment.  It  is  difficult  to  say  whe- 
f ther  we  are  better  pleased  with  tlie  grandeur  and  elegance  without,  or  with  the  simjilicity 
'I  and  contrivance  within.  Dimensions:  Great  hall,  51  ft.  by  36;  ball  room,  75  by  27  ; 

! saloon,  ,30  ft.  square.”  As  the  building  no  longer  exists,  we  give,  in  Jigs.  219.  and  220.,  a 
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ground  jilan  and  elevation  of  it.  The  towers  at  the  angles  were  never  executed.  Campbell 
wassurveyor  of  the  works  of  Greenwich  Hos|)ital,  and  died  in  1734. 

505.  The  church  at  Greenwich,  and  a very  large  mansion  at  Blackheath  for  Sir  Gregory 
I’age,  in  the  latter  whereof  much  is  said  to  have  been  borrowed  from  Houghton,  but  whicli 
has  many  years  since  di.sajipeared,  were,  about  1718,  erected  by  John  James,  of  whom  very 
little  more  is  known  than  these  works,  and,  in  London,  the  churches  of  St,  George,  Hanover 
Sijuare,  and  St,  Luke’s,  IMiddlesex,  the  latter  whereof  has  a fluted  obelisk  for  a steeple. 
We  ought,  besides,  to  mention  that  he  is  generally  stated  to  bave  been  employed  by  the 
Duke  of  Chandos,  at  Canons,  in  Middlesex,  another  building  no  longer  in  existence,  and 
showing  the  frail  tenure  upon  which  an  architect’s  reputation  and  fame  is  held.  At  the 
latter  place,  however,  it  may  be  questioned  whether  the  remark  strictly  applies,  inasmuch  as 
the  architect,  whoever  he  may  have  been,  appears  to  have  set  taste  and  expense  equally  at 
defiance. 
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II  506.  We  do  not  altogether  agree  with  Walpole  in  the  observation  that  arcliitccture 
in  resumed  all  her  rights  during  this  reign,  though  there  is  no  doubt  that  the  splendid  (for  the 
- I tiine)  publications  of  Palladio,  Jones,  and  examjiles  of  the  antiijue  recalled  the  taste  of 
I arti.sts  and  their  patrons  the  public.  Men  of  genius  were  doubtless  found  to  support  the 
i'  [ arts  by  their  practice,  and  some  high-minded  patrons  to  encourage  them  in  their  labours. 

^ Walpole,  “the  glorious  close  of  a reign  that  carried  our  arms  and 

I I vicUnies  beyond  where  Roman  eagles  ever  Hew,  ardour  for  the  arts  had  led  our  travellers 
p to  explore  whatever  beauties  of  Grecian  or  Latin  skill  still  subsisted  in  provinces  once 
I subjected  to  Rome,  and  the  fine  additions,  in  consequence  of  those  researches,  have  esta- 
blished the  throne  of  architecture  in  Britain  while  itself  languishes  in  Rome.” 

507.  Among  the  earliest  of  the  architects  of  this  reign  was  'I'homas  Ripley,  a native  of 
li  I \orkshire.  at  whom  Pojie  sneers  in  the  lines  — 
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“ Who  builds  a bridge  that  never  drove  a pile  ? 

Should  Kipley  venture,  i.11  the  world  would  smile.” 

Imit.  Horace,  Ep.  il.  S.  18G. 

Ri))ley,  it  inust  be  confessed,  failed  at  the  Admiralty,  which  was  afterwards  veiled  hy  ]\Ir. 
Adam’s  heautlful  skreen  since  cruelly  “cheated  of  its  fair  proportions”  hy  the  late  architect 
to  that  Hoard,  in  order  to  make  two  coach  entrances,  which  might,  with  the  exercise  of  a 
little  ingenuity,  have  been  managed  without  defacing  the  design.  It  is  difficult,  now,  to 
decide  the  exact  share  that  Ripley  had  in  the  house  for  Lord  Orford,  at  Houghton,  for 
which  Cami)hell  ap))ears  to  have  furnished  the  original  design.  Walpole,  whom  we  mav 
l-'resume  to  have  known  something  about  the  matter,  says  they  were  much  improved  by 
Ripley.  He  ])uhlished  them  in  two  volumes,  folio,  1755 — 60.  It  is  to  he  regretted  that 
scarcely  a single  line  of  I’ope,  in  matters  of  taste  relative  to  the  artists  of  his  day,  is  of  the 
.smallest  worth,  so  much  did  party  and  politics  direct  the  shafts  of  the  poet’s  malice.  The 
plain  truth  is,  that  Rijiley  was  the  rival  of  Kent,  the  favourite  of  Lord  Burlington,  whose 
patronage  it  was  absolutely  necessary  to  enjoy  before  he  could  ensure  the  smiles  of  Pope. 
Ripley  was  comj)troller  of  the  Board  of  Works,  and  died  in  1758. 

508.  Henry  Herbert,  Earl  of  Pembroke,  an  amateur  of  this  reign,  cannot  pass  unnoticed 
in  the  History  of  its  Architecture.  He  much  improved  Wilton,  where  he  built  the  Pal- 
ladian  Bridge ; and  it  is  highly  honourahle  to  his  memory  that,  owing  to  his  exertions,  the 
(pialificatlons  of  Labelye  for  building  Westminster  Bridge  were  acknowledged  in  op])osition 
to  Hawksmoor  and  Batty  Langley,  the  latter  of  whom  was  an  ignorant  pretender.  Of 
this  bridge  Earl  Henry  laid  the  first  stone  in  1739,  and  the  last  in  1747.  His  works, 
l)esides  those  at  Wilton,  were,  the  new  lodge  in  Rlclimond  Park,  the  Countess  of  Suffolk’s 
house  at  Marble  Hill,  Twickenham,  and  the  Water  House  at  Lord  Orford’s  Park  at 
Houghton.  He  died  in  1751. 

509.  Before  advancing  our  history  another  step,  we  have  to  notice  another  noble- 
man, whom  to  enrol  among  the  number  of  her  artists  is  an  honour  to  England  ; and  in 
speaking  of  Richard  Boyle,  the  third  Earl  of  Burlington  and  fourth  Earl  of  Ossory, 
we  so  entirely  agree  in  Walpole’s  eulogy  of  him,  that  we  shall  not  apologise  for  tran- 
scribing it  from  that  author’s  pages  : — “ Never  was  protection  and  great  wealth  more 
generously  and  judiciously  diffu.sed  than  by  this  great  person,  who  had  every  quality  of  a 
genius  and  an  artist,  except  envy.  Though  his  own  designs  were  more  chaste  and  classic 
than  Kent’s,  he  entertained  him  in  his  house  till  his  death,  and  was  more  studious  to  extenrl 
his  friend’s  fame  than  his  own.”  Again,  he  continues,  “ Nor  was  his  munificence  confined 
to  himself  and  his  own  houses  and  gardens.  He  spent  great  sums  in  contributing  to 
public  works,  and  was  known  to  chuse  that  the  expense  should  fall  on  himself,  rather  than 
that  his  country  should  be  deprived  of  some  beautiful  edifices.  His  enthusiasm  for  ihe 
works  of  Inigo  .Jones  was  so  active  that  he  repaired  the  church  of  Covent  Garden,  because 
it  was  the  production  of  that  great  master,  and  purchased  a gateway  at  Beaufort  Gardens, 
in  Chelsea,  and  transported  the  identical  stones  to  Chiswick  with  religious  attachment. 
With  the  same  zeal  for  pure  architecture,  he  assisted  Kent  in  publishing  the  de.signs  for 
Whitehall,  and  gave  a beautiful  edition  of  the  ‘ Antique  Baths,  from  the  Drawings  of 
Palladio,’  whose  papers  he  procured  with  great  cost?  Besides  his  works  on  his  own  estate, 
at  Lonsborough,  in  Yorkshire,  he  new-fronted  his  house  in  Piccadilly,  built  by  his  father, 
'and  added  the  great  colonnade  within  the  court.”  This  liberal-minded  nobleman  gave  the 

credit  of  this  design  to  Kent,  though,  as  Kent  did  not  return  from  Italy  before  1729,  it  is 
certain  that  architect  could  have  had  little  to  do  with  it.  Llis  villa  at  Chiswick,  now  that 
of  the  Duke  of  Devonshire,  was  an  original  design,  and  not,  as  is  generally  supposed,  an 
imitation  of  Palladio’s  Villa  Capra  at  Vicenza.  It  was,  however,  too  much  in  the  Italian 
taste  to  be  suitable  to  an  English  climate  or  to  English  comforts  ; hence  its  great  external 
beauty  extracted  from  Lord  Chesterfield  the  well-known  verses  — 

“ Possessed  of  one  great  house  of  state, 

Witliout  one  room  to  sleep  or  eat, 

How  well  you  build  let  flatt’ry  tell, 

And  all  mankind  how  ill  you  dwell.” 

Lord  Hervey  also  sported  his  little  wit  upon  this  little  bijou,  which  its  subsequent 
additions  have  not  much  improved,  saying  “ that  it  was  too  small  to  inhabit,  and  too  large 
to  hang  one’s  watch  in.” 

510.  Tlie  dgrmitory  of  Westminster  School,  ruined  by  a late  dean,  and  the  Assembly 
Rooms  at  York,  are  beautiful  examples  of  the  great  powers  of  Lord  Burlington  ; but  the 
liouse  for  Lord  Harrington  at  Petersham,  the  Duke  of  Richmond’s  at  Whitehall  (pulled 
down),  and  General  Wade’s  house  in  Great  Burlington  Street  were  not  well  planned,  the 
latter  especially,  on  which  it  was  said  by  Lord  Chesterfield,  on  account  of  its  beautiful 
front,  that  “as  the  general  could  not  live  in  it  to  his  ease,  he  had  better  fake  a house  ovei 
against  it,  and  look  at  it.”  The  Earl  of  Burlington  was  born  in  1695,  and  died  in  1753. 

511.  William  Kent,  a native  of  Yorkshire,  where  he  was  born  in  1685,  if  he  did  not  ad- 
vance the  art,  was  at  least  far  from  retarding  or  checking  any  progress  it  seemed  I'lely 
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to  make.  Kent  was  a painter  as  wi-11  as  an  architect,  tliongh  as  the  former  very  inferior  to 
the  latter  ; and  to  these  aceomplislimen's  nui^t  he  added  those  of  a gardener,  for  he  was 
tiie  father  of  modern  picturesque  gardening.  Kent’s  greatest,  and,  out  of  many,  also  his 
best  work,  was  Holkham,  in  Norfolk,  for  the  Earl  of  Leicester.  The  designs  were  puh- 
lished  in  1761,  by  Matthew  Brettingham,  who  had  Iteen  engaged  on  the  building, 
apparently  as  resident  arcliitect,  as  explained  in  the  edition  of  1773.  The  nol>le  hall  of 
this  building,  terminated  by  a vast  flight  of  steps,  produces  an  effect  unequalled  by  any- 
thing similar  to  it  in  England.  During,  and,  indeed,  previous  to,  Kent’s  coming  so  much 
into  employment,  a great  passion  seems  to  have  existed  with  the  architects  for  ill  shaped, 
and,  perhaps,  almost  grotesque,  urns  atid  globes,  on  every  part  where  there  was  a resting- 
place  fi)r  them.  Kent  not  unfiequently  disfigured  his  works  in  this  w’ay,  but  more 
especially  so  at  the  beginning  of  his  career.  The  pile  of  building  in  Margaret  Street 
(part  of  which  has  been  removed  for  additions  to  the  new  parliament  houses),  now  con- 
taining the  law  courts,  a house  at  Esher  for  Mr.  Pelham,  the  Horse  Guards,  and  other 
buildings,  which  it  is  needless  here  to  particularise,  were  erected  under  the  designs  of  Kent, 
upon  whom  unbounded  liberality  and  patronage  were  bestowed  by  Lord  Burlington  during 
the  life  of  this  artist,  which  terminated  in  1748. 

512.  About  1733  appeared,  we  believe,  the  last  of  the  stone  churches  with  steeples, 
which  the  practice  of  Wren  had  made  common  in  this  country  ; this  was  the  church  of 
St.  Giles’s  in  the  Fields,  erected  by  Henry  Flitcroft.  The  interior  is  decorated  with  Ionic 
columns  resting  on  stone  piers.  The  exterior  has  a rusticated  basement,  the  windows 
of  the  galleries  have  semicircular  heads,  and  the  whole  is  surmounted  by  a modillion 
cornice.  The  steeple  is  165  feet  high,  consisting  of  a square  tower,  the  upper  part  deco- 
rated with  Doric  pilasters  ; above,  it  is  formed  into  an  octagon  on  the  plan,  the  sides  being 
ornamented  with  three  quarter  Ionic  columns  supporting  a balustrade  and  vases.  Above 
tills  rises  an  octangular  spire.  Besides  this,  Flitcroft  erected  the  church  of  St.  Olave, 
Southwark,  and  the  almost  entire  rebuilding  of  Woburn  Abbey  was  from  the  designs  and 
superintendence  of  that  master,  who  died  in  1769. 

513.  During  the  reign  under  our  consideration,  the  city  of  Bath  may  be  said  to  have 
shnost  arisen  from  the  designs  of  Wood,  who  built  Prior  Park  for  Mr.  Allen,  the  friend  of 
I’ope,  and  Huckland  was  erected  by  him  for  Sir  John  Throckmorton.  Wood  died  in  1754, 
To  him  and  to  his  scholars  Bath  is  indebted  for  the  designs  of  Queen  Square,  the  Parades, 
the  Circus,  the  Crescent,  the  New  Assembly  Room,  &c.  The  buildings  of  this  city  possess 
various  degrees  of  merit,  but  nothing  so  extraordinary  as  to  call  for  more  than  the  mere 
notice  of  tliem.  We  are  by  no  means,  for  instance,  disposed  to  agree  with  Mitford,  who 
reckons  the  crescent  of  Bath  among  “ the  finest  modern  buildings  at  this  day  existing  in 
the  world  ! ” 
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514.  Though  the  works  of  the  architects  about  to  follow,  belong  partially  to  the 
ireceding  reign,  they  are  only  properly  to  be  noticed  under  that  of  George  III.  Without 
X lengthened  account  of  them,  we  commence  with  the  mention  of  the  name  of  Carr  of  York, 
.vho  was  much  employed  in  the  northern  counties,  where  he  built  several  noble  residences, 
larticularly  that  for  Mi'.  Lascelles,  afterwards  Lord  Harewood,  and  a mausoleum  in  York- 
ihire  for  the  late  Manjuis  of  Rockingham.  Paine  was  engaged  at  Worksop  Manor,  Wai'- 
lour  Castle,  and  'I’liorndon ; and  Hiorne,  whose  county  sessions-house  and  prison  at 
Warwick  exhibit  considerable  genius,  was  a promising  artist,  prematurely  cut  off.  His 
alent  was  not  confined  to  the  Italian  style,  as  may  be  learnt  from  reference  to  the  church 
it  Tethury  in  Gloucestershire,  and  a triangular  tower  in  the  Duke  of  Norfolk’s  park  at 
Arundel. 

515.  Atanearly  part  of  the  reign  of  George  III.,  architecture  was  cultivated. and  prac- 
ised  here  with  great  success  by  Robert  Taylor,  afterwards  knighted.  His  best  compositions 
vere  designed  with  a breadth  and  intimate  knowledge  of  the  art,  that  prove  him  to  have 
leen  abundantly  acipiainted  with  its  principles.  That  he  was  not  always  successful,  the 
rings  of  the  Bank,  now  removed,  were  a proof.  Of  his  works  sufficient  would  remain  to 
orroborate  our  opinion,  if  only  what  is  now  the  Pelican  Office  in  Lombard  Street  existed. 
Ve  believe  it  was  originally  built  for  Sir  Charles  A.sgill,  and  ruined  by  the  directors  of  the 
’elican  when  they  took  to  the  place.  There  are,  however,  also  to  attest  the  ability  of  Sir 
Robert  Taylor,  Sir  Charles  Asgill’s  villa  at  Richmond,  and  his  own  house  in  Spring  Gardens. 

xfter  his  visit  to  Italy  he  commenced  his  practice  in  sculpture,  in  which  branch  of  the  arts 
e has  left  monuments  in  Westminster  Abbey  and  elsewhere;  but  he  afterwards  devoted 
imself  to  architecture  alone.  Among  his  works  were  a dwelling  house  for  Sir  P.  Taylor# 
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iio.'ir  Rortsoown  Hill,;i  house  in  I’iccadilly  for  tlie  Duke  of  Grafton,  a mansion  In  Herts  fur 
Lord  Howe;  Stone  Ruildings,  Lincoln’s  Inn;  Ely  House,  Dover  Street,  a very  cle\er 
c;)ini)osition  *,  Sir  John  Royd’s  at  Danson,  near  Shooter’s  Hill;  tlie  beautiful  bridge  at 
Henley  on  Thames,  and  Lord  Grimstone’s  at  Gorhamhury.  He  had  for  some  time  a seat 
at  the  Roard  of  Works,  was  surveyor  to  the  Admiralty,  the  Rank,  and  other  public  bodies. 
His  reputation  was  unbounded,  and  met  with  reward  from  the  jniblic.  Sir  Robert  Taylor 
died  in  1788  at  the  age  of  seventy-four. 

516.  Cotemporary  with  the  last-named  artist,  was  one  to  whom  the  nation  is  indebted  foi. 
first  bringing  it  to  an  intimate  acquaintance  with  the  works  of  Greece,  to  which  he  first  led 
the  way.  The  reader  will,  of  course,  anticipate  us  in  the  name  of  James  Stuart,  who  began 
his  career  as  a painter.  After  some  time  passed  in  Greece,  he,  in  conjunction  with  Nicholas 
Revett,  about  the  year  1762,  published  the  well-known  Antiquities  of  Athens,  from  which 
he  acquired  the  soubrlcjuet  of  Athenian.  The  jniblic  taste  was  purified  by  a corrected 
knowledge  of  the  huiidings  of  Greece,  especially  in  resjiect  of  the  form,  composition,  and 
arrangement  of  ornament  ; but  we  doubt  whether  mischief  was  not  for  a time  Induced  by 
it,  from  the  absurd  attemjit,  afterwards,  to  adapt,  without  discrimination,  the  pure  Greek 
|)ortlcoes  of  the  temples  of  Greece  to  public  and  jirivate  buildings  in  this  country,  often 
with  buildings  with  which  they  have  no  more  natural  relation  than  the  interior  arrange- 
ment of  a church  has  with  that  of  a theatre.  'J'he  architects  of  our  own  time  seem,  however, 
at  last  to  he  aware  of  the  ImposslbiUty  of  applying  with  success  the  forms  of  Grecian  temples 
to  English  habitations;  and  a better  system  has  been  returned  to,  that  of  applying  to  every 
object  a character  suitable  to  the  jnirposes  of  its  destination.  We  consider  Stuart’s  best 
work  the  house,  in  St.  James’s  Scpiare,  which  he  built  for  I^ord  Anson.  Among  other 
works,  he  executed  Relvedere,  in  Kent,  for  Lord  Eardley  ; a house  for  Mrs.  Montague,  in 
Portman  Square  ; the  chapel  and  infirmary  of  Greenwich  Hospital  ; and  .some  parts  of  the 
Interior  of  I,ord  Spencer’s  house,  in  St.  .James’s  Place.  Stuart  died  in  1788,  at  the  age  of 
seventy-five.  His  collahorateur,  Revett,  shared  with  him  a portion  of  the  patronage  of  the 
public.  He  survived  him  till  1804,  wlien  he  died  at  the  advanced  age  of  eighty-two  years. 
He  was  emjiloyed  on  the  eastern  and  western  ]iorticoes  of  Lord  De  Silencer’s  house  at 
West  Wycomiie,  and  on  some  temples.  For  Sir  Lionel  Hyde  he  built  the  church  of  Ayot 
•St.  I>awrence,  Herts,  the  front  whereto  is  a Doric  portico  crov/ned  with  a low  Grecian 
pediment,  and  on  each  side  an  Ionic  colonnade  connects  the  centre  with  an  elegant 
cenotaph.  He  also  liuilt  a portico  to  llie  eastern  fiont  of  Standlinch,  in  Wiltshire,  for 
Mr.  Dawkins. 

517.  'J'he  chasteness  and  purity  which  tlie  two  last-named  architects  had,  with  some 
.succfc'.ss,  endeavoured  to  introduce  into  the  Imildings  of  England,  and  in  which  their  zeal 
liad  enlisted  many  artists,  had  to  contend  against  the  opposite  and  vicious  taste  of  Roheit 
Adam,  a fashionable  architect,  whose  eye  had  been  mined  by  the  corruptions  of  the 
worst  period  of  Roman  ait.  It  can  be  scarcely  believed,  the  ornaments  of  Diocletian’.s 
palace  at  Spah.tro  should  have  loaded  our  dwehings  contemporaneously  with  the  use  among 
the  more  refined  few  of  tlie  exquisite  exemjrlafs  of  Greece,  and  even  of  Rome,  in  its  better 
days.  Yet  such  is  the  fact ; the  depraved  compositions  of  Adam  were  not  only  tolerated, 
hut  had  tlieir  admirers.  It  is  not  to  be  supposed  that  the  works  of  a man  who  was  content 
to  draw  his  supplies  from  so  vitiated  a source  will  here  require  a lengthened  notice.  Yet  had 
he  his  hajipy  moments  ; and  that  we  may  do  him  strict  justice,  we  not  only  mention,  hut 
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present  to  the  reader,  in  fgs.  221.  and  222.,  the  ground  plan  and  elevation  of  Kedlcstone,  in 
Derbyshire,,  which  he  erected  for  Lord  Scarsdale.  'I'lie  detail  of  this  is,  indeed,  not 
exactly  what  it  ought  to  have  been ; but  the  whole  is  magnificently  conceived,  and  worthy 
of  any  master.  Adam  died  at  the  age  of  ninety-four,  in  1792  ; and,  besides  the  Adelphl, 
in  the  Strand,  which  he  erected  on  speculation,  he  was  engaged  at  Luton  Park,  in  Redford- 
shire,  for  the  Earl  of  Rute  ; at  Caenwood,  near  Hampstead,  for  Lord  Mansfield  ; at  Shel- 
burne House,  in  Rerkeley  Sipiare,  now  Lord  Lansdowne's,  well  iilanncd,  but  ill  designed, 
a meagre  afifair ; the  disgraceful  gateway  at  Sion,  near  Rrentford  ; and  on  part  of  the 
Register  Office  at  Edinburgh.  None,  however,  would  now  do  credit  to  a mere  tyro  in  the 
art  except  the  first  named 
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518.  Previous  to  the  accession  of  George  III.  it  had  been  considered  by  bis  tutors 
necessary  to  complete  his  education  by  the  study  requisite  to  give  him  some  acquaintance 
witli  the  art.  We  venerate  the  memory  of  that  monarch  as  an  honest  good  man,  but  are 
compelled  to  say  that  the  experiment  of  inoculating  him  with  a taste  for  it  was  unsuccess- 
ful, for  during  his  reign  all  the  hizareries  introduced  by  Adam  received  no  check,  and 
seeing  that  Adam  and  Bute  were  both  from  the  north,  we  are  rather  surprised  that  his 
education  was  not  in  this  respect  committed  to  the  former  instead  of  Sir  William  Chambers, 
whom,  as  one  of  the  first  architects  of  the  day,  it  is  incumbent  upon  us  now  to  introduce. 
We  believe  that  whatever  was  done  to  forward  the  arts,  owes  a large  portion  of  its  effect 
to  that  celebrated  man  ; and  it  is  probable,  with  the  vvorthy  motives  that  actuated  the 
monarch,  and  the  direction  of  his  taste  by  that  individual,  much  more  would  have  been 

1 accomplished,  but  for  the  heavy  and  disastrous  wars  which  occurred  during  his  reign,  and 
tlie  load  of  debt  with  which  it  became  burthened.  The  works  of  Chambers  are  found  in 
almost  every  part  of  England,  and  even  extended  to  Ireland;  but  we  intend  here  chiefly  to 
restrict  ourselves  to  a short  account  of  Somerset  House,  his  largest  work,  in  wliich,  tiioi.gh 
there  be  many  faults,  so  well  did  he  understand  his  art,  that  it  is  a matter  of  no  ordinary 
difficulty,  and  indeed  re(iuires  hypercriticism,  to  find  anything  offensive  to  good  taste  in  the 
detail. 

519.  This  work  was  commenced  in  1776,  and  stands  on  an  area  of  500  ft.  in  depth,  and 
800  ft.  in  width.  The  general  interior  distribution  consists  of  a quadrangular  court, 
348  ft.  in  length,  and  210  ft.  in  width,  with  a street  or  wide  way  running  from  north  to 
south,  on  its  eastern  and  western  sides.  The  general  termination  towards  the  river  is  a 
terrace,  50  ft.  wide,  whose  level  is  50  ft.  above  that  of  the  river,  and  this  occiqjies  the  whole 
ilength  of  the  facade  in  that  direction.  I’he  front  towards  the  Strand  is  only  135  ft.  long. 
It  is  composed  with  a rustic  basement,  supporting  ten  Corinthian  columns  on  pedestals, 
’rowned  by  an  attic,  extending  over  the  three  central  intercolumniations,  flanked  by  a 
)alustrade  on  each  side.  The  order  embraces  two  stories.  Nine  large  arches  are  assigned 
.0  the  basement,  whereof  the  three  central  ones  are  open  for  the  purpose  of  affording  an 
•nlrance  to  the  great  court.  On  each  side  of  them,  these  arches  are  occu])ied  by  win- 
lovs  of  the  Doric  order,  decorated  with  pilasters,  entablatures  and  pediments.  The  key 
•ton°s  are  carved  in  alto-relievo,  with  nine  colossal  masks,  representing  the  ocean,  and  the 
tight  principal  rivers  of  Great  Britain.  The  three  open  arches  of  entrance  before  men- 
ioned  lead  to  a vestibule,  which  connects  the  Strand  with  the  large  quadrangular  court, 
nd  serves  also  as  the  access  to  those  parts  of  the  building,  till  lately  occupied  by  the  Royal 
.kcademy,  (1836)  and  on  the  eastern  side  (lately  to  tlie  Royal  Society  and)  to  the  Society 
n .Antiquaries,  the  entrances  thereto  are  within  the  vestibule.  This  is  decorated  with 
olumns  of  the  Doric  order,  wliose  entablature  supports  a vaulted  ceiling.  We  insert  a 
?duced  woodcut  [Jip.  223)  of  Malton’s  view  of  this  “magnificent  Doric  arcade  leading  to 
le  great  court,  which  conveys  to  the  spectator  a more  ample  idea  than  words  can  possibly 
jrnish,  of  this  piece  of  grand  and  picturesque  scenery.”  The  front  of  this  pile  of 

Q 2 


228 


HISTORY  Ot’  ARCIUTECTLRE. 


Rook  1. 


building  towards  ilie  quadrangle,  is  200  ft.  in  extent,  being  imicb  more  than  the  length  of 
that  towards  tlie  Strand  •,  the  style,  however,  ot  its  decoration  is  correspondent  with  it,  the 
principal  variation  being  in  the  use  of  pilasters  instead  of  columns,  and  in  the  doors  and 
windows.  Tne  front  next  the  Thames  is  ornamented  in  a similar  manner  to  tliat  already 
described.  It  was  originally  intended  that  the  extent  of  the  terrace  should  have  beeu 
1,100  ft.  Tliis  last  is  supported  by  a lofty  arcade,  decorated  towards  the  ends  with  coupled 
Tuscan  columns,  wliose  cornice  is  continued  along  the  whole  terrace.  Tlie  edifce  was  at 
the  time  tlie  subject  of  much  severe  criticism,  and  ))articularly  from  the  pen  of  a silly  en- 
graver of  the  name  of  Williams,  under  the  name  of  Antony  l’a.squin  ; but  the  censures  l;c 
passed  on  it,  the  author  being  as  innocent  of  the  .slightest  knowledge  of  the  art  as  most  of 
the  writing  architectural  critics  of  the  present  day,  were  without  foundation,  and  have  lor.g 
since  been  forgotten.  At  the  time,  however,  tliey  received  a judicious  reply  from  the  pen 

of  the  late  Mr.  John 
B.  Papwortli,  which 
deservedly  found  a 
’place  in  our  edition 
of  the  work  by  Sir 
W.  Chambers,  yet  to 
be  noticed. 

520.  Malton,  in 
\\\^  Lohdou  and  li'est- 
mhuter,  fol.  1792-7, 
gives  several  care- 
fidly  drawn  view.s  of 
this  noble  editiee, 
the  de.sign  of  which 
he  describes  as  be- 
ing at  tliat  time 
(1796),  “far  from 
complete,  and  little 
progress  has  been 
made  in  the  build- 
ing since  the  com- 
mencement of  tl.e 
present  \var ; the 
exigencies  of  go- 
vernment  having  di- 
verted to  other  uses 
the  sum  of  25,0C0/. 
which  for  several 
years  had  been  an- 
nually voted  for  its 
continuance.”  Since 
that  ))eriod  the  river 

frontage  has  been  completed  at  the  east  end,  by  the  additions  in  18.31,  under  Sir  11.  Sniirke, 
for  King’s  College  : wliile  new  offices  were  skilfully  added  on  the  western  side,  during 
the  years  1852-56,  by  James  Pennethorne. 

521.  In  the  year  1759,  Sir  W.  Cliambers  published  a Treatise  on  the  Decorative  Part  oj 
Civil  Architectare,  in  folio  ; a second  edition  appeared  in  1768  ; and  a third,  with  some  ad- 
ditional plates,  in  1791.  Two  others  have  since  been  published,  in  182.5.  Tliis  work,  as 
far  as  it  goes,  still  continues  to  be  a sort  of  text-book  for  the  student;  and  mucli  of  it  has 
been  adopted  for  that  portion  of  this  volume,  entitled  “ Practice  of  Architecture  ” Cham- 
bers held  the  office  of  surveyor-general  in  the  Board  of  Works,  and  to  him  much  is 
owing  for  the  assi.stance  he  rendered  in  establishing  the  Royal  Academy  of  Aits,  in  1768, 
to  wdiich  in.stitution  he  was  treasurer.  He  died  in  1796.  He  had  many  pupils,  several  of 
whom  we  shall  name. 

522,  Robert  ]\Iylne,  the  descendant  of  a race  of  master  masons  and  architects  in  Scot- 
land. desigiied  Blackfriars  Bridge,  having  been  the  successful  competitor,  a preference  he 
obtained  while  yet  unknown  and  abroad.  It  was  built  betw’een  the  years  1760  and  1768, 
at  an  expense  of  152,840/.,  a sum  which  was  said  to  be  somewhat  less  than  his  estimate. 
He  was  voted  an  annual  salary  of  300/.  and  a percentage  on  the  money  laid  out  ; but  to 
obtain  liis  commission  of  5 per  cent,  he  had  a long  struggle  witli  tlie  city  authorities,  his 
claims  not  being  allowed  until  1776.  This  bridge  was  pulled  down  in  1865.  At  the  time 
when  the  designs  were  under  consideration,  a long  controversy  aro.se  on  the  questions  of  the 
t.iste  exhibited,  and  .safety  in  employing  ellifitic,  in  place  of  semicircular,  ar  ches,  wdiich  had 
been  up  to  that  time  used  in  England  for  bridges.  lie  was  surveyor  to  the  dean  and  chapter 
of  St.  Paul’s,  London,  and  is  said  to  have  placed  in  that  building,  over  the  entr-ance  to  the 
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choir,  the  uicmorial  tablet  with  the  celel)ratctl  inscription  {pur.  ^182)  to  the  memory  of  Wren, 
lately  removed.  lie  was  appointed,  in  176'2,  engineer  to  tlie  New  River  Company;  and  dying 
in  1811,  was  buried  in  the  crypt  of  tlie  cathedral,  near  to  the  grave  of  Sir  C.  Wren. 

52!b  (Jeorge  Dance,  being  nominated,  in  17.83,  by  the  corporation  of  tlie  city  of  London, 
to  the  office  of  clerk  of  the  City  Works,  and  appointed  thereto  in  December  17;i5,  de- 
.si'Mied  8t.  Luke’s  Church,  Old-Street;  St.  Leonard’s  Church,  Shoreditch,  a bold  example 
of  the  Doric  order;  and  tlie  Mansion  House,  or  official  residence  of  tlie  Lord  iMayor  for 
tlie  time  being,  during  the  years  1739-53,  at  a cost  of  about  42,G39/.  Tliis  edifice  has 
received  many  alterations,  including  the  removal  of  the  lofty  attics  in  front  and  rear,  which 
has  tended  much  to  deprive  the  structure  of  a large  share  of  dignity.  Its  confined  and  low 
situatioii  gives  the  building  an  appearance  of  heaviness  , it  would  be  free  from  this,  if  placed 
on  an  cle^ated  spot,  or  in  an  area  proportionate  to  its  magnitude.  It  is  substantially  built 
of  Portland  stone,  the  material  used  in  most  of  the  erections  of  this  period,  Tlie  finely 
de.<-igned  sculpture  in  the  pediment,  above  the  six  columns  of  the  Corintliian  order,  was  well 
executed  by  Mr.,  afterwards  Sir  Robert,  Taylor.  Many  other  buildings  in  and  about  the 
city  are  attributed  to  Dance,  who  died  in  176'8,  and  was  succeeded  in  office  by  his  son 
George  Dance,  another  of  the  first  four  arcliitLCt  members  of  the  Royal  Academy.  IL 
ue.signed  Newgate  jirison,  with  ti  e Sess’ons  House,  Ike.  It  was  completed  in  1778,  at  a 
cost  of  upwards  of  130,00C7.  ; besides  being  subseiiuen  ly  repaired  under  his  directions. 


after  the  riots  of  1780,  when  it  suffered  greatly  from  fire.  This  edifice  (Jig.  224.)  has 
become  a chief  example  of  the  theory  of  the  observation  to  “ apply  to  every  object  a cha- 
racter suitable  to  the  purposes  of  its  destination”  (page  224.).  The  walks,  which  are  con- 
structed of  Portland  stone,  without  apertures,  or  any  other  ornaments  than  rouo-h  rustic 
work  and  niches,  are  50  ft.  in  height.  The  principal  front  is  300  ft.  in  length.^  Dance 
also  designed  St.  Luke’s  Hospital  for  Lunatics,  Old  Street,  built  in  the  years  1782-178^, 
at  a cost  of  about  40,000/.  It  is  of  brick,  with  a few  plain  stone  dressings,  three  stories  iii 

height;  the  spaces  between  the  centre  and  ends  are  formed  into  long  galleries for  the 

females  on  the  we.stern  side,  for  the  males  on  the  eastern.  The  simple  grandeur  of  the  de- 
sign of  the  fa9ade,  the  length  of  which  is  493  ft.,  produces  a very  agreeable  effiect  of 
propriety  upon  the  mind.  He  rearranged  the  south  front  of  Guildhall  in  a style  of  archi- 
tecture neither  Gothic  nor  Grecian,  the  cajiabilities  of  which  his  pupil,  John,  afterwards 
Sir  John,  Soane,  largely  availed  himself  in  after  life.  He  also  designed  the  elegant  council 
chamber  attached;  together  with  many  country  residences  for  the  wealthy  citizens  and 
others  ; and  dying  in  1825,  was  buried  in  the  crypt  of  St.  Paul’s.  Upon  the  resignation  by 
him  of  his  city  appointment  in  1816,  he  was  succeeded  therein  by  his  other  pupil,  William 
Mountague. 

Henry  Holland,  in  1763,  designed  Claremont  House,  near  Esher,  for  Lord  Clive; 
formed,  1788-90,  Carlton  House  into  a palace  for  the  Prince  of  Wales,  afterwards  Georo-e 
IV.;  designed,  in  1791,  Drury  Lane  Theatre;  the  fa9ade  of  the  East  India  House, 
Leadenhall  Street;  the  original  ‘ Pavilion  ’ at  Brighton,  about  1800;  improvements  at 
Wobtini  Abbey  for  the  Duke  of  Bedford;  and  1786,  the  vestibule,  with  its  charming 
portico  in  the  Grecian  style,  to  Melbourne,  now  Dover  House,  Whitehall,  for  the  Duke  of 
York.  The^^r.  225  is  from  Mahon’s  work  already  mentioned,  and  is  given  not  only  for  the 
intrinsic  merit  of  the  design,  but  because  little  else  now  remains,  with  Claremont,  to  deiuon- 
strate  the  talents  of  this  fashionable  architect  of  his  day.  He  was  the  chief  introducer  of 
the  so-called  Greco- Roman  style.  Holland  died  in  1806. 

525.  With  these  architects  should  be  mentioned  Isaac  Ware,  “of  His  Majesty’s  Board  ot 
Works,”  who  pulilished,  besides  other  work.s,  a Complete  Body  of  Arcliiteeture,  folio,  1756. 
This  volume,  relating  to  Italian  design  only,  contains  much  sound  information,  and  is  more 
complete  than  .Sir  W.  Chambers’s  |)ublication,  but  it  is  not  treated  so  artistically.  He  de- 
signed Chesterfield  House,  IMay  Fair.  Willey  Reveley,  a pupil  of  Chambers,  followed 
the  steps  of  Stuart,  and  visited  Athens  and  the  Levant.  He  was  the  editor  of  the  tliird 
volume  of  the  Antiquities  of  Athens,  and  died  prematurely  in  1799.  He  built  the  new 
church  at  Southampton,  and  offered  some  beautiful  designs  for  the  new  baths  at  Bath,  which, 
however,  were  not  adopted.  Joseph  Bonomi,  a na'ive  of  Rome,  an  associateof  the  Royal  Aca- 
deiny,  amongst  many  large  structures  composed  chiefly  in  the  Grecian  style,  de.signed  the 
gallery  at  lownley  Hall,  Lancashire,  for  tli2  collection  now  in  the  British  Museum;  1790, 
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a small  eluircli  at  Packington,  Warwicksliire,  soIkIIv  vaulted  tliroughout;  Eastwcll  House, 
Kent;  the  mausoleum  In  Blickling  Park,  Norfolk,  to  tlie  memory  of  John,  second  Eail  of 
Ruckingliam  ; Longford  Hall,  Shropshire,  exhibidng  perliaps  the  earliest  adaptation  of  a 
portico  projecting  sufficiently  to  admit  carriages  ; additions 
to  Lambton  Hall,  Durham;  and,  besides  many  other  works, 
his  chef  d' celt V re,  the  Italian  mansion  at  Roseneatli,  Dumbar- 
tonshire,  for  the  tl)en  Duke  of  Argyle,  between  1808-6',  and 
said  to  be  still  remaining  incomplete.  As  will  be  seen  from 
the  perspective  view  {fg.  227.),  the  entrance  port  co  is  re- 
markable for  having  a central  column  ; the  better  to  express, 
as  Bonoini  stated,  that  the  portico  is  intended  for  protecting 

the  visitors  from  the 
weather,  as  tlie  carriages 
drive,  and  set  down,  un- 
der it.  7'hus  no  cen- 
tral space  is  re(]ulred  ; 
while  the  column  af- 
fords supiport  for  any 
central  object  whicli 
may  be  placed  on  tl  e 
e.itablature.  The  apart- 
ments are  not  very  large; 
the  music- room,  marked 
u on  the  plan  given  in 
fg.  226’,  being  only  86 
f . long,  and  22  ft.  wide. 
'I'he  central  pas.sage,  /; 
wdtii  barely  any  light  ex- 
cept at  tuf  two  ends, 
appears  a gnat  defect. 
IMans  were  subse(|uentl  v 

Fig.  225.  MKLBOUU.VE,  NOW  DOVKU  HOUSE,  WHlTEll.U.U.  ^ 

circular  court  at  each  end.  from  one  of  wdiich  a subterraneous  passage  led  to  the  sea.  'I'he 
name  of  Bonomi  a})pears  in  tlie  best  novels  of  his  period  as  the  architect  consulted  in 
matters  concerning  a country  residence.  He  died  in  1808. 


-[^1 — « 
Fig.  226.  PLAN  OK  nO.SEXEATII,  DUMBAKTONSIIIRE. 

.526.  Of  this  period  also  are  the  works  of  .Tames  Gandon,  a pupil  of  Sir  W.  Chambers. 
His  name  was  fir.st  brought  before  tlie  public,  by  the  publication  with  ,Tohn  Wolfe  of  a con- 
tinuation of  Campbell’s  Vitruvius  Britanuicu’^,  2 vols  fol.  1767  and  1771.  The  design,  by 
him,  for  the  county-hall  and  ]>rison  at  Nottingham,  is  contained  therein.  He  carried  ( 11 
the  first  gold  medal  given  for  architecture  by  tlio  Royal  .Academy,  at  its  foundation  in  1768. 
la  1769  he  obtained  the  third  premium  for  a design  for  the  R yal  Excliange  in  Dublin; 
and  in  1776  one  of  the  premiums  for  the  new  Bethlehem  Hospital,  London  ; both  in  com-"^ 
petition.  At  the  Instance  of  Lord  Carlow,  afterwards  Lord  Portarlington,  he  made  plans  fori 
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the  new  d;)cl<s.  stores, and  Custom-House,  at  Dublin,  and  proceeded  there  in  17S1  to  carry  out 
the  works.  This  building  was  not  co.ii))leted  until  1791  ; it  has  a front  of  .37.>  ft,  in  length, 
extending  along  the  quay  of  the  river  l.iH’ey.  and  is  209  ft.  in  depth.  Standing  in  a fine 
open  place,  its  ailmirahle  desi  gn  and  good  execution  cause  it  to  rank  as  equal  to  other 
works  of  a like  nature,  and  to  he  esteemed  as  a noble  pile  that  would  do  credit  to  any  city 
in  the  world  He  w'as  well  assisted  in  the  decorative  works  by  a young  sculptor  named 
Kdward  S'uith  'I'he  great  difficulties  he  experienced  during  its  erection,  both  from  the 
nature  of  the  soil,  as  well  as  from  the  workpeople,  is  well  described  in  the  memoir  of  him 
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prepared  by  his  son,  a.id  pid)lished  by  the  late  T.  J.  Mulvany,  in  \H4G.  To  the  Houses  of 
Parliament  in  Dublin  be  added  the  side  or  east  portico,  with  an  entrance  for  the  Lords,  wh  > 
agreed  to  Gand.m’s  desire  to  have  Corinthian  columns  to  this  portico,  the  additional  propor- 
tion in  height  of  wliicli  was  to  make  up  for  the  great  fall  in  the  ground  from  the  front,  where 
the  Ionic  is  used.  This  jtortico  entrance  he  joined  with  the  front  by  a circular  wall  iv/tho  t 
columns,  so  that  the  two  orders  should  not  clash  ; the  present  three  (juarter  Ionic  columns 
to  this  circular  wall  o.i  the  one  side,  and  tiiose  to  the  arcliway  on  the  other  side,  are  the 
additions  by  a later  band  when  the  building  was  adapted  for  the  Bank  of  Ireland,  whicli 
has  possessed  it  since  1802.  Gandon  subsequently  added  the  western  jamtico  for  the  Com- 
mons’ House.  much  larger  wmrk  by  him  was  tlie  edifice  for  the  Four  ( Law)  C'ourts. 
'I'he  foundation  stone  xvas  laid  March  S,  1786,  and  was  first  used  at  the  end  of  1796,  but 
the  whole  was  not  completed  until  1802.  The  frontage  extends  along  the  river  (juay,  and 
includes,  on  the  east  side,  the  Offices  of  Records,  designed  in  1776  by  'riiomas  Cooley, 
whom  Gandon  succeeded.  The  whole  extent  of  grui.'.id  was  but  432  ft  , 294  ft.  of  whicli 
being  occupied  by  the  offices,  left  but  140  ft.  square  for  the  plan  of  the  Courts,  and  this 
had  subsequently  to  be  lessened  in  dep‘b  by  the  portico  being  set  back,  to  apiiease  tbe  ire 
of  a Right  Honourable  gentleman  wdio.se  opinion  had  been  overlooked.  'I'his  centre 
building  consists  of  a moderate  sized  central  hall,  64  ft.  in  diameter,  with  a dome  which 
forms  exteriorly  a marked  feature  of  the  design,  and  one  of  the  most  conspicuous  objects 
in  the  city.  'Lhis  central  hall  gives  access  to  the  four  courts.  k'or  the  .same  city,  he 
designed  ('arlisle  Bridge  a. id  the  Inns  of  Court,  but  resigned  tbe  control  over  the  latter 
edifice  to  his  pupil,  H.  A.  Baker.  He  retired  in  1808  to  his  country  house  near  Lucan, 
and  died  there  as  late  as  182.8,  in  the  eighty  seco.id  year  of  his  age. 

527.  James  Wyatt,  born  about  1748  or  1746,  accompanied,  at  an  early  age.  Lord  Bag.it 
to  Rome,  and  applied  himself  to  the  study  of  the  ancient  monuments  in  that  city  and  at 
Venice.  After  ai  absence  of  six  years,  returning  to  London,  he  w'as  employed  to  design 
the  Pantheon  Theatre  in  Oxfo.d  Street,  consisting  of  rooms  for  jiublic  assemblies,  &c. 
This  was  opened  in  January  1772,  and  its  completio.i  (J?//.  228,  which  shows  the  interior  as 
arranged  fir  the  Handel  festival,  in  May  1784),  spreading  his  fame  both  far  and  wide,  he 
was  eagerly  sought  after  to  superintend  numerous  public  a id  private  buildings  in  Great 
Britain  and  Ireland  Walpole,  writing  to  IVlann,  in  1771,  says  of  it ; — “ 'The  new  winter 
Ranelagh  in  Oxford  Road  is  almo.st  finished  It  amazed  me,  myself.  Imagine  Balbec  in 
all  its  glory  ! The  pillars  are  of  artificial  giallo  antico.  'Lhe  ceilings,  even  of  the  passages, 
are  of  the  most  beautiful  stuccos  in  the  best  taste  of  grotesque.  The  ceilings  of  the  ball 
ro  ims  and  the  panels  painted  like  Raphael’s  loggias  in  the  VTitican.  A dome  like  the  Pan- 
theon glazed.  It  is  to  cost  fifty  thousand  pounds.”  Part  only  of  tbe  Oxford  Street  front, 
with  the  side  entrance  in  Poland  Street,  now' exist  of  this  work,  for  the  interior  was  gutted 
by  fire  soon  after  its  erection  Fi</.  780  .shows  the  framing  of  a dome  nearly  the  same  as  that 
for  this  edifice.  'Lhe  drawdugs  he  brought  home  the  knowdedge  he  po.s.sessed  of  the  arts  in 
general,  and  his  polished  ma  uiers,  secured  for  him  a host  of  |>atrons,  and  he  became  the 
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cltief  arcliitect  of  the  day.  Those  critics,  amateur  or  otherwise,  who  do  not  choose  to  make 
allowances  for  the  state  of  tlie  knowledge  of  the  arts  at  tlie  j'eriod  under  notice,  hold  Wyatt 
ii|)  to  the  execration  of  the  present  generation,  for  his  alterations  and  restorations  of  onr 

ancient  buildings  Yet, 
for  King  George  1 1 1., 
he  restored  parts  rt 
Windsor  t'astle,  to  the 
entire  satisfaction  of  all 
the  connoisseurs  of  his 
day,  keepi.;g  to  tlie  ori- 
ginal style  of  tlie  edi- 
hce.  < r as  nearly  so  as 
the  few  studies  of  the 
style  permitted.  His 
(rothic  palace  at  Kew 
has  been  jiulled  down; 
ano  tlie  western  front 
of  the  Houses  of  I’ar- 
liament  was  burnt 
downi;  both  iinregrct- 
ted.  But  his  houses, 
villas,  and  mansions, 
are  amongst  the  most 
convenient  and  taste- 
ful  in  the  country ; his 

Fig.  2‘28.  INTEUIOK  OK  THE  rAXTIIEOX,  LONDON.  . , 

own  residence  in  Port- 
land Place,  near  I.angham  Church,  is  a good  type.  Elmes  has  elaborately  commented 
upon  the  peculiarities  of  A rdbraccaii  House,n.ar  Navan,  in  Ireland,  designed  for  the  Bishop 
of  Meath,  as  aHbrding  the  moderate  accommodation  for  a small  family,  or  all  the  require- 
ments of  an  Irish  ordination,  where  hospitality  has  to  be  afforded  to  all  comers. 

.528.  James  Wyatt  was  among  the  earliest  architects  to  employ  every  style  of  architecture 
in  his  designs,  yielding  all  individuality  to  the  passing  whims  of  clients.  Among  his  other 
buildings  usually  noticed  are  Lee  Priory,  Kent  ; and  Castle  Coote,  in  Ireland,  for  \ iscount 
Belmont,  which  for  grandeur  of  effect  and  judicious  arrangement,  deserves  much  commen- 
dation. The  apartnients  are  upon  a moderate  scale  and 
well  disposed,  and  the  whole  designed  after  a Greek  model, 
in  which  style  he  also  designed  Bowden  Park.  Wiltshire, 
for  Barnard  Dickenson,  Es(j.  (Jiys.229  and  230).  Another 
of  his  large  works 
is  Ash  ridge,  situ- 
ate in  the  counties 
of  Buckingham 
and  Hertford,  for 
the  Earl  of  Bridge- 
water;  it  is  a very 
extensive  and 
highly  decorated 
man.sion  designed 
in  the  media  val 

castellated  style.  Fonthill  Abbey,  Wiltshire,  for  W.  Beck- 
ford,  Es(j.,  was  also  another  of  his  edifices  in  the  same  style. 
1 he  exterior  measureu  ents  are  2~0  ft.  from  east  to  west, 
and  312  ft,  from  north  to  south;  the  centre  tower  being 
276  ft.  high  from  the  floor  to  the  top  of  the  pinnacles.  His 
restorations  of  our  mediaeval  buildings  included  that  of 
1 'enry  VI  Itb’schai'el  at  Westminster  Abbey,  Thomas  Gay- 
fere  being  the  intelligent  master  mason  employed.  As  .so 
many  of  his  later  works  belong  to  the  present  century,  no 
more  will  be  said  here  of  this  influential  architect,  except 
that  he  succeeded  Sir  W.  Chau  hers  as  surveyor-geneial 
to  the  Board  of  Works  ; that  for  one  year  he  fil'led  the  pre- 
sidential chair  of  the  Royal  Academy  ; and  that,  as  before 
stated,  be  died  in  1813,  aged  sixty-seven,  in  consequence  of 
the  overturning  of  his  chariot  near  Marlborough. 

529.  Ibis  architect  must  conclude  our  general  view  of  the  history  of  art  in  this  country 
to  the  end  of  the  reign  of  George  I 1 1 


Fig.  229.  PLAN  OK  HOWDEN  PARK. 


Chap  IV. 
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530.  The  lilstwry  of  the  pointed  styles  on  tlie  continent  of  Europe  is  a matter  which 
may  be  treated  in  various  ways  ; but  the  limit  within  which  this  portion  of  our  labour  is 
restricted,  in  order  to  render  it  concordant  witli  tlie  space  allotted  to  other  subjects,  obliges 
Ihe  choice  of  the  headings  France,  Belgium,  Germany,  i^pain,  and  Italy,  with  as  near  an 
»uproach  to  a chronological  arrangement  of  the  buildings  that  will  serve  for  exam})les,  as 
the  looseness  of  annalists  and  the  differences  in  chronicles  will  permit.  This  sequence  will 
j^ive  the  reader  a general  view  of  the  subject,  which  will  enable  him  to  understand  the 
irregularity  of  the  progress  of  pointed  art  in  those  countries  in  comparison  with  the  gradual 
transition  and  uniform  character  which  are  so  generally  observable  in  England  ; and  will 
prepare  him  for  his  own  particular  study  of  the  characteristics  of  the  schools;  these  are  as 
numerous  as  the  provinces,  almost  as  numerous  as  the  cities,  in  the  countries  to  which  we 
refer.  He  may  observe  in  the  following  notices  several  examples  of  difficulties  as  to  dates; 
the  periods  assigned  to  our  examples  have  been  determined  by  authors  who,  being 
natives,  may  be  supposed  to  have  given  as  much  time  and  lear..ing  to  the  chronology, 
as  English  critics  have  dedicated  to  the  style,  of  the  respective  countries. 

France. 

1531.  The  schools  of  ])ointed  architecture  were  confined  to  certain  portions  of  the  country. 
'I'hey  arose  in  the  He  de-France,  Champagne,  Picardy,  Burgundy  and  Bourbon,  Maine  ai.d 
.Anjou,  and  Normandy,  here  named  in  the  order  in  which,  before  the  middle  of  the  13th 
. century,  the  new  style  was  adopted.  This  did  not  develope  itself  until  a late  period  in 
Bretagne,  where  a character,  which  corresponds  (in  the  opinion  of  M.  Viollet  le  Uuc)  as 
much  to  that  of  England  as  to  that  of  Maine  and  Normandy,  was  always  preserved.  The 
! style  of  the  royal  domain  hardly  penetrated  into  Guienne  before  1370;  and  even  its  official 
appearance  after  1247  at  Carcassonne  did  not  procure  for  it  an  influence  in  Auvergne  and 
Provence;  they  can  hardly  be  said  to  have  ever  adopted  Gothic  architecture.  Indeed, 
i the  latter  district  did  not  belong  to  France  until  1481,  and  almost  pa.ssed  at  once  from 
I degenerated  romane.sqne  traditions  to  renaissance  art,  exhibiting  scarcely  any  mark  of 
j the  inHuence  of  northern  Gothic. 

j 532.  With  regard  to  ecclesiastical  architecture  in  the  south  of  France,  it  may  be  said 
Mhat  the  buildings  having  arches  that  are  jiositively  pointed,  date  principally  in  the  14th 
I and  two  subsequent  centuries,  as  the  cathedrals  at  Alby  and  llhodez,  the  bell-tower  at 
I Mende,  and  the  fiont  of  the  church  of  St.  Maurice  at  Vienne.  In  the  .south,  where  the 
climate  resembles  that  of  Italy  in  not  requiring  high-pitched  roofs,  the  pointed  arch  seems 
fU  foreig.i  element;  it  is  there  in  body, but  not  in  spirit.  Tlie  architecture  is  just  as  bef  re; 
the  pillars  are  few  and  thick;  the  capitals  are  square,  and  have  large  leaves  or  scrolls  ; the 
ornaments  are  either  barbarous  or  are  imitated  from  classic  works ; the  towers  are  few  and 
massive;  and  the  fronts  always  have  a jiediment  of  steeper  rake  than  any  antique  example 
can  show,  under  which  is  a doorway  having  a round  arch,  or  else  one  so  slightly  pointed 
j that  the  point  is  only  detected  by  a careful  eye. 

533.  Until  the  middle  of  tlie  12th  centuiy  (a  few  cases  earlier  may  be  exceptional), 

(the  semicircular  arch  appears  to  have  been  almost  exclusively  employed;  but  immediately 
afterwards,  the  ntyle  rowano-oyical  or  ttyle  roman  de  transition,  exhibits  the  pointed  arch, 
crocket  capitals,  and  groined  vaulting  with  diagonal  ribs,  on  a crowd  of  civil  and  ecclesias- 
jtical  buildings.  There  are  purely  romanesque  churches,  where  the  small  openings  have 
^semicircular  heads ; the  four  great  arches  carrying  the  pendentives  of  the  central  lantern 
jOr  dome,  as  has  already  been  noticed  (par.  307  ),  being  pointed.  In  the  centre  of  Fiance 
there  are  churches  that  are  altogether  romanesque  in  plan,  in  style  of  decoration,  and  in 
form  of  pillars,  that  have  none  but  pointed  openings,  proving  that  a thoroughly  defined 
architectural  system  had  been  slowly  constituted,  which  the  architects  of  the  13th  century 
merely  rendered  mere  homogeneous  and  more  perfect  ; these  buildings  are  rcmar.esque, 
if  style  depends  upon  plan,  capitals,  and  I'orm  of  mouldings;  they  aie  p.  inted,  if  it 
depends  upon  the  form  of  the  arch. 

534.  Amongst  the  structures  which  date  in  the  I 2th  century  may  be  named  St.  Fierrc- 
lez-Bitry,  with  three  circular  windows  in  its  apse;  St.  Martin  at  Guise,  having  a sejuare- 
ended  choir  like  Notre  Uame  at  Conchy  ; and  St.  Etienne  near  Pierrefonds  ; the  cathe- 
dral at  'I’ulle;  St.  Julien  at  Brioude;  St.  Nectaire,  St.  Symphoiien,  and  St  Genes  at 
'Ihiers ; St.  Nazaire  at  Carcassonne ; with  the  churches  at  Mozat,  Noirlac,  and  St. 
•Vmand,  all  being  situate  in  Auvergne  ; St.  Martin  at  Laon  ; St.  Pierre  at  L’.As.sant;  St. 
Pierre  at  Soissnns  ; and  the  churches  at  Braisne  and  Coucy-le  Chateau.  Buildings  in 


2:54 


HISTORY  ()!•  ARCHITECTURE. 


JJ.HfK  I, 


which  tlie  i)olnted  arch  seems  perfectly  secondary  to  its  rival,  are  the  portal  of  the  callic- 
dral  at  Bayeux  and  the  churches  at  Conchy,  Civray,  Senlis,  and  Vezelay,  with  tliose  of 
St.  Renii  at  Reims,  and  of  Notre  Dame  at  Chartres,  Noyon,  and  Poitiers. 

5;55.  The  churches  wliich  have  domical  coverings  deserve  a short  notice  Tliey  are  tlie 
cathedral  at  Cahors,  St.  Eront  (figa.  1S9  and  160),  and  St.  Etienne  de  la  Cite,  bath  at 
I’erigueux,  the  cathedral  at  Puy,  and  the  churclies  at  Souillac  (Jig.  1.58.),  Angouleme,  I.c 
Roulet,  and  Loche.s,  with  the  fourteen-sided  churcli  at  Rieux-Merinville. 

536.  A Flench  critic  of  considerable  repute  thinks  that  necessity,  facility,  and  solidity  in 
construction,  and  a gift  of  varying  the  decoration,  alone  prompted  the  use  of  the  pointed 
arch  in  the  south-east  of  France,  where  are  buildings  showing  that  arch  in  their  lower 
poitions,  while  the  up])er  jiarts  have  .semicircular  work  of  the  .same  age.  It  theref  re 
appears  that  if  the  architects  in  the  southern  provinces  were  the  first  to  make  the  pointed  arch, 
they  were  also  the  last  to  adopt  the  .sy.stematic  and  absolute  use  of  it ; and  the  usual  classi- 
fications of  the  pointed  styles  cannot  serve  as  perfect  indexes  to  the  peri.;d  of  tlie  employ- 
ment of  the  subdivisions  that  have  been  made,  although  it  might  have  been  supposed  that 
the  spirit  of  methodical  order  which  has  eminently  distinguished  the  French  nation  since 
1790  would  have  shown  itself  in  an  analysis  of  the  architecture  of  tlieir  country  The 
Uomite  Historique  des  Arts  et  Monuments,  has  issued  the  following  table  as  in  some  sort 
authoritative;  — 


Architecture  with  the 
round  arch. 


Architecture  with  the 
round  and  pointed  arch. 


Architecture  with 
pointed  arches. 


Style  Latin. 


F.RST  rEiuoi) 

I From  the  fourth  to  the  eleventh 
^ century  .... 

Eleventh,  and  first  half  of  the  ( c,.  , ,, 

^ ^ -I  btjle  liontan. 

' twelfth,  century  ...  I 

SECOND  PERIOD. 

I Second  half  of  the  twelfth  century 

THIRD  PERIOD. 

Thirteenth  century 


Style  liinnano-ogival  ot 
Itnman  de  transit  on. 


Fourteenth  century 


Style  ogiral  piimai  e or 
en  larn  ette 

Style  nyical  seconduie 
or  rayonnant. 

Style  ogival  tertiaire  or 
Jlamhoyant. 


Fifteenth  and  early  jiart  of  sixteenth 
century,  till  1480  (De  Caumont), 
pure,  afterwards  transition  . 

5:l7.  But  this  list  is  not  universally  used,  and  in  reading  the  works  of  any  French  author 
on  mediaival  architecture,  it  is  nece.ssary  to  ascertain  whether  he  has  followed  it,  or  the  table 
propounded  by  M.  De  Caumont  as  here  given  (with  Mr.  Poynter’s  par.illel  of  English 
periods) ; — 


In  France. 

Ilomanesque  950  to  1050 
Tiansition  1050  to  1150 


Primary  (Gothiqne)  1 150  to  1250 


Secondary  (ra/onnant')  — 

First  Epoch  1250  to  1300 
Second  Epoch  1300  to  1400 

Tertiary  (jlamhoyant) — 

First  Epocli  i400  to  1460 
Second  Epoch  1460  to  ...  . 


A.  D. 
1000 
IICO 

1200 


1300 


1400 

1500 


In  England. 

I Anglo-Saxon  970  to  1066 

Norman  1066  to  1189 
'Fransition  1189  to  1199 
Early  English  — 

First  Epoch  (lancet)  1 199  to  124.5 
Second  Epoch  1245  to  1307 

Decorated  English  1307  to  1.377 

Perpendicular  English  or  I'lidoi 
1377  to  ...  . 


F’or  the  chateau,  IM.  de  Caumont  also  jiroposed  the  subjoined  classification:  — 


1st  class.  Fifth  to  tenth  century  : Primitive 
Roman. 

2nd  „ 'I'enth  and  eleventh  centuries: 
First  second  try. 

3rd  „ End  of  eleventh  and  twelfth  cen- 
tury: First  tert  ary. 

4th  „ Thirteenth  century  : Primitive 

pointed. 


5th  class.  Fourteenth  and  first  half  of  fif- 
te  nth  century  ; Secondary 
and  tertiary  pointed. 

6th  ,,  Second  half  of  fifteenth  and  .six- 
teenth century:  Quater- 

nary pointed. 


538.  Before  entering  into  the  consideration  of  the  style  ogtvah  it  will  be  desirable  t > 
exjilain  that  ogive,  also  written  angive,  designated  originally  a diagonal  band  in  groined 
vaulting  formed  by  the  intersection  either  of  barrel  vaults  or  of  keel  vaults,  to  botli  of 
which  the  terms  voCite  en  croisee  d'ogives,  or  voute  d'ogires,  were  ajiplicable.  As  eijuivalciit 
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lo  a pointed  aicli,  oi/ne  is  merely  tlie  popular  eonfirmation  of  an  error  eommltted  l>y  llu* 
ignorance  of  some  writers  in  the  present  eeiiiury. 

.539.  I leavy  roofs,  having  few  ribs  with  great  width  of  ])lain  intrados,  and  earrieil  hv 
masses  of  walling,  with  small  opmings,  - 
are  characteristic  of  llomanes(|ue  work. 

Its  successor  was  exactly  the  reverse 
tlie  sid)division  of  roofing  into  a col- 
lection of  light  ribs  with  no  marked 
intrados,  the  growth  of  the  engaged 
or  disengaged  pillars  into  the  lines  of 
the  vaulting,  and  the  carriage  of  the 
weight  of  the  ribs  by  buttresses  that 
form  the  resisting  points  of  walls 
which  are  inerelv  Irames  to  windows, 
are  distinctive  features  of  the  Gothic 
architecture  of  the  L3ih  century,  with 
the  addition  of  the  pointed  arch  whieli 
had  previously  been  em])loyed  in  ways 
that  tended  to  tlie  devdopement  of  the  ^ 
style  oyival  prinmire  As  an  exam- 
ple of  the  transitional  character  of  the 
style  in  this  period,  the  two  bays,  Jig 
231.  from  the  cathedral  in  Paris,  and  -— !■ 
fig.  232.  from  the  church  of  the  abbey 
at  St.  Denis,  may  be  compared  as 
having  been  executed  resjX’Ctively  at 
the  beginning  and  end  of  tlie  period. 

'I'he  sculptors  do  not  seem  to  have 
studied  nature  beyond  exhibiting  the 
costume  of  their  [leriod;  and  if  they 
chose  models  at  all  for  their  foliage, 
these  were  furnished  by  indigenous 
plants.  Tlie  great  attention  paid  in  the 
Ilth  century  to  ancient  literature  is 
clearly  responsible  for  the  centaurs  and 
other  fabulous  creatures  then  used  (or 

ornament.  In  like  manner,  the  devo-  iig.  252.  st.  imms. 


I'ig.  251.  NOTKIi  DAJIE,  I'AltlS, 


tion  of  the  12th  century  to  the  sciences  is  expressed  by  the  zodiacal  signs  and  emblems 
of  the  seasons  sculptured  on  the  portals  and  choirs  of  churches  built  in  that  and  tlie  sm  cecd- 

ing  century.  The  door- 
ways at  Amiens,  .4utun, 
Avallon,  Notre  Dame  in 
Paris,  St.  Denis,  and 
Vezelay,  with  the  choir 
of  the  church  at  Lssoire, 
supply  curious  examiiKs 
of  this  new  branch  of 
decoration.  'I'liis  conti- 
nuation of  details,  origi- 
nally belonging  to  tlie 
12th  century,  suggests 
the  remark  that  tlie  edi- 
fices construct!,  d by  the 
Gothic  school,  at  the 
commencement  of  tlie 
13th  century,  do  net 
possess  features  so  dis- 
tinct as  to  furnish  al- 
ways a means  of  dis- 
tinguishing them  from 
tho.se  belonging  to  the 
)ieriod  of  transition— a 
remark  which  may  be 
applied  to  the  two  exam- 
ples of  domestic  archi- 
tecture at  Caudehec, 
which  form  fig.  233. 
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Out  of  the  large  number  of  masterpieces  in  architecture  in  tlie  13th  century  may 
he  selected  the  cathedrals  at  Lisieux,  Lyon,  and  Narbonne,  executed  in  the  early  part  of 
that  period  ; Rordeaux  and  Chalons-sur-Sabne  belong  to  the  year  1250;  and  Coulances 
dates  in  the  last  half  of  that  century.  Great  part  of  the  cathedrals  at  Rourgts,  Dijon, 
Laon,  Nantes,  Nevers,  Senlis,  and  Sens;  the  choir  and  aisles  at  Auxeire;  the  choir  and 
chapels,  with  the  upper  part  of  the  nave,  at  Bayeux  ; the  nave  and  choir  at  Seez  ; the 
ciiurches  at  Ourscamp,  St.  Denis,  St.  Jean  aux-Bols,  and  St.  IMaximin  ; those  of  St. 
Pierre  at  Avalon,  and  of  St.  Victor  at  Maiseilles  ; the  Ste.  Chapelleat  Paris  ; tlie  choir  of 
the  churcli  at  St.  Nazaire  at  Carcassonne;  the  nave  and  most  of  the  choir  of  that  of  St. 
Pierre  at  Lisieux  ; the  chapels,  aisles,  and  choir  of  that  of  St.  Julien  i t Mans  ; the  choir  ot 
that  of  St.  Nicaise  at  Rouen  ; and  tlie  Hotel-Dieu  at  Louvres,  were  constructed  in  the 
course  of  this  period. 

5-11.  The  catliedrals  which  are  usually  taken  as  atfording  standards  of  the  style  are 

Chartres,  Beauvais,  Reims,  Paris, 
Amiens,  and  Rouen,  of  which 
Reims  is  perhaps  more  consistent 
than  Amiens.  Tltey  are  univer- 
sally considered  to  be  two  of  the 
finest  examples  of  the  style  in  the 
world.  The  funner,  whicli  wait 
begun  1212,  but  not  (juite  fiitisiicd 
till  1430,  is  ill  the  form  t.f  a Latin 
cross  on  the  plan  (^(/.  234.);  its 
length  from  ea.st  to  we.st  is  492  ft.. 
Fig.  234.  I-LA.N  or  KEIMS  CAaiiEiaiAL.  anti  .Rs  breadth,  measured  to  the 

extremities  of  the  arms  of  the 
transepts,  is  I 90  ft.  The  width  of  the  transepts  is  98  ft.,  and  the  towers,  270  ft.  from  the 
ground,  are  still  impel  feet,  because  their  open  spires  have  ne\er  been  erected 


Fig.  235.  CATIIEDKAL  AT  KEIMS. 


Fig.  23t5.  CATHEUKAL  AT  A.MliiKS. 


542.  'I'lie  cathMral  of  Amiens,  begun  1220  by  Robert  de  Luzarches,  but  continued  and 

completed,  1269,  by  Thomas  and 
Regnault  de  Cormont,  except  tlie 
we.st  front  that  was  not  finished 
until  the  end  of  the  14tli  century, 
is  444  ft.  long  and  84  ft.  wide 
237.’),  and  141ft  high  in  the 
nave.  It  was  commenced  within 
two  years  of  the  cathedral  at 
Salisbury.  Of  the  two,  Amiens 
( /r_e.236.)  is  in  a more  per'ect  and 
advanced  state  of  art  than  Salis- 
bury, for  the  French  were  before 
Ftg.  237.  P1.AN  OF  AMiE.vs  cATiiKDKAt..  j,,  adding  to  the  simple  beau- 

ties of  the  former  jicriod  many  graces  not  adopted  hy  us  until  the  latter. 
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.543.  'I’lie  it^le  ogiral seconilaire  is  considered  by  some  arcliitects  to  be  that  in  wbieb  j)ointed 
art  arrived  at  perfection  ; for  they  deem  that  an  increase  of  elegance  compensates  for  a loss 
of  severity:  bnt  witli  the  latter  tlie  purity  of  the  preceding  period  seeiris  to  be  wanting. 
Nevertheless  tliis  ttgle  rayonvant  has  no  absolute  character  ; it  is  rather,  as  observed  by  I\I. 
Sebayes,  a system  of  transition  preserving  the  elements  of  the  style  of  the  13th  century,  but 
modii'ying  them  by  greater  amount  of  ornament, and  by  more  expansion  and.  boldness  in  the 
curve  of  the  arch,  for  the  arc  en  tiers  point  is  the  true  arch  of  the  time.  This  decoration, 
this  arch,  and  tlie  tracery  of  the  windows,  chiefly  mark  the  style:  and  in  regard  to  tlie 
■fatter  point,  fiys.  231  and  232  show  the  difference  between  the  works  of  the  two  periods. 
Tlie  sculptors  of  the  14th  century  were  more  skilful  than  tlieir  predecessors;  their  carving 
shows  more  delicacy  and  fii.ish,  while 
their  statues  are  no  longer  ideali- 
ties : an  important  tendency  of  the 
))eriod  was  an  attempt  at  portrait 
busts,  in  sonie  cases  resulting  in  an 
ajjproacb  to  natural  simplicity,  al- 
though  the  attitude  might  be  stiff’ 
and  constrained,  as  was  the  case  in 
almost  all  mediaeval  sculpture.  'I'he 
statues  assume  greater  length  in  the 
body,  and  are  dressed  in  ample  dra- 
pery, cast  with  some  affectation,  but 
still  having  falling  folds  slightly 
bent. 

544.  Tlie  comparison  which  was 
recommended  between  jiys.  231  and 
232,  may  be  paralleled  with  advan- 
tage by  jilacing  before  the  reader. 

Jig  238,  a fair  example  of  the  second 
jieriod,  in  the  choir  of  St.  Ouen  at 
Rouen,  and  Jig.  239,  an  equally 
modest  work  of  the  third  epoch  from 
the  church  of  St.  Maclou,  in  the 
same  city. 

545.  Foreign  armies  and  civil  wars 
caused  the  usual  buildings  of  tlie 
14th  century  to  be  fortified  houses 
and  city  gateways  rather  than  ec- 
clesiastical structures.  One  church, 
however,  that  of  St.  Ouen,  at  Rouen, 

1318  39,  {Jigs.  238  and  240),  exhi- 
bits the  style  in  its  choir  and 
chapels  more  perfectly  than  the  ca- 

rig.  1io8.  ST.  OUEN,  AT  KOUKN.  S , . ^ n J TXT  . tig-  239.  ST.  M.XCLOC,  AT  liOUh>-. 

thedrals  at  Clermont-  b errand,  Metz, 

and  Perpignan.  Other  good  examples  are  the  transepts  at  Bayeux,  the  chapels  at  Narbonne, 
and  the  chapter-hou.se  with  the  cloister  at  Noyon;  besides  the  churches  of  the  Dominicans 
and  of  St.  Didier  at  Avignon ; that  of  St.  Jacques  at  Compiegne,  and  of  St.  Nizier  at 

Lyon  ; the  cloister  of  St.  Jean- 
des- Vignes  at  Soissons;  the  jialace 
at  Avignon;  the  hotel-de-ville 
at  St.  Omer  ; the  towers  of  St. 
Victor  at  Marseille,  and  of  St. 
Sernin  at  Toulouse ; and  the 
front  of  the  church  of  St.  Martin 
at  I.aon. 

546‘.  'I'he  third  period,  the  style 
ogii  al  tertiaire^Jieuri,  or  Jlamboy- 
rig.  2jO.  plan  of  ST.  OUEN,  AT  RouicN,  (before  the  front  was  ant,  as  it  was  termed  by  M.  Au- 

remodellcU  by  M.  V lol.ot-Ie-Dui;).  i ^ 

guste  le  Provost,  used  the  equi- 
lateral arch  during  the  15th  and  part  of  the  16tb  century;  but  more  commonly  one,  in 
some  cases  stilted,  with  the  radii  le.ss  than  the  width  of  the  opening  {ogive  snrbaissee  or 
ogive  ohtute)  : the  elliptic  arch  {arc  en  anse  de  panier)-,  the  ogee  arch  {arc  en  accolade)-, 
and  its  reverse  {arc  en  doucine),  are  not  uncommon.  The  pointed  arch  seems  crushed  by 
its  canopies  and  finials ; and  the  system  of  false-bearing  is  carried  to  so  great  an  extent 
that  the  buildings  might  have  been  intended  to  defy  the  laws  of  equilibrium.  There  is 
groat  skill  shovvn  in  the  coups  des  pierres.  and  in  working  them  as  decoration  with  extreme 
delicacy  into  petrified  leaves  of  the  thistle  and  curled  cabbage,  or  into  imitations  of 
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embroidery.  Covered  with  cusped  nrclies,  niches,  I'innaeles,  and  tracery,  the  buildings 
of  the  time  would  be  easily  rec  gnised  even  if  they  were  not  n arked  by  the  wavy  or 
broken  lines  of  the  arches;  ilie  viou'ures  pri  niathjues  or  pear-shaped  boltels,  projectii.g 
arrises,  and  deep  hollows,  wliich  f)rm  the  mouldings;  and  the  boldly  designed  cor- 
belling, pendentives,  and  vaulting  so  flat  that  it  resembles  a ceiling  resting  upon  ex- 
tremely iliin  pillars.  In  /?//.  2^1  we  illustrate  one  of 
tlie  compartments  of  the  sacristy  of  the  churcli  at 
Caudebec,  which  conv<ys  a fair  notion  of  the  pecu- 
liarity of  the  style.  During  this  period  tlie  sculptors 
lost  much  of  the  simplicity  noticed  in  the  preceding 
century;  they  evidently  copied  the  living  model  for 
at  least  the  head  a d hands,  with  great  truth  and 
sometimes  withhaj)!  iness  in  expressing  sentiment,  but 
they  clothed  it  in  heavy  drapery  cast  with  pretension. 

The  grotesque  and  monstrous  figures  almost  excel  the 
statues,  and  seem  to  have  so  me  analogy  with  those 
which  appear  in  the  bassi-rilievi  of  the  llth  century. 

Such  were  the  last  efforts  of  the  pointed  style,  which 
owed  its  principal  character  to  its  tendency  towai  ds 
verticality,  and  finished  by  seeking  horizontality. 

.547.  Amongst  the  most  remarkable  works  of  the 
1.5th  century  may  be  mentioned  the  transepts  1400-.39, 
and  the  nave  14G4-91 , obviou.sly  modelled  upon  the 
previous  clioir,  of  St.  Ouen  at  Rouen;  the  upper 
part  and  spire  of  the  north-west  tower  at  Chartres; 
the  central  tower,  transepts,  and  chapels  at  Dvreux  ; 

Limoges;  the  nortliern  entrance  at  Sens;  the  churches 
at  Notre- Dame  de-l’Epine,  St.  Quentin,  St.  Riquier, 

'Fhan,  St.  Wulfran  at  Abbeville  ; the  Celestinians, 
and  St.  Pierre  at  Avignon  ; St  Jean  at  Caen  ; St. 

.Antoine  at  Compiegne  ; Ste.  Catherine  at  Ilonfleur; 

St.  Germain  I’Auxerrois  at  Paris ; St.  Vincent  at 
Rouen ; and  St.  Pierre  at  S.mlis  , the  choir  and 
apse  of  St.  Trophime  at  Arles;  the  greater  part  of 
St.  IMartin  at  Avignon  ; .some  pure  portions  (others, 

/?//.  242,  sliowing  the  dying  struggles  of  the  style)  of 
St.  Jacques  at  Die])pe  ; the  choir  and  transepts  of 
St.  Remi,  at  Reims;  the  pretty  Bourbon  chapel  in 
tlie  cathedral  at  Lyon;  t\w  salledes  chevaliers  at  Mont 
St.  Michel  ; and  tlie  tower  of  St.  Jean  at  Elbeuf. 

.54  8.  Among  the  examples  of  the  style,  between 
the  years  1420  and  1.531,  are  the  Hotel  ties  Ambassa- 
deurs  at  Dijon,  about  l'420 ; and  the  Fontaine  de  la 
Croix  at  Rouen,  between  1422  and  14G1,  lately  re- 
stored with  the  greatest  success  in  all  its  delicate 
details  of  ornament  and  tracery;  as  well  as  that  which, 
elected  about  1.512  opposite  the  cathedral  at  Cler-  ‘ 
mont,  in  Auvergne,  was  much  injured  by  its  renewal 
in  1799.  The  palace  at  Dijon  dates  about  1467  ; and 
in  that  city  are  the  monuments  of  the  Dukes  of  Bur- 
gundy, Phi!ippe-le- Hardi  and  Jean-san.s-Peur,  wliich  241 
were  in  the  church  of  the  Chartreuse.  That  of  the 
last-named  was  executed  by  Juan  de  Huerta,  assisted  by  other  artists,  about  1475.  Thev 
are  botli  of  the  period  and  are  perfect  keys  to  the  style  that  prevailed  at  the  time.  At 
Nancy,  the  capital  of  Lorraine,  still  remains  a portion  of  the  ancient  palace  of  its  powerful 
dukes.  A repre.sentation  of  its  portail  is  given  in  fig.  243.  What  remains  within 
serves  as  barracks  for  the  garri.son.  The  date  of  it  is  about  14  76.  The  Porte  du  Cailhau 
at  Bordeaux,  149.4,  in  memory  of  the  battle  of  Fornovo,  shares  the  fate  of  the  Hotel  de 
Ahlle  at  St.  Quentin,  witli  its  known  date  of  1495-1509,  in  not  attracting  so  much  notice 
;is  a very  peculiar  instance  of  a castle  in  miniature  built  by  Gerard  de  Nollent  about  the 
end  of  the  1.5th  century  at  Caen  with  four  fronts,  which  from  the  statues  of  Neptune  and 
Hercules  placed  on  the  battlements,  is  commonly  called  the  chateau  de  la  gendarmerie.  At 
Orleans,  the  Hotel  de  Ville,  finished  in  1498,  is  now  used  as  a museum.  The  Chiiteau  de 
Blois,  with  four  facades  of  different  design,  the  eastern  rvork  dating  about  1498-1515,  is 
t!)o  well  known  to  need  here  any  further  remark.  Ten  miles  from  Caen  is  situate  the 
('hateau  de  Fontaine  le  Henri  ; the  greater  portion  is  of  this  period.  A part  of  the  west 
(font  is  given,  ^5^.  244,  as  a characteristic  specimen  of  the  residences  of  the  noblesse  during 


C’llAl’.  1 \\ 


POINTS  I). 


‘J::9 


the  latter  | art  of 
the  I 5th  cent  m y,  at 
whicli  period  it  evi- 
dently was  erected. 

Tte  well  known 
Hotel  de  Clnny  at 
P.iris,  possessing 
portions  of  an  ear- 
'i»T  date,  liad  the 
works  resiiimd  in 
1 '90  hy  Jacrjnes 
d'.Vinboise,  Abbe 
of  Clnny,  and  after- 
waids  bishop  of 
('leiniont.  'Ibis 
'niildirg  now  con- 
tairs  the  works  of 
art  formerly  Irelong- 
ing  to  M.  de  Som- 
merard.  Niar  St. 

.Amand  is  the  Cha- 
teau de  Meillant, 
much  resembling 
the  last  named  edi- 
fice. but  more  orna- 
irented 

5-19.  During  the 
last  years  of  the 
l.'th  century,  the 
campaigns  in  Italy 
I y the  French  made 

thetn  acquainted  with  tiie  new  style,  the 
imitation  of  the  antitjue.  At  first,  .some 
mouldings  and  some  decorations  only 
were  co])itd.  dims  seveial  portions  of 
the  cathedral  at  Orleans  exhibit  the  es- 
sential features  of  dccaded  pointed  archi- 
tecture ; and  while  Biillant  designed  in 
tlie  Italian  style  the  chateau  at  Econcii, 
he  maintained  in  the  appendent  chapel 
the  Gothic  taste,  as  being  eminently  ec- 
clesiastical, as  he  did  in  the  parish  church 
at  the  same  ])lace.  In  the  16th  centuiy 
new  churches  were  rare:  sumirtuous 

palaces  and  pleasure-houses  were  the  chief 
works,  inwiiich  great  saloons  became  the 
chief  objects  ; and  the  middle  class  also 
introduced  luxury  into  their  dwellings. 

As  the  main  object  was  the  expression 
ot  wealthy  ease,  not  a character  of  grave 
magnificence,  the  functions  of  the  aichi- 
tectwere  assumed  by  tlie  .scidptor;  and 
at  the  same  moment  .sculpture,  no  longer 
archrcectiiral.  alike  commenced  its  dcca- 
ience  in  France.  The  chief  ecclesiastical 
M orks  of  the  period  were  the  additions  of 
fronts,  or  restorations  ; those  done  at  the 
commenemnent  of  the  epoch  form  a sort 
of  transition  l)etvveen  the  sti/Jc  fle((ri  and 
tlie  Italian  renaissance  empl  ryed  towards 
the  end  of  the  reign  of  Frao.cis  I.  In 
this  category  may  be  ranged  the  churches  Ifl'S, 
of  St.  Patrice,  St.  Go.lard.  St.  Andre- 
de  la- Cite.  St.  Nic,  las.  St.  Sever,  and  the 
great  portal  of  the  cathedral  at  llouen  , 
the  church  at  Hrou  ; and  the  churches  ’ 

of  St.'  Ktienne-du-.Mont  and  of  St  Ens- 

tache  at  J’.iris.  'J'he  latter  1ms  the 
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{general  forms  of  a Gothic  building  with  renaissance  details,  and  as  its  side  entrance  was  J 
constructed  at  the  same  time  as  the  fine  flamboyant  side  entrance  to  the  cathedral  at  Beau-  1 

^ais,  it  is  clear  that  the  archi-  i 
tectural  revolution  was  not  si-  3 
multaneously  effective  in  all  ? 
j)arts  of  the  country.  i 

550.  As  specimens  of  civil 
architecture  of  the  period,  may 
be  named  tlie  town  halls  at  St. 
Quentin,  Compiegne,  and  Noy- 
on  ; with  two  of  the  finest  ex- 
amples of  the  art  of  this  period, 
the  Palais  de  Justice  and  tlie 
Hotel  de  Bourgtlieroulde,  at 
Rouen.  Tlie  first  was  begun 
in  1499  and  finislied  in  1508. 
The  plot  on  which  this  beauti- 
ful work  stands,  includin';  tlie 
court-yard,  is  about  three- 
fifths  of  an  English  acre,  and 
the  arrangement  of  its  plan  is  ; 
given,  that  is,  of  the  ancient  • 
part  of  the  building,  m jig.  245. 

It  is  thus  described  by  Dawson 
Turner  : — “ The  palace  forms 
three  sides  of  a quadrangle” 
(two  of  them  only  are  ancient).  * 
“ The  fourth  is  occupied  by  an  t 
embattled  wall  and  an  elaborate  S 
gateway.  The  building  was  ■ . 
erected  about  the  beginning  of  i 
the  sixteenth  century  ; and  with 
all  its  faults  ” ( we  are  not  aware 
what  they  are)  “it  is  a fine 
adaptation  of  Gothic  architec-  1 
ture  to  civil  purposes.”  “The  J 
windows  in  the  body  of  the  ] 
building  take  flattened  elliptic  | 
beads,  and  they  are  divided  by  one  mullion  and  one  transom,  'fhe  mouldings  are  highly  < 


wrought,  and  enriched  with  foliage.  Thelucarne”  (dormtr)“  windows  are  ofa  different  design, 
suid  form  the  most  characteristic  feature  of  the  front;  they  are  pointed,  and  enriched  with  9^ 
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mullitms  and  tracery,  and  are  placed  wltliin  triple  canopies  of  nearly  the  same  form,  flanked 
bv  sqnare  pillars,  terminating  in  tall  crocheted  pinnacles,  some  of  them  fronted  witlj  open 
arclies,  crowned  with  statues.  The  roof,  as  is  usual  in  French  and  Flemish  buildings  of 
tliis  date,  is  of  a very  higli  pitch,  and  liarmonises  well  with  the  proportions  of  the  building. 
An  oriel,  or  rather  tower,  of  enriched  workmanship  projects  into  the  court,  and  varies  the 
elevations”  (an  object  the  designer  never  once  tliought  about,  inasnnicli  as  in  all  mediaeval 
luiildings,  the  first  consideration  was  convenience,  and  then  the  skill  to  make  convenience 
agreeable  to  the  eye — an  invaluable  rule  to  tlie  architect).  “ On  the  left  hand  side  of  the 
court,  a w'ide  flight  of  steps  leads  to  the  Salle  des  Procureurs"  (marked  A on  the  plan),  “ a 
place  originally  designed  as  an  exchange  for  the  merchants  of  the  city  ” (scr/  queere),  “ who 
liad  previously  been  in  the  habit  of  assembling  for  that  purpose  in  the  Cathedral.”  Its 
dimensions  are  13.5  ft.  long,  by  57  ft.  3 in.  wide.  The  room  B is  now  the  Cour  d' Asskes\ 
the  ceiling  is  of  oak,  and  is  arranged  in  compartments  with  a profusion  of  carving  and  gilt 
ornaments.  The  original  bosses  of  the  ceiling  are  gone,  as  are  also  the  doors  which  were 
enriched  with  sculpture,  and  the  original  chimney-piece.  Round  the  room  are  gnomic 
sentence.s,  admonlsliing  the  judges,  jurors,  witnesses,  and  suiters  of  their  duties.”  The 
basement  story  of  the  salle  is,  or  used  to  be,  occupied  as  a prison.  The  southern  and  eastern 
faCj'ades  of  tliis  elegant  edifice  have  lately  (1856)  been  restored  under  the  direction  of  M. 
Gregoirc,  who  })robably  superiirtended  the  internal  decorations. 

5,51.  Fig.  246  is  a portion  of  the  south  front  of  the  building.  The  ellipse  seems  almost 
to  have  superseded  the  jiointed  arch  in  the  leading  forms,  over  which  the  crocketed  labels 
or  drips,  in  curves  of  contrary  flexure,  flow  with  surprising  elegance.  It  is  only  in  the 
lucarnes  we  find  the  pointed  arch  ; and  there  it  is  almost  subdued  by  the  surrounding  ac- 
cessories. The  connection  of  the  lucarnes  with  the  turrets  of  the  fat;ade  by  means  of  flying 
buttresses  is  most  beautiful,  and  no  less  ingenious  in  the  contrivance  : their  height  from 

the  ground 
to  the  top  of 
the  finials,  is 
78  ft.  6 in. 
The  octan- 
gular turrets 
at  the  end 
of  the  salle 
next  the  Rue 
St.  liO,  con- 
tain a very 
pretty  exam- 
])le  of  pene- 
tration over 
the  heads  of 
tlie  pointed 
arch.  In  tlie 
story  above 
the  ba.se- 
inent,  as  also 
in  the  lu- 
carnes, the 
soffites  of  tlie 
windows  are 
rounded  at 
theangles,or, 
as  the  French 
call  it,  have 
cousainets  ar- 

rondis,  as  usual  in  the  style,  those  in  the  principal  story  being,  besides,  slightly  si'gmental.  In 
the  tracery  ofthe  parapet  it  is  singular  to  find  the  quatrefoils  centered  throughout  with  what 
is  called  the  Tudor  rose.  The  arches  rising  above  the  parapet,  which  are  crocketed  and 
of  contrary  flexure,  have  statues  substituted  for  finials.  The  richnessof  theornamentation  of 
the  whole  is  such  that  we  know  no  otlier  example,  except  that  ol  the  Hotel  de  Bourgthe- 
roulde  in  the  same  city  that  can  vie  with  it.  The  woodcut,  247,  is  a section  of  the  salle. 
The  roof  presents  little  for  remark.  It  is  bold  and  simple,  and  seems  scarcely  in  harmony 
with  tlie  rest  of  the  place.  It  is  impossible  to  form  an  adeipiate  notion  of  this  splendid 
monument  from  the  figures  here  given,  owdng  to  the  necessary  smallness  of  tlie  siale. 
'I’liose  who  are  desirous  of  thoroughly  understanding  its  details  will  be  gratified  by  refer- 
ring to  the  ])lates  of  it  in  Britton’s  Normandy. 

55'2.  There  is  no  city  where  the  style  of  the  period  whereof  w'e  are  treating  can  be 
better  studied  than  Rouen.  It  possesses,  both  in  .seoularas  well  as  ecclesiastical  architecture, 
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all  that  the  stiuli*nt  can  clcsiro.  Tin*  Hotel  th*  Roiirgtlieroiikh',  in  the  Place  de  la  Piicelle, 
is  about  the  same  age  as  the  I'alais  de  Justice  we  have  just  described,  or  perhaps 

tliree  or  four  years  la^er  in  the  finish- 
ing. In  some  respects  it  is  more 
elaborate  in  the  ornaments  and  the 
abundance  of  sculpture.  'J'he  entire 
I’ront  is  divided  into  bays  by  slend.r 
buttresses  or  pilasters,  the  spaces 
between  them  being  filled  with  bassl- 
rilievi  , every  inch  of  space,  ind.  ed, 
in  the  building  has  been  ornamented. 
'I'his  building  stdl  remains  in  a most 
degraded  condition. 

JJeljium. 

55S.  The  table  of  styles  given  at 
the  commencement  of  the  preceding 
section  ap})lies  to  the  progress  of 
art  in  this  portion  of  the  history. 
Tlie  first  a))pearance  of  the  pointed 
arch  is  fixed  in  the  first  quarter  of  tlie 
l‘2th  century,  by  Schayes,  U Architec- 
ture en  Belgique,  1850— 53,  who  notices 
that  the  semicircular  arch  did  not 
disappear  until  the  middle  of  the 
1 3th,  and  that  only  ecclesiastical  edi- 
fices can  be  adduced  as  exampKs  of 
tlie  style  de  transition.  The  choir 
aisles  were  continaed  round  tl  e 
ehevet,  in  the  churches  of  Ste.  Gu- 
dule  at  Bruxelles,  St.  Quentin  at 
'J'ournai,  and  Panicle  at  Audenaerde, 
while  Notre  Dame  de  la  Chapclle 
at  Bruxelles  exhibits  annulated  ribs  to  the  vaulting.  The  division  of  the  doorway  by  a post 
is  due  to  this  period;  as  are  gargoyles  in  decoration;  and  the  introduction,  in  Flanders,  of 
1)1  ickwork. 

554.  The  chief  structures  are  the  tower  of  St.  Pierre  at  Ypres;  St.  Sauveur  at  Bruges, 
1116'-27,  the  earliest  piece  of  mediaeval  brickwork  in  Belgium;  St.  Nicolas,  and  St.  Jactpies, 
at  Gand  or  Ghent  ; the  abbey  church  at  AfHighem,  J 122-44  ; and  the  Chapelle  du  Saint- 

Sang  at  Bruges,  1 150,  despite  tlie  de- 
corations added  since  the  15th  cen- 
tury, and  the  facade  reconstructed 
1824,  being  one  chapel  over  anotlier 
( Jig.  248, ),  with  a peculiarly  shaped 
tower  which  is  also  double,  one 
portion  being  circular  in  plan  upon 
a corbel,  the  other  being  .square 
in  plan  at  hase  and  attached  to  it. 
Probably  St.  Quentin  at  Touinai, 
and  St.  Martin  at  Saint  Troncl,  are 
later.  It  is  remarkable  that  tlie 
blank  arcade  formed  by  cro.ssed 
semicircular  arches  does  not  occur 
in  Belgium. 

555.  Amongst  the  chief  struc- 
tures in  the  style  de  transition  which 
uere  erected  during  the  13th  cen- 
tury, are  Notre  Dame  at  Rure- 
inonde,  1218-24,  which  resembles  the  church  of  the  Apostles  at  Cologne,  and  is  the 
irst  instance  ot  a true  cupula  in  Belgium;  the  church  at  Lisseweghe,  about  1250;  and 
the  Abl)ey  at  \ illers,  which,  although  in  rirn.s,  is  a perfect  type  of  the  style  in  the  choir 
er  retains  more  of  tlie  dependent  original  buildings  than  any 
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CHAPELLE  DU  SAINT-SANO,  BltUGES. 


and  transepts,  and  moreover 


the  church  about 


other  e.stablishinent  in  the  country;  the  bi'ewery  dates  1197,  and 
1225,  the  tritorium  range  of  windows  to  the  choir  are  superposed  circle.s,  an  idea 
repeated  in  the  end  walls  of  the  transepts;  the  three-aisled  nave  has  a third  trifoiium 
mul  is  the  most  perfect  type  of  the  early  part  of  the  style  oyiral  primaire  existing  in 
B.dgiuni,  except  that  of  Ste.  Paniele ; the  Hying  butti-e.sses  are  remarkable  works;  the 
cloister  belongs  to  the  Htli  and  15th  centuries.  Tire  ehevet,  1220,  of  Ste.  Gudule,  and 
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1818,  wlien  50  It.  were 


tlie  contemporaneous  choir,  with  the  transepts  of  Notre  Dame  de  la  Cliaji^He  at  Bruxelles;  the 
IMadcleine,  ahoiit  1250,  at  Toiirnai;  the  choir,  1221,  of  St.  INIartin  at  Ypres,  remarkable 
for  the  branches  of  foliage  along  the  strings;  tlie  crypt,  1228,  of  St.  Bavon  at  Gand,  which 
was  the  last  (excejit  one  Iierealter  noticed)  that  was  constructed  in  the  kingdom;  Ste. 
Bamele,  huilt  1235-9,  by  A.  de  Bincho,  at  Audenaei do,  which  is 
Slid  to  he  ‘de  type  le  jiliis  curieux  qu’il  soit  possible  de  troiiver 
de  ce  style;”  anil  St.  .lacijues  at  Tonrnai,  which  has  one  triforimn 
over  another,  and  exliihits  in  the  tower  a pointed  treloiled  arch 
witli  columns  to  siipiiort  the  cusps;  are  also  transitional. 

555.  d'lie  cliapel  of  tlie  castle  at  Vianden,  was  about  50  ft. 
long  and  35  ft.  wdde  ; its  plan  was  a decagon  with  one  side  open- 
ing to  the  castle  and  another  to  a pentagonal  choir;  divided 
into  three  portions  by  columns  engaged  in  square  piers;  the 
Centre  was  a hexagonal  pit  over  the  dungeons  so  that  the  prisoners 
could  hear  prayers  without  leaving  their  cells;  it  is  now  in  ruins. 

557-.  To  the  style  oyical  prin  aire  belong  the  choir  and  lower 
part  of  the  nave  of  the  cathedral  of  St.  Paul  at  Liege  ; the 
choir  and  chief  part  of  the  transepts  of  Ste.  Gudule  at  Bruxelles, 

12.70-80;  great  part  of  Notre  Dame  at  Tongres  ; the  church 
(/<//.  249,  width  between  the  piers  is  53  ft.)  of  the  Dominicans 
at  Gand,  1240-75,  wdth  a single  nave  covered  by  wooden  ceiling 
250.  ),  on  curves  of  60  ft.  radius;  (both  cuts  from  the  Gentle- 
man's Mayazine  for  1862),  that  of  the  Dominicans  at  Louvain, 

1230-50,  or  later;  the  three-aisled  naves  and  the  transepts  of  St. 

INIartin  at  Ypres,  1254-66,  with  one  of  the  few  rose  windows, 
existing  in  Belgium,  over  the  porch  to  the  south  transept;  the 
choir  of  St.  Leonard  at  Lean;  Noire  Dame  at  Dinant;  Ste.  Wal-  i"'S- 
hurge  at  Eurnes;  the  abbey  and  hospital  called  La  Byloque  at 
Gand,  with  an  oaken  roof  not  ceiled  where  sjiiders  have  never  come,’ 
able  brick  gable  to  the  refectory;  the  lirick  tower  of  Notre  Dame 
said  to  have  lieen  about  420  ft.  high,  including  the  spire,  till 
removid;  the  choir  of  the  cathedral  at 
Totiinai,  197  ft.  long,  121  ft.  wide,  a;.d  108 
ft.  (inside)  in  heigiit,  remarkable  for  its 
stilted  arches  and  for  the  means  adopted  to  . 
strengthen  the.r  jiillars  ; as  well  as  the  clioir 
of  St.  Bavon  at  Gand,  begun  1275  and  not 
finished  in  the  13th  century,  with  its  opjio- 
site  charstories  C(  nnected  by  iron  ties.  In 
tlie  Netherlands  there  are  a great  number  of 
large  churches  which  have  a singular  identity 
of  appearance  in  the  interior,  and  at  the 
.same  time  a manifest  peculiarity  of  charac- 
ter. This  appears  to  be  due  to  the  employ- 
ment of  plain,  well-pro{)oriioned  cylindrical 
shafts  for  tlieir  piers;  the  style  in  other  re- 
spects being  an  elegant  Gothic.  I’lie  prin- 
cipal examides  are  Notre  Dame,  and  the 
cathedral  at  Malines;  St.  Paul  at  Liege; 

Notre  Dame  ties  Victoires,  La  Chapelle, 
and  Ste  Gudule,  at  Bruxelles;  St.  Jacipies, 
and  the  Dominicans,  at  Antwerp ; St.  Michel 
at  Gand;  and  Fumes  near  Bruges. 

558.  'V\ui  styleoyival  econdaire  was  chiefly 
eir.pl  lyed  by  the  ecclesiastics  in  finishing 
structures  or  in  commencing  others  conceived 
on  so  large  a scale  that  their  supei  structure 
belongs  to  a later  period.  'I'he  chief  edifices 
of  the  style  are  the  five-aisled  church  of  St. 

Jean  at  Bois-Ie-duc,  curious  for  the  revolting 
obscenity  of  the  laige  statues  to  the  but- 
tresses of  the  choir — it  was  commenced  1280,  hut  evidently  was  finished  in  the  latter  half  of 
the  I5th  century  ; the  five-aisled  choir  of  St.  Sulpice  at  Diest  ; the  church  of  the  Grand- 
Beguinage  at  Louvain,  commenced  L105,  noticed  lor  the  manner  in  which  the  twelve 
pillars  that  divide  it  into  three  aisles  have  been  strengthened  by  iron  bars;  the  contempora- 
neous church  of  the  Beguinage  at  Diest  ; the  church  at  Aerschot,  huilt  1331-7  by  J. 
Bickart  ; and,  finest  of  all,  Notre  Dame  at  Iluy, begun  1311,  with  a splendid  rose  window. 
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'J'o  tliese  may  be  added  the  cathedral  at  Saint  Romhaut,  he, cun  about  1345-50;  the  nave 
and  southern  aisle  of  Sle.  Gudule  at  Bruxelles;  the  front  of  the  cathedral  at  'Fournai  ; and 
Ste.  Croix  at  ! iege,  the  only  church  in  Belgium,  since  the  destruction  of  that  at  Lobes, 
tliat  has  the  three  aisles  of  equal  height,  and  from  which  the  architect  is  reported  to  liave 
Hed  rather  tlian  superintend  the  striking  of  the  centering  to  the  vaulting,  wiiich  in  the 
nave  is  corbelled  out  from  the  pillars. 

559.  Some  of  the  finest  structures  belonging  to  the  style  ogival  tertiai:re  are;  great  part  of 
Notre  Dame  at  Hal,  1341-1409;  the  jmrch  and  towers,  completed  1439,  to  St.  Martin  at 
Courtrai,  1390-1439;  Ste.  W alb  urge  at  Audenaerde,  rebuilt,  except  the  choir,  I^IH-ISIS, 
with  a tower  295  ft.  high,  by  J.  van  den  Eecken;  Notre  Dame  at  Anvers,  the  only  five- 
aisled  cluirch  (except  that  at  Saint-Hubert)  in  the  country,  which  is  really  seven-aisled  in 
plan  in  the  nave  (the  choir  belongs  to  tiie  preceding  century,  and  the  completion  of  the 
tower,  commenced  1422-3,  by  J.  Appelmans,  with  the  cupola  and  the  Lady-chapel,  to  the 
first  half  of  the  16th  century);  St  Gommaire  at  Lierre,  begun  1425,  and  not 
less  than  250  feet  long,  with  a high  tower,  finished  1"155,  but  altered  1702;  the  porch 
and  tower  of  St.  Martin  at  Ypres,  1434,  by  M.  Utenhove;  the  chevet  of  the  cathe- 
dral at  Saint- Rombaut,  with  320ft.  of  its  tower,  1452-1 513,  which  was  to  have  been 
600  ft.  high,  according  to  the  preserved  design;  Ste.  Wandru  at  Mons,  which  was  build- 
ing 1450  (with  aisles  1525,  and  nave  1580-9,  by  J.  de  Thuin  and  his  son),  and  is  supposed 
to  have  been  designed  by  the  architect  of  St  Pierre  at  Louvain,  which  was  building  1433 
with  later  nave,  the  design  and  stone  model  for  the  intended  colossal  triple-towered  facade 
is  ))reserved  in  the  town-hall  ; St.  Michel  at  Gand,  1440-1515;  Notre  Dame  at  Malines 
about  1475-1550;  the  contemporaneous  Notre  Dame  du  S,iblou  at  Bruxelles;  the  upper 
church  at  Anderlicht,  1470-82;  St.  Jacques  at  Anvers,  1429-1560,  with  a tower,  1491, 
by  T.  de  CoflTermaker  ; and  the  tower,  272  ft.  high,  of  St.  Bavon,  1461-1534,  by  J. 
Stassins,  with  that  of  St.  Nicola.s,  1406,  by  T.  de  Steenhoukebelde,  both  at  Gand. 

560.  As  works  of  the  15th  century  must  be  named,  the  great  entrance  and  its  two 
tovvers,  with  other  portions,  to  Ste.  Gudule  at  Bruxelles;  the  tower  and  eastern  part  of 
Notre  Dame  at  Tongres;  the  brick  tower  of  St.  Jean  at  Bois-le-duc;  and  the  tower  cf 
the  church  at  Aerschot,  said  to  have  carried  a spire  488  ft.  high,  that  was  replaced,  1575, 
by  the  present  spire,  which  attains  about  320  ft.  In  the  same  style  are  the  five-aisled 
abbey  church  (see  Notre  Dame  at  Antwerp)  at  Saint  Hubert,  about  1.526-64;  the  brick 
spire,  1524,  of  Notre  Dame  at  Bruges,  which  is  said  to  have  been  422  ft.  high,  but  lessened, 
1818,  by  50ft.;  the  upper  part  of  the  nave,  the  chapels,  and  the  vaulting  of  the  cathedral 
of  St.  Paul  at  Liege,  1528-9;  the  nave  of  ,St,  Bavon  at  Gand,  1533-53,  witli  an  iron 
railing  as  triforium,  and  having  the  clearstories  tied  together  by  iron  bars;  St.  Jacques  at 
Liege,  1513-18,  the  best  specimen  of  the  style  ; with  its  rivals,  St.  Martin  in  the  same 
city,  finished,  1542,  by  P.  de  Rickel ; the  brick  church  at  Hoogstraeten,  1534-46  ; and 
the  church  of  the  Dominicans  at  Anvers,  1540-71.  The  cloi.sters  of  St.  Paul,  St.  Barthe- 
lemi,  and  St.  Jean-en-Isle  at  Liege  are  rather  later  than  that  of  St.  Servais  at  Maestricht. 

561.  In  the  13th  century  commences  that  long  series  of  splendid  civil  edifices  which 
Belgium  possesses  in  greater  number  than  any  other  country  of  its  size — viz.,  the  belfrys, 
the  markets,  the  town-halls,  and  the  club-houses.  The  most  remarkable  of  the  beffrois  are 
at  Tournai  (the  oldest),  Gand  (the  original  drawing  is  preserved)  1315-37,  Ypres, 
Bruges,  Lierre  (1369—1411),  Nieuport  (1480),  and  Alost  (1487).  The  enormous  halle, 
now  hotel  de  ville,  at  Yj.Tes,  was  commenced  1200,  hut  not  comirleted  till  1230  in  the 
right  wing,  1285  in  the  left  wing,  and  1342  at  the  back;  the  water  halle  at  Bruges  was 
destroyed  1789,  but  another,  which  was  attached  to  it,  remains,  with  a tower,  1284-91,  by 
the  priest  Simon  de  Geneve;  the  halle-au.r-draps  at  Louvain  was  commenced,  1317,  by  J. ' 
S'evens,  A.  Hare,  and  G.  Raes  (supposed  officers),  and  was  given,  1424,  to  the  University 
that,  16.'-.0,  added  the  second  story.  The  halle,  now  houcherie,  at  Diest,  dates  1 S46,  and 
the  halle  auv  drops  at  Gand,  1424,  the  la<st  in  the  pointed  style.  The  houcherie  at  Ypres 
belongs  to  the  1,3th  century  ; that  at  Anvers  1,501-3. 

562.  The  hbtel-de  ville  at  Alost  has  the  riglit  flank,  built  in  the  year  1200,  remaining; 
that  at  Bruges,  commenced  1377,  wi.h  its  rich  ceiling,  1398,  was  tlie  only  edifice  of  its 
class  raised  during  the  14th  century  ; that  at  Bruxelles  was  begun  on  the  left  or  east  side, 
1401-2,  by  J.  van  Thienen.  the  tower  was  completed,  1448-55,  by  J.  van  Ruyshroek, 
the  right  side  was  commenced  1454  ; that  at  I^ouvain  was  erected  1448-59,  by  M.  de 
Layens,  and  is  unparalleled  in  any  city  ; that  at  Mons  was  built  1458  ; the  old  part  of  that 
at  Gand  was  begun,  1481,  by  E,  Polleyt ; that  at  Audenaerde  was  erected,  1527-30,  by 
H.  van  Pede,  and  1528-  a painter  and  a sculptor  were  sent  from  that  town  to  copy,  for  the 
use  ot  the  architect,  the  two  chimney-pieces  and  the  parapet  of  that  at  Courtrai,  built 
1526-7  ; and  even  that  at  Lean  de.serves  attention.  We  refer  our  readers  to  the  end  of 
Book  III.  for  some  further  remarks  on  these  very  im])ortant  buildings. 

563.  The  maison  des  poisiouniers  and  the  walson  buieliers  at  Gand  date  in  the  first 
part  of  the  16th  century.  Tlie  poorter's  logic  (now  f;cole  des  beaux-arts)  at  Bruges  wa.s 
erected  at  the  end  cf  the  15th  century,  or  a little  later.  The  maison  du  roi  at  Bruxelles,. 
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rLbuilt  15H-23,  by  A.  D and  R.  van  Mansdale,  D.  de  Wagemaker,  L.  van  Bendeghem, 
and  II.  van  Pede,  was  much  injured,  les).*)  ; and  tbe  //d/eZ 
(/u  Franc  at  Bruges  dates  1521-.3.  The  stcen  (prison) 
at  Anvers  was  built  1520.  Tlie  episcopal  palace  at  Liege 
dates  1508-40. 

56’4.  According  to  a tradition  preserved  at  Ypres,  the 
timber  of  which,  the  wooden  houses  of  the  15th  and  16th 
centuries  was  built,  was  procured  from  Norway  ; some  of 
these  dwellings  remain  in  Anvers  and  Ypres.  Two  stone 
houses  of  the  1.3th  century  exist  at  Gand,  and  a couple 
more  dating  1250-1.300  at  Ypres.  One  of  the  14th  is 
in  the  Place  du  Vendredi  at  Gand,  and  many  brick  dwel- 
lings of  the  15th  and  16th  may  still  be  seen  at  Anvers, 

.Atli,  Bruges,  Gand,  Malines,  Tournai  251.), Ypres,  &c. 

The  Poi'te  de  Hal  at  Bruxelles,  1.381  ; the  Porte  de  Diest  at 
Louvain  ( 1526)  ; the  Pont  du  Broel  at  Courtrai;  the  Pont 
des  I rons  at  Tournai  (1290-1300),  with  the  keeps  of  the 
chateaux  at  Sichem  and  Terheyden  close  the  list  of  re- 
markable works  of  ancient  pointed  art  in  this  country, 
with  notice  of  the  Chapelle  de  la  Vierge  attached,  164  9,  to 
the  sontliern  or  right  side  of  Ste.  Gudide  at  Brussels  to 
balance  the  chapel,  built  15.33—7,  on  the  left  side. 

Germany. 

565.  In  accordance  with  the  opinion  now  usually  adopted, 
that  Gotliic  art  was  received  into  the  north  of  Europe  from 
France,  but  that  It  was  altered  during  the  process  of  natu- 
ralisation, the  usual  division  of  the  styles  accords  with  tint 
u.sed  in  France.  But  the  periods  do  not  altogether  match, 
ina.smuch  as  while  examples  of  pure  fir.st-pointed  work 
occur  in  the  cathedrals  at  Paris  and  elsewhere,  1163-1212, 
the  German  instances  are,  like  those  of  Belgium,  not  earlier 
tlian  1225.  It  is  hardly  possible,  however,  to  refute  the 
docume.itary  evidence  for  some  buildings  being  very  much 

in  advance  of  contemporaneous  structures  in  England  and  France  as  to  style.  'Ihis  seems 
to  be  admitted  by  Dr.  Whewell,  whose  valuable  Architectural  Notes  on  German  churches,  1842, 
third  edition,  condenses  into  a few  lines  the  account  of  the  chief  peculiarities  of  detail  in  the 
two  classes  which  he  observed  in  that  country.  He  first  suggested  the  fact  that  English  and 
German  architects,  beginning  from  the  same  point — the  Romanesque,  and  arriving  at  the 
same  result — the  comy.le'e  Gothic,  or  decorated  period,  with  geometrical  tracery,  made  the 
transition  each  througli  a separate  style ; one  of  tliese  being  decidedly  Gothic  ; the  other, 
which  1)6  calls  early  German,  rather  Romanesque  than  Gothic.  'I'hey  have  in  common  their 
slender  shafts,  clustered  and  banded,  their  pointed  arches,  and  tlieir  mode  of  vaulting  ; l;ut 
we  do  not  commonly  find,  in  the  interior  of  the  transition  churches  of  Germany,  the  circular 
cluster  of  shafts,  the  arches  moulded  into  a broad  and  deep  mass  of  small  rolls  with  deep 
hollows  between,  the  circular  abacus  with  its  rounded  upper  edge,  the  simple  lancet-headed 
windows,  tall  and  narrow,  and  the  peculiar  line  of  open  flowers  which  is  used  so  pro- 
fusedly  in  all  early  English  work.  Nor  do  we  observe,  on  the  outside,  the  dripstone  to 
the  window,  the  moulded  or  shafted  window-sides  or  jambs,  the  projecting  buttress  with 
its  chamfered  edge  and  triangular  head,  or  the  pyramidal  pinnacles  of  our  early  cathedrals. 
Vaulting  shafts  spring  from  a corbel,  or  more  usually,  from  an  end  hocked  into  the  wall ; 
the  arch  is  often  a square-edged  opening  with  no  mouldings,  though  sometimes  a rebated 
edge,  sometimes  a roll,  is  seen;  the  triforium  is,  in  a large  district,  mtant  for  use  as  a 
gallery  by  the  bachelors ; the  fan-shaped  window,  a foiled  horse-shoe  arch ; and  arch 
mouldings  with  three  band.s,  or  two  bands  and  a roll  at  the  apex.  The  difference  between 
early  English  and  early  German  work  is  less  obvious.  The  resemblance  obtains  not  only 
in  the  general  forms  of  the  members  and  parts,  but  in  the  details  also — the  canopies,  bases, 
profiles  of  mouldings,  &c.  The  latter  style,  however,  has  double  planes  of  tracery — i.e., 
two  frames  of  tracery,  one  behind  the  other,  in  the  same  opening.  After  this  general 
coincidence,  the  styles  seem  again  to  diverge,  the  later  Gothic  of  Germany  being  quite 
different  from  the  contemporaneous  or  corresponding  styles  of  England,  France,  and  the 
Netherlands ; these  again  apparently  being  independent  of  each  other.  Nevertheless, 
a German  author  would  inscribe  at  tlie  head  of  this  section  the  following  table: — 

. Frnchgermani  cher  sty  I . . . Thirteentli  century. 

. Ausgebi  detgennanischer  stgl  . . Fourteenth  century. 


Fig.251 


Early 

Decorated 


Late  . . Spactgcnnanischer  styl  . . . F ifteenth  century  and  later. 

566.  The  earliest  truly  pointed  buildings  seem  to  be,  the  church  of  St.  IMary  at  Treves 
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1^27-44  said  to  resemble  in  plan  the  church  at  Braine  near  Soissons  ; the  clioir  of  St. 
Afra  at  Meissen,  12:55  ; and  the  nave  of  St.  Elizabeth  at  Marburg.  1252-83,  winch  pro- 
bably was  tlie  first  i.;- 
stance  of  tlie  practice 
of  erecting  the  nave 
and  aisles  uniform  in 
height  that  is  so  com- 
mon in  Germany  ( /?(/. 
252)  The  church  of 
the  jMinorites  at  Co- 
logne was  consecrated 
1260,  .and  is  said  to 
have  been  built  at 
over- times  by  thj 
workmen  of  the  ca- 
thedral. 

567.  The  cathedral 
at  Cologne,  hegn:i 
1248,  is  held  to  owe 
much  of  the  plan  to 
that  at  Amiens,  and  of 
tlie  decoration  to  the 
Ste.  Chapelleat  Baris. 
'J'he  abbey  of  Alten- 
burg  is  said  to  he  in- 
debted for  i.s  style 
to  Cologne  cathedral ; 
tlie  choir  at  IMeissen 
to  that  at  Nauiiihurg, 
and  Cal  mar  to  Stras- 
burg  ; the  churches  :.t 
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Gruenherg,  Nienhurg  an  der  Saale,  and  Wetter,  with  St.  Mary  at  Frankenhergand  at  iNIar- 
burg  to  that  of  St.  Eliz  iheth  at  Marburg.  In  the  14th  century,  the  five-aisled  church 
at  Kuttenherg  was  indebted  to  Prague  cathedral  ; the  clioir  of  the  church  of  St.  Mary  at 
Bamberg  to  Cologne  cathedral,  and  (for  windows)  to  the  church  at  Oppenheim  ; and  the 
churches  of  St.  IVIary  at  Rostock  and  Wismar  to  Schwerin  cathedral.  In  the  15th  century 
the  church  at  Steier  borrowed  from  Vienna  cathedral  ; St.  Mary  at  Bernhurg  from  St. 
Nicholas  at  Zerhst  and  St.  Maurice  at  Halle;  Freiberg  catliedral  and  St.  Mary  at  Zwickau 
from  St.  Nicholas  at  Zerhst;  and  the  church  at  Elten  from  St.  A'gund  at  Emmerich. 
These  cases  of  imitation  may  be  deserving  of  attention. 

568.  The  general  character  of  the  work  of  the  first  period  Is  very  much  that  of  the 
French  buildings  of  the  style  : hut  where  the  German  work  is  plain,  it  is  much  plainer 
than  the  French;  and 'where  decorated,  much  richer.  Its  reminiscences  of  romanes(|ue 
art  are  more  obvious  in  tlie  profiles  of  moulding.s,  while  the  carv.d  work  in  capitals  is 
almost  an  exaggeration  of  the  crispness  of  the  French  woik. 

569.  Amongst  the  remarkable  buildings  erected  in  the  13th  century  may  he  named  the 

old  jiarish  church  at 
Rati-shon,  with  many_ 
romanesque  details, 
1250  -63  or  1290  - 
1300,  a difference  of 
nearly  half  a century, 
which  occurs  in  the 
dates  given  I-y  emir.ent 
writers  to  the  wliole,  or 
to  jiarts,  of  many  Ger- 
man edifices.  The  very 
remarkable  catliedral 
( ^(/.  253),  at  Halher- 
stadt  has  the  lower  part 

of  the  west  front  older  than  the  rest  of  the  edifice,  wliich  dates  1235-1491  ; its  section 
( 254.)  is  here  given  as  iieing  an  instance  of  elegant  proportions  that  enforce  admira- 

tion. The  beautiful  church  at  Oppenheim,  dedicated  to  St.  Catherine,  is  a Latin  cross 
on  its  ])lan.  The  chancel  is  five  sides  of  an  octagon.  As  in  many  of  the  cluirches  of 
(lermany,  it  lias  a second  chancel  for  the  canons  at  the  western  extremity,  terminating  in 
three  sides  of  an  octagon.  Tlie  entrances  are  on  the  north  and  south  sides  of  the  tran- 
septs. I'roin  a MS.  chronicle  of  the  chuich,  Quoted  by  Moller,  it  is  asccriaiued  that  the 


la.AN  OF  CATllEDUAI.,  IIAl.BEliSTADT 


f 


CiiAr.  IV. 


POINTED. 


247 


Fig.  251. 


SliCTlON  OF  CATllKORAL,  IIAI.BKKSTAIiT. 


nave  and  eastern  chancol  were  begun  in  1262,  and  (inislied  in  1617.  Tlie  western  cbr.ncel, 
now  a ridn,  was  consecrated  14.69.  Tlie  total  length  of  the  church,  including  the  two 
c hancels,  is  268  ft.  ; whereof  the  western 
chancel,  whose  breadth  is  46  ft.,  occupies 
92  ft.  The  nave  is  102  ft.  in  length,  and  its 
l)readth  86,  that  l)readih  comprising  the  two 
side  aisles  which  are  sc])arated  from  the  nave 
by  clustered  columns;  the  aisles  have  small 
chapels.  The  transept  is  10:^  ft.  long,  a:  d .61 
ft.  broad.  In  the  western  front,  at  the  ex- 
tremity of  the  nave,  are  two  towers,  standing 
on  square  bases,  each  of  four  storys,  a;  d 
crowned  by  an  octagonal  spire.  Over  the  in- 
tersection of  the  transe})ts  with  the  nave 
stands  an  octagonal  tower.  This  building 
was  erected  for  Richard  of  Cornwall,  em- 
peror of  Germany,  and  has  1 itely  been  re- 
stored. The  church  at  \Vimpfen-im-’l'hal, 

1262-78,  is  reco^  ded  as  built  by  a Parisian 
opere  francigeno  ; ” the  choir  of  Meissen 
cathedral  1274;  the  simple  church  of  the  Do- 
minicans at  Ilatisbon  1274-77 ; and  the  choir 
of  the  cathedral  in  the  same  city,  1275-80. 

570.  The  western  portal  (;f  Strasburg 
catliedral  was  begun  1277  by  Erwin  von 
Steinbach,  an  architect  before  mentioned(/;«/-, 

322(1)  who  died  1.618,  leaving  unfinislud  part  of  the  second  story,  which  was  comi)K  ted  l>y 
his  son  Johann,  who  died  1.6.69  ; the  third  story  is  an  addition.  The  cathedral  was  carried 
on  under  other  architects  till  14.69,  since  which  nothing  has  bein  done  towards  its  com- 
pletion. Among  the  examples  of  pointed  architecture,  tliis  is  the  most  stupendous.  There 
is  a similarity  of  st}Ie  between  it  and  the  cathedrals  of  Paris  and  Reims,  except  that  tlie 
ornaments  are  more  minute.  The  plan  is  a Latin  cross,  whose  eastern  end  terminates  in- 
teriorly in  a semicircle,  but  on  the  exterior  in  a straight  line.  Thehngth  of  the  church 
is  324  ft.,  that  of  the  transept  150  ft.  ; the  height  of  the  vault  of  the  nave  is  98  ft.  The 
nave  has  one  aisle  on  eacli  side  of  it.  On  the  north-west  angle  of  the  edifice,  rises  the 
.«:pire,  whose  height  has  been  very  variously  represented;  the  correct  height  is  466  ft.,  being 
greater  than  that  of  any  church  in  Europe  except  that  of  St,  Nicholas  at  Hamburgh, 
which  is  472  ft.  To  a certain  height  the  tower 
is  square  and  solid,  being  formed  bj  one  of  the 
vertical  divisions  of  the  western  fa^-ade.  Above  tlie 
solid  part,  the  tower  rises  to  a certain  height  octangu- 
l.uly,  open  on  all  sides,  and  flanked  liy  four  sets  of 
open  spiral  staircases,  which  are  continued  to  the 
line  whence  the  principal  tower  rises  conically  in  seven 
stories  or  steps,  crowned  at  the  summit  wiih  a species  :l 
of  lantern.  John  Hiiltz,  sen..  Heckler,  and  John 
Hiiltz,  jun.  continued  this  fine  tower,  which  was  only 
fiiu.shed  in  1439,  In  the  interior  of  the  church,  near 
one  of  the  large  piers  of  the  transept,  is  a statue  of  the 
architect  Ei  win.  in  the  attitude  of  leaning  over  the 
halustrades  of  the  upper  corridor,  and  looking  at 
the  opposite  piers.  'I’he  minster  at  Freiburg-im- 
Rreisgaii,  is  remarkable  as  being  almost  the  only 
large  Gothic  church  in  Germany  which  is  fini.shed, 
t«nd  has  escaped  destruction.  It  was  begun  1152,  as 
appears  in  the  romanesque  transepts  with  their  exter- 
nal turrets  ; the  nave,  west  fn.nt,  the  tower  380  ft.  high, 
skilfully  changed  from  sejuare  to  ociagon,  with  ojren 
spire,  and  rich  jiorch  below  it,  date  1236-72;  the 
choir  (see 255.)  belongs  to  the  year  1513.  The 
transit!  m,  which  in  France  dates  1250,  is  seen  in 
the  west  front,  1287,  of  the  cathedral  at  Agram,  where 
the  choir  dates  1305-19,  with  a later  nave. 

571.  In  the  second  period  elegance  and  richne.ss 
were  sought;  the  latter  was  obtained,  but  the  former 
was  lost  in  a manner  which  may  easiest  be  expres.sed  in  tlie  statement  that  everything 
seems  to  be  an  addition  as  an  af.er  thought  Decoration  is  spread  on  the  work:  witness  the 
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crockets  and  capitals  vvliicli  are  only  single  loaves  glued  to  tlieir  places  Instead  of  the  freelj 
growing  foliage  of  the  previous  jieiiod. 

572.  In  the  14th  century  occurred  the  construction  of  the  nave  at  Meissen  cathedral, 
3lil2-42;  tlie  tower  and  choir  of  St.  Elizabeth  at  Kaschau,  1321;  St.  IMary  at  Prenziau, 


PLAN  OF  COL  )GNE  CATI'EDliAL. 

ircli  at  Fricdehcrg,  1328;  St.  Lambert  at  Muenster,  1335-75;  the  choir 
isinar,  1339-54;  the  live-aisled  choir  in  Prague  cathedral,  1343-85;  the 
choir  in  the  cathedral  at  Aix-la-Chapelle,  1353;  and  St.  Mary  at 
Nurembeig,  1354-61,  by  G.  and  F.  Ruprecht.  'J'o  the  end  of 
this  century  belongs  the  ])entagonal  church  at  Kirchheim-im-Ries, 
with  the  convent’s  choir  in  the  western  portion. 

573.  The  i)lan  of  the  cathedral  at  Cologne  256.), 

exhibits  a symmetry  not  surpassed  by  the  buildings  of 
ancient  Greece  and  Rome.  A church  crectrd  on  the  site  of 
this  cathedral  in  the  time  of  Charlemagne  was  destroyed  by  fire 
in  1248,  at  which  time  Conrad  filled  the  archieiiiscopal  throne  of 
the  city  Before  fiie  had  destroyed  the  former  cathedral,  this 


at  \\ 


prelate  had  resolved  on  the  erection  of  a new  church,  so  that  in  the  year  following 
the  destruction  cf  the  old  edifice,  measures  had  been  so  far  taken,  that  the  first  stone 
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of  tlie  new  fabric  was  laid  with  great  solemnity  on  the  14th  of  August,  being  the  eve 
of  the  Assumption  of  the  Hlessed  Viigin.  Collections  were  made  througliout  Europe  for 
carrying  on  tlie  works,  and  the  wealth  of  Cologne  itself  seems  to  have  favoured  tlie  hope 
that  its  founder  had  expressed  of  their  continuation,  'i'he  misfortunes  of  the  times  soon, 
however,  began  to  banisli  the  flattering  expectation,  that  the  works  would  be  eontiiuud  to 
tlie  com|  letion  of  the  building.  Tlie  archbishops  of  Cologne  dissipated  their  treasures  in 
unprofitable  wars,  and  ultimately  abandoned  the  city  altogether,  for  a residence  at  Bonn. 
'I’lie  works  do  not,  however,  appear  to  have  been  interrupted,  though  they  proceeded  but 
slowly.  On  the  27th  of  Sept<?mber,  in  the  year  1322,  seventy-four  years  after  the  first 
stone  had  been  laid,  the  choir  was  consecrated.  The  works  were  not  long  continued  with 
activity,  for  about  1370  the  zeal  of  the  faitliful  was  very  much  damped  by  finding  that 
great  tibuses  had  crept  intc  tne  disposal  of  the  funds.  The  nave  and  southern  tower 
continued  rising,  thougli  slowly.  In  1437,  the  latter  had  been  raised  to  the  third 
storv,  and  the  bells  were  moved  to  it.  In  the  beginning  of  the  16th  century,  the 
nave  was  brought  up  to  the  height  of  the  capitals  of  the  aisles,  atid  the  vaulting 
of  the  north  aisle  was  commenced;  the  northern  tower  was  carried  on  to  the  cor- 
responding heiglit ; and  everything  seemed  to  indicate  a steady  prosecution  of  the  worlr, 
thougli  the  age  was  fast  approaching  in  which  the  style  was  to  he  forgotten.  The  windo'vs 
in  the  north  aisle  were  decorated,  though  not  in  strict  accordance  with  the  style,  yet  with 
some  of  the  finest  specimens  of  painted  glass  that  Europe  can  boast,  a work  executed  under 
tlie  patronage  of  the  archbishop  Hermann  von  Hesse,  of  the  chapter,  of  the  city,  and  of  many 
noble  families  who  are,  by  their  armorial  bearings,  recorded  in  these  windows.  But  with 
these  works  the  further  progress  of  the  building  was  entirely  stopped,  about  1509. 

257  exhibits  the  south  elevation  of  the  cathedral,  in  which  the  darker  parts  show  the 
executed  work.  If  the  reader  reflect  on  the  dimensions  of  this  church,  whose  length  is 
upwards  of  500  ft.,  and  width  with  the  aisles  280  ft.  ; the  length  of  whose  transepts  is  290 
ft.  and  more  ; that  the  roofs  are  more  than  200  ft.  high,  and  the  towers  when  finished  would 
have  been  more  than  500  ft.  on  bases  100  ft.  wide  ; he  may  easily  imagine,  that,  notwith- 
standing all  the  industry  and  activity  of  a very  large  number  of  workmen,  the  works  of  a 
structure  planned  on  so  gigantic  a scale,  could  not  proceed  otherwise  than  slowly,  especially 
as  the  stone  is  all  wrought.  'I'he  stone  of  which  it  is  built  is  from  two  places  on  the  Rhine, 
Kocnigswinter  and  Unckel-Bruch,  opposite  the  Seven  Mountains,  from  both  of  which  the 
transport  was  facilitated  by  the  water  carriage  afforded  by  the  Rhine.  The  foundations  of 
the  southern  tower  are  known  to  be  laid  at  least  44  ft.  below  the  surface. 

574.  'I'o  King  Frederick  William  III.  is  due  the  merit  of  rescuing  it  from  the  state  of  a 
ruined  fragment.  During  his  reign  nearly  50,000/.  were  laid  out  upon  it,  chiefly  in  repairs  ; 
and  in  that  of  his  successor,  Frederick  William  IV.,  225,000/.,  more  than  half  of  which  was 
contributed  by  the  King,  the  re.st  by  public  subscription.  In  1842  he  laid  the  foundation 
of  ihe  transept.  The  choir  is  noAv  finished.  'I'he  late  architect,  Zwirner,  estimated  the 
cost  of  completing  the  whole  at  7.)0,000/.  In  September,  1848,  the  nave,  aisles,  and  tran- 
septs were  consecrated  and  thrown  open  ; the  magnificent  south  portal  was  finished  1859,  at 
a cost  of  100,000/.  'Fhe  north  portal,  more  simple  in  detail,  is  also  completed  ; both  are  from 
Zwirner’s  designs.  The  iron  central  spire  and  iron  roof  of  the  na\e  were  added  1860-62, 
and  the  whole,  except  the  towers,  nearly  finished  1865.  'Fhe  faulty  stone,  from  the  Dra- 
chenfels,  on  the  exterior,  has  been  replaced  by  another  of  a sounder  texture,  of  volcanic 
origin,  Irrought  from  Andernach  and  'Freves. 

'Fhe  height  of  the  towers  when  finished  will  be 
532  ft.,  equal  to  the  length  of  the  church,  whose 
breadth,  231  ft.,  corresponds  with  that  of  the 
gable  at  the  west  end.  Tlie  choir  is  161  ft.  high. 

575.  'Fhe  cathedral  at  Ulm  (Ji(/-  258.)  is 
another  of  the  many  celebrated  cathedrals  of 
Germany : it  was  commenced  in  1377,  and 
continued,  the  tower  excepted,  to  1494.  It  is 
about  416  ft.  long,  166  ft.  wide,  and,  including 
the  thickness  of  the  vaulting,  141  ft.  high. 

'Hie  piety  of  the  citizens  of  Ulm  moved  them 
to  the  erection  of  this  structure,  towards  which 
they  would  not  accept  any  contribution  from 
foreign  princes  or  cities;  neither  would  they  ‘ " 

accept  any  remission  of  taxes  nor  indulgences  -TV 
from  the  pojie.  'Fhe  whole  height  of  the  tower 
is  316  ft.  9 in.  ; it  was  stopped  14  92  becau.se 
Ihe  two  pillars  under  it,  on  the  side  next  the  Fig.  2i8.  L’i„m  catiieural. 

body  of  the  church,  gave  way.  Had  it  been  finished  according  to  the  original  design  (still 
in  existence),  it  would  have  lieen  491  ft.  'Fhe  exterior  length  is  455  ft.  ; interior,  39 1 ft. 
'Fhe  nave  and  choir  are  partlv  built  of  brick.  'Fhe  nave  i.s  116  ft.  high,  and  has  twelve 
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(Mistered  columns  hearing  lancet  incr-arclics,  without  a triforinm,  flanked  hy  douhle  aisle.s 
on  slender  sliaCts.  Tlie  main  support  of  the  root'  is  derived  from  huge  external  Inittresses. 
'Fills  huilding  does  not  preserve  tlie  regularity  of  form  for  which  the  cathedral  at  Cologne 
is  conspicuous,  hut  the  composition,  as  a whole,  is  exceedingly  heautiful. 

576.  Uatishon  cathedral  is  another  fine  work,  of  about  the  .same  period  {fig.  259).  It 
was  hegun  by  Andreas  Isgl,  1275,  hut  left  unfinished  in  the  beginning  of  the  16th  century. 
The  west  front  is  in  the  decorated  style  of  the  15th  century,  with  a triangular  portal  th.rowing 

out  a ))ier  in  front  so  as  to  form  a douhle  archway. 
The  church  is  933  ft  long,  and  120  ft.  high.  'I  he 
tran.septal  plan  is  only  seen  in  the  clearstory.  At 
Vienna,  the  cathedral  of  St.  Stephen’s  exhibits 
another  exejuisite  example  of  the  style. 

577.  The  history  of  the  collegiate  church  of  St. 
Victor  at  Xaiiten  has  been  tolerably  clearly  writ- 
ten. It  is  a five-aisled  edifice  without  transejits, 
with  a romanesijue  tower  dated  1213.  'Fhe 
choir  was  commenced  1263,  the  .sacristy  in  l;i56, 
hy  J.  von  .Mainz,  who  designed,  1368-70,  the  ea^  t 
jiart  of  the  north  aisle.  'Flie  buttresses  and  vault- 
ing were  added  1417-37  : a cessation  of  the  work 
then  occurred  till  1487,  although  we  find  the 
names  of  the  master-ma.sons  T.  Moer,  ‘arehila- 
picida,’  1455;  H.  Blankenhyl,  1470-4;  and  G. 
von  Lohmar,  148'3-7,as  busy  upon  the  nave;  its 
windows  were  completed  1487  ; the  south  side 
1492  ; its  vaulting  1.500  ; its  buttresses  1508  ; the 
great  window  between  the  towers  1519,  and  the 
north  tower,  1525,  were  de.signed  hy  Johann  von 
Langeherg  of  Cologne,  1492-1522;  the  sacristy 
and  the  chapter-house  were  de.signed,  1528,  hy  Gerwin  from  Wesel;  and  the  chapter-house 
with  cloisters  was  completed,  1550,  by  II.  IMaess. 

578.  In  tlie  third  period  there  .seemed  to  he  a natural  and  at  first  healthy  revulsion  ; hut 
it  ended  in  lieing  spiky,  a term  wliich  is  more  justifiable  than  prismatic.  Every  thing  that 
could  be  curved  was  bent  or  twisted;  the  most  tortuous  forms  of  the  flamboyant  system  are 
common  with  truncated  ends  forming  stump  tracery  ; interpenetration  abounds  ; and  as  a 
ia.st  resource  of  invention,  dead  branches  intertwined  take  the  places  of  mouldings  and  of 

foliage.  So  tliat  in  the  decline  ai  d fall  of  German  pointed 
art,  there  was  as  markedly  national  a character  as  in  that 
of  the  French  or  the  English  contemporaneous  forms. 

579.  Amongst  the  .structures  of  the  I5tli  century  ( ex- 
cepting St.  Mary  at  Esslingen,  which  will  be  hereafter 
mentioned)  were  St.  Catherine  at  Brandenburg,  1401,  hy 
II.  Brunshergh,  with  nave  and  ai.sles  of  equal  height  ; the 
choir  of  St.  Mary  at  Cohlentz,  1404—31,  hy  Joiiar.n  von 
Spey;  tlie  church  of  St.  John  at  Werfen,  1412;  that  at 
Weissenfels,  commenced  1415  hy  Johann  Reinhard  ; the 
choir  of  St.  Reinoldat  Dortmund.  1421-50,  hy  Rozier  ; St. 
IMary  at  Ingold.stadt,  1425,  with  nave  and  aisles  of  equal 
height,  hy  H.  Schnellmeier  and  C.  Glaetzel ; St.  Lau- 
rence at  Nuremberg,  enlarged  1403,  with  a choir  and  aisles 
of  equal  height,  1439  or  1459-77,  by  C.  Ileinzelmann  of 
Ulm,  and  Johann  Bauer  of  Oclisenfurt,  on  the  plans  of 
C.  Roritzer  of  Rati.shon  ; St.  Nicolas  at  Zerhst,  1446-81. 
with  a nave  and  aisles  of  equal  height,  and  with  a chevet 
having  nine  sides  externally,  hy  Joliann  Kuemelke  and  his 
sen  .Matthias;  the  south-west  tower  of  St.  Elizabeth  at 
Breslau,  1452— 86,  with  a wooden  s{»ire  erected  in  the  latter 
year,  hy  F.  Frohel,  ‘ zimmermann  ; ’ the  cliurch  of  tlie 
iiospital  at  Cues  before  1458  ; the  nave  and  choir  of  the 
churcli  at  Freiburg  an  der  Unstrut,  1499,  by  P.  von  Weis- 
senfels;  the  nave  of  the  church  of  St.  Ulrlc  and  St.  Aha 
at  Augsburg,  1467-99;  the  brick  cathedral  at  Munich,  witli 
nave  and  ai.sles  of  equal  height,  1468-91,  by  G.  Gankoff’en  ; 
the  choir  of  themin.ster  { fig.  260)  at  Freiburg- im-  Breisgau, 
1471-1513,  hy  Johann  Niesenberger ; and  the  cathedral  at 
Freiberg,  14  84-1500. 

580.  Fhe  church  of  St.  George  at  Nuerdlingen,  with  its  three  naves  of  equal  height  and 
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length,  aiula  tower  2815  ft.  high,  is  extremely  enrioiis,  lieeaiisc  so  many  of  its  architects  were 
e.igagecl  at  otlier  ])laces.  'I’lie  names  are  piv'erveii  ofJoliann  l-'elher,  H27— 85,  of  L Im.  wlio 
hiiilt  tlie  outer  church  at  Waihlingen,  com|)leted  i‘188;  C’.  1 leinzelmann  of  Ulm,  likewise 
engaged  at  Waibli.igen  as  well  as  at  Landau,  and,  H 59-77,  with  Johann  Ihuier  von 
Oclisenfurt  at  the  choir  of  St.  Laurence  at  Nuremlierg,  designed  by  C.  Roritzer ; N. 
Isseller  and  his  son  of  tlie  same  name,  H54-59.  both  of  wliom  were  engaged  at  the  church 
of  St.  George  at  Dinkelsbuehl,  L150,  as  well  as  at  Augsburg  and  Rothenburg  ; C.  Iloetlich 
and  Johann  von  Salzdorf,  1457;  W.  Kreglinger,  of  Wurtzburg  ; and  S.  Weyrer,  who 
linished.  1495-1505,  the  vaulting. 

581.  'I’his  passage  from  one  building  to  another  .seems  to  have  commenced  in  Germany 
(luring  the  14th  and  15th  centuries.  We  find  IL  Kngelberger  at  Ileilbronn,  1580,  L'lm 
1495,  and  Augsburg  1502-12;  II.  Brunsbergh,  of  Stettin,  1401,  at  Brandenburg,  Danzig, 
and  Brenzlati  ; Paul  von  Brandenburg  at  Brar.deiiburg,  1484,  and  Neurupitln,  1588  ; 1'. 
.‘\rler  at  ( olin,  1860,  and  Prague,  1:185;  31.  Bceblinger  at  Es.slingen,  1h82,  Frankfurt, 
158.8,  and  Ulm  1492;  Johann,  1480,  at  Laiulshut,  Hall,  Salzburg,  (letting  and  Straubing. 
It  is  remarkai)le  that  in  nearly  half  the  cases  (and  the  rest  are  doubtftd)  wiiere  the  name  of 
an  architect  is  recorded,  he  .seems  to  have  come  from  another  town  to  that  in  which  the 
biiilditig  he  designed  is  erected. 

582.  Fi(j.  261  is  a house  attached  to  the  rath-hmis  at  3Iunster,  attd  much  resembling  it 
in  style ; the  house  dates  1 
early  in  that  of  the  I6lh.  V 
markt-platz  at  Cologne  {Jiy. 
in  appearance,  but  being  en 
tran.sition  from  11th  century 
attributed  to  the  early  part 
of  the  Pith  centuiy. 

588.  Amongst  the  sO'uc- 
tures  erected  about  the  year 
1500  may  be  named  St. 

Anne  at  Annaberg,  1599- 
1525;  St.  Kailierine  at  Ess- 
lingen,  by  M.  Hoebllnger, 
who  finished  the  church  of 
St.  Mary  (left  1482,  by  his 
father  Johann)  ; the  latter 
building  was  stopj)ed  1821, 
and  recommenced  1406;  it 
has  the  vaulting-ribs  of  the 
three  ecjually  high  naves 
carried  uninterruptedly  to 
the  ground  ; the  tower,  com- 
menced 1440,  is  considered 
to  be  the  finest  in  Germany; 
the  choir  of  St.  Ulrich  and 
St.  A fra  at  Augsburg  begun 
150!  ; the  tower  of  St.  Ki- 
lian  at  Heilbronn,  1507-29, 
by  Johann  Scheiner ; the 
church  at  Pirna,  1502-46  ; 
the  church  with  nave  and 
aisles  of  equal  height  at 
Luediugbausen,  1507-58  ; 
the  alterations  and  vauliing 
of  the  romanesque  church 
at  St.  Matthias  near  Treves. 

1518,  by  J.  von  Wittlicb  ; 
the  parish  church  at  Schnec- 
Fig.  261.  HOUSE  AT  MUNSTEU.  1516-40  ; the  nave  and 

porch  of  the  cathedral  at  Merseburg,  1.500-40;  the  church  at  Anspach  with  tliree  western 
towers.  1580-50  ; St.  Mary  at  Halle  an  der  Saale,  com|>leted  1580-54.  by  N.  Hoffmann,  Avith 
four  towers  belonging  to  tvA'o  earlier  churches  on  the  site  ; and  the  vaulting  of  the  nave  a:ul 
refectory  at  Oliva,  1582-98,  by  Piper.  The  church  at  Freudenstadt.  1601-8;  and  St. 
Cieorge  at  Coblentz  1618,  are  siiecimens  of  the  zo/>fstil,  as  the  German  Gothicists  designate 
work  of  the  17th  century,  whatever  may  be  its  parentage. 

Snain. 

.584.  The  mediawal  architect.tre  of  Spain  and  Portugal  will  only  be  divided  becau.se  the 
political  division  exists.  It  will  be  necessary  to  remember  that  the  disiriets  of  Aragon 


late  in  the  15th  century,  or 
i"e  gi'e  a hou.se  in  the  Alt- 
262.)  for  its  very  late  date 
tirely  free  from  any  trace  of 
work  in  detail,  it  is  ea.sily 
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Asturias,  Biscay,  and  North  Galicia  were  never  conquered  hy  the  Moors  ; that  the  cities  of 
Burgos,  Leon,  Santiago,  Segovia,  Tarragona,  Toledo,  and  Zamora,  were  freed  from  them 
in  the  lltli  century  ; I^erida  and  Zaragoza  in  the  12th  ; Seville  and  Valencia  in  the  middle 
of  the  Lltli ; and  Granada  on  the  2nd  January,  1492  ; that  much  French  influence  existed  ; 
and  tliat  tlie  romanesque  buildings  of  Spain  sliow  a large  reminiscence  of  tlie  churches 
ill  Northern  Italy.  13ut  the  remarkable  similarity  between  Germany  and  Spain,  in  the 
jirogress  of  Gothic  art,  cannot  be  attributed  to  the  employment  of  one  or  two  foreigners. 
As  in  Germany,  the  late  romanesque  style  was  retained  longer  than  in  Fiance;  and  in 
both  countries  the  phase  which  is  termed  lancet  or  early  pointed  in  England  and  France 
did  not  constitute  the  transition  from  tlieir  romanesque  into  their  decided  and  well- 
developed  geometrical  Gothic. 

585.  Stone  was  the  usual  material  emjiloyed  for  ecclesiastical  buildings  in  the  really 
Gothic  or  even  renaissance  style.  The  romanesque  and  the  neo-classic  builders  em- 
})loyed  granite  or  some  of  the  semi-marhies  which  the  country  throughout  possesses  ; where 
the  Moresque  traditions  of‘  art  prevailed,  rubble  work  with  brick  binding  courses  and 
quoins  are  seen  ; and  the  distinctive  feature  of  Spanish  brickwork  consists  in  the  formation 
of  patterns  by  recesses  and  jirojections  in  total  negligence  of  terra-cotta  or  moulded  bricks. 
The  diapering  of  some  plastering  should  be  noticed.  Few  examples  of  domestic  archi- 
tecture of  any  importance  occur.  The  window  with  two  or  more  arches  carried  on  shafts, 
and  forming  the  ajiniez  or  aximez  of  modern  builders,  is  almost  universal. 

586.  Referring  to  the  classification  of  structures  by  centuries  for  examples  of  the  larger 
works  of  civil  architecture,  we  regret  that  little  attention  has  been  given  to  the  \ery  in- 
teresting class  of  military  buildings,  whether  fortified  houses,  peel  towers,  or  small  castles, 
which  have  escaped  demolition.  The  destruction  caused  by  the  generals  of  Napoleon  I. 
lias  been  followed  by  the  results  of  the  Carlist  war  of  succession,  and  of  the  suppression  of 
the  monastic  establishments;  but  Spain  still  possesses  one  characteristic  in  construction  in 
the  great  width  of  many  of  the  naves.  Thus,  the  church  of  the  dominicans  at  Palma  is 
95  ft.  wide  clear  span  between  the  walls;  the  cathedral  at  Gerona  7.8  ft. ; that  at  Coria 
70ft.  Sins.;  tiiat  at  Toulouse  6.8  ft.,  while  the  churches  of  Perpignan  and  Zamora  are 
60  ft.  The  width  between  the  centres  of  the  columns  of  the  nave  at  Palma  cathedral  is 
7 1ft.;  Manresa  collegiate  church  and  Valladolid  cathedral  ^classic)  60  ft.;  while  Milan 
cathedral,  one  of  the  largest  out  of  Spain,  is  but  63ft. 

587.  Some  pure  exanq)les  of  romanesque  art  date  after  1175,  such  as  a church  at  Bene- 
vento  and  the  cathedral  at  Lugo  ; but  the  period  of  transition  to  pointed  art  must  be 
placed  much  earlier.  Thus  the  cathedral  and  St.  Vicente  at  Avila,  occu))ying  in  erection 

nearly  the  whole  of  the  12th  century  ; the  old 
cathedral,  cloister,  and  chapter-house  at  Salamanca 
about  1100—  1175;  the  cathedral  at  Zamoia 
1125-75;  that  at  Tudela  ten  years  later;  and  the 
ci.stercian  abbey  at  Veruela  1146— 51,  lead  to  such 
works  as  the  cathedral  (except  the  choir,  1 103-23) 
at  Siguenza  ; the  cistercian  nunnery  of  Sta.  IMaria 
el  Real  de  las  Huelgas,  near  Burgos,  1180-7;  and 
the  eastern  portion  of  the  cathedral  at  Imgo. 
The  cathedral  at  Tarragona  has  a positively  ro- 
manesijue  apse  (perhaps  1130-50),  while  the  rest 
of  the  building  is  early  pointed,  and  may  date 
1 175-1250.  The  west  front(ji_7. 263)  is  partly  middle 
jjointed  work.  The  central  portion,  dating  in  style 
late  in  the  14th  century,  although  commenced  about 
1278,  stands  between  the  original  ends  of  the  aisles, 
ajiparently  executed  as  above  mentioned.  The 
incomjdete  false  gable  might  countenance  the  idea 
that  a foreigner,  possibly  a German,  had  been  eni- 
])loyed  ; but  in  137  5 Bernardo  de  Vallfagona  was 
the  architect  directing  native  sculptors. 

588.  The  cathedrals,  commenced,  perhaps,  1 220 
at  Burgos,  1227  at  Toledo,  and  1235  at  Leon, 
are  in  the  advanced  pointed  style  of  the  13th  century,  while  the  cathedral  and  cloisters 
at  Lerida,  1203-78,  might  belong,  like  the  earliest  parts  of  the  cathedral  at  Valencia, 
1262,  to  the  previous  jreriod.  It  will  not  jrerhaps  be  ever  possible  to  find  documents 
that  will  contradict  the  assertion  that  the  jiresent  system  of  placing  the  officiating 
choir  in  fixed  stalls  in  the  nave  of  the  cathedrals  was  introduced  at  a late  date  ; but  these 
who  hold  that  it  was  a very  early  system  may  appeal  to  the  plans  of  the  cathedrals,  at 
'Tudela,  1135;  Toledo,  1227;  and  Barcelona,  1298.  'The  plans  of  those  at  Lerida  and 
'I'arragona  are  very  similar  to  that  at  'Tudela  (.//V/.  261,  part  of  the  plan  given  in  IMr 
Street’s  Gothic  Arch,  in  ain'),  which  afibrds  a good  example  of  a building  arranged  accord- 
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FLAX  OF  CATHEDRAL,  TUDELA. 


^ in;;  to  Spanisn  peculiarities:  if  the  capilla  v.ai/vr  or  chancel  ever  contained  the  choir,  the 
traiLsept  must  have  been  blocked  up, 

i'  589.  Amongst  tlie  works  erected  during  tlie  18th  century,  there  are  so  many  which 
''  exhibit  lomanesque  work  that  tliis  period  might  be  said  to  be  merely  transitional,  as 
, illustrated  in  the  church  of  S.  Pedro  at  Oiite;  the  large  church  of  the  cistercian  monastery 
of  Sta.  Maria  de  Val  de  Dios, 

1218,  near  Villaviciosa  ; and 
tlie  bridge  12.80,  repaired  1449 
at  Orense  in  two  sections,  that 
nearest  the  city  having  three 
arches,  each  36  ft.  8 ins.  span  ; 
the  other,  1213  ft.  6 ins.  long, 
and  16  ft.  6 ins.  wide,  having 
seven  aiclies,  one  of  them  being 
82  ft.  8 ins,  wide,  and  another 
143  ft.  6 ins.  span,  and  124  ft. 

6 ins.  high.  Other  works  to 
be  noticed  are  the  cathedral, 
commenced  1199,  but  con- 
tinued very  slowly  until  1258, 
at  Leon  ; it  is  dated  1230-40 
by  ]\Ir,  Street,  in  his  work 
above  mentioned,  wlio  notices 
that  its  construction,  in  a first- 
pointed  style,  was  continued 
until  130.3,  that  it  failed,  and 
that  the  outside  or  jamh-liglits 
of  the  clearstory  and  triforium 
were  filled  with  masonry,  and 
that  the  south  transept  was 
destroyed  for  reconstruction 
about  1860:  the  fine  cathedral, 

1248-84,  at  Badajoz  ; and 
the  parish  church  (not  a cathtdral)  at  Figueras  near  Gerona. 

590.  The  succeeding  great  division  of  Gothic  art  is  much  more  distinctly  marked  and 
more  uniform  throughout  Spain,  whilst  at  the  same  time  it  is  even  less  national  and 
jieculiar.  There  are  very  considerable  remains  of  14th  century  works,  though,  perhaps,  no 
one  grand  and  entire  example.  They  are  all  extremely  similar  in  style,  and  more  allied  in 
feeling  and  detail  to  German  middle-pointed  than  to  French.  'J’wo  features  deserve 
record — first,  the  reproduction  of  the  octagonal  steeple,  which  was  a most  favourite  type  of 
the  romanesque  builders ; and  secondly,  the  introduction  of  that  grand  innovation  upon 
old  precedents,  the  great  unbroken  naves  groined  in  stone  and  lighted  fiom  windows  high 
up  in  the  walls. 

591.  As  an  example  of  the  difficulty  of  classifying  the  buildings,  it  may  be  observed  that 
while  the  date  of  1400  is  usually  given  to  the  church  at  Huesca,  asciil;ed  to  Juan  de 
Olotzaga,  it  is  probable  that  his  name  might  he  attached  only  to  the  great  portal  that  is 
romanesque,  and  cannot  well  be  dated  later  than  1290  — 1300.  It  is  pretty  clear  that  it  is 
almost  all  a work  of  the  14th  century.  The  unusually  good  exami)le  of  middle-pointed 
work  afforded  by  the  cloisters  to  the  cathedral  at  Burgos  should  date  1280-1350  accord- 
ing to  Mr.  Street,  rather  than  1379-90,  which  is  the  period  at  which  they  are  said  to 
have  been  executed.  The  same  author  states  that  the  round  arches  on  clustered  shafts  of 
the  porch  or  cloister  on  the  south  side  of  the  church  of  S.  Vicente  at  Avila  might  be  sup- 
posed to  be  not  later  than  the  13th  century,  were  it  not  that  a careful  comparison  of  the 
detail  with  other  known  detail  proves  pretty  clearly  that  they  cannot  be  earlier  than  about 
the  middle  of  the  14th  century. 

592.  To  the  first  half  of  the  14th  century  are  due  the  west  front  of  the  cathedral  at 
7’arragona;  the  cloisters  of  the  abbey  at  Veruela  ; the  east  end,  1312—46  (decidedly  late 
midale- pointed  details)  of  the  cathedral  at  Gerona;  the  hieronymite  monastery  of  San 
Bartolome,  1330,  at  Lupiana  by  Diego  Martinez,  now  private  property;  and  the  church  of 
Sail  Justo  and  San  Pa.stor,  1345,  at  Barcelona,  which  is  an  unbroken  chamber  138  ft.  by 
82  ft.  9 in.,  and  69  ft.  high.  The  widening.  1298-1329,  of  the  cathedral,  built  1058,  at 
Ba  celona,  seems  to  have  been  begun  in  a first-pointed  style,  and  to  have  been  con- 
tinued by  Jayme  Fabre,  131  8-88,  in  a second-pointed  style  ; the  vaulting  was  finished  1448. 

593.  Among  the  works  dating  in  the  middle  of  the  14th  century,  earlier  or  later,  is  the 
church  of  Sta.  Maria  de  los  Reyes,  commonly  called  Sta.  Maria  del  Fino,  at  Barcelona, 
which  some  date  1329-1413,  hut  others  1380— H 13.  This  latter  date  is  possibly  that  of  its 
tower  bv  Guillermo  Abiell  ; the  church  Mr.  Street  considers  must  have  been  consecrated 
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in  13.53,  not  14.53  as  stated  hy  Paneri.sa.  We  may  also  notice  at  Barcelona  the  church  of 
Sta.  IMaria  del  l\Iar,  begun  1328,  and  tinished  1383  according  to  Rarcerisa,  but  11S3 
according  to  another  authority;  the  two-storied  cloister  of  the  collegiate  church  of  Sta. 
Anna;  and  the  crypt  or  panteun  of  Sta.  Eulalia,  13.39,  in  the  cathedral. 

.594.  During  the  latter  half  of  the  14th  century,  mention  is  made  of  the  chapter  house, 
13.58,  and  north  ti'ansept  and  chnhorio,  1350-1400,  to  the  cat!:edral.  and  the  gate  called 
the  jHii'rla  de  Serranos,  1349-81,  at  Valencia;  the  casa  cunsUtorinl,  1369-78,  with  a irew 
south  fioit,  18.32,  at  Barcelona;  the  collegiate  churcli  of  Sta  Maria  de  la  Seo,  1.328-1416, 
with  a.iotlier  church  apparently  of  the  same  date,  but  rather  later  detail,  dedicated  to  Sta. 
Ylaria  del  Carmen,  and  47  ft.  wide,  at  Manresa  ; and  the  tower,  called  E!  Micalete,  of  the 
cathedral  at  Valencia.  The  tower  is  here  mentioned  as  having  been  designed,  1381,  and 
carried  up  to  some  height,  by  Juan  Franc  and  N.  Atnoros  before  1414,  when  Pedro 
B.daguer  was  sent  to  Lerlda,  Narbonne,  and  other  places  to  find  the  mo.st  suitable  ter- 
mination that  had  yet  been  designed  ; it  seems  to  have  been  completed  1428,  and  perhaps 
should  be  considered  as  belonging  to  the  next  century  ; as  well  as  the  celebrated  hierony- 
mite  monastery,  dated  1389-1413,  now  a barrack  and  parish  church  at  Guadalupe  near 
Logrosan,  by  Juan  Almso;  the  cathedral,  1353-1462,  but  altered  1521,  at  Murcia;  and 
the  cathedral,  commenced  1397  at  Pamplona,  wheie  geometrical  traceries  occur  between 
flamboyant  ones,  all  having  somewhat  of  late  middle-pointed  character,  though  the  date 
and  the  detail  class  them  with  the  third  ])oint«.d  style. 

595,  To  the  first  half  of  the  15tli  century  may  be  ascribed  the  cloisters,  1390-144  8,  of 
the  cathedral  at  Barcelona;  the  university,  or  rather  hs  escuelas,  1415-33,  at  Salamanca, 
by  AI.  Rod.  Carpintero  ; the  domir.ican  church  of  San  Pablo,  14  15-35.  at  Burgos,  by  Juan 
Rodrio-uez,  now  a cavalry  barrack;  tbe  arcaded  patio  or  couit-yard,  1436,  three  stories  in 
hei<diE  of  the  casa  de  la  Dipntacion  at  Baicelona,  modernised  1597-1620;  the  nave, 
1417-58,  or  later,  of  the  cathedral  at  Gerona  by  Guillermo  Bofiiy  (with  details  of  late  14th 
century  character)  ; the  hala  dels  drops,  1444,  afterwards  Palacio  de  la  Re.ina  and  the  re- 
sidence of  the  captains-gencral  at  Barcelona  (the  four  fronts  modernised,  1844);  and  the 
towers  and  spires,  1442-56,  by  Juan  de  Colonia,  to  the  cathedral  at  Burgos.  To  tlie 
ce..tury  itself  belong  great  parts  of  the  cathedral  at  Seville,  {Jiy.  265.),  commenced  1401, 


FiS.  265.  CATHEDliAL,  SEVILLE. 


and  attributed  either  to  Alfonso  INIartinez,  architect  to  the  chapter  in  1386,  or  to  Pedro 
Garcia,  who  held  that  po.st  1421.  In  1462,  Juan  Norman  was  directing  the  works;  but  in 
1472,  they  had  progressed  so  slowly  that  he  was  superannuated,  and  his  place  was  supplied 
by  three  other  artists.  Their  disputes  were  referred  to  an  umpire,  Jimon,  who  became  sole 
architect  till  1502.  The  ci/nOorio  was  completed  1507,  and  fell  1511,  but  was  replaced 
by  the  present  termination,  1519.  The  works  by  Diego  de  Riano,  1522,  will  be  men- 
tioned at  the  end  of  this  notice.  The  cnpilla  real  was  completed  about  1560,  and  the 
cha))ter-house  about  1580 

.596.  To  tl)e  latter  half  of  tl.e  15th  century  are  due  the  erection  of  the  casa  de  moneda, 
1455,  at  Segovia  ; the  Castillo  de  la  Mota,  1440-79,  at  .Medina  del  Campo,  by  I'ernando  de 
Carrefio ; the  church,  1442-88,  attributed  to  Juan  and  Simon  de  Colonia,  to  the  dominican 
monastery  of  San  Pablo  at  Valladolid;  the  cathedral,  begun  1442,  at  Plasencia,  whose 
cnpilla  mayor,  1498,  was  designed  by  Juan  de  Alava  ; the  Carthusian  nunnery,  1454-88,  at 
IMirntlores,  near  Burgos,  said  to  have  been  designed  hy  Juan  de  Colonia  ; the  cloisters, 
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^ 1472,  of  tlic  monastery  at  Luplana ; the  hieronymlte  monastery  of  Sta.  Maria  del  Parral  at 
^ Segovia,  commenced  about  14.59  by  ,liian  Gallego,  and  linislied  1475,  but  the  tribune  of  the 
cufi)  pulled  down  because  too  low,  and  rebuilt  1494  by  Juan  de  Kuesga;  the  franciscan 
' monastery  of  San  Juan  de  los  Reyes,  finislied  1476,  and  next  in  architectural  importance 
. to  tlie  ca  hedral  at  Toledo  ; the  greater  part  of  the  cathedral  commenced  1471  at  Astorga, 
in  tlie  very  latest  kind  of  Gotliic,  with  much  of  the  detail,  especially  on  tlie  exterior,  re- 
naissance in  cliaracter ; parts  of  the  catliedral  at  Burgos,  about  1487,  such  as  the  range  of 
cha])cls  at  the  e.istern  end  of  the  cloisters  and  of  the  church,  inclusive  of  the  tomb  of  the 
cons'.able  Pedro  Fernandez  de  Velasco,  which  is  quite  flamboyant,  and  probably  executed  by 
' Simon  de  Culonia  ; and  the  cusa  c/e/  Ayuntamltnto,  1496,  at  Palencia  ; with  tliat,  1499,  at 
Valhdolid. 

597.  Transitional  work  is  observable  in  the  palace,  1461,  of  Diego  Hurtado  de  INIendoza, 
du()ue  del  Infantado,  at  Guadalajara;  the  Doric  columns  on  the  ground  floor  of  the  two- 
storied  patio  seem  to  have  been  inserted  1570  ; another  transitional  budding  is  the  dominican 
college  of  San  Gregorio,  1488—96,  at  \'alladolid,  by  Macias  Carpintero,  wliicli  has  been 
furnished  with  stished  windows  to  render  if  suitable  for  the  residence  of  the  governor  of  ti  e 
province.  d'he  octagonal  ciinbon'u,  1505-20,  of  the  cathedral  at  Zaragoza  has  dentil  that 
is  very  renaissmce  in  character;  the  cathedral,  commenced  1513  at  Sa'amanca  by  the  cele- 
brated architect  Juan  Gil  de  Hontanon,  is  a splendid  example  of  florid  Gothic  witii  a leaning 
to  renaissance  work  ; the  first  service  was  performed  1560  ; and  tlie  sante  tendency  is  seen 
in  tlie  culegio  mayor  de  Santiago  el  Zebedeo  or  del  Arzobispo,  1521,  at  Salamanca,  and  iis 
cliapel  by  Pedro  de  Ibarra,  which  are  Gothic,  with  details  verging  in  character  upon  its 
cloister  b)  Ibarra,  which  is  entirely  renaissance. 

598.  For  works  of  the  16th  century,  it  will  only  be  necessary  to  notice  the  bridge  calKd 
{\\c  puenie  del  Obisj)0,  and  the  church  of  San  Andres  now  the  Colegiata,  1500,  at  Baeza  ; the 
iyltsia  magistral  de  San  Justo  y San  Pastor,  1497-1509,  at  Alcala  de  Henares,  by  Pedro 
Gumiel ; the  torro  nutva  or  belfry  in  the  plaza  de  San  Felipe,  1504,  at  Zaragoza,  designed 
275  ft.  high  (made  295  in  174  9)  by  Gabriel  Gombao  and  Juan  Sarinena,  with  the  Jew 
Ince  de  Gali,  and  the  Moors  Ezmel  Ballabar  and  Momferriz,  erecteel  by  Gombao,  who,  in- 
tentionally, after  the  first  9 ft.  from  the  ground,  g ive  it  so  much  inclination  for  100  ft.  as  to 
make  it  incline  8 ft.  9 ins.  to  the  south,  the  rest  being  upright ; the  chapel  and  two  of  the 
four  cloisters,  1504,  to  the  hospital  general  at  Santiago,  by  Flenrique  de  Egas  ; the  cloister 
li.iished,  1507,  of  the  cathedral  at  Siguenza ; the  cloisters,  1509,  of  the  cathedral  at 
lladajoz;  the  church  of  San  Benito  1499-1524,  at  A’alladolid,  by  Juan  de  Arandia ; the 
vaulting,  completed  1515,  to  the  cathedral  at  Huesca;  the  cathedral  commenced  at  Segovia, 
1522,  by  Juan  Gil  de  Hontanon  (who  died  1531),  and  continued,  partly  under  his  son 
Rodrigo,  till  1593,  which,  as  may  be  imagined,  is  consequently  the  last  really  Gothic  work 
in  the  country  ; the  church  (of  the  latest  Gothic),  begun  1524,  to  the  dominican  monas- 
tery of  San  E.steban  at  Salamanca,  by  Juan  de  Alava,  who  succeeded  Juan  Gil  at 
Salamanca,  1531-37;  the  removal,  1524,  of  the  cloisters  of  the  old  cathedral  to  the  site  of 
the  new  one  at  Segovia,  by  Juan  de  Campero;  the  viaduct,  322  ft.  long,  and  138  fc.  high, 
with  .Hve  arches,  1523-38,  to  the  dominican  monastery  and  church  of  San  Pablo,  of  the 
same  date,  at  Cuenca,  by  Franci,sco  de  Euna ; and  the  Gothic  parish  church,  1515-55,  at 
Tudela  de  Diu  ro. 

599.  The  next  change  to  be  indicated  would  be  the  expiration  of  the  renaissance  style 
during  the  period  in  which  some  of  the  preceding  examples  were  executed.  But  the  well 
authenticated  date,  1576,  of  the  church  of  Sta.  Maria  Madalena  at  Valladolid,  by  Rodrigo 
Gil  dc  Hontanon,  who  became  maestro  mayor,  1538,  of  the  cathedral  at  Salamanca,  and, 
1560,  of  that  at  Segovia,  and  died  1577,  requires  the  remark  that  it  does  not  look  so  late; 
and  thus  becomes  a most  useful  warning  to  the  student,  who  may  gather  another  from  the  re- 
markable practice,  1530,  of  Diego  de  Rianno,  architect  to  the  cathedral  at  Seville,  who  in 
that  year  designed  and  executed  the  Gothic  sacristia  de  los  calices,  the  plateresque  or  re- 
naissance sacristia  mayor,  and  the  modern  Italian  chapter  house. 

Portugal. 

600.  For  the  reasons  given  in  describing  the  |iointed  architecture  of  Spain,  its  history  m 
Portugal  will  require  only  one  introductory  sentence.  To  the  rage  for  rebuilding  wliich  was 
prevalent  in  that  country,  and  the  earthquake  of  1755,  must  be  added  the  destruction 
causid  by  the  generals  of  Napoleon  I.,  as  reasons  why  comparatively  few  are  left  of  those 
Gothic  buildings  which  arose  in  the  north  of  Portugal  after  Lisbon  was  taken,  1147,  from 
the  Moors,  and  in  the  south  after  the  conquest,  1223-66,  of  Algarve.  Passing  over  the 
remains  of  pointed  arches,  which  indicate  that  the  country  was  generally  possessed  by  the 
Moors,  713-1095,  and  transitional  structures  such  as  the  church  at  San  Pedro  de  Rates, 
1095-1  i 12,  with  its  hipped  central  tower,  the  cistercian  monastery  with  many  additions, 
begun  1122  and  consecrated  1169,  at  Tarouca,  the  architect  will  find  a few  buildings 
belonging  to  the  13th  century  or  rather  earlier,  such  as  the  bridge  at  Barcello  ; the  cloisters 
and  original  parts  ol’  the  modernised  cathedral  at  Oiiorto;  the  church  of  San  Francisco, 
and  part  of  that  of  Sta.  Marl.a  de  iMarviila  at  Santarem ; and  the  earliest  cloister  of  the 
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Templars,  with  the  churcli  of  Nossa  Senhora  clos  Olivacs  at  Thomar ; the  latter  tias  a de- 
tached  roaianesque  tower  and  windows,  filled  with  pierced  slabs  of  stone. 

601.  Works  whio.’i  positively  belong  to  the  13th  century  are  the  chnrcli  of  San  Pedro 
at  Celorlco,  about  1230  ; the  parallel  triapsal  church  of  San  Francisco,  1258-80,  at  Oporto, 
with  its  choir-gallery  occupying  the  two  western  bays  of  the  nave  ; the  walls  and  towers 
with  castle  and  church  at  Freixo  d’Espada  a Cinta,  1279-1325  ; the  castle  at  Beja,  1279- 
1328,  which  has  tliree  (two  being  vaulted)  octagonal  stories  in  a square  tower,  120  ft.  in 
height ; and  the  remarkable  choir  of  the  church  at  Thomar,  with  its  altar  under  an 
octagonal  canopy,  and  an  aisle  of  sixteen  sides,  erected  before  1279.  But  above  all  these 
is  the  Avell  known  church  of  the  monastery  at  Alcoba9a,  which,  after  its  neighbour  at  Batalha, 
is  usually  regarded  as  the  most  Interesting  building  in  Portugal. 

602.  The  original  church  built  at  Alcoba9a,  in  memory  of  the  capture  of  Santarem,  was 
erected  1147-51,  and  rebuilt  1578-80;  but  the  celebrated  church  of  the  cistercian  monas- 
tery dates  1 H8-1222,  and  is  said  to  re.semble  so  much  the  church  of  tlie  abbey  at  Pontigny 
as  to  be  manifestly  tlie  work  of  a French  architect.  In  this  church,  w'hich  is  360  ft.  long, 
and  at  least  64  ft.  high,  there  is  neither  triforium  nor  clearstory;  the  pier-arches  are  re- 
markable, therefore,  for  their  height,  as  also  are  the  aisle.s,  whicli  are  as  lofty  as  the  nave. 
The  transepts  are  also  aisled  ; and  the  presbytery  or  apse,  the  Portugiie.se  charola.  is 
semicircular,  with  nine  chapels,  but  was  moderni.sed  about  1770  by  W.  Elsden,  an  Eng- 
lishman. To  the  east  of  this  is  the  sacristy,  1495-1  521,  whlcli  is  about  80  ft.  long  and 
.38  ft.  wide.  The  %vestern  front  with  two  towers  was  altered  in  the  16th  century  ; but  the 
original  doorway  of  seven  orders  remains.  The  bonfires  placed  by  the  French  in  1810, 
round  tlie  jiiers  of  tlie  church,  caused  the  bases  to  be  reduced  to  lime  for  a depth  of  6 or 
8 ins.  The  manner  in  which  the  restoration  of  this  structure  was  directed,  .since  1850,  has 
been  commended.  In  a chapel  attached  to  the  south  side  of  the  western  transi  pt  are  the 
tombs  of  Affbnso  11.  (ob.  1223),  and  Aflfbnso  III.  (ob.  1279),  with  their  queens;  but 
those  of  Pedro  I.  (ob.  1367)  and  Ignez  de  Castro,  with  straight  sided  arches,  are  among 
the  finest  specimens  of  that  ]ieriod.  The  monastery,  almo.st  destroyed  1810,  and  now 
principally  used  as  a barrack,  was  620  ft.  in  width,  by  750  ft.  i.i  depth,  and  contained  five 
cloisters  ; the  guest-house  was  at  the  north-west  end;  there  were  seven  dormitories.  The 
kitchen  was  100  ft.  long,  by  22  ft.  wide,  and  63  ft.  in  height  to  the  vaulting ; the  fireplace, 
which  stood  in  the  centre,  Avas  28  ft.  long  and  11  ft.  wide,  with  a pyramidal  chimney  sup- 
ported by  eight  cast-iron  columns. 

603.  The  list  of  works  executed  during  the  14th  century  is  even  .shorter.  It  includes, 
besides  the  cloisters  of  the  dominican  monastery  at  Guimar.iens,  the  fi9ade  of  the  modern 
cathedral  at  Lamego,  the  magnificent  ruins  of  the  castle  at  Ourem,  and  (for  they  may  be 
added  here)  the  triangular  castle  at  Obidos,  1279-1325,  the  ca.stle  at  Almeida,  1279-1521, 
tlie  cistercian  nunnery  at  Odivellas,  1305,  the  ca.stles  at  Arrayolos  and  Estremos,  1306-8, 
tlie  remarkable  foi'tified  tower  and  church  of  the  formerly  double  benedictine  monastery  at 
Le9a  do  Balio,  1336 ; the  restorations  to  the  cathedral  at  Lisbon,  including  the  capella  mor  or 
choir,  rebuilt  1344-57,  and  the  western  front  1367-83;  the  church  of  San  Francisco  (styled 
the  most  beautiful  in  Portugal)  at  Abrantes;  and  the  church  of  Nossa  Senhora  da  Oliveira 
at  Guimaraens,  commenced  1387  by  Joao  Oare,  having  a detached  tower  with  a low  spire. 
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604.  To  these  may  be  added  the  work  that  is  usually  taken  as  a type  of  Portuguese 
pointed  architecture,  the  dominican  monastery  at  Batalha,  founded  in  memory  of  the  battle 
ol  Aljubarrota,  138.3.  ^ It  was  commenced  1388,  and  continued  till  1515.  The  original 
church  266.),  finished  before  I-^lG  by  D.  Ilacket,  or  Ouguet,  must  be  ascribed  to 
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the  talents  of  A.  Doiningiies,  who  died  before  1402.  It  is  2G6‘  ft.  long,  and  90  ft.  higli, 
witli  no  triforiuin  ; the  pier  arches  are  65  ft.  higli,  and  the  aisles  rise  to  the  same  height ; 
the  jdan  may  be  called  cruciform  parallel  pentapsal.  The  material  is  not  white  marble  as 
generally  reported,  but  the  local  calcareous  sandstone,  which  externally  has  obtained  from 
the  weather  a picturesque  yellow  tinge,  but  when  broken  displays  its  original  grey  colour. 
The  manner  in  which  the  restoration  since  18^0  was  directed  has  been  praised. 

605.  The  capella  do  fuvdndor  267.),  or  of  King  John  (l  on  the  plan, ^17.  268.), 

attributed  to  1).  Hacket,  or  Ouguet,  is  66  ft.  square,  with  a central  richly  vaulted  lantern 
40  ft.  in  diameter,  resting  on  eiglit  arches;  its  spire  was  destroyed  in  1745.  The  tomb  of 
the  founder  and  of  his  wife,  Philippa  of  Lancaster,  which  occupies  the  centre,  is  less  rich 
than  the  four  canopied  recessed  tombs  of  their  younger  children,  1442-60,  on  the  south 
side.  The  small  cloister  (since  part  of  a barrack)  and  the  elegant  chapter-house  are 
ascribed  to  1438-81,  and  may  have  been  designed  by  M.  Vasquez,  who  died  before  1448, 
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or  to  F.  d’Evora,  who  died  after  1473.  The  chapter-house  (o)  opens  to  the  great  cloister 

(r)  that  is  considered  to  have  no  rival  in  Europe  for  richness  and  variety,  or  extravagance 
of  the  foliage,  tracery,  and  mullions  ; these  are  even  exceeded  by  the  three-staged  enclosure 

(s)  for  the  fountain.  The  cloister  is  180  ft.  square,  and  dates  1495-1521  ; it  must  be 
ascribed  to  the  elder  M.  Fernandez,  who  died  1515,  leaving  unfinished  the  capella  de 
Jazigo  (i*),  which  would  have  paralleled  perhaps  internally,  the  chapel  of  Henry  VI J. 
at  Westminster,  in  purpose,  locality,  position,  completeiress  of  style,  and  luxuriance  of 
decoration.  The  chapel  is  an  octagon,  with  seven  oratories,  having  six-sided  closets  (qq) 
between  them  and  the  entrance  (k)  to  the  vestibule  : its  completion  might  perhaps  have  been 
assured  if  the  king  had  not  found  his  architect,  the  younger  M.  Fernandez,  occupied  in 
erecting  the  clearstory  over  the  entrance  doorway  (k)  with  balustrade  and  semicircular 
arches.  The  works  were  stopped  till  another  flamboyant  architect  could  be  found ; they 
have  not  yet  been  resumed.  A small  spire,  at  the  west  corner  of  the  north  transept  (c), 
which  was  destroyed  by  lightning  about  1830,  has  been  rebuilt. 

606.  “ Such  is  the  history  and  arrangement  of  this  essentially  Gothic  building,  but 
altogether  unlike  any  particular  stage  of  the  northern  Gothic,  in  fact  it  commingles  the 
features  of  all  its  varieties.  The  pillars  are  clustered,  of  the  very  best  early  Gothic  section, 
with  floriated  capitals,  but  with  square  bases  and  abaci.  It  is  a confusion  of  Gothic  forms 
of  all  ages  and  countries  ; and  yet,  if  we  except  the  square  abaci,  every  feature  is  pure,  and 
most  of  them  good,  in  their  respective  styles ; and  after  all  there  is  no  such  real  inconsis- 
tency between  any  two  styles  of  Gothic  as  to  render  their  mixture  offensive  to  any  but  a 
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technical  eye.  To  deny  the  church  of  Batalha  to  be  beautiful,  because  it  confuses  forms 
which  in  France  or  England  belong  to  different  centuries,  would  be  the  merest  j)edantry ; 
no  one  hut  the  driest  arcliaeologian  would  quarrel  with  a building  for  a skilful  application 
of  some  incon-^ruous  feature,  tiiough  it  might  historically  belong  to  some  other  age  or 
country.  At  the  same  time,  this  very  confusion  shows  alack  of  original  genius,  and  proves 
Batalha  to  be,  what  antiquarians  are  fond  of  calling  modern  churches,  imitation  Gothic.  It  is 
not  tlie  spontaneous  effort  of  native  skill,  but  the  mere  result  of  eclecticism.”  Tliese 
remarks,  taken  verbatim  from  Mr.  Freeman,  have  an  important  bearing  on  those  sections 
of  this  work  which  are  devoted  to  Italian  and  Sicilian  pointed  architecture. 

607.  If  the  tower  of  Don  Duarte  at  Viseu,  and  the  Villa  do  Infante  at  Sagres  can  be 
placed  early  in  the  15th  century,  they  liardly  redeem  that  age  from  the  cliarge  of  exhibiting 
no  structure  of  importance  except  Batalha.  Even  the  flamboyant  church,  150  ft.  long 
with  embattled  tower,  at  Caminha,  H'18-1 516,  and  the  similar  clothing  of  the  romanesque 
cathedral  at  Braza,  may  be  referred  to  tliat  style  of  King  Manoel,  H95-1521  : to  which 
must  be  ascribed  the  sacristy  at  x\lcof)a9a ; the  royal  chateau  at  Almeirlm  ; the  fort  of 
San  Vicente,  and  the  monastic  buildings  at  Belem  ; the  restoration  of  tlie  hieronymite 
monastery  of  La  Pena  at  Cintra ; the  church  of  San  Francisco  at  Evora;  the  rich  fa9ade 
of  the  cfiurch  called  the  Concei9ao  Vellia.by  J.  I’otassi,  with  tlie  restorations  and  additions 
to  the  church  of  Santa  Maria  de  Marvilla  at  Santarem  ; the  octagonal  stone  spire  (rare  in 
Portugal)  to  the  church  of  San  Joao  Battista  at  'fhomar ; tlie  church,  1506,  witli  renais- 
sance additions  at  Alcantara;  and  the  church,  chapter-house,  and  cloister  of  Santa  Cruz 
(asciilied  to  a French  architect),  with  part  of  the  university  and  the  bridge  at  Coimbra. 
The  chapel  of  Santa  Caterina  with  the  palace,  1521-57,  and  the  additions,  H95-1578,  to 
the  church  at  Coimbra  exhibiting  tlie  richest  flamboyant  style  merging  into  the  renaissance 
work;  the  magnificent  dominican  monastery  at  Amarante,  1540,  and  the  modest  cathedral 
at  Miranda  do  Douro,  1545,  and  Montalegre,  1554,  might  close  the  list  of  structures 
belonging  to  tlie  imitation,  or  rather  the  adaptation  of  Gothic  architecture,  which  does  not 
ajipear  to  have  been  more  successful  in  Portugal  than  in  the  rest  of  Southern  Europe. 


Italy. 

608.  An  attempt  has  been  made  to  divide  tlie  pointed  architecture  of  Italy  into  well- 
defined  schools;  the  Venetian  is  supposed  to  carry  its  character  in  its  name,  and  to  ■ 
influence  the  district  between  St.  Mark’s  and  Brescia;  the  Lombard  is  styled  a pursuit  of 
the  exuberant  variety  of  French  and  German  Gothic  ; the  'I’uscan  is  characterised  as 
having  two  phases,  the  earlier  simple,  and  the  later  extremely  beautiful  ; and  the  Genoese 
is  called  a direct  imitation  of  Arabian  art.  Besides  this  unsatisfactory  view,  each  great 
monastic  order  is  said  to  have  professed  a particular  variety,  of  course  differently  treated 
according  to  each  district.  To  these  the  singular  style  peculiar  to  the  Riviera  (e.y.,  the 
cathedral  at  Vintimiglia)  has  to  be  added.  We  should  prefer  to  this  another  .system  which  , 
sees  only  two  schools,  one  being  native  simplicity,  tlie  other  extreme  decoration  brought 
from  Germany,  if  there  appeared  any  grounds  for  believing  in  this  division  of  a style  which, 
in  its  early  period,  is,  like  the  early  German,  not  very  definite,  and  wliich  had  no  phase 
resemhling  the  perpendicular  or  the  flamboyant.  As  a philosophical  inquiry  into  the 
details  of  the  edifices  called  Gothic,  in  Italy,  the  lahours  of  Profes.sor  Willis  have  not  yet 
been  superseded;  but  we  gather,  from  various  pages  of  Mr.  Street’s  work,  Brick  and 
Marble  Architecture  in  Italy  in  the  Middle  Ay  e^,  the  following  list  of  Italian  Gothic  details:  — 

609.  This  consists  of  the  trefoiled  arcade  used  as  an  ornament  for  strings,  for  flat  and 

raking  corbel  tables,  and  under  sills;  the  great  projection  of  the  sills;  the  marble  shafts 
with  square  capitals,  instead  of  moulded  mullions;  the  rows  of  tufts  of  drooping  foliage 
f somewhat  resembling  French  and  German  work)  in  the  capitals  ; tlie  classical  character 
of  the  carving  ; the  traceried  transoms  ; the  combination  of  geometrical  tracery  as  well  as 
of  trefoiled  ogee  arches  with  the  semicircular  arch  ; the  use  of  the  keystone,  frequently 
slightly  decorated,  to  pointed  arches  ; the  square-headed  panel  by  which  the  arches  are 
surrounded;  the  use  of  iron  ties  instead  of  the  buttress;  the  rarity  of  the  dripstone  in 
brickwork;  the  peculiar  crockets  and  finials  of  canopies;  the  masses  of  wall  scarcely,  if  at 
all,  broken  ; the  buttre.sses  reduced  to  jiilasters  ; the  single  gable  to  nave  and  aisles  of  the 
churches;  the  deep  cornices  without  parapets;  the  low  relief  of  tracery  and  carving;  the 
squareness,  with  flatness,  of  mouldings;  the  employment  of  porches  entirely  unknown 
across  the  Alps ; the  u.se  of  the  glass  in  wooden  frames  behind  the  stone  work  ; the  i 
simplicity  of  groining  ; and  the  great  width  of  pier  arches.  x 

610.  It  may  be  Slid  that  in  Venice,  as  generally  throughout  the  north  of  Italy,  the  I 
pointed  arch  was  first  used  in  construction,  and  some  time  later,  and  very  generally,  in  a ^ 
modified  form  for  decoration  also,  yet  in  that  city  it  is  rarely  used,  constructionally,  except  4 
in  churches;  and  even  when  employed  the  ogee  arch  was,  from  a very  early  date,  preferred  m 
wherever  the  pure  pointed  arch  was  not  indispensable.  This  fact  is  seen  in  Jig.  269,  which^jg 
shows  the  palace  called  the  Ca  Contarini  Fasan,  situal 
church  of  S’a.  Maria  della  Salute;  it  is  considered  to 
a traceried  balcony. 
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611.  If  there  he  no  discrepancy  between  their  dates  and  their  details,  tlie  Iroltto  at 
Como,  ISl.'ijandthe  monastichuildingsof  San  Andrea,  with  the  hospital  at  Vercelli,  founded 
1919-2-1,  by  Cardinal  Guala  Jacopo  Bicchieri,  must  be  considered  to  commence  the  Gothic 
buildings  in  Italy.  At  Como,  however,  round 
arches  are  seen  over  pointed  ones.  At  Vercelli,  the 
exterior  of  the  church  is  romanesque  brickwork  with 
s one  dressings,  while  the  interior  is  decidedly  a spe- 
cimen of  early  pointed  art.  Some  writers  assume 
tliat  th2  design  was  furnished  by  the  first  abbot,  Tom- 
inaso  Gallo,  and  suppose  that  he  was  a Frenchman 
(f/aZ/«s),  taken  to  Vercelli  by  the  Cardinal,  who, 
having  been  legate  in  England,  1216-18,  and  leaving 
that  cotint ry  witli  19,000  marks,  is  supposed  to  have 
obtained  the  design  therein  fore  he  negotiated  at  the 
German  court  in  the  course  of  his  return  to  Italy  ; 
others  say  that  he  sent  a model  Ifom  England. 

612.  The  church  of  San  Francesco  at  Assisi  was 
erected  1228-80.  by  a German  arcliitect  named  Ja- 
cobus ; the  aisles  being  added  soon  afterwards  by 
F.  da  Campello.  This  structure  has  attaimd  the 
character  of  being  the  most  pet  feet  specimen  of  Gothic 
art  in  Italy,  and  therefore  far  superior  to  Sta.  Chiara, 
erected  1253  by  Campello  in  the  same  city.  It  is 
one  of  the  most  singular  churches  in  Europe,  as,  in 
possessing  a crypt  discovered  in  1818,  and  enlarged, 

1820  by  Brizi,  it  forms  a soit  of  three-storied  church. 

The  middle  church  was  built  1228-32;  the  upper 
church,  a magnificent  work,  built  1232—53,  is  now 
only  used  on  a few  capitular  and  ferial  occasions  'I'he 
low-pitched  roof  was  placed  14-17-70,  and  the  massive 
buttresses  were  added  1480  by  Pintelli,  to  prevent 
the  threatened  fall  of  this  valuable  example  of  early 
art. 

613.  Much  uncertainty  exists  in  the  early  dates  Fig  269.  house  ax  ve.mue. 
given  to  the  hrokito  at  Monza,  1152-  92;  the  broletto 

at  Brescia,  the  end  of  the  12th  century;  the  church  to  San  Francesco,  1225,  at  Ceni 
(or  Cuneo);  the  fair  example  of  pointed  art,  San  Francesco  at  Terni,  begun  1218,  but 
not  completed  until  1265 : and  the  yellow  brick  church  of  San  Antonio  at  Padua, 
1231,  with  its  attempts  at  domes  by  N.  Pisano.  But  in  the  middle  of  the  13th  cen- 
tury were  commenced,  by  himself  or  by  his  school,  the  brick  churches  of  Santi  Giovanni  e 
Paolo,  of  the  Madonna  del  Orto,  and  of  Sta.  Maria  Glo- 
riosa  de’  Frari  (the  finest  of  its  class)  at  Venice.  The 
churches  of  Sta.  Caterina,  finished  1272,  by  G-  Agnelli; 
and  of  San  Francesco  at  Pisa ; the  imposing  specimen  of 
Italian  Gothic  furnished  by  the  cathedral  at  Arezzo,  con- 
tained in  tlie  design,  1256,  of  Jacopo  or  Lapo,  1275-90, 
by  Margaritone  (not  Marchione)  ; the  western  front  of 
the  church  of  San  Salvatore  at  Pistoia,  1270;  the  churches 
of  San  Domenico,  1250-94,  by  Maglione,  and  of  San 
Francesco  (apparently  called  by  Ptofessor  Willis  the 
Servi),  1286-94,  at  Arezzo  ; the  transepts,  1288-1342,  by 
B.  Bragerio  and  G de  Camperio  to  the  cathedral  at 
Cremona,  with  the  upper  part,  1284,  of  its  campanile  ; the 
foro  de’  Mercanti,  1294,  at  Bologna;  the  cliurches  of  San 
Domenico,  1284-1380,  and  of  San  Francesco,  129d,  at 
Pistoia;  the  church  of  San  Francesco,  1295,  and  the 
facade,  1284-90,  as  well  as  portions  of  the  cathedral  at 
Siena(which  is  remarkable  for  having  the  baptistery  under 
the  choir),  date  between  1270  and  1300. 

614.  The  style  of  domestic  arcliitecture  of  the  13th 
century  is  sren  in  many  houses  at  Bracciano,  at  Corneto, 
at  Frascati,  at  Galera,  and  at  Lucca  ; also  the  building 
called  La  Quarquouia  at  Pistoia,  with  two  houses  of 
similar  date,  nearly  opposite  ; and  in  the  third  cloister  of  fik- 270.  house  at  vitekbo. 

the  monastery  of  Sta.  Scolastica  at  Subiaco.  The  house  in  Jig  270,  known  at  Viterbo  as 
the  “ palazzetto,”  belongs  to  the  12th  century,  and  is  here  given  for  comparison  with 
later  examples.  The  sketch  of  a house  belonging  to  the  13th,  or  perhaps  even  to  the  Pith 
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century,  at  Pisa  (Jig.  271),  exhibits  the  local  peculiarity  of  three  stories,  composed  really, 
or  in  appearance,  by  three  piers  and  two  arches.  This  is  common.  A fourth  story 
sometimes  shows  its  windows  under  the  arches  ; but  generally  is  an  independent  addition 


Fig.  271.  HOUSE  AT  PISA. 


to  the  design.  At  the  level  of  each 
floor  are  put-log  holes  for  the 
wooden  cantilevers  of  the  balconies, 
perha})S  more  properly  the  tettoje 
or  pent-house  roofs,  wliich  will  be 
noticed  in  the  examples  from  San 
Gimignano.  The  palazzo  Buonsig- 
nori  at  the  end  of  the  via  di  San 
Pietro  at  Siena  belongs  to  the 
brickwork  of  the  l.Sth  century; 
the  fa9ade  is  about  56  ft.  long,  and 
consists,  on  each  upper  floor,  of 
seven  bays,  four  of  which  are  given 
in  fiff  272.  A fountain  in  the 
piazza  Carlano  at  Viterbo  might 
serve  as  a type  of  several  others 
designed  in  this  century. 

615.  To  the  end  of  the  13tn 
and  early  part  of  the  14th  centu- 
ries belongs  the  cathedral  at  Or- 
vieto,  one  of  the  most  interesting 
examples  of  Italian  Gothic,  and  an 
instance  of  the  use,  internally  as 
well  as  externally,  of  alternate 
courses  of  colour,  which  in  this 
case  is  produced  by  black  basaltic 
lava  and  yellowish-grey  limestone. 
Although  the  first  stone  was  laid 
1290  for  the  execu:ion  of  a design 
by  L.  Maitani,  who  had  just  com- 
pleted the  front  of  the  duomo  at 
Siena  and  built  this  cathedral  ( fig. 
273.)  before  his  death,  1330,  the 
works  were  in  hand  till  the  end  of 
the  16th  century.  A list  of  thirty- 
tliree  architects  has  been  preserved. 
The  building  is  2 78  ft.  long  by 
103  ft.  wide,  and  115  ft,  high  to 
the  plain  ceiling,  made  1 828,  which- 
re.sts  on  piers  62  fr.  high,  I'hes^! 
piers  are  fronted  by  statues  of  the'. 
apostles,9  It.  6 in.  high, on  pedestals 
that  are  5 ft.  6 in.  high  above  the 
floor  of  the  nave,  which  is  made  of  Apennine  red  marble  that  has  inlaid  fleurs-de-lis 
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before  the  choir.  The  windows  have  coloured  glass  in  the  upper  parts,  but  (Haphanous 
alabaster  below  it. 

616.  To  the  same  period  belong  the  church  of  Sta.  Maria  sopra  Minerva,  at  Rome,  the 
only  pointed  edifice  whicli  we  can  name  in  that  metropolis  ; and  the  principal  examf)les  of 
pointed  art  in  F'lorence.  such  as  the  church  of  Sta.  Maria  Novella,  1278-1357  ; the  church  of 
Sta.  Croce,  1294,  used  1320,  but  not  consecrated  till  1442;  tlie  cathedral,  1294,  consecrated 
H.36,  with  tlie  campanile,  designed  1332,  by  Giotto;  the  church  of  San  Ercolano,  by 
Bevignate,  1297-1335,  at  Perugia,  with  that  of  Sta.  Giuliana,  1292,  outside  tliat  city;  the 
octagonal  baptistery  called  San  Giovanni  Rotondo,  1337,  and  portions  of  the  church  of  San 
Francesco,  1294,  at  Pistoia  ; and  the  (then  altered)  brick  and  stone  church  of  San  Ferino 
Maggiore,  at  Verona.  In  tlie  first  half  of  the  14th  century,  the  Italian  artists  exhibited 
their  ideas  of  Gothic  work  in  the  chapel  of  Sta.  Maria  dell’Arena,  1303,  at  Padua  ; the 
alterations,  1308-20,  of  the  interior  of  the  cathedral  at  Lucca;  the  cathedral,  1312,  at 
Prato,  which  has  the  effect  of  a northern  late  pointed  structure  ; the  fine  cathedral,  1325-48, 
and  the  churcli  of  San  Secondo,  at  Asti;  and  the  church  of  San  Martino,  1332,  at  Pisa, 
which  is  a fair  specimen  of  common  late  Italian  Gothic. 

617.  The  large  number  of  tombs  and  monuments  of  tliis  and  the  next  period,  with  pointed 
arches,  renders  difficult  any  choice  of  single  examples  among  them  ; those  of  the  Scaligeri, 
at  Verona,  especially  that  of  Mastino  II.,  1351,  contain  a history  in  themselves. 

618.  To  the  latter  half  of  the  14th  century  may  be  attributed  the  marhle  front,  in  grey 
and  yellow  courses,  by  Matteo  da  Campione,  (a  very  fine  example)  before  1396  to  the  brick 
cathedral  with  particularly  good  detail,  more  than  usually  Gothic,  built  1290-1390,  at 
Monza;  the  palazzo  della  comunita,  1294-1385;  and  the  palazzo  pretorio,  1357-77,  at 
Pistoia,  which  have  been  highly  praised  as  fine  specimens  of  very  perfect  Italian  Gothic  ; 
the  cathedral,  1315-1415,  at  Sarzana;  and  1340  to  1369-1 423,  the  upper  portion  or  sala  del 
consiglio  of  the  ducal  ))aldce  at  Venice,  although  another  authority  considers  that  the  work 
of  this  period  was  the  loggia  towards  the  canal  and  twelve  columns  on  the  piazzetta. 

619.  The  general  design  of  the  existing  cathedral  at  Milan  is  also  of  this  period,  although 
extreme  doubt  exists  as  to  the  date  of  the  commencement  of  the  work.  But  the  statements 
are  clear  that  the  capitals  of  the  great  piers  were  being  prepared,  1394-5,  and  that  the 
piers  themselves  were  being  erected  1401.  The  records  of  the  wardens  of  the  cliurch  are 
deficient  until  1387;  in  that  year  an  official  paper  speaks  of  the  building  which  “ multis 
•retro  temporibus  initiata  est  et  quae  nunc  fabricatur.”  Chronicles  and  an  inscription  concur 
in  fixing  March  15,  1386,  as  the  date  of  commencement;  but  Simone  da  Orsenigo.  probably 
an  eye-witness  of  the  facts  to  which  he  is  evidence,  stated  that  the  work  was  begun  May  23, 
1385,  but  was  destroyed,  and  that  the  existing  structure  was  commenced  May  7,  1387.  He 
was  employed  as  one  of  the  architects  at  least  as  early  as  December  6,  in  that  year.  So 
that  the  date,  1336-87,  usually  given,  as  in  the  previous  editions  of  this  book,  is  possibly  the 
period  of  attempts  to  begin  the  work,  and  explains  the  phrase  multis  temporibus.”  The 
cathedral  has  been  much  praised  as  an  example  of  northern  art  modifying  itself  to  suit  the 
southern  climate  under  the  hands  of  a German  or,  at  all  events,  of  a foreigner  rather  than 
of  a native;  but  facts  seem  to  destroy  this  imputed  credit.  The  official  list  of  the  “ in- 
gegneri,”  as  the  chief  artists  who  laboured  at  the  duomo  were  called,  shows  the  earliest 
em|)loyment  of  foreigners  in  the  case  of  Nicolas  Bonaventure,  of  Paris,  from  July  6,  1388, 
till  his  dismissal,  July  31,  1391;  and  the  same  evidence  seems  to  divide  the  merit  of  the 
earliest  direction  of  the  worKs  between  Marco  and  Jacopo,  both  of  Campione,  a village 
between  the  lakes  of  Lugano  and  Como.  The  first  name  in  the  records  of  1387  is  that 
of  Marco,  supposed  to  be  the  Marco  da  Frisone  who  was  buried  July  8,  1390,  with  great 
honours;  Jacopo  occurs  March  20,  1388.  having  apparently  been  engaged  from  1378  as 
one  of  the  architects  to  tlie  church  of  the  Certosa,  near  Pavia;  he  died  1398. 

620.  The  official  notes  of  the  disputes  that  were  constantly  arising  between  the  contem- 
poraneous ‘‘ ingegneri-generali  ” and  their  subordinates,  and  the  foreign  artists,  even  record 
the  fact  that  the  Italian  combatants  disagreed  on  the  great  question  of  proportioning  the 
building  by  the  foreign  system  of  squares,  or  by  the  native  theory  of  triangles.  If  there 
be  any  merit  in  a work  that  was  so  clearly  the  offspring  of  many  minds,  much  of  it  must 
be  due  to  the  wardens,  who  seem  to  have  ordered  the  execution  of  little  that  was  not  re- 
commended by  the  majority  of  their  artists,  or,  in  case  of  an  equal  division,  by  an  umpire 
of  reputation  from  some  other  city.  From  1430,  the  names  of  Filippo  Brunellesco  and 
six  or  seven  other  artists  precede  tlie  notice,  1483,  of  Johann  von  Gratz,  who  appears  to 
have  been  invited  for  the  purpose  of  constructing  the  cenixa\.tiburio  or  lantern.  As  usual, 
the  foreigner’s  work  was  condenmed  ; and  April  13,  1490,  Giovanni  Antonio  Omodco 
(Heinrich  von  Gmiinden,  employed  so  early  as  from  Dec.  1 1,  1391,  to  May  31,  1392,  was 
confused  with  Omodeoby  M.  Millin,  whence  the  repute  of  Heinrich  as  “ Zamodia”),  began 
his  long  rule  over  tlie  other  artists,  which  lasted  until  August  27,  1522,  by  executing 
the  present  work.  It  is  needless  to  give  the  names  of  his  colleagues  and  successors  until 
the  appointment  of  Carlo  Amati,  1806,  under  whom  the  completion  of  the  works,  including 
the  three  iiointcd  windows  of  the  front,  was  resumed,  and  of  his  successor  P.  Pestagalli,  18 13. 
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fi2l.  The  cathedral  (^7.  274,)  is  constructed  of  white  marble.  The  jdan  is  a Latin 
cross,  tlie  transeptsextending  but  little  beyond  the  walls  of  the  cluircli.  From  west  to  east 

its  length  is  45'>0  ft  and  its  extreme 
breadth  295  ft.  The  length  of  the  five- 
aisled  nave  is  279  ft.  and  its  width 
1 97  ft.  The  transepts  are  three-aisled. 
The  ea‘-tern  end  of  the  church  is  ter- 
minated by  three  sides  of  a nonagon. 
'i'he  architecture  of  the  doors  and 
windows  of  the  western  front  is  of 
the  Italian  or  Roman  style,  and  was 
executed  about  1658.  for  the  first 
three  bays  of  the  nave  were  an  addi- 
tion in  front  of  tlie  original  facade*, 
and  were  not  vaulted  until  1651-69. 
About  1790  the  wardens  deter- 
mined to  make  the  front  Gothic, 
keeping  tlie  doors  and  windows  by 
Ricchini,  from  designs  by  Pellegrini, 
on  account  of  the  richness  of  their 
^^•orkmanship  ; its  apex  is  170  ft. 
from  the  pavement.  7'he  central  but- 
tresses are  195  ft  high.  The  central 
tower,  1762-72,  by  F.  Croce,  rise.s 
to  the  height  of  400  ft.,  being  in 
general  form  similar  to  those  which  appear  in  the  western  fa9ade.  All  the  turrets,  l)ut- 
tresses,  and  pinnacles  are  surmounted  with  statues.  The  roof  is  covered  entirely  with 

blocks  of  marble  fitted  together  with  great 
exactness. 

622.  The  only  town  in  Italy  which  has 
preserved  so  many  as  twelve  of  the  me- 
diaeval domestic  towers  of  great  height,  is 
San  Gimignano  ; it  possesses,  also,  several 
liou.ses  that  were  erected  in  the  13tli  and 
14th  centuries.  'I'he  ca.sa  Buonaccorsi, 
with  a single  opening  on  the  ground-floor, 
is  a corner  house  and  is  attributed  to  the 
earlier  period  ; the  casa  Boni  is  next  to  ir, 
and  belongs  to  the  later  time  ; they  are 
shown  in  Jig.  275,  which  is  too  small  to 
express  the  bandings  of  red  and  white 
brickwork,  and  the  stucco  border  to  the 
extrados  of  each  arch  ; the  penthouse  roofs, 
liere  restored,  were  suppressed  in  the  14th 
century.  The  village  of  Coccaglio.  between 
Bergamo  and  Brescia,  is  said  to  contain 
.some  valuable  remains  of  domestic  architec- 
ture. 'I'he  Venetian  palaces  of  this  and  the^ 
following  century  have  been  .so  efficiently 
illustrated  of  late  years,  that  it  becomes 
unnecessary  to  describe  their  appearance. 

62.3.  Many  architects  have  been  engaged 
upon  the  marble  cathedral  at  Como  ; from 
1396,  when  L.  de  Spazi  was  employed,  down  to  the  last  century.  The  cupola  or  dome  was 
completed  about  1732,  by  Juvara.  The  three  doors  are  in  the  richest  Loml)ard  style,  and 
lence  the  rest  of  the  facade  276.)  has  been  called  early  Italian  Gothic;  but  it  Avas 
designed,  1460,  by  Lucchino  da  Milano,  and  completed  between  1487  and  1 526  by  '1'. 

‘^^Maroggio,  whose  de.sign  for  otlier  parts  was  altered,  perhaps  not  improved,  by 
. olaro.  The  other  sides  of  the  exterior  are  renaissance  work  by  Rodario,  who  added 
t le  canopies  for  the  statues  of  the  two  Plinys,  in  the  west  front.  'The  transepts  and  choir 
internally  are  renaissance  ; but  the  nave  and  aisles  are  Italian  Gothic. 

the  structures  produced  in  the  15th  century,  may  be  named  the  church  cf 
Grazie,  1399-1406,  about  .six  miles  from  Mantua;  the  beautiful  cathedral, 

’ ’ the  equally  fine  church  of  Sta.  Anastasia,  at  Verona,  which  has  been  called 

the  nob  est  of  the  distinctively  Italian  pointed  churches  in  the  north  of  Italy  ; that  of  San 
Bernardino,  1452,  also  at  Verona;  and  the  cathedral,  1467,  at  Vicenza,  'fhe  church  of 
an  Agostino,  at  Bergamo;  the  highly  interesting,  because  perfectly  untouched,  castle  at 


. Fig.  275. 
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Hmcciano ; the  facade  and  cortile  of  tlie  palace  of  Cardinal  Vitelleschi,  now  the  hotel 
palazzaccio,  at  Corneto  ; the  west  front  of  the  church  of  Sta.  Maria  in  Strada,  a most 
elaborate  work  in  brick  and 
terra-cotta,  and  the  church  of 
the  dominicans,  at  Monza ; all 
belong  to  the  last  period  of 
Italian  Gothic.  The  nave  of  the 
cliurc  h of  Sta.  Maria  delle  Grazie, 
at  Milan,  is  pointed,  and  dated 
1455,  while  the  transepts  and 
choir  are  thirty  years  later,  and 
are  renaissance  work.  The 
cliurch  of  S;a.  Maria  Mag- 
giore,  at  Citta  del  Gastello,  be- 
longs to  the  loth,  but  was 
linished  in  the  16th,  century.  'I'he 
church  of  San  Agostino,  at  An- 
cona, is  transitional  ; like  that 
at  Montenegro,  1450;  and  that 
of  the  Madonna  di  Monte  Luce, 
at  Perugia.  The  last  idea  of 
Gothic  art  absorbed  by  the  new 
style,  is  seen  in  the  Colleone 
chapel,  1475;  and  in  the  church 
of  Sta  Maria  Maggiore,  at 
Bergamo,  where  the  sacristy, 

1430,  offers  one  of  the  earliest 
dated  examples  of  the  modern 
style.  There  is  scarcely  a street 
in  Citta  della  Pieve  without 
numerous  cases  of  |iointed  door- 
ways and  windows  walled  up  elkvation  of  catheural,  como. 

to  suit  the  return  to  what  are  commonly,  but  incorrectly,  called  classical  notions. 

625.  Such  are  the  chief  structures  in  the  northern  half  of  Italy,  of  which  a critic  so 
highly  esteemed  as  Professor  Willis  does  not  hesitate  to  affirm  that,  “there  is  in  fact  no 
genuine  Gothic  building.”  The  same  author  observes  that,  “ it  is  curious  enough  that  in 
tlie  Neapolitan  territory,  in  Naples  especially,  many  specimens  or  rather  fragments,  of  good 
Gothic  buildings  are  to  be  found  which  were  executed  under  the  Angevine  dynasty,  1266-' 
1435;  witli  this  exception  I do  not  believe  that  a single  unmixed  Gothic  church  is  to  be  found 
in  Italy.”  Others  follow  his  judgment,  and  accept,  as  specimens  of  imitative  Gothic  art,  edi- 
fices which  they  themselves  describe  as  impure  and  heterogeneous,  and  impressed  with  the 
stamp  of  classical,  romanesque,  byzantine,  and  saracenic  influences.  To  this  praise  of  the 
churches  may  be  added  that  of  two  or  three  palazzi  at  Naples;  the  campanili  at  Amalfi,  and 
Vehetri;  the  castles  at  Andria,  Castellamare,  and  Teano,  some  houses  of  the  14th  and  15tfi 
centuries,  at  Aquila,  Popoli,  and  Solmone,  witli  the  aqueduct  at  the  latter  place;  and  the 
monastery  of  Sta.  Catherina,  at  Galatino. 

626.  The  cathedral  at  Trani  must  he  regarded  as  falling  within  the  ban  under  which  the 
structures  termed  “ Gothic,”  in  Sicily,  are  regarded  by  the  purist  in  archaeology.  The 
pointed  byzantine  style,  which  is  called  Siculo- Norman,  lasted  until  1282  ; it  was  transi- 
tional in  the  sense  of  receiving  <;reater  enrichment  of  a Greek  character,  until  the  end  of 
the  14th  century;  and  although  further  change  began  in  the  15th  century,  taste  did  not 
take  any  decided  direction  until  the  establishment  of  renaissance  art.  Mv.  Gaily  Knight, 
who  investigated  the  indications  presented  in  the  great  work  published  by  Messrs.  HittorfF 
and  Zanth,  says  that  “ various  novelties  were  attempted  ; sometimes  the  forms  were  circular, 
sometimes  square,  and  sometimes  elliptic.  Amongst  other  novelties,  the  pointed  style  of 
the  north  was  introduced,  with  its  projecting  mouldings  and  a little  of  its  tracery;  but  later 
in  Sicily  than  anywhere  else  ; and  though  something  of  its  true  spirit  is  caught  in  the  re- 
constructions of  Maniaces,  in  Syracuse,  yet  in  Sicily,  it  always  appears  an  exotic.”  These 
facts  seem,  to  Mr.  Freeman,  to  prove  incontestibly  that  the  pointed  style  of  Sicily,  of  that 
portion  of  western  Christendom  in  which  the  systematic  use  of  the  pointed  arch  first  occurred, 
is  not  Gothic  even  in  the  .sense  of  being  the  most  distant  transition.  A few  churches  and 
palaces  at  Palermo,  Syracuse,  and  Taormina,  of  the  14th  century;  and  in  the  same  cities, 
with  Girgenti  and  Messina,  of  the  15th  century,  would  be  nearly  all  that  could  be  named 
as  important  examples  before  the  renaissance  was  employed.  The  date,  1592,  however, 
appears  to  be  that  of  the  elliptic  arches,  groined  roof,  and  flamboyant  parapet  at  the  entrance 
to  the  church  of  Sta.  Maria  della  Catena,  at  Palermo. 

627-873.  We  here,  with  regret,  leave  the  subject,  because  we  have  already  trespas.sed 
beyond  the  limits  pre.scribed. 
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GEOMETRY. 

874.  Geometry  is  that  science  which  treats  of  the  relations  and  properties  of  the  boun- 
daries of  either  body  or  space.  We  do  not  consider  it  would  be  useful  here  to  notice  the 
history  of  the  science;  neither  is  it  necessary  to  enter  into  the  reasons  which  have  induced 
us  to  adopt  the  system  of  Rossignol,  from  whom  we  extract  this  section,  otherwise  than  to 
state  that  we  hope  to  conduct  tlie  student  by  a simpler  and  more  intelligible  method  to 
those  results  with  which  he  must  be  acquainted. 

The  limits  of  body  or  space  are  surfaces,  and  the  boundaries  of  surfaces  are  lines,  and  the 
terminations  of  lines  are  points.  Bounded  spaces  are  usually  called  solids,  whether  occupied 
by  body  or  not ; tlie  subject,  therefore,  is  naturally  divided  into  three  parts, — lines,  surfaces, 
and  solids  ; and  these  have  two  varieties,  dejiendent  on  their  being  straight  or  curved. 

875.  Geometrical  inquiry  is  conducted  in  the  form  of  propositions,  problems,  and  demon- 
strations, being  always  the  result  of  compari  g equal  parts  or  measures.  Now,  the  parts 
compared  may  be  either  lines  or  angles,  or  both ; hence,  the  nature  of  each  method  should 
he  separately  considered,  and  then  the  united  power  of  both  employed  to  facilitate  the 
demonstration  of  propositions.  But  the  reader  must  first  understand  these  Definitions. 

1.  A .solid  is  that  which  has  length,  breadth,  and  thickness.  A slab  of  marble,  for 
instance,  is  a solid,  since  it  is  long,  broad,  and  thick. 

2.  A surface  is  that  which  has  length  and  breadth,  without  thickness.  A leaf  of  paper, 
though  not  in  strictness,  inasmuch  as  it  has  thickness,  may  convey  the  idea  of  a surface. 

3.  A line  is  that  which  has  length,  but  neither  breadth  nor  thickness.  As  in  the  case  of 
a surface,  it  is  difficult  to  convey  the  strict  notion  of  a line,  yet  an  infinitely  thin  line, 
as  a hair,  may  convey  the  idea  of  a line  : a thread  drawn  tight,  a straight  line. 

4.  A point  is  that  which  has  neither  length,  breadth,  nor  thickness. 

5.  If  a line  be  carried  about  a point  A,  so  that  its  other  extremity 
passes  from  B to  C,  from  C to  D,  &c.  {fig.  223.),  the  point  B, 
in  its  revolution,  will  describe  a curve  BCUFGLB.  This 
curve  line  is  called  the  circumference  of  a circle.  The  circle  is 
the  space  enclosed  by  this  circumference.  The  point  A,  which, 
in  the  formation  of  the  circle  is  at  rest,  is  called  the  centre. 

The  right  lines  AC,  AD,  AF,  &c.  drawn  from  the  centre  to  the 
circumference,  are  called  radii.  A diameter  is  a right  line  which 
passes  through  the  centre,  and  is  terminated  both  ways  by  the 
circumference.  The  line  DAL,  for  example,  is  a diameter.  An 
arc  is  a part  of  a circumference,  as  FG. 

6.  The  circumference  of  a circle  is  divided  into  360  equal  parts,  called  degrees ; each  degree 

is  divided  into  60  parts,  called  minutes,  and  each  minute  into  60  parts,  called  seconds. 

7.  Two  right  lines  drawn  from  the  .same  point,  and  diverging  from  each  other,  form  an 
opening  which  is  called  an  angle.  An  angle  is  commonly 
expressed  by  three  letters,  and  it  is  usual  to  place  in  the 
middle  that  letter  which  marks  the  point  whence  the 
lines  diverge;  thus,  we  say  the  angle  BAG  or  DAF 
{fig.  224.),  and  not  the  angle  ABC  or  ACB. 

8.  The  magnitude  of  an  angle  does  not  depend  on  the  lines 
by  which  it  is  formed,  but  upon  their  distance  from  each 
other.  How  far  soever  the  lines  AB,  AC  are  continued, 
the  angle  remains  the  same.  One  angle  is  greater  than 
another  when  the  lines  of  equal  length  by  which  it  is 

formed  are  more  distant.  Thus  the  angle  BAL  {fig.  223.)  is  greater  than  the  angle 
CAB,  because  the  lines  AB,  AL  are  more  distant  from  each  other  or  include  a greater 
arc  than  the  lines  AC,  AB.  If  the  legs  of  a pair  of  compasses  be  a little  separated, 
an  angle  is  formed ; if  they  be  opened  wider,  the  angle  becomes  greater ; if  they  be 
brought  nearer,  the  angle  becomes  less. 
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9.  If  the  point  of  a pair  of  compasses  he  applied  to  the  point  G {Jig.  225.),  and  a cir- 
cumference NRB  be  described,  the  arc  NR  contained  within  the  two  lines  GL,  GM 
will  measure  the  magnitude  of  the  angle  LGM.  If  the  arc  NR,  for  example,  be  an 
arc  of  40  degrees,  the  angle  LGM  is  an  angle  of  40  degrees. 

10.  'I'herc  are  three  kinds  of  angles  (^g.  226.):  a rig/if  angle  (I),  which  is  an  angle  of  90 
degrees ; an  obtuse  angle  (II),  which  contains 
more  than  90  degrees ; and  an  acute  angle 
(III),  which  contains  less  than  90  degrees. 

U.  One  line  is  perpendicular  to  another  when 
the  two  angles  it  makes  with  that  other 
line  are  equal : thus,  the  line  CD  {Jig. 

221.)  is  perpendicular  to  the  line  AB,  if 
the  angles  CD  A,  CDB  contain  an  equal  number  of  degrees. 

1 2.  Two  lines  are  parallel  when  all  perpendiculars  drawn  from  one  to  the  other  are  equal 
thus,  the  lines  FG,  AB  {Jig.  228.)  are  pa- 
rallel, if  all  the  perpendiculars  cd,  cd,  &c. 
are  equal. 

A triangle  is  a surface  enclosed  by  three 
right  lines,  called  sides  {Jig.  229.).  An 
equilateral  triangle  (I)  is  that  which  has 
three  sides  equal ; an  isosceles  triangle  has 
only  two  of  its  sides  equal  (II)  ; a scalene 
triangle  (III)  has  its  three  sides  unequal. 

A quadrilateral  figure  is  a surface  enclosed  by  four  right  lines,  which  are  called  its 
sides. 

15.  A parallelogram  is  a quadrilateral  figure,  which  has  its  opposite  sides  parallel;  thus. 
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if  the  side  BC  {Jig.  230.)  is  parallel  to  the  side  AD,  and  the  side  AB  to  the  side 
DC,  the  quadrilateral  figure  A BCD  is  called  a parallelogram. 

1 6.  A rectangle  is  a quadrilateral  figure  all  the  angles 
whereof  are  right  angles,  as  ABCD  {Jig.  231.). 

1 7.  A square  is  a quadrilateral  figure  whose  sides  are 
all  equal  and  its  angles  right  angles  {Jig.  232. ). 

18.  A trapezium  is  any  quadrilateral  figure  not  a 
parallelogram. 

1 9.  Those  figures  are  equal  which  enclose  an  equal  space ; thus,  a circle  and  a triangle  are 
equal,  if  the  space  included  within  the  circumference  of  the 
circle  be  equal  to  that  contained  in  the  triangle. 

20.  Those  figures  are  identical  which  are  equal  in  all  their  parts ; 
that  is,  which  have  all  their  angles  equal  and  their  sides  equal, 
and  enclose  equal  spaces,  as  BAC,  EDG  (y?^.  233. ).  It  is 
manifest  that  two  figures  are  identical  which,  being  placed 
one  upon  the  other,  perfectly  coincide,  for  in  that  case 
they  must  be  equal  In  all  +beir  parts.  It  must  be  ob- 
served, that  a line  merely  so  expressed  always  denotes  a right 
line. 

Axiom.  Two  right  lines  cannot  enclose  a space ; that  category  requires  at  lea.st  three 

lines. 


RIGHT  LINES  AND  RECTILINEAL  FIGURES. 


876.  Proposition  I.  The  radii  of  the  same  circle  are  all  equal. 
The  revolution  of  the  line  AB  about  the  point  A {fig.  234.) 

being  necessary  (Defin.  5.)  to  form  the  circle  BCDFGLB,  when 
in  revolving  the  point  B is  upon  the  point  C,  the  whole  line 
AB  must  be  upon  the  line  AC;  otherwise  two  right  lines  would 
] enclose  a space,  which  is  impossible:  wherefore  the  radius  AC  is 
I equal  to  the  radius  AB.  In  like  manner  it  may  be  proved  that 
the  radi:  AB,  AF,  AG,  &c.  are  all  equal  to  AB,  and  are  there- 
fore equal  among  themselves. 

877.  Prop.  II.  On  a given  line  to  describe  an  equilateral  tri- 
angle. 
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T^et  AB  (Jip.  235.)  be  the  given  line  upon  which  it  is  required  to  describe  a triangle 
whose  three  sides  shall  be  equal.  D ^(; 

From  the  point  A,  with  the  radius  AB,  describe  the  cir- 
cumference BCD,  and  from  the  point  B,  with  the  radius  BA,  de- 
scribe the  circumference  ACF ; and  from  the  point  C,  where 
these  two  circumferences  cut  each  other,  draw  the  two  right  lines 
C.\,  CB.  Then  ACB  is  an  equilateral  triangle. 

For  the  line  AC  is  ecjual  to  the  line  AB,  because  these  two 
lines  are  radii  of  the  same  circle  BCD;  and  the  line  BC  is 
equal  to  the  line  A B,  because  these  two  lines  (Prop.  1.)  are  radii  of  the  same  circle 
ACF.  Wherefore  the  lines  AC  and  BC,  being  each  equal  to  the  line  AB,  are  equal  to  one 
another,  and  all  the  three  sides  of  the  triangle  ACB  are  equal;  that  is,  the  triangle  is 
equilateral. 

878.  Prop.  III.  Triangles  which  have  tivo  sides  and  the  angle  subtended  or  contained  by 
them  equal  are  identical. 

In  the  two  triangles  BAC,  FDG  {jig.  286.),  if  the  side  DF  be  equal  to  the  side  AB. 
and  the  side  DG  equal  to  the  side  AC,  and  also  the  angle  at  D 
equal  to  the  angle  at  A,  the  two  triangles  are  identical. 

Suppose  the  triangle  FDG  placed  upon  the  triangle  BAC  in 
such  manner  that  the  side  DF  fall  exactly  upon  the  side  equal 
to  it,  AB.  Since  the  angle  D is  equal  to  the  angle  A,  the  side 
DG  must  fall  upon  the  side  equal  to  it,  AC;  also  the  point  F 
will  be  found  upon  the  point  B,  and  the  point  G upon  the  point 
C:  consequently  the  line  FG  must  fall  wholly  upon  the  line  BC, 
otherwise  two  right  lines  would  enclose  a space,  which  is  im- 
possible. Wherefore  the  three  sides  of  the  triangle  FDG  coincide 
in  all  points  with  the  three  sides  of  the  triangle  BAC,  and  the  two  triangles  have  their 
sides  and  angles  equal,  and  enclose  an  equal  space  ; that  is  (Defin.  ^ 

20.),  they  are  identical. 

879.  Prop.  IV.  In  an  isosceles  triangle  the  angles  at  the  base  are 
equal. 

Let  the  triangle  BAC  {fg.  287.)  have  its  sides  AB,  AC  equal, 
the  angles  B and  C at  the  base  are  also  equal.  Conceive  the 
angle  A to  be  bisected  by  the  right  line  AD. 

In  the  triangles  BAD,  DAC  the  sides  AB,  AC  are,  by  sup- 
position, equal ; the  side  AD  is  common  to  the  two  triangles, 
and  the  angles  at  A are  supposed  equal.  These  two  triangles, 
therefore,  have  two  sides,  and  the  angle  contained  by  them  equal.  Hence,  they  are  identical 
(Prop.  8),  or  have  all  their  parts  equal : whence  the  angles  B and  C must  be  equal. 

880.  Prop.  V.  Triangles  which  have  ^ ^ 

their  three  sides  equal  are  identical. 

In  the  two  triangles  ACB,  FDG  {jig. 

288.),  let  the  side  AC  be  equal  to  the 
side  FD,  the  side  CB  equal  to  the  side 
DG,  and  the  side  AB  to  the  side  FG; 
these  two  triangles  are  identical. 

Let  the  two  triangles  be  so  joined 
that  the  side  FG  shall  coincide  with  the 
side  AB  {jig.  289.),  and  draw  the  right 
line  CD.  Since  in  the  triangle  CAD 
the  side  AC  is  equal  to  the  side  AD, 
the  triangle  is  isoceles ; whence  (Defin.  13.)  the  angles  m and  n at  the  base  are  equal. 

Since  in  the  triangle  CBD  the  side  BC  is  equal  to  the  side  BD,  the  triangle  is  iso< 
sccles;  whence  (Defin.  13.)  the  angles  r and  s at  the  base  are 
equal. 

Because  the  angle  rn  is  equal  to  the  angle  n,  and  the  angle  r 
equal  to  the  angle  s,  the  whole  angle  C is  equal  to  the  whole 
angle  D. 

Lastly,  because  in  the  two  triangles  ACB,  ADB  the  side  AC 
is  equal  to  the  side  AD  and  the  side  CB  equal  to  the  side  DB, 
also  the  angle  C equal  to  the  angle  D,  these  two  triangles  have  two 
sides,  and  the  contained  angle  equal,  and  are  therefore  (Prop.  3.) 
identical. 

881.  Prop.  VI.  To  divide  a right  line  into  two  equal  parts. 

Let  the  right  line  which  it  is  required  to  divide  into  two  equal 

parts  be  AB  {jig.  240.).  Upon  AB  draw  (Prop.  2.)  the  equi- 
lateral triangle  ADB,  and  on  the  other  side  of  the  same  line 
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.AH  draw  the  equilateral  triangle  AEB,  draw  also  the  right  line  DE;  AC  is  equal  to 
CH. 

In  the  two  larger  triangles  DAE,  DBE  the  sides  DA,  DB  are  equal,  because  they 
are  the  sides  of  an  eciuilateral  triangle;  the  sides  AE,  BE  are  equal  for  the  same  reason  ; 
and  the  side  DE  is  common  to  the  two  triangles.  These  two  triangles,  then,  have  their  sides 
ecjual,  and  conseciuently  (Prop.  5.)  are  identical,  or  have  all  their  parts  equal;  where- 
fore the  two  angles  at  D are  equal. 

Again,  in  the  two  smaller  triangles  ADC,  CDB  the  side  DA  is  made  equal  to  the 
side  DB,  and  the  side  DC  is  common  to  the  two  triangles;  also  the  two  angles  at  D are 
e(iual  Thus  these  two  triangles  have  two  sides  and  the  contained  angle  equal ; they  are 
therefore  (Prop.  3.)  identical,  and  AC  is  ecjual  to  CB  ; that  is,  AB  is  bisected. 

882.  Prop.  ATI.  From  a given  point  out  of  a right  line  to  draw  a perpendicidur  to  that 
line. 

Let  C (fg.  241.)  be  the  point  from  which  it  is  required  to  draw  a perpendicular  to  the 
right  line  A B. 

Erom  the  point  C describe  an  arc  of  a circle  which  .shall  cut 
the  line  AB  in  two  points  E and  G.  'Ihen  bisect  the  line  EG, 
and  to  D,  the  jmint  of  division,  draw  the  line  CD  : this  line  is 
perjtendicular  to  the  line  AB.  Draw  the  lines  CE,  CG. 

In  the  triangles  ECD,  DCG  the  sides  CE,  CG  are  equal,  be- 
cause (Prop.  1.)  they  are  radii  of  the  same  circle;  the  sides  ED 
DG  are  equal,  because  EG  is  bisected;  and  the  side  CD  is  com- 
mon. These  two  triangles,  then,  having  the  three  sides  e(]ual,  are  Identical  (Prop.  5.). 
Whence  ( Defin.  20.)  the  angle  CD  A is  equal  to  the  angle  CDB,  and  consequently  (Defiu. 
11.)  the  line  CD  is  perpendicular  to  the  line  AB. 

883.  Prop.  VIII.  From  a given  point  in  a right  line  to  raise  a perpendicular  upon  that 
line. 

Erom  the  point  C {fig.  242.),  let  it  be  required  to  raise  a perpendicular  upon  the  right 
line  AB. 

In  AB  take  at  pleasure  CE  equal  to  CG  ; upon  the  line  EG 
describe  an  equilateral  triangle  EDG,  and  draw  the  line  CD;  this 
line  will  be  per])endicular  to  AB. 

In  the  triangles  EDC,  CDG  the  sides  DE,  DG  are  equal,  be- 
cause they  are  the  sides  of  an  equilateral  triangle ; the  sides  EC, 

CG  are  equal  by  construction;  and  the  side  DC  is  common. 

These  two  triangles,  then,  having  the  three  sides  equal,  are  (Prop. 

5.)  identical.  Therefore  (Defin.  20.)  the  angle  DC  A is  equal  to  the  angle  DCB,  and 
con.sequentIy  (Defin.  11.)  the  line  CD  is  perpendicular  to  the  line  AB. 

884.  Prop.  IX.  The  diameter  of  a circle  divides  the  circumference  into  two  egual 
parts. 

Let  ADBLA  {fg  243.)  be  a circle;  the  diameter  ACB  bisects  the  circumference,  that 
is,  the  arc  ALB  is  equal  to  the  arc  ADB. 

Conceive  the  circle  to  be  divided,  and  the  lower  segment 
ACBLA  to  be  placed  upon  the  upper  ACBDA ; all  the  points 
of  the  arc  ALB  will  fall  exactly  upon  the  arc  ADB;  and  conse- 
quently these  two  arcs  will  be  e(]ual. 

Eorif  the  point  L,  for  instance,  does  not  fall  upon  the  arc  ADB, 
it  must  fall  either  above  this  arc,  as  at  G,  or  below  it,  as  at  E. 

If  it  fall  on  G,  the  radius  CL  will  be  greater  than  the  radius 
CD  ; if  it  falls  on  E,  the  radius  CL  will  be  less  than  the  radius  CD, 
which  is  (Prop.  1.)  impossible.  The  point  L,  then,  must  fall  iqion  Fig. 24.^?. 

the  arc  ADB.  In  like  manner  it  may  be  proved  that  all  the  other  points  of  the  arc  ALB 
must  fall  upon  the  arc  ADB ; those  two  arcs  are  therefore  equal. 

885.  Prop.  X.  A right  line  which  meets  another  right  line  forms  with  it  two  angles,  which 
together,  are  equal  to  two  right  angles. 

The  line  FC  {fig.  244.)  meeting  the  line  DA,  and  forming  with 
It  the  two  angles,  DCE,  ACE,  these  two  angles  are  together  equal 
to  two  right  angles. 

Erom  the  point  C as  a centre  describe  at  pleasure  a circum- 
ference NGLMN. 

The  line  NCL,  being  a diameter,  divides  the  circumference 
(Prop.  9)  into  two  e(]ual  parts.  The  arc  NGL  is  therefore 
half  the  circumference,  wliich  contains  ( Defin.  6. ) 180,  or  twice  90  degrees.  Therefore 
the  angles  DCF,  ACE,  which,  taken  together,  are  measured  by  the  arc  NGL,  are  twice 
90  degrees,  tliat  is  (Defin.  10.),  are  equal  to  two  right  angles. 

886.  Prop.  XL  A line  drawn  perpendicularly  to  another  right  line  makes  right  angles 
with  it. 
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If  the  line  CD  {fig.  245.)  be  perpendicular  to  the  line  AB,  the  angle  CDA  Is  a right 
angle,  and  also  the  angle  CDB. 

For  the  line  CD,  meeting  the  line  AB,  forms 
with  it  two  angles,  which  are  together  (Prop. 

1 0. ) equal  to  two  right  angles  ; and  these  two 
angles  are  equal,  because  CD  is  perpendicular 
to  A B.  Wherefore  each  angle  is  a right  angle. 

887.  Prop.  XII.  If  two  lines  cut  each  others 
the  vertical  or  opposite  angles  are  equal. 

Let  the  lines  AD,  BF,  24fi.)  cut  each 
other  at  the  point  C;  the  angles  ACB,  FCD,  which  are  called  vertical  or  opposite  angles, 
are  equal. 

From  the  point  C,  as  a centre,  describe  at  pleasure  a circumference  NGLMN. 

Since  the  line  NCLis  a diameter,  the  arc  NGL  is  (Prop.  9.)  half  the  circumference; 
therefore  the  arcs  NGL,  GLIVI  are  equal.  From  these  two  arcs  take  away  the  common 
part  GL,  there  will  remain  the  arc  NG  equal  to  the  arc  LM.  Consequently  the  angles 
ACB,  FCD,  which  are  measured  by  these  two  arcs,  are  also  equal. 

888.  Prop.  XIII.  If  a line  be  perpendicular  to  one  of  two  parallel  lines,  it  is  also  per- 
pendicular to  the  other. 

Let  AB,  CD  {fig.  247.)  be  two  parallel  lines-  if  the  line  FG  makes  right  angles  with 
CD,  it  will  also  make  right  angles  with  AB.  a f n 

Take  at  pleasure  GC  equal  to  GD;  at  the  points  C and  D 
raise  the  perpendiculars  CA,  DB,  and  draw  the  lines  GA,  GB. 

In  the  two  triangles  ACG,  BDG,  because  the  line  AB  is  pa- 
rallel to  the  line  CD,  the  perpendiculars  CA,  DB  are  necessarily 
equal,  as  appears  from  the  definition  of  parallel  lines  (Defin.  12. ) ; 
the  lines  CG,  DG  are  equal  by  construction;  and  the  angles 
C and  D are  right  angles.  The  two  triangles  ACG,  BDG  have 
then  two  sides  and  the  contained  angle  equal,  they  are  therefore 
(Prop.  3.)  identical.  Whence  the  side  GA  is  equal  to  the  side 
GB,  and  the  angle  m equal  to  the  angle  n. 

Again,  in  the  triangles  AGF,  FGB  the  side  GA  is  equal  to  the  side  GB,  as  has  been 
proved,  and  the  side  GF  is  common.  Moreover,  the  angle  r is  equal  to  the  angle  s;  for 
if  from  the  two  right  angles  FGC,  FGD  be  taken  away  the  equal  angles  m and  n,  there 
will  remain  the  equal  angles  r and  s.  The  triangles  AGF,  FGB  have  then  two  sides  and 
the  contained  angle  equal;  they  are  therefore  ( Prop.  3.)  identical.  ^ 

Wherefore  the  angles  GFA,  Gl^B  are  equal,  and  consequently  ^ a 

are  right  angles. 

889.  Prop.  XIV.  If  one  line  he  perpendicular  to  two  other  lines, 

these  two  lines  are  parallel. 

\jQt  the  line  FG  {fig.  2^48.)  make  right  angles  with  the  lines 
AB  and  CD ; these  two  lines  are  parallel. 

If  the  line  AB  be  not  parallel  to  the  line  CD,  another  line, 
as  NH,  may  be  drawn  through  the  point  F,  parallel  to  the  line 

CD.  But  this  is  impossible;  for  if  the  line  NH  were  parallel  to  the  line  CD,  the  line 
FG  making  right  angles  with  CD  would  also  (Prop.  13.)  make  right  angles  with  NH; 
which  cannot  be,  because,  by  supposition,  it  makes  right  angles  with  AB. 

890.  Prop.  XV.  The  opposite  sides  of  a rectangle  are  parallel. 

In  the  rectangle  A BCD  {fig.  249.)  the  side  BC  is  parallel  to 

the  side  AD,  and  the  side  AB  parallel  to  the  side  DC.  Produce 
each  of  the  sides  both  ways. 

The  line  AB  is  perpendicular  to  the  two  lines  BC,  AD;  the 
two  lines  BC,  AD  are  therefore  (Prop.  14.)  parallel.  In  like 
manner,  the  line  AD  is  perpendicular  to  the  two  lines  AB,  DC; 
the  two  lines  AB,  DC  are  therefore  (Prop.  14.)  parallel. 

891.  Prop.  XVI.  The  opposite  sides  of  a rectangle  are  equal. 

In  the  rectangle  ABCD  (see  fig.  249.)  the  side  AB  is  equal 

to  the  side  DC,  and  the  side  BC  equal  to  the  side  AD.  For,  since  the  side  BC  is  parallel 
to  the  side  AD,  the  perpendiculars  AB,  DC  are  (Defin.  12.)  equal;  and  since  tlie  side 
AB  is  parallel  to  the  side  DC,  the  perpendiculars  BC,  AD  are  equal. 

892.  Prop.  XVII.  A right  line  falling  upon  parallel  lines  makes  the  alternate  angles 
equal. 

Let  the  line  FG  {fig.  250.)  cut  the  parallels  AB,  GD;  the  angles  AFG,  FGD,  which 
are  called  alternate  angles,  are  equal.  From  the  point  G draw  GL  perpendicular  to  the 
line  AB,  and  from  the  point  F draw  FM  perpendicular  to  the  line  GD. 

Since  the  line  GL  is  perpendicular  to  AB,  it  is  also  (Prop.  13.)  perpendicular  to  the; 
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p;irallel  I’me  GD  Whence  the  quadrilateral  figure  GLFM  Is  a rectangle,  its  four  angles 
being  right  angles. 

In  the  triangles  GEE,  FMG  the  sides  EF,  Gj\I  are  equal,  because  they  are  opposite 
sides  of  the  same  rectangle;  the  sides  LG, 

}'M  are  equal  for  the  same  reason ; and  the  ^ 
side  I'G  is  common.  The  two  triangles 
GEF,  FMG  have  then  the  three  sides  equal, 
and  consequently  (Prop.  5.)  are  identical. 

AV'herefore  the  angle  LFG  opposite  to  the 
side  LG  is  e<}ual  to  the  angle  FGM  oppo- 
site to  the  side  FM. 

Remark.  In  identical  triangles  the  equal  Fig.  25o.  Fig.  25i. 

angles  are  always  opposite  to  equal  sides,  as  by  this  proposition  appears. 

893.  Prop.  XVIII.  If  one  right  line  falling  upo?i  two  others  makes  the  alternate  angles 
equal,  these  tico  lines  are  parallel. 

Let  the  alternate  angles  AFG,  FGD  {fg.  251.)  be  equal;  the  lines  AB,  GD  are 
parallel. 

If  the  line  AB  is  not  parallel  to  the  line  GD,  another  line,  as  NLI,  may  be  drawn 
through  the  point  F parallel  to  GD.  But  this  is  impossible;  for  if  the  line  NH  were 
parallel  to  the  line  GD,  the  angle  F'GD  would  be  (Prop.  17.)  equal  to  the  angle  NFG, 
since  these  two  angles  would  be  alternate  angles  between  two 
parallel  lines ; which  cannot  be,  because,  by  supposition,  the  angle 
FGD  is  ecjual  to  the  angle  AFG. 

894.  Prop.  XIX.  If  one  right  line  falls  upon  two  parallel  right 
lines,  it  makes  the  ulterior  angle  equal  to  the  exterior. 

I.et  the  line  FG  {fig.  252.)  meet  the  parallel  lines  BA,  DC, 
the  interior  argle  r is  equal  to  the  exterior  angle  z.  Produce 
the  lines  BA,  DC. 

The  angle  r (Prop.  17.)  is  equal  to  the  angle  s,  because  these 
are  alternate  angles,  made  by  a right  line  falling  upon  two 
parallel  lines,  and  the  angles  s and  z are  (Prop.  12.)  equal,  be- 
cause they  are  vertical  or  opposite  angles ; therefore  the  angle  r is  equal  to  the  angle  z. 

895.  Prof.  XX.  If  one  right  line  falling  upon  two  other  right  lines  makes  the  internal 
angle  equal  to  the  external,  those  two  lines  are  parallel. 

Let  the  internal  angle  r {fig.  258.)  be  equal  to  the  external 
angle  z,  the  lines  BA,  DC  are  parallel. 

The  angle  r is  equal  to  the  angle  z by  supposition,  and  the 
angle  z (Prop.  12.)  is  equal  to  the  angle  s,  because  they  are 
opposite  angles.  The  alternate  angles  r,  s are  therefore  equal, 
and  consequently  (Prop.  18.)  the  lines  BA,  DC  are  parallel. 

896.  Prop.  XXL  Through  a given  point  to  draw  a line  parallel 
to  a given  line. 

Let  G be  the  point  through  which  it  is  required  to  draw  a line 
parallel  to  the  given  line  MF. 

From  any  point  G {fig.  254..)  describe,  at  pleasure,  the  arc  FN ; from  the  point  F,  in 
which  the  arc  I'N  cuts  the  line  MF'.  with  the  distance  GF  describe  the  arc  GM  meeting 

the  line  MF  in  M ; then  make  FL  

e(]ual  to  GM,  and  draw  the  line  GL  ; ‘4 L_ / 

this  line  is  yjarallel  to  the  line  M F. 

Draw  the  line  G F'. 

The  arcs  GM  F'E  are  equal  by 
construction  ; therefore  the  alternate 
angles  r,  s,  which  are  measured  by 
these  arcs  (Defin.  9.),  are  equal  ; and 
consequently  (Prop.  18.)  the  lines 
GL,  MF'  are  parallel. 

897.  Prop.  XXII. 
angles. 

In  the  triangle  BAC(_/?5'.  255.),  the  three  angles  B,  A,  C are  together  equal  to  two  right 
angles. 

Produce  the  side  BC  both  ways;  through  the  point  A draw  a line  FG  parallel  to  BC; 
and  from  the  point  A,  as  a centre,  describe  any  circumference  LMN. 

The  angle  B (Prop.  17.)  is  equal  to  the  angle  x,  because  these  are  alternate  angles  made 
by  a right  line  falling  upon  two  parallel  lines.  For  the  same  reason  the  angle  C is  equal 
to  the  angle  ?/. 

Because  LAN  is  a diameter,  the  arc  LMN  is  half  the  circumference;  therefore  the 
three  angles  x.  A,  y,  which  are  measured  by  this  arc,  are  together  equal  to  two  right  angles 


Fis.  2.0».  Fig.  255. 

The  three  angles  of  a triangle  taken  together  are  equal  to  two  right 
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But  the  angle  x is  equal  to  the  alternate  angle  B,  and  the  angle  j/  to  the  alternate 
angle  C. 

Therefore,  substituting  B for  x,  and  C for  y,  the  three  angles  B,  A,  C are  together  equal 
to  two  right  angles. 

Corollary.  Hence,  if  two  angles  of  any  triangle  be  known,  the  third  is  also  found; 
since  the  third  angle  is  that  which  the  other  two  taken  together  want  of  two  right 
angles. 

898.  Prop.  XXIII.  Jf  two  triangles  have  two  angles  eq\*al,  they  have  also  the  thud  angle 
equal. 

In  the  two  triangles  BAG,  FDG  {fg.  256.),  if  the  angle  B is 
equal  to  the  angle  F,  and  the  angle  A equal  to  the  angle  D,  the 
angle  C will  also  be  equal  to  the  angle  G. 

Since  the  angle  C (Corol.  to  Prop.  22.)  is  that  which  the  angles 
B and  A together  want  of  two  right  angles ; and  since  the  angle 
G is  that  which  F and  D together  w^ant  of  two  right  angles ; the 
angles  B and  A being  equal  to  the  angles  F and  D,  the  angle  C 
must  be  equal  to  the  angle  G. 

899.  Prop.  XXIV.  The  exterior  angle  of  any  triangle  is  equal  to  the  tivo  interior  and 
opposite  angles  taken  together. 

In  the  triangle  BAG  {fg.  257.)  produce  one  of  the  sides  BC;  ^ 

the  angle  ACU,  which  is  called  exterior,  is  equal  to  the  two  / n. 

interior  and  opposite  angles  B and  A taken  together.  * * ' ^ 

The  line  AC  meeting  the  line  BD  forms  with  it  two  angles, 
which  are  together  (Prop.  10.)  etpial  to  two  right  angles;  the 
angle  ACB  is  therefore  that  which  the  angle  A CD  wants  of 
two  right  angles.  But  the  angle  ACB  is  (Corol.  to  Prop.  22.) 
also  that  which  the  angles  B and  A together  want  of  two  right 
angles.  Wherefore  the  angle  A CD  is  equal  to  the  two  angles  ^ 

B and  A taken  together.  Fig.  2j7. 

900.  Prop.  XXV.  Triangles  which  have  hvo  angles  and  the  side  which  lies  hettveen  them 


the  sides  opposite  to  those 
A 


equal  are  identical. 

In  the  two  triangles  BAG,  FDG  {fig.  258.),  if  the  angle  F is  equal  to  the  angle  B,  the 
angle  G equal  to  the  angle  G,  and  the  side  FG  equal  to  the  side  ^ 

BG,  these  two  triangles  are  identical. 

Gonceive  the  triangle  FDG  placed  upon  the  triangle  BAG  in 
such  a manner  th^t  the  side  FG  shall  fall  exactly  upon  the  equal 
side  BG.  Since  the  angle  F is  equal  to  the  angle  B,  the  side  FD 
must  fall  upon  the  side  B/\  ; and  since  the  angle  G is  equal  to 
the  angle  G,  the  side  GD  must  fall  upon  the  side  Gy\.  Thus  the 
three  sides  of  the  triangle  FDG  will  be  exactly  placed  upon  the 
three  sides  of  the  triangle  BAG;  and  consequently  the  two  tri- 
angles (Prop.  5.)  are  identical. 

901.  Prop.  XXVI.  If  two  angles  of  a triangle  are  equal, 
angles  are  also  equal. 

Gonceive  the  angle  A ( fiq.  259.)  to  be  bisected  by  the  line 

AD. 

In  the  triangles  BAD,  DAG  the  angle  B is  equal  to  the 
angle  G by  supposition,  and  the  angles  at  A are  also  equal. 

These  two  triangles  have  their  two  angles  equal  ; the  third  angle 
will  therefore  (Prop.  23.)  be  equal ; whence  the  angles  at  D are 
equal.  Moreover,  the  side  AD  is  common  to  the  two  triangles, 
l^ese  two  triangles,  therefore,  having  two  angles  and  the  side 
which  lies  between  them  equal,  are  (Proj).  25.)  identical, 
to  the  side  AG. 

902.  Prop.  XXVII.  The  opposite  sides  of  a parallelogram  are  equal. 

In  the  parallelogram  ABGD  {fig.  260.),  the  side  AB  is  equal 

to  the  side  DG,  and  the  side  BG  equal  to  the  side  AD. 

Draw  the  line  B D,  which  is  called  the  diagonal. 

Because  BG  is  parallel  to  AD,  the  alternate  angles  m and  n 
are  equal.  In  like  manner,  because  AB  is  parallel  to  DG,  the 
alternate  angles  r and  s are  equal.  ALso,  the  side  BD  is  common 
to  the  two  triangles  BAD,  BGD.  These  two  triangles  have  then 
two  angles  and  the  side  which  lies  between  them  equal,  and 
are  therefore  ( Prop.  3. ) identical.  Wherefore  the  side  A B op- 
posite to  the  angle  n is  (Prop.  26.)  equal  to  the  side  DC  opposite  to  the  angle  m\ 
and  the  side  BC  opposite  to  the  angles  is  equal  to  the  side  AD  opposite  to  the  eijual 
angle  r 


D 
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C01101.LAKY.  Hence,  the  diagonal  bisects  the  parallelogram;  for  the  triangles  BAD, 
BCD,  having  the  three  sides  equal,  are  identical. 

903.  Biiop.  XXVIII.  Parallelograms  ichich  are  between  the  same  parallels,  and  have  the 
same  base,  are  equal. 

Let  the  two  parallelograms  ABCD,  AFGD  {Jig.  261.),  be  between  the  same  parallels 
BG,  Ai\I,  and  upon  the  same  base  AD;  the  space  enclosed 
within  the  parallelogram  ABCD  is  equal  to  the  space  en- 
closed within  the  parallelogram  AFGD. 

In  the  two  triangles  BAI',  CDG  the  side  BA  of  the  former 
triangle  is  equal  to  the  side  CD  of  the  latter,  because  they  are 
opposite  sides  of  the  same  parallelogram.  For  the  same  reason, 
the  side  F A is  equal  to  the  side  GD.  Moreover,  BC  is  equal  to 
AD,  because  they  are  opposite  sides  of  the  same  parallelogram. 

For  the  same  reason,  AD  is  equal  to  FG.  BC  is  therefore 
equal  to  FG.  If  to  both  these  CF  be  added,  BF  will  be  equal  to  CG.  Whence  the 
two  triangles  BAF,  CDG,  having  the  three  sides  equal,  are  (Prop.  5.)  identical,  and  con- 
sequently have  equal  surfaces. 

If  from  these  two  equal  surfaces  be  taken  the  small  triangle  CL F,  which  is  common, 
there  will  remain  the  trapezium  ABCL,  equal  to  the  trapezium  LFGD.  To  these  two 
trapezia  add  the  triangle  ALD,  and  the  parallelogram  ABCD  will  be  equal  to  the  paral- 
lelogram AP'GD. 

904.  Prop.  XXIX.  If  a triangle  and  a parallelogram  are  upon  the  same  base,  and. 

between  the  same  parallels,  the  triangle  is  equal  to  half  the  paral-  jj  q p p. 

lelogram. 

J.et  the  parallelogram  ABCD  (fg.  262.)  and  the  triangle 
AFD  he  upon  the  same  base  AD,  and  between  the  same  pa- 
rallels BG,  AL;  the  triangle  AFD  is  half  the  parallelogram 
ABCD.  Draw  DG  parallel  to  AF. 

Because  the  parallelogram  AFGD  is  bisected  by  the  diagonal 
FD  (Prop.  27.  Corol. ),  the  triangle  AFD  is  half  the  paral- 
lelogram AFGD.  But  the  parallelogram  AFGD  is  ecjual  to 
the  parallelogram  ABCD,  l)ecause  these  two  parallelograms  are  upon  the  same  base,  and 
between  the  same  parallels;  therefore  the  triangle  AFD  is  equal  to  half  the  parallelogram 
ABCD. 

905.  Prop.  XXX.  Parallelograms  which  are  between  the  same  parallels,  and  have  equal 
bases,  are  equal. 

Let  the  two  parallelograms  ABCD,  liFGM  (fg.  263.)  be 
between  the  same  parallels  BG,  AM,  and  have  the  equal  bases 
AD,  LM  ; these  two  parallelograms  are  equal. 

Draw  the  lines  AF,  DG. 

Because  AD  is  equal  to  LM,  and  LM  to  FG,  AD  is  equal 
to  FG;  and  they  are  parallel  by  construction.  Also  AF  and 
DG  are  parallel ; for  if  DG  be  not  parallel  to  AF,  another 
line  may  be  drawn  parallel  to  it ; whence  FG  will  become 
greater  or  less  than  AD.  AF  and  DG  are  therefore  parallel,  and  AFGD  a parallelo- 
gram. 

Now  the  parallelogram  ABCD  is  (Prop.  28.)  equal  to  the  parallelogram  AFGD, 
because  these  two  parallelograms  are  between  the  same  parallels,  and  have  the  same  base 
AD.  And  the  parallelogram  AFGD  is  equal  to  the  parallelogram  LFGM,  because  these 
two  parallelogram.s  are  between  the  same  parallels,  and  have  the  same  base  FG.  The 
parallelogram  ABCD  is  therefore  equal  to  the  parallelogram  LFGM. 

906.  Prop.  XXXI.  Triangles  which  are  between  the  same  parallels,  and  have  equal  bases, 
are  equal. 

Let  the  two  triangles  ABD,  LFM  (see  fig.  to  preceding  Proposition)  be  between  the  same 
parallels  BG,  AM,  and  upon  the  equal  bases  AD,  LM  ; these  two  triangles  are  equal. 

Draw  DC  parallel  to  AB,  and  MG  parallel  to  LF. 

The  two  parallelograms  ABCD,  LFGM  are  equal  (Prop.  30.),  because  they  are  between 
the  same  parallels,  and  have  equal  bases.  But  the  triangle  ABD  is  (Prop.  29.)  one  half  of 
the  parallelogram  ABCD,  and  the  triangle  LFM  is  one  half  of  the  parallelogram  LFGM  ; 
these  two  triangles  are  therefore  equal.* 

907.  Prop.  XXXII.  In  a right-angled  triangle,  the  square  of  the  hypotenuse,  or  side 
subtending  the  right  angle,  is  equal  to  the  squares  of  the  sides  which  contain  the  right 
angle. 

In  the  triangle  BAC  {fig.  264.),  let  the  angle  A be  a right  angle.  Upon  the  hyjjo- 
tenuse  BC  describe  the  square  BDFC  ; upon  the  side  AB  describe  the  square  ALIVIB, 
and  upon  the  side  AC  the  square  AIINC;  the  square  BDFC  is  equal  to  the  two  scjuares 
ALMB.  AllNC  taken  together. 
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Draw  the  right  lines  MC,  AD,  and  draw  AG  parallel 
to  BD. 

Because  the  square  or  parallelogram  MLAB  and  the 
triangle  MCB  are  between  the  same  parallels  LC,  MB,  and 
have  the  same  base  MB,  the  triangle  MCB  is  (Prop.  29.) 
e<iual  to  hall’ the  square  ALMB. 

Again,  because  the  rectangle  or  parallelogram  DGPB 
and  the  triangle  DAB  are  between  the  same  parallels  GA 
and  DB,  and  have  the  same  base  DB,  the  triangle  DAB  is 
(Prop.  29.)  equal  to  half  the  rectangle  DGBP. 

P’urther,  since  the  side  MB  of  the  triangle  MBC  and  the 
side  AB  of  the  triangle  ABD  are  sides  of  the  same  square, 
they  are  (Defin.  17.)  equal.  Also,  since  the  side  BC  of  the 
first  triangle  and  the  side  BD  of  the  second  triangle  are  sides  of  the  same  square,  they  are 
equal.  And  because  the  angle  MBC  of  the  first  triangle  is  composed  of  a right  angle  and 
the  angle  x,  and  the  angle  ABD  of  the  second  triangle  is  composed  of  a right  angle  and 
the  same  angle  x,  therefore  these  two  angles,  contained  between  the  equal  sides  MB,  BC 
and  AB,  BD,  are  equal.  Wherefore  the  two  triangles  MBC,  ABD,  having  two  sides  and 
the  contained  angle  equal,  are  (Prop.  3.)  identical,  and  consequently  equal. 

But  the  triangle  IMBC  is  half  the  square  MLAB,  and  the  triangle  ABD  is  half  the 
rectangle  BDGP  ; the  square  and  the  rectangle  are  therefore  equal. 

In  the  same  manner  it  may  be  demonstrated  that  the  square  ARNC  and  the  rectangle 
CFGP  are  equal.  Wherefore  it  follows  that  the  whole  square  BDFC  is  equal  to  the  two 
sijuares  MLAB,  ARNC  taken  together. 


1. 


908.  Definitions.  — 1.  A right  line  (Jiff.  Prop.  .33.  AB)  terminated  both  ways  by  the 

circumference  of  a circle  is  called  a chord. 

2.  A line  (fiff-  Prop.  39.  AB)  which  meets  the  circumference  in  one  point  only  is  called 

a tanffcnt  ; and  the  point  T is  called  the  point  of  contact. 

3.  An  angle  (fiff.  Prop.  33.  ABD)  which  has  its  vertex  in  the  circumference  of  a circle 

is  called  an  anffle  in  the  circle. 

4.  A part  of  a circle  confined  between  two  radii  ( fiff.  Prop.  34.  A CBF  A)  is  called  a sector. 

.5.  A part  of  a circle  (fiff.  Prop.  .35.  AGBDA)  terminated  by  a chord  is  called  a 

o f a circle. 

909.  Prop.  XXXIII.  To  draw  the  circumference  of  a circle  throuffh  three  given  points. 

Let  there  be  three  given  points,  A,  B,  D (fig.  265.),  through  which  it 

is  required  to  draw  the  circumference  of  a circle.  Draw  the  right 
lines  AB,  BD,  and  bisect  them  : from  the  points  of  the  division  F,  G, 
raise  the  perpendiculars  BC,  GC  ; and  at  the  point  C with  the  radius 
(-A  describe  the  circumference  of  a circle;  this  circumference  will  pass 
through  the  points  B and  D.  Draw  the  lines  CA,  CB,  CD. 

In  the  triangles  CFA,  CFB  the  side  FA  is  equal  to  the  side  FB 
by  construction,  the  side  FC  is  common,  and  the  two  angles  at  F are 
right  angles.  These  two  triangles,  then,  have  two  sides  and  the  angle  Fipr.  265. 

contained  by  them  equal ; they  are  therefore  (Prop.  3.)  identical.  Consequently  the  .side 
CB  is  equal  to  the  side  CA. 

For  the  same  reason,  the  triangles  CGB,  CGD  are  also  identical.  Wherefore  the  side' 
CD  is  equal  to  the  side  CB,  and  consequently  equal  to  CA. 

And  since  the  right  lines  CB,  CD  are  equal  to  the  right  line  C A,  it  is  manifest  (Prop.  1.) 
that  the  circumference  which  passes  through  the  point  A must  also  pass  through  the 
Doint  D. 

910.  Prop.  XXXIV.  If  a radius  bisect  a chord,  it  is  perpendicular  to  that  chord. 

If  the  radius  CF  (fig.  266.)  bisect  the  chord  AB,  the  angles 

JDA,  CDB  are  right  angles.  Draw  the  radii  CA,  CB. 

In  the  triangles  CDA,  CDB  the  sides  CA,  CB,  being  radii,  are  equal 
(Prop.  1.),  the  sides  AD,  DB  are  equal  by  supposition,  and  the  side 
CD  is  common.  These  two  triangles,  having  the  three  sides  equal,  are 
tlierefore  (Prop.  5.)  identical.  Wherefore  the  angles  CDA,  CDB  are 
equal,  and  consequently  (Prop.  10.)  are  right  angles. 

Corollary.  The  two  angles  at  C are  also  (Prop.  5.)  equal. 

Hence  it  appears,  that  any  angle  ACB  may  be  bisected  by  describing 
from  its  vertex  C as  the  centre  with  any  radius  A Can  arc  AFB  ; bisect- 
ing the  chord  of  that  arc  AB ; and  then  drawing  from  the  point  of  division  D the  right  line 
CD  ; for  it  may  then  be  shown,  as  in  the  proposition,  that  the  triangles  A CD,  DCB  are 
identical,  and  consequently  the  angles  at  C equal. 
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911.  Prop.  XXXV.  To  find  the  centre  of  a circle. 

Let  the  circle  of  which  it  is  required  to  find  the  centre  be  AGRF.  Draw  any  choru  AU 
{^fig.  267.)  ; bisect  it,  and  from  the  point  of  divi-  o 

sion  D raise  a perpendicular  FG  : this  line  will 
pass  through  the  centre,  and  consequently,  if  it 
be  bisected,  the  point  of  division  will  be  the 
centre. 

If  the  centre  of  the  circle  be  not  in  the  line 
FG,  it  must  he  somewhere  out  of  it ; for  in- 
stance, at  the  point  L.  But  this  is  impossible, 
for  if  the  point  L were  the  centre,  the  right  line 
LM  would  be  a radius  ; and  since  this  line  bisects 
the  chord  AB,  it  is  (Prop.  34.)  perpendicular  to  AB  ; which  cannot  be,  since  CD  is  per- 
pendicular to  AB. 

912.  Prop.  XXXVI.  To  find  the  centre  of  an  arc  of  a circle. 

I.et  ABDF  be  the  arc  of  which  it  is  required  to  find  the  centre.  Draw  any  two  chords 
AB,  DF  (^fig.  268);  bisect  them,  and  from  the  points  of  division  raise  the  perj)endiculars 
MC,  LC  ; the  point  C,  in  which  these  two  perpendiculars  cut  each  other,  is  the  centre 
of  the  arc. 

For  (Prop.  35.)  the  perpendicular  MC  and  the  perpendicular  LC  both  pass  through 
the  centre  of  tlie  same  circle  ; tliis  centre  must  therefore  be  the  point  C,  which  is  the  only 
point  common  to  the  two  perpendiculars. 

913.  Prop.  XXXVII.  If  three  equal  Imes  meet  in  the  same  point  within  a circle,  and  are 

terminated,  they  are  radii  of  that  circle.  H 

The  lines  CA,  CB,  CD  (^fig.  269.),  drawn  from  the  same  point 
C within  a circle,  and  terminated  by  it,  being  equal,  the  point  C 
is  the  centre  of  the  circle.  Draw  the  lines  AB,  BD  ; bisect  them, 
and  let  the  points  of  division  be  F,  G;  and  draw  the  lines  CF, 

CG. 

In  the  triangles  CFA,  CFB,  the  sides  CA,  CB  are  equal  by 
supposition,  the  sides  FA,  FB  are  equal  by  construction,  and 
the  side  CF  is  common.  These  two  triangles,  then,  have  the 
three  sides  equal  ; they  are  therefore  (Prop.  5.)  identical.  Wherefore  the  two  angles  at 
F are  equal,  and  the  line  FC  (Defin.  II.)  is  perpendicular  to  the  chord  AB.  And  since 
this  perpendicular  bisects  the  chord  AB,  it  must  (Prop.  35.)  pass  through  the  centre  of  the 
circle.  In  like  manner,  it  may  be  demonstrated  that  the  line  GC  also  passes  through  the 
centre.  Wherefore  the  point  C is  the  centre  of  the  circle,  and  CA,  CB,  CD  are  radii. 

914.  Prop.  XXXVIII.  If  the  radius  of  a circle  he  perpendicular  to  a chord,  the  radius 

bisects  both  the  chord  and  the  arc  of  the  chord. 

Let  the  radius  CF  be  perpendicular  to  the  chord  AB  {fig-  270.); 
equal  to  the  right  line  DB,  and  the  arc  AF  equal  to  the  arc  FB. 

Draw  the  right  lines  CA,  CB. 

In  the  large  triangle  ACB,  the  side  CA  (Prop.  1.)  is  equal  to 
the  side  CB,  because  they  are  radii  of  the  same  circle.  The  angle 
A is  (Prop.  4.)  therefore  equal  to  the  angle  B.  The  angles  at  D are 
right  angles,  and  therefore  equal ; and  the  angles  at  C are  conse- 
quently (Prop.  23.)  equal.  Also  the  side  CA  is  equal  to  the  side 
CB,  and  the  side  CD  is  common.  These  two  triangles,  then,  having 
two  sides  and  the  angle  contained  by  them  equal,  are  (Prop.  3.)  Fik- wo. 

identical,  whence  the  side  AD  is  equal  to  the  side  DB.  Again,  since  the  angles  ACF, 
BCF  are  equal,  the  arcs  AB,  BF,  which  measure  these  angles,  are  also  equal.  The  chord 
AB  and  the  arc  AFB  are  therefore  bisected  by  the  radius  CF. 

915.  Prop.  XXXIX.  A right  line  perpendicular  to  the  extremity  of  a radius  is  a tangent 
to  the  circle. 

Let  the  line  AB  {fig.  271.)  pass  through  the  extremity  of  the 
radius  CT  in  such  a manner  that  the  angles  CTA,  CTB  shall  be 
right  angles ; this  line  AB  touches  the  circumference  in  only  one 
point  T.  If  AB  touch  the  circumference  in  any  other  point,  let 
it  be  D,  and  draw  the  line  CD. 

In  the  right-angled  triangle  CTD  the  square  of  the  hypothe- 
nuse  CD  is  equal  to  the  two  squares  of  CT  and  TD  taken  together. 

The  square  of  CD  is  therefore  greater  than  the  square  of  CT,  and 
consequently  the  line  CD  is  greater  than  the  line  CT,  which  is  a 
radius.  Therefore  the  point  D is  out  of  the  circumference.  And  in  like  manner  it  may  be 
shown  that  every  point  in  the  line  AB  is  out  of  the  circumference,  except  T ; AB  is  there- 
fore a tangent  to  the  circle. 

Corollary.  It  follows,  therefore,  that  a perpendicular  is  the  shortest  line  that  caJ>  be 
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drawn  from  any  point  to  a given  line  ; since  tlie  perpendicular  C'l'  is  shorter  than  any  other 
line  whicn  can  he  drawn  from  the  point  C to  the  line  A R. 

yi(>.  Pkoi*.  XI,.  If  a riyht  line  be  drawn  touchiny  a circumference.^  a radius  draxvn  to  the 
point  of  contact  will  be  perpendicular  to  the  tanyent. 

Let  the  line  AB  27‘2.)  touch  the  circumference  of  a circle  ^ •>  li 

in  a point  T,  the  radius  CT  is  perpendicular  to  the  tangent  AB. 

For  all  other  lines  drawn  from  the  point  C to  the  line  AB  must 
pass  out  of  the  circle  to  arrive  at  this  line.  The  line  CT  is  there- 
fore the  shortest  which  can  be  drawn  from  the  point  C to  the  line 
AB,  and  consequently  (Corol.  to  Prop.  39.)  is  perpendicular  to  the 
line  AB. 

917.  Pi;oi\  XL  I.  The  angle  formed  by  a tanyent  and  chord  is 
measured  by  half  the  arc  of  that  chord. 

Let  BTA  {‘fiy.  ‘273.)  be  a tangent  and  TD  a chord  drawn  from  the  point  of  contact  T; 
the  angle  ATD  is  measured  by  half  the  arc  TFD,  and  the  angle  BTU  is  measured  by 
iialf  the  arc  TGD.  Draw  the  radius  CT  to  the  point  of  contact, 
and  the  radius  CF  peiqiendicular  to  the  chord  TD. 

I'lie  radius  CF  being  iierjiendicular  to  the  chord  TD  (Prop.  38.) 
bisects  the  arc  TFD.  TF  is  therefore  half  the  arc  TFD. 

In  the  triangle  C3IL  the  angle  M being  a right  angle,  the  two 
remaining  angles  are  (Prop.  22.)  equal  to  a right  angle.  Where- 
fore the  angle  C is  that  which  the  angle  L wants  of  a right  angle. 

On  the  other  side,  since  the  radius  CT  is  perpendicular  to  the  tan- 
gent B.\,  the  angle  ATD  is  also  that  which  the  angle  L wants 
of  a right  angle.  The  angle  ATD  is  therefore  e<jual  to  the  angle  C.  But  tiie  angle  C is 
measured  by  the  arc  TF,  consecjuently  the  angle  ATD  is  also  measured  by  the  arc  TF, 
which  is  half  of  TFD.  The  angle  BTD  must  therefore  be  measured  by  half  the  arc  TGD, 
since  these  two  halves  of  arcs  make  up  half  the  circumference.  ^ t a 

918.  Prop.  XLII.  An  angle  at  the  circumference  of  a circle  is 
tneasured  by  half  the  arc  by  which  it  is  subtended. 

Let  CTD  {fiy.  274.)  be  the  angle  at  the  circumference;  it 
has  for  its  measure  half  the  arc  CFD  by  which  it  is  sub- 
tended. 

Supi^ose  a tangent  passing  through  the  point  T. 

The  three  angles  at  T are  measured  by  half  the  circumference 
(Prop.  22.),  but  the  angle  ATD  is  measured  (Prop.  41.)  by  half 
the  arc  TD,  and  the  angle  BTC  by  half  the  arc  TC ; conse- 
quently the  angle  CTD  must  be  measured  by  half  the  arc  CFD,  since  these  three  halves  of 
arcs  make  up  half  the  circumference. 

919.  Prop.  XLIII.  The  anyle  at  the  centre  of  a circle  is  double  of  the  angle  at  the  cir- 
cumference. 

Let  the  angle  at  tire  circumference  ADB  (fiy.^lS.)  and  the 
angle  at  the  centre  ACB  be  both  subtended  by  the  same  arc  A B, 
the  angle  ACB  is  double  of  the  angle  ADB, 

For  the  angle  ACB  is  measured  by  the  arc  AB,  and  the  angle 
A D B is  (Prop.  42.)  measured  by  half  the  same  arc  A B ; the  angle 
\CB  is  therefore  double  of  the  angle  ADB. 

920.  Prop.  XLIV.  Upon  a given  line,  to  describe  a segment  of 
a circle  containing  a given  angle. 

Let  AB  {fig.  276.)  be  the  given  line  and  G the  given  angle,  it  is  required  to  draw  such 
a circumference  of  a circle  through  the  points  A and  B that  the  angle  D shall  be  equal  to 
the  angle  G 

For  this  purpose  draw  the  lines  AL,  BL  in  such  manner 
that  the  angles  A and  B shall  be  equal  to  the  angle  G : at  the 
extremities  of  LA,  LB  raise  the  perpendiculars  AC,  BC; 
and  from  the  point  C in  which  these  two  perpendiculars  cut 
each  other,  with  the  radius  CA  or  CB  describe  the  circum- 
ference ADB ; the  angle  D will  be  equal  to  the  angle  G. 

The  angle  LAB,  formed  by  the  tangent  AL  and  the  chord 
AB,  is  (Prop.  41.)  measured  by  half  the  arc  AFB  ; and  the 
angle  D at  the  circumference  is  also  measured  (Prop.  42.)  by 
half  the  arc  AFB  ; the  angle  D is  therefore  equal  to  the  angle 
LAB.  But  the  angle  LAB  is  made  e(jual  to  the  angle  G ; the  angle  D is  therefore  equal 
to  the  angle  G. 

921.  Prop.  XLV.  In  every  triangle  the  greater  side  is  opposite  to  the  greater  anyle,  and 
the  greater  angle  to  the  greater  side. 

Ill  the  triangle  ABC  (Jig.  277.),  if  the  side  AB  be  greater  than  the  side  AC,  tl  e angle 
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C opposite  to  the  side  AB  will  be  greater  than  the  angle  R opposite  to  the  side  AC. 
Draw  the  circumference  of  a circle  through  the  three  points  A, 

C,  13. 

Since  the  chord  AB  is  greater  than  the  chord  AC,  it  is  manifest 
that  the  arc  ADB  is  greater  than  the  arc  AFC;  and  consequently 
the  angle  at  the  circumference  C,  which  is  measured  (Prop,  42.) 
by  half  the  arc  ADB,  is  greater  than  the  angle  at  the  circumference 
B,  which  is  measured  by  half  the  arc  AFC. 

Again,  if  the  angle  C is  greater  than  the  angle  B,  the  side  A B 
opposite  to  the  angle  C will  be  greater  than  the  side  AC  ojjposite 
to  the  angle  B. 

The  angle  C is  measured  (Prop.  42.)  by  half  the  arc  ADB,  and  the  angle  B by  half  tlie 
arc  AFC.  But  the  angle  C is  greater  than  the  angle  B ; the  arc  A D B is  therefore  greater 

tlian  tlie  arc  AFC,  f>nd  consequently  the  chord  AB  is  greater  than  the  chord  AC. 

922.  Prop.  XL  VI.  Two  parallel  chords  intercept  equal  arcs. 

If  tlie  two  chords  AB,  CD  (Jig.  278.)  are  parallel,  the  arcs  AC,  BD  are  eijual.  Draw 
thf  right  line  BC. 

Because  the  lines  AB,  CD  are  parallel,  the 
alternate  angles  ABC,  BCD  are  (Prop.  17.) 
cipial.  But  the  angle  at  the  circumference 
BCD  is  measured  (Prop.  42.)  by  half  the 
arc  AC  ; and  the  angle  at  the  circumference 
BCD  is  measured  by  half  the  arc  BD;  the 
arcs  AC,  BD  are  therefore  equal. 

92.8.  Prop.  XLVIl.  If  a tange?it  and  chord 
be  parallel  to  each  other,  they  intercept  etptal  arcs. 

Let  the  tangent  FG  (fg.  ‘270.)  be  parallel 
to  the  chord  AB  ; the  arc  TA  will  be  ecjual  to  the  arc  TB.  Draw  the  right  line  TA. 

Because  the  lines  FG,  AB  are  parallel,  the  alternate  angles  FTA,  TAB  are  (Prop.  17.) 
equal.  But  the  angle  FTA,  formed  by  a tangent  and  a chord,  is  measured  (Prop.  41.)  by 
half  the  arc  TA,  and  the  angle  at  the  circumference  TAB  is  measured  (Prop.  42.)  by  half 
the  arc  TB.  The  halves  of  the  arcs  TA,  TB,  and  consequently  the  arcs  themselves,  are 
therefore  equal. 

924.  Prop.  XLVIII.  The  angle  formed  by  the  intersection  of  two  chords  is  measured  by 
half'  the  two  arcs  intercepted  by  the  two  chords. 

Let  the  two  chords  AB,  DF  (fig.  280.)  cut  each  other  at  the  point  C,  the  angle  FCB 
or  A CD  is  measured  by  half  the  two  arcs  FB,  AD.  Draw  AG 
parallel  to  DF. 

Because  the  lines  AG,  DF  are  parallel,  the  interior  and  exterior 
angles  GAB,  FCB  are  (Prop.  19.)  equal.  But  the  angle  at  the 
circumference  GAB  is  measured  (Prop.  42.)  by  half  the  arc  ^ 

GFB.  The  angle  FCB  is  therefore  also  measured  by  half  the  arc 
GFB. 

Because  the  chords  AG,  DF  are  parallel,  the  arcs  GF,  AD  are 
(Prop.  4(3.)  equal:  AD  may  therefore  be  substituted  in  the  room  Fig.  iSO. 

of  GF ; wherefore  the  angle  FCB  is  measured  by  half  the  arcs  AD,  FB. 

925.  Prop.  XL IX.  The  angle  formed  by  two  secants  is  measured  by  half  the  dlfiference  of 
the  two  intercepted  arcs. 

Let  the  angle  CAB  (fig.  281.)  be  formed  by  the  two  secants  AC,  AB,  this  angle  is 
measured  by  half  the  difference  of  the  two  arcs  GD,  CB,  inter- 
cepted by  the  two  secants.  Draw  DF  parallel  to  AC. 

Because  the  lines  AC,  DF  are  parallel,  the  interior  and  exterior 
angles  CAB,  FDB  are  (Prop.  19.)  equal.  But  the  angle  FDB  is 
measured  (Prop.  42.)  by  half  the  arc  FB  ; the  angle  GAB  is 
therefore  also  measured  by  half  the  arc  FB. 

Because  the  chords  GC,  DF  are  parallel,  the  arcs  GD,  CF  are 
(Prop.  46.)  equal ; the  arc  FB  is  therefore  the  difference  of  the 
arc  GD  and  the  arc  CFB.  Where  the  angle  A has  for  its  mea- 
sure half  the  difference  of  the  arcs  GD,  CFB. 

926.  Prop.  L.  The  angle  formed  by  two  tangents  is  measured  by  half  the  difference  of  ihi 
two  intercepted  arcs. 

Let  the  angle  CAB  (fig.  282.)  be  formed  by  the  two  tangents  AC,  AB  ; this  angle  is 
measured  by  half  the  difference  of  the  two  arcs  GLD,  GFD.  Draw  DF  parallel  to  AC. 

Because  the  lines  AC,  DF  are  parallel,  the  interior  and  exterior  angles  CAB,  FDB  are 
(Prop.  19.)  equal.  But  the  angle  FDB,  formed  by  the  tangent  DB  and  the  chord  DF,  is 
measured  (Prop.  41.)  by  half  the  arc  FD.  Therefore  the  angle  CAB  is  also  meeisured  by 
half  the  arc  FD. 
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Becfiisc  the  tangent  AC  and  the 
chord  DF  are  parallel,  the  inter- 
cepted arcs  OF  GD  are  (Prop. 

47.)  ecpial.  The  arc  FU  is  there- 
fore the  difference  between  the  arc 
GLDandthe  arc  GFD.  There- 
fore the  angle  CAB,  which  is  mea- 
sured by  half  the  arc  FD,  is  also 
measured  by  half  the  difference  of 
the  arcs  GLD,  GFD. 

CoiioLLARY.  In  the  same  w.iy  it  may  be  demonstrated  tliat  the  angle  formed  by  a tangent 
Al'C  {fig.  283.)  and  a secant  ADR  is  measured  by  half  the  difference  of  the  two  inter- 
cepted arcs. 

927.  Prop.  IH.  To  raise  a perpendicular  at  the  extremity  of  a gieen  line. 

At  the  extremity  A {fig.  284.)  of  the  given  line  AB  let  it  be  required  to  raise  a p*  r- 
pendicular.  X> 

From  any  point  C taken  above  the  line  AB  describe  a circum- 
ference  passing  through  the  point  A and  cutting  the  line  AB  in  any  / 
other  point,  as  G.  Draw  the  diameter  DG  and  the  right  line  AD, 
this  line  AD  will  be  perpendicular  to  the  line  AB. 

The  angle  DAG  at  the  circumference  is  measured  (Prop.  42.)  by  ' 
half  the  arc  DFG,  which  is  half  the  circumference,  because  DCG  is 
a diameter.  The  angle  DAG  is  therefore  measured  by  one  fourth 
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part  of  the  circumference,  and  consequently  (Defin.  10.)  is  a riglit  angle,  whence  the  line 
AD  is  (Prop.  11.)  perpendicular  to  the  line  AB. 

Corollary.  Ilence  it  follows  that  the  angle  at  the  circumference  which  is  subtended 
by  a diameter  must  be  a right  angle. 

928.  Prop.  LI  I.  From  any  point  without  a circle  to  draw 
a tangent  to  that  circle. 

From  the  point  A {fig.  285.)  let  it  be  required  to  draw  a 
tangent  to  the  circle  DTB. 

Draw  from  the  centre  C any  right  line  CA  ; bisect  this 
right  line,  and  from  the  point  of  division  B,  as  a centre,  de- 
scribe the  arc  CTA.  Lastly,  from  the  point  A,  and  through 
the  point  T,  in  which  the  two  arcs  cut  each  other,  draw  the 
right  line  AT  ; this  right  line  AT  will  be  a tangent  to  the 
circle  DTB.  Draw  the  radius  CT. 

The  angle  CTA  at  the  circumference,  being  subtended  by 
the  diameter  CA,  is  (Corol.  to  Prop.  51.)  a right  angle;  therefore  the  line  TA  is  perpendi- 
cular to  the  extremity  of  the  radius  CT,  and  consequently  (Prop.  40.)  is  a tangent  to  the 
circle  DTB. 


SURFACES. 

929.  Definitions. — 1.  A mathematical  point  has  neither  length,  breadth,  nor  thitM.t--.s. 
T\\q  physical  point,  now  for  consideration,  has  a supposed  length  and  breadth  exceed- 
ingly small. 

2.  A physical  line  is  a series  of  physical  points,  and  conse(|uently  its  breadth  is  equal  to 

that  of  the  physical  points  whereof  it  is  composed. 

3.  Since  physical  lines  are  composed  of  points,  as  numbers  are  composed  of  units,  ]iolnts 

may  be  called  the  units  of  lines. 

4.  As  to  multiply  one  number  by  another  is  to  take  or  repeat  the  first  number  as  many 

times  as  there  are  units  in  the  second ; so  to  multiply  one  line  by  another  is  to  take  or 
repeat  the  first  line  as  many  times  as  there  are  units,  that  is,  physical  points,  in  the 
second, 

930.  Prop.  LI  1 1.  The  surface  of  a rectajigle  is  equal  to  the 
product  of  its  two  sides. 

Let  the  rectangle  be  ABCD  {fig.  286.).  If  the  physical 
line  AB  be  multiplied  by  the  physical  line  AD,  the  pro- 
duct will  be  the  surface  ABCD. 

If  as  many  physical  lines  equal  to  AB  as  there  are 
physical  points  in  the  line  AD  be  raised  perpendicularly 
upon  AD,  these  lines  AB,  ab,  &c.  will  fill  up  the  whole 
surface  of  the  rectangle  ABCD.  W'herefiire  the  surface 
ABCD  is  equal  to  the  line  A 13  taken  as  many  times  as  there  are  physical  points  in  the  lire 
AD  ; that  is,  (Defin.  4.)  equal  to  the  line  AB  multiplied  by  the  line  AD. 

931 . Prop.  LI  V.  The  surface  of  a triangle  is  etpial  to  half  the  product  of  its  altitude  and  hnse, 

lt‘ from  the  vertex  of  any  angle  A {fig-  287.)  of  the  triangle  BAC  be  drawn  AD,  per- 
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])cMuliCiilar  to  the  opposite  side  1>C,  this  perpendicular  is  called  the  height,  and  the  side  BC 
the  base  of  the  triangle.  Now  the  surface  of  the  triangle  is 
equal  to  half  tl.c  product  of  the  height  AD  and  the  base  BC. 

I’roducc  BC  both  ways;  through  the  point  A draw  FG 
parallel  to  BC,  and  raise  the  two  perpendiculars  BF,  CG. 

Because  the  rectangle  BFGC  and  the  triangle  BAC  are 
between  the  same  parallels,  and  have  the  same  bases,  the  tri- 
angle is  (Prop.  29.)  half  the  rectangle.  But  the  surface  of 
the  rectangle  is  e(jual  (Prop.  53.)  to  the  product  of  BF  and 
BC.  Wherefore  the  surface  of  the  triangle  is  equal  to  half  the 
product  of  BF  and  BC,  that  is,  of  DA  and  GC. 

932.  Prop.  LV.  To  measure  the  surface  of  any  rectilineal  figure. 

Let  ABCDFA  (^^.288.)  be  the  rectilineal  figure,  whereof  it  is  required  to  find  the 
surface. 

Divide  the  whole  figure  into  triangles  by  drawing  the  lines 
CA,  CF.  Then,  drawing  a perpendicular  from  the  point  B 
to  the  side  CA,  multiply  these  two  lines;  the  half  of  their  pro- 
duct will  (Prop.  54.)  give  the  surface  of  the  triangle  ABC. 

In  the  same  manner  let  the  surfaces  of  the  remaining  triangles 
ACF,  FCD  be  found.  These  three  surfaces  added  together 
will  give  the  whole  surface  of  the  figure  ABCDFA. 

93.3.  Prop.  LVI.  77<e  area  o f a circle  is  equal  to  half  the  pro- 
dt>f  t of  its  radius  and  circumference. 

If  the  radius  of  the  circle  C (^^.289.)  be  multi])lied  by 
its  circumference,  the  half  of  the  product  will  give  the  surface  of  the  circle. 

Two  i)hysical  points  being  manifestly  not  sufficient  to  make  a curve  line,  this  must  re- 
quire at  least  three.  If,  therefore,  all  the  physical  points  of  a circumference  be  taken  two 
by  two,  these  will  compose  a great  number  of  small  right  lines.  From 
the  extremities  L,  M of  one  of  these  small  right  lines  if  two  radii  LC 
IVIC  be  di'awn,  a small  triangle  LCM  will  be  formed,  the  surface  of 
vrhich  will  be  equal  to  half  the  product  of  its  height ; that  is,  the  radius 
and  its  base. 

To  find  the  surface  of  all  the  small  triangles  whereof  the  circle  is  com- 
posed, multiply  the  height,  that  is,  the  radius,  by  all  the  bases,  that  is,  by 
the  circumference,  and  take  the  half  of  the  product  ; whence  the  area  or 
surface  of  the  circle  will  be  equal  to  half  the  product  of  the  radius  and 
circumference. 

934.  Prop.  LVI  I.  To  draw  a triangle  equal  to  a given  circle. 

I^et  it  be  required  to  form  a triangle  the  surface  of  which  shall  be  equal 
circle  AGFDA  (^fig.  290.). 


At  the  extremity  of  any  ra- 
dius CA  of  the  circle,  raise  a 
perpendicular  AB  equal  to  the 
circumference  AGFD,and  draw 
the  right  line  CB.  The  sur- 
fiu^e  of  the  triangle  BCA  will 
be  equal  to  that  of  the  circle 
AGFDA. 


Fig.  288. 
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Fig.  290. 

The  surface  of  the  circle  is  equal  (Prop.  56.)  to  half  the  product  of  the  radius  CA  and 
the  circumference,  or  the  line  AB.  The  surface  of  the  triangle  is  also  equal  (Proj).  54.) 
to  half  the  product  of  its  height  CA,  or  radius,  and  its  base  BA,  or  circumference.  There- 
fore the  surface  of  the  triangle  is  equal  to  that  of  the  circle. 


PROPORTION. 

935.  Definitions.  — 1.  The  ratio  of  one  quantity  to  another  is  the  number  of  times  which 
the  first  contains  the  second  ; thus  the  ratio  of  12  to  3 is  four,  because  12  contains 
3 four  times ; or,  more  universally,  ratio  is  the  comparative  magnitude  of  one  quan- 
tity with  respect  to  another. 

2.  Four  quantities  are  proportional,  or  in  geometrical  proportion,  or  two  quantities  are  said 
to  have  the  same  ratio  with  two  others,  when  the  first  contains  or  is  contained  in  the 
second,  exactly  the  same  number  of  times  which  the  third  contains  or  is  contained  in 
the  fourth  ; thus,  the  four  numbers  6,  3,  8,  4 are  proportionals,  because  6 contains  3 as 
many  times  as  8 contains  4,  and  3 is  contained  in  6 as  many  times  as  4 is  contained  in 
8,  that  is,  twice ; which  is  thus  expressed  : 6 is  to  3 as  8 to  4 ; or  3 is  to  6 as  4 to  8. 

936.  Prop.  LVI II  Parallelograms  which  are  between  the  same  parallels  are  to  one  an- 
other as  their  bases. 
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Let  the  two  parallelograms  ABCD,  FGI>M  (^fig.  291.)  be  between  the  same  parallels 
BL,  AM,  the  surface  of  the  parallelogram  ABCl)  contains  r p s ('  <4  i 

the  surface  of  the  parallelogram  FGLM  as  many  times 
exactly  as  the  base  AU  contains  the  base  FM.  Sup- 
pose, for  example,  that  the  base  AD  is  triple  of  the  base 
FM  ; in  this  case  the  surface  ABCD  will  also  be  triple 
of  the  surface  FGLM. 

Divide  the  base  AD  into  three  parts,  each  of  which  is 
equal  to  the  base  FM,  and  draw’  from  the  points  of  divi- 
sion the  lines  NP,  RS  parallel  to  the  side  AB. 

The  parallelograms  ABPN,  FGLM  being  between  the  same  parallels  and  having  equal 
bases,  the  parallelogram  ABPN  is  (Prop.  30.)  equal  to  the  parallelogram  FGI^M.  For 
the  same  reason,  the  parallelograms  NPSR,  RSCD  are  also  equal  to  the  parallelogram 
FGLM.  The  parallelogram  ABCD  is  therefore  composed  of  three  parallelograms,  each 
of  which  is  equal  to  the  parallelogram  FGLM.  Consequently  the  parallelogram  ABCD 
is  triple  of  the  ])arallelogram  FGLM. 

937.  Prop.  LIX.  Triangles  which  are  between  the  same  'parallels  are  to  one  another  as 
their  bxses. 

Let  the  tAvo  triangles  ABC,  DFG  (fg.  292.)  be  betw’een  the  same  parallels  LF,  AG,  the 
surface  of  the  triangle  ABC  contains  the  surface  of  the 
triangle  DFG  as  many  times  as  the  base  AC  contains  the 
base  DG.  Suppose,  for  example,  that  the  base  AC  is  triple 
of  the  base  DG,  in  this  case  the  surface  ABC  will  be  triple 
of  the  surface  DFG. 

Divide  the  base  AC  Into  three  equal  parts,  AN,  NR, 

RC,  each  of  which  is  equal  to  the  base  DG,  and  draw  the 
right  lines  BN,  BR. 

The  triangles  ABN,  DFG  being  betw’een  the  same  parallels  and  having  equal  bases,  the 
triangle  ABN  is  (Prop.  31.)  equal  to  the  triangle  DFG.  For  the  same  reason,  the 
triangles  NBR,  RBC  are  each  equal  to  the  triangle  DFG.  The  triangle  ABC  is  there- 
fore composed  of  three  triangles,  each  of  which  is  equal  to  the  triangle  DFG.  Wherefore 
the  triangle  ABC  is  triple  of  the  triangle  DFG. 

938.  Prop.  LX.  If  a line  be  drawn  in  a triangle  parallel  to  one  of  its  sides,  it  will  cut  the 
other  two  sides  proportionally. 

In  the  triangle  BAC  (^fig.  293.),  if  the  line  DF  be  parallel  to  the  side  BC,  it  will  cut  the 
other  two  sides  in  such  manner  that  the  segment  AD  will  be  to  the 
segment  DB  as  the  segment  A F is  to  the  segment  FC.  Sup])ose,  for 
instance,  the  segment  AD  to  be  triple  of  the  segment  DB,  the  seg- 
ment AF  will  be  triple  of  the  segment  FC.  Draw  the  diagonals 
DC,  FB. 

The  triangles  AFD,  DF'B  are  between  the  same  parallels,  as  will 
be  easily  conceived  by  supposing  a line  drawm  through  the  point  F 
parallel  to  the  side  AB.  'I'hese  two  triangles  are  therefore  to  one 
another  (Proj).  59.)  as  their  bases;  and  since  the  base  AD  is  triple 
of  the  base  DB,  the  triangle  AFD  wdll  be  triple  of  the  triangle 
DFB. 
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Again,  the  triangles  BFD,  FDC  are  between  the  same  parallels  DF,  BC,  and  upon  the 
same  base  DF.  These  tw'o  triangles  are  therefore  (Prop.  31.)  equal;  and  since  the 

triangle  AFD  is  triple  of  the  triangle  DFB,  it  wdll  also  be  triple  of  the  triangle  FDC. 

Lastly,  the  triangles  ADF,  FDC  are  between  the  same  parallels,  as  will  be  easily  con- 
ceived by  supposing  a line  drawn  through  the  point  D parallel  to  the  side  AC.  These 
two  triangles  are  therefore  to  one  another  (Prop.  59.)  as  their  bases;  and  since  the  triangle 
ADF  is  triple  of  the  triangle  FDC,  the  base  AF  will  be  triple  of  the  base  FC. 

939.  Prop.  LXI.  Equiangular  triangles  have  their  homologous  sides  proportional. 

In  the  two  triangles  ABC,  CDF  {fig.  294.),  if  the  angle  A be 
equal  to  the  angle  C,  the  angle  B equal  to  the  angle  D,  and 
the  angle  C equal  to  the  angle  F ; the  side  AC,  for  example, 
opposite  to  the  angle  B is  to  the  side  CF  opposite  to  the  angle  D 

as  the  side  AB  opposite  to  the  angle  C is  to  the  side  CD  opposite 

to  the  angle  F.  Place  the  trvo  triangles  so  that  the  sides  AC,  CF 
shall  form  one  right  line,  and  produce  the  sides  AB,  FD  till  they 
meet  in  G. 

The  interior  and  exterior  angles  GAF,  DCF  being  equal,  the  ^ c k 

lines  GA,  DC  are  (Prop.  20.)  parallel.  In  like  manner,  the  alter-  Fig. 2‘jt. 

nate  angles  GFA,  BCA  on  the  same  sides  being  equal,  the  lines  GF,  BC  are  (Prop.  20.) 
parallel.  Wherefore  the  quadrilateral  figure  BGDC  is  a ])arallelograin,  and  consecjuently 
its  opposite  sides  are  equal.  In  the  triangle  GAF  the  line  BC,  being  parallel  to  the  side 
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FG,  cuts  (Prop.  60.)  the  other  two  sides  proportionally  ; that  is,  AC  is  to  CF  as  ABU 
to  RG,  or  its  eciual  CD. 

940.  Pkop.  lx  1 1.  'Friangles  the  sides  of  which  are  proportional  arc  uiuianyular. 

In  the  two  triangles  BAC,  FDG  (^//.  295.),  if  the 

side  AI>  is  to  the  .side  DF  as  the  side  BC  is  to  the  side 
FG  and  as  the  side  AC  to  the  side  DG,  these  two  tri- 
angles have  their  angles  equal. 

Let  the  side  AB  be  supposed  triple  of  the  side  DF; 
the  side  AC  must  be  triple  of  the  side  DG,  and  the  side 
BC  trii)le  of  the  side  FG. 

If  the  triangle  FDG  be  not  equiangidar  with  the  tri- 
angle BAC,  another  triangle  may  be  formed  equiangular 
with  it;  for  example,  FLG.  But  this  is  impo.ssible ; 
for  if  the  two  triangles  BAC,  FLG  were  e(julangular,  their  sides  would  be  (Prop.  61.) 
pro})ortional ; and  BC  being  triple  of  FG,  AB  would  be  triple  of  LF.  But  AB  is  triple 
of  DF;  wlience  LF  would  be  equal  to  DF.  For  the  same  reason,  LG  would  be  e(jual 
to  DG.  Thus,  the  two  triangles  FLG,  FDG,  having  their  three  sides  e<;[ual,  w'ould  be 
(Prop. 5.)  identical;  which  is  absurd,  since  their  angles  are  unequal. 

941.  Prop.  LX  I II.  7'riangles  which  have  an  anyle  in  one  equal  to  an  angle  in  the  others 
and  the  sides  about  these  angles  proportional,  are  equiangular. 

If  in  the  two  triangles  BAC,  NMP  {fig.  296.)  the  angle  A be  equal  to  the  angle  M, 
and  the  side  AB  be  to  the  side  MN  as  the  side  AC  is 
to  the  side  MP,  the  tw'o  triangles  are  equiangular. 

If  AB  be  triple  of  MN,  AC  must  be  triple  of  MP. 

Now,  if  the  angle  MNP,  for  example,  is  not  equal  to 
the  angle  ABC,  another  angle  may  be  made,  as  MNR, 
which  shall  be  equal  to  it.  But  this  is  impossible ; for 
the  two  triangles  BAC,  NMR,  having  two  angles  ecjual, 
w'ould  be  e(iuiangular,  and  consequently  (Prop.  61.) 
would  have  their  sides  proportional  ; wherefore,  AB 
being  trii)le  of  MN,  AC  would  be  triple  of  MR,  which 
cannot  be,  since  AC  is  tri])le  of  MP. 

942.  Prop.  LX IV.  A right  line  which  bisects  ang  angle  of  a triangle  divides  the  side 
opposite  to  the  bisected  angle  into  two  segments,  which  are  proportioniA  to  the  two  other  sides. 

In  the  triangle  BAC,  let  the  angle  BAC  be  bisected  by  the  right  line  AD,  making  the 
angle  r ecjual  to  the  angle  s.  The  segment  BD  is  to  the  segment  p 

DC  as  the  side  BA  to  the  side  AC. 

Produce  the  side  BA,  and  draw  CF  parallel  to  DA. 

The  lines  DA,  CF  being  parallel,  the  interior  and  exterior  angles 
",  F are  (Prop.  19.)  equal,  and  the  alternate  angles  s,  C are  (Prop.  17.) 
also  e(jual.  And  since  the  angle  r is  e(}ual  to  the  angle  s,  the  angle  F ^ 

will  also  be  ecjual  to  the  angle  C ; and  consequently  the  side  AF  is  A 

ecjual  to  the  side  AC. 

In  the  triangle  BFC,  the  line  AD  being  parallel  to  the  side 
BD  (Prop.  60.)  will  be  to  DC  as  BA  is  to  AF,  or  its  equal  AC. 

943.  Prop.  LXV.  'I'o  find  a fourth  proportional  to  three  given  lines.  ri;;.  <2<j7. 

Let  the  three  lines  be  A,  B,  C {fig.  298.),  it  is  i-equired  to  find  a fourth  line  D,  such 
that  the  line  A shall  be  to  the  line  B as  the  line  C is  to 
t.ie  line  D. 

Form  any  angle  RFG,  make  FM  equal  to  the  line 
A,  MG  e(}ual  to  the  line  B,  and  FN  e(jual  to  the  line 
C;  draw  the  right  line  MN,  and  through  the  point  G 
draw  GL  parallel  to  MN ; NL  will  be  the  fourth  pro- 
portional recjuired. 

In  the  triangle  FLG  the  line  NM,  being  parallel  to 
the  side  LG,  cuts  the  other  two  sides  (Proj).  60  ) propor- 
tionally. Wherefore  FM  is  to  MG  as  P'N  is  to  NL ; that  is,  A is  to  B 

944.  Prop.  LXVI.  7b  find  a third  proportional  to  two  givcii  lines. 

Let  the  two  lines  be  A,  B {fig.  299.),  it  is  recjuired  to 

find  a third  line  C,  such  that  the  line  A shall  be  to  the 
line  B as  the  line  B is  to  the  line  C. 

Form  any  angle  LFG,  make  FM  equal  to  the  line  A, 

MG  equal  to  the  line  B,  and  FN  ecjual  to  the  line  B ; 
draw  the  right  line  MN,  and  through  the  point  G draw 
GL  parallel  to  MN  ; NL  will  be  the  third  proportional 
re(]uired. 

In  the  triangle  FLG  the  line  NM,  being  parallel  to  liic  side  LG,  cuts  the  other 
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sides  (Prop.  GO.)  proportionally.  Wherefore  FM  is  to  MG  as  IN  is  to  NL;  that  is,  A 
is  to  B as  B is  to  C. 

945.  Prop.  LX  VI  I.  If  four  lines  he  proportional,  the  rectangle  or  product  of  the  extremei 

is  equal  to  the  rectangle  or  product  of  the  means. 

Let  the  line  A be  to  the  line  B as  the  line  C is  to  the  line  D {fg.  300.) ; the  rectangle 
formed  by  the  lines  A and  U is  equal  to  the  rectangles  formed 
by  the  lines  B and  C 

Let  the  four  lines  meet  in  a common  point,  forming  at  that 
point  four  right  angles ; and  draw  the  lines  parallel  to  them  to 
complete  the  rectangles  x,  y,  z. 

If  the  line  A be  triple  of  the  line  B,  the  line  C will  be  triple 
of  the  line  D. 

The  rectangles  or  parallelograms  x,  z being  betvveen  the  same 
parallels,  are  to  one  another  as  their  bases.  Since  the  base  A is  triple  of  the  base  B,  the 
rectangle  x is  triple  of  the  rectangle  z.  In  like  manner,  the  rectangles  or  parallelograms 
y,  z,  being  between  the  same  parallels,  are  to  one  another  as  their  bases : since  the  base 
C is  triple  of  the  base  D,  the  rectangle  y is  therefore  trii)le  of  the  rectangle  z.  Where- 
fore, the  rectangle  x being  triple  of  the  rectangle  z,  and  the  rectangle  y being  triple  of  the 
same  rectangle  z,  these  two  rectangles  x and  y are  equal  to  one  another. 

946.  Prop.  LXVIII.  Four  lines  which  have  the  rectangle  or  product  of  the  extremes  equal 
to  the  rectangle  or  product  of  the  means  are  proportional. 

Let  the  four  lines  A,  B,  C,  D {fig.  301.)  be  such  that  the  rectangle  of  A and  D is  equal 
to  the  rectangle  of  B and  C,  the  line  A will  be  to  the  line  B as  ^ 
the  line  C to  the  line  D. 

l>et  the  four  lines  meet  in  a common  point,  forming  at  that  ^ 
point  four  right  angles,  and  complete  the  rectangles  x,  y,  z. 

If  the  line  A be  triple  of  the  line  B,  the‘  line  C will  be  triple 
of  the  line  D. 

nie  rectangles  x and  z,  being  between  the  same  parallels.  Fig.  soi. 

are  to  one  another  as  their  bases : since  the  base  A is  triple  of 

the  base  B,  the  rectangle  x will  be  therefore  triple  of  the  rectangle  z.  And  the  rectangle 
y is,  by  supposition,  equal  to  the  rectangle  x ; the  rectangle  y is  therefore  also  triple  of 
the  rectangle  z. 

But  the  rectangles  y,  z,  being  between  the  same  parallels,  are  to  one  another  as  their 
bases.  Hence,  since  the  rectangle  y is  triple  of  the  rectangle  z,  the  base  C is  also  triple  of 
the  base  D. 

947.  Prop.  LX  IX.  If  four  lines  he  proportional,  they  are  also  proportional  alternately. 

If  the  line  A is  to  the  line  B as  the  line  C to  the  line  D {fig.  302.),  ^ 

they  will  be  in  proportion  alternately ; that  is,  the  line  A will  be  to  the 
line  C as  the  line  B to  tlip  line  D.  ® 

Because  the  line  A is  to  the  line  B as  the  line  C is  to  the  line  D.  ^ 

the  rectangle  of  the  extremes  A and  D is  equal  to  the  rectangle  of  the  d 

means  B and  C ; whence  it  follows  (Prop.  68.)  that  the  line  A is  to  the  Fig.  .•^02 
line  C as  the  line  B is  to  the  line  D. 

Otherwise,  — Suppose  the  line  A to  be  triple  of  the  line  B,  the  line  C will  be  tri})le  of 

the  line  U.  Hence,  instead  of  saying  A is  to  B as  C to  D,  we  may  say  three  times  B is  to 

B as  three  times  D is  to  U.  Now  it  is  manifest  that  three  times  B is  to  three  times  D as 
B is  to  D.  Therefore  the  line  A (which  is  equal  to  three  times  B)  is  to  the  line  C (which 
is  equal  to  three  times  D)  as  the  line  B is  to  the  line  D. 

948.  Prop.  LXX.  If  four  lines  he  proportional,  they  will  he  proportional  hy  composi- 

tion. 

Let  the  line  A be  to  the  line  B as  the  line  C is  to  the  line  D {fig.  303.),  they  will  be 
proportional  by  composition ; that  is,  the  line  A joined  to  the  line  13  will 
be  to  the  line  B as  the  line  C joined  to  the  line  D is  to  the  line  D. 

If  the  line  A contain  the  line  B,  for  example,  three  times,  and  the  line 
C contain  the  line  D three  times  ; the  line  A joined  to  the  line  B will 
contain  the  line  B four  times,  and  the  line  C joined  to  the  line  D will 
contain  the  line  D four  times.  Therefore  the  line  A joined  to  the  line 
B is  to  the  line  B as  the  line  C joined  to  the  line  D is  to  the  line  U. 

949.  Prop.  LXXI.  If  four  lines  he  proportional,  they  will  he  also  proportiomd  by 
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division. 

If  the  line  A is  to  the  line  B as  the  line  C is  to  the  line  D {fig.  304.), 
they  will  be  proportional  by  division ; that  is,  the  line  A wanting  the 
line  B is  to  the  line  B as  the  line  C wanting  the  line  U is  to  the  line  D. 

If  the  line  A contain  the  line  B,  for  examjile,  three  times,  and  the  line 
C contain  the  line  D three  times,  the  line  A wanting  the  line  B will  con- 
tain the  line  B only  twice ; and  the  line  C wanting  the  line  D will  also 
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twice.  Therefore  the  line  A wanting  the  line  R is  to  the  line  R as  the  line  C wanting  the 
line  D is  to  the  line  1). 

950.  Pkop.  LXX  II.  If  three  lines  he  proportional,  the  frst  is  to  the  third  as  the  s(juare  oj 
the  frst  is  to  the  square  of  the  seeond. 

If  the  line  CD  is  to  the  line  cd  as  the  line  cd  is  to  a third  line  x (fff.  305.),  the  line  CD 
is  to  the  line  x as  the  square  of  the  line  CD  is  to  the  square  of  the 
line  cd.  Take  CE  equal  to  the  line  x,  and  draw  the  perpendicular 
ER. 

Since  the  line  CD  is  to  the  line  cd  as  the  line  cd  is  to  the  line  CF, 
the  rectangle  of  the  extremes  CE,  CD,  or  CL  is  e({ual  (Prop.  67.) 
to  tlie  rectangle  of  the  means,  that  is,  to  the  square  of  cd. 

Again,  the  square  of  CD  and  the  rectangle  of  the  lines  CE,  CL, 
being  between  the  same  parallels,  are  to  one  another  (Prop.  58.)  as 
their  bases.  Therefore  CD  is  tc  CF,  or  x,  as  the  square  of  CD  is 
to  the  rectangle  of  CF  and  CL,  or  to  its  equal  the  square  of  cd. 

951.  Prop.  LXXIII.  If  two  chords  in  a circle  cut  each  other,  the  rectangle  of  the  seg- 
ments of  one  is  equal  to  the  rectangle  of  the  segments  of  the  other 

Let  the  two  chords  AB,  CD  {fg.  306.)  in  the  circle  cut  each  other  in  the  point  E,  the 
rectangle  of  AF,  ER  is  equal  to  the  rectangle  of  CE,  ED.  Draw 
the  two  right  lines  AC,  DR.  Because  in  the  triangles  CAE,  BDE 
the  angles  at  the  circumference  A and  D are  both  measured  (Prop. 

42.)  by  half  the  arc  CB,  they  are  equal.  Because  the  angles  C and 
B are  both  measured  (Prop.  42.)  by  half  the  arc  AD,  these  angles 
are  also  equal.  And  the  angles  at  F are  equal,  because  they  are 
vertical.  These  two  triangles  are  therefore  equiangular,  and  conse- 
quently (Prop.  61.)  their  sides  are  proportional.  Wherefore  the 
side  AE  opposite  to  the  angle  C is  to  the  side  ED  opposite  to  the 
angle  B as  the  side  CE  opposite  to  the  angle  A is  to  the  side  EB  o])posite  to  tlie 
angle  D.  Therefore  (Prop.  69.)  the  rectangle  of  the  extremes  AE,  EB  is  equal  to  the 
rectangle  of  the  means  CF,  ED. 

952.  Prop.  LX XIV.  2b  find  a mean  proportional  between  two  given  lines. 

Let  there  be  two  lines  A,  C (fig.  307.),  it  is  required  to  find  a third  line  B,  such  that 
the  line  A shall  be  to  the  line  B as  the  line  B is  to  the 
line  C. 

Place  the  lines  A and  C in  such  manner  that  they  shall  ^ 
form  one  right  line  DGL,  and  bisect  this  right  line  in  the  ^ 
point  E.  From  the  point  F,  as  a centre,  describe  the  cir- 
cumference of  a circle  DMLN ; then,  at  the  point  G,  where 
the  two  lines  are  joined,  raise  the  perj)endicular  GM  ; GM  is 
the  mean  proportional  sought  between  the  lines  A and  C. 

Produce  MG  to  N. 

Because  the  chords  DL,  MN  cut  each  other  at  the  point  G,  the  rectangle  of  the  seg- 
ments DG,  GL  is  (Prop.  73.)  equal  to  the  rectangle  of  the  segments  MG,  GN. 

Because  the  radius  EL  is  perpendicular  to  the  chord  MN,  EL  (Prop.  38.)  bisects  MN ; 
therefore  GN  is  equal  to  GM. 

Lastly,  because  the  rectangle  of  the  extremes  DG,  GL  is  equal  to  the  rectangle  of  the 
means  GM,  GN,  or  its  equal  GM,  DG  is  to  GM  as  GM  is  to  GL.  Therefore  GM  is  a 
mean  proportional  between  DG  and  GI-^  that  is,  between  the  lines  A and  C. 

953.  Prop.  LX XV.  The  bases  and  altitudes  of  equal  triangles  are  in  reciprocal  or  inverse 
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Let  the  two  triangles  ABC,  DEG  (fig.  308.)  be  equal ; the  base  AC  will  be  to  the  base 
DG,  as  the  perpendicular  F'M  to  the  perpendicular  BL;  that 
is,  the  t ases  and  altitudes  are  in  reciprocal  or  inverse  ratio. 

The  triangle  ABC  (Prop.  54.)  is  half  the  product  or  rect- 
angle of  the  base  AC  and  the  altitude  BL.  Again,  the  tri- 
angle DEG  is  (Prop.  54.)  half  the  product  or  rectangle  of  the 
base  DG  and  the  altitude  EM.  The  two  triangles  being 
0(|ual,  the  two  rectangles,  which  are  double  of  the  triangles, 
will  therefore  also  be  equal. 

Again,  because  the  rectangle  of  the  extremes  AC,  BL  is 
equal  to  the  rectangle  of  the  means  DG,  EM  ; AC  (Prop. 

68.)  is  to  DG  as  EM  is  to  BL. 

954.  Prop.  LX XVI.  Triangles  the  bases  and  altitudes  whereof  are  in  reciprocal  or  inverse 
ratio  are  ejual. 

In  the  two  triangles  ABC,  DEG  (fig.  .309.),  If  the  base  AC  be  to  the  base  DG  as  the 
peroendicular  EM  to  the  perpendicular  BL,  the  surfaces  of  the  two  triangles  are  equal. 
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Because  AC  is  to  DG  as  FM  is  to  BL,  the  product  or  rectanj^le  of  the  extremes  AC, 
BL  is  (Prop.  67.)  equal  to  the  product  or  rectangle  of  the  means  DG,  FiVI.  The  halves 
(Corol.  to  Prop.  27.)  of  these  two  rectangles, 
namely,  triangles  ABC,  DFG,  are  therefore 
c(jual. 

955.  Prop.  I>XXVII.  Tivo  secants  drawn 
J’rom  the  same  point  to  a circle  are  in  the  inverse 
ratio  o f the  parts  which  lie  out  o f the  circle. 

Let  the  two  secants  he  CA,  CB  {Jip.  ;R0.); 

C.\  is  to  CB  as  CD  is  to  CF.  Draw  the 
right  lines  FB,  DA. 

In  the  triangles  CD  A,  CFB  the  angles 
at  the  circumference  A and  B,  being  both 
measured  (Prop.  42.)  by  half  the  arc  FD,  are 
e(pial,  and  the  angle  C is  common  to  the  two  triangles.  These  two  triangles  are  there- 
fore ( Proj).  26.)  eipiiangular  and  (Prop.  61.)  have  their  sides  ))roj)ortional.  Wherefore 
the  side  CA  of  the  first  triangle  is  to  tlie  side  CB  of  the  second  triangle  as  the  side  CD 
of  the  first  triangle  is  to  the  side  CF  of  the  second  triangle. 

966.  Prop.  LX XVII I.  The  tangent  to  a circle  is  a mean  proportional  between  the  secant 
and  the  part  of  the  secant  which  lies  out  of  the  circle. 

In  the  circle  ABD,  CB  {jig.  31 1.)  being  secant,  and  CA  tangent,  CB 
is  to  CT).  Draw  the  right  lines  AB,  AD. 

The  triangles  CAB,  CD  A have  the  angle  C common  to  both.  Also 
the  angle  B is  measured  (Prop.  42.)  by  half  the  arc  AFD;  and  the 
angle  CAD  formed  by  the  tangent  AC  and  the  chord  AD  is  measured 
(Prop.  41.)  by  half  the  .same  arc  AFD.  The  two  triangles  CAB,  CDA, 
having  their  two  angles  CMiual,  are  (Prop.  23.),  etiuiaiigular,  and  con- 
sequently (Prop.  61.)  have  their  sides  proportional.  Hence  the  side 
CBof  the  greater  triangle  opposite  to  the  angle  CAB  is  to  the  side 
C.\  of  the  smaller  triangle  opposite  to  the  angle  D as  the  side  CA  of 
the  greater  triangle  o))posite  to  the  angle  B is  to  the  side  CD  of  the 
smaller  triangle  oppo.site  to  the  angle  A. 

CoRor.i.ARV.  From  this  proposition  is  suggested  a new  method  of 
finding  a mean  ))roportional  between  two  given  lines. 

Take  CB  equal  to  one  of  the  given  lines,  and  CD  equal  to  the  other 
the  point  of  division,  as  a centre,  describe  the  circumference  D.VB  ; and  draw  the  tangent 
CA.  This  tangent  is  a mean  proportional  between  CB  and  CD,  as  aiipears  from  the 
proposition. 

957.  Prop.  LX XIX.  To  cut  a given  line  in  extreme  and  mean 
ratio.  ' 

Let  it  be  required  to  divide  the  line  C.\  {jig.  31  2.)  in  extreme  and 
mean  ratio:  that  is,  to  divide  it  in  socli  a manner  that  the  whole  lino 
s!;all  be  to  the  greater  part  as  the  greater  ])art  is  to  the  le.ss. 

At  the  extremity  A of  the  line  CA  raise  a perpendicular  AG 
etjual  to  half  the  line  CA ; from  the  point  G,  as  a centre,  with  tlie 
radius  G.A,  describe  the  circumference  ADB;  draw  the  line  CB 
through  the  centre,  and  take  CF  equal  to  CD;  the  line  CA  will  be 
divided  at  the  point  F in  extreme  and  mean  ratio. 

Because  (Prop.  78.)  CB  is  to  CA  as  CA  is  to  CD,  by  division, 

( Prop.  71  ) CB  wanting  C,\  or  its  equal  DB  is  to  CA,  as  CA  wanting 
CD  or  its  equal  CF  is  to  CD  ; that  is,  C D or  CF  is  to  C.\  as  FA  is 
to  C 1)  or  CF ; or,  inver.sely,  CA  is  to  C F as  CF  is  to  FA,  or  the  line  AC  is  cut  in  extreme 
and  mean  ratio. 
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968.  Dei’initions.  — 1.  Figures  are  similar  which  are  compo.sed  of  an  c<iual  number  of 
physical  points  disposed  in  the  same  manner.  Thus, 
the  figures  ABCDF,  abed f {jig.  313.)  are  similar,  if 
every  point  of  the  first  figure  has  its  corresponding 
point  placed  in  the  same  manner  in  the  second. 

Hence  it  follows,  that  if  the  first  figure  is,  for  example, 
three  times  greater  than  the  second,  the  points  of 
which  it  is  composed  are  three  times  greater  than 
those  of  the  second  figure. 

2.  In  similar  figures,  those  lines  are  said  to  be  homologous 

wiiioh  are  composed  of  an  equal  number  of  corresponding  points. 


Fig.  313 
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Fig.  315 

Tlie  surface  A is  to  the  surface  a as  the 


959.  Prop.  LX  XX.  In  similar  figures  the  homologous  sides  are  proportional. 

Let  the  similar  figures  be  ABCDF,  abcdf  {fig.  314.),  and  the  homologous  lines  CA,  ra, 
Cr,  cf;  CA  is  to  CE  as  ca  to  cf. 

Since  the  lines  CA,  ca  are  homologous,  they  are  composed 
of  an  equal  number  of  corresponding  points  ; as  are  also  the 
homologous  lines  CF,  cf.  If,  for  instance,  the  line  CA  is 
composed  of  40  equal  points,  and  the  line  CF  of  30,  the 
line  ca  will  necessarily  be  composed  of  40  points,  and  the  line 
cf  of  30 ; and  it  is  manifest  that  40  is  to  30  as  40  to  30. 

Therefore  C A is  to  C F as  ca  to  cf. 

960.  Prop.  LX  XXL  The  circumferences  of  circles  are  as  their  radii. 

The  circumference  DCB  {fig.  315.)  is  to  the  radius  AB  as  the  circumference  dch  is  to 
the  radius  ah. 

All  circles  are  similar  figures,  that  is,  are  composed  of  an 
equal  number  of  points  disposed  in  the  same  manner.  They 
have  therefore  (Prop.  80.)  their  homologous  lines  propor- 
tional. Therefore  the  circumference  DCB  is  to  the  radius 
AB  as  the  circumference  dch  is  to  the  radius  ah. 

961.  Prop.  LXXXII.  Similar  figures  are  to  each  other  as 

tht  squares  of  their  homologous  sides. 

Let  the  two  similar  figures  be  A,  a {fig.  316.)  Upon  the 
homologous  sides  CD,  cd  form  the  squares  B,  h. 
square  B is  to  the  square  h. 

Since  the  figures  A,  a are  similar,  they  are  composed  of  an  ei|ual  numbe 
responding  points ; and  since  the  homologous  sides  CD,  cd  are  com- 
posed of  an  equal  number  of  points,  the  squares  drawn  upon  these  lines 
B,  h are  also  composed  of  an  equal  number  of  points. 

If  it  be  supposed  that  the  surface  A is  com))osed  of  1000  points 
and  the  square  B of  400  points,  the  surface  A will  be  also  composed  of 
1000  points  and  the  square  h of  400.  Now  it  is  manifest  that  1000 
is  to  400  as  1000  to  400.  Wherefore  the  surface  A is  to  the  s(]uare  B 
as  the  surface  a is  to  the  square  h ; and,  alternately  (Prop.  69.),  the  sur- 
face A is  to  the  surface  a as  the  square  B to  the  square  h. 

Corollary.  It  follows  that  if  any  tlu-ee  similar  figures  be  formed  upon  the  three  sides 
of  a right-angled  triangle,  the  figure  upon  the  hypothenuse  will  be  equal  to  the  other  two 
taken  together  ; for  these  three  figures  will  be  as  the  squares  of  their  sides  ; therefore,  since 
the  s(juare  of  the  hypothenuse  is  equal  to  the  two  squares  of  the  other  sides,  the  figure 
formed  upon  the  hypothenuse  will  also  be  equal  to  the  two  other  similar  figures  formed 
upon  the  other  sides. 

962.  Prop.  LXXXIII.  Circles  are  to  each  other  as  the  squares  of  their  radii. 

Let  two  circles  DCB,  dch  {fig.  317.)  be  drawn. 

The  surface  contained  within  the  circumference  DCB  is  to 

the  surface  contained  within  the  circumference  dch  as  the 
S(juare  formed  upon  the  radius  AB  to  the  square  formed  upon 
the  radius  ah. 

The  two  circles,  being  similar  figures,  are  composed  of  an 
equal  number  of  corresponding  points,  and  the  radii  AB, 
being  composed  of  an  equal  number  of  i)oints,  the  squares  of 
these  radii  will  also  be  composed  of  an  equal  number  of  points.  Fig.  317. 

Suppose,  for  example,  that  the  greater  circle  DCB  is  comjjosed  of  800  points,  and  the 
square  of  the  greater  radius  AB  of  300  points,  the  smaller  circle  dch  will  also  be  composed 
of  800  points,  and  the  square  of  the  smaller  radius  of  300.  Now  it  is  manifest  that  800  is 
to  .300  as 800  to  300.  Therefore  the  greater  circle  DCB  is  to  the  square  of  its  radius  AB 
as  the  smaller  circle  dch  is  to  the  square  of  its  radius  ah-,  and,  alternately,  the  greater  circle  is 
to  the  lesser  circle  as  the  greater  square  is  to  the  lesser  square. 

963.  Prop.  LXXXIV.  Similar  triangles  are  equiangular. 

If  the  two  triangles  ABC,  «5c  (^’5».  318.)  be  composed  of  an  equal  number  of  points 
dis])o.sed  in  the  same  manner,  they  are  etjuiangular.  „ P 

For,  since  the  triangles  ABC,  tt5c  are  similar  figures,  they 
have  their  sides  (Prop.  80.)  proportional  ; they  are  therefore 

(Prop.  62.)  equiangular.  \ (, 

964.  Prop.  LX XXV.  Equiangular  triangles  are  similar 

If  the  triangles  ABC,  ahe  are  equiangular,  they  are  also  . 

similar.  See  ^’^.318.  A c u c 

If  the  triangle  ABC  were  not  similar  to  the  triangle  ahe.  Fig. 3i8. 

another  triangle  might  be  formed  upon  the  line  AC  ; for  example,  ADC,  which  should  be 
similar  to  the  triangle  ahe.  Now,  the  triangle  ADC,  being  similar  to  the  triangle  a6r. 
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will  also  (Prop.  84.)  be  equiangular  to  ahc  ; which  is  impcssible,  since  the  triangle  ABC 
is  supposed  equiangular  to  abc. 

9t),5.  Prop.  LX  XX  VI.  If  four  lines  are  proportional,  their  squares  are  also  proportional. 

If  the  line  AB  be  to  the  line  AC  as  the  line  AD  is  to  the  line  AF  {Jiy.  319,),  the  square 

of  the  line  AB  will  be  to  the  s(|uare  of  the  line  AC  A -B 

as  the  square  of  the  line  A D is  to  the  square  of  the 
line  AF. 

W'ith  the  lines  AB  and  AD  form  an  angle  BAD; 
with  the  lines  AC  and  AF  form  another  angle  CAF 
ecjual  to  the  angle  BAD,  and  draw  the  right  lines 
BD,  CF. 

Because  AB  is  to  AC  as  AD  to  AF,  and  the  con- 
tained angles  are  equal,  the  two  triangles  BAD,  CAF  tik-.m-j. 

have  their  sides  about  e(iual  angles  proportional ; they  are  therefore  (Prop.  63.)  equiangular, 
and  consequently  (Prop.  85.)  similar  : whence  they  are  to  one  another  (Prop.  82.)  as 
the  squares  of  their  homologous  sides.  If,  then,  the  triangle  BAD  be  a third  part  of 
the  triangle  CAF,  the  square  of  the  side  AB  will  be  a third  part  of  the  square  of  the  side 
AC,  and  the  square  of  the  side  AD  will  be  a third  part  of  the  square  of  the  side  AF. 
Wherefore  these  four  squares  will  be  proportional.' 

966.  Prop.  Ij X X X VII.  Similar  rectilineal  figures  may  be  divided  into  an  eqiud  number 
of  similar  triangles. 

Let  the  similar  figures  he  ABCDF,  abedf  and  draw  the  homologous  lines  CA,  ca,  CF,  cf  ; 
these  two  figures  will  be  divided  into  an  equal  number  of 
similar  triangles. 

The  triangles  BCA,  bca  (fg.  320.),  being  composed  of  an 
e<|ual  number  of  corresponding  points,  are  similar.  The 
triangles  AC F,  ac/  and  the  triangles  ¥CD,fcd  are  also,  for 
the  same  reason,  similar.  Wherefore  the  similar  figures 
ABCDV,  abedf  are  divided  into  an  equal  number  of  similar 
triangles. 

967.  Prop.  LXXXVIII.  Similar  figures  are  equiangular. 

The  similar  figures  ABCDF,  (see  fig.  preced.  Prop.)  have  their  angles  equal. 

Draw  the  homologous  lines  CA,  ca,  Ch^cjT.  The  triangles  BCA,  &ca  are  similar,  and  con- 
secjnently  equiangular.  Therefore  the  angle  B is  equal  to  the  angle  b,  the  angle  BA(J  to 
the  angle  bac,  and  the  angle  BCA  to  the  angle  bca.  The  triangles  ACF,  ac/*,  FCD,  /cd 
are  also  ecjuiangular,  because  they  are  similar.  Therefore  all  the  angles  of  the  similar 
figures  ABCDF,  abedf  are  equal. 

968.  Prop.  LXXXIX.  Equiangular  figures  the  sides  of  which  are  proportional  are 
similar. 

If  the  figures  A B C I>F,  afterZ/*  {fig.  321.)  have  their  angles  equal  and  their  sides  propor. 
tional,  they  are  similar.  Draw  the  right  lines  CA,  ca, 

C F,  cf. 

The  triangles  CBA,  c6a,  have  two  sides  proportional  and 
the  contained  angle  equal  ; they  are  therefore  (Prop.  63.) 
e(|uiangular,  and  consequently  (Prop.  85.)  similar.  The 
lines  CA, ca  are  therefore  (Prop.  80.)  proportional. 

The  triangles  CAF, ca/  have  two  sides  proportional  and 
the  contained  angle  equal;  for  if  from  the  equal  angles  Fig. 321. 

BAF,  5a/  be  taken  the  equal  angles  BAC,  5ac,  there  will  remain  the  equal  angles  CAF, 
caf.  These  two  triangles  are  therefore  equiangular,  and  conse(]iiently  similar.  In  the 
same  manner  it  may  be  proved  that  tlie  triangles  CFD,  cfd  are  similar. 

The  two  figures  ABCDF,  abedf  are  then  composed  of  an  equal  number  of  similar  triangles; 
that  is,  they  are  composed  of  an  ec^ual  number  of  points  disposed  in  the  same  manner,  or 
are  similar. 


PLANES. 


969.  Defi>[itions.  — 1.  A plane  is  a surface,  such  that  if  a right 
touch  it  in  two  points  it  will  touch  it  in  every  other  point. 
The  surface  of  a fluid  at  rest,  or  of  a well-polished  table,  may 
be  considered  as  a plane. 

2.  A right  line  is  perpendicular  to  a plane  if  it  make  right 
angles  with  all  lines  which  can  be  drawn  from  any  point  in 
that  plane.  Thus  BA  {fig.  322.)  is  perpendicular  to  tlie  i)lane 
MLGFPN,  because  it  makes  right  angles  with  the  lines  AIM,  m 
A L,  AG,  &c.  drawn  from  the  ])oint  A. 

3 Let  AB(/y.  323.)  be  the  common  intusection  of  two  planes. 


line  applied 


G 


1. 

L. 

M f 

Fig.  32a. 


to  If 


— 


I 


Cha?.  I. 


GEOMETRY. 


2S5 


If  two  riglit  lines  LI\1,  EG  l)0  drawn,  in  these  two  planes,  perpendicular  to  the  line 
AR,  these  will  form  four  an-  , 

gles  at  tlie  ])oint  C,  which  are 
called  the  inclinations  of  the  ^ 
two  planes,  or  the  angles 
formed  by  the  two  planes. 

If  the  line  AB  324.) 

revolve  about  itself,  with- 
out changing  its  place,  the 
line  AC,  which  makes  an 
acute  angle  with  AB,  will 
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describe  in  the  revolution  a concave  surface  LAC;  and  the  line  AD,  which  makes 
an  obtuse  angle  with  AB,  will  de.scribe  in  the  revolution  a convex  surface  M A 1). 

5.  But  the  line  AF  Defin.  2.),  wh.ieh  makes  a right  angle  with  AB,  will  de- 

scribe in  the  revolution  a surface  which  wdll  be  neither  con- 
cave nor  convex, but  plane  : and  the  line  AB  will  be  perpendi- 
cular to  the  plane  MLGFPN,  because  it  will  make  right  angles 
with  the  lines  AM,  AL,  AG,  &c.  drawn  from  the  point  A in 
that  plane. 

6.  Two  planes  are  parallel  when  all  per])endicidars  drawn  from 

one  to  the  other  are  equal.  Sce  /zV/.  .>25.,  wherein  AB,  CD 
are  equal  between  the  surfaces  L]\I,  FG. 

970.  Prop.  XC.  A perpendicular  is  the  shortest  line  which  can.  be 
drawn  from  any  point  to  a plane. 

From  the  point  B {jig.  326.),  let  the  right  line  BA  be  drawm 
perpendicular  to  the  plane  DF ; any  other  line,  as  BC,  will  be  longer  than  the  line  BA. 
Upon  the  plane  draw  the  right  line  AC. 

Because  the  line  BA  is  ])erpendicular  to  the  plane  DF,  the  angle  BAC  is  a right  angle. 
The  square  of  BC  is  therefore  (Prop.  32.)  ecjual  to  the  squares  ^ 

of  BA  and  AC  taken  together.  Consequently  the  square  of  BC 
is  greater  than  the  square  of  BA,  and  the  line  BC  longer  than 
the  line  BA. 

971.  Prop.  XCI.  A perpendicular  measures  the  distance  of  any 
point  from  a.  plane. 

'I'he  distance  of  one  point  from  another  is  measured  by  a right 
line,  because  it  is  the  shortest  line  which  can  be  drawn  from  one 
point  to  another.  So  the  distance  from  a point  to  a line  is  measured 
by  a perpendicular,  because  this  line  is  the  shortest  which  can  be  drawn  from  the  point 
to  the  line.  In  like  manner,  the  distance  from  a point  to  a plane  must  be  measured  bv 
a perpendicular  drawn  from  that  point  to  the  plane,  because  this  is  the  shortest  line  which 
can  be  drawn  from  the  point  to  the  plane. 

972.  Prop.  XCII.  2'he  common  intersection  of  two  planes  is  aright  line. 

Let  the  two  planes  ALBMA,  AFBGA  {fig.  327.)  intersect  each  other;  the  line  which 
is  common  to  both  is  a right  line.  Draw  a right  line  from  the  point  l 

A to  the  point  B. 

Because  the  right  line  AB  touches  the  two  planes  in  the  points 
A and  B,  it  will  touch  them  (Defin.  1.)  in  all  other  points  ; this  line 
therefore,  is  common  to  the  two  planes.  Wherefore  the  common 
intersection  of  the  two  planes  is  a right  line. 

973.  Prop.  XCII  I.  If  three  j)oints,  not  in  a right  line,  are  com- 
mon to  two  planes,  these  two  planes  are  one  and  the  same  plane. 

Let  two  planes  be  supposed  to  be  })laced  upon  one  another,  in  such 
manner  that  the  three  points  A,  B,  C shall  be  common  to  the  two 
planes;  all  their  other  points  will  also  be  common,  and  the  two  ])lanes  will  be  one  and 
tile  same  plane.  The  point  D,  for  esample,  is  common  to  both  planes.  Draw  the  right 
lines  AB,  CD. 

Becau.^je  the  right  line  AB  I fig.  328.)  touches  the  two  planes  in  the  points  A and  B,  it 
will  cu  ich  them  (Defin.  1.)  in  every  other  point;  it  will  therefore 
touch  chem  in  the  point  F.  The  point  F is  therefore  common  to 
the  ♦wo  planes. 

Again,  because  the  right  line  CD  touches  the  two  planes  in  the 
points  C and  F,  it  will  touch  them  in  the  point  D;  therefore  the 
jioint  D is  common  to  the  two  planes.  The  same  may  be  shown 
concerning  every  other  point.  Wherefore  the  two  planes  coincide 
in  all  |)oints,  or  are  one  and  the  same  plane. 

Prop.  XCI  V.  If  a riyht  line  be  perpendicular  to  two  right  lines  which  cut  each  other, 
it  uill  be  perpendicular  to  the  plane  of  these  right  lines. 
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Let  the  line  AB  {fg.  329.;  make  right  angles  wiili  the  lines  AC,  AD,  it  will  be  perj)en 
dicular  to  the  plane  wliich  passes  through  these  lines.  b 

If  the  line  AB  were  not  perpendicular  to  the  h DCO,  another  j)lane 
might  be  made  to  pass  through  the  point  A,  to  which  the  AB  would 
be  perpendicular.  But  this  is  iin})ossible  ; for,  since  tlie  angles  BAC, 

BAD  are  right  angles,  this  other  plane  (DeKn.  2.)  must  jiass  through 
the  points  C,  D;  it  would  therefore  (Prop.  93.)  be  the  same  with  the 
plane  FDCG,  since  these  two  planes  would  have  three  common  points 
A,  C,  D. 

975.  Pkoi’.  XCV.  From  a given  point  in  a plane  to  raise  a per  pen-  Fifi'.W). 

dicular  to  that  plane. 

Let  it  be  required  to  raise  a perpendicular  from  the  point  A {Jig.  330.)  in  the  plane  LM. 

Form  a rectangle  CDFG,  divide  it  into  two 
rectangles,  having  a c unmon  section  A B,  and 
place  these  rectangles  upon  the  jilane  LM  in 
such  a manner  that  the  bases  of  the  two  rect- 
angles AC,  AG  shall  be  in  the  plane  LM,  and 
form  any  angle  with  each  other;  the  line  AB 
shall  be  perpendicular  to  the  plane  LM.  The 
line  A B makes  right  angles  with  the  two  lines 
AC,  AG,  which,  by  supposition,  are  in  the  plane 
L.AI;  it  is  therefore  (Prop.  91.)  perpendicular 
to  the  jjlane  LiM. 

976.  Prop.  XCVI.  If  two  planes  cut  each 

other  at  right  angles,  and  a right  line  be  drawn  in  one  of  the  planes  perpendicular  to  their 
common  intersection,  it  will  be  perpendicular  to  the  other  plane. 

Let  the  two  planes  AFBG,  ALB.M  {Jig.  331.),  cut  each  other  at  right  angles;  if  the 
line  LC  be  peritendicidar  to  their  common  intersection,  it  is  also  per- 
pendicular to  the  plane  AFBG.  Draw  CG  perpendicular  to  AB. 

Because  the  lines  CL,  CG  are  perpendicular  to  the  common  in- 
tersection AB,  the  angle  LCG  (Defin.  3.)  is  the  angle  of  inclination 
of  the  two  planes.  Since  the  two  planes  cut  each  other  perpendi- 
cularly, the  angle  of  inclination  LCG  is  therefore  a right  angle. 

And  because  the  line  LC  is  perpendicular  to  the  two  lines  CA,  CG 
in  the  plane  ABFG,  it  is  (Prop.  94.)  perpendicular  to  the  plane 
AFBG. 

977.  Prop.  XCVII.  If  one  plane  meet  another  plane,  it  makes  Fig. .T;!. 

angles  with  that  other  plane,  which  are  together  equal  to  two  right  angles. 

Let  the  plane  ALBM  {fg.  332.)  meet  the  plane  AFBG  ; these  planes  will  make  with  each 
other  two  angles,  which  will  together  be  equal  to  two  right  angles.  , 

Through  any  point  C draw  the  lines  FG,  LM  perpendicular  to  the  line 
AB.  The  line  CL  makes  with  the  line  FG  two  angles  together  ecjual 
to  two  right  angles.  But  these  two  angles  are  (Defin.  3.)  the  angles 
of  inclination  of  the  two  planes.  Therefore  the  two  planes  make 

angles  with  each  other,  which  are  together  equal  to  two  right  angles. 

Corollary.  It  may  be  demonstrated  in  the  same  manner  that 
planes  which  intersect  each  other  have  their  vertical  angles  equal,  that 
parallel  planes  have  their  alternate  angles  equal,  &c. 

978.  Prop.  XCVII  I.  Ij'  two  planes  be  parallel  to  each  other, 

a right  line,  which  is  perpendicular  to  one  of  the  planes,  will  be  also  perpendicular  to  the 
other.  

Let  the  two  planes  LM,  FG  {fig.  333.)  be  parallel.  If  the  line  BA  l;' 
be  perpendicular  to  the  plane  FG,  it  will  also  be  perpendicular  to  the  '' 
plane  IjM.  From  any  point  C in  the  plane  LM  draw  CD  perpen- 
dicular to  the  plane  FG,  and  draw  BC,  AD. 

Because  the  lines  BA,  CD  are  iierpendicular  to  the  plane  FG,  the 
angles  A,  D are  right  angles. 
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Because  the  planes  LM,  FG  are  parallel,  the  perpendiculars  AB,  F‘, 
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DC  (Defin.  6.)  are  equal;  whence  it  follows  that  the  lines  BC,  AD  " 

are  parallel.  ig.ojs. 

Tl;e  line  BA,  being  at  right  angles  to  the  line  AD,  wll  also  (Prop.  13.)  be  at  right 
angles  to  the  parallel  line  BC.  The  line  BA  is  therefore  perpendicular  to  the  line  BC. 

In  the  same  manner  it  may  be  demonstrated  that  the  line  BA  is  at  right  angles  to  all 
other  litres  which  can  be  drawn  from  the  point  B in  the  plane  LM.  Wherefore  (Defin.  2.) 
the  line  BA  is  jx^rpcndicular  to  the  plane  LM. 
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979.  DKFiNiTioys. — A solid,  as  we  have  before  observed,  is  that  wliicii  has  length, 
breadth,  and  thickness. 

2.  A poli/htdron  is  a solid  terminated  by  plane  surfaces. 

3.  A prism  is  a solid  terminated  by  two  identic^  plane  bases 

parallel  to  each  other,  and  by  surfaces  which  are  parallelu- 
grams.  {Fig.  3.‘H.) 

4.  A paralldopiped  is  a prism  the  bases  of  which  are  parallelo- 

grams. (^Fig.  33a.) 

A cube  is  a solid  terminated  by  six  square  surfaces  : a die, 
for  example,  is  a cube.  (^Fig.  336'.) 

6.  If  right  lines  be  raised  from  every  point  in  the  perimeter  of 

any  rectilineal  figure,  and  meet  in  one  common  point,  these  lines  together  with  the 
rectilineal  figure  inclo.se  a solid  which 
is  called  a.  pyramid.  (^Fig.  337.) 

7.  A cylinder  is  a solid  terminated  by  two 
])lanes,  which  are  equal  and  parallel  cir- 
cles, and  by  a convex  surface  ; or  it  is  a 
solid  formed  by  the  revolution  of  a pa- 
rallelogram about  one  of  its  sides. 

{Fig.  338.) 

8.  If  right  lines  be  rai.sed  from  every  point 

in  the  circumference  of  a circle,  and  meet  in  one  common  point,  these  lines  together 
with  the  circle  inclose  a solid,  which 
is  called  a cone.  (Fig.  339.) 

9.  A semicircle  revolving  about  its  diame- 

ter forms  a solid,  which  is  called  a 
sphere.  ( Fig.  340. ) 

10.  If  from  the  vertex  of  a solid  a perpen- 

dicular be  let  fall  upon  the  opjtosite 
plane,  this  perpendicular  is  called  the 
altitude  of  the  solid.  In  the  pyramids 
A CD,  Acd  (fig.  341.),  A 13,  ab  are 
their  respective  altitudes. 

1 1.  Solids  are  said  to  be  equal,  if  they  Inclose  an  equal  space : thus  a cone  and  a I'yramid 

are  e(]ual  solids  if  the  space  inclosed  within  the  cone  be  ecjual  to  the  .space  inclo.sed 
within  the  pyramid. 

12.  Simitar  solids  are  such  as  consist  of  an  equal  number  of  physical  points  disposed  in 

the  same  manner. 

Thus  (in  the  fig.  Defin.  10.)  the  larger  pyramid  ACD  and  the  smaller  pyramid  Acd  are 
similar  solids  if  every  point  in  the  larger  pyramid  has  a iioint  corre.sponding  to  it  in  the 
smaller  pyramid.  A hundred  musket  balls,  and  the  same  number  of  cannon  bidls,  disposed 
in  the  same  manner,  form  two  similar  solids 

980.  1’rop.  XCIX.  The  solid  content  of  a cube  is  equal  to  the  product  of  one  of  its  sidej 
twice  multiplied  by  itself. 

Let  the  lines  A 13,  AD  (fig.  342.)  be  equal.  Let  the  line  AD,  drawn  iierpendicular  to 
A 13,  be  supposed  to  move  through  the  whole  length  of  AI3;  wlien  it 
arrives  at  13 C,  and  coincides  with  it,  it  will  have  formed  the  square  DA13C, 
and  will  have  been  multiplied  by  the  line  AB. 

Next  let  the  line  AF  be  drawn  eijual  to  AD,  and  perpendicular  to  the 
plane  DABC  ; suppose  the  plane  DA BC  to  move  perpendicularly  through 
the  whole  length  of  the  line  AF,  when  it  arrives  at  the  plane  MFGL, 
and  coincides  with  it,  it  will  have  formed  the  cube  AFLC,  and  will  have 
been  multiplied  by  the  line  AF. 

Hence  it  appears,  that  to  form  the  cube  AFLC,  it  is  nece.ssary,  first,  to  multiply  the  side 
AD  by  the  side  AB  equal  to  AD  ; and  then  to  multiply  the  product,  that  is,  the  square 
of  AC,  by  the  side  AF  equal  to  AD;  that  is,  it  is 
necessary  to  multiply  AD  by  AD,  and  to  multiply  the  pro- 
duct again  by  AD 

981.  Prop.  C.  Similar  solids  have  their  homologous  lines  pro~ 
portional. 

Let  the  two  solids  A,  a (fig.  343.)  be  similar  ; and  let  their 
homologous  lines  be  AB,  ab,  BG,  bg ; AB  will  be  to  BG  at 
ab  to  bg. 

Because  the  solids  A,  a are  similar,  every  point  in  the  solid  3^ 

A haa  a point  corresponding  to  it,  and  disposed  in  the  same 
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A 
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manner,  in  the  solid  a.  'flius,  if  the  line  AB  is  coin])osed  of  20  physical  points,  and  ilie 
line  BG  of  10,  the  line  ah  will  be  composed  of  20  correspondin'^;  points,  and  the  line  hq 
of  10.  Now  it  is  evident  that  20  is  to  10  as  20  is  to  10  ; therefore  A B is  to  BG  as  ah  to  bg, 

982.  Prop.  CI.  Similar  solids  are  equiangular. 

Let  the  solids  (see  fig.  to  preced.  Prop.)  A,  a be  similar  ; their  corresponding  angles  are 
equal. 

Because  the  solids  A,  a are  similar,  the  surfaces  BAF,  haf  are  composed  of  an  equalft 
number  of  points  disposed  in  the  same  manner.  These  surfaces  ars  therefore  similar 
figures,  and  consequently  (Prop.  88.)  equiangular.  The  angles  B,  A,  Fare  therefore  equal 
to  the  angles  h,  a,  f In  the  same  manner  it  may  be  demonstrated  that  the  other  cor- 
respondent angles  are  e(jual. 

98.8.  Prop.  CII.  Solids  which  have  their  ayigles  equal  and  their  sides  proportional  are 
similar. 

If  the  solids  A,  a (^Jig.  344.)  have  their  angles  equal  and  their  sides  proportional,  tl.ey 
are  similar. 

For  if  the  solids  A,  a were  not  similar,  another  solid  might  be 
formed  upon  the  line  B F similar  to  the  solid  a.  But  this  is  im- 
possible ; for,  in  order  to  form  this  other  solid,  some  angle  or 
some  side  of  the  solid  A must  be  increased  or  diminished  ; 
and  then  this  new  solid  would  not  have  all  its  angles  e(jual  and 
all  its  sides  proportional  to  those  of  the  solid  a,  that  is  (Prop. 

100,  101.),  would  not  be  similar. 

984.  Prop.  CHI.  Similar  solids  are  to  one  another  as  the  cubes 
of  their  homologous  sides. 

Let  A,  a (see  fig.  to  preced.  Prop.)  be  two  similar  solids,  the  solid  A contains  the  solid  a 
as  many  times  as  the  cube  formed  upon  the  side  BF  contains  the  cube  formed  upon  the 
side  hf. 

Because  the  solid  A is  similar  to  the  solid  a,  every  point  in  the  solid  A has  its  cor- 
responding point  in  the  solid  a.  From  whence  it  follows,  that  if  the  side  BF  is  composed, 
for  example,  of  50  points,  the  side  hf  wdll  also  be  composed  of  50  points  : and  conse- 
(|uently  the  cubes  formed  upon  the  sides  BF,  hf  will  be  composed  of  an  equal  number 
of  jioints. 

Let  it  then  be  supposed  that  the  solid  A is  composed  of  4000  points,  and  the  cube  of 
the  side  BF  of  5000  ])oints  ; the  solid  A must  be  composed  of  4000  points,  and  the  cube 
of  the  side  hf  of  5000  iioints.  Now  it  is  evident  that  4000  is  to  5000  as  4000  to  5000. 
Wherefore  the  solid  A is  to  the  cube  of  BF  as  the  solid  a to  the  cube  of  hf\  and,  alter- 
nately, the  solid  A is  to  the  solid  a as  the  cube  of  BF  to  the  cube  of  hf. 

Corollary.  It  may  be  demonstrated  in  the  same  manner  that  the  spheres  A,  a 
(^fg.  345.),  which  are  similar  solids,  are  to 
one  another  as  the  cubes  of  their  radii  AB,  , 
ah. 

985.  Prop.  CIV.  The  solid  content  of  ^ 
a perpendicular  prism  is  equal  to  the  product 
of  its  base  and  height. 

The  solid  content  of  the  perpendicular 
prism  A BCD  (fig.  346.)  is  equal  to  the 
product  of  its  base  AD,  and  height  AB. 

If  the  lower  base  AD  be  supposed  to  move  perpendicularly  along  the  height  AB  till  it 
coincides  with  the  upper  base  BC,  it  will  have  formed  the  prism  A BCD.  Now  the  base 

AD  will  have  been  repeated  as  many  times  as  there  are  physical  points  in  the  height  AB. 
Therefore  the  solid  content  of  the  prism  A BCD  is  equal  to  the  product  of  the  base  mul- 
tiplied by  the  height. 

Corollary.  In  the  same  manner  it  may  be  demonstrated  that  the  solid  content  of  the 
perpendicular  cylinder  ABCD  is  ecjual  to  the  product  of  its  base  AD  and  height  AB. 

986.  Prop.  CV.  The  solid  content  of  an  inclined  prism  is  equal  to  the  product  of  its  base 
and  height. 

Let  the  inclined  prism  be  CP  (fig.  347.),  it  is  equal  to  the  product  of  its  base  RP 
and  its  height  CD. 

Conceive  the  base  NB  of  the  perpendicular  prism  NA,  and 
the  base  RP  of  the  inclined  prism  PC,  to  move  on  in  the  same 
time  parallel  to  themselves ; when  they  have  reached  the  points 
A and  C,  each  of  them  will  have  been  taken  over  again  the 
same  number  of  times.  But  the  base  NB  will  have  been  taken 
over  again  (Prop.  104.)  as  many  times  as  there  are  physical  points 
in  the  height  CD.  The  base  RP  will  therefore  have  been  taken 
over  again  as  many  times  as  there  are  physical  points  in  CD. 

( onsequentl)  the  solid  content  of  the  inclined  prism  CP  is  equal  to  the  product  of  its 
base  RP  and  the  height  CD. 


Fig.  345 


Fig.  346. 
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987.  Pkop.  CVI.  In  a jjammUl,  a section  p iraUel  to  the  base  is  similar  to  the.  base. 

Let  the  section  cd  he  parallel  to  the  ha.se  ('!)  fH8.);  tlii.s  section  is  a figure  similar 

to  the  base.  Draw  AB  perpendicular  to  the  base  CD;  draw  also 
BC,  be,  BE,  be. 

Because  the  planes  cd  CD  are  parallel  ; A B,  being  iierpendicular  to 
the  plane  CD,  will  also  (Prop.  98.)  be  jierpendicular  to  the  ])lane  ah. 
whence  the  triangles  Abe,  ABC,  having  the  angles  b,  B right  angles, 
and  the  angle  A common,  are  equiangular.  Therefore  (Prop.  61.)  AL 
is  to  AB  as  he  to  BC,  and  as  Ac  to  AC. 

In  like  manner  it  may  he  proved  that  Ah  is  to  AB  as  be  to 
BE,  and  as  Ac  to  AE.  Consequently  if  Ah  he  one  third  jiart  of  AB,  f 
be  will  he  one  third  part  of  BC,  he  the  same  of  BE,  Ac  of  AC,  and  Ac 
ofAE.  ^ ^ 

Again,  in  the  two  triangles  cAc,  CAE,  there  are  about  the  angle  A,  common  to  both, 
two  sides  proportional;  tliey  are  therefore  (Prop.  63.)  ecpjiangnlar,  and  consequently 
(Prop.  61.)  have  their  other  sides  proportional.  Therefore  ce  will  he  proportional  to 
CE. 

The  two  triangles  cbe,  CBE,  having  their  sides  proportional,  are  therefore  (Prop.  89.) 
siinilar.  The  same  may  be  demonstrated  concerning  all  the  other  tiiangles  which  form  t.ln* 
planes  cd,  CD.  Therefore  the  section  cd  is  similar  to  the  base  CD.  . 

Re.mark.  If  the  perpendicular  AB  fall  out  of  the  ba.se;  by  drawing  lines  from  the 
points  b,  B,  it  may  be  demonstrated  in  the  same  manner  that  the  section  is  similar  to  the 
base. 

988.  Prop.  CVII.  In  a pyramid,  sections  parallel  to  the  base  are  to  one  another  as  the 
sqnares  of  their  heights. 

I.et  CD  cd  (fg.  349.)  be  parallel  section.s.  From  the  vertex  A draw 
AB  to  the  plane  CD  : the  plane  cd  is  to  the  plane  CD  as  the  square  of 
the  height  Ab  is  to  the  square  of  the  height  AB.  Draw  BC,  be. 

The  line  AB,  being  perpendicular  to  the  plane  CD,  will  also  (Prop. 

98.)  be  perpendicular  to  the  parallel  plane  cd : whence  the  angle  A/>c 
is  a right  angle,  and  also  the  angle  ABC.  Moreover,  the  angle  at  A 
is  common  to  the  two  triangles  Abe,  ABC  ; these  two  triangles,  there- 
fore, are  equiangular.  Therefore  (Prop.  61.)  the  side  cb  is  to  the  side 
CB  as  the  side  Ab  is  to  the  side  AB  ; and  consequently  the  square  of 
cb  is  to  the  s(]uare  of  CB  as  the  square  of  Ab  to  the  square  of  AB. 

The  planes  cd,  CD,  being  (Prop.  106.)  similar  figures,  are  to  one 
another  (Prop.  82.)  as  the  squares  of  the  homologous  lines  cb,  CB  ; Fi«. 

they  are  therefore  also  as  the  squares  of  the  heights  Ab,  AB. 

Corollary.  In  the  same  manner  it  may  be  demonstrated  that  in  a cone  the  sections 
parallel  to  the  base  are  to  one  another  as  the  squares  of  the  heights  or  perpendicular  dis- 
tances from  the  vertex. 

989.  Prop.  CVII  I.  Pyramids  of  the  same  height  are  to  one  another  as  their  bases. 

Let  A,  F (^fig.  350.)  be  two  pyramids.  If  the  perpendicular  AB  be  equal  to  the  perpen- 
dicular FG,  the  pyramid  A is  to  the  pyramid  F 
as  the  ba.se  CD  to  the  base  LM.  Supposing, 
for  e.vample,  the  base  CD  to  be  triple  of  the  base 
LM,  the  pyramid  A will  be  triple  of  the  jry- 
ramid  F. 

Two  sections  cd,  Im,  being  taken  at  erpial 
heights  Ah,  ¥g,  the  section  cd  is  (Prop.  107.) 
to  the  base  CD  as  the  square  of  the  height  Ah 
to  the  sijuare  of  the  height  AB  ; and  the  section 
Im  is  to  the  base  LM  as  the  sejuare  of  the 
height  F^  to  the  square  of  the  height  FG. 

And  because  the  heights  are  equal,  AB  to  FG,  and  Ab  to  Iv/,  the  section  cd  is  to  the  base 
CD  as  the  section  Im  to  the  base  LM  ; and,  alternately,  the  section  cd  is  to  the  section  Irn  as 
the  base  CD  is  to  the  base  LM.  But  the  base  CD  is  triple  of  the  base  LM,  therefore 
the  section  cd  is  also  triple  of  the  section  Im. 

Because  the  heights  A F,  FG  are  equal,  it  is  manifest  tha'^  'he  two  pyramids  are  com- 
posed of  an  equal  number  of  physical  surfaces  placed  one  upon  mother.  Now  it  may  be 
demonstrated  in  the  same  manner  that  every  surface  or  section  of  the  pyramid  A is  triple 
of  the  corresponding  surface  or  section  of  the  pyramid  F.  Therefore  the  whole  pyramid 
A is  triple  of  the  whole  pyramid  F. 

Corollary.  Pyramids  of  the  same  height  and  equal  bases  are  equal,  since  they  are  to 
one  another  as  their  bases. 

990.  Proi’.  CIX.  a pyramid  whose  base  is  that  of  a cnbe  and  who.se  vertex  is  at  the  centTf 
af  the  cnbe  is  cqnal  to  a third  part  of  the  product  of  its  height  and  base. 
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Eet  the  cube  APJand  the  pyramid  C (///.  .3.51.)  have  the  same  base  AD,  and  let  the  ver- 
tex of  the  pyramid  be  at  the  centre  of  tlie  cube  C ; this  pyramid 
is  equal  to  a third  part  of  the  jiroduct  of  its  height  and  base. 

Conceive  right  lines  drawn  from  the  centre  of  the  cube  to  its 
eight  angles  A,  B,  D,  F,  N,  G,  L,  M,  the  cube  will  be  divided  into 
six  equal  pyramids,  each  of  which  has  one  surface  of  the  cube  for 
its  base,  and  half  the  height  of  the  cube  for  its  height;  for 
example,  the  pyramid  CABDF. 

Three  of  these  pyramids  will  therefore  be  equal  to  half  the 
cube.  Now  the  solid  content  of  half  the  cube  is  (Prop.  99.) 
equal  to  the  product  of  the  base  and  half  the  height.  Each  pyramid,  therefore,  will  be 
ecpial  to  one  tliird  part  of  the  product  of  the  base,  and  half  the  height  of  the  cube ; that  is, 
the  whole  height  of  the  ]ryramid. 

991 . Prop.  CX.  !Z’Ae  solid  content  of  a pyramid  is  equal  to  a third  part  of  the  product  of 
its  height  and  base. 

Let  UPS  {fig.  352.)  be  a pyramid,  its  solid  content  is  equal  to  a third  part  of  the  pro- 
duct of  its  height  and  its  base  IIS. 

Form  a cube  the  height  of  which  BL  is  double  of  the  height 
of  the  pyramid  UPS.  A pyramid  the  base  of  which  is  that  of 
this  cube  and  the  vertex  of  which  is  C,  the  centre  of  the  cube, 
will  be  equal  to  a third  part  of  the  product  of  its  base  and 
height. 

'I'he  pyramids  C and  P have  the  same  height ; they  are  there- 
fore (Corol.  to  Prop.  108.)  to  one  another  as  their  bases.  If  the 
base  AFDBis  double  of  tlie  base  US,  the  pyramid  C will  there- 
fore be  double  of  the  pyramid  P. 

But  the  pyramid  C is  equal  to  a third  part  of  the  product  of  its  height  and  base.  The 
pyramid  P will  therefore  be  equal  to  a third  part  of  the  product  of  the  same  height,  and 
lialf  the  base  AFDB,  or,  which  is  the  same  thing,  the  whole  base  US. 

992.  Prop.  CXI.  I'he  solid  content  of  a cone  is  equal  to  the  third  part  of  the  product  if 
its  height  and  base. 

For  the  base  of  a cone  may  be  considered  as  a polygon  composed  of  exceedingly  small 
sides,  and  consequently  the  cone  may  be  considered  as  a pyramid  having  a great  number 
of  exceedingly  small  surfaces;  whence  its  solid  contents  will  be  etjual  (Prop.  110.)  to  one 
third  part  of  the  product  of  its  height  and  base. 

993.  Prop.  CXII.  The  solid  content  of  a cone  is  a third  paid  of  the  solid  content  of  a 
cylinder  described  about  it. 

Let  the  cone  BAC  and  the  cylinder  BDFC  (fig.  353.)  have  the  same  height  and 
base,  the  cone  is  a third  p^rt  of  the  cylinder. 

For  the  cylinder  is  equal  to  the  product  of  its  height  and  base,  and  the 
cone  is  etjual  to  a third  part  of  this  product.  Therefore  the  cone  is  a third 
part  of  the  cylinder. 

994.  Prop.  CXIII.  The  solid  content  of  a sphere  is  equal  to  a third  j^ort 
of  the  product  of  its  radius  and  staface. 

Two  points  not  being  sufficient  to  make  a curve  line,  three  points  will 
not  be  sufficient  to  make  a curve  surface.  If,  therefore,  all  the  physical 
j)oints  which  compose  the  surface  of  the  sphere  C (fig.  354.)  be  taken  three 
by  three,  the  whole  surface  will  be  divided  into  exceedingly  small  plane  surfaces  ; and  radii 
being  drawn  to  each  of  these  points,  the  sphere  will  be  divided  into  small 
pyramids,  which  have  their  vertex  at  the  centre,  and  have  plane  bases. 

The  solid  contents  of  all  these  small  pyramids  will  be  equal  (Proj)  1 10.) 
to  a third  part  of  the  product  of  the  height  and  bases.  'Lherefore  the  solid 
content  of  the  whole  sphere  will  be  equal  to  a third  part  of  the  product  of 
the  height  and  all  the  bases,  that  is,  of  its  radius  and  surface.  _ 

995.  Prop.  CXIV.  The  surface  of  a sphere  is  equal  to  four  of  its  great  ^ 

circles. 

If  a plane  bisect  a sphere,  the  section  will  pass  through  the  centre,  and  it  is  called  a great 
circle  of  the  sphere. 

Let  ABCL)  (fig.  355.)  be  a square;  describe  the  fourth  part  of  the  circumference  of  a 
circle  BLD ; draw  the  diagonal  AC,  through  G,  the  right  line  FM, 
parallel  to  AD,  and  the  right  line  AL. 

In  the  triangle  ABC,  on  account  of  the  equal  sides  AB,  BC,  the  angles 
A and  C are  (Prop.  4.)  equal ; therefore,  since  the  angle  B is  a right  angle, 
the  angles  A and  C are  each  half  a right  angle.  Again,  in  the  triangle 
A FG,  because  tbe  angle  F is  a right  angle,  and  the  angle  A half  a right 
angle,  the  angle  G is  also  half  a right  angle  ; therefore  (Prop.  2G.)  AF  is 
erjual  to  FG.  365. 
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Tlie  radius  AL  is  equal  to  the  radius  A 1)  : but  AD  is  equal  to  I'M  ; therefore  AL  La 
equal  to  FM. 

Ill  the  rectangular  triangle  AFL  the  sijuare  of  the  hypothenuse  AL  is  equal  (Prop.  .92.) 
to  the  two  squares  of  AF  and  FL  taken  together.  Instead  of  AL  put  its  eijual  FM,  and 
instead  of  AF  put  its  equal  FG  ; and  the  square  of  FM  will  be  equal  to  the  two  squares 
of  FG  and  FL  taken  together. 

Conceive  the  square  A BCD  to  revolve  about  the  line  AB.  In  the  revolution  the  square 
will  describe  a cylinder,  the  quadrant  a hemisphere,  and  the  triangle  ABC  an  inverted 
cone  the  vertex  whereof  will  be  in  A.  Also  the  line  FM  will  form  a circular  section  of  a 
cylinder,  the  line  F^L  will  form  a circular  section  of  a hemisphere,  and  the  line  FG  a cir- 
cular section  of  a cone. 

Tliese  circular  sections,  or  circles,  are  to  each  other  (Prop.  8.9.)  as  the  squares  of  their 
radii ; therefore,  since  the  square  of  the  radius  FM  is  equal  to  the  squares  of  the  radii  FL 
and  FG,  the  circular  section  of  the  cylinder  will  be  equal  to  the  circular  sections  of  the 
hemisphere  and  cone. 

In  the  same  manner  it  may  be  demonstrated  that  all  the  other  sections  or  circular  sur- 
faces whereof  the  cylinder  is  composed  are  equal  to  the  corresponding  sections  or  surfaces 
of  the  hemisphere  and  cone.  Therefore  the  cylinder  is  equal  to  the 
hemisphere  and  cone  taken  together:  but  the  cone  (Prop.  112.)  is 
eijual  to  a third  part  of  the  cylinder  ; the  hemisphere  is  therefore 
equal  to  the  remaining  two  thirds  of  the  cylinder ; and  consequently 
the  hemisphere  is  double  of  the  cone.  The  cone  BSC  356.)  is 
(Prop.  111.)  equal  to  a third  part  of  the  product  of  the  radius  and 
base  BC,  which  is  a great  circle  of  the  sphere:  the  hemisphere  ALD 
is  therefore  equal  to  a third  part  of  the  product  of  the  radius  and 
two  of  its  great  circles;  and  consequently  the  whole  sphere  is  equal 
to  a third  part  of  the  product  of  the  radius  and  four  of  its  great  circles. 

Lastly,  since  the  sphere  is  equal  (Prop.  113.)  to  a third  part  of 
the  product  of  the  radius  and  surface  of  the  sphere,  and  also  to  a third  part  of  the  pro- 
duct of  the  radius  and  four  of  its  great  circles,  the  surface  of  the  sphere  is  e(jual  to  four 
of  its  great  circles. 


Sect.  1 1 . 

PRACTICAL  GEOMETRY. 

996.  Practical  Geometry  is  the  art  of  accurately  delineating  on  a plane  surface  any 
plane  figure.  It  is  the  most  simple  species  of  geometrical  drawing,  and  the  most  generally 
useful ; for  the  surfaces  of  buildings  and  other  objects  are  more  frequently  plane  than 
curved,  and  they  must  be  drawn  with  truth,  and  of  the  required  proportions,  before  they  can 
be  properly  executed,  unless  in  cases  where  the  extreme  simplicity  of  the  form  renders 
it  improbable  that  mistakes  should  arise.  It  has  been  defined  as  the  art  which  directs 
the  mechanical  processes  for  finding  the  position  of  points,  lines,  surfaces,  and  planes, 
with  the  description  of  such  figures  on  diagrams  as  can  be  intelligibly  understood  by  de- 
finition, according  to  given  dimensions  and  positions  of  lines,  points,  &c. 

No  part  of  a building  or  drawing  can  be  laid  down  or  understood  w ithout  the  assistance 
of  practical  geometry,  nor  can  any  mechanical  employment  in  the  building  department  be 
conducted  without  some  assistance  from  this  branch  of  the  science.  Cases  frequently  occur 
reejuiring  a knowledge  of  very  complex  problems,  as  in  masonry,  carpentry,  and  joinery  ; 
but  these  will  be  given  in  other  parts  of  this  work. 

The  demonstration  of  most  of  the  following  problems  will  be  found  in  the  preceding 
section ; we  therefore  refer  the  reader  back  to  it  for  definitions,  and  for  the  proof  of 
those  enunciations  which  will  follow. 


PROBLEMS. 

997.  Problem  I.  To  bisect  a line  AB  ; that  is,  to  divide  it  into  livo  equal  parts. 

From  the  two  centres  A and  B {fig.  357.)  with  any  equal  radii  describe  arcs  of  circles 
intersecting  each  other  in  C and  D,  and  draw  the  line  CD.  'I'his  will  bisect  the  given 
line  in  the  point  E. 

998.  Prob.  II.  To  hiseet  an  angle  AC. 

From  the  centre  A (^Jig.  358.)  with  any  radius  describe  an  arc  cutting  off  the  equal 
lines  AD,  AE  ; and  from  the  two  centres  D,  E,  with  tlie  same  radius  describe  arcs  m- 
tersecting  in  F,  then  draw  AF,  and  it  will  bisect  the  angle  A,  as  required. 

999.  Prob.  III.  At  a given  point  C in  a line  AB  to  erect  a perpendicular. 

U 2 
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Fig.  359. 


From  the  given  point  C {fig.  359.)  with  any  melius  cut  olf  any  eepia  paits  CD,  CR 
of  the  given  line ; and  from  the  two  p 
centres  D and  E with  any  one  radius  de- 
scribe arcs  intersecting  in  F.  Then  join 
CF,  and  it  wild  be  the  perpendicular  re- 
quired. 

Otherwise  — When  the  given  point  C 
is  near  the  end  of  the  line. 

From  any  point  D (fig.  360.)  assumed 
above  the  line  as  a centre,  through  the 
given  point  C describe  a circle  cutting 
the  given  line  at  E,  and  through  E and 
the  centre  U draw  the  diameter  EDF  ; 
then  join  CF,  and  it  will  be  the  perpendicular  required. 

1000.  Prob.  IV.  From  a given  point  A to  let  full  a perpendirulur  on  a line  RC. 

From  the  given  point  A {fig.  361.)  as  a 

centre  with  any  convenient  radius  describe  an 
arc  cutting  the  given  line  at  two  points  D 
and  E ; and  from  the  two  centres  U and  E 
with  any  radius  describe  two  arcs  intersecting 
at  F ; tlien  draw  A F,  and  it  will  be  the 
perpendicular  to  BC  required. 

Otherwise  — When  the  given  point  is 
nearly  opposite  the  end  of  the  line. 

From  any  point  U in  the  given  line  BC 
{fig.  362.)  as  a centre,  describe  the  arc  of 
a circle  through  the  given  point  A cutting 
BC  in  E;  and  from  the  centre  E with  the 
radius  EA  describe  another  arc  cutting  the  former 
the  perpendicular  to  BC  required. 

1001.  Prob.  V.  At  a given  point  A,  in  a 
line  AB,  to  make  an  angle  equal  to  a given 
angle  C. 

From  the  centres  A and  C {fig.  363.) 
with  any  radius  describe  the  arcs  UE,  FG  ; 
then  with  F as  a centre,  and  radius  UE,  de- 
scribe an  arc  cutting  FG  in  G ; through 
G draw  the  line  AG,  which  will  form  the 
angle  required.  ' 

1 002.  Prob.  V I.  Through  a given  point 
C to  draw  a line  parallel  to  a given  line  AB. 


Fig.  360. 

1 F;  then  draw 


Fig  .361. 


G F,  which  will  be 


Case  I. 

J 

Take  any  point  d in  AB  {fig.  364.)  ; 
u))on  d and  C,  with  the  distance  Crf,  describe 
two  arcs,  eC  and  df,  cutting  AB  in  e and  d. 

Make  df  ecjual  to  eC  ; and  through  f draw 
Cf,  and  it  will  be  the  line  required. 

Case  II. 

Wliiu  tba  parallel  is  to  be  drawn  at  a given  distance  from  AB 

I'rom  any  two  points  c and  d in  the  line  AB,  with  a radius  c(|ual  to  the  given  distance 
describe  the  arcs  e and/";  draw  the  line  CB  to  touch  those  arcs  without  cutting  them,  and 
it  will  be  parallel  to  AB,  as  required. 

1(X)3.  Prob.  VII.  To  divide  a line  AB  into  any  proposed  number  of  equal  parts. 

Draw  ar.y  other  line  AC  {fig.  365.),  forming  any  angle  with 
the  given  line  AB  ; on  the  latter  set  off  as  many  of  any  equal 
parts  AD,  DE,  EF,  FC  as  those  into  which  the  line  AB 
is  to  be  divided;  join  BC,  and  parallel  thereto  draw  the  other 
lines  FG,  EH,  DI ; then  these  will  divide  AB,  as  required. 

1004.  Prob,  VIII.  To  find  a third  proportional  to  two  other 
lines  AB,  AC. 

Let  the  two  given  lines  be  placed  to  form  any  angle  at  A {fig.  366.),  and  in  AB  take 
.■^I)  equal  to  AC;  join  BC,  and  diaw  UE  parallel  to  it;  then  AE  will  )‘e  the  Uiird 
proportional  sought. 
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1005.  Prob.  IX. 

Let  two  of  the 

AC  (Ji(j.  C>67.),  be  so  placed 
as  to  form  any  angle  at  A, 
and  set  out  AD  on  AB  ; join 
BC,  and  parallel  to  it  draw 
1)E;  then  AE  will  be  the 
foiirtli  proportional  required. 

1006.  Prob.  X.  To  Jiud  a 
mean  proportional  between  two 
lines  AB,  BC. 

Place  AB,  BC  (Jiff.  368.) 


7b  jhid  a J'onrth  proportional  to  three  lim<i  .All,  AC,  AD. 
lines  A B, 

A- 


360. 


Fig.  .367. 

then  with  the 


joined  together  in  one  straight  line  AC,  which  bisect  in  the  point  O 
centre  O and  radius 
()A  or  OC  describe 
the  semicircle  ADC, 
to  meet  which  erect 
the  perpendicular  BD, 
which  will  be  the 
mean  proportional  be- 
tween AB  and  BC 
sought. 

1007.  Prob.  XI.  To 
find  the  centre  oj'  a 
circle. 

Draw  any  chord  A B 

(fig.  369.),  and  bisect  perpendicularly  with  the  line  CD.  which  bisected  in  O will  be  the 
centre  required. 

1008.  Prob.  XII.  To  describe  the  circumference  of  a circle  through  three  points  A,  B,  C. 

From  the  middle  point  B (fig. 910.')  draw  the  chords  BA,  BC  to  the  two  other  points, 

and  bisect  these  chords  perpendicularly  by  lines  meeting  in  O,  which  will  be  the  centre ; 
from  the  centre  O,  with  the  distance  of  any  one  of  the  points,  as  OA,  describe  a circle, 
and  it  will  pass  through  the  two  other  points  p 
B,  C,  as  required. 

1009.  Prob.  XIII.  To  draw  a tangent  to  a 
circle  through  a given  point  A. 

When  the  given  point  A (fig.  371.)  is  in  the 
circumference  of  the  circle,  join  A and  the 
centre  O,  and  perpendicular  thereto  draw 
BAC,  which  will  be  the  tangent  required. 

If  the  given  point  A (fig.  372.)  be  out  of 
the  circle,  draw  AO  to  the  centre  O,  on 
which,  as  a diameter,  describe  a semicircle  cutting  the  given  circumference  in  D,  through 
which  draw  BA  DC,  which  will  be  the  tangent  required. 

1010.  Prob.  XIV.  To  draw  an  equilateral 
triangle  on  a given  line  AB. 

From  the  centres  A and  B (fig.  373.) 
with  the  distance  AB  describe  arcs  inter- 
secting in  C;  draw  AC,  BC,  and  ABC  will 
be  the  equilateral  triangle. 

1011.  Prob.  XV.  To  make  a triangle  with 
three  given  lines  AB,  AC,  BC. 

With  the  centre  A and  distance  AC  (fig. 

374.)  describe  an  arc  ; with  the  centre  B and 


Fig.  371. 


Fig.  372. 


Fig.  373. 


Fig.  .374. 


distance  BC  describe  another  arc  cutting 
the  former  in  C;  draw  AC,  BC,  and  ABC  will  be  the  triangle  required. 

1012.  Prob.  XVI.  To  make  a square  on  u d t 

given  line  AB.  ~ 

Raise  AD,  BC  (fig.  375.)  each  perpendi- 
cular and  equal  to  AB,  and  join  DC;  then 
A BCD  will  be  the  square  sought. 

1013.  Prob.  XVII.  To  inscribe  a circle  in 

a given  triangle  ABC.  A~ 

Bisect  the  angles  at  A and  B with  the  two 
lines  AD,  BD  (fig.  916.);  from  the  intersection 


B 

Fig.  375.  Fig.  376. 

D,  which  will  be  the  centre  of  the 
circle,  draw  the  perpendiculars  DE,  DF,  DG,  and  tliey  will  be  the  radii  of  the  circle  re- 
quired. 

1014.  Prob.  XVIII.  To  describe  a circle  about  a given  triangle  ABC. 
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tlien  through  these 
r GH.  Tlien  the 


Bisect  any  two  sides  with  two  of  tlie  perpendiculars  DE,  DF,  DG  3 77.),  and  J'« 
will  be  the  centre  of  the  ( ircle. 

1015.  Pkob.  XIX.  2i)  inscribe  an  equilateral 
triangle  in  a given  circle. 

Through  the  centre  C draw  any  diameter  AB 
(^fig.  378.)  ; from  tlie  point  B as  a centre,  with 
tin*  radius  BC  of  the  given  circle,  describe  an 
arc  DCE  ; join  AD,  AE,  DE,  and  ADE  is  the 
equilateral  triangle  sought. 

1016.  Prob.  XX.  7h  inscribe  a square  in  a 
given  circle.  ( Half  A B,  B C,  ^c.  forms  an  octagon. ) 

Draw  two  diameters  AC,  BD  (fg.  379.)  cro.ssing  at  right  angles  in  the  centre  E ; then 
join  the  four  extremities  A,  B,  C,  D with  right 
lines,  and  these  will  form  the  inscribed  sejuare 
A BCD. 

1017.  Prob.  XXL  To  describe  a square  about 
a given  circle. 

Draw  two  diameters  AC,  BD  crossing  at  riglit 
angles  in  the  centre  E (^Jig.  380.)  ; then  through 
the  four  extremities  of  these  draw  FG,  IH  pa- 
rallel to  AC,  and  FI,  GH  parallel  to  BD,  and 
they  will  form  the  square  P'GHI. 

1018.  Pro«.  XX  II.  To  inscribe  a circle  in  a given  square. 

Bisect  the  two  sides  FG,  FI  in  the  points  B and  A (s^e  fig.  380.) 

two  points  draw  AC  parallel  to  FG  or  III,  and  BD  parallel  to  FI 
lioint  of  intersection  E will  be  the  centre,  and  the  four  lines  EA,  E13,  EC,  ED  radii  of  the 
inscribed  circle. 

1019.  Pkob.  XXIII.  To  cut  a given  line  in  extreme  and  mean  ratio. 

Let  AB  be  the  given  line  to  be  divided  in  extreme  and  mean  ratio  (^^.381.);  that  is, 
so  that  the  whole  line  may  be  to  the  greater  part 
as  the  greater  part  is  to  the  less  part. 

Draw  BC  perpendicular  to  AB,  and  equal  to 
half  AB;  join  AC,  and  with  the  centre  C and 
distance  CB  describe  the  circle  BDF;  then  with 
A as  a centre  and  distance  AD  desc  ibe  the  arc 
DE.  Then  AB  will  be  divided  in  E in  extreme 
and  mean  ratio,  or  so  that  A B is  to  A E as  A E is 
to  EB. 

1020.  Prob.  XX I V.  To  inscribe  an  isosceles 
triangle  in  a given  circle  that  shall  have  each  of  the 
angles  at  the  base  double  the  angle  at  the  vertex. 

Draw  any  diameter  AB  of  the  given  circle  (^fig.  382.),  and  divide  the  radius  CB  in  the 
point  D in  extreme  and  mean  ratio  (by  the  last  problem)  ; from  the  point  B apjily  the 
chords  BE,  BF,  each  equal  to  the  greater  part 
CD;  then  join  AE,  AF,  EF  ; and  AEF  will  be 
triangle  required. 

1021.  Prob.  XXV.  To  inscribe  a regular  pen- 
tagon in  a given  circle.  {Half  AD,  ^c.  i-;  a decagon.^ 

Inscribe  the  isosceles  triangle  AB  {fig.  383.) 
having  each  of  theangles  ABC,  ACB  double  the 
angle  BAC  (Prob.  24.)  ; then  bi.sect  the  two  arcs 
ADB,  AEC,  in  the  points  D,  E ; and  draw  tlie 
chords  AD,  DB,  AE,  EC;  then  ADBCE  will 
be  the  inscribed  regular  pentagon  required. 

1022.  Prob.  XXVI.  To  inscribe  a regular  hexagon  in  a circle, 
a dodecagon.) 

Apply  the  radius  of  the  given  circle  AO  as  a chord  {fig.  384.)  quite  round  the  circum- 
ference, and  it  will  form  the  points  thereon 
of  the  regular  hexagon  ABCDEF. 

1023.  Prob.  XXVII.  7’o  describe  a re- 
gular pentagon  or  hexagon  about  a circle. 

In  the  given  circle  inscribe  a regular 
polygon  of  the  same  name  or  number  of 
sides  as  ABCDE  {fig.  385.)  by  one  of  the 
foregoing  problems  ; then  to  all  its  angu- 
lar points  draw  (Prob.  13.)  tangents,  and 
these  will  by  their  inter.sections  form  the 
circumscribing  polygon  required. 


Fig.  383, 
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1024.  Bkob.  XXVI  II.  Tn  inxcribe  a circle  in  a reyvlar  poltf^on. 

Bisect  any  two  .sides  of  the  polygon  by  tlie  periiendiculais  GO,  FO  {Jiy.  and 

their  intersection  O will  be  the  centre  of  the  inscribed  circle,  and  OG  or  OF  will  be  the 
radius. 

1025.  PaOR.  XXIX.  To  describe  a circle  about  a regular  polygon. 

Bisect  any  two  of  the  angles  C and  D with  the  lines  CO,  DO  (^fig.  .387.),  then  their 
intersection  O will  be  the  centre  of  the  cir- 
cuni.scribing  circle;  and  OC  or  OD  will  be 
the  radius. 

1026.  Prob.  XXX.  To  make  a triangle 
equal  to  a given  quadrilateral  ABCD. 

Draw  the  diagonal  AC  (Jig.  .388.).  and 
parallel  to  it  DE,  meeting  BA  produced  at 
E,  and  join  CE;  then  will  the  triangle  CEB 
he  eipial  to  the  given  quadrilateral  ABCD. 

1027.  Prob.  XXXI.  To  make  a triangle  egmd  to  a given  pentagon  ABCDE. 

Draw  DA  and  DB,  and  also  EF,  CG  parallel  to  them  (Jig.  389.),  meeting 

duced  at  F and  G ; then  draw  DF  and 
1)G,  so  shall  the  triangle  DFG  be  equal  to 
the  given  pentagon  ABCDE. 

1028.  Prob.  XXXII.  To  make  a rect- 
angle equal  to  a given  triangle  ABC. 

Bisect  the  base  AB  in  D (Jig  390.),  then 
raise  DE  and  BF perpendicular  to  AB,  and 
meeting  CF  parallel  to  AB  at  E and  F. 

Then  Dl'  will  be  the  rectangle  equal  to 
the  given  triangle  ABC. 

1029.  Prob.  XXXIII.  To  make  a square  equal  to  a given  rectangle  ABCD. 

Produce  one  side  AB  till  BE  be  equal  to  the  other  side  BC  (Jig.  391.).  On  AE  as  a 

diameter  describe  a circle  meeting  BC  pro- 
duced at  F,  then  will  BF  be  the  side  of 
the  square  BFGII  equal  to  the  given  rect- 
angle BD,  as  required. 

1030.  Prob.  XXXIV.  To  draw  a cate- 
nary, c C d (Jig.  392.) 

A catenary  is  a curve  formed  by  a flexible 
cord  or  chain  suspended  by  its  two  extremi- 
ties. Let  c,  d,  in  the  line  A B (Jig.  392.)  l)e  the  two  points  of  suspension 
let  the  cord  or  cliain  be  hung  so  as  to  touch  the  point  C the  given  depth, 
curve  may  be  traced  on  the  paper. 

1031.  Prob.  XXXV.  2b  draw  a cycloid. 

Any  points  b (fig.  393.)  in  the  circumference  of  a circle 

rolled  along  a right  line  AB  till  such  point  is  again  in  contact 
with  the  said  line,  generate  a cycloid.  Let  BC  be  the  circle, 
d'hen  AB  is  equal  to  the  semi-circumference  of  such  circle, 
and  any  chords  at  whose  extremities  b,  lines  ab,  ab,  equal  to 
the  lengths  of  arcs  they  cut  off,  drawn  parallel  to  AB,  will 
furnish  the  necessary  points  for  forming  the  curve. 

1032.  Prob.  XXXVI.  To  draw  a diagonal  scale. 

Let  it  be  of  feet,  tenths  and  luindredtli  parts  of  a foot. 

many  times  as  necessary,  the  number  of  feet  Ijy  equal 
distances.  Divide  AG  into  ten  equal  parts.  On  AB 
raise  the  perpendiculars  BD,  GG,  and  AC,  and  set  off 
on  AC  ten  equal  divisions  of  any  convenient  length, 
through  which  draw  horizontal  lines.  Then,  from  the 
point  G in  DC  to  the  Hrst  tenth  part  from  G to  A in 
BA  draw  a diagonal,  and  jiarallel  thereto  the  other 
diagonals  re(piired.  The  intersections  of  these  diago- 
nals with  the  horizontal  lines  give  hundredth  parts  of 
a foot,  inasmuch  as  each  tenth  is  divided  by  the  diago- 
nals into  ten  equal  parts  in  descending. 


n > 

/ 

A U 

B 

Fig.  391. 


and  from  them 
From  this  the 


Fig  501. 

Set  off  on  AB  (Jig.  394.)  as 


Fig.  594 
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5e:t.  III. 

PI.ANE  TRIGONOMETRY. 

1 03S.  Plane  Triffononictry  is  that  branch  of  mathematics  whose  object  is  the  investigation 
and  calculation  of  the  sides  and  angles  of  plane  triangles.  It  is  of  the  greatest  importance 
to  the  architect  in  almost  every  part  of  his  practice ; but  the  elements  will  be  sufficient  for 
his  use,  without  pursuing  it  into  tliose  more  abstruse  subdivisions  Avhlch  are  essential  in 
tlie  more  abstract  relations  which  connect  it  with  geodisic  operations. 

1034.  We  have  already  observed  that  every  circle  is  supposed  to  be  divided  into  360  ' 
c(]ual  parts,  called  degrees,  and  that  each  degree  is  subdivided  into  GO  minutes,  these 
minutes  each  into  GO  seconds,  and  so  on.  Hence  a semicircle  contains  180  degrees,  and  a 
quadrant  90  degrees. 

1035.  The  measure  of  an  angle  is  that  arc  of  a circle  contained  between  those  two  lines 
which  form  the  angle,  the  angular  point  being  the  centre,  and  such  angle  is  estimated  by 
the  number  of  degrees  contained  in  the  arc.  Thus,  a right  angle  whose  measure  is  a 
quadrant  or  (piarter  of  the  circle  is  one  of  90  degrees  (Prop.  22.  Geometry)  ; and  the  sum 
of  the  three  angles  of  every  triangle,  or  two  right  angles,  is  equal  to  180  degrees.  Hence 
in  a right-angled  triangle,  one  of  the  acute  angles  being  taken  from  90  degrees,  the  other 
acute  angle  is  known;  and  the  sum  of  two  angles  in  a triangle  taken  from  180  degrees 
leaves  the  third  angle;  or  either  angle  taken  from  180  degrees  leaves  the  sum  of  the  other 
two  angles. 

103f).  It  is  usual  to  mark  the  figure  which  denotes  degrees  with  a small  thus,  GO'^ 
means  GO  degrees;  minutes  are  marked  thus  ' : hence,  45'  means  45  minutes;  seconds  are 
marked  thus  ",  49"  meaning  49  seconds  ; and  an  additional  comma  is  siiperadded  for  thirds,  '*! 
and  so  on.  Thus,  58*^  14'  25"  is  read  58  degrees,  14  minutes,  25  seconds.  ^ 

1037.  The  CO nip/e me ?if  of  an  arc  is  the  quantity  it  wants  of  90 
degrees.  Thus,  AU  (,/u7.  395.)  being  a quadrant,  BD  is  thecom- 
))lement  of  the  arc  AB,  and,  reciprocally,  AB  is  the  complement 
of  BD.  Hence,  if  an  arc  AB  contain  50  degrees,  its  complement 
Bl)  will  be  40. 

1038.  The  supplement  of  an  arc  is  that  which  it  wants  of  180 
degrees.  Thus,  ADE  being  a semicircle,  BDE  is  the  siqiplement 
of  the  arc  AB,  which  arc,  recijirocally,  is  the  supplement  of  BDE. 

'I'lius,  if  AB  be  an  arc  of  50  degrees,  then  its  supplement  BDE 
will  be  130  degrees. 

1039.  The  line  drawn  fi-om  one  extremity  of  an  arc  perpendicu- 
lar to  a diameter  passing  through  its  other  extremity  is  called  a 
sine  or  right  sine.  'I'hus,  BE  is  the  sine  of  the  arc  AB,  or  of  the 
arc  BDE.  Hence  the  sine  (BE)  is  half  the  chord  (BG)  of  the  double  arc  (BA  G). 

1040.  'Phat  part  of  the  diameter  intercepted  between  the  arc  and  its  sine  is  called  the 
versed  sine  of  an  arc.  Thus,  AE  is  the  versed  sine  of  the  arc  AB,  and  EE  the  versed  sine 
of  the  arc  EDB. 

1041.  Tlie  tangent  of  an  arc  is  a line  which  touches  one  end  of  the  arc,  continued  from 
thence  to  meet  a line  drawn  from  the  centre,  through  the  other  extremity,  Avhich  last  line  is 
called  the  secant  of  the  arc.  Thus,  AH  is  the  tangent  and  CH  the  secant  of  the  arc 
A B.  So  El  is  the  tangent  and  Cl  the  secant  of  the  supplemental  arc  BDE.  The  latter 
tangent  and  secant  are  equal  to  the  former  ; but,  from  being  drawn  in  a direction  opposite 
or  contrary  to  the  former,  they  are  denominated  negative. 

1042.  "^riie  cosine  of  an  arc  is  the  right  sine  of  the  complement  of  that  arc.  Thus  BE, 
the  sine  of  AB,  is  the  cosine  of  BD. 

1043.  The  cotangent  of  an  arc  is  the  tangent  of  that  arc’s  complement.  Thus  AH,  which 
is  the  tangent  of  AB,  is  the  cotangent  of  BD. 

1044.  The  cosecant  of  an  arc  is  the  secant  of  its  complement.  Thus  CH,  which  is  the 
secant  of  AB,  is  the  cosecant  of  BD. 

1045.  Erom  the  above  definitions  follow  some  remarkable  properties.  ' 

I.  That  an  arc  and  its  supplement  have  the  same  sine,  tangent,  and  secant ; but  the  two 

latter,  that  is,  the  tangent  and  the  secant,  are  accounted  negative  when  the  arc  exceeds  a qna-^K^ 
dram,  or  90  degrees.  II.  Wlien  the  arc  is  0,  or  nothing,  the  secant  then  becomes  the^S 
radius  CA,  which  is  the  least  it  can  l>e.  As  the  arc  increases  from  0,  the  sines,  tangents,  and  ^ 
secants  all  increase,  till  the  arc  becomes  a whole  quadrant  .\D;  and  then  the  sine  is  the  ■ 
greatest  it  can  be,  being  equal  to  the  radius  of  the  circle;  under  which  circumstance  the  | 
tangent  and  secant  are  infinite.  III.  In  every  arc  AB,  the  versed  sine  AF,  and  the  ft 
cosine  BKor  CE,  are  together  equal  to  the  radius  of  the  circle.  The  radius  CA,  the  C 
tangent  AH,  and  the  secant  CH,  form  a right-ang’e.l  triangle  CAH.  Again,  the  radius, 
sine,  and  cosine  form  another  right-angled  triangle  CBE  or  CBK.  So  aEo  the  radius, 
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cotiins^ent,  and  cosecant  form  a right-angled  triangle  CDL. 
are  similar  to  each  other. 

10*16.  The  sine,  tangent,  or  secant  of  an  angle  is  the 
sine,  tangent,  or  secant  of  the  arc  by  which  the  angle  is 
•neasured,  or  of  the  degrees,  &c.  in  the  same  arc  or  angle. 
Tlie  method  of  constructing  the  scales  of  chords,  sines, 
tangents,  and  secants  engraved  on  mathematical  instru- 
ments is  shown  in  the  annexed  figure. 

1047.  A trigonometrical  canon  {fig.  396.)  is  a table 
wherein  is  given  the  length  of  the  sine,  tangent,  and 
secant  to  every  degree  and  minute  of  the  (juadrant, 
compared  with  the  radius,  which  is  expressed  by  unity 
or  1 with  any  number  of  ciphers.  The  logarithms,  more- 
over, of  these  sines,  tangents,  and  secants,  are  tabulated,  so 
that  trigonometrial  calculations  are  performed  by  only 
addition  and  subtraction.  'I’ablcs  of  this  sort  are  pub- 
lished separately,  and  we  su})pose  the  reader  to  be  pro- 
v d^d  with  them. 

1 048.  Problem  I.  To  compute  the  natural  sine  and  cosine 
of  n given  arc. 

Tlie  semiperiphery  of  a circle  whose  radius  is  1 is 
known  to  be  3*141592653589793,  &c. : we  have  then  the 
following  proportion ; — 

As  the  number  of  degrees  or  minutes  in  the  semicircle 

Is  to  the  degree?  or  minutes  in  the  proposed  arc. 

So  is  3*14159265,  &c.  to  the  length  of  the  said  arc. 


All  these  right-angled  triangles 


Now  the  length  of  the  arc  being  denoted  by  the  letter  a,  and  its  sine  and  cosine  by  s and  c, 
these  two  will  be  expressed  by  the  two  following  series,  viz.  — - 


s 


fP  a‘  „ 

2^  2. 3. 4. 5 ~ 2.3.4. .“i.G.T 


-“-"6  +m-5040+^^* 

2 ■^‘I^4“"2T3  4T.'Tr,  + ^^‘^* 
. a?'  a>  (j 

= 2 + + 


Examj)le  1.  Let  it  be  required  to  find  the  sine  and  cosine  of  one  minute.  The  numhei* 
of  minutes  in  180  degrees  being  10800,  it  will  be,  first,  as  10800  ; 1 : .*3*14159265,  he..  : 
*(*00290888208665  = the  length  of  an  arc  of  one  minute.  Hence,  in  this  case, — 

a = *0002908882 
and  ==  *000000000004 

The  difference  is  s=  *0002908882,  the  sine  of  one  minute. 

Also  from  1. 

take  = 0*0000000423079,  he. 

leaves  c—  *9999999577,  the  cosine  of  one  minute. 

Example  2.  For  the  sine  and  cosine  of  5 degrees  : — 

Here  180°  ; 5° 3*14 159265,  &c.  : *08726646  = a,  the  length  of  5 degrees- 
Hence  a=  *08726646 
-^a3=  *0001 1076 
+ ^ -00000004 


These  collected  give  s=  *08715574,  the  sine  of  5 degrees. 
And  for  the  cosine  1=1* 

*00380771 

*00000241 


These  collected  give  c = *99619470,  the  cosine  of  5 degrees. 

In  the  same  way  we  find  the  sines  and  cosines  of  other  arcs  may  be  computed.  The 
greater  the  arc  the  slower  the  series  will  converge  ; so  that  more  terms  must  be  taken  to 
make  the  calculation  exact.  Having,  however,  the  sine,  the  cosine  may  be  found  from  it 

by  the  property  of  the  right-angled  triangle  CBF,  viz.  the  cosine  CF=r  B F^ 

or  c — — 52.  There  are  other  methods  of  constructing  tables,  but  we  think  it  unnecessary 

to  mention  them  ; our  sole  object  being  here  merely  to  give  a notion  of  the  mode  by 
which  such  tables  are  formed. 
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]()'19.  Prob.  II.  To  compnte  the  tangcMts  and  secants. 

Having,  by  tlie  foregoing  problem,  found  the  sines  and  cosines,  the  tangents  and  secants 
are  easily  found  from  the  principles  of  similar  triangles.  In  the  arc  AB  {fg.  395.),  where 
BF  is  the  sine,  CF  or  BK  the  cosine.  All  the  tangent,  CII  the  secant,  DL  the  cotangent, 
and  CL  the  cosecant,  the  radius  being  CA  or  CB  or  CD  ; the  three  similar  triangles  CFB, 
CAII,  CDL,  give  the  following  projjortions ; — 

I.  CF  ; F’B::CA  : AH,  by  which  we  find  that  the  tangent  is  a fourth  proportional 
to  the  cosine,  sine,  and  radius. 

II.  CF  ; CB::CA  ; CH,  by  which  we  find  that  the  secant  is  a third  proportional  to 
the  cosine  and  radius. 

III.  BF  : FC:;  CD  : DL,  by  which  we  find  that  the  cotangent  is  a fourth  proportional 
to  the  sine,  cosine,  and  radius. 

IV.  BI'  ; BC::CD  : CL,  by  which  we  find  that  the  cosecant  is  a third  proportional 
to  the  sine  and  radius. 

Observation  1.  There  are  therefore  three  methods  of  resolving  triangles,  or  the  cases  of 
trigonometry;  viz.  geometrical  construction,  arithmetical  computation,  and  instrumental 
oj)eration.  The  method  of  carrying  out  the  first  and  the  last  does  not  need  explanation  : 
tl)e  method  is  obvious.  The  second  method,  from  its  superior  accuracy  in  practice,  is  that 
whereof  we  propose  to  treat  in  this  place. 

Observation  2.  Every  triangle  has  six  parts,  viz.  three  sides  and  three  angles.  And  in  all 
cases  of  trigonometry,  three  parts  must  be  given  to  find  the  other  three.  And  of  the  three 
))arts  so  given,  one  at  least  must  be  a side ; because,  with  the  same  angles,  the  sides  may  be 
greater  or  less  in  any  proportion. 

Observation  3.  All  the  cases  in  trigonometry  are  comprised  in  three  varieties  only ; 
viz. 

1st.  When  a side  and  its  opposite  angle  are  given.  2d.  When  two  ^des  and  the  con. 
tained  angle  are  given.  3d.  When  the  three  sides  are  given. 

More  than  these  three  varieties  there  cannot  possibly  be  ; and  for  each  of  them  we  shall 
give  a separate  theorem. 

1050.  Theokexi  I.  Ithen  a side  and  its  opposite  angle  are  two  of  the  given  parts. 

Then  — the  sides  of  the  triangle  have  the  same  proportion  to  each  other  as  the  sines  of 
their  opposite  angles  have.  That  is. 

As  any  one  side 

Is  to  the  sine  of  its  opposite  angle, 

So  is  any  other  side 

To  the  sine  of  its  opposite  angle. 


For  let  ABC  {fig-  397.)  be  the  proposed  triangle,  having  AB  the  greatest  side,  and  BC 
the  least.  Take  AD  as  a radius  e(iual  to  BC,  and  let 
fall  the  perpendiculars  DE,  CF,  which  will  evidently  be 
the  sines  of  the  angles  A and  B,  to  the  radius  AD  or 
BC.  Now  the  triangles  A DE,  AC  F are  equiangular  ; 
they  therefore  have  their  like  sides  proportional,  namely, 

AC  : CF^::  AD  or  BC  I DE,  that  is,  the  sine  AC  is  to 
the  sine  of  its  opposite  angle  B as  the  side  BC  is  to  the 
sine  of  its  opposite  angle  A. 

Note  1.  In  practice,  when  an  angle  is  sought,  the  proportion  Is  to  be  begun  with  a side 
opposite  a given  angle  ; and  to  find  a side,  we  must  begin  with  the  angle  opposite  the 
given  side. 

Note  2.  By  the  above  rule,  an  angle,  when  found,  is  ambiguous ; that  is,  it  is  not  certain 
whether  it  be  acute  or  obtuse,  unless  it  come  out  a right  angle,  or  its  magnitude  be  such  as 
to  remove  the  ambiguity  ; inasmuch  as  the  sine  answers  to  two  angles,  which  are  sup{)ie- 
menls  to  each  other  ; and  hence  the  geometrical  construction  forms  two  triangles  with  the 
same  parts,  as  in  an  example  which  will  follow;  and  if  there  be  no  restriction  or  limitation 
included  in  the  question,  either  result  may  be  adopted.  The  degrees  in  a table  answer- 
ing t)  the  sine  is  the  acute  angle  ; but  if  the  angle  be  obtuse,  the  degrees  must  be  sub- 
tracted from  180  degrees,  and  the  remainder  will  be  the  obtuse  angle.  When  a given 
angle  is  obtuse,  or  is  one  of  90  degrees,  no  ambiguity  can  occur, 
b<>cause  neither  of  the  other  angles  can  then  be  obtuse,  and  the 
geometrical  construction  will  only  form  one  triangle. 

Exanqjle  1.  In  the  plane  triangle  ABC, 

Let  AB  be  345  feet, 

BC  232  feet, 

L \ 37  20' : 

Required  the  other  j)arts. 

First,  to  the  angles  at  C and  B {fig-  398.) 
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As  tlie  side  PC  = 232 
'1\>  sine  opp.  Z.  A = 37°  20' 
So  side  All  =345 

To  sine  opp.  L C = 1 1 5°  3G' 
Add  Z.A=  37  20 

Tlie  sum  =152  56 

Taken  from  180  00 

Leaves  Z.  B 27  04 


- L(*g.  2-3fl5488 

9-7827‘»6 
2-5378 19 

■ 64°  2V  = 9-^55127 

37  20 
101  44 
180  00 
78  16 


It  is  to  bo  observed  here  that  the  second  and  third  logarithms  are  added  (that  is,  the 
numbers  are  multiplied),  and  from  the  sum  the  first  logarithm  is  subtracted  (that  is,  divi- 
sicMi  by  the  first  number),  which  leaves  the  remainder  9-955127,  which,  by  the  table  ol 
sines,  is  found  to  be  that  of  the  angle  115°  36',  or  64°  24'. 

To  bnd  the  side  AC. 


As  sine  Z.  A 

= 37° 

20' 

- 

- 

Log.  9-782796 

To  opp.  side  BC 

= 232 

- 

- 

2-3654  88 

So  sine  L B 

_ r 27 

- t 78 

04 

16 

- 

- 

9-65S037 
9 -990829 

To  opp.  side  AC 

= 174-04 

- 

- 

2-240729 

Or 

374-56 

- 

- 

2-573521 

Example  2.  In  the  plane  triangle  ABC, 

Let  A B 

= 365  vards. 

/ A 

= 570 

12' 

L B 

= 24 

45 

Herein  two  angles  are  given 

, whose  sum  is  81° 

57'. 

T!u 

■refore  1 80°  — 8 1 ° 

As  sine  L C 

= 98° 

3' 

- 

- 

Log.  9-9956993 

Is  to  A B 

= 365 

- 

- 

2-5622929 

So  sine  L B 

= 24° 

45' 

- 

- 

9-62  18612 

To  side  AC 

= 154-33 

- 

= 2-1884548 

To  find  the  side  BC. 

As  sine  L B 

= 24° 

45' 

- 

- 

Log.  9-6218612 

Is  to  AC 

= 154-33 

- 

- 

2-1884548 

So  sin.  L A 

II 

0 

12' 

- 

- 

9-9245721 

To  side  BC 

= 309-86 

- 

- 

= 2-491  1657 

1051.  Theorem  II.  W^ien  two  sides  and  their  contained  angle  are  given. 

The  given  angle  is  first  to  be  subtracted  from  180°  or  two  right  angles,  and  the  remainder 
will  be  the  sum  of  the  other  two  angles.  Divide  this  remainder  by  2,  which  will  give  the, 
half  sum  of  the  said  unknown  angles  ; and  using  the  following  ratio,  we  have  — 

As  the  sum  of  the  two  given  sides 
Is  to  their  difference. 

So  is  the  tangent  of  half  the  sum  of  their  opposite  angles 
To  the  tangent  of  half  the  difference  of  the  same  angles. 

Now  the  half  sum  of  any  two  quantities  increased  by  their  half  difference  gives  the 
greater,  and  diminished  by  it  gives  the  less.  If,  therefore,  the  half  difference  of  the  angles 
above  found  be  added  to  their  half  sum,  it  will  give  the  greater  angle,  and  subtracting  it  will 
leave  the  lesser  angle.  All  the  angles  thus  become  known,  and  the  unknown  side  is  then 
found  by  the  former  theorem. 

For  let  ABC  (^fig.  399.)  be  the  proposed  triangle,  having  the  two  given  sides  AC,  BC, 
Including  the  given  angle  C.  With  the  centre  C and  radius  e 
CA,  the  less  of  these  two  sides,  describe  a semicircle,  meeting 
the  other  side  of  BC  produced  in  E,  and  the  unknown  side  AB 
in  G.  Join  AE,  CG,  and  draw  DF  parallel  to  AE.  Now 
BE  is  the  sum  of  the  given  sides  AC,  CB,  or  of  EC,  CB  ; and 
BD  is  the  difference  of  these  given  sides.  The  external  angle 
ACE  is  equal  to  the  sum  of  the  two  internal  or  given  angles 
CAB,  CBA;  but  the  angle  ADE  at  the  circumference  is  equal 
to  half  the  angle  ACE  at  the  centre;  wherefore  the  same  angle  ADE  is  equal  to  half 
the  sum  of  the  given  angles  CAB,  CBA.  Also  the  external  angle  AGC  of  the  triangle 
B(iC  is  equal  to  the  sum  of  the  two  Internal  angles  GCB,  GBC,  or  the  angle  GCB  is 
equal  to  the  difference  of  the  two  angles  AGC,  GBC;  but  the  angle  CAB  is  equal  to 
the  said  angle  AGC,  these  being  opposite  to  the  eipial  sides  AC,  CG  ; and  the  angle  DAB 
at  the  circumference  is  equal  to  half  the  angle  DCG  at  the  centre.  'Iherefore  the  angle 
DAB  is  equal  to  half  the  difference  of  the  ^wo  given  angles  CAB,  CBA,  of  which  it  has 
been  shown  that  ADE  or  CD  A is  the  half  sum. 
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Now  the  angle  DAE  in  a semicircle,  h a right  angle,  or  AE  is  perpendicular  to  AD; 
and  DF,  parallel  to  AE,  is  also  perpendicular  to  AD;  therefore  AE  is  the  tangent  of 
CD  A the  half  sum;  and  DF,  the  tangent  of  DAB,  the  half  difference  of  the  angles  to  the 
same  radius  AD,  by  the  definition  of  a tangent.  But  the  tangents  AE,  DF  being  parallel, 
it  will  be  as  BE  : BD::  AE  : DF  ; that  is,  as  the  sum  of  the  sides  is  to  the  difference  of 
the  sides,  so  is  the  tangent  of  half  the  sum  of  the  opposite  angles  to  the  tangent  of  half 
their  difference. 

It  is  to  he  observed,  that  in  the  third  term  of  the  proportion  the  cotangent  of  half  the 
given  angle  may  be  used  instead  of  the  tangent  of  the  half  sum  of  the  unknown  angles. 

Example.  In  the  plane  triangle  ABC  (Jiff.  400.), 

Let  A B = .345  ft. 

AC=  174-07  ft. 

Z.  A = 37^^  20'. 


Now,  the  side  AB  being  345 

'file  side  AC  174-07 


From 
Take  L A 


'fhelr  sum  is  519-07  Sum  of  C and  B 

'flieir  difference  170-93  Half  sum  of  do. 


As  the  sum  of  the  sides  A B,  AC  = 51  9-07 
To  differt-nce  of  sides  AB,  AC  = 170-93 
So  t ing,  hall  sum  Z.  s C and  B =71°  20' 

'fo  tang,  half  diff.  Z.  s C and  B = 44  16' 

These  added,  give  Z C =115  36' 

And  subtracted  give  ^ B = 27  4' 

By  the  former  theorem  : — 


- Log. 


180°  00' 
37  20 

142  40 
71  20 

2-715226 
2-232818 
10-471298 
9988890 


As  sine  Z C 115°  36',  or  64°  24' 
To  its  opposite  side  AB  345 
So  sine  Z A 37°  20' 

'fo  its  opposite  side  BC  232 


Log.  9-955126 
2-537819 
9-782796 
2-365488 


1052.  'I'heokkxi  hi.  WheM  the  three  sides  of  a triangle  are  given. 

T.et  fall  a perpendicular  from  the  greatest  angle  on  the  opposite  side,  or  base,  dividing 
it  into  two  segments,  and  the  whole  triangle  into  two  right-angled  triangles,  the  propor- 
tion will  be  — 

As  the  base  or  sum  of  the  segments 
Is  to  the  sum  of  the  other  two  sides, 

So  is  the  difference  of  those  sides 

'fo  the  difference  of  the  segments  of  the  base. 

'I’hen  take  half  the  difference  of  these  segments,  and  add  it  to  the  half  sum,  or  the  half  base, 
for  the  greater  segment ; and  for  the  lesser  segment  subtract  it. 

'fluis,  in  each  of  the  two  right-angled  triangles  there  will  be  known  two  sides  and  the 
angle  opposite  to  one  of  them,  whence,  by  the  first  theorem,  the  other  angles  will  be  found. 

For  the  rectangle  under  the  sum  and  difference  of  the  two  sides  is  equal  to  the  rectangle 
under  the  sum  and  difference  of  the  two  segments.  Therefore,  forming  the  sides  of  these 
rectangles  into  a proportion,  their  sums  and  differences  will  be  found  proportional. 

-Example.  In  the  plane  triangle  ABC  {fig. 

Let  AB  = 345  ft. 

AC  = 232  ft. 

BC=  174-07. 

Letting  fall  the  perpendicular  CP, 

Base  AB  : AC-i-BC::  AC-BC 
'I'hat  is,  345  I 406-07  1 : 57-93 

Its  half  is 
'Fhe  half  base  is 

The  sum  of  these  is  206-59=  AP 
And  their  difference  138-41  = BP 


c 


A ‘ p II 


: AP-BP; 

: 68-18  = AP-BP; 

34-09 
172-50 


D en,  in  the  triangle  A PC  right-angled  at  P, 

As  the  side  AC  =232 

'Fo  sine  opp.  Z P = 90° 

So  is  side  A P =206-59 

'fo  sine  opp.  Z ACP  = 62°  56' 

Which  subtracted  from  = 90  0 

Leaves  Z A = 27  04 


Log.  2-365488 
10-000000 
2-315109 
9.949621 
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Again,  in  the  triangle  BPC,  riglit-an 
As  the  side  BC 
'I'o  sine  opp.  Z P 
So  is  side  BP 
To  sine  opp  L BCP 
Which  taken  from 
Leaves  the  L B 
ALo  the  angle  A CP 
Added  to  tlie  angle  BCP 
Gives  the  whole  angle  ACB 
So  that  the  three  angles  are  as  follow,  viz 
1053.  Theorem  IV. 
fiAkncing  j)roj)ortion : — 


glf'.l  at  P, 
==174-07 
=.  90°  00' 
= 138-41 
= 52°  40' 
90  00 
37  20 

= 62  56 
= 52  40 
= 115  36 
, Z.  A 27  4' : 


.og.  2-440724 
1 0-000000 
2-141136 
9-900412 


Z.B37°20';  Z C 1 15°  36. 


If  the  triangle  he  right-angled,  any  unhnuwn  part  may  he  found  hif  iltA 


As  radius 

Is  to  either  leg  of  the  triangle, 

So  is  tangent  ot  its  adjacent  angle 
To  the  other  leg  ; 

And  so  is  secant  of  the  same  angle 
To  the  hypothenuse. 


For  AB  being  the  given  leg  in  the  right-angled,  triangle  ABC,  from  the 
centre  A with  any  assumed  radius  Al)  describe  an  arc  DE,  and  draw 
DF  perpendicular  to  AB,  or  jiarallel  to  BC.  Now,  from  the  definitions, 
DF  is  the  tangent  and  AF  the  secant  of  the  arc  DE,  or  of  the  angle  A, 
which  is  measured  by  that  arc  to  the  radius  AD.  Then,  because  of  the 
parallels  BC,  DF,  vve  have  AD  ; AB::DF  : BC,  and  ;;  AF  : AC,  which 
is  the  same  as  the  theorem  expresses  in  words. 

Note.  Radius  is  equal  to  the  sine  of  90  , or  the  tangent  of  45°,  and  is 
ex]>ressed  by  1 in  a table  of  natural  sines,  or  by  10  in  logarithmic  sines. 

Example  1.  In  the  right-angled  triangle  ABC, 


C 


A D ■ B 

Fig.  40-Z. 


Let  the  leg  AB  =162 

L A =53°  7'  48' 


As  radius 
To  leg  AB 
So  tang.  L A 
I'o  leg  BC 
So  secant  L A 
To  hypothenuse  AC 


= tang.  45° 
= 162  - 
= 53°  7'  48" 
= 216  - 
= 53°  7'  48" 
= 270  - 


:.og.  10-000000 
2-209515 
10-124937 
2-334452 
10.221848 
2-431363 


Note,  There  is  another  mode  for  right-angled  triangles,  which  is  as  follows : — 

ABC  being  such  a triangle,  make  a leg  AB  radius;  or,  in  other  words,  from  the  centre 
A withdistance  AB  describe  an  arc  B F,  It  is  evident  that  the  other 
leg  BC  will  represent  the  tangent  and  the  hypothenuse  AC  the  se- 
cant of  the  arc  BF  or  of  the  angle  A. 

In  like  manner,  if  BC  be  taken  for  radius,  the  other  leg  AB  repre- 
sents the  tangent,  and  the  hypothenuse  AC  the  secant  of  the  arc  BG 
or  angle  C. 

If  the  hypothenuse  be  made  radius,  then  each  leg  will  represent 
the  sine  of  its  opposite  angle;  namely,  the  leg  AB  the  sine  of  the 
arc  AE  or  angle  C,  and  the  leg  BC  the  sine  of  the  arc  (^D  or 
angle  A. 

Then  the  general  rule  for  all  such  cases  is,  that  the  sides  of  the  triangle  bear  to  each 
other  the  same  proportion  as  the  parts  which  they  represent.  This  method  is  called 
making  every  side  radius. 

1054.  If  two  sides  of  a right-angled  triangle  are  given  to  fnd  the  third  side,  that  may  be 
found  l>y  the  jiroperty  of  the  scjuares  of  the  sides  (Geom.  Prop.  32.  ; viz.  That  the  square 
of  the  hypothenuse  or  longest  side  is  equal  to  both  the  squares  of  the  two  other  sides 
together).  Thus,  if  the  longest  side  be  sought,  it  is  equal  to  the  s(juare  root  of  the  sum  of 
the  squares  of  the  two  shorter  sides;  and  to  find  one  of  the  shorter  sides,  subtract  one 
S(juare  from  the  other,  and  extract  the  square  root  of  the  remainder. 

1055.  The  a])plication  of  the  foregoing  theorems  in  the  cases  of  measuring  heights  and 
distinces  will  be  obvious.  It  is,  however,  to  be  observed,  that  where  we  have  to  find  the 
length  of  inaccessible  lines,  we  must  employ  a line  or  base  wbich  can  be  measured,  and,  by 
means  of  angles,  which  will  be  furnished  by  the  use  of  instruments,  calculate  the  lengths  of 
the  otl’.cr  lines. 


c 
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1056.  The  conic  sections,  In  geometry,  are  those  lines  formed  by  the  intersections  of  a j)lan- 
with  the  surface  of  a cone,  and  which  assume  different  forms  and  acquire  different  properties 
according  to  the  several  directions  of  such  plane  in  respect  of  the  axis  of  the  cone.  Tlievr 
species  are  five  in  number. 

1057.  Dei  initions. — 1.  A plane  passing  through  the  vertex  of  a cone  meeting  the  plane 
of  the  base  or  of  the  base  produced  is 
called  the  directing  plane.  The  ]ilane 
VllX  {Jig.  404.)  is  the  directing  jilane, 

2.  The  line  in  which  the  directing  ])lane 
meets  the  plane  of  the  base  or  tlie  plane 
of  the  base  produced  is  called  the  di- 
rccirix.  'I'he  line  RX  is  the  directiix. 

3.  I f a cone  be  cut  by  a plane  parallel  to  the 
directing  plane,  the  section  is  called  a 
conic  section,  as  A MB  or  A 111  {jig. 

405.) 

4.  If  the  plane  of  a conic  section  be  cut  by 
another  plane  at  right  angles  passing 
along  the  axis  of  the  cone,  the  common 
section  of  the  two  planes  is  called  the 
line  oj'  the  axis. 

5.  'I’he  point  or  points  in  which  the  line  of  the  axis  is  cut  by  the  conic  surface  is  or  are 
called  the  vertex  or  vertices  of  the  conic  section.  Thus  the 
|)oints  A and  B {Jigs.  404.  and  405.)  are  both  vertices,  as  is  the 
))oint  A or  vertex  {Jig.  406.). 

6.  If  the  line  of  the  axis  be  cut  in  two  points  by  the  conic  surface, 
or  by  the  surfaces  of  the  two  opposite  cones,  the  portion  of 
the  line  thus  intercepted  is  called  the  primary  axis.  The  line 
AB  {Jigs.  ^0 A.  and  405.)  and  AH  (Jig.AOG.)  is  called  the 
primary  axis. 

7.  if  a straight  line  be  drawn  in  a conic  section  perpendicular  to 
the  line  of  the  axis  so  as  to  meet  the  curve,  such  straight  line 
is  called  an  ordinate,  as  PM  in  the  above  figures. 

8.  The  abscissa  of  an  ordinate  is  that  portion  of  the  line  of  axis 
contained  between  the  vertex  and  an  ordinate  to  that  line  of 
axis.  Thus  in  figs.  404,  405,  and  406.  the  parts  AP,  BP  of  the  line  of  axis  are 
the  abscissas  AP  BP. 

9.  If  the  primary  axis  be  bisected,  the  bisecting  point  is  called  the  centre  of  the  conic 
section. 

10.  If  the  directrix  fall  without  the  base  of  the  cone,  the  section  made  by  the  cutting 
j)lane  is  called  an  ellipse.  Thus,  mjy.  404.,  the  section  A MB  is  an  ellipse.  It  is 
evident  that,  since  the  plane  of  section  will  cut  every  straiglit  line  drawn  from  the 
vertex  of  the  cone  to  any  point  in  the  circumference  of  the  base,  every  straight  line 
drawn  within  the  figure  will  be  limited  by  the  conic  surface.  Hence  the  axis,  tlie 
ordinates,  and  abscissas  will  be  terminated  by  the  curve. 

11.  If  the  directrix  fall  within  the  base  of  the  cone,  the  section  made  by  the  cutting  plane 
is  called  an  hyperbola.  Hence  it  is  evident,  that  since  the  directing  plane  passes 
alike  through  both  cones,  the  plane  of  section  will  cut  each  of  them,  and  there- 
fore two  sections  will  be  formed.  And  as  every  straight  line  on  the  surface  of  tlie 
cone  and  on  the  same  side  of  the  directing  plane  cannot  meet  the  cutting  plane, 
neither  figure  can  be  enclosed. 

12.  If  the  directrix  touch  the  curve  forming  the  base  of  the  cone,  the  section  made  by 
the  cutting  plane  is  a parabola 


OF  THE  ELLIPSIS. 

1058.  The  primary  axis  of  an  ellipsis  is  called  the  major  axis,  as 
AB  {Jg.  407.);  and  a straight  line  DE  drawn  through  its  centre 
perjiendicular  to  it,  and  terminated  at  each  extremity  by  the  curve, 
is  called  the  minor  axis. 

1059.  A straight  line  VQ  drawn  through  the  centre  and  ter- 
minated at  each  extremity  by  the  curve  is  called  a diameter.  Hence 
the  two  axes  are  also  diameters. 


Fig.  407. 


Chaf.  I. 


CONIC  SF.CTIONS. 
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lOGO.  The  cxtreinlties  of  a diameter  which  terminate  in  tlie  curve  arc  called  the  vertices 
of  that  diameter.  Thus  the  points  V and  Ci  are  the  vertices  of  the  diameter  VQ. 

1031.  A straight  line  drawn  from  any  point  of  a diameter  j)arallel  to  a tangent  at  either 
extremity  of  the  diameter  to  meet  the  cur\cs  is  called  an  ordinate  to  the  two  abscissas. 
'J'lms  ri\r,  being  parallel  to  a tangent  at  V,  is  an  ordinate  to  the  two  abscissas  \T’,  PQ. 

1062.  If  a diameter  be  drawn  through  the  centre  parallel  to  a tangent  at  the  extremity 
of  another  diameter,  these  two  diameters  are  called  conjugate  diameters.  Thus  VQ,  and 
US  are  conjugate  diameters. 

1063.  A third  proportional  to  any  diameter  and  its  conjugate  is  called  the  parameter  or 
latus  rectum. 

106-1.  The  points  in  the  axis  where  the  ordinate  is  equal  to  the  semi-parameter  are 
called  the  foci. 

1065.  Theorem  I.  In  the  ellipsis  the  squares  of  the  ordinates  of  an  axis  are  to  each  other 
as  the  rectangles  of  their  abscissas. 

Let  AVU  {Jig.  AOS.)  be  a plane  passing  through  the  axis  of  the  cone,  and  A Eli 
another  section  of  the  cone  perpendicular  to  the  plane  of  the  former  ; 

All  the  axis  of  the  elll])tic  section,  and  PM,  HI  ordinates  perpen- 
dicular to  it  ■,  then  it  will  be 

PM2 : HL^: : AP  x PB  : AH  x IIB. 

For  through  the  ordinates  PM,  HI  draw  the  circular  sections 
KML,  MIN  parallel  to  the  base  of  the  cone,  having  KIj,  ININ  for 
their  diameters,  to  which  PM,  HI  are  ordinates  as  well  as  to  the 
axis  of  the  ellipse.  Now,  in  the  similar  triangles  A PL,  AHN, 

AP  : PL::  AH  : HN, 

And  in  BPK,  BHIVI, 

BP  : PK::BH  : HM. 

Taking  the  rectangles  of  the  corresponding  terms, 

AP  X BP  : PL  X PK::  AH  X BII  : HN  X HM. 

By  the  property  of  the  circle, 

PL  X PK  = PM2  and  HN  x HM=  HH.  Therefore, 

AP  X BP  : PM2::  AH  X HB  : IIL^,  or 
PMi : HI2::  AP  x BP  : AH  x iiB. 


Coroll.  1.  If  C be  the  centre  of  the  figure,  AP  x PB  = C A^— CP-,  and  AH  x HB  = 
CA‘^-  CIL^. 

'rherefore  PM2  : H H : : C A2 _ C P2  : C A^  - C IP-.  For  A P = C A - C P,  and  P B = 

CA  + CP:  consequently  AP  x PB  = ( CA- CP)  (CA CP)=  CA^- CP2  ; and  in  the 
saiiK?  manner  it  is  evident  that  AH  x HB  = (CA  -t-  CH)(  CA  — CH)=  CA2—  CH-. 

(\)roll.  2.  If  the  point  P coincide  with  the  middle  point  C of  the  semi-major  axis, 
PM  will  become  equal  to  CE,  and  CP  will  vanish  ; we  shall  therefore  have 

PM2  : HI2::CA2_CP2 : CA2-CII2 
Now  CE2  : H12;:CA2  : CA2-CH2,  or  CA2  x 1112=  CE2(C A2- CH2). 


1066.  Theorem  II.  In  ever g ellipsis  the  square  of  the  major  axis  is  to  the  square  of  the 
minor  axis  as  the  rectangle  of  the  abscissas  is  to  the  square  of  their  ordinate. 

Let  AB  (^<7.  409.)  be  the  major  axis,  DE  the  minor  axis,  C the  centre,  PM  and  HI 
ordinates  to  the  axis  AB  ; then  will 

CA2 : CE2::APx  PB  : PM2. 

For  since  by  Theor.  L,  PM2  : IIP::  AP  ' PB  : AH  x HB  ; and  if  a 
the  ))oint  II  be  in  the  centre,  then  AH  and  II B become  each  equal 
to  CA,  and  HI  becomes  equal  to  CE  ; therefore 

PM2 : CE2::APx  PB  : CA2; 

And,  alternately,  C A2  : CE2; : AP  x PB  : : PM2. 


Coroll.  1.  Hence,  if  we  divide  the  two  first  terms  of  the  analogy  by  AC,  it  will  be 
CA  : AP  x PB  : pm*.  But  by  the  definition  of  parameter,  AB  : DE::DE  : pa- 

2CE^ 

rameter,  or  CA  : CE::2CE  : parameter  = • Tlierefore  is  the  parameter,  which 
let  us  call  P ; then 

AB  : P::APx  PB  : pm*. 

Coroll  2.  Hence  CA*  : CE*  ::  CA*-  CP*  : PM*.  For  CA’- CP*-(CA  - CP) 
(CA+  CP)  = (AP  X PB). 

Coroll.  3.  Hence,  also,  AB  ; P::CA*-CP*  : PM*. 
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1067.  Theorem  III.  In  every  ellipsis,  the  square  of  the  minor  axis  is  to  the  square  of  tht 
maj)r  axis  as  the  difference  of  the  squares  of  half  the  minor  at  is  and 

the  distance  of  an  ordinate  from  the  centre  on  the  minor  axis  to  the  

squ'ire  of  that  ordinate.  / 

Draw  MQ  (^^.410.)  parallel  to  AB,  meeting  CE  in  Q,;  then 
will 

CE2  : CA2; : CE2-  CQ2  ; QM2  ; 


For  bv  Cor.  2.  Theor.  II.,  CA2  ; CA2_CP2;;CE2  : PM2  ; 
There'lbre,  by  division,  CA2  ; CP2::CE2  ; CE2-PM2. 
Tlierefore,  since  CQ=PM  and  CP=QM  ; CA2  ; QM2::CE2  : CE2-CQ2. 


Coroll.  1.  If  a circle  be  described  on  each  axis  as  a diameter,  one  being  inscribed  within 
the  ellipse,  and  the  other  circumscribed  about  it,  then  an  ordinate 
in  the  circle  will  be  to  the  corresponding  ordinate  in  the  ellipsis 
as  the  axis  belonging  to  this  ordinate  is  to  the  axis  belonging  to 
the  other  ; that  is, 

CA  : CE::PG  : PM, 
and  CE  : CK'.'.pg  : /jM  ; 
and  since  CA2  : CE2; : AP  x PB  : P]\I2, 
and  because  AP  x PB  = PG2;  CA2  : CE2::PG2  ; PM2, 
or  CA  : CE::PG  : PM. 

In  the  same  manner  it  may  be  shown  that  CE  : CA'.ipp  : />M, 

C.\  : CE:;/?iM  : pg  ; therefore,  by  ecpiality,  PG  : PM ; ij^tM  ; j>g,  or  PG 
therefore  CgG  is  a continued  straight  line. 

Coroll.  2.  Hence,  also,  as  the  ellipsis  and  circle  are  made  up  of  the  same  number  ol 
corresponding  ordinates,  which  are  all  in  the  same  ))roportion  as  the  two  axes,  it  follows 
that  the  area  of  the  whole  circle  and  of  the  ellipsis,  as  also  of  any  like  parts  of  them,  are 
in  the  same  ratio,  or  as  the  square  of  the  diameter  to  the  rectangle  of  the  two  axes;  that  is, 
the  area  of  the  two  circles  and  of  the  ellipsis  are  as  the  square  of  each  axis  and  the 
rectangle  of  the  two ; and  therefore  the  ellipsis  is  a mean  proportional  between  the  two 
circles. 


or,  alternately, 
C/>;:  CP  : pg-. 


Coroll.  3.  Draw  MQ,  ))<ira!lel  to  GC,  meeting  El)  m Q;  then  will  QM=;CG==CA  ; 
and  let  R be  the  point  where  QM  cuts  AB;  then,  btcanse  QMGC  is  a parallelugriim,, 
QM  is  equal  to  CG  = CE;  and  therefore,  since  QM  is  equal  to  CA,  half  the  major  ax's 
and  RM  = CE,  half  the  minor  axis  QR  is  the  diderence  of  the  two  semi-axes,  and  hence 
we  have  a method  of  describing  the  ellipsis.  This  is  the  principle  of  the  trammel,  so  well 
knowm  among  work/nen" 

If  we  conceive  it  to  move  in  the  line  DE,  and  the  point  R In  the  line  AB,  while  the 
point  M is  carried  from  A,  towards  E,  B,  D,  until  it  return  to  A,  the  point  M will  in  its 
progress  describe  the  curve  of  an  ellipsis. 

1068.  Theorem  IV.  The.  square  of  the  distance  of  the  foci  from  the  centre  of  an  ellipsis  is 
equal  to  the  di  fference  of  the  square  of  the  semi-axes. 

Let  AB  {Jig.  412.)  be  the  major  axis,  C the  centre,  F the  focus,  and  FG  the  semi-para- 
meter; then  Avill  CE2=CA2-CF2.  For  draw  CE  i)erpendicular 
to  AB,  and  join  FE.  By  Cor.  2.  Th.  II.,  CA2  : CE2:;CA2  — 

CF2  : FG2,  and  the  parameter  FG  is  a third  proportional  to  CA, 

CE;  therefore  CA2  ; CE2;;CE2  ; FG2,  and  as  in  the  two  ana- 
logies the  first,  second,  and  fourth  terms  are  identical,  the  third 
terms  are  equal  ; consequently 

CE2=CA2_CF2. 

Coroll.  1.  Hence  CF2=CA2— CE2. 

Coroll.  2.  The  two  semi-axes  and  the  distance  of  the  focus  from  the  centre  are  the  sides^ 
of  a right-angled  triangle  CFE,  and  the  distance  FE  from  the  focus  to  the  extremity  ol 
tlie  minor  axis  is  equal  to  CA  or  CB,  or  to  half  the  major  axis. 

Coroil.  3.  The  minor  axis  CE  is  a mean  proportional  between  the  two  segments  of  the 
axis  on  each  side  of  the  f eus.  For  CE2=  CA2—  CF2  = (CA  + CF)  x (C.A  — CF).  ] 

1069.  ruFOREM  V.  In  an  ellipsis,  the  sum  oj  the  lines  drawn  J'rom  the  foci  to  any  point  in 
the  curve  is  equal  to  the  major  axis. 

Let  the  points  F,/(//7.  413.)  be  the  two  foci,  and  M a point 
in  the  curve;  join  FM  and/M,  then  will  ABr^2CA=  FM  + /.M. 

By  Cor.  2.  Th.  II.,  CA2  : CE2;:CA2-CP2  : PM2, 

But  by  Th.  IV.,  CE2:=CA2_CF2; 

Therefore  CA2  ; C A2— CF2 ; : CA2— CP2  : PM'^  ; 

And  by  taking  the  rectangle  of  the  extremes  and  mean.s,  and  di 
CA2,  tlie  result  is  — 


Fig.  115. 

iding  the  tquation 


Fig.  4 1?. 
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PM2=  C A2-  CP^^~  CF-J  + — 

• And  because  FP'2  = (CF- CP)^J=  CFi-2CF.  CP+  CP«, 

And  since  FM'2=  PM24-  FP-. 

Therefore  F.AP^  = C A^  _ 2 C F . C P + 

CF.CP 

Extracting  the  root  from  each  number,  FM=CA 

CF  CP 

In  the  same  manner  it  may  be  shown  that  FM=CAh cA2”  » therefore  the  sum  of 

* these  is  FM +/’IVI  = 2CA. 

Coroll.  1.  A line  drawn  from  a focus  to  a point  in  the  curve  is  called  a radius  vector, and 
tJie  dilTcrence  between  either  radius  vector  and  half  the  major  axis  is  equal  to  half  the 
difference  between  the  radius  vectors.  For,  since 


CF.  CP 
CA  = 


/M=CA- 
^^=CA-/M. 


therefore,  by  transposition, 


(broil.  2.  Because  is  a fourth  proportional  to  CA,  CF,  CP;  therefore  CA  I 

CF;;CP  : CA-/M. 

Coroll.  .3.  Hence  the  difference  between  the  major  axis  and  one  of  the  radius  vectors  gives 
the  other  radius  vector.  For,  since  F.\I  + M/=2CA  ; 

Therefore  FM  = 2 C A - M/. 

Coroll.  4.  Hence  is  derived  the  common  method  of  describing  an  ellipsis  mechanically, 
by  a thread  or  by  points,  thus : — Find  the  foci  Ff  (Jig.  414.),  and  in  the  axis  AB  assume 
any  point  G ; then  with  the  radius  AG  from  the  point  F as  a 
centre  describe  two  arcs  H,  H,  one  on  each  side  of  the  axis  ; and 
with  the  same  radius  from  the  point  f describe  two  other  arcs  h, 
h,  one  on  each  side  of  the  major  axis  Again,  with  the  distance 
GB  from  the  point  /"  describe  two  arcs,  one  on  each  side  of  the  axi.s, 
intersecting  the  arcs  FIH  in  the  points  HH  ; and  with  the  same 
radius  from  the  point  /"  describe  two  other  arcs,  one  on  each  side  of  Fie.  414. 

the  axis,  intersecting  the  arcs  described  at  h,  h in  the  point  h,  h.  In  this  manner  we  may 
find  as  many  points  as  we  please  ; and  a sufficient  number  being  found,  the  curve  will  be 
formed  by  tracing  it  through  all  the  jjoints  so  determined. 

1070.  Thkorem  VI.  The  square  of  half  the  major  axis  is  to  the  square  of  half  the  minor 
axis  as  the  difference  of  the  squares  of  the  distances  of  any  two  ordinates 
from  the  centre  to  the  difference  of  the  squares  of  the  ordinates  them- 
selves. 

Let  P.M  and  HI  (fig.AlS.')  be  ordinates  to  the  major  axis  AB; 
araw  MN  parallel  to  AB,  meeting  HI  in  the  point  N ; then  will 
PM  = HN,  and  MN=PH,  and  the  property  to  be  demonstrated  is 
thus  expressed  — 

CA2  : CE^i::CP2-CH2  ; HJ2-HN2. 


I E 

'n 

1 

' n 

u (Ty 

1 1 

Fig.  115. 


Or  by  producing  HI  to  meet  the  curve  in  the  point  K,  and  making  CQ=  CP,  the  pro- 
perty to  be  proved  will  be 


CA2  ; CE2 

R r o TT  fCA2;CE2 

By  Cor.  2.  iheor.  i ^^2  • CE2 


PH  X HQ  : KN. 
CA2-CP2  : PM2, 
CA2-CH2  : HI2. 


Therefore  CA2-CH2  ; CA2-CP2::HI2  : PM2  or  HN2  ; 

But,  by  division,  CA2-CH2  : CP2-CH2::HI2  : HI2-HN2. 

Alternately,  CAS-CIH  : HI2::CP2-CH2  ; HH-HN^; 

And,  since  we  have  above,  C.^2_  CH2  : HH: ; CA2  : CE2, 

Therefore,  by  equality,  CA2  : CE2 ; ; CP2— CH2  : PII2—HN2; 

But  since  CP2- CH2  = (CP- CH)(CP+  CH)  = PH  x QH, 

A nd  since  H I2  - H N2  = ( H I - H N)( H I -f  H N)  = N I x K N, 

Therefore  C A2  : CE2 : : PH  x HQ  : NI  x NK. 


Coroll.  1.  Hence  half  the  major  axis  is  to  half  the  minor  axis,  or  the  major  axis  is  to  the 
minor  axis,  as  the  difference  of  the  squares  of  any  two  ordinates  from  the  centre  is  to  the 
n roc)  angle  of  the  two  parts  of  the  double  ordinate,  which  is  the  greatest  made  of  the  sum 
and  difference  of  the  two  semiordinates.  For  KN=HK-f  HN=KI-f  HN,  which  is  the 
sum  of  the  two  ordinates,  and  NI  = HI  — HN,  which  is  the  difference  of  the  two  ordinates. 

Coroll.  2.  Hence,  because  CP2— CH2  = (CP— CH)(CP -f  CH),  andsince  HI2— HN'2:^ 
(HI  — HN)(HI -f  HN),  and  because  CP— CH  = PH  and  HI— HN  = NI;  thciefore 
h:a2  : CE2;:(CP+  ch)PH  : (HI-f  hn)NI. 
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1071.  Theorem  VII.  In  the  ellipsis^  half  the  major  axis  is  a mean  proportional  hetiveen 
the  distance  of  the.  centre  and  an  ordinate,  and  the  distance  between 
the  centre  ard  the  intersection  of  a tangent  to  the  vertex  of  that  or- 
dinate. 

To  the  major  axis  draw  the  ordinates  PM  (^fig-  416.)  and  HI, 
and  tlie  minor  axis  Cli.  Draw  MN  perpendicular  to  HI. 

Through  the  two  points  I,M,  draw  MT,  IT,  meeting  the  major 
axis  produced  in  T;  then  will  CT  ; CA::CA  : CP.  For, 

RvCor.  1.  Theor.VL,  CE2  : CA2::(IH  + HN)TN  : (PC+CH)HP; 

Ry  Cor.  2.  Th.  II.,  CE^  ; CA2;:PM2  : CA^-CP^; 

Therefore,  bve(jualitv,P  M2:  CA2- CP^:  :(IH  + IIN)IN  : (PC  + CH)HP. 

Ry  similar  triangles/  INM,  INIPT  ; IN  ; NM  or  PH : : PM  ; PT  or  CT-  CP. 

Therefore,  taking  the  rectangles  of  the  extremes  and  means  of  the  two  last  equations,  and 
thiowing  out  the  common  factors,  they  will  be  converted  to  the  eijuation 
PM(CT-CP)(CP+  CH)  = (CA2-CP2)(IH  + HN). 

But  when  HI  and  PM  coincide,  HI  and  HN  will  become  equal  to  PM,  and  CH  will 
become  equal  to  CP  ; therefore,  substituting  in  the  equation  2CP  for  CP+  PH,  and  2PM 
for  IH  + HN,  and  throwing  out  the  common  factors  and  the  common  terms,  we  have 

CT.  CP.=  CA2 
or  CT  : CA::CA  : CP. 

Coroll.  1.  Since  CT  is  always  a third  proportiunal  to  CP  and  CA,  if  the  points  P,  A,  B 
remain  fixed,  the  point  T will  be  the  same;  and  therefore  the  tangents  which  are  drawn 
from  the  point  M,  which  is  the  intersection  of  PQ  and  the  curve,  will  meet  in  the  point  T 
in  every  ellipsis  described  on  the  same  axis  A B. 

Coroll.  2.  When  the  outer  ellipsis  AQ,B,  by  enlarging,  becomes  a circle,  draw  Q,T  per- 
pendicular to  CQ,,  and  joining  TM,  then  TM  will  be  a tangent  to  the  ellipsis  at  M, 

Coroll.  3.  Hence,  if  it  were  required  to  draw  a tangent  from  a given  ))oint  Tin  the  pro- 
longation of  the  major  axis  to  the  ellipsis  AEB,  it  will  be  found  thus  : — On  AB  describe 
the  semicircle  AQB.  Draw  a tangent  TQ,  to  the  circle,  and  draw  the  ordinate  PQ,  inter- 
secting the  curve  AEB  of  the  ellipsis  in  the  point  M ; join  TM ; ‘then  TM  is  the  tangent 
required.  This  method  of  drawing  a tangent  is  extremely  useful  in  ])ractice. 

1072.  Theorem  VIII.  Four  perpendiculars  to  the  major  axis  intercepted  by  it  and  a tan- 
gent will  be  proportionals  ivhen  the  first  and  last  have  one  of  their 
extremities  in  the  vertices,  the  second  in  the  point  (f  contact,  and  the 
third  in  the  centre. 

Let  the  four  perpendiculars  be  AD,  PM,  CE,  BF,  of  which 
AD  and  BF  have  their  extremities  in  the  vertices  A and  B,  the 
second  in  the  point  of  contact  M,  and  the  third  in  the  centre  C ; . 

then  will 

AD  : PM::CE  : BF. 

TC  : AC:: AC  ; CP; 


Imr,  by  Theor.  VII., 

By  division,  TC- 

That  is,  T A 

By  composition,  TA 

Therefore  TA 


AC  : CA-CP::TC  : AC  or  CB; 
AP::TC  : CB. 

TA+  AP::TC  : TC+  CB: 
TP::TC  : TB. 


Fig.  417. 


But  by  the  similar  triangles  TAD,  TPM,  TCE,  and  TBF,  the  sides  TA,  TP,  TC,  and 
TB  are  proportionals  to  the  four  perpendiculars  AD,  PM,  CE,  and  BF ; therefore 

AD  : PM::CE  : BF. 

Coroll.  1.  If  AM  and  CF  be  joined,  the  triangles  TAM  and  TCF  will  be  similar. 

For  bv  similar  triangles,  the  sides  TD,  TM,  TE,  TF  are  in  the  same  proportion  as  the 
sides  TA,  TP,  TC,  TB. 

Th erefore  T D : TM : : T E : T F ; 

Alternately,  TD  : TE::TM  . TF:  but  TAD  is  similai  to  TCE 
Hence  TD  : TE : ; TA  : TC  ; 

Therefore,  by  equality,  TA  : TM::TC  : TF. 

Coroll.  2.  The  triangles  APM  and  CBF  are  similar; 

For  TA  : TP::TC  : TB. 

By  division,  TP  : TP  - T A : : TB  : 

That  is,  TP  : AP::TB  : CB. 

Alternately,  TP:TB;:AP:  CB: 

Consequently,  TP  : TB::BM  : BF: 

Therefore,  by  equality,  AP  : PM::CB  : BF. 

Coroll.  3.  If  AFbe  drawn  cutting  PM  in  I,  then  will  PI  be  equal  to  the  half  of  PMj 


TB-TC; 

but  TPM  is  similar  to  TBF  ; 
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For,  since  AP  : PiM;:CB  : BF,  and,  by  the  similar  trian;;ies  API,  ABF, 

AP  : PI:: AB  : BF; 

Therefore  PM  : 1T::CB  : AB. 

But  ('B  is  the  half  of  AB  ; therefore,  also,  PI  is  the  half  of  PM. 

)07.S.  Theoreaj  IX.  If  two  lines  be  drawn  from  the  foci  of  an  ellipse  to  any  point  in  the 
curve,  these  two  lines  icill  make  equal  angles  ivith  a tangent  passing  through  that  point. 

Let  TM  (y?<7.  418.)  be  a tangent  touching  the  curve 
at  the  point  M,  and  let  F, / be  the  two  foci;  join 
FM,  /M,  then  will  the  angle  FMT  be  equal  to  the 
angle  /M  B.  For  draw  the  ordinate  PM,  and  draw 
f'll  parallel  to  FM,  then  will  the  triangles  TI’M  and 
lyii  be  similar;  and  by  Cor.  Theor.  VII., 


CA 

: CP: 

: : CT 

: CA  ; 

CA  : 

: CP: 

;:CF 

: CA- 

FM  ; 

CT  : 

: CF: 

:CA 

: CA- 

- FM. 

CT- 

-CF 

: CT+  CF:: 

FM  : 2CA 

TF  : 

T/: 

:FM 

:/M. 

A F P N C 
Fig.  4 IS. 
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By  Cor.  2.  Theor.  V., 

'I'herefore,  by  etjuallty, 

By  division  and  composition, 

Tliat  is, 

By  the  similar  triangles  TFM,  T/R;  TF  : T/::FM  :/R. 

It  therefore  appears  that  /M  is  equal  to  /R,  therefore  the  angle  /MR  is  equal  to  the 
angle/RM  : but  because  FM  and/R  are  parallel  lines,  the  angle  FMT  is  equal  to  the 
aiigle/RM  ; therefore  the  angle  FMT  is  equal  to  the  angle/ MR. 

Coroll.  I.  Hence  a line  drawn  perpendicular  to  a tangent  through  the  point  of  contact 
will  bisect  the  angle  FM/  or  the  opposite  angle  DMG.  For  let  MN  be  perpendicular 
to  the  tangent  TR.  Then,  because  the  angle  NMT  and  NMR  are  right  angles,  they  are 
I equal  to  one  another  ; and  since  the  angles  FMT  and /MR  are  also  equal  to  one  another, 
the  remaining  angles  NMF  and  NM/ are  equal  to  one  another.  Again,  because  the  oppo- 
site angles  FMN  and  IMG  are  equal  to  one  another,  and  the  opposite  angle  /MN  and 
IMD  are  equal  to  one  another  ; therefore  the  straight  line  MI,  which  is  the  line  MN  pro- 
duced, will  also  bisect  the  angle  DMG. 

Coroll.  2.  The  tangent  will  bisect  the  angle  formed  by  one  of  the  radius  vectors,  and  the 
prolongation  of  the  other.  For  prolong  FM  to  G.  Then,  because  the  angles  RMN  and 
IIMI  are  right  angles,  they  are  equal  to  one  another;  and  because  the  angles  NM/  and 
IMD  are  equal  to  one  another,  the  remaining  angles  RMG  and  RM/  are  equal  to  one 
another. 

Scholhim.  Hence  we  have  an  easy  method  of  drawing  a tangent  to  any  given  point  IM  in 
the  curve,  or  of  drawing  a perpendicular  through  a given  point  in  the  curve,  which  is  the 
usual  mode  of  drawing  the  joints  for  masonic  arches.  Thus,  in  order  to  draw  the  line  HM 
perpendicular  to  the  curve  : produce  FM  to  G,  and/M  to  D,  and  draw  MI  bisecting  the 
angle  DMG  ; then  IM  will  be  perpendicular  to  the  tangent  TR,  and  const  juently  to  the 
curve. 

As  in  optics  the  angle  of  incidence  is  always  found  equal  to  the  angle  )f  reflection,  it 
appears  that  the  foundation  of  that  law  follows  from  this  theorem  ; for  rays  of  light  issuing 
from  one  focus,  and  meeting  the  curve  in  any  point,  will  be  reflected  into  lines  drawn  from 
these  points  to  the  other  focus  : thus  the  ray  /M  is  reflected  into  MF  : and  this  is  the 
reason  why  the  points  F/  are  called  foci,  or  burning  points.  In  like  manner,  a sound  in 
one  focus  is  reflected  in  the  other  focus. 

1074.  Thforem  X.  Every  parallelogram  which  has  its  sides  parallel  to  two  conjugate 
diameters  and  circum.<icribes  an  ellipsis  is  equal  to  the  rectangle  of  the  two  axes. 


Let  CM  and  Cl  ( /g.  419.)  be  two  semi  conjugate  diame 
ters.  Complete  the  parallelogram  Cl  DM.  Produce  CA 
and  MD  to  meet  in  T,  and  let  AT  meet  DI  in  t.  Draw 
HI  and  PM  ordinates  to  the  axis,  and  draw  half  the  minor 
axis  CE.  Produce  DM  to  K,  and  draw  CK  perpendicular 
to  DK  ; then  will  the  parallelogram  CIDM  be  equal  to  the 
rectangle,  whose  sides  are  CA  and  CE  ; or  four  times  the 


Fig. 4 19. 

rectangle  CIDM  will  be  equal  to  the  rectangle  made  of  the  two  axes  AB  and  GE. 

p MM  rcA  : CT::CP  : CA, 

By  Cor.  Ihoor.MI.,  ( CC  CA  CA  : CH  I 

Therefore  Ct  ; CT : : CP  : CH. 

By  the  similar  triangles  Cil,  TCM,  Ct  ’.  CT::CI  : TM  ; 

By  equality,  tlierefore.  Cl  : TM::CP  : CH. 

Bv  the  similar  triangles  CIH,  TMP,  Cl  : TM::CH  : PT; 

Therefore,  by  equality,  CH  : PT: : CP  : CH. 

Consequently  CP  x PT=  CHA 

But  by  Theor.  VII.,  CP  x CT=CA2; 

Therefore,  since  ( 1 ' = C P I PT,  (' P^  + CP. PT  = C A^ 

X '2 


.S08 


THEORY  OF  ARCHITECTURE. 


Roox  II. 


CP.  PT.=  CA^-CP-’; 

CH-!=CA'->-CP^ 

CP-’=CA‘^-CIP. 

CA2  X HP2=CE'^(CA-'- 

C'A2x  III2=CE2x  CP’ 


CIH). 


CA  : CP::CE 
CA  : CP::CT 
CE  : HI : : CT  : 
HI  : CI:;CK  : 
CE  ; CI;:CK  : 


: HI. 
CA  ; 
CA. 
CT  ; 
CA  : 


CE  X CA=CI  X CK. 


u 


And,  by  transposition, 

Hence,  by  eijuality, 

Or,  by  transposition, 

Rut  by  Cor.  2.  Theor.  I., 

And  substituting  CP^  for  its  equal 

CA2—  CH2,  we  have  J 

Therefore 

Rut  again,  by  Theor.  VIE, 

Ry  equality,  therefore, 

Rut  by  the  similar  triangles  II I C,  KCH'. 

Therefore 
Consequently 

'I’lie  ellipsis  is  of  so  frequent  occurrence  in  architectural  works,  that  an  accjuaintance  with 
all  the  properties  of  the  curve,  and  the  modes  of  describing  it,  is  of  great  importance  to  the  .||| 
architect.  Excepting  the  circle,  which  may  be  called  an  ellijisis  in  which  the  two  foci  n| 
coincide,  it  is  the  mo.st  generally  employed  curve  in  architecture. 

107.5.  Pkobi.e.m  I.  To  describe  an  ellipsis. 

Let  two  pins  at  E and  F {fig.  420.)  be  fixed  in  a ))lane  within  a string  whose  ends  are 
made  fast  at  C.  If  the  point  C be  drawn 
equally  tight  while  it  is  moved  forward 
in  the  plane  till  it  returns  to  the  place 
from  which  it  commenced,  it  will  describe 
an  ellipsis. 

1076.  Prob.  II.  The  tiro  diameters 
AR  and  \'j\y  of  an  ellipse,  being  given  in 
position  and  magnitude,  to  describe  the  curve 
through  points. 

Let  the  two  diameters  cut  each  other  at 

C {fig.  421.).  Draw  AF  and  RG  parallel  to  ED.  Divide  AC  and  A F each  into  the 
same  number  of  equal  ])arts,  and  draw  lines,  as  in  the  figure,  through  the  points  of  division  ; 
viz.  those  from  the  line  AF  to  the  point  D,  and  the  lines  through  AC  to  the  point  E; 
then  through  the  points  of  intersection  of  the  corresponding  lines  draw  the  curve  AD,  and 
in  the  same  manner  find  the  curve  RD;  then  ADR  will  be  the  semi-ellipsis. 

It  is  evident  that  the  .same  method  also  extends  to  a circle  by  making  CD  equal  to  CA; 
{fig.  422.)  ; and  it  apjiears  that  the  two  lines  forming  any  u 

point  of  the  curve  to  be  drawn  will  make  a right  angle 
with  each  other.  For  these  lines  terminate  at  the  ex- 
tremities of  the  diameter  ED,  and  the  point  of  concourse 
being  in  the  curve,  the  angle  made  by  them  must  be  a 
right  angle  ; that  is,  the  angle  EAD,  or  E/<D,  or  IT'D,  or 

EAD.  is  a right  angle:  and  from  this  property  we  have  ^ 

the  following  method  of  drawing  the  segment  of  a circle  B 

through  j)oints  found  in  the  curve.  fik. 

Thus,  let  AB  be  the  chord,  and  CD  be  the  versed  sine  of  an  arc  of  a circle,  to  describe  the 
arc.  Through  D draw  HI  {fig.  42.3.)  parallel  to  AR;  join  AD  and  DR;  draw  AH  per- 
pendicular to  AD,  and  RI  perpendicular  to  RD;  divide 
AC  and  HD  each  into  the  same  number  of  equal  jiarts, 
and  join  the  corresponding  points ; divide  A F into  the 
same  number  of  equal  parts,  and  through  the  ]>oints  of  di- 
vision draw  lines  to  D,  and  through  the  corresjionding 
points  where  these  lines  meet  the  former  draw  a curve 
A 1).  In  the  same  manner  the  other  half  RD  may  be  drawn. 

1077.  Prob.  III.  A diameter  KH  of  an  ellipsis  being  given,  and  an  ordinate  DI 
find  the  limits  of  the  other  conjugate  diameter. 

Risect  KH  in  I {fig.  424.),  through  I draw  EA  parallel  to  DL,  and  draw  DC  and  Kl^ 
perjiendicular  to  LI  A;  from  the  point  L with  the  distance  K describe 
an  arc  cutting  EA  at  F ; join  LF,  and  produce  LF  to  C;  make  IE 
and  I A each  eciual  to  LC;  then  will  Pi  A be  a diameter  conjugate 
to  KH. 

1078.  Prob.  IV.  A diameter  KH  and  an  ordinate  DL  of  an 
ellipsis  being  given,  to  describe  the  curve.  {fift-  424.) 

I’ind  the  limits  E and  A of  the  otlier  conjugate  di;imeter  by  the 
])ieceding  construction.  Produce  K R to  and  make  Kry  cijual  to 

I A or  IE,  and  through  the  centre  1 of  the  curve  and  the  point  <y,  draw  the  straight  line 
?'IN.  Then,  suppose  the  straight  line  KR<y  to  be  an  inflexible  rod,  having  the  point  15 
marked  upon  it.  Move  the  rod  round,  so  that  the  point  q on  the  rod  may  be  in  the  line 
M N,  while  the  point  R is  in  the  line  PiA  ; then,  at  any  instant  of  the  motion,  the  place 
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of  tijc  pjiiit  K t>n  the  plane  whereon  the  figure  is  to  be  drawn  may  be  marked  ; the  points 
thus  found  will  be  in  the  curve.  Instead  of  a rod.  a slip  of  paper  may  be  used,  and  in  some 
cases  a rod  with  adjustible  points  to  slide  in  a cross  groove,  and  a sliding  head  for  a pencil 
is  convenient;  and  such  an  instrument  is  called  a trammel. 

When  the  diameters  KII  and  EA  (jiff.  425.)  are  at  right  angles  to  each  other,  the 
straight  line  K7  coincides  with  the  diameter  KII,  and  consequently 
the  line  MN,  on  which  the  jjointiy  of  the  inflexible  line  moves, 
will  also  fall  upon  the  diameter  KII.  Therefore  in  this  case  no- 
thing more  is  required  to  find  the  limits  of  the  other  diameter, 
than  to  take  the  half  diameters  IK,  KH  of  the  given  diameters, 
and  from  the  extremity  L with  that  distance  describe  an  arc 
cutting  the  unlimited  diameter  in  the  point  F;  then  drawing  Fir.  42.5. 

LF,  and  producing  it  to  7,  and  making  IE  and  I A each  equal  to  7L,  EA  will  be  the 
other  diameter ; and  since  the  two  diameters  are  at  right  angles  to  each  other,  they  are 
the  two  axes  given  in  position  and  magnitude,  and  thus  the  curve  may  be  described  as 
before. 

A method  of  describing  the  curve  from  any  two  conjugate  diameters  is  occasionally  of 
considerable  use,  and  particularly  so  in  perspective.  For,  in  every  representation  of  a 
circle  in  perspective,  a diameter  and  a double  ordinate  may  be  determined  by  making  one 
of  the  diameters  of  the  original  circle  perpendicular  to  the  plane  of  the  picture  and  tlie 
other  parallel  to  it ; and  then  the  representation  of  the  diameter  of  the  original  circle, 
which  is  perpendicular  to  the  intersecting  line,  will  be  a diameter  of  the  ellipsis,  which  is 
the  representation  of  that  circle  ; and  the  representation  of  the  diameter  of  the  circle 
which  is  parallel  to  the  intersecting  line  will  become  a double  ordinate  to  the  diameter  of 
the  ellipsis  which  is  the  perspective  representation  of  the  circle. 

1079.  Prob.  V.  T/irouffh  two  ffinen  points  A and  B to  describe  an  ellipsis,  the  centre  C 
icinff  ffiven  in  position  and  the  ffreater  axis  beitiff  ffiven  in  niaffnitude.  only. 

x\bout  the  centre  C (Jiff.  426.)  with  a radius  equal  to  half  the 
greater  axis  describe  a circle  IIEDG  ; join  AC  and  BC  ; draw 
AD  perpendicular  to  AC,  and  BE  perpendicular  to  BC, 
cutting  the  circumference  in  the  points  D and  E ; draw  also 
BF  parallel  to  AC,  and  find  BF,  which  is  a fourth  propor- 
tional to  AD,  AC,  and  BE  ; through  the  point  F and  the  centre 
C draw  FG  to  cut  the  circle  in  H and  G,  and  GH  is  the  major 
axis  of  the  ellipsis.  By  drawing  an  ordinate  B7,  the  curve  may 
be  described  by  the  preceding  problem,  having  the  axis  GH  and 
the  ordinate  B7. 

1080.  Prob.  VI.  Thronffh  a ffiven  pohd  in  the  major  ans  of  a given  ellipsis  to  describe 
mother  similar  ellipsis  which  shall  have  the  same  centre  and  its  major  avis  on  the  same  straight 
line  as  that  of  the  given  ellipsis. 

Let  ACBD  (Jig.  427.)  be  the  given  ellipsis,  having  AB  for  its  major  axis  and  CD  for 
its  minor  axis,  which  are  both  given  in  position  and  magnitude. 

It  is  required  to  draw  a similar  ellipsis  through  the  point  G in  the 
major  axis  AG.  Draw  BK  perpendicular  and  CK  parallel  to 
AB,  and  join  KE.  Again,  draw  GL  perpendicular  to  AB  cut- 
ting EK  at  I.,,  and  draw  LH  parallel  to  AB  cutting  CD  in  H. 

On  the  axis  CD  make  El  equal  to  EH,  and  on  the  axis  AB 
make  EF  equal  to  EG.  Then,  having  the  major  axis  AB,  and 
the  minor  axis  FG,  the  ellipsis  FIGH  may  be  described,  and  when  drawn,  it  will  be 
similar  to  the  given  ellipsis  ADBC. 

1081.  Prob.  VII.  Through  any  given  piint  p,  within  the  curve  of  a given  ellipsis  to 
describe  another  ellipsis  which  shall  be  similar  and  concentric  to  the  given  one. 

Let  C (Jig.  428.)  be  its  centre.  Draw  the  straight  line  CpP,  cutting  the  curve  of  the 
given  ellipsis  in  P.  In  such  curve  take  any  other  number  of  n 

points  Q,  R,  S,  &c.,  and  join  QC,  11 C,  SC,  &c. ; join  PQ.  and 
draw  pq  parallel  thereto  cutting  7C  ai  7 : join  PR  and  draw  pr 
parallel  to  PB,  cutting  RC  at  r;  join  PS  and  draw parallel  to  * 

PS  cutting  SC  in  s.  The  whole  being  completed,  and  the  curve  y 

p,  s,  t,  u drawn  through  the  points  p,  7,  r,  s,  &c.,  the  figure  will  ^ 

be  similar  and  concentric  to  the  given  ellipse  P,  S,  T,  U ; or  Avhen  Pij,.  42s 

the  points  at  the  extremities  for  one  half  of  the  curve  have  been 

drawn,  the  other  half  may  be  found  by  producing  the  diameter  to  the  opposite  side,  and 
making  the  part  produced  ecpial  to  the  other  part. 

1082.  Prob.  VIII.  About  a given  rectangle  ABCD^o  describe  an  ellipsis  which  shall 
have  its  major  and  minor  axes  respectively  parallel  to  the  sides  oj'  the  rectangle  and  its  centre,  in 
the  points  of  intersection  of  the  two  diagonals. 

Bisect  the  sides  AD  and  B d29.)  of  the  rectangle  respectively  at  L and  O 
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throu^fh  L draw  GH  parallel  to  AB  cutting  the  oppo.‘ite  side  BC  of  the  rectangle  in  M, 
and  through  the  point  O draw  KI  parallel  to  Al)  or  BC  cutting 
the  opposite  side  DC  in  N.  In  NK  or  NK  produced,  make  NQ 
eijual  to  NC,  and  join  CQ,;  draw  QR  parallel  to  GH  cutting  CB 
or  CB  produced  in  R;  make  EH  and  EG  each  equal  to  QC,  as 
also  El  and  EK  each  equal  to  PC  ; then  will  GH  be  the  major  axis 
and  Kl  the  minor  axis  of  the  ellipsis  required. 

The  demonstration  of  this  method,  in  which  the  line  QK  has 
nothing  to  do  with  the  construction,  is  as  follows  : — 

By  the  similar  triangles  CPM  and  CQR,  we  have  CP  : CiM'.rCQ  : CR. 

But  because  MP  is  equal  to  MC  = EN,  and  since  CR  is  equal  to  RQ=EM, 

And,  by  construction,  since  PC  is  equal  to  El  or  EK,  and  QC  is  equal  to  EG  or  EH, 
El  ; EN::EH  : EM,  or,  alternately,  El  : EH::EN  : EM. 

But  EN  is  equal  to  MC,  and  EM  equal  to  NC ; 

Whence  El  ; EH  : : MC  ; CN. 

But  since  the  wholes  are  as  the  halves,  we  shall  have  KT  : GPI ; : BC  : CD. 

This  problem  is  useful  in  its  application  to  architecture  about  domes  and  pendentives,  as 
well  as  in  the  construction  of  spheroidal  ceilings  and  other  details. 


OF  THE  HVrEllBOLA. 

1 08.S.  The  direction  of  a plane  cutting  a cone,  which  produces  the  form  called  the  hyper- 
bola, bas  been  already  described;  its  most  useful  properties  will  form  the  subject  of  the 
following  theorems,  which  we  shall  preface  with  a few  definitions  : — 

1 . The  primary  axis  of  an  hyperbola  is  called  the  transverse  axis. 

2.  A straight  line  drawn  through  the  centre  of  an  hyperbola  and  terminated  at  each 

extremity  by  the  opposite  curves  is  called  a diameter. 

3.  The  extremities  of  a diameter  terminated  by  the  two  opposite  curves  are  called  the 

vertices  of  that  diameter. 

4.  A straight  line  drawn  from  any  point  of  a diameter  to  meet  the  curve  parallel  to  a 

tangent  at  the  extremity  of  that  diameter  is  called  an  ordinate  to  the  two  abscissas. 

5.  A straight  line  which  is  bisected  at  right  angles  by  the  transverse  axis  in  its  centre, 

and  which  is  a fourth  proportional  to  the  mean  of  the  two  abscissas,  their  ordinate, 

and  the  transverse  axis,  is  called  the  conjugate  axis. 

6.  A straight  line  which  is  a third  proportional  to  the  transverse  and  conjugate  axis  is 

called  the  latzcs  rectum  or  parameter. 

7.  The  two  points  in  the  transverse  axis  cut  by  ordinates  which  are 

equal  to  the  semi-parameter  are  cal  ed  the/oc?. 

1084,  Jheoiiem  I.  In  the  hyperbola  the  squares  of  the  ordinates  of  the 
transverse  axis  are  to  each  other  us  the  rectangles  of  their  abscissas. 

Let  QVN  (Jig.ASO.')  be  a section  of  the  cone  passing  along  the 
axis  \ D,  tlie  line  of  section  of  tiie  directing  plane,  HB  the  line  of  axis 
of  the  cutting  plane,  the  directing  and  cutting  plane  being  perpendi- 
cular to  the  plane  QVN.  Let  the  cone  be  cut  by  two  planes  ))erpen- 
dicular  to  the  axis  passing  through  the  two  jroints  P,  H,  meeting  the 
plane  of  section  in  the  lines  PM,  HI,  which  are  ordinates  to  the  circles 
and  to  the  figure  of  the  section,  of  the  same  time. 

By  the  similar  triangles  APL  and  AHN,  AP  : PL::  All  : HN; 

And  by  the  similar  triangles  BPK  and  BHQ,  BP  ; PK::BH  : HQ. 

Therefore, taking  the  rectangles  of  the  corresponding  terms,  AP  x BP  : PL  x PK  : : AH  x 

BH  : HN  X HQ. 

But  In  the  circle,  PL  x PK=PAT^,  and  HN  x HQ=HI2  ; 

Therefore  AP  x BP  : PM^^::  AH  x BH  : HH, 

Or,  alternately,  PAH  .*  HL^::  AP  : PB  : AH  : BH. 

1085.  Theorem  II.  In  the  hyperbola,  as  the  square  of  the  transverse 
axis  is  to  the  square  of  the  conjugate  axis,  so  is  the  rectangle  of  the  abscissas 
to  the  square  of  their  ordinate. 

Let  AB  431.)  be  the  transverse  axis,  GE  the  conjugate  axis, 

C being  the  centre  of  tht>  o]jposite  curves;  also  let  HI  and  PAI  be  or- 
dinates as  before  ; theii  will 

AB2 : GE2::PA  x PB  : pah. 

Or  CA2  : CEi : : PA  X PB  : PAi^. 

By  Theor.  I.,  PA  x PB  : HA  x HB::  PAT^  : HH; 

Alternatel  v,  P A x P B : P AT^ : : H A x H B : : II T-!. 

But  H A X H B : H H : : A IF^  : G E‘^ ; 

Therefore  A IH  ; GE^:.'PA  x PB  : PAH. 
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Fig.  432 


Curoll.  Hence  AB^  : GE-::CP^— CA*  : PAF  ( fig.A^2.).  For  let  the  cutting  plane 
of  the  opposite  hyperbola  intersect  two  circles  parallel  to  the  base  in 
III  and  PM,  and  let  the  cone  be  cut  by  another  plane  parallel  to  the 
base,  passing  through  the  centre  C of  the  transverse  axis,  and  let  mn 
be  the  diameter  of  the  circle  made  by  such  plane. 

Then  A Cm,  APK  are  similar,  and  AC  : Cm*.:  AP  : PK. 

And  as  BCw,  BPL  are  similar,  BC  I Cn  ::BP  ; PL, 

1 herefore,  taking  the  rectangles  of  the  corresponding  terms, 

BC  X AC  : Cn  X Cm:: BP  x AP  : PL  x PK. 

But  BC=  AC  ; Cm  x C«=  C<'^  ; and  PL  x PK  = PM®. 

I herefore  AC®  : CY®::APx  BP  : PM®. 

'riiough  C^  is  not  in  the  same  plane,  it  is  what  is  usually  called  the 
souii-conjugate  axis,  and  it  agrees  with  what  has  been  demonstrated 
in  the  first  part  of  this  proposition. 

1086.  Theorem  III.  la  the  hyperbola,  the  square  of  the  semi- 
conjugate  axis  is  to  the  square  of  the  semi-transverse  axis  as  the  sum 
of  the  sqxiares  of  the  semi-conjugate  axis  and  of  the  ordinate  parallel  to  it  is  to  the  square  oj  the 
abscissas. 

Let  AB  (fg.  433.)  be  the  transverse  axis,  GE  the  conjugate,  C the  cen- 
tre of  the  figure,  and  PM  an  ordinate,  then  will 

GE® : AB®::CE®+PM® : CP®. 

For,  by  Theor.  II.,  CE®  : CA®::PM®  : CPS-CA®, 

And, by  composition,  CE®  : CA®::CE®+PM®  : CP®. 

This  demonstration  may  be  also  applied  to  what  are  called  conjugate 
hyperbolas. 

1087.  Theorem  IV.  In  the  hyperbola,  the  square  of  the  distance  of  the 
focus  from  the  centre  is  equal  to  the  sum  of  the  squares  of  the  semi-axes. 

Let  AB  (^fig.  434.)  be  the  transverse  axis,  CE  the  semi-conjugate.  In 
A B,  produced  within  the  curve  each  way,  let  F be  one  focus ; and  f the 
other,  and  let  FG  be  th.e  semi-parameter  then  CF®=CA®+  CE®. 

For,  by  Theor.  I.,  CA®  : CE®::FA  x FB  : FG®; 

But,  by  property  of  parameter,  C A®  : CE®::CE®  .'  FG®. 

Therefore  CE®=AFxFB=CF-CA; 

And,  by  transposition,  CF®=  CA®+  CE®. 

Coroll.  1.  The  two  semi-axes,  and  the  distance  of  the  focus  from  the  centre,  are  the  sides 
of  a right-angled  triangle  CEA,  of  which  the  distance  AE 
is  the  distance  of  the  focus  from  the  centre. 

Coroll.  2.  The  conjugate  axis  CE  is  a mean  proportional 
oetween  FA  and  FB,  or  between  /B  and  /A,  for  CE®  = 

CF®-CA  = (CF+  CA)  X (CF-CA)=BF  x AF. 

1088.  Theorem  V.  The  difference  of  the  radius  vectors 
is  equal  to  the  transverse  axis.  (fg.  435.) 

That  is,  /M-FM=  AB  = 2CA  = 2CB. 

For  C A®  : CE® : : CP®-  CA®  : PM®  ; 

And  CE®=CF®-CA®. 

Therefore  CA®  : CF®- CA®: : CP®- CA®  : PM®, 

And  by  taking  the  rectangle  of  the  extremes  and  means,  and 
dividing  by  CA®, 


Fig.  43.3. 


But 

And 


PM®  = 

FP®  = 
FM®  = 


CF2XCP2 


-CA2--CF®-CP®+CA®; 
(CP-CF)®=CP®=2CPx  CF+CF®, 
:PM®+  FP®. 


Therefore  FM®  = ^^Jj^'-2CP  x CF+  CA®. 

Now  each  side  of  this  equation  is  a complete  square. 
Therefore,  extracting  the  root  of  each  number. 
In  the  same  manner  we  find 


FM  = ^^p7^-CA. 

/M  = %^/i’+CA; 

And,  subtracting  the  upper  equation  from  the  lower,/M— FM  = 2CA. 

Coroll.  1.  Hence  is  derived  the  common  method  of  describing  the  hyperbolic  curve 
mechanically.  Thus  ; — In  the  transverse  axis  AB  produced  (fg.  435.),  take  the  foci  F, /, 
and  any  point  I in  the  straight  line  AB  so  produced.  'I'hen,  with  the  radii  A I,  BI,  and  the 
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centre  F,  f,  describe  arcs  intersecting  each  other  ; call  the  points  of  intersection  E,  then  E will 
be  a point  in  the  curve  ; with  the  same  distances  another  point  on  the 
other  side  of  the  axis  may  he  found.  In  like  manner,  by  taking  any 
other  points  I,  we  may  find  two  more  points,  one  on  each  side  of  the 
axis,  and  thus  continue  till  a sufficient  number  of  points  he  found  to 
Jescrihe  the  curve  by  hand.  By  the  same  process,  we  may  also  de- 
scribe the  opposite  hyperbolas. 

Coroll.  2.  Because  - is  a fourtli  proportional  to  CA,  CF  CP, 

CA  ; CF::CP  : ca  + fm. 

I()89»  Thkorf.?!  VI.  As  the  S(pinre  of  the  semi-transverse  axis  is  to 
the  square  of  the  semi-(.onfigate^  so  is  the  difference  of  the  squares  of  any 
two  abscissas  to  the  lUfference  of  the  squares  of  their  ordinates. 

f CA2 : CE2::CP^-CA‘i : PM-i  436.), 

\CA^  : CEC:CH2-CA2  : HU’. 

Therefore,  by  CH2  - CA2  : CP^-  CA2;:  HI-’  ; PIVH  or 
erpiality,  HN®; 

And,  by  division,  CH2_  CA2  : CH2_CP2;;  HI2  : HI2-HN2 

Alternately,  CH2-CA2  ; IirCiCir—  CP2  ; HI2-HN2. 

But  CH2-CA-’  : Hr2;:CA2  : CE2 

Tlierefore  C A2  ; CE2 : : CH2-  CP2 ; : H 12-  HNA 

Coroll.  1.  If  III  be  produced  to  K,  and  CQ,  be  made  equal  to  CP,  then  will  CIP-—  t 
CP2=.(CH  + CP)(CH-CP)  = (CP+ CH)PH  ; and  HI2  - HN2  = (H  I + II N)  (II I - 
HN)  = (HI  + HN)NI.  Therefore  the  analogy  resulting  becomes 

CA2  ; CE2::(CP+  CH)PH  : (HI+  HN)NI. 

So  that  the  square  of  the  transverse  axis  is  to  the  square  of  the  conjugate,  or  the  square  0/ 
the  semi-transverse  is  to  the  square  of  the  semi-conjugate,  as  the  rectangle  of  the  sum  and 
difference  of  the  two  ordinates  from  the  centre  is  to  the  rectangle  of  the  sum  and  differ- 
ence of  these  ordinates. 

1090.  Theorem  VII.  ff  a tangent  and  an  ordinate  be  drawn  from  any  point  in  an  hyper- 
bola to  meet  the  transverse  axis,  the  semi-transverse  axis  will  be  a mean 
proportional  between  the  distances  of  the  two  intersections  from  the 
centre. 

CE2  ; CA2::(IH+ HN)IN::(PC+ CH)HP, 

CE2 : CA2::PM2  : CP2-CA2; 

PM2  : CP2-  CA2:;  (IH-h  HN)  IN  : (PC  -t- 
CH)HP; 

And  by  similar  triangles  INM,  MPT,  IN  : NM  or  PH  : : PM  : PT 
or  CP-CT. 

I'herefore,  taking  the  rectangles  of  the  extremes  and  means  of  the  two 
last  equations,  and  neglecting  the  common  factors,  it  will  be  PM(CP 
-CT)(CP+  CH)  = (CP2-CA2)(IH+  HN)  ; but  when  IH  and  PM 
coincide.  III  and  HN  each  become  equal  to  PM,  and  CH  equal  to 
CP:  therefore  in  the  equation  substitute  2CPfor  CP-h  CH,  and  2PM 
for  IH  + HN,  and  neglecting  the  common  factors  and  common  terms,  / 
the  result  is  CT.CP=  CA2,  or  CT  : CA  : : CA  : CP.  I ' ' 

Coroll.  Since  CT  is  always  a third  proportional  to  CP,  C A ; suj)pose  ‘‘•”- 

the  points  P and  A to  remain  constant,  the  point  T will  also  remain  constant;  therefore 
all  the  tangents  will  meet  in  the  point  T which  are  drawn  from  the  ex- 
tremity of  the  ordinate  M of  every  hyperbola  described  on  the  same 
axis  A B. 

1091.  Theorem  VIII.  Four  perpendiculars  to  the  transverse,  axis  in- 
tercepted by  it  and  a taiigent,  will  be  proportionals  when  the  first  and  last 
lave  one  of  their  extremities  in  each  vertex,  the  second  in  the  point  of  con- 
tact, and  the  third  in  the  centre. 

Let  the  four  perpendiculars  be  AD,  PM,  CE,  BF  (^fig.  438.), 

V hereof  AD  and  BF  have  their  extremities  in  the  vertices  A and  B, 
and  the  second  in  the  point  of  contact  M of  the  tangent  and  the  curve, 
and  the  third  in  the  centre  C. 

Then  will  AD  : PM::CE  : BF. 

For,  by  Theor.  VII.,  CT  ; CA::CA  : CP, 

And,  by  division,  CA-CT  : CP-CA  ::CT  : CA  or  CB  ; 

That  is,  AT  : AP : : CT  : CB  ; ^yC. 

By  composition.  Ad'  : AT+  AP::Cd'  ; Cd*'+  CB.  / 

d herefore  AT  : TP;;CT  ; Bd'. 


For  (».  437.) 
And  by  Theor.  I. 
By  ecjuality, 


/ 
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Hut  by  the  similar  triangles  TAD,  TPM,  'I’CE,  and  'I'HF,  the  sides  AT,  PT,  CT, 
and  HT  are  proportional  to  the  four  perpendiculars  AD,  PiM,  CE,  BF. 

Therefore  Al)  ; PM ; : CE  : BF. 

1092.  Tueorioi  IX.  The  two  radius  vectors  meeting  the  curve  in  the  same  point  u-ill  maki 
rqurJ  angles  with  a tangent  passing  through  that  point.  {Fig.  ^39.) 

For,  by  Theor.  VII.,  C A : CP  ; : CT  ; CA  ; 

Bv  Cor.  2.  Theor.  V.,  CA  ; CPirCF  ; CA+  FM; 

By  equality,  CT  : CF: : CA  : CA  FM  ; 

By  division  and  composition,  CF— CT  : CF  + CT;:  FM  : 2CA 

+ FM  ; 

That  is,  FT  :/T::FM  :/Ii; 

And  by  the  similar  triangles  TFM,  T/Il,  FT  ; /T;:FiM  :/Il. 

'riierefore/’ll  is  ecjual  to  fM  ; consequently  the  angle  /'IIM  is  ecjual 
to  the  angle  /I\I  11 : and  because  _/'ll  is  parallel  to  /M,  the  angle 
F.MT  is  equal  to  the  angle /IIM  ; therefore  the  angle  FMT  is 
equal  to  the  angle /IIM. 

1093.  Pkobi.em  1.  To  describe  an  hyperbola  by  means  of  the  end 
of  a ruler  moveable  on  a pin  F {fig  440.)  fixed  in  a piano,  with  one 
end  of  a string  fixed  to  a point  E in  the  same  plane,  and  the  other  ex- 
tremity of  the  string  fastened  to  the  other  end  C of  the  ruler,  the  point 
C of  the  ruler  being  moved  towards  G in  that  plane. 

While  the  ruler  is  moving,  a point  U being  made  to  slide  Fi};.4."9. 

along  the  edge  of  the  ruler,  kept  close  to  the  string  so  as  to  keep  each  of  the  parts  C 1), 
U E of  the  string  stretched,  the  point  D will  describe 
tlie -curve  of  an  hyperbola. 

If  the  end  of  the  ruler  at  F (fig.  441.)  be  made 
moveable  about  the  point  E,  and  the  string  be  fixed 
in  F and  to  the  end  C of  the  ruler,  as  before,  another 
curve  may  be  described  in  the  same  manner,  which  is 
called  the  opposite  hyperbola  : the  points  E and  F, 
about  which  the  ruler  is  made  to  revolve,  are  the  foci. 

There  are  ma :.y  occasions  in  which  the  use  of  this 
conic  section  occurs  in  architectural  details.  For 
instance,  the  profiles  of  many  of  the  Grecian  mould- 
ings are  hyperbolic  ; and  in  conical  roofs  the  forms 
are  by  intersections  such  that  the  student  should  be 
well  ac(]uainted  with  the  methods  of  describing  it. 

1094.  PiioB.  II.  Given  the  diameter  AB,  the  ab- 
scissa BC,  and  the  double  ordinate  DE  in  position  and 
magnitude,  to  describe  the  hyperbola.  ( Fig.  442. ) 

Through  B draw  FG  jiarallel  to  DE,  and  draw  DF  and  EG  parallel  to  AB. 

Divide  DF  and  DC  each  into  the  same  number  of  equal  parts,  u - -.--  -r- 

and  from  the  points  of  division  in  BF  draw  lines  to  B,  also  from 
the  points  of  division  in  DC  draw  straight  lines  to  A ; then 
through  the  points  of  intersection  found  by  ihe  lines  drawn 
through  the  corresponding  points  draw  the  curve  DB.  In  like 
manner  the  curve  EB  may  be  drawn  so  that  DBE  will  form 
the  curve  on  each  side  of  the  diameter  AB.  If  the  point  A be 
considered  as  the  vertex,  the  opposite  hyperbola  HAI  may  be 
described  in  the  same  manner,  and  thus  tlie  two  curves  formed  by 
cutting  the  opposite  cones  by  the  same  plane  will  be  found.  By 
the  theorists,  the  hyperbola  has  been  considered  a proper  figure 
of  equilibrium  for  an  arch  whose  office  is  to  support  a load  which 
is  greatest  at  the  middle  of  the  arch,  and  diminishes  towards  the 
abutments.  'I'liis,  however,  is  matter  of  consideration  for  another  part  of  this  work. 


\ 
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OF  THE  PARABOl.A. 

1095.  Defimtions. — 1.  The  parameter  of  the  axis  of  a parabola  is  a third  proportional 
to  the  abscissa  and  its  ordinate. 

2.  I'he  focus  is  that  point  in  the  axis  where  the  ordinate  is  equal  to  the  semi-parameter. 

3.  'Fhe  diameter  is  a line  within  the  curve  terminated  thereby,  and  is  parallel  to  the 

axis. 

4.  An  ordinate  to  any  diameter  is  a line  contained  by  the  curve  and  that  diameter  paral- 

lel to  a tangent  at  the  extremity  of  the  diameter. 
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1006.  Theore.m  I.  In  the  parabola,  the  abscissas  are  proportional  to  the  squares  of  their 
ordinates. 

Let  QVN  (fg.  443.)  be  a section  of  the  cone  passing  along  the  axis,  and  let  the  direc- 
trix RX  pass  through  the  point  Q perpendicular  to  Q,N,  and  let  the  v 

parabolic  section  be  AUI  meeting  the  base  Q,IND  of  the  cone  in 
tlie  line  DI,  and  the  diameter  QN  in  tlie  point  H ; also  let  KML  be 
a section  of  the  cone  parallel  to  tlie  base  QIN  intersecting  the  plane 
VQ.N  in  the  line  KL,  and  the  section  AUI  in  PM.  Let  P he  the 
point  of  concourse  of  the  three  planes  QVN,  KML,  A H I,  and 
let  H be  the  point  of  concourse  of  the  three  planes  QVN,  KML, 

AHI;  then,  because  the  planes  VRX  and  ADI  are  parallel,  and 
the  plane  VQN  is  perpendicular  to  the  plane  VRX,  the  plane  ADI 
is  also  perpendicular  to  the  plane  VQN.  Again,  because  the  plane 
QIN  is  perpendicular  to  the  plane  QVN,  and  the  plane  KML  is 
l)arallel  to  the  plane  QIN,  the  plane  KML  is  perpendicular  to  the 
})lane  QVN;  therefore  the  common  sections  BM  and  HI  are  per- 
pendicular to  the  plane  VQN  ; and  because  the  plane  KML  is  pa- 
rallel to  the  plane  QIN;  and  these  two  planes  are  intersected  by 
the  plane  QVN,  their  common  sections  KL  and  QN  are  parallel.  Also,  since  PM  and  HI 
are  e.ach  perpendicular  to  the  plane  QVN,  and  since  KL  is  the  common  section  of  the 
planes  QVN,  KML,  and  QN  in  the  common  section  of  the  planes  QVN,  QIN ; therefore 
PM  and  HI  ai'e  perpendicular  respectively  to  KL  and  QN. 


/ jj  / 

\\ 

/ KyG-/ 

TAti 

P\ 

[IUa 

Fig.  443. 


Consequently 


AP  : AH::PM2 : hd. 


For,  by  the  similar  triangles  APL,  AHN,  AP  : AH::  PL  : HN, 
Or 

But,  by  the  circle 
And,  by  the  circle 
'i'heiefore 

Therefore,  by  substitution. 


AP  : AH::KPx  PL  : KP 
KML,  KPxPL=PM^^ 

QIN,  QHxHN=Hl2 

KP  X HN=HI2 
AP  : AH::PM2 : hd. 


II N. 


But  QH-KP 


Coroll.  By  the  definition  of  the  parameter,  which  we  shall  call  P, 

AP  : PM:: PM  : 

- And  Px  AP  = PM2,  or  Px  AH  = HI2. 

Therefore  P : PM::  PM  : AP,  or  P : HI : : HI  : AH. 

1097.  Tukorexi  II.  As  the  parameter  of  the  axis  is  to  the  sum  of  any  two  ordinates,  so  if 
the  difference  of  these  ordinates  to  the  difference  of  their  abscissas. 

That  is,  P : HI  + PM : : II I - pm  : AH-  AP. 

oZZII^, 


For  since  by  Cor. 


Theor.  l.\  AP , 

- All  ’ 


Multijjlyii.g  the  first  of  these  equations  by  AP  and  the  second  by  AH, 


H K 
Fig.4JV 


they  become 


fPx 
t Px 


AP=PM2, 

AH=HI2. 


Subtract  the  corresponding  numbers  of  the  first  equation,  and  P (AH  — AP)=  III^— PM2. 
But  the  difFerence  of  two  squares  is  equal  to  a rectangle  under  the  sum  and  difference  of 
their  sides. 

And  HI2-PM2  = (HI+PM)  (HI-PM). 

Therefore  P(AH-AP)  - (HI  + PM)  (HI-PM). 

Consetpiently  P : HI  + PM  : : HI  - PM  : AH  - AP  ; 

Or,  hydrawing  KM  parallel  to  AH,  we  have  GK=PM+HI,  and  KI  = III  — PM;  and 
since  PH  = AH-AP;  P : GK::KI  : PH,  or  KM. 

Coroll.  Hence,  because  P x KM  = GK  x KI ; 

And  since  HI'2  = P x AH  ; 

Therefore,  by  multiplication,  KM  x HI2=  GK  x KI  x AH,  or 
AH  : KM::HH  : GK  X KL 

So  that  any  diameter  MK  is  as  the  rectangle  of  the  segments  GK, 

KI  of  the  double  ordinate  GI.  From  this  a simple  method  has  been 
used  of  finding  points  in  the  curve,  so  as  to  describe  it. 

1098.  Theorem  III.  The  distance  between  the  vertex  of  the  curve  and 
the  focus  is  equed  to  one  fourth  of  the  parameter. 

Let  LG  {^fg.  445.)  be  a double  ordinate  passing  through  the  focus,  then  LG  is  tht 
jwrRUieter.  For  by  the  definition  of  parameter  AF  : FG::FG  : l*  = ‘iFG 
Therefore  2 A F = FG  = ^ L G ; 

Consequently  AF  =JLG. 


A 


Fig.  445. 
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1099.  Theorem  IV.  The  radius  vector  is  equal  to  the  sum  of  the  distances  betivcsn  the  focus 
and  the  vertex,  and  between  the  ordinate  and  the  vertex.  (^Fiy.  44G.) 

'I'hat  is,  EiM  = A P + A F. 

For  FP=AP-AF; 

'I'herefore  F = A P^  — -2  A P x A F + A F-. 

Put,  by  Cor.  Theor.  II.,  PAP==  P x AP  = 4AF  x AP. 

Therefore,  by  addition,  FP-+  PI\P^i=  AP-  + 2AF  x AP 

+ AF:-’. 

Put  by  the  right-angled  tringles,  FP-  + PM2  = FM^  ; 

And  therefore  FM'2  = A P2  + 2 AF  x AP+  AF-. 

Hence,  extracting  the  roots,  FM  = AP+AF'  = 2AF  + FP  ; 

Or  by  making  A G = A F,  FM  = G P. 

C'oroll.  1.  If  through  the  point  G {Jig.  447.)  the  line  GQ,  be  drawn  perpendicular  to 
the  axis,  it  is  called  the  directrix  of  the  parabola. 

Py  the  property  shown  in  this  theorem,  it  appears  that  if  any  line  QM  be  drawn  ])arallel 
to  the  axis,  and  if  FM  be  joined,  the  straight  line  FM  is  equal  to  QM  ; for  QM  is  ec^ual 
to  GP. 

Coroll.  2.  Hence,  also,  the  curve  is  easily  described  by  points.  Take  AG  eciual  to  A F, 
{Jig.  447.),  and  draw  a number  of  lines  M,  M perpendicular  to  the  axis  AP ; then  with  the 
distances  GP,  GP,  &c.  as  radii,  and  from  F 
as  a centre,  describe  arcs  on  each  side  of  AP, 
cutting  the  lines  MM,  MM,  &c.  at  MM, &c. ; 
then  tlirough  all  the  points  M,  M,  M,  &c. 
draw  a curve,  which  will  be  a parabola. 

1 100.  Theorem  V.  If  a tangent  be  drawn 
from  the  vertex  of  an  ordinate  to  meet  the  axis 
produced,  the  subtangent  PT  (^^.448.)  will 
he  equal  to  twice  the  distance  of  the  ordinate 
from  the  vertex. 

If  MT  be  a tangent  at  M,  the  extremity  of  the  ordinate  PM ; then  the  sub-tangent  P'l 
is  equal  to  twice  AP.  For  draw  MK  parallel  to  AH, 

Then,  by  Theor.  II.,  KM  : KI : : GK : : P ; 

And  as  MKI,  TPM  are  similar,  KM  : KI : : PT  : PM. 

Therefore,  by  equality,  P : PM;:GK  ; PT ; 

And  by  Cor.  Theor.  I.,  P : PM::  PM  : AP. 

Therefore,  by  equality,  AP  : PT::PM  : GK. 

Hut  when  the  ordinates  HI  and  PM  coincide,  MT  will  become  a tangent,  and  OK  will 
become  equal  to  twice  PM. 

Therefore  AP  : PT::PM  : 2PM,  or 
PT  = 2AP. 

From  this  property  is  obtained  an  easy  and  accurate  method  of  drawing  a tangent  to  any 
point  of  the  curve  of  a parabola.  Thus,  let  it  be  re- 
el ulred  to  draw  a tangent  to  any  point  M in  the  curve. 

II  Produce  PA  to  T {fig.  449.),  and  draw  MP  perpendi- 
cular to  PT,  meeting  AP  in  the  point  P.  Make  AT 
eejual  to  AP,  and  join  MT,  which  will  be  the  tangent 
required. 

1101.  Theorem  VI.  The  radius  vector  is  equal  to 
the  distance  between  the  focus  and  the  intersection  of  a 
tangent  at  the  vertex  of  an  ordinate  and  the  axis  pro- 
duced. 

Produce  PA  to  T {fig.  450.),  and  let  MT  be  a tangent  at  M ; then  will  FT=  FM. 

For  F T = A F + A 1’ ; 

But,  by  last  theorem,  AP  = AT ; 

U'herefore  FT  = A F + A P. 

But,  by  Theorem  III.,  FM  = A F + AP  ; 

Therefore,  by  equality,  FM=FT. 

Coroll.  1.  If  MN  be  drawn  perpendicular  to  MT  to  meet  the  axis  in  N,  then  will 
FN=Fi\t  = FT.  For  draw  FH  perpendicular  to  MT,  and  it  also  bisects  MT,  because 
FM=FT;  and  since  HF  and  MN  are  parallel,  and  MTis  bisected  in  II,  the  line  TN  will 
also  be  bisected  in  F.  It  therefore  follows  that  FN  = FM=  FT. 

Coroll.  2.  The  subnormal  PN  is  a constant  quantity,  and  it  is  equal  to  half  the  para- 
nieter,  or  to  2AF.  For  since  TMN  is  a right  angle. 

Therefore  2AP  or  TP  : PM::  PM  : PN. 

But,  by  the  definition  of  parameter,  AP  : PM;:  PM  ; P ; 

Therefore  PN=|P 
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Coroll.  3.  The  tangent  of  the  vertex  AH  is  a mean  proportional  between  AE  and  A P. 
For  since  FHT  is  a right  angle,  therefore  AH  is  a mean  proportional  between  A F and  A'F; 
and  since  AT=AP,  AH  is  a mean  proportional  between  AF  and  AP.  Also  FH  is  a 
mean  proportional  between  FA  and  FT,  or  between  F"A  and  I"M. 

Coroll.  4.  I'he  tangent  makes  equal  angles  with  I'M  and  the  axis  AP,  as  well  as  with 
FC  and  Cl. 

1102.  Theorem  VII.  Aline  parallel  to  the  axis,  intercepted  by  a double  ordinate  and  a 
tanqent  at  the  vertex  of  that  ordinate,  will  be  divided  by  the  curve  in  the  same  ratio  us  the  litu> 
itself  divides  the  double  ordinate. 

Let  QM  be  the  double  ordinate,  MT  the  tangent,  AP 

the  axis,  GK  the  intercepted  line  divided  by  the  curve  in  the  point  I ; 
then  will  GI  ; IK::]\IK  ; KQ. 

I'or  by  similar  triangles  jMKG,  MPT;  MK  : KG  i;  PM  ; PT, 

or  2 A P ; 

By  the  definition  of  parameter,  P : PM  : : PM  : 2A  P ; 

Therefore,  by  ecjuality,  P ; MK;;PM  ; KG  ; 

And  again,  by  ecjuality,  PM  : MK;:2AP  ; KG  ; 

And  by  division,  MK  : KQ;:GI  ; IK. 

1 103.  Problem  I.  To  describe  a parabola. 

1 f a thread,  equal  in  length  to  the  leg  BC  (^p.  4.52.)  of  a 
right  angle  or  square,  be  fixed  to  the  end  C,  and  the  other  end  ^ 
of  the  thread  be  fixed  to  a point  F in  a plane,  then  if  the 

s(|uare  be  moved  in  that  plane  so  that  the  leg  AB  may  slide 

along  the  straight  line  GH,  and  the  point  D be  always  kept 
close  to  the  edge  BC  of  the  square,  and  the  two  parts  FD  and  / 

DC  of  the  string  kept  stretched,  the  point  U will  describe  a 
curve  on  the  plane,  which  will  be  a parabola. 

1104.  Prob.  II.  Given  the  dimble  ordinate  DE  and  the  abscissa 
Vfignitudc,  to  describe  a parabola. 

Through  B {Jigs.  453,  454.)  draw  F^G  parallel  to  UE,and  DF  and  EG  parallel  to  CD 
I,  Divide  DC  and 

D F each  into 
the  same  num- 
ber of  equal 
parts.  FYom 
the  points  of 

division  in  DF  draw  lines  to  B.  Through  the  points  of  divi- 
sion in  DC  draw  lines  parallel  to  BC,  and  through  the 
points  of  intersection  of  the  corresponding  lines  draw  a curve, 
and  complete  the  other  half  in  the  same  manner ; then  will 
DBE  be  the  complete  curve  of  the  parabola.  The  less  BC 
is  in  proportion  to  CD,  the  nearer  the  curve  will  approach  to 
the  arc  of  a circle,  as  in  fig.  422. ; and  hence  we  may  describe 
the  curve  for  diminishing  the  shaft  of  a column,  or  draw  a flat  segment  of  a circle. 

1105.  Prob.  III.  'The  same  parts  being  given,  to  describe  the  parabola  by  the  intersection 
of  straight  lines. 

Produce  CB  to  F {fig.  455.),  and  make  BF  equal  to  BC.  Join  FD  and  FFh  Divide 
DF  and  FE  in  the  same  proportion,  or 
into  the  same  number  of  equal  parts.  Let 
the  divisions  be  numbered  from  D to  F, 
and  from  1'  to  E,  and  join  every  two 
corresponding  points  by  a straight  line  ; 

, then  the  intersection  of  all  the  straight 
lines  will  form  the  parabola  required. 

1 i06.  Prob.  IV.  7b  draw  a straight  line  from  a given  point  in  the  curve  of  a parabola, 
which  shall  be  a tangent  to  the  curve  at  that 
point. 

Let  DC  {fig.  456.)  be  the  double  or- 
dinate, cB  the  abscissa  to  the  parabolic 
curve  DBC,  and  let  it  be  required  to 
draw  a tangent  from  the  point  e in  the 

curve.  Draw  ef  parallel  to  DC,  cutting  Fi-.45C. 

BC  in  f\  produce  cB  to  g,  and  make  T\g  equal  to  \\f,  and  join  ge,  then  will  ge  be  the 
tangent  required.  In  the  same  manner  DH  will  be  found  to  be  a tangent  at  D.  If  eK 
be  drawn  perpendicular  to  the  tangent  _9C,  then  willeK  be  also  per])endicular  to  the  curve, 
and  in  the  proper  direction  for  a joint  in  the  masonry  of  a parabolic  arch. 


Fig.  455. 
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1107.  The  uses  of  the  parabolic  curve  In  architecture  are  many.  The  theorists  say  that 
it  is  the  curve  of  equilibrium  for  an  arch  which  has  to  sustain  a load  uniformly  diffused  over 
its  length,  and  that  therefore  it  should  be  included  in  the  depth  of  lintels  and  Hat  arches;  and 
that  it  is  nearly  the  best  form  for  suspension  and  other  bridges,  and  for  roofs.  It  Is  also  con- 
sidered the  best  form  for  beams  of  equal  strength.  It  may  be  here  also  remarked,  that  il 
is  the  curve  described  by  a projectile,  and  that  it  is  the  form  in  which  a jet  of  water  is 
delivered  from  an  orifice  made  in  the  side  of  a reservoir.  So  is  it  the  best  curve  for  the 
reflection  of  light  to  be  thrown  to  a distance.  In  construction  it  occurs  in  the  intersection 
of  conic  surfaces  by  irlanes  parallel  to  the  side  of  the  cone,  and  is  a form  of  great  beauty 
lor  llie  j.Moliles  of  mouldings,  m wliieli  maimer  il  was  mucli  useil  in  Grecian  buildings. 


general  method  of  determining  and  describing  the  species  of  conic  sections. 


1108.  In  a conic  section,  let  there  be  given  the  ab'-cissa  AB  457.),  an  ordinate  BC. 
and  a tangent  C.'  1)  to  the  curve  at  the  ex- 
tremity of  the  ordinate  to  determine  the 
species  of  the  conic  section,  and  to  de- 
scribe the  figure. 

Draw  AD  parallel  to  BC,  and  join  AC 
(Nos.  1.  and  2.).  Bisect  AC  in  E,  ami 
produce  DE  and  AB,  so  as  to  meet  in  E 
when  DE  is  not  parallel  to  AB;  then  in 
the  case  where  DE  will  meet  AB  or  AB 
produced  in  F,  the  point  F will  be  the 
centre  of  an  ellipsis  or  hyperbola.  In  this 
case  produce  AF  to  G,  and  make  FG 
equal  to  FA  ; then  if  the  ordinate  BC 
and  the  centre  be  upon  the  same  side  of 
the  apex  A,  the  curve  to  which  the  given 
parts  belong  is  an  ellipsis ; but  if  they 
be  on  different  sides  of  it,  the  curve  is 
an  hyperbola.  When  the  line  DE  (No. 


Fig.  1.57. 


Fig.  4.5S. 


3.)  is  parallel  to  AB,  the  figure  is  a parabola. 

1109.  In  a conic  section,  the  abscissa  AB  (y?//.  458.),  an  ordinate  BC,  and  a point  D m 
the  curve  being  given,  to  determine  the  species  of  the  curve,  and  thence  to  de.scribe  it. 

Draw  CG  parallel  to  AB  (Nos.  1.  and  2.),  and  AG  parallel  to  BC.  Join  A D,  and 
produce  it  to  meet  CG  in  e.  Divide  the  ordinate  CB  in  y*  in  the  same  proportion  as 
CG  is  divided,  then  will  Cf : /B;:Ce  : cG.  Join  Df,  and  produce  it  or  /D  to  meet  AB 
or  BA  in  A ; then  if  the  points  D and  /<  fall  upon  opposite  sides  of  the  ordinate  BC,  the 
curve  is  an  ellipsis  ; but  if  D and  A fall  upon  the  same  side  of  the  ordinate  BC,  the  curve 
will  be  an  hyperbola.  If  D/'  (No.  3.)  be  parallel  to  AB,  the  curve  will  be  a parabola. 
In  the  case  of  the  ellipsis  and  hyperbola,  A/i  is  a diameter;  and  therefore  we  have  a dia- 
meter and  ordinate  to  describe  the  curve. 


Sect  V. 

D E sc  R 1 1*  r I V E G EO  M E l’  R Y . 

1110.  The  term  Descriptive  Geometry,  first  used  by  Monge  and  other  French  geometers 
to  expre.ss  that  part  of  the  science  of  geometry  which  consists  in  the  apjilication  of  geometrical 
rules  to  the  representation  of  the  figures  and  the  various  relations  of  the  forms  of  bodies, 
according  to  certain  conventional  methods,  differs  from  common  perspective  by  the  design 
or  repre.sentation  being  so  made  that  the  exact  distance  between  the  different  points  of  the 
body  represented  can  always  be  found  ; and  thus  the  mathematical  relations  arising  from 
its  form  and  position  may  be  deduced  from  the  representation.  Among  the  English  writers 
on  practical  architecture,  it  has  usually  received  the  name  of  projectioii,  from  the  circum- 
stance of  the  different  points  and  lines  of  the  body  being  projected  on  the  plane  of  re- 
presentation ; for,  in  descriptive  geometry,  points  in  space  are  represented  by  their  ortho- 
graphical projection  on  two  planes  at  right  angles  to  each  other,  called  the  planes  of  projec- 
lion,  one  of  which  planes  is  usually  supposed  to  be  horizontal,  in  which  case  the  other  is  ver- 
tical, the  projections  being  called  horizontal  or  vertical,  according  as  they  are  on  one  or 
other  of  these  planes. 

1?  n.  In  this  system,  a point  in  space  is  represented  by  drawing  a perpendicular  from  il 
to  each  of  the  planes  of  projection  ; the  point  whereon  the  perpendicular  falls  i.s  tht- 
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projection  of  the  pro])osecl  point.  '^Tlieu,  as  points  in  space  are  the  boundaries  of  lines,  so 
their  projections  similarly  form  lines,  by  whose  means  their  projection  is  obtained  ; and  by 
the  projections  of  points  lying  in  curves  of  any  description,  the  projections  of  those  curves 
are  obtained. 

1112.  For  obvious  reasons,  surfaces  cannot  be  similarly  represented  ; but  if  we  suppose 
the  surface  to  be  represented,  covered  by  a sy.stem  oJ'  lines,  according  to  some  determinate 
law,  then  these  lines  projected  on  each  of  the  two  planes  will,  by  their  boundaries,  enable 
us  to  project  the  surface  in  a rigorous  and  satisfactory  manner. 

1113.  There  are,  however,  some  surfaces  which  may  be  more  simply  represented;  for  a 
plane  is  completely  defined  by  the  straight  lines  in  which  it  intersects  the  two  planes  of 
projection,  which  lines  are  called  the  traces  of  the  plane.  So  a sphere  is  completely  defined 
by  the  two  projections  of  its  centre  and  the  great  circle  which  limits  the  projections  of  its 
points.  So  also  a cylinder  is  defined  by  its  intersection  (or  trace)  with  one  of  the  planes  of 
projection  and  by  the  two  projections  of  one  of  its  ends  ; and  a cone  by  its  intersection 
with  one  of  the  planes  of  projection  and  the  two  projections  of  its  summit. 

1 1 1 *i.  IMonge,  before  mentioned,  Hachette,  Vallee,  and  Leroi,  are  the  most  systematic 
writers  on  this  subject,  whose  immediate  application  to  architecture,  and  to  the  mechanical 
arts,  and  most  especially  to  engineering,  is  very  extensive  ; in  consequence,  indeed,  of  which  it 
is  considered  of  so  much  importance  in  France,  as  to  form  one  of  the  principal  departments  of 
study  in  the  Polytechnic  School  of  Paris.  A sufficient  general  idea  of  it  for  the  architec- 
tural student  may  be  obtained  in  a small  work  of  Le  Croix,  entitled.  Complement  des 
Elemens  de  Geometric.  In  the  following  pages,  and  occasionally  in  other  parts  of  this  work, 
we  shall  detail  all  those  points  of  it  which  are  connected  more  immediately  with  our  subject, 
ina.smuch  as  we  do  not  think  it  necessary  to  involve  the  reader  in  a mass  of  scientific  matter 
connected  therewith,  which  we  are  certain  he  would  never  find  necessary  in  the  practice  of 
the  art  whereon  we  are  engaged. 

1115.  In  order  to  comprehend  the  method  of  tracing  geometrically  the  projections  of  all 
sorts  of  objects,  we  mustobserve, — I.  That  the  visible  faces  only  of  solids  are  to  be  expressed. 
1 1.  That  the  surfaces  which  enclose  solids  are  of  two  sorts,  rectilinear  and  curved.  These, 
however,  maybe  divided  into  three  classes,  — 1st.  Those  included  by  plane  surfaces,  as 
prisms,  pyramids,  and,  generally,  similar  sorts  of  figures  used  in  building.  2d.  Those 
included  by  surfaces  whereof  some  are  plane  and  others  with  a simple  curvature,  as 
cylinders,  cones,  or  parts  of  them,  and  the  voussoirs  of  arches.  3d.  Solids  enclo.sed  by  one 
or  several  surface's  of  double  flexure,  as  the  sphere,  spheroids,  and  the  voussoirs  of  arches  on 
circular  planes. 

1116.  First  class,  or  solids  with  plane  surfaces.  — The  plane  surfaces  by  which  these 
solids  are  bounded  form  at  their  junction  edges  or  arrisses,  which  may  be  represented  by 
right  lines. 

1117.  And  it  is  useful  to  observe  in  respect  of  solids  that  there  are  three  sorts  of  angles 
formed  by  them.  First,  those  arising  from  the  meeting  of  the  lines  which  bound  the  faces 
of  a solid.  Second,  those  which  result  from  the  concurrence  of  several  faces  whose  edges 
unite  and  form  the  summit  of  an  angle : thus  a solid  angle  is  composed  of  as  many  plane 
angles  as  there  are  planes  uniting  at  the  point,  recollecting  however  that  their  number 
must  be  at  least  three.  Third,  the  angles  of  the  planes,  which  is  that  formed  by  two  of  the 
faces  of  a solid.  A cube  enclosed  by  six  square  equal  planes  comprises  twelve  rectilineal 
edges  or  arrisses  and  eight  solid  angles. 

1118.  Pyramids  are  solids  standing  on  any  polygonal  bases,  their  planes  or  faces  being 
triangular  and  meeting  in  a point  at  the  top,  where  they  form  a solid  angle. 

1119.  Prisms,  like  pyramids,  may  be  placed  on  all  sorts  of  polygonal  bases,  but  they  rise 
on  every  side  of  the  base  in  parallelograms  instead  of  triangles,  thus  having  throughout 
similar  form  and  thickness. 

1120.  Though,  strictly  speaking,  pyramids  and  prisms  are  polyhedrons,  the  latter  term 
is  only  applied  to  those  solids  whose  faces  forming  polygons  may  each  be  considered  as  the 
base  of  a separate  pyramid. 

1121.  In  all  solids  with  plane  surfaces  the  arrisses  terminate  in  solid  angles  formed  by 
several  of  these  surfaces,  which  unite  with  one  another;  whence,  in  order  to  find  the  ]iro- 
jection  of  the  right  lines  which  represent  those  arrisses,  all  that  we  require  to  know  is  the 
position  of  the  solid  angh's  where  they  meet ; and  as  a solid  angle  is  generally  composed  of 
several  plane  angles,  a single  solid  angle  will  determine  the  extremity  of  all  the  arrisses  by 
which  it  is  formed. 

1122.  Second  class  : solids  terminated  by  plane  and  curved  surfaces.  — Some  of  these,  as 
cones  for  instance,  exhibit  merely  a point  and  two  surfaces,  one  curved  and  the  other  flat. 
The  meeting  of  these  surfaces  forms  a circular  or  elliptical  arris  common  to  both.  The 
projection  of  an  entire  cone  requires  several  points  for  the  curvature  which  forms  its  base, 
but  a single  point  only  is  necessary  to  determine  its  summit.  This  solid  may  be  considered 
as  a pyramid  with  an  elliptic  or  circular  base  ; and  to  facilitate  its  projection  a polygon  is 
inscribed  in  the  ellipsis  or  circle,  which  serves  as  its  base. 
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1123.  If  the  cone  is  truncated  or  cut  off,  polygons  may  in  like  manner  be  inscribed  in 
file  curves  which  produce  the  sections. 

1124.  Cylinders  may  be  considered  as  i>ri3ms  whose  bases  arc  formed  by  circles, 
ellipses,  or  other  curves,  and  their  projections  may  be  obtained  in  a similar  manner  ; that 
is,  by  inscribing  polygons  in  the  curves  which  form  their  bases. 

112.5.  Third  class  : solids  whose  surfaces  have  a double  curvature. — A solid  of  this  sort 
may  be  enclosed  in  a single  surface,  as  a sphere  or  spheroid. 

1126.  As  these  bodies  present  neither  angles  nor  lines,  they  can  only  be  represented  by 
the  apparent  curve  which  seeius  to  bound  their  superficies.  This  curve  may  be  determined 
by  tangents  parallel  to  a line  drawn  from  the  centre  of  the  solid  perpendicularly  to  the 
plane  of  projection. 

1127.  If  these  solids  are  truncated  or  cut  by  planes,  we  must,  after  having  traced  the 
curves  which  represent  them  entire,  inscribe  polygons  in  each  curve  produced  by  the  sec- 
tions, in  order  to  proceed  as  directed  for  cones  and  cylinders. 

1 1 28.  To  obtain  a clear  notion  of  the  combination  of  several  pieces,  as,  for  instance,  of  a 
vault,  we  must  imagine  the  bodies  themselves  annihilated,  and  that  nothing  remains  but 
the  arrisses  or  edges  which  form  the  extremes  of  the  surfaces  of  the  voussoirs.  The  whole 
assemblage  of  material  lines  which  would  result  from  this  consideration  being  considered 
transparent  would  project  upon  a plane  perpendicular  to  the  rays  of  light,  traces  defining 
all  these  edges  that  we  have  supposed  material,  some  foreshortened,  and  others  of  the  same 
size.  'I'hese  will  form  the  outlines  of  the  vault,  whence  follow  the  subjoined  remarks. 

I.  That  in  order,  on  a plane,  to  obtain  the  projection  of  a right  line  representing  the 

arris  of  any  solid  body,  we  must  on  such  plane  let  fall  verticals  from  each  of 
its  extremities. 

II.  That  if  the  arris  be  parallel  to  the  plane  of  the  drawing,  the  line  which  represents  its 
projection  is  the  same  size  as  the  original. 

III.  That  if  it  be  oblique,  its  representation  will  be  shorter  than  the  original  line. 

IV.  That  perpendiculars  by  means  of  which  the  projection  is  made  being  parallel  to 
each  other,  the  line  projected  cannot  be  longer  than  the  line  it  represents. 

V.  That  in  order  to  represent  an  arris  or  edge  perpendicular  to  the  plane  of  projection, 

a mere  point  marks  it  because  it  coincides  in  the  length  with  the  perpendiculars  of 
projection. 

VI.  That  the  measure  of  the  obliquity  of  an  arris  or  edge  will  be  found  by  verticals 
let  fall  from  its  extremities. 

1129.  In  conducting  all  the  operations  relative  to  projections,  they  are  referable  to  two 
planes,  whereof  one  is  horizontal  and  the  other  vertical. 

PROJECTION  OF  RIGHT  LINES. 


1 130.  Tlie  projection  of  a line  AB  459.)  perpendicular  to  a horizontal  plane  is  ex- 


pressed on  such  plane  by  a point  K,  and  by  the  lines  ab,  a'b',  equal  to  the  original  on  ver- 
tical planes,  whatever  their  direction. 

1131.  An  inclined  line  CD  {fig.  460.)  is  represented  on  an  horizontal  or  a vertical  plane 
by  cd,  c'd\  shorter  than  the  line  itself,  except  on  a vertical  plane,  parallel  to  its  projection, 
on  the  horizontal  plane  c"d",  where  it  is  equal  to  the  original  CD. 

1 132.  An  inclined  line  EF  {fig.  461.)  moveable  on  its  extremity  E,  may,  by  preserving 
the  same  inclination  in  resjiect  of  the  plane  on  which  it  lies,  have  its  projection  successively 
in  all  the  radii  of  the  circle  E/,  determined  by  the  perpendicular  let  fall  from  the  point  F. 

113;?.  Two  lines  GH,  IK  {fig.  462.),  whereof  one  is  parallel  to  an  horizontal  plane  and 
the  other  inclined,  may  have  the  same  projection  vi,  n,  upon  such  plane.  Upon  a vertical 
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plane  pcr])omlicular  to  nin,  the  projection  of  the  line  GH  will  be  a point  f/ ; and  that  of  theX 
inclined  line  I K,  the  vertical  ik,  which  measures  the  inclination  of  that  line.  Lastly,  on  a 
vertical  plane  parallel  to  tmi,  the  projection  i'k'  and  g'h'  will  be  parallel  and  equal  to  the 
original  lines. 

PKOJECTXCN  OF  SURFACES. 


11.34.  What  has  been  said  in  respect  of  right  lines  projected  on  vertical  and  horizontal 
planes  may  be  applied  to  plane  surfaces  ; thus,  from 
the  surface  A BCD  {fig.  463.),  parallel  to  an  hori-  ! 
zontal  plane,  results  the  projection  a}>cd  of  the  same  j 
size  and  form.  An  inclined  surface  EFGH  may 
have,  though  longer,  the  same  projection  as  the 
level  one  ABCl),  ifthe  lines  of  projection  AE,  BE, 

DH,  CG  are  in  the  same  direction. 

113.).  The  level  surface  A BCD  would  have  for 
projection  on  vertical  planes  the  right  lines  ah,  he, 
because  that  surface  is  in  the  same  jxlane  as  the 
lines  of  projection. 

1136.  The  inclined  surface  EFGH  will  give  on 
vertical  planes  the  foreshortened  figure  hgef  of  that 
'■urface  ; and  upon  the  other  the  simple  line  fq, 
which  shows  the  profile  of  its  inclination,  because 
Miis  plane  is  parallel  to  the  side  of  the  inclined  sur- 
face. 


Fig.  463. 


PROJECTION  OF  CURVED  MNES. 

1 1 37.  Curved  lines  not  having  their  points  In  the  same  direction  occupy  a space  which 
brings  them  under  the  laws  of  those  of  surfaces.  The  projection  of  a curve  on  a plane 
parallel  to  the  surface  in  which  it  lies  {Jig.  464.)  is  similar  to  the  curve. 


1138.  If  the  plane  of  projection  be  not  parallel,  a foreshortened  curve  is  the  result,  on 
account  of  its  ohli(}uity  to  the  surface  {Jig-  465.). 

1139.  If  the  curve  be  ijerpendicnlar  to  the  plane  of  projection,  wre  shall  have  a line 
representing  the  profile  of  the  surface  m which  it  is  comprised  ; that  is  to  say,  a right 
line  if  the  surface  lie  in  the  same  plane  {Jig.  466.),  and  a curved  line  if  the  surface  be 
curved  {Jig.  467.). 

1140.  In  order  to  describe  the  projection  of  the  curved  line  ABC  {Jig.  467.),  if  the 
surface  in  which  it  lies  is  curved,  and  it  is  not  perpendicular  to  the  plane  of  projection, 
a polygon  must  be  inscribed  in  the  curve,  and  from  each  of  the  angles  of  such  polygon 
a perpendicular  must  be  let  fall,  and  parallels  made  to  the  chords  which  subtend  the  arcs. 
But  it  is  to  be  observed,  that  this  line  having  a double  flexure,  we  must  further  inscribe  a 
polygon  in  the  curvature  which  forms  the  plane  ahe  of  the  surface  wherein  the  curved  line 
lies. 

1141.  The  combination  and  developement  of  all  the  p.arts  which  compose  the  curved 
surfaces  of  vaults  being  susceptible  of  representation  upon  vertical  and  horizontal  planes  by 
right  or  curve  lines  terminating  their  surfaces,  if  what  has  been  above  stated  be  thoroughly 
understood,  it  will  not  be  difficult  to  trace  their  projections  for  practical  purposes, 
whatever  their  situation  and  direction  in  vaults  or  other  surtaces. 
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PRO;BrTION  OF  SOLIDS. 

114‘2.  'File  projections  of  a cube  ABCDEFGII  placed  parallel  to  two  planes,  one 
Jjorizoiital  and  the  other  vertical,  are  squares  whose  sides  represent  faces  perpendicular  to 
tliese  planes  {fig.  468.),  which  are  represented  hy  corresponding  small  letters. 


Fig.  468.  Fig.  469. 

1148.  If  we  suppose  the  cube  to  move  on  an  ax’s,  so  that  two  of  its  opposite  faces 
remain  perpendicular  to  the  planes  {fig.  469.),  its  projection  on  each  will  he  a rectangle, 
whose  length  will  vary  in  proportion  to  the  dilFerence  between  the  side  and  the  diagonal 
of  the  square.  The  motion  of  the  opposite  arrisses  will,  on  the  contrary,  produce  a 
rectangle  whose  width  will  be  constant  in  all  the  dimensions  contained  of  the  image  of 
the  perfect  square  to  the  exact  period  when  the  two  arrisses  unite  in  a single  right  line. 

1144.  A cylinder  {fig.  470.)  stands  perpendicularly  on  an  horizontal  plane,  and  on  such 


plane  its  projection  ADBC  is  shown,  being  thereon  represented  by  a circle,  and  upon  a 
vertical  plane  by  the  rectangle  gedh. 
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1145.  The  projection  of  an  inclined  cylinder  471.)  is  shown  on  a vertical  and 
horizontal  plane. 

114G.  In  Jig,  472.  we  have  the  representation  of  a cube  doubly  inclined,  so  that  tlic 
diagonal  from  the  angle  B to  the  angle  G is  upright.  The  projection  produced  by  this 
position  upon  an  horizontal  plane  is  a regular  hexagon  acbefg,  and  upon  a vertical  plane  the 
rectangle  Be^rc  whose  diagonal  is  upright ; but  as  the  effect  of  perspective  changes  tne 
effect  of  the  cube  and  its  projections,  it  is  represented  geometrically  in  Jig.  473. 

1 147.  In  Jigures  474.  and  475.  a pyramid  and  cone  are  represented  with  their  pro- 
jections  on  horizontal  and  vertical  planes. 

1H8.  Fig.  476.  represents  a ball  or  sphere  with  its  projections  upon  two  planes,  one 


vertical  and  the  other  horizontal,  wherein  Is  to  be  remarked  the  perfection  of  this  solid, 
seeing  that  its  projection  on  a plane  is  always  a circle  whenever  the  plane  is  parallel  to  ihe 
circular  base  formed  by  the  contact  of  the  tangents. 


DEVELOPEMENT  OF  SOLIDS  WHOSE  SURFACES  ARE  PLANE. 

1149.  We  have  already  observed  that  solids  are  only  distinguished  by  their  apparent 
faces,  and  that  in  those  which  have  plane  surfaces,  their  faces  unite  so  as  to  form  solid  angle.s. 
We  have  also  observed  that  at  least  three  plane  angles  are  necessary  to  form  a solid  angle; 
whence  it  is  manifest  that  the  most  simple  of  all  the  solids  is  a jiyramid  with  a triangular 
base,  which  is  formed  by  four  triangles,  whereof  three  are  united  in  the  angles  at  its  ape.x, 
( Fig.  477.) 

1150.  The  developement  of  this  solid  is  obtained  by  placing  on  the  sides  of  the  base, 


Fis.  477. 


Fig.  478. 


Fig. 


Fig.  4S2. 


the  three  triangles  whose  faces  are  Inclined  (Jig.  478.);  by  which  we  obtain  a figure 
composed  of  four  triangles.  To  cut  this  out  in  jiajier,  for  instance,  or  any  other  flexiiile 
material,  after  bending  it  on  the  lines  ah,  be,  ac,  which  form  the  triangle  at  the  base,  the 
three  triangles  are  turned  up  so  as  to  unite  in  the  summit. 


DEVELOPE.MENT  OF  REGULAR  POLYHEDRONS. 

1151.  The  solid  just  described  formed  of  four  equal  equilateral  triangles,  as  we  have 
seen,  is  the  simplest  of  the  five  regular  polyhedrons,  and  is  called  a tetrahedron,  from  its 
being  composed  of  four  similar  faces.  The  others  are — <] 
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CUAF.  1. 

Tlie  hexahadrou,  or  cube  whose  faces  are  six  in  number; 

The  octalu'dron,  whose  faces  are  elglit  equilateral  triangles  ; 

'I’lie  dodecahedron,  whose  faces  are  twelve  regular  pentagor.s  ; 

The  icosahedron,  consisting  of  twenty  equilateral  triangles. 

Tlicse  five  regular  polyhedrons  are  represented  by  the  figures  477.  479,  480,  481,  and  182 
and  their  developeinent  by  the  figures  478.  483,  484,  48.7,  and  48(». 

Fig.  l»t). 


Fig.  483. 


Fig.  485. 


Fig.  484. 

11.72.  The  surfaces  of  these  developements  are  so  arranged  as  to  be  capable  of  being 
united  by  moving  them  on  the  lines  by  which  they  are  joined. 

1153.  It  is  here  proper  to  remark,  that  the  equilateral  triangle,  the  square,  and  the 
pentagon,  are  the  only  figures  which  will  form  regular  polyhedrons  whose  angles  and  sides 
are  equal ; but  by  cutting  in  a regular  method  the  solid  angles  of  these  polyhedrons, 
others  regularly  symmetrical  may  be  formed  whose  sides  will  be  formed  of  two  similar 
figures.  Thus,  by  cutting  in  a regular  way  the  angles  of  a tetrahedron,  we  obtain  a poly- 
hedron of  eight  faces,  composed  of  four  hexagons  and  four  ecjuilateral  triangles.  Similarly 
operating  on  the  cube,  we  shall  have  six  octagons,  connected  by  eight  e(iuilateral  triangles, 
forming  a polyhedron  of  fourteen  faces. 

1154.  The  same  operation  being  performed  on  the  octahedron  also  gives  a figure  of 
^ fourteen  faces,  whereof  eight  are  octagons  and  six  are  squares. 

,1155.  The  dodecahedron  so  cut  produces  twelve  ])entagons  united  by  twenty  hexagons, 

I and  having  thirty-two  sides.  This  last,  from  some  points  of  view,  so  approaches  the 
figure  of  the  sphere,  that,  at  a little  distance,  it  looks  almost  spherical. 


DEVELOPEMENT  OF  PYllAMIOS  AND  PRISMS. 

1156.  The  other  solids  whose  surfaces  are  plane,  whereof  mention  has  already  been 
made,  are  pyramids  and  prisms,  partaking  of  the  tetrahedron  and  cube ; of  the  former, 
inasmuch  as  their  sides  above  the  base  are  formed  by  triangles  which  approach  each  other 
so  as  together  to  form  the  solid  angle  which  is  the  summit  of  the  pyramid ; of  the  latter, 
because  their  faces,  which  rise  above  the  base,  are  formed  by  rectangles  or  parallelograms 
which  preserve  the  same  distance  from  each  other,  but  differ,  from  their  rising  on  a poly- 
gonal base  and  being  undetermined  as  to  height. 

1 157.  This  species  may  be  regular  or  irregular,  they  may  have  their  axes  perpendicular 
or  inclined,  they  may  be  truncated  or  cut  in  a direction  either  parallel  or  inclined  to  their 
bases. 

1158  The  developement  of  a pyramid  or  right  prism,  whose  base  and  height  are  given, 
is  not  attended  with  difficulty.  The  operation  is  by  raising  on  each  side  of  the  base  a triangle 
equal  in  height  to  the  inclined  face,  as  in  the  pyramidal  figures  487.  and  488.,  ard  a 
rectangle  equal  to  the  perpendicular  height  if  it  be  a prism. 


DEVEnOPEJIENT  OF  AN  OBLIQUE  PYRAJIID. 


1159.  If  the  pyramid  be  oblique,  as  in  fig.  489.,  wherein  the  length  of  the  sides  of  each 
triangle  can  only  be  represented  by  foreshortening  them  in  a vc-rtical  or  horizontal  pro- 
jection, a third  operation  is  necessary,  and  that  is  founded  on  a principle  common  to  all 
projections  ; viz.  that  the  leiigth  of  an  inclined  line  projected  or  foreshortened  on  a planet 
iepends  upon  the  difference  of  the  perpendicidar  elongation  of  its  extremities  from  the  ptauey 
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whence  in  all  cases  a rectangular  triangle,  whose  vertical  and  horizontal  projections  give  two 
tides,  the  third,  which  is  the  hypothenuse,  joining  them,  will  express  the  length  of  the  foresJun  tened 

line. 


11 60.  In  the  application  of  this  rule  to  the  oblique  pyramid  of  jig.  489.,  the  position  of 
the  i>oint  P {Jig.  490.)  must  be  shown  on  the  plan  or  horizontal  projection  answering  to  the 
apex  of  the  pyramid,  and  from  this  point  perpendicular  to  the  face  CD  on  the  same  side 
the  perpendicular  PG  must  be  drawn.  Then  from  the  point  P as  a centre  describe  the 
arcs  B6,  Cc,  which  will  transfer  upon  PG  the  horizontal  projections  of  the  inclined 
arrisses  AP,  EP,  and  DP;  and  raising  the  perpendicular  PS  equal  to  the  height  of  the 
apex  P of  the  pyramid  above  the  plane  of  projection,  draw  the  lines  Sa,  S6,  Sc,  which  will 
give  the  real  lengths  of  all  the  edges  or  arrisses  of  the  pyramid. 

1161.  We  may  then  obtain  the  triangles  which  form  the  developement  of  this  pyramid, 
by  describing  from  C as  a centre  with  the  radius  Sc,  the  arc  ig,  and  from  the  point  D 
another  arc  intersecting  the  other  in  F.  Drawing  the  lines  CF,  DF,  the  triangles  CFD 
will  be  the  developement  of  the  side  DC.  To  obtain  that  answering  to  BC,  from  the 
points  F and  C with  S5  and  Be  as  radii,  describe  arcs  intersecting  in  B'  and  draw  B'F  and 
CB':  the  triangle  FCB'  will  be  the  developement  of  the  face  answering  to  the  side  Be. 

1162.  We  shall  find  the  triangle  FA'B,  by  using  the  lengths  SA  and  BA  to  find  the 
points  B'  and  F,  which  will  determine  the  triangle  corresponding  to  the  face  AB,  and  lastly 
the  triangles  FDE'  and  FE'A"  corresponding  to  the  faces  DE,  AE  by  using  the  lengths 
S6,  DE  and  SA,  AE.  The  whole  developement  AEDE'A"F,  A'B,  CBA  being  bent  on 
the  lines  B FcF,  CD,  DI^  and  EF  will  form  the  inclined  figure  represented  in  Jig.  489. 

1163.  If  this  pyramid  be  truncated  by  the  plane  mn,  parallel  to  the  base,  the  contour 
resulting  from  the  section  may  be  traced  on  the  developement  by  producing  P/a  from  F 
to  a,  and  drawing  the  lines  ah,  be,  cd,  de  and  ea"  parallel  to  A'B',  B C,  CD,  DE'  and  E'A". 

1164.  But  if  the  plane  of  the  section  be  perpendicular  to  the  axis,  as  mn,  from  the  point 
F with  a radius  equal  to  Po  describe  an  arc  of  a circle,  in  which  inscribe  the  polygon 
ah''c  'd'e'a",  'Then  the  polygon  oqmqo'  is  the  plane  of  the  section  induced  by  the  line  mo. 

DEVELOPEMENT  OF  RIGHT  AND  OBLIQUE  PRISMS. 

1 165.  Tn  a riglit  prism,  the  faces  being  all  perpendicular  to  the  bases  which  terminate 
the  solid,  the  developements  are  rectangles,  consisting  of  all  these  faces  joined  together  and 
enclosed  by  two  parallel  right  lines  equal  to  the  contours  of  the  bases. 

1 1 66.  When  a prism  is  inclined,  the  faces  form  different  angles  with  the  lines  of  the 
contours  of  the  bases,  whence  results  a developement  whose  extremities  are  terminated  by 
lines  forming  portions  of  ]iolygons. 

1167.  We  must  first  begin  by  tracing  the  profile  of  the  prism  parallel  to  its  degree  of 
inclination  491.).  Having  drawn  the  line  Cc,  which  represents  the  inclined  axis  of 
the  prism  in  the  direction  of  its  length,  and  the  lines  AD,  bd,  to  show  the  surfaces  by 
which  it  is  terminated,  describe  on  such  axis  the  polygon  which  forms  the  plane  of  the 
prism  h,  i,  h,  I,  rn  perpendicular  to  the  axis.  Producing  the  sides  kl,  hn  parallel  to  the  axis 
to  meet  the  lines  AD,  hd,  they  will  give  the  four  arrisses  of  the  prism,  answering  to  the 
angles  h,  n,  k,  I ; and  the  line  Cc  which  loses  itself  in  the  axis  will  give  the  arrisses  im. 

1168.  It  must  be  observed,  that  in  this  profile  the  sides  of  the  polygon  h,  i,  k,  I,  m give 
the  width  of  the  faces  round  the  prism,  and  the  lines  Ab,  Cc,  Dd  their  length.  From  tliLs^ 
profile  follows  the  horizontal  projection  {Jig.  492.)  wherein  the  lengthened  polygons  repie- 
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sent  the  bases  of  the  prism.  In  order  to  obtain  the  developcinent  of  this  inclined  prism, 
so  that  being  bent  up  it  may  form  the  figure,  from  the  middle  of  Cc,fig.  491.  a perpendicular 
0,  p,  q must  be  raised,  produced  to  /,  /,  Jig.  493.  ; on  this  line  must  be  transferred  the 
widths  of  the  faces  shown  by  the  polygon  h,  i,  k,  I,  m,  n,  of  Jig.  491.  in  /,  k,  i,  h,  n,  m,  l\ 
Jig.  493.  : through  these  points  parallel  to  the  axis,  lines  are  to  be  drawn,  upon  which 
of  491.  must  be  laid  from  I to  E,  from  k to  D,  and  from  I'  to  E',Jig.  493.  ; pC,Jig.  491., 
f must  be  laid  from  i to  C,  and  from  m to  F in  Jig.  493. 

oA,  Jig.  491.,  is  to  be  laid  from  h to  B and  from  n to  A,  Jig.  493.,  which  will  give 
the  contour  of  the  developement  of  the  upper  part  by  drawing  the  lines  ED, 
DCB,  BA,  AFE',  Jig.  492. 

To  obtain  the  contour  of  the  base,  qd  of  Jig.  491.  must  be  transferred  from  I to  q,  from  k 
y ) to  d and  from  V to  e'.  Jig.  493. 

■ pc  from  Jig.  491.  from  i to  c and  from  mtof  {Jig.  493. ) ; lastly,  oh  of  Jig.  491.  must 

' be  transferred  from  h to  b and  from  a to  a ( Jig.  493.)  and  drawing  the  lines  ed, 

bed,  ba,  and  afe,  the  contour  will  be  obtained. 

' . 1169.  'I'lie  developement  wi  1 be  completed  by  drawing  on  the  faces  B A and  ba,  elongated 

t i polygons  similar  to  ABCDEF  and  ubedef  of  Jig.  491.  and  of  the  same  size. 

DEVELOPEMENT  OF  RIGHT  AND  OBLIQUE  CYLINDERS. 

i 1 1170.  Cylinders  may  be  considered  as  prisms  whose  bases  are  formed  by  polygons  of  an 

infinite  number  of  sides.  Thus,  graphically,  the  developement  of  a right  cylinder  is  ob- 
l tained,  by  a rectangle  of  the  same  height,  having  in  its  other  direction  the  circumference  of 
1 1 the  circle  which  serves  as  its  base  measured  by  a greater  or  less  number  of  equal  parts. 

1 1171.  But  if  the  cylinder  is  oblique  {Jig.  494.),  we  must  take  the  same  measures  as  for 


the  prism,  and  consider  the  inclination  of  it.  Having  described  centrally  on  its  axis  the 
’ circle  or  ellipsis  which  forms  its  perpendicular  thickness  in  respect  of  the  axis,  the  circum- 
i|j  ference  should  be  divid(*d  into  an  even  number  of  equal  parts,  as,  for  instance,  twelve, 
j beginning  from  the  diameter  and  drawing  from  the  points  of  division  the  parallels  to  the 
axis  HA,  bi,  ek,  dl,  em,fm,  GO,  which  will  give  the  projection  of  the  bases  and  the  general 
H developement. 

] 1172.  For  the  projection  of  the  bases  on  an  horizontal  plane,  it  is  necessary  that  from 

j|  the  points  where  the  parallels  meet  the  line  of  the  base  HO,  indefinite  perpendiculars 
should  he  let  fall,  and  after  having  drawn  the  line  H'  O',  parallel  to  HO,  upon  these  per- 
PF|)  pendiculars  above  and  below  the  parallel  must  be  transferred  the  size  of  the  ordinates  of 
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the  circle  or  ellipsis  traced  on  the  axis  of  the  cylinder,  that  is,  pi  and  />10  to  i'l,  and 
riO  : 92  and  99  in  A'2  and  AV/,  &c.  In  order  to  avoid  unnecessary  repetition,  the  Jiffs.  494, 
495,  49G.  are  similarly  tigured,  and  will  by  inspection  indicate  the  corresponding  lines. 

117:3.  In  the  last  figure  the  line  E'E'  is  the  approximate  developement  of  the  circum- 
ference of  the  circles  which  follow  the  section  UE  perpendicular  to  the  axis  of  the  cylinder, 
divided  into  12  equal  parts,  ^9.  494.  For  which  purpose  there  have  been  transferred  upon 
this  line  on  each  side  of  the  point  U,  six  of  the  divisions  of  the  circle,  and  through  these 
jioints  have  been  drawn  an  equal  number  of  indefinite  parallels  to  the  lines  traced  upon  the 
cylinder  in  ^ff.  494.  ; then  taking  the  point  D'  as  correspondent  to  D,  the  length  of  these 
lines  is  determined  by  transferring  to  each  of  them  their  relative  dimensions,  measured 
from  UE  in  AG  for  the  superior  surface  of  the  cylinder,  and  from  UE  to  HO  for 
the  base. 

1174.  In  respect  of  the  two  elliptical  surfaces  which  terminate  this  solid,  what  has  been 
above  stated,  on  the  manner  of  describing  a curve  by  means  of  ordinates,  will  render  further 
explanation  on  that  point  needless. 

DEVELOPEMENT  OF  RIGHT  AND  OBLIQUE  CONES. 

1 1 75.  The  reasoning  which  has  been  used  in  respect  of  cylinders  and  prisms,  is  ap- 
plicable to  cones  and  pyramids. 

1176.  In  right  pyramids,  with  regular  and  symmetrical  bases,  the  edges  or  arrisses  from 
the  base  to  the  apex  are  equal,  and  the  sides  of  the  polygon  on  which  they  stand  being 
equal,  their  developement  must  be  composed  of  similar  isosceles  triangles,  which  in  their 
union  will  form  throughout,  part  of  a regular  polygon,  inscribed  in  a circle  whose  inclined 
sides  will  be  the  radii.  Thus,  in  considering  the  base  of  the  cone  A B (jfiff.  497.)  as  a 


•j 
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regular  polygon  of  an  infinite  number  of  sides,  its  developement  becomes  a sector  of  a 
circle  A"B"B"'C''  (jiff.  498.)  vvhose  radius  is  equal  to  the  side  AC  of  the  cone,  and  the 
arc  equal  to  the  circumference  of  the  circle  which  is  its  base. 

1177  Upon  this  may  be  traced  the  developement  of  the  curves  which  would  result  from 
the  cone  cut  according  to  the  lines  UI,  EF,  and  GH,  which  are  the  ellipsis,  the  parabo  a, 
and  the  hyperbola.  For  this  purpose  the  circumference  of  the  base  of  the  cone  must  be 
divided  into  equal  parts ; from  each  point  lines  must  be  drawn  to  the  centre  C,  representing 
in  this  case  the  apex  of  the  cone.  Having  transferred,  by  means  of  parallels,  to  1 1,  the 
divisions  of  the  semi-circumference  AFB  of  the  plan,  upon  the  line  A B , forming  the  base 
of  the  vertical  projection  of  the  cone  (fff.  497.)  to  the  points  1 2,  F3  , and  4,  which,  be- 
cause of  the  uniformity  of  the  curvature  of  the  circle  will  also  represent  the  divisions  on  the 
]ilan  marked  8,  7F',  6,  and  5;  from  the  summit  C'  in  the  elevation 

C'l'  C'2'  C'F  C'3'  C'4'  are  to  be  drawn,  cutting  the  plans  UI,  El,  and  GH  ot  the  eilips^ 
of  the  parabola!  and  of  the  hyperbola;  then  by  the  a^istance  of  these  intersecto^^ 
ligures  may  be  drawn  on  the  plan,  the  first  in  D>'I>  ; the  second  in  FE  F ; the  third  m 

To  obtain  the  points  of  the  circumference  of  the  ellipse  upon  the  developement! 
( fy.  498.),  from  the  points  n,  o,p,  q,  r of  the  line  DI  (.Jig.  497.),  draw  parallels  to  the  base] 
for  the  purpose  of  transferring  their  heights  upon  C'B'  at  the  points  1,  2,  3, 4,  .y.  Then_J 
transfer  C'D  upon  the  developement,  in  C'V",  Co'",  Cp'",  C"q"’,  C r ; and  m the  same  ■ 
order  below,  Cp"",  C 'q"",  C'V'";  and  Cl  from  C"  in  I"  and  1 . Ihe. 
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curve  passing  through  these  points  will  be  the  developement  cf  the  circumference  of  the 
ellipse  indicated  in  Jit;.  497.  by  the  right  line  DI,  which  is  its  great  axis. 

1179.  For  the  parabola  Qiff.  499.)  on  the  side  C'A' 497.),  draw  and  «/i ; then 

transfer  C E on  the  developement  in  C"E";  Cff  from  C"  to  b'"  and  b"" ; C‘h,  from  C"  to 
o'"  and  a"" ; and  through  the  points  F",  b"\  E",  b’"\  a"'\  F' trace  a curve,  which 

will  be  the  developement  of  the  parabola  shown  in  ^<7.  497.  by  the  line  EF. 

1 1 80.  For  the  hyperbola,  having  drawn  through  the  points  m and  i,  the  parallels  me,  if, 
transfer  C'G  from  C"  to  G",  and  from  C"  to  G'"  of  the  developement,  C'e  from  C"  to  m ' 
and  m"",  C'/from  C"  to  V"  and  i'"' ; and  after  having  transferred  3H'  and  6lI"of  the  plan 
to  the  circumference  of  the  developement,  from  .3  to  H'",  and  from  6 to  H"",  by  the  aid  ot 
the  points  H ",  i",  vi"',  G"  and  II"",  i"",  m"",  G'",  draw  two  curves,  of  which  each  will  be 
the  developement  of  one  half  of  the  hyperbola  represented  by  the  right  lines  GH  and  II'FI", 
yi^s.  497.  and  500.,  and  by  Jit/.  501. 

1181.  The  mode  of  finding  the  developement  of  an  oblique  cone,  shown  in  figs.  502,  503, 


504, 505.  differs,  as  follows,  from  the  preceding.  1.  From  the  position  of  the  apex  C upon 
the  plan  503.,  determined  by  a vertical  let  fall  from  such  apex  in  Jig.  502.  2.  Because  the 

line  DI  of  this  figure,  being  parallel  to  the  base,  gives  for  the  plan  a circle  instead  of  an 
ellipsis.  3.  Because  in  finding  the  lengthened  extent  of  the  right  lines  drawn  from  the 
apex  of  the  cone  to  the  circumference  of  the  base,  divided  into  equal  parts, 504.  is  intro- 
duced to  bring  them  together  in  order  to  avoid  confusion,  these  lines  being  all  of  a different 
size  on  account  of  the  oblicpiity  of  the  cone.  In  this  figure  the  line  CC'  shows  the  perpen- 
dicular height  of  the  apex  of  the  cone  above  the  plan  ; so  that  by  transfei  ring  from  each  side 
the  projections  of  these  lines  taken  on  the  plan  from  the  point  C to  the  circumference,  we 
shall  have  CA",  Cl,  C2,  CF'',  C3,  C4,  CB',  on  one  side,  and  CA',  C8,  C7,  CF,  C6,  C5,  and 
CB"  on  the  other  ; lastly,  from  the  point  C drawing  lines  to  all  these  points,  they  will  give  the 
edges  or  arrisses  of  the  inscribed  pyramid,  by  which  the  developement  in  Jig.  505.  is  obtained. 
Having  obtained  the  point  C'  representing  the  apex,  a line  is  to  be  drawn  through  it  equal 
to  CA"  (^fig.  504.)  ; then  with  one  of  the  divisions  of  the  base  taken  on  the  plan,  such  as 
Al,  it  must  be  laid  from  the  point  A of  the  developement  of  the  section  ; then  taking  C'l 
of  Jig.  504.,  describe  from  the  point  C"  another  arc  which  will  cross  the  former,  and  will 
determine  the  point  1 of  the  developement.  Continuing  the  operations  with  the  constant 
length  Al  and  the  different  lengths  C2,  CF',  C3,  &c.,  taken  from  fg.  504.  and  transferred 
to  C"2,  C"F,  C"3,  See.  of  the  developement,  the  necessary  points  will  be  obtained  fortracing 
the  curve  B"AB'",  representing  the  contour  of  the  oblique  base  of  the  cone. 

1182.  We  obtain  the  developement  of  the  circle  shown  by  the  line  DI  of  Jig.  502.  parallel 
to  that  of  the  base  AB,  by  drawing  another  line  I'D  D 'I"  (fg.  504.)  at  the  same  distance 
from  the  summit  C,  cutting  all  the  oblique  lines  that  have  served  for  the  preceding  de- 
velopement; and  on  one  side,  CD",  Cn,  Co,  Cp,  Cq,  Cr,  Cl",  must  be  carried  to  fg.  505., 
from  C"  to  D",  n,  o,  p,  q,  r,  and  on  the  other  from  C"  to  n,  o,  p,  q,  r,  and  I"",  on  fg.  505. 
The  curve  line  passing  through  these  points  will  be  the  developement  of  this  circle. 

1 1 83.  To  trace  upon  the  developement  the  parabola  and  hyperbola  shown  by  the  lines 
EF,  G3  of  fg.  502.,  from  the  points  E5a,  Gmi  draw  parallels  to  the  base  AB,  which, 
transferred  to  fg.  504.,  will  indicate  upon  corresponding  lines  the  real  distance  of  these 
points  from  the  apex  C,  which  arc  to  be  laid  in  fg.  505.  from  C"  to  E,  b,  a,  b and  a for 
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the  parabola;  and  from  C"  to  G,  m,  i on  one  side,  and  on  the  oti. 2r  to  G,  m,  i,  for  the 
hyperbola.  Each  of  these  is  represented  in  Jiffs.  506.  and  507. 

DEVELOPEMENT  OF  BODIES  OR  SOLIDS  WHOSE  SURFACES  HAVE  A DOUBLE  CURVATURE. 

1 1 84.  The  developement  of  the  sphere  and  other  bodies  whose  surface  has  a double 
flexure  would  be  impossible,  unless  we  considered  them  as  consisting  of  a great  number  of 
plane  faces  or  of  simple  curvatures,  as  the  cylinder  and  the  cone.  Thus  a sphere  or  spheroid 
may  be  considered,  ■ — I.  As  a polyhedron  of  a great  number  of  plane  faces  formed  by 
truncated  pyramids  whose  base  is  a polygon,  as  Jiff.  508.  II.  By  truncated  cones,  forming 
zones,  as  in  Jff.  509.  HI.  By 
parts  of  cylinders  cut  in  gores, 
forming  flat  sides  that  diminish 
in  width,  shown  by  Jiff.  510. 

1 1 85.  In  reducing  the  sphere 
or  spheroid  to  a polyhedron 
with  flat  faces,  the  develope- 
ment may  be  accomplished  in 
two  ways,  which  differ  only  by 
the  manner  in  which  the  faces 
are  developed. 

1 1 86.  The  most  simple  me- 
thod of  dividing  the  sphere 
to  reduce  it  to  a polyhedron  is 
that  of  parallel  circles  crossed 
by  others  perpendicular  to 
them,  and  intersecting  in  two 
ojiposite  points,  as  in  the  com- 
mon geographical  globes.  If, 
instead  of  the  circle,  the  poly- 
gons are  supposed  of  the  same 
number  of  sides,  a polyhedron 
will  be  the  result,  similar  to 
that  represented  by  Jiff.  508., 
whose  half  A DB  shows  the  geo- 
metrical elevation,  and  AEB 
the  plan  of  it. 

1 187.  For  the  developement,  produce  Al,  12,  23,  so  as  to  meet  the  produced  axis  CP  in  ^ 
order  to  obtain  the  summits  P,  q,  r,  D of  the  truncated  pyramids  which  form  the  semi-poly- 
hedron ADB ; then  from  the  points  P,  q,  r,  with  the  radii  PA,  Pi,  q\,  q2,  r2,  r3  and  D3, 
describe  the  indefinite  arcs  AB',  16',  16",  2f\  2f",  3ff',  and  3ff,  upon  which,  after  having 
transferred  the  divisions  of  the  demi-polygons  AEB,  le6"',  2e'5"\  3e",  4",  from  all  the 
transferred  points,  as  A,  4',  5',  6',  7',  8',  9',  B',  for  each  truncated  pyramid  draw  lines  to  the 
summits  PgrD,  and  other  lines  which  will  form  inscribed  polygons  in  each  of  the  arcs  AB',  * 
16',  16  ",  Sec.  These  lines  will  represent  for  each  band  or  zone  the  faces  of  the  truncated 
pyramids  whereof  they  are  part. 

1188.  We  may  arrive  at  the  same  developement  by  raising  upon  the  middle  of  each  side  ' 
of  the  polygon  AEB  indefinite  perpendiculars,  upon  which  must  be  laid  the  height  of  the 
faces  of  the  elevation  in  1 , 2,  3,  4 ; through  which  points  draw  parallels  to  the  base,  upon 
which  transfer  the  widths  of  each  of  the  faces  taken  on  the  plan,  whereby  trapezia  will  be 
formed,  and  triangles  similar  to  those  found  in  the  first  developement,  but  ranged  in  another 
manner.  This  last  developement,  which  is  called  in  ffores,  is  more  suitable  for  geographical 
globes ; the  other  method,  for  the  formation  of  the  centres,  moulds,  and  the  like,  of  spherical 
vaults. 

1189.  The  developement  of  the  sphere  by  conic  zones  (Jig.  509  ) is  obtained  by  the 
same  process  as  that  by  truncated  pyramids,  the  only  difference  being,  that  the  develope- 
ment of  the  arrisses  A B',  16',  2/',  3g,  are  arcs  of  circles  described  from  the  summits  of 
cones,  instead  of  being  polygons. 

1 1 90.  The  developement  of  the  sphere  reduced  to  portions  of  cylinders  cut  in  gores 
(Jig.  510.)  is  conducted  in  the  second  manner,  but  instead  of  joining  with  lines  the  points  .. 
//,  i,  h,  d,  (Jig.  508.)  they  must  be  united  by  a curve.  This  last  method  is  useful  in  ' 
drawing  the  caissons  or  pannels  in  spherical  or  spheroidal  vaults. 

OF  THE  ANGLES  OF  PLANES  OR  SURFACES  BY  WHICH  SOLIDS  ARE  BOUNDED.  ^ 

1191.  In  considering  the  formation  of  solids,  we  have  already  noticed  three  sorts  of  ■ 
angles,  viz.  plane  angles,  solid  angles,  and  the  angles  of  planes.  The  two  first  have  been  ; 
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treated  of  in  the  preceding  sections,  and  we  have  now  to  speak  of  the  third,  wliich  must 
not  be  confounded  with  plane  angles.  Of  these  last,  we  have  explained  that  they  are 
formed  by  the  lines  or  arrisses  which  bound  the  faces  of  a solid  ; but  the  angles  of  })lanes, 
whereof  we  aie  about  to  speak,  are  those  formed  by  the  meeting  of  two  surfaces  joining  in 
an  edge. 

1192.  The  inclination  of  one  plane  ALDE  to  another  ALCB  (Jiff.  511.)  is  measured 
by  two  perpendiculars  EG,  I'll  raised  upon  each  of  these  planes 
from  the  same  point  F of  the  line  or  arris  AL  formed  by  their 
union. 

1193.  It  is  to  be  observed,  that  this  angle  Is  the  greatest  of  all 
those  formed  by  lines  drawn  from  the  point  F upon  these  two 
planes  ; for  the  lines  FG,  FH  being  perpendicular  to  AL,  common 
to  both  the  planes,  they  will  be  the  shortest  that  can  be  drawn  from 
the  point  F to  the  sides  ED,  BC,  which  we  suppose  parallel  to 
AL;  thus  their  distance  GH  will  be  throughout  the  same,  whilst 
the  lines  FI,  FK  will  be  so  much  the  longer  as  they  extend  beyond 
the  perpendiculars  FG,  FH,  and  we  shall  always  have  KI  equal  to  GLI,  and  conse- 
quently the  angle  IFK  so  much  smaller  than  GFH  as  it  is  more  distant. 

1 1 94.  Thus,  let  a rectangular  surface  be  folded  perpendicularly  to  one  of  its  sides  so  that 
the  contours  of  the  parts  separated  by  the  fold  may  fall  exactly  on  each  others  If  we  raise 
one  of  them,  so  as  to  move  it  on  the  fold  as  on  a hinge,  and  so  as  to  make  it  form  all  degrees 
of  angles,  we  shall  see  that  each  of  the  central  extremities  of  the  moveable  part  is  always  in 
a plane  perpendicular  to  the  part  that  is  fixed. 

1 1 95.  This  property  of  lines  moving  in  a perpendicular  plane,  furnishes  a simple  method 
of  finding  the  angles  of  planes  of  all  sorts  of  solids  whose  vertical  and  horizontal  projec- 
tions or  whose  developements  are  known. 

1196.  Thus,  in  order  to  find  the  angles  formed  by  the  tetrahedron  or  pyramid  on  a tri- 
angular base  (Jiff.  477.),  we  must  for  the  angles  of  the  base  with  the  sides,  let  fall  from 
the  angles  ABC  perpendiculars  to  the  sides  ac,  ch,  and  ah,  which  meet  at  the  centre  of  the 
base  in  D.  It  is  manifest  from  what  has  just  been  said  on  this  subject,  that  if  the  three 
triangles  are  made  to  move,  their  angles  at  the  summit  A,  B,  C will  not  be  the  vertical 
planes  shown  by  the  lines  AD,  DB,  DC,  and  that  they  will  meet  at  the  extremity  of  the 
vertical,  passing  through  the  intersection  of  these  planes  at  the  point  D.  Thus  we  obtain 
for  each  side  a rectangular  triangle,  wherein  two  sides  are  known,  namely,  for  the  side  ch, 
the  hypothenuse  ed,  and  the  side  eD.  Thus  raising  from  the  point  D an  indefinite  per- 
pendicular, if  from  the  point  e with  eB  for  a radius  an  arc  is  described  cutting  the  per- 
pendicular in  d,  and  the  line  de  be  drawn,  the  angle  <7eD  will  be  that  sought,  and  will  be 
the  same  for  the  three  sides  if  the  polyhedron  be  regular  ; otherwise,  if  it  is  not,  the 
operation  must  be  repeated  for  each. 

1197.  These  angles  may  be  obtained  with  great  accuracy  by  taking  de,  or  its  equal  eB, 
for  the  whole  sine;  then  de  \ eD;:sine  ; sine  19'^  28',  whose  complement  70*^  32'  will,  if 
the  polyhedron  be  regular,  be  the  angle  sought.  In  this  case,  all  the  sides  being  equal, 
and  each  being  capable  of  serving  as  base,  the  angles  throughout  are  equal.  In  respect 
of  the  cube  {Jiffs.  479.  and  483.)  whose  faces  are  composed  of  equal  squares,  and  whose 

i angles  are  all  right  angles,  it  is  evident  that  no  other  angles  can  enter  into  their  com- 
bination with  each  other. 

I 1198.  To  obtain  the  angle  formed  by  the  faces  of  the  octahedron  480.)  from  the 
I points  C and  D : with  a distance  equal  to  a vertical  dropped  upon  the  base  of  one  of  the 
triangles  of  its  developement  (Jiff.  484.),  describe  arcs  crossing  each  other  in  F ; and  the 
angle  CFD  will  be  equal  to  that  formed  by  the  faces  of  the  polyhedron,  and  will  be  found 
by  trigonometry  to  be  70°  32'.  In  the  dodecahedron  (Jiff.  481.),  the  angle  formed  by  the 
faces  will  be  found  by  drawing  upon  its  projection  the  lines  DA,  and  producing  the  side 
B to  £,  determined  by  an  arc  made  from  the  point  D with  a radius  equal  to  BA.  The 
angle  sought  will  be  found  to  be  108  degrees. 

1199.  For  the  icosahedron  (Jiff.  482.),  draw  the  parallels  Aa,  B5,  Cc,  and  after  having 
made  he  parallel  and  equal  to  BC,  with  a radius  equal  thereto,  describe  an  arc  cutting  in 
a the  parallel  drawn  from  the  point  A ; the  angle  ahe  will  be  equal  to  that  formed  by  the 
sides  of  the  polygon,  which  by  trigonometry  is  found  to  be  108  degrees,  as  in  the  dodeca 
hedron. 

1200.  For  the  pyramid  with  a quadrangular  base  (y?g.  487.)  the  angle  of  each  face  with 
I the  base  is  equal  to  PAB  or  PBA,  because  this  figure,  which  represents  its  vertical  pro- 
jection, is  in  a plane  parallel  to  that  within  which  will  be  found  the  perpendiculars  dropped 
I from  the  summit  on  the  lateral  faces  of  the  base. 

1201.  In  order  to  obtain  the  angles  which  the  inclined  sides  form  with  one  another, 
draw  upon  the  developement  (Jiff.  488.)  the  line  ED,  which,  because  the  triangles  PEC, 
PCD  are  equal  and  isoceles,  will  be  perpendicular  to  the  line  PC,  representing  one  of  the 
arrisses  whicli  are  formed.  Then  from  the  point  D with  a radius  equal  to  DF,  and 
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from  the  point  C with  a radius  equal  to  the  diagonal  AD  (of  the  square  representing 
the  square  of  the  base)  describe  arcs  intersecting  each  other.  The  angle  FUG  will  be 
the  angle  sought.  We  may  suppose  it  taken  along  the  line  15 C traced  in  fig.  487. 

1202.  In  order  to  obtain  the  angles  formed  by  the  faces  of  an  oblique  pyramid  {fig.  489.), 
through  some  point  q of  the  axis  draw  the  perpendicular  mo,  showing  the  base  oqmq'u'  of 
the  right  pyramid  7)ipo,  whose  developement  is  shown  in  fig.  490.,  by  the  portion  of  the 
polygon  a,  b ' , c",  e",  d'',  aV. 

1203.  By  means  of  this  base  and  the  part  developed,  proceeding  as  we  have  already  ex- 
plained for  the  right  pyramid,  we  shall  find  the  angles  formed  by  the  meeting  of  the  faces, 
and  they  will  differ  but  little  from  those  of  the  little  polygon  cqmq'o'. 

1204.  In  respect  to  the  angles  formed  by  the  faces  inclined  to  the  base,  that  of  the  face 
answering  to  the  side  De  of  the  base  is  expressed  by  the  angle  ADR  of  the  vertical  projec- 
tion, 489. 

1205.  As  to  the  other  faces,  for  instance,  that  which  corresponds  to  the  side  AE  of  the 
base  {fig.  490.),  through  any  point  g draw  gf  perpendicular  to  it,  meeting  the  line  A F,  show- 
ing  the  projection  of  one  of  the  sides  of  the  inclined  face  ; upon  the  developement  of  this 
face,  expressed  by  A"E'F’,  raise  at  the  same  distance  from  the  point  E'  another  perpen- 
dicular g'm',  which  will  give  the  prolongation  of  the  line  shown  on  the  base  by  A/.  If  we 
transfer  A"m  of  the  developement  upon  Am,  which  expresses  the  inclination  of  the  arris 
represented  by  this  line,  we  shall  have  the  perpendicular  height  mf  of  the  point  m above  the 
base,  which,  being  transferred  from  fm"  upon  a perpendicular  to  gf,  we  shall  have  the  two 
sides  of  a triangle  whose  hypothenuse  gm"  will  give  m"gf,  the  angle  sought. 

1206.  In  the  oblique  prism  {fig.  491.),  the  angles  of  the  faces  are  indicated  by  the  plane 
of  the  section  perpendicular  to  the  axis,  represented  by  the  polygon  hiklmn. 

1207.  Those  of  the  sides  perpendicular  to  the  plan  of  the  inclination  of  the  axis  are 
expressed  by  the  angles  Tidh,  Abd  of  the  profile  in  the  figure  last  named. 

1208.  In  order  to  obtain  the  angles  formed  with  the  other  sides,  for  instance  CcDt/  and 
CcAb,  draw  the  perpendiculars  csbf,  whose  projection  in  plan  are  indicated  by  s"c'  and  b t', 
then  upon  fic,  drawn  aside,  raise  a perpendicular  c"c"'  equal  to  cs  of  the  profile, 491. 
Through  the  point  c'"  draw  a line  parallel  to  fc,  upon  which,  having  transferred  cY  of  the 
projection  in  plan  {fig.  492.),  draw  the  hypothenuse  s"c",  and  it  will  give  the  angle  s"e"/ 
formed  by  the  face  CcDd  with  the  inferior  base. 

1209.  To  obtain  the  angles  of  the  face  CcAb,  raise  upon  F5",  drawn  on  one  side,  a per- 
pendicular b’'t"',  equal  to  bt  {fig.  492.),  and  drawing  as  before  a parallel  to  b"  through  the 
point  t"\  transfer  5 of  fig.  4d2.  to  t"'t" ; and  drawing  t"b'\  the  angle  t 'b"¥  is  that 
required. 

1210.  As  the  bases  of  this  prism  are  parallel,  these  faces  necessarily  form  the  same  angles 
with  the  superior  base. 

1211.  An  acquaintance  with  the  angles  of  planes  is  of  the  greatest  utility  in  the  prepara- 
tion of  stone,  as  will  be  seen  in  chap.  iii.,and  a thorough  acquaintance  with  it  will  well  repay 
the  architectural  student  for  the  labour  he  may  bestow  on  the  subject. 
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1212.  The  area  of  a plane  figure  is  the  measure  of  its  surface  or  of  the  space  contained 
within  its  extremities  or  boundaries,  without  regard  to  thickness.  This  area,  or  the  content 
of  the  plane  figure,  is  estimated  by  the  number  of  small  squares  it  contains,  the  sides  of 
each  whereof  may  be  an  inch,  a foot,  a yard,  or  any  other  fixed  quantity.  Hence  the  area 
is  said  to  consist  of  so  many  square  inches,  feet,  yards,  &c.,  as  the  case  may  be. 

1213.  Thus  if  the  rectangle  to  be  measured  be  ABCD  {fig.  512.),  and  the  small  square  | 
E,  whose  side  we  will  suppose  to  be  one  inch,  be  the  measuring 
unit  proposed  ; then,  as  often  as  such  small  square  is  contained  in 
the  rectangle,  so  many  square  inches  are  said  to  be  contained  in  the 
rectangle.  Here  it  will  be  seen  by  inspection  that  the  number  is 
12  ; that  the  side  DC  or  AB,  which  is  4 times  the  length  of  the 
measuring  unit,  multiplied  by  the  number  of  times  3,  which  the 
length  of  the  measuring  unit  is  contained  in  AD  or  BC,  will  give 
12  for  the  product. 

1214.  Problem  I.  To  find  the  area  of  a parallelogram,  whether  it 
be  a square,  a rectangle,  a rhombus,  or  a rhomboid. 

Multiply  the  length  by  the  perpendicular  breadth  or  height,  and 
the  product  will  be  tlie  area. 
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Example  1.  Required  the  area  of  a parallelogram  whose  length  is  12-25  feet,  and 
helglit  8-5  feet. 

12-25  X 8-5  = 104-125  feet,  or  104  feet  q inches. 

Example  2.  Required  the  content  of  a piece  of  land  in  the  form  of  a rhombus  whose 
length  is  6-20  chains,  and  perpendicular  height  5-45. 

Recollecting  that  1 0 square  chains  are  equal  to  a square  acre,  we  have, 

6 -20  X 5 '45  = 33  -79  and  = 3-379  acres,  which  are  equal  to  3 acres,  1 rood, 
20j®j^  perches. 

Example  3.  Required  the  number  of  square  yards  in  a rhomboid  whose  length  is  37 
fsct,  and  breadth  5 feet  3 inches  ( = 5 *25  feet). 

Recollecting  that  9 square  feet  are  equal  to  1 square  yard,  then  we  have 

37  X 5-25  = 194-25,  and  = 21 -584  yards. 

121  5.  Problem  II.  To  find  the  area  of  a triangle. 

Rule  1.  Multiply  the  base  by  the  perpendicular  height,  and  take  half  the  product  for  the 
area.  Or  multiply  either  of  these  dimensions  by  half  the  other.  The  truth  of  this 
rule  is  evident,  because  all  triangles  are  equal  to  one  half  of  a parallelogram  of  ecjual 
base  and  altitude.  (See  Geometry,  901.) 

Example  1.  To  find  the  area  of  a triangle  whose  base  is  625  feet,  and  its  perpendicular 
height  520  feet.  Here, 

625  X 260  = 162500  feet,  the  area  of  the  triangle. 

Rule  2.  When  two  sides  and  their  contained  angle  are  given  : multiply  the  two  given 
sides  together,  and  take  half  their  product ; then  say,  as  radius  is  to  the  sine  of  the 
given  angle,  so  is  half  that  product  to  the  area  of  the  triangle.  Or  multiply  that 
half  product  by  the  natural  sine  of  the  said  angle  for  the  area.  This  rule  is  founded 
on  proofs  which  will  be  found  in  Sect.  III.,  on  which  it  is  unnecessary  here  to  say 
more. 

Example.  Required  the  area  of  a triangle  whose  sides  are  30  and  40  feet  respectively, 
and  their  contained  angles  28°  57'. 

By  natural  numbers  : — 

First,  1 X 40  X 30  = 600. 

Then,  1 ; 600: : -484046  (sin.  28°  57')  : 290-4276. 

By  logarithms : — 

Sin.  28°  57'=  9-684887 

Log.  of  600  = 2-778151 

2-463038  = 290-4276,  as  above. 

Rule  3.  When  the  three  sides  are  given,  take  half  the  sum  of  the  three  sides  added  to- 
gether. Then  subtract  each  side  severally  from  such  half  sum,  by  which  three  re- 
mainders will  be  obtained.  Multiply  such  half  sum  and  the  three  remainders 
together,  and  extract  the  square  root  of  the  last  product,  which  is  the  area  of  the 
triangle.  This  rule  is  founded  on  one  of  the  theorems  in  Trigonometry  to  be  found 
in  the  section  relating  to  that  subject. 

Example.  Required  the  area  of  a triangle  whose  three  sides  are  20,  30,  and  40. 

20  + 30  + 40  = 90,  whose  half  sum  is  45. 

45  —20  = 25,  first  remainder  ; 45  — 30  = 15,  second  remainder  ; 45  — 40=5,  third 
remainder. 

Then,  45  x 25  x 15  x 5 = 84375,  whose  root  is  290-4737,  area  required. 

1216.  Problem  III.  To  find  the  area  of  a trapezoid. 

.\dd  together  the  parallel  sides,  multiply  their  sum  by  the  perpendicular  breadth  or  dis- 
tance between  them,  and  b.alf  the  product  is  the  area.  (See  Geometry,  932.) 

Example  1.  Required  the  area  of  a trapezoid  whose  parallel  sides  are  750  and  122.5, 
and  their  vertical  distance  from  each  other  1540. 


1225  + 750  X 770=  1520750,  the  area. 

Example  2.  Required  the  area  of  any  quadrangular 
figure  {fig.  513.)  wherein  AP  is  110  fVet, 
AQ.  745  feet, 
AB  11 10  feet,. 
CP  352  feet 
DQ  595  feet. 


Fig.  013. 


Therefore,  QB  = aB-AQ  = 1110-74o  = 365, 

And  PQ=AB- AP-QB  = 1 no-  110  -365  = 635. 
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For  PCDQ,  595  + 352  x 695-^2  = 300672*5 
For  the  triangle  AGP,  176  x 110=  19360 


For  the  triangle  DQ.B, 


365  X £95 
2 


= 108587*5 


Area  = 428620*0  feet. 


1217.  Problem  IV.  To  find  the  area  of  any  trapezium. 

Divide  the  trapezium  into  two  triangles  by  a diagonal ; then  find  the  areas  of  the  two 
triangles,  and  their  sum  is  the  area. 

Observation.  If  two  perpendiculars  be  let  fall  on  the  diagonal  from  the  other  two  opposite 
ingles,  then  add  these  two  perpendiculars  together,  and  multiply  that  sum  by  the  diagonal. 
Half  the  product  is  the  area  of  the  trapezium.  ^ 

Example.  Required  the  area  o*'  a trapezium  whose  diagonal  is  42,  and  the  two  per-j 
pendiculars  or.  it  16  and  18. 

Here,  16  + 18  =34,  whose  half=  17;  Then,  42x  17=71 4,  the  area. 

1218.  Problem  V.  To  find  the  area  of  an  irregular  polygon. 

UreW  diagonals  dividing  the  proposed  polygon  into  trapezia  and  triangles.  Tiien,’1 

having  found  the  areas  of  all  these  separately,  their  sum  will  be  the  content  re- 
quired of  the  whole  polygon. 

Example.  Re(|uired  the  content  of  the  irregular 
figure  ABCDEFGA  {fig.  514.),  wherein  the 
following  diagonals  and  perpendiculars  are 
given. 

AC=55,  GC  = 44,  Bn  = 18,  Ep  = 8, 

FD  = 52,  Gm=13,  GO=l2,  U7  = 23. 

And  55  X 9 =495 

55x  6*5  =357*5 
44  X 11*5  = 506 
52x6  =312 

52  X 4 =208 

- 1878*5,  area  required. 

1219.  Problem  VI.  To  find  the  area  of  a regular  polygon. 

Rule  1.  Multiply  the  perimeter  of  the  polygon,  or  sum  of  its  sides,  by  the  perpendicu 

lar  drawn  from  its  centre  on  one  of  its  sides,  and  take  half 
the  product  of  the  area  ; which  is  in  fact  resolving  the  poly- 
gon into  so  many  triangles. 

Example.  Required  the  area  of  the  regular  pentagon  ABCDE 
{fig.  5\5.},  whose  side  AB  or  BC,  &c.  is  25  ft.,  and 
perpendicular  OP  17*2  ft. 

25x5  perimeter,  and  62*5  x 17*2  = 1075 

square  feet  area  required. 

Rule  2.  Square  the  side  of  the  polygon,  and  multiply  the  square 
by  the  tabular  area  or  multiplier  set  against  its  name  in  the 
following  table,  and  the  product  will  be  the  area.  This 

rule  is  founded  on  the  property,  that  like  polygons,  being  similar  figures,  are  to  one 
another  as  the  squares  of  their  like  sides.  Now  the  multipliers  of  the  table  are 
the  respect’ive  areas  of  the  respective  polygons  to  aside  =1  ; whence  the  rule  is 
evident.  In  the  table,  the  apothem  of  a regular  polygon  is  the  line  O P, 


Here  f"X_-^g2*5 


table  of  polygons.  (See  also  s.v.  Polygon.)  ^ ! 


No. 

of 

sides 

Name  of  Polygon. 

Angle 

OBP. 

degrs. 

Angle 

of 

centre. 

Length 
of  Apoth. 
Kad.  = 1 

Length  of 
Side. 
Rad=  1 

Length 
of  Rad. 
Apt.  =I 

Length  of 
Radius. 
Side  = 1 

Multipliers. 

3 

Trigon  or  Equ.  Tri. 

30 

120 

•5000 

1-732051 

2*0000 

*5773503 

0*4330127 

4 

Tetragon 

45 

90 

•7071 

1*414214 

1*4142 

*7071068 

1*0000003 

5 

Pentagon 

54 

72 

*8090 

1*175570 

1*2360 

*8506508 

1*7204774 

6 

Hexagon 

60 

60 

•8660 

1*000000 

1*1547 

1*0000000 

2*5980762 

7 

Heptagon 

64| 

51*25f 

*9010 

•867767 

1*1095 

1*1523824 

3*6339124 

8 

Octagon 

67^ 

45 

*9239 

•765367 

1*0823 

P.3065628 

4*8284271 

9 

Nonagon 

70" 

40 

•9397 

*684040 

1*0642 

1*4619022 

6*1818242 

10 

Decagon 

72 

36 

*9511 

•618034 

1*0515 

1*6180340 

7*6942088 

1 

Undecagon  - 

7.3-’’- 
' 11 

32*43^ 

•9595 

•563465 

1*0422 

1*7747324 

9-3656399 

12 

Dodecagon  - 

75 

30 

*9659 

•517638  P0352 

1*9318517 

11*1961521 
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Example.  Required  the  area  of  an  octagon  whose  side  is  20  feet. 

Here  20^  = 400,  and  the  tabular  area  4-8284271  ; 
llierefore  4-8284271  x 400  = 1931-37084  feet,  area  required. 

1220.  Problem  VII.  To  find  the  diameter  and  circumference  of  any  circle,  either  from  the 
other. 

Rule  1.  As  7 is  to  22,  or  as  1 is  to  3-1416,  so  is  the  diamete?  to  the  circumference.  Or 
as  22  is  to  7,  so  is  the  circumference  to  the  diameter. 

Example.  Required  the  circumference  of  a circle  whose  diameter  is  9. 

Here  7 : 22::9  : 28|;  or,  — ^ = 28f,  the  circumference  required. 

Required  the  diameter  of  a circle  whose  circumference  is  36. 

Here  22  : 7 1 : 36  : 1 1 ; or,  = 1 1 the  diameter  required. 

1221.  Problem  VIII.  To  find  the  length  of  any  arc  of  a circle. 

Rule  1.  Multiply  the  decimal  -01745  by  the  number  of  degrees  in  the  given  arc,  and 
that  by  the  radius  of  the  circle  ; then  the  last  product  will  be  the  length  of  the  arc. 
This  rule  is  founded  on  the  circumference  of  a circle  being  6*2831854  when  the 
diameter  is  2,  or  3*1415927  when  the  diameter  is  1.  The  length  of  the  whole 
circumference  then  being  divided  into  360  degrees,  we  have  360°  ; 6*2831854 

::i° : -01745. 

Example.  Required  the  length  of  an  arc  of  30  degrees,  the  radius  being  9 feet. 

Here  *01745  x 30  x 9 = 4*71 15,  the  length  of  the  arc. 

Rule  2.  From  8 times  the  chord  of  half  the  arc  subtract  the  chord  of  the  whole  arc, 
and  one  third  of  the  remainder  will  be  the  length  of  the  arc  nearly. 

Example.  Required  the  length  of  an  arc  DCE  {fig.  516.)  whose  chord  DE  is  48, 
and  versed  sine  18. 

Here,  to  find  DC,  we  have  242  + 18^  = 576  + 324  = 900, 
and  -v/900  = 30=DC. 

Whence  =64,  the  length  of  the  are 

required. 

1222.  Problem  IX.  To  find  the  area  of  a circle. 

Rule  1.  Multiply  half  the  circumference  by  half  the  diame- 
ter. Or  multiply  the  whole  circumference  by  the  whole 
diameter,  and  take  \ of  the  product. 

Rule  2.  Square  the  diameter,  and  multiply  such  square  by  *7854. 

Rule  3.  Square  the  circumference,  and  multiply  that  square  by  the  decimal  *07958. 
Example.  Required  the  area  of  a circle  whose  diameter  is  10,  and  its  circumferenco 
31-416. 

By  rule  1.,  = 78 -54. 

By  rule  2.,  102  x -7854  = 100  x *7854  = 78*54. 

By  rule  3.,  31  *416  x 31  *416  x *07958  =78*54. 

So  that  by  the  three  rules  the  area  is  78*54. 

1 223.  Problem  X.  To  find  the  area  of  a circular  ring,  or  of  the  space  included  between 
the  circumferences  of  two  circles,  the  one  being  contained  within  the  other. 

Rule.  The  difference  between  the  areas  of  the  two  circles  will  be  the  area  of  the  ring. 
Or,  multiply  the  sum  of  the  diameters  by  their  difference,  and  this  product  again 
by  *7854,  and  it  will  give  the  area  required. 

Example.  The  diameters  of  two  concentric  circles  being  10  and  6,  required  the  axea 
of  the  ring  contained  between  their  circumferences. 

Here  10  + 6 = 16,  the  sum,  and  10  — 6 = 4,  the  difference. 

Tlierefore  *7854  x 16  x 4 = *7854  x 64  = 50*2656,  the  area  required. 

1224.  Problem  XI.  To  find  the  area  of  the  sector  of  a circle. 

Rule  1.  Multiply  the  radius,  or  half  the  diameter,  by  half  the  arc  of  the  sector  for  the 
area.  Or  multiply  the  whole  diameter  by  the  whole  arc  of  the  sector,  and  take  J 
of  the  product.  This  rule  is  founded  on  the  same  basis  as  that  to  Problem  IX. 
Rule  2.  As  360  is  to  the  degrees  in  the  arc  of  the  sector,  so  is  the  area  of  the  whole 
circle  to  the  area  of  the  sector.  This  is  manifest,  because  it  is  proportional  to  the 
length  of  the  arc. 

Example.  Required  the  area  of  a circular  sector  whose  arc  contains  18  degrees,  the 
diameter  being  3 feet. 

By  the  first  rule,  3*1416  x 3 = 9*4248,  the  circumference. 

360  : 18  ::  9*4248  : *47124,  the  length  of  the  arc. 

•47 1 24  X 3 + 4 = 1 *4 1 372  +-  4 = *35343,  the  area  of  the  sector. . 
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By  the  second  rule,  *7854  x 32  = 7-0386,  area  of  the  whole  circle. 

360  : 18:;7-OG8G  : -35343,  the  area  of  the  sector. 

1225.  Prohi.em  XII.  2h  find  the  area  of  a segment  of  a circle. 

Rule  1.  Find  the  area  of  the  sector  having  the  same  arc  with  the  segment  by  the  last 
problem.  Then  find  the  area  of  the  triangle  formed  by  the  chord  of  the  segment 
and  the  two  radii  of  the  sector.  Take  the  sum  of  these  two  for  the  answer  when 
the  segment  is  greater  than  a semicircle,  and  their  difference  when  less  than  a 
semicircle. 

Example.  Required  the  area  of  the  segment  ACBDA 
{fig.  517.),  its  chord  AB  being  12,  and  the  radius  AE 
or  CE  10. 

As  AE  : sin.  Z D90°:;AD  : sin.  36°  : 521  = 36-87  degrees 
in  the  arc  AC. 

Their  double  73-74  degrees  In  arc  ACB. 

Now,  -7854  X 400  = 314-16,  the  area  of  the  whole  circle. 

Therefore,  360^  I 73-74  ;:314*16  : 64-3504,  area  of  the  sector 
ACBE.  _ 

Again,  ^/ A E2  - A D2  = v^l  00 - 36  = a/64  = 8 -=  DE. 

Therefore,  AD  x UE  = 6 x 8 = 48,  the  area  of  the  triangle 
AEB. 

Hence  the  sector  ACBE  (64*350),  less  triangle  AEB  (48) 

= 16*3504,  area  of  segment  ACBDA. 

Rule  2.  Divide  the  height  of  the  segment  by  the  diameter,  and  find  the  quotient  in  the 
column  of  heights  in  the  following  table.  Take  out  the  corresponding  area  in  the 
next  column  on  the  right  hand,  and  multiply  it  by  the  square  of  the  circle’s  diameter 
for  the  area  of  the  segment.  This  rule  is  founded  on  the  principle  of  similar  plane 
figures  being  to  one  another  as  the  squares  of  their  like  lineal  dimensions.  The 
segments  in  the  table  are  those  of  a circle  whose  diameter  is  1.  In  the  first  column 
is  contained  the  versed  sines  divided  by  the  diameter.  Hence  the  area  of  the 
similar  segment  taken  from  the  table  and  multiplied  by  the  square  of  the  diameter 
gives  the  area  of  the  segment  to  such  diameter.  When  the  quotient  is  not  found 
exactly  in  the  table,  a proportion  is  used  between  the  next  less  and  greater  area. 

Example.  As  before,  let  the  chord  AB  be  12,  and  the  radius  10  or  diameter  20. 

Having  found  as  above  DE  = 8:  then  CE  — DE  = CD  = 10  — 8 = 2.  Hence 
by  the  rule  CD-i- CF  = 2 -5-20=  *1,  the  tabular  height;  this  being  found  in 
the  first  column  of  the  table,  the  corresponding  tabular  area  is  *040875; 
then  *040875  X 20‘2=  *040875  X 400  = 16*340,  the  area  nearly  the  same  as 
before. 


Areas  of  the  Segments  of  a Circle  whose  Diameter,  Unity,  is  supposed  to  be 

DIVIDED  INTO  1000  E(iUAL  PaRTS. 


I j 

, light. 1 Area  Seg. 

light. 1 Area  Seg. 

light. 

Area  Seg. 

Hght. 

Area  Seg. 

Hght. 

Area  Seg. 

Hght. 

|Area  Seg. 

-001 

•000042 

•022 

•004322 

•043 

•01 1 734 

•064 

•021168 

•085 

•032186 

•106 

•044522 

-002  : 

•0001 1 9 

•023 

•004618 

•044 

•0121  42 

•065 

•021659 

•086 

•032745 

•107 

•045139 

-003 

•000219 

•024 

•004921 

•045 

•012554 

•066 

•022154 

087 

•033307 

•1081 

•045759 

-004 

•000337 

•025 

•005230 

•046 

•012971 

•067 

•022652 

•088 

•033872 

•109 

•046381 

•005 

•000470 

•026 

•005546 

•047 

•01 3392 

•068 

•023154 

•089 

•034441 

•110 

•047005 

•OOG 

•00061  8 

•027 

•005867 

•048 

•013818 

•069 

•023659 

•090 

•03501 1 

•111 

•047632 

•007 

•000779 

•028 

•0061  94 

•049 

•01  4247 

•070 

•024168 

•091 

•035585 

•112 

•048262 

•008 

•000951 

•029 

•006527 

•050 

•014681 

•071 

•024680 

•092 

•036162 

•113 

•048894 

•009 

•001 1 35 

•030 

•006865 

•051 

•015119 

•072 

•0251  95 

•093 

•036741 

•114 

•0495^8 

;-oio 

•001329 

•031 

•007209 

•052 

•015561 

•073 

•025714 

•094 

•037.323 

•115 

•050165 

•Oil 

•001  533 

•032 

•007558 

•053 

•01 6007 

•074 

•026236 

•095 

•037909 

•116 

•050804 

•012 

•001  746 

•033 

•007913 

•054 

•016457 

•075 

•026761 

•096 

•038496 

•117 

•051446 

•013 

•001  968 

•034 

•008273 

•055 

•016911 

•076 

•027289 

•097 

•039087 

•118 

•052090 

•014 

•002199 

•035 

•008638 

•056 

•017369 

•077 

•027821 

•098 

•039680 

•119 

•052736 

•015 

•002438 

•036 

•009008 

•057 

•017831 

•078 

•028356 

•099 

•040276 

•120 

•053385 

•016 

•002685 

•037 

•009383 

•058 

•018296 

•079 

•028894 

•100 

, -040875 

•121 

•054036 

•017 

•002940 

•038 

•009763 

•059 

•018766 

•080 

-029435 

•101 

j -041476 

•122 

•054689 

•018 

•003202 

•039 

•010148 

•060 

•01  9239 

•081 

•029979 

•102 

•042080 

•123 

•055345 

•019 

•003471 

•040 

•010537 

•061 

j -019716 

•082 

•030526 

•103 

•042687 

•124 

•056003 

•020 

•003748 

•041 

•010931 

•062 

I -020196 

•083 

•031076 

•104 

•043296 

•125 

•056663 

•021 

•004031 

•042 

•01 1 3.30 

•063 

' -020680 

•084 

' -031629 

•105 

' -043908 

•126 

•057.326 
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r 

light. 

Area  Seg. 

light. 

Area  S g. 

light. 

Area  Seg 

light. 

|.*\rea  Seg. 

! 

light. 

Area  Seg. 

light. 

Area  Seg. 

•127 

•057991 

•190 

•1 03900 

•253 

•156149 

•315 

•212011 

•377 

•270951 

•439 

•3318.50 

•128 

•058658 

•191 

•104685 

•254 

•157019 

•316 

•212940 

•378 

•271  920 

•440 

•332843 

•129 

•059327 

•192 

•105472 

•255 

•157890 

•317 

•213871 

•379 

•272890 

•441 

•333836 

•130 

•059999 

•193 

•106261 

•256 

•158762 

•318 

•214802 

•380 

•273861 

•442 

•334829 

•131 

•060672 

•194 

•107051 

•257 

•159636 

•319 

•215733 

•381 

•274832 

•443 

•335822 

•132 

•061  348 

•195 

•107842 

•258 

•160510 

•320 

•216666 

•382 

•275803 

•444 

•336816 

•133 

•062026 

•196 

•108636 

•259 

•161386 

•321 

•217599 

•383 

•276775 

•445 

•337810 

•134 

•062707 

•197 

•109430 

•260 

•162263 

•322 

•218533 

•384 

•277748 

•446 

•338804 

•135 

•063389 

•198 

•110226 

•261 

•1 631 40 

•323 

•219468 

•385 

•278721 

•447 

•339798 

•136 

•064074 

•199 

•111024 

•262 

•164019 

•324 

•220404 

•386 

•279694 

•448 

•340793 

•137 

•064760 

•200 

•1118^3 

•263 

•164899 

•325 

•221340 

•387 

•280668 

•449 

•341787 

•138 

•065449 

•201 

•112624 

•264 

•165780 

•326 

•222277 

•388 

•281642 

•450 

•342782 

•139 

•066140 

202 

•113426 

•265 

•1 66663 

•327 

•223215 

•389 

•282617 

•451 

•343777 

•140 

•066833 

•203 

•114230 

•266 

•167546 

•328 

•224154 

•390 

•283592 

•452 

•344772 

•141 

•067528 

•204 

•1 1 5035 

•267 

•1  68430 

•329 

•225093 

•391 

•284568 

•453 

•345768 

•142 

•068225 

•205 

•115842 

•268 

•169315 

•330 

•226033 

•392 

•285544 

•454 

•346764 

•143 

•068924 

•206 

•1 1 6650 

•269 

•170202 

•331 

•226974 

•393 

•286521 

•455 

•347759 

•144 

•069625 

•207 

•1 1 7460 

•270 

•171089 

•332 

•227915 

•394 

•287498 

•456 

•348755 

•145 

•070328 

•208 

•118271 

•271 

•171971 

•333 

•228858 

•395 

•288476 

•457 

•349752 

•146 

•071033 

•209 

•119083 

•272 

•172867 

•334 

•229801 

•396 

•289453 

•458 

•;}50748 

•147 

•071741 

•210 

•119897 

•273 

•173758 

•335 

•230745 

•397 

•290432 

•459 

•351745 

•148 

•072450 

•211 

•120712 

•274 

•1  74649 

•336 

•231689 

•398 

•2914]  1 

•460 

•352742 

•149 

•073161 

•212 

•121529 

•275 

•175542 

•337 

•232634 

•399 

•292390 

•461 

•353739 

•150 

•073874 

•213 

•122347 

•276 

•176435 

•338 

•233580 

•400 

•293369 

•462 

•354736 

•151 

•074589 

•214 

•123167 

•277 

•177330 

•339 

•234526 

•401 

•294349 

•463 

•355732 

•152 

•075306 

•215 

•123988 

•278 

•178225 

•340 

•235473 

•402 

•295330 

•464 

-.556730 

•153 

•076026 

•216 

•124810 

•279 

•179122 

•341 

•236421 

•403 

•296311 

•465 

•357727 

•154 

•076747 

•217 

•125634 

•280 

•180019 

•342 

•237369 

•404 

•297292 

•466 

•358725 

•155 

•077469 

•218 

•126459 

•281 

•180918 

•343 

•238318 

•405 

•298273 

•467 

•359723 

•156 

•078194 

•219 

•127285 

•282 

•181817 

•344 

•239268 

•406 

•299255 

•468 

•360721 

•157 

•078921 

•220 

•128113 

•283 

•182718 

•345 

•240218 

•407 

•300238 

•469 

•361719 

•158 

•079649 

•221 

•128942 

•284 

•183619 

•346 

•241169 

•408 

•301 220 

•470 

•362717 

•159 

•080380 

•222 

•129773 

•285 

•184521 

•347 

•242121 

•409 

•302203 

•471 

•363715 

•1 60 

•081112 

•223 

•1 30605 

•286 

•185425 

•348 

•243074 

•410 

•303187 

•472 

•364713 

•161 

•081846 

•224 

•131438 

•287 

•186329 

•349 

•244026 

•411 

•304171 

•473 

•365712 

•162 

•082582 

•225 

•1  32272 

•288 

•187234 

•350 

•244980 

•412 

•3051  55 

•474 

•366710 

•163 

•083320 

•226 

•133108 

•289 

•188140 

•351 

•245934 

•113 

•306140 

•475 

•367709 

•164 

•084059 

227 

•133945 

•290 

•189047 

•352 

•246889 

•414 

•307125 

•476 

•368708 

•165 

•084801 

•228 

•134784 

•291 

•189955 

•353 

•247845 

•415 

•308110 

•477 

•369707 

•166 

•085544 

•229 

•135624 

•292 

•1 90864 

•354 

•248801 

•416 

•309095 

•478 

•370706 

•167 

•086289 

•230 

•136465 

•293 

•191775 

•355 

•249757 

•417 

•310081 

•479 

•371704 

•168 

•087036 

•231 

•137307 

•294 

•192684 

•356 

•250715 

•418 

•311068 

•480 

•372704 

•169 

•087785 

•232 

•138150 

•295 

•1 93596 

•357 

•251673 

•419 

•312054 

•481 

•37370;5 

•170 

•088535 

•233 

•138995 

•296 

•194509 

■358 

•252631 

‘420 

•313041 

•482 

•374702 

•171 

•089287 

•234 

•139841 

•297 

•195422 

•359 

•253590 

•421 

•314029 

•483 

•375702 

•172 

•090041 

•235 

•140688 

•298 

•1 96.337 

•360 

•254550 

•422 

•315016 

•484 

•376702 

•173 

•090797 

•236 

•141537 

•299 

•197252 

•361 

*255510 

•423 

•316004 

•485 

•377701 

•174 

•091554 

•237 

•142387 

•300 

•198168 

•362 

•256471 

•424 

•316992 

•486 

•378701 

•175 

•092313 

•238 

•143238 

•301 

•199085 

•363 

•257433 

•425 

•317981 

•487 

•379700 

•176 

•093074 

•239 

•144091 

•302 

•200003 

•364 

•258395 

•426 

•318970 

•488 

•380700 

•177 

•093836 

•240 

•144944 

•303 

•200922 

•365 

•259357 

•427 

•319959 

•489 

•381699 

•178 

•094601 

•241 

•145799 

•304 

•201841 

'366 

•260.S20 

•428 

•320948 

•490 

•382699 

•179 

•095366 

•242 

•146655 

•305 

•202761 

•367 

•261284 

•429 

•321938 

•491 

•383699 

•180 

•096134 

•243 

•147512 

•306 

•203683 

•368 

•262248 

•4.30 

•322928 

•492 

•384699 

•181 

•096903 

•244 

•148371 

•307 

•204605 

•369 

•263213 

•131 

•323918 

•493 

•385699 

•182 

•097674 

•245 

•149230 

•308 

•205527 

•370 

•264178 

•432 

•324909 

•494 

•386699 

•183 

•098447 

•246 

•150091 

•309 

•206451 

•371 

•265144 

•433 

•325900 

•495 

•387699 

•184 

•099221 

247 

•150953 

•310 

•207376 

•372 

•266111 

•434 

•326892 

•496 

•388699 

•185 

•099997 

•248 

•151816 

•311 

•208301 

•373 

-.267078 

•435 

•327882 

•497 

•389699 

•186 

•100774 

•249 

•152680 

•312 

•209227 

•374 

•268045 

•436 

•328874 

•498 

•390699 

•187 

•101  553 

•25.) 

•153546 

•313 

210154 

•375 

•26901 3 

•437 

•329866 

•499 

•391699 

•188 

•189 

•1 0233^1 
103116 

•251 

•252 

•154412 

•155280 

•314 

211082 

•376 

•269982 

•438 

•330858 

•500 

•392699 
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1226.  Problem  XIII.  To  find  the  area  of  an  ellipsis. 

Rule.  Multiply  the  longest  and  shortest  diameter  together,  and  their  product  by  •7854, 
which  will  give  the  area  required.  This  rule  is  founded  on  Theorem  3.  Cor  2.  in 
•Conic  Sections.  (1098,  1100.) 

Example.  Required  the  area  of  an  ellipse  whose  two  axes  are  70  and  50. 

Here  70  x 50  x *7854  = 2748 -9. 

1227.  Problem  XIV.  To  find  the  area  of  any  elliptic  segment. 

Rule.  Find  the  area  of  a circular  segment  having  the  same  height  and  the  same 
vertical  axis  or  diameter  ; then,  as  the  said  vertical  axis  is  to  the  other  axis  (parallel 
to  the  base  of  the  segment),  so  is  the  area  of  the  circular  segment  first  found  to  the 
area  of  the  elliptic  segment  sought.  This  rule  is  founded  on  the  theorem  alluded 
to  in  the  previous  problem.  Or,  divide  the  height  of  the  segment  by  the  vertical 
axis  of  the  ellipse  ; and  find  in  the  table  of  circular  segments  appended  to  Prob.  12. 
(1224.)  the  circular  segment  which  has  the  above  quotient  for  its  versed  sine  ; then 
multiply  together  this  segment  and  the  two  axes  of  the  ellipse  for  the  area. 

Example.  Required  the  area  of  an  elliptic  segment  whose  height  is  20,  the  vertical 
axis  being  70,  and  the  parallel  axis  50. 

Here  204-70= '2857142,  the  quotient  or  versed  sine  to  which  in  the 
table  answers  the  segment  ’285714. 

Then  *285714  x 70  x 50  = 648-342,  the  area  required. 

1228.  Problem  XV.  To  find  the  area  of  a parabola  or  its  segment. 

Rule.  Multiply  the  base  by  the  perpendicular  height,  and  take  two  thirds  of  the  pro- 
duct for  the  area.  This  rule  is  founded  on  the  properties  of  the  curve  already 
described  in  conic  sections,  by  which  it  is  known  that  every  parabola  is  ^ of  its 
circumscribing  parallelogram.  (See  1097.) 

Example.  Required  the  area  of  a parabola  whose  height  is  2 and  its  base  12. 

Flere  2x12  = 24,  and  § of  24  = 1 6 is  the  area  required. 

MENSURATION  OF  SOLIDS. 

1229.  The  measure  of  every  solid  body  is  the  capacity  or  content  of  that  body,  con- 
sidered udder  the  threefold  dimensions  of  length,  breadth,  and  thickness,  and  the  measure 
of  a solid  is  called  its  solidity,  capacity,  or  content.  Solids  are  measured  by  units  which 
are  cubes,  whose  sides  are  inches,  feet,  yards,  &c.  Whence  the  solidity  of  a body  is 
said  to  be  of  so  many  cubic  inches,  feet,  yards,  &c.  as  will  occupy  its  capacity  or  space, 
or  another  of  equal  magnitude. 

1230.  The  smallest  solid  measure  in  use  with  the  architect  is  the  cubic  inch,  from  which 
other  cubes  are  taken  by  cubing  the  linear  proportions,  thus,  — 

1728  cubic  inches  = 1 cubic  foot ; 

27  cubic  feet  = l cubic  yard. 

1231.  Problem  I.  To  find  the  superficies  of  a prism. 

Multiply  the  perimeter  of  one  end  of  the  prism  by  its  height,  and  the  product  will  be  the 
surface  of  its  sides.  To  this,  if  wanted,  add  the  area  of  the  two  ends  of  the  prism. 
Or,  compute  the  areas  of  the  sides  and  ends  separately,  and  add  them  together. 

Example  1.  Required  the  surface  of  a cube  whose  sides  are  20  feet. 

Flere  we  have  six  sides  ; therefore  20  x 20  x 6 = 2400  feet,  the  area  required. 

Example  2.  Required  the  surface  of  a triangular  prism  whose  length  is  20  feet  and 
each  side  of  its  end  or  base  1 8 inches. 

Here  we  have,  for  the  area  of  the  base, 

1 *52— *75-  = (2-25— ’5625  = ) 1 -68752  for  the  perpendicular  of  triangle  of 
base ; 

and  a/1 ’6875  = 1 ’299,  which  multiplied  by  1 ’5  = 1 ’948  gives  the  area  of  the 
two  bases ; 

then,  3 X 20  X 1 ’5  + 1 ‘948  = 91  ’948  is  the  area  required. 

Example  3.  Required  the  convex  surface  of  a round  prism  or  cylinder  whose  length 
is  20  feet  and  the  diameter  of  whose  base  is  2 feet. 

Here,  2 x 3*1 416  = 6*2832, 

. and  3-1416  x 20  = 125  664,  the  convex  surface  required. 

1232.  Pro’jlem  II.  To  find  the  surface  of  a pyramid  or  cone. 

Rule.  Multiply  the  perimeter  of  the  base  by  the  length  of  the  slant  side,  and  half  the 
product  will  be  the  surface  of  the  sides  or  the  sum  of  the  areas  of  all  the  sides,  or 
of  the  areas  of  the  triangles  whereof  it  consists.  To  this  sum  add  the  area  of  the 
end  or  base. 

Example  1.  Required  the  surface  of  the  slant  sides  of  a triangular  pyramid  whose 
slant  height  is  20  feet  and  each  side  of  the  base  3 feet. 

Here,  20  x 3 (the  perimeter)  x 3-r2  = 90  feet,  the  surface  required. 
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Exanii)Ie  2.  llctjuircd  the  convex  suilace  of  a cone  or  circular  p}-ramicl  wliose  slant 
hei|;lit  is  50  feet  and  the  diameter  of  its  base  8.^  feet. 

Here,  8*5  x 3-1 41G  x 50  4-2  = ()67‘5,  the  convex  surface  required, 

1 233.  Pkohi.em  II 1.  'To  find  the  surface  of  the  frnstum  of  a pyramid  or  cone,  being  the  hirer 
fiurt  h'here  the  top  is  cut  ojf  by  a plane  parallel  to  the  base. 

Rule.  Add  together  the  perimeters  of  the  two  ends  and  multiply  their  sum  by  llie  slant 
lieight.  One  half  of  the  juoduet  is  tlie  surface  sought.  This  is  manifest,  became 
the  sides  of  the  solid  are  trajiezoids,  having  the  ojiposite  sides  parallel. 
i Example  1.  Required  the  surface  of  the  frustum  of  a s(]uare  pyramid  whose  slant 
height  is  10  feet,  each  side  of  the  base  being  3 feet  4 inches  and  each  side  of  the 
top  2 feet  2 inches. 

Here,  3 feet  4 inches  x 4 = 13  feet  4 inches,  and  2 feet  2 inches  x 4 = 8 feet  8 inches ; 
and  13  feet  4 inches  + 8 feet  8 inehes  = 22.  Then  224-  2 x 10=1 10  feet,  the  surface 
required. 

Example  2.  Required  the  convex  surface  of  the  frustum  of  a cone  whose  slant  heiglit 
is  121  feet  and  the  circumference  of  the  two  ends  6 and  8-4  feet. 

Here,  6 + 8‘4  = 14'4;  and  14-4  x 1 2'5  4-2  = 180-j-2  = 90,  the  convex  surface  required. 

1234.  PiiOBLEM  IV.  To  find  the  solid  content  of  any  prism  or  cylinder. 

Rule.  Find  the  area  of  the  base  according  to  its  figure,  and  multijily  it  by  the  length  of 
the  prism  or  cylinder  for  the  solid  content.  This  rule  is  founded  on  Prop.  99. 

( Geometry,  980. ).  Let  the  rectangular  parallelopipedon  be  the  solid  to  be  measured, 
the  small  cube  P (^fiy.  51  8.)  being  the  measuring  unit,  its  side  being  1 inch,  1 foot,  &c. 
Let  also  the  lengtli  and  breadth  of  the  base  A BCD, 
and  also  let  the  height  AH,  be  divided  into  spaces  equal 
to  the  side  of  the  base  of  the  cube  P ; for  instance, 
here,  in  the  length  3 and  in  the  breadth  2,  making  3 
times  2 or  6 scjuares  in  the  base  AC  each  equal  to 
the  base  of  tbe  cube  P.  It  is  manifest  that  the  paral- 
lelopipedon will  contain  the  cube  P as  many  times  as 
the  b.ase  AC  contains  the  base  of  the  cube,  repeated  as 
often  as  the  height  AH  contains  the  height  of  the  cube. 

Or,  in  other  word.s,  the  contents  of  a ])arallelopipedon 
is  found  by  multiplying  the  area  of  the  base  by  the 
altitude  of  the  solid.  And  because  all  prisms  and  cylin- 
ders are  equal  to  parallelopipedons  of  equal  bases  and 
altitudes,  the  rule  is  general  for  all  such  solids  whatever  the  figure  of  their  base. 

Example  1.  Required  the  solid  content  of  a cube  whose  side  is  24  inches. 

Here,  24  x 24  x 24  = 13824  cubic  inches. 

Example  2.  Required  the  solidity  of  a triangular  prism  wdiose  length  is  10  feet  and 
the  three  sides  of  its  triangular  end  are  3,  4,  and  5 feet. 

Here,  because  (Prop.  32.  Geometry,  907.)  3- -1-42  = 5-,  it  follows  that  the  angle  con- 
tained by  the  sides  3 and  4 is  a right  angle.  Therefore  x 10  = 60  cubic  feet, 
the  content  required. 

Example  3.  Required  the  content  of  a cylinder  whose  length  is  20  feet  and  its 
diameter  5 feet  6 inches. 

Here,  5-5  x 5-5  x *7854  = 23-75835,  area  of  base; 

and  23-75835  x 20  = 47-5167,  content  of  cylinder  required. 

1235.  Problem  V.  To  find  the  coident  of  any  pyramid  or  cone. 

Rule.  Find  the  area  of  the  base  and  multiply  that  area  by  the  perpendicular  height. 
One  third  of  the  product  is  the  content.  This  rule  is  founded  on  Prop.  110 
(Geometry,  991.) 

Example  1.  Required  the  solidity  of  the  s(juare  pyramid,  the  sides  of  w'lose  ba.se  are 
30,  and  its  perpendicular  height  25. 

Here,  x 25  = 7500,  content  required. 

Example  2.  Required  the  content  of  a triangular  pyramid  whose  perpendicular 
height  is  30  and  oach  side  of  the  base  3. 

Here,  — ^-|^^  = § = 4-5,  half  sum  of  the  sides  ; 

and  4*5  — 3 = 1-5,  one  of  the  three  equal  remainders.  (See  Trigonometry,  1052.) 
but  ^4-5  X 1-5  X 1-5  X P5  x 30 -^3  =3-897 1 1 7 x 10,  or  38-97117,  the  solidity 
^ required. 

Example  3.  Required  the  content  of  a pentagonal  pyramid  whose  height  is  12  leet 
and  each  side  of  its  base  2 feet. 

Here,  L7204774  (tabular  area,  Prob.  6.  1 2 1 8.)  x 4 (square  of  side)  = 6‘88  1 9U-46 
area  of  base  ; and  6*8819096  x 12  = 82*5829!  52. 

Then -^-^^^^  = 27-52767581,  content  required. 
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Example  4 Required  the  content  of  a cone  whose  height  is  10^  feet  and  the  circum- 
ference of  its  base  9 feet. 

Here,  -07958  (Prob.  9.  1222.)  x 81  =6*44598  area  of  base, 

And  3-5  being  ^ of  lO.Tfeet,  6-44598  x 3*5=22*56093  is  the  content  required. 

1236.  Problem  VI.  To  find  the  solidity  of  the  frustum  of  a cone  or  pyramid. 

Add  together  the  areas  of  the  ends  and  the  mean  proportional  between  them.  Then 
taking  one  third  of  that  sum  for  a mean  area  and  multiplying  it  by  the  per- 
pendicular heiglit  or  length  of  the  frustum,  we  shall  have  its  content.  This  rule 
depends  upon  Prop.  110.  v Geometry,  991.). 

It  may  be  otherwise  expressed  when  the  ends  of  the  frustum  are  circles  or  regular 
polygons.  In  respect  of  the  last,  square  one  side  of  each  polygon,  and  also  multiply  one 
side  by  the  other ; add  the  three  products  together,  and  multiply  their  sum  by  the  tabular 
area  for  the  polygon.  Take  one  third  of  the  product  for  the  mean  area,  which  multiply 
by  the  length,  and  we  have  the  product  required.  When  the  case  of  the  frustum  of  a cone 
is  to  be  treated,  the  ends  being  circles,  s(juare  the  diameter  or  the  circumference  at  each 
end,  and  multiply  the  same  two  dimensions  together.  Take  the  sum  of  the  three  pro- 
ducts, and  multiply  it  by  the  proper  tabular  number,  that  is,  by  *7854,  when  the  diameters 
are  used,  and  *07958  when  the  circumferences  are  used,  and,  taking  one  third  of  the  pro- 
duct, multiply  it  by  the  length  for  the  content  required. 

Example  1.  Required  the  con<^ent  of  the  frustum  of  a pyramid  the  sides  of  who.se 
greater  ends  are  15  inches,  and  those  of  the  lesser  ends  6 inches,  and  its  altitude 
24  feet. 

Here,  *5  x *5=  *25,  area  of  the  lesser  end, 

and  1 *25  x 1 *25  = 1 *5623,  area  of  the  greater  end  : 

The  mean  proportional  therefore  \/*25  x 1 *5625  = *625. 

*25  + •02.') +1*5625  2*4375 


Again, 


= *8125,  mean  area. 


and  *8125  x 24  (altitude)  = 1 9*5  feet,  content  required. 

Example  2.  Required  the  content  of  a conic  frustum  whose  altitude  is  18  feet,  its 
greatest  diameter  8,  and  its  least  diameter  4. 

Here,  64  (area  gr.diam.  ) + 16  (less.  diam.)+(8  x4)  = 112,  sum  of  the  products  ; 


and 


*7K54xH2x  18 


- =527*7888,  content  required. 


Example  3.  Required  the  content  of  a pentagonal  frustum  whose  height  is  5 feet, 
each  side  of  the  base  18  inches,  and  each  side  of  the  upper  end  6 inches. 

Here,  1 *5'^  + 1 *5^  +(1  *5  x *5)  = 2*5625,  sum  of  the  products  ; 

, . 1*7204774  (tab.  area)  X 2 .5025  (sum  of  products)  X 5 . i 

but,  o ^ ^ = 9*31925,  content  required. 

1237.  Problem  VII.  To  find  the  surface  of  a sphere  or  any  segment  of  one. 

Rule  1.  Multiply  the  circumference  of  the  sphere  by  its  diameter,  and  tlie  product  will 
be  the  surface  thereof.  This  and  the  rules  in  the  following  jiroblems  depend  oc 
Props.  113.  and  114.  (Geometry,  994,  995.),  to  which  the  reader  is  referred. 

Rule  2.  Square  the  diameter,  and  multiply  that  square  by  3*1416  for  the  surface. 

Rule  3.  Square  the  circumference,  then  either  multiply  that  square  by  the  dccin.al 
*3183,  or  divide  it  by  3*1416  for  the  surface. 

Remark.  For  the  surface  of  a segment  or  frustum,  multiply  the  whole  circumference 
of  the  sphere  by  the  height  of  the  part  required. 

Example  1.  Required  the  convex  superficies  of  a sphere  whose  diameter  is  7 and 
circumference  22. 

Here,  22  x 7 = 154,  the  superficies  required. 

Example  2.  Required  the  superficies  of  a sphere  whose  diameter  is  24  inches. 

Here,  24  x 24  x 3*141 6=  1809*561  6 is  the  superficies  required. 

Example  3.  Retjuired  the  convex  superficies  of  a segment  of  a sphere  vvhose  axis  is 
42  inches  and  the  height  of  the  segment  9 inches. 

Here,  1 ; 3*1416:  ;42  ; 131*9472,  the  circumference  of  the  sjihere ; 
but  131  *9472  X 9 = 1187*5248,  the  superficies  required. 

Example  4.  Required  the  convex  surface  of  a spherical  zone  whose  breadth  or  height 
is  2 feet  and  which  forms  part  of  a sphere  whose  diameter  is  1 2^  feet. 

Here,  1 : 3*1416::  12*5  : 39*27,  the  circumference  of  i.lie  sphere  whereot 
the  zone  is  a part ; 

and  39*27  x 2 = 78*54,  the  area  required. 

12*38.  Problem  VIII.  To  find  the  solidity  (fa  sjdicre  or  globe. 

Rule  1.  Multiply  the  surface  by  the  diameter,  and  take  one  sixth  of  the  jiroduct  for  the 
content. 

Rule  2.  Take  the  cube  of  the  diameter  and  multiply  it  by  the  decimal  *5236  for  the 
content. 

Example.  Required  the  content  of  a sphere  whose  axis  is  12. 

Here  12  x 12  x 12  x *5236  = 904  *7808,  content  required. 
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1*239.  Pkoblem  IX.  To  find  the  solidity  of  a spherical  seoinent. 

Rule  1.  From  thrice  the  diameter  of  the  sphere  subtract  double  the  height  of  the 
segment,  and  multiply  the  remainder  by  the  square  of  the  height.  This  product 
multiplied  by  •J23G  will  give  the  content. 

Rule  2.  To  thrice  the  square  of  the  radius  add  the  square  of  its  height,  multiply  the 
sum  thus  found  by  the  height,  and  the  product  thereof  by  *5236  for  the  content. 
Example  1.  Required  the  solidity  of  a segment  of  a sphere  whose  height  is  9,  the 
diameter  of  its  base  being  20. 

Here,  3 times  the  square  of  the  radius  of  the  base  =300  ; 
and  the  square  of  its  height  =81,  and  300  + 81  = 381  ; 
but  381  X 9 = 3429,  which  multiplied  by  *5236  = 1795*4244,  the  solidity  required. 

Example  2.  Required  the  solidity  of  a spherical  segment  whose  height  is  2 feet  and 
the  diameter  of  the  sphere  8 feet. 

Here,  8 x 3 — 4 = 20,  which  multiplied  by  4 = 80; 
and  80  x *5236  = 41  *888,  the  solidity  required. 

It  is  manifest  that  the  difference  between  two  segments  in  which  the  zone  of  a sphere  is 
included  will  give  the  solidity  of  the  zone.  That  is,  where  for  instance  the  zone  is  in- 
cluded in  a segment  lying  above  the  diameter,  first  consider  the  whole  as  the  segment  of  a 
sphere  terminated  by  the  vertex  and  find  its  solidity  ; from  which  subtract  the  upper  part 
or  segment  between  the  upper  surface  of  the  zone  and  the  vertex  of  the  sphere,  and  the 
difference  is  the  solidity  of  the  zone. 

The  general  rule  to  find  the  solidity  of  a frustum  or  zone  of  a sphere  is  : to  the  sum  of 
the  squares  of  the  radii  of  the  two  ends  add  one  third  of  the  square  of  their  distance,  or  the 
breadth  of  the  zone,  and  this  sum  multiplied  by  the  said  breadth,  and  that  product  again  by 
1 *5708,  is  the  solidity. 
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MECHANICS  AND  STATICS. 


1240.  It  is  our  intention  in  this  section  to  address  ourselves  to  the  consideration  of 
mechanics  and  statics  as  applicable  more  immediately  to  architecture.  The  former  is  the 
science  of  forces,  and  the  effects  they  produce  when  applied  to  machines  in  the  motion  of 
bodies.  The  latter  is  the  science  of  weight,  especially  when  considered  in  a state  of 
equilibrium. 

1241.  The  centre  of  motion  is  a fixed  point  about  which  a body  moves,  the  axis  being 
the  fixed  line  about  which  it  moves. 

1 242.  The  centre  of  gravity  is  a certain  point,  upon  which  a body  being  freely  suspended, 
such  body  will  rest  in  any  pos  tion. 

1243.  So  that  weight  and  power,  when  opposed  to  each  other,  signify  the  body  to  be 
moved,  and  the  body  that  moves  it,  or  the  patient  and  agent  The  pow*er  is  the  agent  which 
moves  or  endeavours  to  move  the  ])atient  or  weight,  whilst  by  the  word  equilibrium  is 
meant  an  equality  of  action  or  force  between  two  or  more  powers  or  weights  acting  against 
each  other,  and  which  by  destroying  each  other’s  effects  cause  it  to  remain  at  rest. 

PARALLELOGllAM  OF  FORCES. 

1244.  If  a body  D suspended  by  a thread  is  drawn  out  of  its  vertical  direction  by 
an  horizontal  thread  UE  (fiy.  519.),  such  power  neither  increases  nor  diminishes  the  effort 
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of  the  weight  of  the  body ; but  it  may  be  easily  imagined  that  the  first  thread,  by  being  in 
the  direction  AD,  will,  besides  the  weight  itself,  have  to  sustain  the  effort  of  the  power 
tliat  draws  it  out  of  the  vertical  AB. 

1245.  If  the  direction  of  the  horizontal  force  he  prolonged  till  it  meets  the  vertical, 
which  would  he  in  the  first  thread  if  it  were  not  drawn  away  by  the  second,  we  shall  have 
triangle  ADB,  whose  sides  will  express  the  proportion  of  the  weight  to  the  forces  of  the 
two  threads  in  the  case  of  equilibrium  being  established;  that  is,  supposing  AB  to  express 
the  weight,  AD  will  express  the  ettbrt  of  the  thread  attached  to  the  point  A,  and  BD  that 
of  the  horizontal  power  wliich  pulls  the  body  away  from  the  vertical  AB. 

124G.  These  different  forces  may  also  he  found  by  transferring  to  the  vertical  DH 
(y?7.5l  9.  ) any  length  of  line  DF  to  represent  the  weight  of  the  body.  If  from  the  ])oint  F 
the  parallels  FI,  FG  he  drawn  in  the  direction  of  the  threads,  their  forces  will  he  indicated 
by  the  lines  ID,  DG,  so  that  the  three  sides  of  the  triangle  DGF,  similar  to  the  tiiangle 
ADB,  will  ex])ress  the  proportion  of  the  weight  to  the  two  forces  applied  to  the  threads. 

1247.  Su])pose  the  weight  to  he  30  lbs.  : if  from  a scale  of  equal  parts  we  set  up  .30 

of  those  parts  from  I)  to  F 519.),  we  shall  find  DG  equal  to  21,  or  the  pounds  of 

force  of  the  horizontal  line  DE,  and  35  for  the  ohlifjue  power  ID. 

1248.  If  the  weight,  instead  of  30  lbs.,  were  100,  we  should  find  the  value  of  the 
forces  DG  and  ID  by  the  j)roportions  of  30  ; 21  : ; 100  : x,  where  x expresses  the  force  DG. 
The  value  resulting  from  this  proportion  is  .r  = — ^—  = 70.  The  second  proportion 
30  : 35::100  : y, where  y represents  the  effort  ID,  whose  value  will  be  y — ^^^^^^  = llG-6GG. 

1249.  If  the  angle  ADII  formed  by  AD  and  DU  be  known,  the  same  results  may  be 
obtained  by  taking  DFfor  the  radius,  in  which  case  IF  = DG  becomes  the  tangent,  in  this 
instance,  of  35  degrees,  and  I D the  secant ; whence 

DF  : DI  ; IF::  radius  : tang.  35  : sec.  35. 


U 
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If  ID  be  taken  for  the  radius,  we  have 


ID  : IF  ; FD::  radius  : tang.  35  ; sin.  35. 


1250-.  We  have  here  to  observe,  that  in  conducting  the  operation  above  mentioned  a | 
figure  DIFG  has  been  formed,  which  is  called  the  parallelogram  of  the  forces,  because  the 
diagonal  DF  always  expresses  a compounded  force,  which  will  place  in  e([uillbrio  the  two 
others  FI,  FG,  represented  by  the  two  contiguous  sides  IF,  FG. 

1251.  Instead  of  two  forces  which  draw,  we  may  suppose  two  others  which  act  by  ])iish- 
ing  from  E to  D {Jig.  522.)  and  from  A to  D.  If  we  take  the  vertical  DF  to  express  the 
weight,  and  we  draw  as  before  the  parallels  FG  and  FI  in  the  e 
direction  of  the  forces,  the  sides  GD  and  DI  of  the  parallelogram 
DGFI  (Jig.  519.)  will  express  the  forces  with  which  the  powers 
act  relatively  to  DF  to  support  the  body  : thus  FI  — GD  the 
weight  and  two  powers  which  support  it  will,  in  case  of  equi- 
librium, be  represented  by  the  three  sides  of  a rectangular  tri- 
angle DFI ; .so  that  if  the  weight  be  designated  by  II,  the 
power  which  pushes  from  G to  D by  E,  and  that  which  acts 
from  I to  D by  P,  we  shall  have  the  proportion  H : E : P : : 

DF  ; FI  ; ID,  wherein,  if  we  take  DF  for  radius,  it  will  be 
as  radius  is  to  the  tangent  of  the  angle  FDI  and  to  its  secant. 

As  a body  in  suspension  is  drawn  away  from  the  vertical  line  in  which  it  hangs  by  a power 
liigher  than  the  body  (Jig.  520.),  it  follows  that  the  oblique  forces  AB  and  BC  each 
su))port,  independent  of  any  lateral  efforts,  a part  of  the  weight  of  the  body.  In  order  to 
find  the  proportion  of  these  parts  to  the  total  weight,  take  any  distance  BD  on  a vertical 
raised  from  the  centre  of  the  body  B to  express  the  weight,  and  complete  the  parallelo- 
gram DEBF,  whose  sides  EB,  BF  will  express  the  oblique  forces  of  the  ptJwers  A and 
C.  These  lines,  being  considered  as  the  diagonals  of  the  rectangular  parallelograms  LEIB,  | 
BIIFAI,  may  each  be  resolved  into  two  forces,  whereof  one  of  them,  vertical,  sustains  the  I 
body,  and  the  other,  horizontal,  draws  it  away  from  the  verticals  AO,  CQ.  Hence  IB  will 
express  the  vertical  force,  or  that  part  of  the  weight  sustained  by  the  power  EB,  and  IIB 
that  su.stained  by  the  other  power  BF  : as  these  two  forces  act  in  the  same  direction,  I 
when  added  together  their  sum  will  represent  the  weight  DB.  In  short,  IB  being  n 
equal  to  HD,  it  follows  th.at  BH+  BI  = BI+  ID. 

1252.  As  to  the  horizontal  forces  indicated  by  the  lines  LB  and  BIVI,  as  they  are  equal  A 
and  opposite  tb.ey  destroy  one  another. 

1253.  It  follows,  from  what  has  been  said,  that  all  oblique  forces  may  be  resolved  into 
two  others,  one  of  which  shall  be  vertical  and  the  other  horizontal,  by  taking  their  direction 
for  the  diagonal  of  a rectangular  parallelogram. 

1254.  In  respect  of  their  ratio  and  value,  those  may  be  easily  fou'ul  by  means  of  a scale 
if  the  diagram  be  drawn  with  accuracy ; or  by  trigonometry,  if  we  know  the  angles 
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by  taking  successively  lor 


Fi(j.  523. 


AIID,  l^BC,  which  AB  and  BC  form  with  the  vertical  BD, 
radius  tlie  diagonals  BD,  BE,  and  BF. 

1255.  In  the  accompanying  diagram,  the  weight,  instead  of  being  suspended  by  strings 
acting  by  tension,  is  sustained  by  forces  which  are  supposed  to 
act  by  pushing.  But  as  this  arrangement  makes  no  alteration 
in  the  system  of  forces,  we  may  apply  to  tins  figure  all  that  lias 
been  said  with  respect  to  the  preceding  one.  The  only  differ- 
ence is,  that  the  parallelogram  of  the  forces  is  below  the 
weight  instead  of  being  above  it.  Thus  ID+IB=BD  ex- 
presses the  sum  of  the  vertical  forces  which  support  the  weight, 
and  MB  and  BL  the  horizontal  forces  which  counteract  each 
other. 

1256.  In  the  two  preceding  figures  the  direction  of  the  forces 
which  act  by  tension  or  compression  in  supporting  the  weight 
form  an  acute  angle.  In  those  represented  in  Jig.  521.  and  the 
figure  at  the  side  (524.),  these  directions  make  an  obtuse  angle  ; 
whence  it  follows  that  in  Jig.  521.  the  force  C which  draws  the  weight  out  of  the  vertical 
A L,  instead  of  tending  to  support  the  weight  B,  increases  its 
effect  by  its  tendency  to  act  in  the  same  direction.  In  order  to 
ascertain  the  amount  of  this  effect  upon  BD  in  Jigs.  521.  and 
524.,  which  represents  the  vertical  action  of  the  weight,  describe 
the  parallelogram  BAD F,  for  the  purpose  of  determining  the 
oblique  forces  BA,  BF,  and  then  take  these  sides  for  the  diago- 
nals of  the  two  rectangles  LAIB,  BIIFM,  whose  sides  BI,  BH 
will  express  the  vertical  foi'ces,  and  LB,  BM  the  horizontal 
ones. 

1257.  It  must  be  observed  that  in  Jig.  521.  the  force  AB 
acting  upwards  renders  its  vertical  effect  greater  than  the  weight 
of  a quantity  ID,  which  serves  as  a compensation  to  the  part 
BH,  that  the  other  force  BF  adds  to  the  weight  by  drawing 
downwards.  Similarly,  the  vertical  effect  of  the  force  BE  (Jig. 

524.)  exceeds  the  expression  BD  of  the  weight  by  a (juantity  DI, 
to  countei'poise  the  effect  BFI  of  the  other  power  BF,  which  acts  downwards;  so  that  in 
both  cases  we  have  BD  only  for  the  vertical  efiect  of  the  weight.  As  to  the  horizontal 
effects  LB  and  BM,  they  being  equal  and  in  oppo- 
site directions  in  botli  figures,  of  course  counteract 
each  other. 

1258.  For  the  same  reason  that  a force  can  be  re- 
solved into  two  others,  those  two  others  may  be  re- 
solved into  one,  by  making  that  one  the  diagonal  of  a 
parallelogram  whose  forces  are  represented  by  two 
contiguous  sides.  It  is  clear,  then,  that  whatever  X', 
the  number  of  forces  which  affect  any  point,  they 
may  be  reduced  into  a single  one.  It  is  only  neces- 
sary to  discover  the  results  of  the  forces  two  by  two 
and  to  combine  these  results  similarly  two  by  two, 
till  we  come  to  the  principal  ones,  which  may  be  ul- 
timately reduced  to  one,  as  we  have  seen  above.  By 
such  a process  we  shall  find  that  PY  (Jig.  525.)  is 
the  result  of  the  forces  PA,  PB,  PC,  PD,  which 
affect  the  point  P. 

1259.  This  method  of  resolving  forces  is  often  of  great  utility  in  the  science  of  building, 
for  the  purpose  of  providing  a force  to  resist  several  others  acting  in  different  directions  but 
meeting  in  one  point. 
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OF  THE  PROPERTIES  OF  THE  LEVER. 

1260.  The  lever  is  an  inflexible  rod,  bar,  or  beam  serving  to  raise  weights,  whilst  It  is 
supported  at  a point  by  a fulcrum,  or  proj),  which  is  the  centre  of  motion.  To  render  the 
demonstrations  relative  to  it  easier  and  simpler,  it  is  supposed  to  be  void  of  gravity  or 
weight.  The  different  positions  in  which  the  power  applied  to  it,  and  the  weight  to  be 
affected,  may  be  applied  in  respect  of  the  fulcrum,  have  given  rise  to  the  distinction  of 
three  sorts  of  levers. 

I.  That  represented  in  Jig.  526.,  in  which  the  fulcrum  O is  between  the  power  applied 
P and  the  weight  Q. 

II.  That  represented  in  fg  527.,  in  which  the  weight  Q is  placed  between  the  fulcrum 
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O and  the  power  P,  wlierein  it  is  to  be  remarked  that  the  weight  and  the  power  jict  in 
contrary  directions. 
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III.  That  represented  in  Jig.  528.,  wherein  the  power  P is  placed  between  the  weight 
and  the  fulcrum,  in  which  case  the  power  and  the  weight  act  in  contrary  directions. 

12fjl.  in  considering  the  fulcrum  of  t ese  three  sorts  of  levers,  we  must  notice,  as  a 
third  species  of  power  introduced  for  creating  an  equilibrium  between*the  others,  1st, 
That  in  which  the  directions  of  the 
weight  and  of  the  powers  concur 
in  the  point  R (Jig.  529.).  2d, 

That  in  which  they  are  parallel. 

1 2h2.  In  the  first  case,  if  from 
tlie  point  R (Jigs.  529.  and  530.) 
we  draw  parallel  to  these  directions 
Om  R/i,  the  ratio  of  these  three 
forces,  that  is,  the  power,  the  weight, 
and  the  fulcrum,  will  be  as  the  three 
sides  of  the  triangle  O/hR,  or  its 
equal  On  R ; thus  we  shall  have  P 
: Q : R::mR  : R»  : OR;  and  as 
the  sides  of  a triangle  are  as  the 
sines  of  their  opposite  angles,  by 
taking  OR  as  the  radius  we  shall  have 

P : Q,::sin.  ORn  : sin.  ORm. 

And  if  from  the  point  O two  perpendiculars  be  let  fall,  OdOf  on  the  directions  RQ,  RP, 
Sin.  O Rji  ; sin.  O Rm  y.Od  : Of; 
from  which  two  proportions  we  obtain 

P : Q,:;Oc?  : O/;  whence  Px  0/'=Q,x  Od. 

This  last  expression  gives  equal  products,  which  are  called  the  momenta,  moments,  or  quan- 
tities of  motion  of  the  force  in  respect  of  the  fulcrum  O.  This  property  is  the  same  for  the 
straight  as  for  the  angular  levers  (figs.  529.  and  530.).  As  this  proportion  exists,  however 
large  the  angles  mllO  and  ORra  of  the  directions  RQ,  RP  in  respect  to  RO,  it  follows  that 
when  it  l)ecomes  nothing,  these  directions  become  parallel  without  the  proportion  being 
changed  ; whence  is  derived  the  following  general  theorem,  found  in  all  works  on  mechanics  : 
— If  two  forces  applied  to  a straight  or  angular  lever  are  in  equilihrio,  they  are  hi  an  inverse 
ratio  to  the  perpendiculars  let  fall  from  the  fulcrum  on  their  lines  of  direction  : or  in  other  words. 
In  order  that  two  forces  applied  to  a sti’aight  or  angular  lever  may  he  in  equilihrio,  their  momenta 
in  respect  of  the  fulcrum  must  he  equal. 

1 263.  Since,  in  order  to  place  the  lever  in  equilihrio,  it  is  sutficient  to  obtain  equal  mo- 
menta, it  follows  that  if  we  could  go  on  increasing  or  diminishing  the  force,  we  might  place 
it  at  any  distance  we  please  from  the  fulcrum,  or  load  it  without  destroying  the  equilibrium. 
This  results  from  the  formula  PxO/=QxOcZ, 
whence  we  have  0/=^-^^.  Hence  the  distance  Of 
is  easily  found,  to  which  by  applying  the  known  force 
P,  it  may  counterpoise  the  weight  Q applied  at  the 
distance  Od.  In  respect  of  the  other  points,  we  have 
only  to  know  the  perpendiculars  Of  and  Od,  for  Oa  and 
Oh,  which  are  the  arms  of  the  real  levers,  are  deduced 
from  the  triangles  Ofh,  Oda,  to  which  they  belong. 

1264.  Suppose  two  levers  531,  532.),  whereof 
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one  is  straight  and  the  other  angular,  and  that  tlie  weight  is  100  pounds,  the  arm  DE  of 
tlie  lever  6’  feet;  its  momentum  will  be  600.  Then  if  we.wisli  to  ascertain  at  what  distance 
O/’a  weight  of  60  pounds  must  be  placed  so  that  it  may  be  in  equilil)rio  with  the  first,  we 
shall  have 

Qy_Q^^Orf_6j|0_  10  feet,  the  distance  sought. 

1265.  Reciprocally,  to  find  the  effect  of  a force  P placed  at  the  point  C of  the  other  arm 
of  the  lever  at  a known  distance  from  the  fulcrum,  and  marked  Of,  in  order  to  counter- 
poise (i  placed  at  the  distance  O/,  we  have  the  formula  P - ; and  if  we  apply  this 

formula  to  the  numbers  taken  in  the  preceding  example,  the  question  will  be,  to  find  a 
force  which  placed  at  the  distance  of  10  feet  from  the  fulcrum  may  be  in  equilibrio  with  a 
weight  of  100  pounds  at  the  end  of  the  arm  of  a lever  of  6 feet.  We  must  in  using  the 
formula  divide  600  by  10,  and  the  quotient  60  will  indicate  the  effect  with  which  the  force 
ought  to  act.  If,  instead  of  placing  it  in  C,  it  is  at  B,  12  feet  from  the  fulcrum,  the  force 
would  be  which  gives  50 ; and  lastly,  if  we  have  to  place  it  at  a point  15  feet  from  tlie 
fulcrum,  the  force  would  be  ®^“  = 40.  Thus,  in  changing  the  situation  of  the  force  to  a 
point  more  or  less  distant  from  the  fulcrum,  we  must  divide  the  momentum  of  the  weight 
which  is  to  be  supported  by  the  distance  from  the  fulcrum  taken  perpendicularly  to  its 
direction. 

OF  THE  CENTRE  OF  GRAVITY. 

1 266.  The  centre  of  gravity  of  a body  is  a certain  point  within  it  on  which  the  body,  if 
freely  suspended,  will  rest  in  any  position ; whilst  in  other  positions  it  will  descend  to  the 
lowest  place  to  which  it  can  get.  Not  only  do  whole  bodies  tend  by  their  weight  to  assume  a 
vertical  direction,  but  also  all  the  parts  whereof  they  consist ; so  that  if  we  suspend  any  body, 
whatever  be  its  form,  by  means  of  a string,  it  will  assume  such  a position  that  the  thread 
produced  to  the  internal  part  of  the  body  will  form  an  axis  round  which  all  the  parts  will 
remain  in  equilibrium.  Every  time  that  the  point  of  suspension  of  a body  is  changed,  the 
direction  of  the  thread  produced  exhibits  a new  axis  of  equilibrium.  But  it  is  to  be  re- 
j marked,  that  ail  these  axes  intersect  each  other  in  the  same  point  situate  in  the  centre  of  the 
mass  of  the  body,  supposing  it  composed  of  homogeneous  parts  but  sometimes  out  of  the 
mass  of  the  body,  as  in  the  case  of  bodies  much  curved,  this  point  is  the  centre  of  gravity, 
k 1 267.  It  is  therefore  easy  to  perceive  that  for  a body  to  be  in  a state  of  rest  its  centre  of 
' gravity  mu.st  be  supported  by  a vertical  force  equal  to  the  resultant  of  all  the  forces  that 
affect  it,  but  acting  in  a contrary  direction.  So  in  j^^s.  520.  and  523.,  the  weight  supported 
I by  the  forces  AB  and  BC  which  draw  or  push,  will  be  equally  siqiported  by  a vertical 
I force  represented  by  the  diagonal  DB  of  the  parallelogram  which  expresses  the  resultant  of 
the  forces. 

1268.  An  acquaintance  with  the  method  of  finding  centres  of  gravity  is  indispensable  in 
estimating  the  resistances,  strains,  and  degree  of  stability  of  any  ])art  of  an  edifice.  There 
arise  cases  in  which  we  may  cast  aside  all  consideration  of  the  form  of  a body,  especially 
too  when  it  acts  by  weight,  and  suppose  the  whole  figure  collected  in  the  centre  of  gravity. 
We  may  also,  for  the  sake  of  simplifying  operations,  substitute  a force  for  a weight. 

OF  THE  CENTRE  OF  GRAVITY  OF  I.INES. 

1269.  A straight  line  may  be  conceived  to  be  composed  of  an  infinite  number  of  poims, 

|l  equally  heavy,  ranged  in  the  same  direction.  After  this  definition,  it  is  evident  that  if  it 
s be  suspended  by  the  middle,  the  two  parts,  being  composed  of  the  same  number  of  equal 
I points  placed  at  equal  distances  from  the  point  of  suspension,  will  be  necessarily  in  equi- 
i librium ; whence  it  follows  that  the  centre  of  gravity  of  a right  line  is  in  the  middle  of  its 
I length. 

j 1270.  The  points  in  a curve  line  not  being  in  the  same  direction,  the  centre  of  its  volume 
cannot  be  the  same  as  its  centre  of  gravity  ; that  is  to  say,  that  a curve  suspended  by  the 
I,  middle  cannot  be  supported  in  equilibrio  but  in  two  opposite  situations;  one  when  the 
j branches  of  the  curve  are  downwards,  and  the  other  when 
they  are  upwards,  so  that  the  curve  may  be  in  a vertical 
plane. 

) 1271.  If  the  curve  is  the  arc  of  a circle  ADB  533.), 

j it  is  easy  to  see  that  from  the  uniformity  of  its  curvature,  its 
[|  centre  of  gravity  will  be  found  in  the  right  line  DC  drawn 

!from  the  centre  C to  the  middle  D ; moreover,  if  we  draw 
the  chord  AB,  the  centre  of  gravity  will  be  found  between 
the  points  D and  E. 

1272.  Let  us  suppose  that  through  all  the  points  of  the  line  DE  parallels  to  the  chord 
AB  be  drawn,  terminated  on  each  side  by  the  curve  ; and  let  us  imagine  that  each  of  these 
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linos  at  its  extrouiltles  bears  corresj)onding  points  of  the  curve;  then  the  line  DE  Avill  he 
loa(ic(l  with  all  these  weights  ; and  as  the  ])ortions  of  the  curve  which  answer  to  each 
parallel  AB  go  on  increasing  as  they  approach  U,  the  centre  of  gravity  G will  he  nearer 
the  ))oir.t  1)  than  to  the  ])oint  E. 

To  determine  the  jiosition  of  this  point  upon  the  radius  CD  which  divides  tlie  arc 
into  two  equal  parts,  we  must  use  the  following  proportion  : the  length  of  the  arc  ABD  is  to 
the  chord  AB,  as  the  radius  CD  is  to  the  fourth  term  .r,  whose  value  is  That  is, 

in  order  to  obtain  upon  the  radius  DC  the  distance  CG  of  the  centre  of  gravity  from 
the  centre  of  the  arc  of  the  circle,  the  chord  AB  must  he  multiplied  by  the  radius  CD  and 
divided  by  the  length  of  the  arc  ABD. 

1 274.  When  the  circumference  of  the  cii'cle  is  entire,  the  axes  of  equilibrium  being 
diameters,  it  is  manifest  that  their  intersection  gives  the  centre  of  the  curve  as  the  centre  of 
gravity.  It  is  the  same  with  all  entire  and  symmetrical  curves  which  have  a centre,  and 
with  all  combinations  of  right  lines  which  form  regular  and  symmetrical  polygons. 


Fi.g.  535. 
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OF  THE  CENTRE  OF  GRAVITY  OF  SURFACES. 

1275.  In  order  that  a centre  of  gravity  may  be  assigned  to  a surface,  we  must,  as  in  the 
case  of  lines,  imagine  them  to  be  material,  that  is,  consisting  of  solid,  homogeneous,  and 
heavy  particles. 

1276.  In  all  plane  smooth  surfaces,  tlie  centre  of  gra- 
vity  is  the  same  as  that  of  the  volume 
of  space  ; thus  the  centre  of  gravity 
G (/.g.s-.  534,  535,  536.),  of  a square 
of  a rectangle,  or  of  a parallelogram, 
is  determined  by  the  intersections  of 
its  diagonals  AD,  BC. 

The  centre  of  gravity  of  a regu- 
lar polygon,  composed  of  an  equal 
liR.  534.  yj^equal  number  of  sides,  is  the 

same  as  "that  of  a circle  within  which  it  may  be  in- 
scribed. 

1277.  In  order  to  find  the  centre  of  gravity  of  any 
triangle,  bisect  each  of  the  sides,  and  from  the  points 
of  bisection  draw  lines  to  the  opposite  angles ; the 
point  of  intersection  with  each  other  of  these  lines  will 
he  the  centre  of  gravity  sought ; for  in  the  supposi- 
tion that  the  surface  of  the  triangle  is  composed  of  lines  parallel  to  its  sides,  the  lines  AE, 
BF,  and  CD  537.)  will  be  the  axes  of  equilibrium,  whose  intersection  at  G gives 
the  centre  of  gravity. 

We  shall  moreover  find  b 

that  this  point  is  at  one 
third  of  the  distance  from 
the  base  of  each  of  the 
axes  ; so  that,  in  fact,  it  is 
only  necessary  to  draw  a 
line  from  the  point  of  bi- 
section of  one  of  the  sides 
to  the  opposite  angle,  and 
to  divide  it  into  three 
c(jual  parts,  whereof  that 
nearest  the  base  determines 
the  centre  of  gravity  of 
the  triangle. 

1273.  To  find  the  centre  of  gravity  of  any  irregular  rectilinear  surface,  such  as  the 
pentagon,  538.,  let  it  be  divided  into  the  three  triangles,  AED,  ABC,  ADC  538.), 
and  by  the  preceding  rule  determine  their  centres  of  gravity  F,  G,  II.  Then  draw  the 
two  lines  NO,  OP,  which  form  a right  angle  surrounding  the  polygon.  Multiply  the 
area  of  each  triangle  by  the  distance  of  its  centre  of  gravity  on  the  line  ON,  indicated  by 
divide  the  sum  of  these  products  by  the  entire  area  of  the  pentagon,  and 
this  will  give  a mean  distance  through  which  an  indefinite  line  IK  parallel  to  ON  is  to  be 
drawn.  Conducting  a similar  operation  in  resjiect  of  the  line  OP,  we  obtain  a new'  mean 
distance  for  drawing  another  line  LQ  jiarallel  to  OP,  which  will  intersect  tho  first  in  the 
|)olnt  M,  the  centre  of  gravity  of  the  pentagon. 

The  centre  of  gravity  of  a sector  of  a circle  AEBC  (y?//.  539.)  must  he  upon  the  radius 
CT'j  which  divides  the  arc  into  two  equal  parts.  To  determine  from  the  centre  C,  at 
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wliat  distance  the  point  G is  to  be  j)lace(l,  we  must  nuiltij)ly  tw'ice  the  radius  C!^  by  the 
chord  AB,  and  divide  the  product  by  thrice  tlie  length  of  the  arc  A KB.  The  (juotient 
is  the  distance  CG  from  tlie  centre  C of  tiie  circle  of  the  centre  of  gravity  of  the  sector. 

1279.  To  find  the  centre  of  y 

gravity  of  the  crown  portion  of 
an  arch  DAEBF  (»  .540.) 
coini)i  ised  between  two  concen- 
tric axes,  we  must  — 

1.  Kind  the  centre  of  gravity 
of  the  greater  sector  AEBC, 
and  that  of  the  smaller  one 
DEG. 

2.  Multiply  the  area  of  each 
of  these  sectors  by  the  distance 
of  their  respective  centres  of  gravity  from  the  common  centre  C. 

.‘5.  Subtract  the  smaller  product  from  the  greater,  and  divide  the  remainder  by  the  area 
of  DAEBF;  the  quotient  will  give  the  distance  of  the  centre  of  gravity  G from  the 
centre  C. 

1280.  To  determine  the  centre  of  gravity  of  the  segment  AEB  ; subtract  the  product  of 
the  area  of  the  triangle  ABC  {fy.  .541.)  multiplied  by  the  distance  of  its  centre  of  gravity 
from  the  centre  C,  from  the  product  of  the  area  of  the  sector, 
by  the  distance  of  its  centre  of  gravity  from  the  same  point  C, 
and  divide  the  remainder  by  the  area  AEB  ; the  quotient  ex- 
presses the  distance  of  the  centre  of  gravity  G of  the  segment 
from  the  centre  C,  which  is  to  be  set  out  on  the  radius,  and 
which  divides  the  segment  into  two  equal  parts. 

It  would,  from  want  of  space,  be  inconvenient  to  give  the  strict 
demonstrations  of  the  above  rules  ; nor,  indeed,  is  it  absolutely 
necessary  for  the  architectural  student.  Those  who  wish  to 
pursue  the  subject  au  fond,  will,  of  course,  consult  more  abstruse  works  on  the  matter. 
We  will  merely  observe,  that  whatever  the  figure  whose  centre  of  gravity  is  sought,  it 
is  only  necessary  to  divide  it  into  triangles,  sectors,  or  segments,  and  proceed  as  above 
described  for  the  pentagon,  538. 
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OF  THE  CENTRE  OF  GRAVITY  OF  SOLIDS. 

1281.  It  is  supposed  in  the  following  considerations,  that  solids  are  composed  of  homo- 
geneous particles  whose  weight  in  every  part  is  uniform.  They  are  here  arranged  under 
two  heads,  regular  and  irregular. 

1282.  Regular  solids  are  considered  as  composed  of  elements  of  the  same  figure  as  their 
base,  placed  one  upon  the  other,  so  that  all  their  centres  of  gravity  are  in  a vertical  line, 
which  we  shall  call  the  right  axis.  Thus  parallelepipeds,  prisms,  cylinders,  pyramids, 
cones,  conoids,  spheres,  and  spheroids  have  a right  axis,  whereon  their  centre  of  gravity  is 
found. 

1283.  In  parallelepipeds,  prisms,  cylinders,  spheres,  spheroid.s,  the  centre  of  gravity  is 
in  the  middle  of  the  right  axis,  because  of  the  similarity  and  symmetry  of  their  parts 
equally  distant  from  that  point. 

1284.  In  pyramids  and  cones  (fffs.  .542,  543.),  which  diminish  gradually  from  the  base 
to  the  apex,  the  centre  of  gravity  is  at 

the  distance  of  one  fourth  of  the  axis  ^ f 

from  the  base. 

1285.  In  paraboloids,  which  diminish 
less  on  account  of  their  curvature,  the 
centre  of  gravity  is  at  the  height  of  one 
third  the  axis  above  the  ba.se. 

To  find  the  centre  of  a pyramid  or  of 
a truncated  cone  (fgs.  542,  543.),  we 
must  first  multiply  the  cube  of  the  entire 
cone  or  pyramid  by  the  distance  of  its 
centre  of  gravity  from  the  vertex.  2. 

Subtract  from  this  product  that  of  the 
part  MSR  which  is  cut  off,  by  the  dis- 
tance of  its  centre  of  gravity  from  the 
sqiex.  3.  Divide  this  remainder  by  the 
cube  of  the  truncated  pyramid  or  cone  ; 
the  (piotient  will  be  the  distance  of  the 
cone  or  pyramid  from  its  apex. 


Fig.  542. 
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1286.  'J'he  centre  of  gravity  of  a lieinisphere  is  at  tlie  distance  of  three  eigl'.th.s  of  tlie 
radius  from  the  centre. 

1287.  The  centre  of  gravity  of  the  segment  of  a sphere  {fig.  544.) 
is  found  by  the  following  proi)ortion  ; as  thrice  the  radius  less  the 
thickness  of  the  segment  is  to  the  diameter  less  tliree  quarters  the 
thickness  of  the  segment,  so  is  that  thickness  to  a fourth  term  which 
expresses  the  distance  from  the  vertex  to  the  centre  of  gravity,  set  off' 
on  the  radius  which  serves  as  the  axis. 

1288.  Thus,  making  r—  the  radius,  e=  the  thickness  of  the 
segment,  and.  x=  the  distance  sought,  we  have,  according  to  La 
Caille,  — 

Sr — e : 2r — jl'.e’.x,  whence  x = 

Suppose  the  radius  to  be  7 feet,  the  thickness  of  the  segment  3 feet,  we  shall  have  — 

^ = gives  x = l +||  = 1 + equal  the  distance 

of  the  centre  of  gravity  from  its  vertex  on  the  radius. 

1289.  To  find  the  centre  of  gravity  of  the  zone  of  a sphere  (fig.  545.),  the  same  sort  of 
operation  is  gone  through  as  for  truncated  cones  and  pyramids ; that 
is,  after  having  found  the  centre  of  gravity  of  the  segment  cut  off,  and 
that  in  which  the  zone  is  comprised,  multiply  the  cube  of  each  by 
the  distance  of  its  centre  of  gravity  from  the  apex  A,  and  subtract- 
ing the  smaller  from  the  larger  product,  divide  the  remainder  by  the 
cube  of  the  zone.  Thus,  supposing,  as  before,  the  radius  AC  — 7,  the 
thickness  of  the  zone  =2,  and  that  of  the  segment  cut  off  = U,  we 
shall  find  the  distance  from  the  vertex  of  the  centre  of  gravity  of 

this  last  by  the  formula  x = > which  in  this  case  gives  x = 

^ > and  pursuing  the  investigation,  we  have  = 
which  will  be  the  distance  of  the  centre  of  gravity  from  the  vertex  A.  That  of  the  centre 
of  gravity  of  the  segment  in  which  the  zone  is  comprised  will,  according  to  the  same  for- 
»,  V 7 V 3i— 3 X 1 2— 

mula,  be  x = - — T3x7^^-^3 — which  gives  x = 2 + \^  for  the  di.stance  of  the  centre  of  gravity 
from  the  same  point  A. 

1290.  The  methods  of  finding  the  solidities  of  the  bodies  involved  in  the  above  inves 
tigation  are  to  be  found  in  the  preceding  section,  on  Mensuration. 
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OF  THE  CENTRE  OF  GRAVITY  OF  IRREGULAR  SOLIDS. 

1291.  As  all  species  of  solids,  whatever  their  form,  are  susceptible  of  division  into 
pyramids,  as  we  have  seen  in  the  preceding  observations,  it  follows  that  their  centres  of 
gravity  may  be  found  by  following  out  the  instruc- 
tions already  given.  Instead  of  two  lines  at  right 
angles  to  each  other,  let  us  suppose  two  vertical 
planes  N AC,  CEF(fig.  546.),  between  which  the  solid 
G is  placed.  Carrying  to  each  of  those  planes  the 
momenta  of  their  pyramids,  that  is,  the  products  of 
their  solidity,  and  the  distances  of  their  centres  of 
gravity,  divide  the  sum  of  these  products  for  each 
plane  by  the  whole  solidity  of  the  body,  the  quotient 
will  express  the  distance  of  two  other  planes  BKL, 

DHM,  parallel  to  those  first  named.  Their  inter- 
section will  give  a line  IP,  or  an  axis  of  equilibrium, 
upon  which  the  centre  of  gravity  of  the  solid  will 
be  found.  To  determine  the  point  G,  imagine  a third  plane  NOF  perpendicular  to  the  pre- 
ceding ones,  that  is,  horizontal ; upon  which  let  the  solid  be  supposed  to  stand.  In  respect 
of  this  plane  let  the  momenta  of  the  pyramids  be 
found  by  also  multiplying  their  solidity  by  the  dis- 
tance of  their  centres  of  gravity.  Lastly,  dividing 
the  sum  of  these  products  by  the  solidity  of  the  en- 
tire body,  the  quotient  gives  on  the  axis  the  dis- 
tance PG  of  this  third  plane  from  the  centre  of 
gravity  of  the  irregular  solid. 

Mechanically,  where  two  of  the  surfaces  of  a body 
are  parallel,  the  mode  of  finding  the  centre  of  gravity 
is  simple.  Thus,  if  the  body  be  hung  up  by  any 
point  A (figs.  547,  548.),  and  a plumb  line  AB  be 
suspended  from  the  same  point,  it  will  pass  through 
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tJie  centre  of  gravity,  because  that  centre  is  not  in  the  lowest  point  till  it  fall  in  the  plumb 
line.  Mark  the  line  AB  upon  it ; then  hang  the  body  up  by  any  other  point  D,  with  a 
plumb  line  DE,  which  will  also  pass  through  the  centre  of  gravity,  for  the  same  reason  as 
before.  Therefore  the  centre  of  gravity  will  be  at  C,  where  the  lines  cross  each  other. 

] 29‘2.  We  have,  perhaps,  pursued  this  subject  a little  further  than  its  practical  utility  in 
architecture  renders  necessary ; but  cases  may  occur  in  which  the  student  will  find  our  ex- 
tended observations  of  service. 


OF  THE  INCLINED  PLANE. 

1293.  That  a solid  may  remain  in  a perfect  state  of  rest,  the  plane  on  which  it  stands 
must  be  perpendicular  to  the  direction  of  its  gravity  ; that  is,  level  or  horizontal,  and  the  ver- 
tical let  fall  from  its  centre  of  gravity  must  not  fall  out  of  its  base. 

1294.  When  the  plane  is  not  horizontal,  solids  placed  on  it  tend  to  slide  down  or  to 
overturn. 

1295.  As  the  surfaces  of  bodies  are  more  or  less  rough,  when  the  direction  of  the  centre 
of  gravity  does  not  fall  without  their  base,  they  slide  down  a plane  in  proportion  to  their 
roughness  and  the  plane’s  inclination. 

1296.  Thus  a cube  of  hard  freestone,  whose  surfaces  are  nicely  wrought,  does  not  slide 
down  a plane  whose  inclination  is  less  than  thirty  degrees ; and  with  polished  marbles  the 
inclination  is  not  more  than  fifteen  degrees. 

1297.  When  a solid  is  placed  on  an  inclined  plane,  if  the  direction  of  the  centre  of 
gravity  falls  without  its  base,  it  overturns  if  its  surfaces  are  right  surfaces,  and  if  its  surface 
is  convex  it  rolls  down  the  plane. 

1298.  A body  with  plane  surfaces  may  remain  at  rest  after  having  once  overturned  if  the 
surface  upon  which  it  falls  is  sufficiently  extended  to  prevent  its  centre  of  gravity  falling 
within  the  base,  and  the  inclination  be  not  so  great  as  to  allow  of  its  sliding  on. 

1 299.  Solids  whose  surfaces  are  curved  can  only  stand  upon  a perfectly  horizontal  plane, 
because  one  of  the  species,  as  the  sphere,  rests  only  on  a point,  and  the  other,  as  cylinders 
and  cones,  upon  a line ; so  that  for  their  continuing  at  rest,  it  is  necessary  that  the  vertical 
let  fall  from  their  centre  of  gravity  should  pass  through  the  point  of  contact  with  and  be 
perpendicular  to  the  plane.  Hence,  the  moment  the  plane  ceases  to  be  horizontal  the 
direction  of  the  centre  of  gravity  falls  out  of  the  point  or  line  of  contact  which  serves  as  the 
base  of  the  solid,  and  the  body  will  begin  to  roll  ; and  when  the  plane  on  which  they  thus 
roll  is  of  any  extent  they  roll  with  an  accelerated  velocity,  equal  to  that  which  they  would 
acquire  in  falling  directly  from  the  vertical  height  of  the  inclined  plane  from  the  point 
whence  they  first  began  to  roll. 

1300.  To  find  the  force  which  is  necessary  to  support  a convex  body  upon  an  inclined 
plane,  we  must  consider  the  point  of  contact  F 549,  550.)  as  the  fulcrum  of  an  an- 
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Fig.  543.  Fig.  550. 

gular  lever,  whose  arms  are  expressed  by  the  perpendiculars  drawn  from  the  fulcrum  to  the 
direction  of  the  force  CP  and  the  weight  CD,  which  in  the  case  of  Jig.  549.,  where  the  force 
which  draws  the  body  is  parallel  to  the  plane, 

P : N:;FC  ; FD. 

Now  as  the  rectangular  triangle  CFD  is  always  similar  to  the  triangle  OSH,  which  forms 
the  plane  inclined  by  the  vertical  SO  and  the  horizontal  line  OH,  the  proportion  will  stand 
as  follows : — 

P : N::OS  : SH. 

In  tne  first  case,  to  obtain  an  equilibrium,  the  force  must  he  to  the  weight  of  the  body  us  thf, 
height  OS  of  the  inclined  plane  to  its  length  SH. 

1301.  In  the  case  wliere  the  force  is  horizontal  (fg.  550.)  we  have,  similarly, — 

P : N::  FA  : Fi), 
and  P : N::OS  : on. 

In  this  last  case,  then,  the  force  must  he  to  the  weight  of  the  solid  in  proportion  to  the  height 
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OS  of  the  inclined  plane  to  its  base  Oil.  In  the  fir.st  ca^e  the  pre'^rure  of  the  .solid  on  the^ 
plane  is  expressed  by  Oil,  and  in  the  second  l>y  SII  : hence  we  havi'  — 

P : N : l’::OS  : sii  : on, 
and  P ; N : F::OS  ; SH  : OH. 

In  the  first  case  it  must  be  observed,  that  the  effect  of  the  force  being  parallel  to  the  in- 
clined plane,  it  neither  increases  nor  diminishes  the  pressure  upon  tliat  plane  ; and  this  is 
the  most  favourable  case  for  keeping  a body  in  equilibrio  on  an  inclined  plane.  In  the 
second  case,  the  direction  forming  an  acute  angle  with  the  plane  uselessly  augments  the 
load  or  weight.  Whilst  the  direction  of  the  force  forms  an  obtuse  angle  with  the  in- 
clination of  the  plane,  by  sustaining  a portion  of  the  weight,  it  diminishes  the  load  on  the 
plane,  but  requires  a greater  force. 

1302.  The  force  necessary  to  sustain  upon  an  inclined  plane  a body  whose  base  is 

formed  by  a plane  surface  depends,  as  we  have  already  observed,  on  the  roughness  of  the 

surfaces,  as  well  of  the  inclined  plane  as  of  the  base  of  the  body ; and  it  is  only  to  be  dis- 

covered by  experiment. 

1303.  Of  all  the  means  that  have  been  employed  to  estimate  the  value  of  the  resistance, 
known  under  the  name  of  friction,  the  simplest,  and  that  which  seems  to  give  the  truest 
results,  is  to  consider  the  inclination  of  the  plane  upon  which  a body,  the  direction  of  whose 
centre  of  gravity  does  not  fall  out  of  the  base,  remains  in  equilibrio,  as  a horizontal  plane ; 
after  which  the  degrees  of  inclination  may  begin  to  be  reckoned,  by  which  we  find  that  a 
body  which  does  not  begin  to  slide  till  the  plane’s  inclination  exceeds  30  degrees,  being 
placed  on  an  inclined  plane  of  45,  will  not  require  a greater  force  to  sustain  it  than  a 
convex  body  of  the  same  weight  on  an  inclined  plane  of  1 5 degrees. 

1304.  All  that  has  been  said  on  the  force  necessary  to  retain  a body  ujion  an  inclined  plane, 
is  applicable  to  solids  supported  by  two  planes,  considering  that  the  second  acts  as  a force 
to  counterpoise  the  first,  in  a direction  perpendicular  to  the  second  plane. 

1305.  When  the  directions  of  three  forces,  BG,  QG,  GR,  meet  in  the  same  point  G 
{fg.  551.),  it  follows,  from  the  preceding  observations  on  the  parallelogram  of  forces,  that 
to  be  in  equilibrium  their  proportion  will  be  ex- 
pressed by  the  three  sides  of  a triangle  formed  by 
perpendiculars  to  their  directions ; whence  it  follows, 
that  if  through  the  centre  of  gravity  G of  a solid, 
supported  by  two  planes  or  by  some  other  point  of 
its  vertical  direction,  lines  be  drawn  perpendicular  to 
the  directions  of  the  forces,  if  equilibrium  exist,  so  will 
the  following  proportion,  viz.  P ; Q:  R::BA  ; BC 

; AC. 

1:506.  Lastly,  considering  that  in  all  sorts  of  tri- 
angles the  sides  will  between  each  other  be  as  the  sines 
of  their  opposite  angles,  we  shall  have  P ; Q,  ; R;  ;sin. 

BCA  : sin.  BAG  : sin.  ABC;  and  as  the  angle  BCA  is 
equal  to  the  angle  CAD,  and  CBA  to  BAE,  we  shall  have  P 
sin.  B AC  : sin.  13AE  ; that  is,  that  the  weight  is  represented  by  the  sine  of  the  angle  formed 
by  the  two  inclined  planes,  and  that  the  jiressures  upon  each  of  these  planes  are  reci- 
procally proportional  to  the  sines  of  the  angles  which  they  form  with  the  horizon. 


A 

O 

r. 

Fig.  551. 

Q : R::  sin.  CAD  : 1 


THE  WHEEL  AND  AXI.E. 

1307.  The  wheel  and  axle,  sometimes  called  the  axis  in  peritrochio,  is  a ma- 

chine consisting  of  a cylinder  C and  a wheel  B {fg.  552.)  having  the  same  axis.  ?it 
the  two  extremities  of  which  are  pivots  on  which  the  wheel  ^ 

turns.  The  power  is  applied  at  tbe  circumference  of  the 
wheel,  generally  in  the  direction  of  a tangent  by  means  of 
a cord  wrapped  about  the  cylinder  in  order  to  overcome  the 
resistance  or  elevate  the  weight.  Here  the  cord  by  which  the 
power  P acts  is  applied  at  the  circumference  of  the  wheel,  while 
that  of  the  weight  W is  applied  round  the  axle  or  another 
small  wheel  attached  to  the  larger,  and  having  the  same  axis  or 
centre  C.  Thus  BA  is  a lever  moveable  about  the  point  C, 
tlie  power  P always  acting  at  the  distance  BC,  and  the  weight 
W at  the  distance  CA.  Therefore  P : W::CA  : CB.  That 
is,  the  weight  and  power  will  be  in  equilibrio  when  the  power 
P is  to  the  weight  W reciprocally  as  the  radii  of  the  circles 
where  they  act,  or  as  the  radius  of  the  axle  CA,  where  the 
weight  hangs,  to  the  radius  of  the  wheel  CB,  where  the  power 
acts;  or,  as  before,  P ; W::CA  : CB. 

1308.  If  the  wheel  be  put  in  motion,  tlie  sjaices  moved  through  being  as  the  circuni 
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fercnces,  or  as  the  radii,  the  velocity  of  W will  be  to  the  velocity  of  P as  CA  to  CB  ; that 
is,  the  weight  is  moved  as  much  slower  as  it  is  heavier  than  tlie  power.  Hence,  what  is 
gained  in  power  is  lost  in  time ; a pro])erty  cf)mmon  to  machines  and  engines  of  every  class. 

1309.  If  the  power  do  not  act  at  right  angles;  to  the  radius  CB,  but  oblicpiely,  draw 
CD  perpendicular  to  the  direction  of  the  power,  then,  from  the  nature  of  the  lever, 
1>:W::CA:CD. 

1310.  It  is  to  the  mechanical  power  of  the  wheel  and  axle  that  belong  all  turning  or 
wheel  machines  of  different  radii;  thus,  in  the  roller  turning  on  the  axis  or  spindle 
CE  (yi>.  5.53.)  by  the  handle  CBD,  the  power 
a])plied  at  B is  to  the  weight  W on  the  roller,  as 
the  radius  of  the  roller  is  to  the  radius  CB  of  the 
handle.  'I'he  same  rule  applies  to  all  cranes, 
capstans,  windlasses,  &c.  ; the  power  always  being 
to  the  weight  as  is  the  radius  or  lever  at  which 
the  weight  acts  to  that  at  which  the  power  acts; 
so  that  they  are  always  in  the  reciprocal  ratio 
of  their  velocities.  'To  the  same  principle  are 
referable  the  gimlet  and  auger  for  boring  holes. 

1311.  'i’he  above  observations  imply  that  the 
cords  sustaining  the  weights  are  of  no  .sensible 
thickness.  If  they  are  of  considerable  thickness, 
or  if  there  be  several  folds  of  them  over  one  an- 
other on  the  roller  or  barrel,  we  must  measure  to  the  middle  of  the  outermost  rope  for 
the  radius  of  the  roller,  or  to  the  radius  of  the  roller  must  be  added  half  the  thickness  of  the 
cord  where  there  is  but  one  fold. 

1312  The  power  of  the  wheel  and  axle  possesses  considerable  advantages  in  point,  ot 
convenience  over  the  sim))le  lever.  A weight  can  be  raised  but  a little  way  by  a sinij.'le 
lever,  whereas  by  the  continued  turning  of  the  wheel  and  axle  a weight  may  be  raised  to 
any  height  and  from  any  de))th. 

13i;5.  By  increasing  the  number  of  wheels,  moreover,  the  power  may  be  Increased  to  any 
extent,  making  the  less  always 
turn  greater  wheels,  by  means 
of  what  is  called  tooth  and  pinion 
work,  wherein  the  teeth  of  one 
circumference  work  in  the 
rounds  or  pinions  of  another  to 
turn  the  wheel.  In  case,  here, 
of  an  equilibrium,  the  power  is 
to  the  weight  as  the  continual 
product  of  the  radii  of  all  the 
axles  to  that  of  all  the  wheels. 
vSo  if  the  power  P {fig.  55 A.) 
turn  the  wheel  Q,,  and  this  turn 
the  small  wheel  or  axle  II,  and 
this  turn  the  vvheel  S,  and  this 
||  turn  the  axle  'I',  and  this  turn 

R|  the  wheel  V,  and  this  turn  the 

M axle  X,  which  raises  the  weight 
3V  W;  then  P : W::CB  . DE  . 
j FGlAC.BD.EF.  Amlin 

0 the  same  proportion  is  the  velocity  of  W slower  than  th.at  of  P.  Thus,  if  each  Avheel 

J be  to  its  axle  as  10  to  1,  then  P ; W;:13  I 10^  or  as  1 to  1000.  Hence  a power  of  one 

j|  pound  will  balance  a weight  of  1000  pounds;  but  when  put  in  motion,  the  power  will 

1 move  1000  times  faster  than  the  weight. 

J 1314.  We  do  not  think  it  nece.ssary  to  give  exam])les  of  the  different  rriachines  for  raising 

weights  used  in  the  construction  of  buildings  : they  are  not  many,  and  will  be  hereafter 
named  and  described. 

I 

OF  THE  PULLEY. 

1315.  A pulley  is  a .small  wheel,  usually  made  of  wood  or  brass,  turning  about  a metal 
axis,  and  enclosed  in  a frame,  or  case,  called  its  block,  which  admits  of  a rope  to  pass  freely 
I ^over  the  circumference  of  the  pulley,  wherein  there  is  usually  a concave  groove  to  prevent 

? the  rope  slipping  out  of  its  place.  The  pulley  is  said  to  be  fixed  or  moveable  as  its  block 
is  fixed  or  rises  and  falls  with  the  weight.  An  assemblage  of  several  pulleys  is  called  a 
I system  of  pulleys,  of  which  some  are  in  a fixed  block  and  the  rest  in  a moveable  one. 

'313.  If  a ])ower  sustain  a weight  by  means  of  a fixed  v’lUcy.  the  power  and  weight  are 
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equal.  For  If  through  the  centre  C {Jig.  555.)  of  the  pulley  we  draw  the  horizontal 
diameter  AB ; then  will  AB  represent  a lever  of  the  first  kind,  its  ^ 

prop  being  the  fixed  centre  C,  from  which  the  points  A and  B,  where 
the  power  and  weight  act,  being  equally  distant,  the  power  P is  conse- 
quently equal  to  the  weight  W. 

1317.  Hence,  if  the  pulley  be  put  in  motion,  the  power  P will  de- 
scend as  fast  as  the  weight  W ascends : so  that  the  power  is  not  in- 
creased by  the  use  of  the  fixed  pulley,  even  though  the  rope  go  over 
several  of  them.  It  is,  nevertheless,  of  great  service  in  the  raising  of 
weights,  both  by  changing  the  direction  of  the  force,  for  the  convenience 
of  acting,  and  by  enabling  a person  to  raise  a weight  to  any  height 
without  moving  from  his  place,  and  also  by  permitting  a great  num- 
ber of  persons  to  exert,  at  the  same  time,  their  force  on  the  rope  at  P, 
which  they  could  not  do  to  the  weight  itself,  as  is  evident  in  raising  the 
weight,  or  monkey,  as  it  is  called,  of  a pile-driver,  also  on  many  other  oc- 
casions. 

1318.  When  a pulley  is  moveable  the  power  necessary  to  sustain  a 


Fig.  555. 


weight  is  ecjual  to  the  half  of  such  weight.  For  in  this  case  AB  {jig.  556.)  maybe  con- 


sidered  as  a lever  of  the  second  kind,  the  weight  being  at  C,  the  power  acting  at  A,  and 
the  prop  or  fixed  point  at  B.  Then,  because  P;  W:;CB  * AB  and  CB  = AB,  we 
have  P = 1W  or  W = 2P. 

1319.  From  which  it  is  manifest  that  when  the  pulley  is  put  in  mo- 
tion the  velocity  of  the  power  is  double  that  of  the  weight,  inasmuch 
as  the  point  P descends  twice  as  fast  as  the  point  C and  the  weight  W 
rises.  It  is,  moreover,  evident  that  the  fixed  pulley  F makes  no  differ- 
ence in  the  point  P,  but  merely  changes  the  motion  of  it  in  an  op- 
posite direction. 

1320.  We  may  hence  ascertain  the  effect  of  a combination  or  system 
of  any  number  of  fixed  and  moveable  pulleys,  and  we  shall  thereby  find 
that  every  cord  going  over  a moveable  pulley  doubles  the  powers,  for 
each  end  of  the  rope  bears  an  equal  share  of  the  weight,  whilst  each  rope 
fixed  to  a pulley  only  increases  the  power  by  unity.  In  jig.  557. 


P=.^W,  and  in  jig.  558.,  P = .V’= 


Ol'  THE  W'EDGI 


i-ig. 


1321.  The  wedge  is  a body  in  the  form  of  a half 
rectangular  prism,  in  practice  usually  of  w'ood  or 
metal.  AF  or  BG  (jig.  559.)  is  the  breadth  of 
its  back,  CE  its  height,  CG,  CB  its  sides,  and  its 
end,  GBC,  is  the  terminating  surface  of  two  equally 
inclined  planes  GCE,  BCE. 

1322.  When  a wedge  is  in  equilibrio,  the  power 
acting  on  the  back  is  to  the  force  acting  at  right 
angles  to  either  side  as  the  breadth  of  the  back 
AB  {jig.  560.)  is  to  the  length  of  the  side  AC  or 
BC.  For  three  forces  w'hich  sustain  each  other  in 
ecpiilibrlo  are  as  the  corresponding  sides  of  a tri- 
angle drawn  perpendicular  to  the  directions  in  which 
they  act.  But  AB  is  perpendicular  to  the  force 
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acting  on  tlie  back  to  drive  the  wedge  forward,  and  the  sides  AC,  EC  are  perpendicular 
to  tlie  forces  acting  on  them,  tlu>  three  forces  are  therefore  as  AB,  AC,  !>(’.  'I'hus,  the 
force  on  the  back,  its  effect  perpendicularly  to  AC,  and  its  effect  j)arallel  to  .AB,  are  as 
the  three  lines  AB,  AC,  and  DC,  which  are  perpendicular  to  them.  Hence  the  thinner 
the  wedge  the  greater  its  effect  to  split  any  body  or  to  overcome  a resistance  against  the 
sides  of  the  wedge. 

1323.  We  are,  however,  to  recollect  that  the  resistance  or  the  forces  in  question  are 
relative  to  one  side  only  of  the  wedge  ; for  if  those  against  both  sides  are  to  be  reckoned, 
we  can  take  only  half  the  back  AD,  or  else  we  must  take  double  the  line  AC  or  DC.  In 
the  wedge  the  friction  is  very  great,  and  at  least  equal  to  the  force  to  be  overcome,  inas- 
much as  it  retains  any  position  to  which  it  is  driven,  whence  the  resistance  is  doubled  by 
the  friction.  But  on  the  other  hand,  the  wedge  has  considerable  advantage  over  all  the 
other  powers,  because  of  the  force  of  the  blow  with  which  the  back  is  struck,  a force  vastly 
greater  than  the  dead  weight  or  pressure  employefl  in  other  machines.  On  this  account  if 
is  capable  of  producing  effects  vastly  superior  to  those  of  any  other  power,  such  as  splitting 
rocks,  raising  the  largest  and  heaviest  bodies  by  the  simple  blow  of  a mallet ; objects  which 
could  never  be  accomplished  by  any  simple  pressure  whereof  in  practice  application  could 
be  made. 


OF  THE  SCREW. 

1324.  The  screw  is  a cord  wound  in  a spiral  direction  round  the  periphery  of  a cylinder, 
and  is  therefore  a species  of  inclined  plane,  whose  length  is  to  its  height  as  the  circumfer- 
ence of  the  cylinder  is  to  the  distance  between  two  consecutive  threads  of  the  screw. 
It  is  one  of  the  six  mechanical  powers  used  in  pressing  or  squeezing  bodies  close,  and  is 
occasionally  u.sed  in  raising  Aveights. 

1.325.  The  screw,  then,  being  an  inclined  plane  or  half  wedge,  the  force  of  a power 
applied  in  turning  it  round  is  to  the  force  with  which  it  presses  upwards  or  downwards, 
without  estimating  friction,  as  the  distance  between  two  threads  is  to  the  circumference 
where  the  power  is  applied.  For  considering  it  as  an  inclined  plane  whose  height  is  the 
distance  between  two  threads,  and  its  base  the  circumference  of  the  screw  ; the  force  in  the 
horizontal  direction  being  to  that  in  the  vertical  one  as  the  lines  perpendicular  to  them, 
namely,  as  the  height  of  the  plane  or  distance  between  two  threads,  is  to  the  base  of  the 
plane  or  circumference  of  the  screw  ; the  power,  therefore,  is  to  the  pressure  as  the  distance 
of  two  threads  is  to  the  circumference.  But  in  the  application  of  the  screw  a handle  or 
lever  is  used,  by  means  whereof  the  gain  in  power  is  increased  in  the  proportion  of  the 
radius  of  the  screw  to  the  radius  of  the  power,  that  is,  the  length  of  the  handle,  or  as  their 
circumferences.  Consequently  the  power  is  to  the  pressure  as  the  distance  of  the  threads 
is  to  the  circumference  described  by  the  power.  The  screw  being  put  in  motion,  the  power 
is  then  to  the  weight  which  would  keep  it  in  equilibrio  as  the  velocity  of  the  latter  is  to  that 
of  the  former  ; and  hence  their  momenta  are  equal,  and  produced  by  multiplying  each  weight 
or  power  by  its  own  velocity. 

1326.  Thus  it  is  a general  property  of  all  the  mechanical  powers,  that  the  momentum  of 
a power  is  equal  to  that  of  the  rveight  which  would  keep  it  in  equilibrio,  or  that  each  of 
them  is  proportional  to  its  velocity. 

1327.  From  the  foregoing  observations,  we  may  be  easily  led  to  compute  the  force  exerted 
hy  any  machine  whose  action  is  exerted  through  the  means 
of  the  screw.  In  Jig.  561.,  representing  a press  driven 
by  a screw  whose  threads  are  each  one  quarter  of  an  inch 
apart,  let  it  be  turned  by  a handle  or  lever  4 feet  long  from 
A to  B.  Then  supposing  the  natural  force  of  a man,  by 
which  he  can  lift,  pull,  or  draw,  to  be  150  pounds,  and  that 
it  be  required  to  ascertain  with  what  force  the  screw  will 
[)ress  on  the  board  at  D when  the  man  turns  with  his 
whole  force  the  handle  at  A and  B ; we  have  AB,  the  dia- 
nieter  of  the  power,  4 feet  or  48  inches  ; its  circumference, 
therefore,  48  x 3 -141 6,  or  150|  nearly  ; and  the  distance  of 
Vac  threads  being  one  quarter  of  an  inch,  the  power  is  to 
the  pressure  as  1 to  603h  But  the  power  is  equal  to  150 
pounds;  therefore,  as  1 : 6031;:  150  I 90480,  and  the  pres- 
sure therefore  at  D is  equal  to  a weight  of  90480  pounds,  independent  of  friction. 

1328.  In  the  endless  screw  AB  {Jig.  562.),  turned  by  a handle  AC  of  20  inches  radius, 
the  threads  of  the  screw  are  at  a distance  of  half  an  inch  ; and  the  screw  turns  a toothed 
wheel  E whose  pinion  L acts  in  turning  upon  another  wheel  F,  and  the  pinion  M of  this 
last  wheel  acts  upon  a third  wheel  G,  to  the  pinion  or  barrel  whereof  is  hung  the  weight  W. 
If  we  would  know  Avhat  weight  can  be  raised  through  the  means  of  this  combination  by  a 
man  working  the  handle  C,  supposing  the  diameters  of  the  wheels  to  be  18  inches,  and 
those  of  the  pinions  and  barrel  2 inches,  tlie  teeth  and  pinions  being  all  similar  in  size ; we 
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have  20  X 3-1416  X 2=  125 '664,  the  circumference  of 
the  power;  and  125-664  to  or  251 '328  to  1,  is 
the  force  of  the  screw  alone.  Again,  1 8 : 2 or  9 I 1 , 
being  the  proportion  of  the  wheels  to  the  pinions,  and 
there  being  three  of  them,  9^  I 1 or  729  I 1 is  the 
power  gained  by  the  wheels. 

1329.  Consequently  251  '328  x 729  to  1,  or  1832181 
to  1 nearly,  is  the  ratio  of  the  power  to  the  weight 
arising  from  the  joint  advantage  of  the  screw  and  the 
wheels.  The  j)ower,  however,  is  1 50  pounds  ; there- 
fore 150  X 1832181  or  27482716  pounds  is  the  weight 
the  man  can  sustain,  equal  to  12269  tons. 

1330.  It  must  be  observed,  that  the  ])Ower  has  to 
overcome  not  only  the  weight,  but  at  the  same  time 
the  friction  undergone  by  the  screw,  which  in  some 
cases  is  so  great  as  to  be  equal  to  the  weight  itself; 
for  it  is  .sometimes  sufficient  to  sustain  the  weight 
when  the  power  is  taken  off. 

OF  FRICTION. 

1331.  lliough  in  a preceding  page  we  have  slightly 
touclied  on  the  effect  of  friction,  it  is  to  be  kept 
in  mind  that  the  foregoing  observations  and  rules 
have  assumed  the  mechanical  ])owers  to  be  without 
weight  and  friction.  This  is  far  from  the  fact ; and, 
liowever  theoretically  true  all  that  has  hitherto  been 
advanced,  very  great  allowances  must  be  made  in 
practice  w-hen  power  is  applied  to  mechanical  purposes,  in  which  a great  portion  of  their 
effect  is  lost  by  friction,  inertia,  &c.  The  word  friction,  properly  meaning  the  act  of 
one  body  rubbing  on  another,  is  in  mechanics  used  to  denote  the  degree  of  retardation  or 
obstruction  to  motion  which  arises  from  one  surface  rubbing  against  another.  A heavy 
body  placed  upon  another  is  not  in  a state  of  equilibrium  between  all  the  forces  which  act 
upon  it,  otherwise  it  could  be  moved  by  the  application  of  the  smallest  force  in  a direction 
parallel  to  the  plane.  This  want  of  etiuilibrium  results  from  unbalanced  force  occasioned 
by  the  friction  on  a level  surface.  Now  if  a new  force  of  equal  magnitude  be  applied  to 
counterpoise  such  unbalanced  force,  the  body  will  obey  the  smallest  imjnilse  in  such  direc- 
tion, and  the  force  thus  employed  will  exactly  measure  the  retarding  force  of  friction.  It 
has  been  well  observed,  that  friction  destroys,  but  never  generates  motion  ; being  therein  un- 
like gravity  or  the  other  forces,  which,  tliough  they  may  retard  motion  in  one  direction, 
always  accelerate  it  in  the  opposite.  Thus  the  law  of  friction  violates  the  law  of  con- 
tinuity, and  cannot  be  accurately  expressed  by  any  geometrical  line,  nor  by  any  algebraic 
formula.  The  author  (Playfair,  Outlines  of  Natural  Philosophy)  just  quoted,  continues : 
“ Though  friction  destroys  motion  and  generates  none,  it  is  of  essential  use  in  mechanics. 
It  is  the  cause  of  stability  in  the  structure  of  machines,  and  it  is  necessary  to  the  exertion 
of  the  force  of  animals.  A nail  or  screw  or  a bolt  could  give  no  firmness  to  the  parts  of  a 
machine,  or  of  any  other  structure,  without  friction.  Animals  could  not  walk,  or  exert  their 
force  anyhow,  without  the  siqiport  which  it  affords.  Nothing  could  have  any  stability,  but 
in  the  lowest  possible  situation ; and  an  arch,  which  could  sustain  the  greatest  load  when 
properly  distributed,  might  be  thrown  down  by  the  weight  of  a single  ounce,  if  not  placed 
with  mathematical  exactness  at  the  very  point  which  it  ought  to  occupy.”  ' 

1332.  Many  authors  have  applied  themselves  to  the  subject  of  friction,  but  the  most  satis- 
factory results  have  attended  the  investigations  of  the  celebrated  Coulomb  in  its  application 
to  practical  mechanics ; and  it  is  to  that  author  we  are  indebted  for  the  few  following  suc- 
cinct observations. 

I.  In  the  friction  of  wood  upon  wood  in  the  direction  of  the  fibres  after  remaining  in 
contact  for  one  or  two  minutes,  the  following  mean  results  were  obtained : — 


Oak  against  oak 

- = friction 

Oak  against  fir  - 

- = ditto. 

Fir  against  fir  - 

Elm  against  elm 

friction  in  parts  of  the  weight. 


When  oak  rubbed  upon  oak,  and  the  surfaces  in  contact  were  reduced  to  the  smallest  po.s] 
sihle  dimensions,  the  friction  was 
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1333,  When  the  friction  was  across  the  grain,  or  at  right  angles  to  the  direction  of  the 

fibres,  oak  against  oak  was  The  ratios  above  given  are  constant  quantities,  and  not 

dependent  upon  the  velocities,  excepting  in  the  case  of  elm,  when  the  pressures  are  very 
small,  for  then  the  friction  is  sensibly  increased  by  the  velocity. 

1334.  (II.)  Friction  is  found  to  increase  with  the  time  of  contact.  It  was  ascertained  that 
when  wood  moved  upon  wood  in  the  direction  of  the  fibres,  the  friction  gradually  increased, 
and  reached  its  maximum  in  8 or  10  seconds.  When  across  the  grain  of  the  wood,  it  took 
a longer  time  to  reach  its  maximum. 

1.335.  (III.)  For  illustration  of  the  friction  of  metals  upon  metals  after  a certain  time  of 
re.st,  the  subjoined  experiments  were  made  with  two  flat  lulers  of  iron,  4 feet  long  and  2 
inches  wide,  attached  to  the  fixed  plank  of  the  apparatus  used  for  the  investigation.  I'our 
other  rulers,  two  of  iron  and  two  of  brass,  15  inches  long  and  18  lines  wide,  were  also  used. 
The  angles  of  each  of  the  rulers  were  rounded  off,  and  the  rubbing  sui faces  of  the  rulers 
were  45  srjuare  inches. 

With  iron  upon  iron  and  a pressure  of  53  lbs.,  the  friction  in  parts  of  the  pressure  was 
— — 453  lbs.,  — — 

With  iron  upon  brass  and  a pressure  o^  52  lbs.,  the  friction  in  parts  of  the  pressure  was  4-2‘ 

_ 452  lbs.,  _ J 

41* 

1336.  In  these  experiments  each  set  gives  nearly  the  same  result,  though  the  second 
pressures  are  nearly  nine  times  the  first ; from  which  we  learn  that,  in  metals,  friction  is  in- 
dependent of  the  extent  of  the  rubbing  surfaces.  Coulomb,  moreover,  found  that  the  friction 
is  independent  of  the  velocities.  The  ratio  of  4 to  1 between  the  pressure  of  friction,  in 
the  case  of  iron  moving  upon  brass,  is  only  to  be  considered  accurate  when  the  surfaces  are 
new  and  very  large.  When  they  are  very  small  the  ratio  varies  from  4 to  1 to  6 to  1 ; but 
this  last  ratio  is  not  reached  unless  the  friction  has  been  continued  more  than  an  hour,  when 
the  iron  and  brass  have  taken  the  highest  polish  whereof  they  are  susceptible,  free  of  all 
scratches. 

1.337.  IV.  In  the  friction  of  oak  upon  oak,  when  greased  with  tallow,  which  was  renewed 
at  every  experiment,  some  days  were  required  for  obtaining,  when  the  surfaces  were  consi- 
derable, the  maximum  of  friction  or  adhesion.  It  was  nearly  similar  to  that  without  grease, 
sometimes  rather  greater.  For  iron  or  copper  with  tallow,  during  rest,  the  increase  is  not 
io  considerable  as  with  oak.  At  first  the  friction  was  of  the  weight,  besides  a small  force 
of  a pound  for  every  30  square  inches  independent  of  the  weight.  The  friction  after  some 
[time  changes  to  or  J.  Olive  oil  alters  the  condition  of  the  friction  to  and  old  soft  grease 
I to  about 

! 1338.  V.  In  the  case  of  friction  of  bodies,  oak  upon  oak  for  instance,  in  motion  in  the 

idlrection  of  its  fibres,  the  friction  was  nearly  constant  in  all  degrees  of  velocity,  though  with 
jlarge  surfaces  it  appeared  to  increase  with  the  velocities ; but  when  the  touching  surfaces 
were  very  small  compared  with  the  pressures,  the  friction  diminished  or  the  velocities  in- 
creased. For  a pressure  of  100  to  4000  pounds  on  a square  foot,  the  friction  is  about 
besides  for  each  square  foot  a resistance  of  Impounds,  exclusive  of  pressure  increasing  a 
little  with  the  velocity,  occasioned  perhaps  by  a down  on  the  surface.  If  the  surface  be 
very  small  the  friction  is  lessened.  When  the  narrow  surface  was  cross-grained,  the  friction 
was  invariably  In  the  case  of  oak  on  fir,  the  friction  was  ^ ; of  fir  on  fir,  | ; of  elm  on 
elm,  but  varying  according  to  the  extent  of  surface ; for  iron  or  copper  on  wood,  ^3,  which 
was  at  first  doubled  by  increasing  the  velocity  to  a foot  in  a second,  but  on  a continuance 
of  the  operation  for  some  hours  it  again  diminished.  P"or  iron  on  iron,  ; on  copper,  ; 
after  long  attrition,  1 in  all  velocities.  Upon  the  whole,  in  the  case  of  most  machine.s.  | of 
the  pressure  may  be  considered  a fair  estimate  of  the  friction. 

1339.  In  the  experiments  to  ascertain  the  friction  of  axles.  Coulomb  used  a simple  pulley, 
where  the  friction  of  the  axis  and  that  of  the  rigidity  of  the  rope  produce  a joint  resistance. 
With  guaiacum  moving  upon  iron,  the  friction  was  or  ^ of  the  weight  in  all  velocities 
exclusive  of  the  rigidity  of  the  rope;  the  mean  was  — or,  with  a small  weight,  a little 
greater.  In  the  cases  of  axles  of  iron  on  copper,  or  the  velocity  is  small ; the  friction 
being  always  somewhat  less  than  for  plane  surfaces.  With  grease,  the  friction  was  about 
y...  With  an  axis  of  green  oak  or  elm,  and  a pulley  of  guaiacum,  the  friction  with  tallow 
I w.is  ^'g ; without,  .jly  ; with  a pulley  of  elm,  the  quantities  in  question  became  ^ and  An 
'axis  of  box  with  a pulley  of  guaiacum  gave  Jg  and  ; with  an  elm  pulley,  and  -J^.  An 
axis  of  iron  and  a pulley  of  guaiacum  gave,  with  tallow,  Tlie  velocity  had  but  small 
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effect  on  the  rigidity  of  ropes,  except  in  slightly  increasing  the  resistaiice  xrhen  the  i)ressure 
was  small. 

1340.  The  friction  and  rigidity  of  ropes  was  supposed  by  Amontons  and  Desaguliers  to 
vary  as  the  diameter  as  the  curvature  and  as  the  tension.  By  Coulomb  the  power  of  tlie 
diameter  expressing  the  rigidity  was  found  generally  to  be  1 •?  or  1 *8,  never  less  than  1 -I, 
and  that  a constant  quantity  must  be  supposed  as  added  to  the  weight.  Wet  ropes,  if  small, 
are  more  flexible  than  such  as  are  dry,  and  tarred  ones  stifFer  by  about  one  sixth,  and  in 
cold  weather  somewhat  more.  After  rest,  the  stitFness  of  rojjes  increases.  A roi)e  of  three 
strands,  each  having  two  yarns  12^  lines  in  circumference,  whose  v/eight  was  125  grains, 
being  bent  upon  an  axis  4 inches  in  diameter,  required  a constant  force  of  one  pound  ( Frencli) 
and  of  the  weight  to  overcome  its  rigidity.  The  same  rope  tarred,  required  one  iifth 
of  a pound  and  one  fiftieth  of  the  weight.  When  the  strands  were  of  line  yarns,  the  cir- 
cumference  20  lines,  and  the  weight  347  grains,  the  rigidity  was  equal  to  half  a })ound  and 

of  the  weight  to  move  it.  With  strands  of  10  yarns,  and  a circumference  of  28  lines, 

and  a weight  of  680  grains  to  6 Inches,  the  rigidity  of  the  untarred  rope  was  2 lbs.  and 

— ? of  the  woight,  and  the  tarred  rope  of  3 ‘3  lbs.  and  of  the  weight.  Ex))eri. 
lo  o3  10  o4 

ments  which  confirmed  the  above  were  made  on  a roller  moving  on  a horizontal  jdane, 
while  a rope  was  colled  completely  round  it,  whence  an  allowance  must  be  made  for  the 
friction  of  the  roller  on  the  plane,  which  varies  as  its  weight  and  inversely  as  its  diameter. 
With  a roller  of  guaiacum  or  lignum  vitas,  3'6  inches  in  diameter,  moving  on  oak,  It  was 
of  the  weight ; for  a roller  of  elm,  | more. 

1341.  This  subject  has,  we  conceive,  been  pursued  as  far  as  is  necessary  for  the  architect ; 
seeing  that  his  further  investigation  of  it,  should  necessity  arise,  may  be  accomplished  by 
reference  to  the  works  of  Amontons,  Bulfinger,  Parent,  Euler,  Bossut,  and  Coulomb,  | 
upon  whom  we  have  drawn  for  the  information  here  given.  We  shall  therefore  con-  j 
elude  these  remarks  by  subjoining  some  of  the  practical  results  which  experiments  on 
animal  power  afford,  extracted  from  the  celebrated  Dr.  Thomas  Young’s  Natural  Fliilosu- 
2>hy,  vol.  ii. 

In  comparing  the  values  of  the  force  of  moving  powers,  it  is  usual  to  assume  an 
unit,  which  is  considered  as  the  mean  effect  of  the  labour  of  an  active  man  working  to  the 
greatest  advantage;  this  on  a moderate  calculation  will  be  found  sufficient  to  raise  10  lbs. 
to  the  height  of  10  feet  in  one  second  for  10  hours  in  a day  ; or  100  lbs.  1 foot  in  a second, 
that  is  36,000  feet  in  a day,  or  3,600,000  lbs.  1 foot  in  a day.  The  following  exhibits  a 
tabular  view  of  the  immediate  force  of  men,  without  deduction  for  friction.  Such  a day’s 
work  is  the  measuring  unit  in  the  third  column  of  the  table. 


Operative. 

Force. 

Continuance. 

Day’s  Work.  • 

A man  weighing  133  lbs.  French  ascended  62  feet 
French  by  steps  in  34  seconds,  but  was  com- 
pletely exhausted.  Amontons.  - - - 

2-8 

34  sec. 

A sawyer  made  200  strokes  of  1 8 French  inches  each 
in  145  seconds,  with  a force  of  25  lbs.  French. 
He  could  not  have  continued  more  than  3 mi- 
nutes. Amontons.  _ . - - 

6-0 

145  sec. 

A man  can  raise  60  French  lbs.  1 French  foot  in 
1 second  for  8 hours  a day.  BernouiUi. 

0-69 

8 hours 

0-552 

A man  of  ordinary  strength  can  turn  a winch  with  a 
force  of  30  lbs.,  and  with  a velocity  of  3.]  feet  in 
1 second  for  10  hours  a day.  Desaguliers. 

1 *05 

1 0 liours 

1-05 

Two  men  working  at  a windlass,  with  handles  at 
right  angles,  can  raise  70  lbs.  more  easily  than  1 
can  raise  30  lbs.  Desaguliers.  - - - 

1-22 

1 -22 

A man  can  exert  a force  of  40  lbs.  for  a whole  day 
with  the  assistance  of  a fly,  when  the  motion  is 
pretty  quick,  at  about  4 or  5 feet  in  a second. 
Desaguliers.  But  it  appears  doubtful  whether 
the  force  is  40  or  20  lbs.  _ - . 

2-00 

It 

For  a short  time,  a man  may  exert  a force  of  80  lbs. 
with  a fly  when  the  motion  is  pretty  quick.  De- 
saguliers. - 

3 00 

1 sec. 

A man  going  up  stairs  ascends  14  metres  (35 '43  feet) 
in  1 minute.  Coulomb.  _ . - 

1-182 

1 min. 
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OPEaATlVM. 

Force. 

1 

Continual  ce. 

Day’s  VVoik. 

A man  going  up  stairs  for  a day  raises  205  kilo- 
grammes (451 -64  lbs.  averd.)  to  the  height  of 
a kilometre  (3280-91  feet).  Coulomb. 

0-412 

With  a spade  a man  does  as  much  as  in  ascending 
stairs.  Coulomb.  - _ - - 

_ 



0-391 

With  a winch  a man  does  | as  much  as  in  ascending 
stairs.  Coulomb.  - - - - 

_ 

0*258 

A man  carrying  wood  uj)  stairs  raises,  together  with 
his  own  weight,  109  kilogrammes  (240-14  lbs. 
averd.)  to  1 kilometre  (3280-91  feet).  Cou- 

lomb, ------ 

0-219 

man  weighing  150  French  lbs.  can  ascend  by 
stairs  3 French  feet  in  a second  for  15  or  20 
seconds.  Coulomb.  - - - - 

For  half  an  hour  100  French  pounds  may  be  raised 
1 foot  French  per  second.  ' Coulomb. 

By  Mr.  Buchanan’s  comparison,  the  force  exerted  in 
turning  a winch  being  assumed  ecjual  to  the  unit, 
the  force  in  pumping  will  be- 
lli ringing  ------ 

111  rowing  ----- 

5-22 
1 -152 

0-61 
1 -36 
1-43 

20  sec. 
30  min. 

1343.  Coulomb’s  maximum  of  effect  is,  when  a man  weighing  70  kilogrammes 
154-21  lbs.  avoirdupois),  carries  a weight  of  53  (116-76  lbs.  avoirdupois,)  up  stairs.  but 
:iis  appears  too  great  a load. 

t 1344.  Porters  carry  from  200  to  300  lbs.,  at  the  rate  of  3 miles  an  hour.  Chairmen 
I'alk  4 miles  an  hour  with  a load  of  150  lbs.  each ; and  in  Turkey  there  are  found  porters 
i'ho,  it  is  said,  by  stooping  forwards,  carry  from  700  to  900  lbs.  very  low  on  their  backs. 

1345.  The  most  advantageous  weight  for  a man  of  common  strength  to  carry  horizon- 
,illy,  is  111  pounds  ; or,  if  he  return  unladen,  135.  With  wheelbarrows,  men  will  do  half 
is  much  more  work,  as  with  hods.  Coulomb. 

The  following  table  exhibits  the  performance  of  men  by  machines. 


Opeuative. 

Force. 

Continuance. 

Day’s  Work. 

A man  raised  by  means  of  a rope  and  pulley  25  lbs. 
French,  220  French  feet  in  145  seconds.  Amon- 
tons.  ------ 

0-436 

145  sec. 

A man  can  raise  by  a good  common  pump  1 hogshead 
of  water  1 0 feet  high  in  a minute  for  a whole  day. 
DesaguUeis.  - - - - - 

0-875 

0*875 

By  the  mercurial  pump,  or  another  good  pump,  a man 
may  raise  a hogshead  1 8 or  20  feet  in  a minute 
for  1 or  2 minutes  - - - 

1 -61 

2 min. 

111  pile  driving,  55^  French  lbs.  were  raised  1 French 
foot  in  1 second,  for  5 hours  a day,  by  a rope 
drawn  horizontally.  Coulomb.  - - - 

0-64 

5 hours 

0-82 

Robison  says  that  a feeble  old  man  raised  7 cubic 
feet  of  water  11^  feet  in  1 minute  for  8 or  1 0 
hours  a day,  by  walking  backwards  and  forwards 
on  a lever  - - - - - 

0-837 

9 hours 

0-753 

A young  man,  the  last-named  author  says,  weighing 
13i  lbs.,  and  carrying  30  lbs.,  raised  9^  cubic  feet 
111  feet  high  for  10  hours  a day,  without 
fatigue  ----- 

1*106 

10  hours 

1-106 

1346.  In  respect  of  the  force  of  horses,  we  do  not  think  it  necessary  to  do  more  than 
)serve  that  the  best  way  of  applying  their  force  is  in  an  horizontal  direction,  that  in  which 
man  acts  least  to  advantage.  For  instance,  a man  weighing  140  lbs.,  and  drawing  a boat 
ong  by  means  of  a rope  over  his  shoulders,  cannot  draw  above  27  lbs.  ; whereas  a horse 

Inployed  for  the  same  purpose  can  exert  seven  times  that  force. 

1347.  Generally,  a horse  can  draw  no  more  up  a steep  hill  than  three  men  can  carry, 
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that  IS,  from  45a  to  750  pounds  ; but  a liorse  can  dra-v  2000  pounds  up  a steep  hill  which 
IS  but  short.  The  most  aisadvantageous  mode  of  applying  a horse  s force  is  to  make 
him  carry  or  draw  up  hill ; for  if  it  be  stee]),  he  is  not  more  than  equal  to  three  men 
each  of  whom  would  climb  up  faster  with  a burden  of  100  ])ounds  weight  than  a horse’ 
that  IS  loaded  with  300  pounds.  And  this  arises  from  the  different  construction  of  what 
may  be  called  the  two  living  machines. 

1348.  Desaguliel-s  observes,  that  the  best  and  most  effectual  action  of  a man  is  that 

exerted  in  rowing,  in  which  he  not  only  acts  with  more  muscles  at  once  for  overcoinint; 
resistance  than  in  any  other  application  of  his  strength,  biit  that,  as  he  pulls  backwards 
his  body  assists  by  way  of  lever.  ’ 

1349.  There  are  cases  in  which  the  architect  has  to  avail  himself  of  the  use  of  horse 
power;  as,  for  instance,  in  pugmills  for  tempering  mortar,  and  occasionally  when  the 
stones  employed  in  a building  may  be  more  conveniently  raised  by  such  means.  For 
effectually  using  the  strength  of  the  animal,  the  track  or  diameter  of  a walk  for  a horse 
should  not  be  less  than  25  to  30  feet.  A stea  n liorse-povver  is  reckoned  as  equal  to  three 
actual  horses’  power,  and  a living  horse  is  equal  to  seven  men. 

1350.  We  close  this  section  by  observing  that  some  horses  have  carried  650  or  700  lbs , 

and  that  for  seven  or  eight  mile-,  without  resting,  as  their  ordinary  work;  and,  accordimr 
to  Hesagulieis  (^Jhxperimeiit.  Philos,  vol  i ),  a horse  at  Stourbridge  carried  11  cwt.  of  iron 
or  1232  lbs.,  for  eight  miles.  ’ 


- Sect.  VIII.  - 

TIERS  AND  VAULTS. 

Authors  on  efjvilibriian  of  arches. 

1351.  I he  construction  of  arches  may  be  considered  in  a threefold  respect.  I.  As 

respects  their  form.  II.  As  respects  the  mode  in  which  their  parts  are  constructed.  ' 
III.  As  respects  the  thrust  they  exert.  [ i. 

1352.  In  the  first  category  is  involved  the  mode  of  tracing  the  right  lines  and  curves  ^ 
whereof  their  surfaces  are  composed,  which  has  been  jiartially  treated  in  Section  V.  on  De- 
scriptive Geometry,  and  will  be  further  discussed  in  future  pages  of  this  work.  The 
other  two  points  will  form  the  subject  of  the  present  section. 

1353.  The  investigation  of  the  equilibrium  of  arches  by  the  laws  of  statics  does  not 
appear  to  have  at  all  entered  into  the  thoughts  of  tlie  ancient  architects.  Experience, 
imitation,  and  a sort  of  mechanical  intuition  seem  to  have  been  their  guides.  They  appear 
to  have  preferred  positive  solidity  to  nice  balance,  and  the  examples  they  have  left  are 
rather  the  result  of  art  than  of  science.  Vitruvius,  wlio‘  speaks  of  all  the  ingredients 
necessary  to  form  a perfect  architect,  does  not  allude  to  the  assistance  which  may  bo 
afforded  in  the  construction  of  edifices  by  a knowledge  of  the  resolution  of  forces,  nor  of 
the  aid  that  may  be  derived  from  the  study  of  sucli  a science  as  Uescrijitive  Geometry, 
though  of  the  latter  it  seems  scarcely  ])ossible  the  ancients  could  have  been  ignorant,  seeing 
how  much  it  must  have  been  (practically,  at  least)  employed  in  the  construction  of  such 
vast  buildings  as  the  Coliseum,  and  other  similarly  curved  structures,  as  respects  their  plan. 

1354.  The  Gothic  architects  seem,  and  indeeci  must  have  been,  guided  by  some  rules 
which  enabled  them  to  counterpoise  the  thru.sts  of  the  main  arches  of  their  cathedrals 
with  such  extraordinary  dexterity  as  to  excite  our  amazement  at  their  boldness.  But 
they  have  left  us  no  precepts  nor  clue  to  ascertain  by  what  ni^ans  they  reached  such 
heights  of  skill  as  their  works  exhibit.  We  shall  hereafter  offer  our  conjectures  on  the 
leading  principle  which  seems  as  well  to  have  guided  them  in  their  works  as  the  ancients 
in  their  earliest,  and  perhaps  latest,  sqiecimens  of  columnar  architecture. 

1355.  Rareiit  and  De  la  Hire  seem  to  have  been,  at  the  latter  end  of  the  seventeenth 
century,  the  first  mathematicians  who  considered  an  arch  as  an  assemblage  of  w'edge-fornied 
stones,  capable  of  sliding  down  each  other’s  surfaces,  wliich  they  considered  in  a state  of  the 
higliest  polish.  In  this  hyjiotliesis  M.  de  la  Hire  has  proved,  in  his  IVeatise  on  Mechanics, 
printed  in  1695,  that  in  order  tliat  a semicircular  arch,  whose  joints  tend  to  the  centre,  may 
be  able  to  stand,  the  weights  of  the  voussoirs  or  arch  stones  whereof  it  is  composed  mu.st 
be  to  each  other  as  the  differences  of  the  tangents  of  the  angles  which  form  each  vou.ssoir; 
but  as  these  tangents  increase  in  a very  great  ratio,  it  follows  that  those  wdiich  form  the  j 
springlngs  must  be  infinitely  heavy,  in  order  to  resist  the  effects  of  the  superior  voussoirs.  a 
Now,  according  to  this  hypothesis,  not  only  would  the  construction  of  a semicircular  arch  i 
be  an  Impossibility,  but  also  all  those  which  are  greater  or  less  than  a semicircle,  whose 
centre  is  level  with  or  in  a line  parallel  with  the  tojis  of  the  piers ; so  that  those  only  would  ijj 
be  practicable  whose  centres  were  formed  by  curves  forming  angles  with  the  piers,  such  as 
tfie  jiarabola,  the  hvjierbola,  and  the  catenary.  And  we  may  here  remark,  that  in  para- 
bolic and  hyperbolic  arches,  the  voussoir  forming  the  keystones  should  be  heavier  or 
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greater  in  height,  and  that  from  it  the  weight  or  size  of  tUe  voussoirs  should  diminish 
from  the  keystone  to  the  springing;  the  catenary  being  the  only  curve  to  which  an  hoii- 
zontal  extrados,  or  upper  side,  can  be  properly  horizontal.  In  tlie  3Ieinoirs  of  the  Acadcmi/ 
of  Sciences,  1729,  INI.  Couplet  published  a memoir  on  the  thrusts  of  arclies,  wherein  he 
adopts  the  hypothesis  of  polislied  voussoirs  ; but,  finding  tlie  theory  would  not  be  applicable 
to  tlie  materials  whereof  arches  are  usually  composed,  he  jirinted  a second  memoir  in  1730, 
wherein  tlie  materials  are  so  grained  that  they  cannot  slide.  13 ut  in  this  last  he  was  as  far 
from  the  truth  as  in  his  first. 

1356.  IM.  Danisy,  a member  of  the  Academy  of  Montpellier,  liking  neither  of  these 
hypotheses,  endeavoured  from  experiments  to  deduce  a theory.  lie  made  several  models 
whose  extradosses  were  equal  i.i  thickness,  and  divided  into  equal  voussoirs,  with  piers  suf- 
ficiently thick  to  resist  the  till  usts.  To  ascertain  the  jilaces  at  which  the  failure  would 
take  place  where  the  piers  were  too  weak,  he  loaded  tlu-m  with  diflleient  weights  From 
many  experiments,  in  1732,  he  found  a practical  rule  for  the  walls  or  piers  of  t.  cylindrical 
arch  so  as  to  resist  the  thrust. 

1357.  Derand  had  found  one  which  appears  in  his  L' Architecture  des  Vouies,  1643,  but 
it  seems  to  have  been  empirical.  It  was  nevertheless  adopted  by  Blondel  and  Deschalles, 
and  afterwards  by  M.  de  la  Rue.  Gautier,  in  his  Dissertation  sur  Fepaisseur  des  Culees  des 
Fonts,  &.C.  1727,  adopts  one  which  seems  to  liave  had  no  better  foundation  in  science  than 
Derail  d’s. 

1358.  At  the  end  of  a theoretical  and  practical  treatise  on  stereotomy  by  M.  Frezier, 
that  author  subjoined  an  appendix  on  the  thrust  of  arches,  which  was  an  extract  of  what 
had  theretofore  been  published  by  MM.  de  la  Hire,  Couplet,  Rernouilli,  and  Danisy,  with, 
the  applications  of  the  rules  to  all  sorts  of  arches.  He  seems  to  have  been  the  first  who 
considerably  extended  the  view  of  the  subject. 

1359.  Coulomb  and  Bossut  occupied  themselves  on  the  subject.  The  first,  in  1773; 
presented  to  the  French  Academy  of  Sciences  a memoir  on  several  architectural  problems,* 
amongst  which  is  one  on  the  equilibrium  of  arches.  The  last-mentioned  author  printed,  in 
the  Memoirs  (1774  and  1776)  of  the  same  academy,  two  memoirs  on  the  theory  of  cylindrical 
arches  and  of  domed  vaulting,  wherein  are  some  matters  relating  to  the  cupola  of  the 
Tantheon  at  Paris,  whose  stability  was  then  a matter  of  doubt. 

1360.  In  Italy,  Lorgna  of  Verona  considers  the  subject  in  his  Sapqi  di  Statica  Mecanicn 
applicati  alle  Arti  ; and  in  1785,  Mascheroni  of  Bergamo  published,  in  relation  to  this  branch 
of  architecture,  a work  entitled  Nuove  Ricerche  dtlle  Volte,  wherein  he  treats  of  cupolas  on 
circular,  polygonal,  and  elliptical  bases. 

1361.  We  ought,  pei'haps,  not  to  omit  a memoir  by  Bouguer  in  the  Transactions  of  the 
“French  Academy  of  1734,  Sur  les  Lignes  Courbes  propres  a former  les  Voutesen  Dome,  wherein 
*|he  adduces  an  analogy  between  cylindrical  and  dome  vaulting  ; the  one  being  supposed  to  be 
''formed  by  the  movement  of  a catenarian  curve  parallel  to  itself,  and  the  other  by  the  revo- 
lution of  the  same  curve  about  its  axis. 

1363.  In  this  country,  the  equilibration  of  the  arch,  as  given  by  Belidor  and  others  on  the 
Continent,  seems  to  have  prevailed,  though  little  was  done  or  known  on  the  subject.  Emer- 
son seems  to  have  been  the  earliest  attracted  to  the  subject,  and  in  his  Treatise  on  Mechanics, 
^i|!1743,  appears  to  have  been  the  first  who  thought,  after  the  Doctors  Hooke  and  Gregory, 
‘of  investigating  the  form  of  the  extrados  from  the  nature  of  the  curve,  in  which  he  was 
followed  by  Hutton,  who  added  nothing  to  the  stock  of  knowledge ; an  accusation  which 
the  writer  of  this  has  no  hesitation  of  laying  at  his  own  door,  as  having  been  the  author  of 
a Treatise  on  the  Equilibrium  of  Arches,  which  has  passed  through  two  editions  ; but  who, 
after  much  reflection,  is  now  convinced,  that,  for  the  practical  architect,  no  theory  wherein 
the  extrados  is  merely  made  to  depend  on  the  form  of  the  intrados  can  ever  be  satisfactory 
or  useful.  It  is  on  this  account  that  in  the  following  pages  he  has  been  induced  to  follow  the 
doctrines  of  Rondelet,  as  much  more  satisfactory  than  any  others  with  which  he  is  acquainted. 

1363.  The  formulm  of  Rondelet  were  all  verified  by  models,  and  the  whole  reasoning  is 
[Conducted  upon  knowledge  which  is  to  be  obtained  by  acquaintance  with  the  mathematical 
diKl  mechanical  portions  of  the  preceding  pages.  It  moreover  reijuires  no  deep  acijuaintance 
with  the  more  abstruse  learning  requisite  for  following  the  subject  as  treated  by  later 
authors. 

OBSERVATIONS  ON  FRICTION. 

1364.  I.  In  order  that  the  stone  parallelopijied  A BCD  {fg.  56?>.) 
may  be  made  to  slide  upon  the  horizontal  plane  FG,  the  power  which 
draws  or  pushes  it  parallel  to  this  plane,  must  not  be  higher  than  the 
length  of  its  base  AB  ; for  if  it  acts  from  a higher  point,  such  as  C,  the 
[larallelopiped  will  be  overturned  instead  of  sliding  along  it. 

1365.  As  the  effects  of  the  powers  P and  M are  in  the  inverse  ratio 
of  the  neigiits  at  which  they  act,  it  follows  that  a parallelopi])ed  will 
slide  whenever  the  force  whieli  is  necessary  to  overturn  it  is  greater  than 
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that  necessary  to  make  it  slide,  and,  reciprocally,  it  will  be  overtr  ned  when  less  force  ia 
necessary  to  produce  that  effect  than  to  make  it  sii(ie. 

1366.  II.  When  the  parallelepiped  is  placed  on  an  inclined  plane,  it  will  slide  so  long 
as  the  vertical  QS  drawn  from  its  centre  of  gravity  does  not  fall  without  the  base  AB. 
Hence,  to  ascertain  whether  a parallelepiped  ABCD  with  a 

rectangular  base  564.)  will  slide  down  or  overturn  ; from 
the  ])oint  B we  must  raise  the  perpendicular  BE  : if  it  pass  out 
of  the  centre  of  gravity,  it  will  slide  ; if,  on  the  contrary,  the 
line  BE  passes  witliin,  it  will  overturn. 

1367.  If  the  surfaces  of  stones  were  infinitely  smooth,  as 
they  are  supposed  to  be  in  the  application  of  the  principles  of 
mechanics,  they  would  begin  to  slide  the  moment  the  plane 
upon  which  they  are  placed  ceases  to  be  perfectly  horizontal  ; but  as  their  surfaces  are  full 
of  little  inequalities  wdiich  catch  one  another  in  their  positions,  Rondelet  found,  by  re- 
peated experiments,  that  even  those  whose  surfaces  are  wrought  in  the  best  manner  do  not 
begin  to  slide  upon  the  best  worked  planes  of  similar  stone  to  the  solids  until  such  planes 
are  inclined  at  angles  varying  from  28  to  36  degrees.  This  difficulty  of  moving  one  stone 
upon  another  increases  as  the  roughness  of  their  surfaces,  and,  till  a certain  point,  as  their 
weight:  for  it  is  manifest,  1st,  That  the  rougher  their  surfaces,  the  greater  are  the  in- 
equalities which  catch  one  another.  2d.  That  the  greater  their  weight,  the  greater  is  the 
effort  necessary  to  disengage  them  ; but  as  these  inequalities  are  susceptible  of  being 
broken  up  or  bruised,  the  maximum  of  force  wanting  to  overcome  the  friction  must  he 
equal  to  that  which  produces  this  effect,  whatever  the  weight  of  the  stone.  3d,  That  this 
proportion  is  rather  as  the  hardness  than  the  weight  of  the  stone. 

1368.  In  experiments  on  the  sliding  of  hard  stones  of  different  sizes  which  weighed  froni 
2 to  60  lbs.,  our  author  found  that  the  friction  which  was  more  than  half  the  weight 
for  the  smaller  was  reduced  to  a third  for  the  larger.  He  remarked  that  after  each  experi- 
ment made  with  the  larger  stones  a sort  of  dust  was  disengaged  bj  the  friction.  In  soft 
stones  this  dust  facilitated  the  sliding. 

1369.  These  circumstances,  wdiich  would  have  considerable  influence  on  stones  of  a great 
weight,  were  of  little  importance  in  the  experiments  which  wjQl  be  cited,  the  object  being 
to  verify  upon  hard  stones,  whose  mass  was  small,  the  result  of  operations  which  the  theory 
was  expected  to  confirm.  By  many  experiments  very  carefully  made  upon  hard  freestone 
well  wrought  and  squared,  it  was  found,  1st,  That  they  did  not  begin  to  slide  upon  a plane 
of  the  same  material  equally  well  wrought  until  it  was  inclinea  a little  more  than  30  degrees. 
2d.  That  to  drag  upon  such  stone  a parallelopiped  of  the  same  material,  a little  more  than 
half  its  weight  was  required.  Thus,  to  drag  upon  a level  plane  a parallelopiped  6 in.  long, 
4 in.  wide,  and  2 in.  thick,  weighing  4 lbs.  1 1 oz.,  (the  measures  and  weights  are  French, 
Es  throughout*),  it  was  necessary  to  employ  a weight  equal  to  2 lbs.  7 oz.  and  4 drs. 
3d.  'J'hat  the  size  of  the  rubbing  surface  is  of  no  consequence,  since  exactly  the  same  force 
is  necessary  to  move  this  parallelopiped  upon  a face  of  two  in.  wide  as  upon  one  of  4. 

1.370.  Taking  then  into  consideration  that  by  the  principles  of  mechanics  it  is  proved, 
that  to  raise  a perfectly  smooth  body,  or  one  which  is  round  upon  an  homogeneous  plane 
inclined  at  an  angle  of  30  degrees,  a i)ower  must  be  employed  parallel  to  the  plane  which 
acts  with  a force  rather  greater  than  half  its  weight,  we  may  conclude  that  it  requires  as 
much  force  to  drag  a parallelopiped  of  freestone  upon  an  horizontal  plane  of  the  same 
material  as  to  cause  the  motion  up  an  inclined  plane  of  30  degrees  of  a round  or  infinitely 
polished  body. 

1371.  From  these  considerations  in  applying  the  principles  of  mechanics  to  arches  composed 
of  freestone  well  wrought,  a plane  inclined  at  30  degrees  might~be  considered  as  one  upon 
which  the  voussoirs  would  be  sustained,  or,  in  other  words,  ecjuivalent  to  an  horizontal  plane. 

1372.  We  shall  here  submit  another  experiment,  which  tends  to  establish  such  an  hypo- 
thesis. If  a parallelopiped  C (Jig.  565.)  of  this  stone  be  placed 
between  two  others,  BD,  RS,  whose  masses  are  each  double, 
upon  a plane  of  the  same  stone,  the  parallelopiped  C is  sus- 
tained by  the  friction  alone  of  the  vertical  surfaces  that  touch 
it.  This  effect  is  a consequence  of  our  hypothesis  ; for,  the 
inequalities  of  the  surfaces  of  bodies  being  stopped  by  one  ano- 
ther, the  parallelopiped  C,  before  it  can  fall,  must  push  aside  the 
two  others,  BD,  RS,  by  making  them  slide  along  the  horizontal 
plane  of  the  same  material,  and  for  that  purpose  a force  must  be  employed  equal  to  double 
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I 1373.  If  to  tl)is  experiment  t!>e  principles  ot*  meclianics  l)e 
applied,  considering  the  plane  of  30  degrees  inclination  as  a 

i horizontal  plane,  the  vertical  faces  ED  FR  may  be  considered 
as  inclined  planes  of  60  degrees.  On  this  hypothesis  it  may  he 
demonstrated  by  mechanics,  that  to  sustain  a body  between  two 
|.  planes  forming  an  angle  of  60  degrees  {Jig.  566.'),  the  resisl- 

II  anceof  each  of  these  planes  must  be  to  half  the  weight  sustained 
as  II  D is  to  DG,  as  the  radius  is  to  the  sine  of  .30  degrees,  or 
as  1 is  to  2. 
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1374.  The  resistance  of  each  p.aralleloplped  rejiresented  by  the  prism  ABDE  {,fig.  565.) 
being  equal  to  half  their  weight,  it  follows  that  the  weight  to  be  sustained  by  the  two  prisms 
should  C(jual  one  quarter  of  the  two  parallelopipeds  taken  together,  or  the  half  of  one, 
which  is  confirmed  by  the  experiment.  'I'his  agreement  between  tlieory  and  practice  det.r- 
mined  llondelet  to  apply  the  hypothesis  to  models  of  vaults  composed  of  voussoirsand  wedges 
disunited,  made  of  freestone,  with  the  utmost  exactness,  the  joints  and 
surfaces  nicely  wrought,  as  the  parallelopipeds  in  the  preceding  example. 

' 1375.  The  first  model  was  of  a semicircular  arch  9 inches  diameter, 

comprised  between  two  concentric  semi-circumferences  of  circles  21  lines 
apart.  It  was  divided  into  9 equal  voussoirs.  This  arch  was  1 7 lines 
deep,  and  was  carried  on  piers  2 inches  and  7 lines  thick.  It  was  found, 
by  gradually  diminishing  the  piers,  which  w^ere  at  first  2 inches  and  10 
lines  thick,  that  the  thickness  first  named  was  the  least  which  could  be 
assigned  to  resist  the  thrust  of  the  voussoirs. 

1376.  The  model  in  question  is  represented  in  Jig.  567.,  whereon 

we  have  to  observe,  — 1st.  That  the  first  voussoir,  I,  being  placed 
on  a level  joint,  not  only  sustains  itself,  but  is  able  to  resist  by 
friction  an  effort  equal  to  one  half  of  its  weight.  2d.  That  the  second 
voussoir,  M,  being  upon  a joint  inclined  20  degrees,  will  also,  through 
friction,  sustain  itself;  and  that,  moreover,  these  two  voussoirs  would 
resist,  previous  to  giving  way  on  the  joint  AB,  an  horizontal  effort  e(]ual 
to  one  half  of  their  weight.  3d.  That  the  third  voussoir,  N,  standing 
on  a joint  inclined  at  40  degrees,  would  slide  if  it  were  not  retained 
by  a power  PN  acting  in  an  opposite  direction.  4th.  That  taking,  ac- 
cording to  our  hypothesis,  an  inclined  plane  of  30  degrees,  whereon 
the  stones  would  remain  in  e(]ui librium  as  an  horizontal  one,  the  in- 
clined point  of  40  degrees  maybe  considered  as  an  inclined  plane  of  Fig.  567. 

lO  degrees,  supposing  the  surfaces  infinitely  smooth.  5th.  That  the  effort  of  the  hori- 
zontal power  which  holds  this  voussoir  in  equilibrium  upon  its  joints  will  be  to  its  weight 
as  the  sine  of  10  degrees  is  to  its  cosine,  as  we  have,  in  the  section  on  Mechanics,  pre- 
viously shown.  (1255  et  seq.) 

1377.  The  model  of  the  vault  whereon  we  are  speaking  being  but  9 inches,  or  108 
lines  in  diameter,  by  21  lines  for  the  depth  of  the  voussoirs,  that  is,  the  width  between  the 
two  concentric  circumferences,  its  entire  superficies  will  be  1257  square  lines,  which,  divided 
hy  9,  gives  for  each  voussoir  473  s(]uare  lines.  Then,  letting  the  weight  of  each  voussoir 
be  expressed  by  its  superficies,  and  calling  P the  horizontal  power,  we  have 


P I 473:; sin.  10'  ; cosin.  10^; 

Or,  P : 473;:  17365  I 98481  ; which  gives  P = 8.3-^. 

The  fourth  voussoir,  being  placed  upon  a bed  inclined  at  60  degrees,  will  be  considered  as 
standing  on  a plane  inclined  only  at  30  degi'ees,  which  gives,  calling  Q,  the  horizontal 
power  which  keeps  it  on  its  joint, — 

Q,  ; 473;; sin.  30°  : cosin.  30°. 

Or,  0.  ; 473::  50000  : 86603  = 273-^. 


1378.  The  half-keystones,  being  placed  on  a joint  inclined  80  degrees,  are  to  be  considered 

as  standing  on  an  inclined  plane  of  50,  the  area  of  the  half  key  which  represents  its 
weight  being  2365.  horizontal  power  which  sustains  it  on  its  joint,  we 

shall  have  the  proportion 

R ; 236^ : : sin.  50  : cosin.  50  ; 
or,  R : 236^:: 76604  : 64279;  which  gives  R = 28I|®g. 

1379.  Wishing  to  ascertain  if  the  sum  of  these  horizontal  efforts,  which  were  necessary 
to  keep  on  th<  ir  joints  the  two  voussoirs  N,  O,  and  the  half-keystone,  was  ca])able  of 
thrusting  away  the  first  voussoir  upon  its  horizontal  joint  A B,  the  half  arch  was  laid  down 
upon  a level  plane  of  the  same  stone  without  piers,  and  it  was  proved  that  to  make  it  give 
'vay  an  horUental  efibrt  of  more  than  16  ounces  was  recpiired,  whilst  only  10  were  nece.s- 
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nary  to  sustain  the  half-keystone  and  the  two  voussoirs  N,  O.  Tlie  two  halves  of  the  arches 
united  bore  a weight  of  5 lbs.  2 oz.  before  the  first  voussoirs  gave  way. 

1.S80.  To  find  the  effect  of  each  of  these  voussoirs  when  the  arch  is  raised  upon  its  piers, 
let  fall  from  the  centres  of  gravity  N,  O,  S of  these  voussoirs  the  perpendiculars  Nn,  0«,  Ss, 
in  order  to  obtain  the  arms  of  the  levers  of  the  powers  P,  Q,  R,  which  keep  them  in  their 
places,  tending  at  the  same  time  to  overturn  upon  the  fulcrum  T the  pier  which  carries 
<he  half  arch,  and  we  have  their  effort  — 

P X Nw  + Q,  X Oo  + R X Ss. 

The  height  of  the  pier  being  195  lines,  we  have 

Nh  = 244-94 
Oo  = 256-26 

and  Ss  = 260-50,  whence  we  have 
The  effort  P x Nw=  83-4  x 244-94,  which  gives  20427-996 


Q,x  Oo  = 273-3  X 256-26  70035-858 

R X Ss  =281  -9  X 260-50  73434-950 


Total  effort  in  respect  of  the  fulcrum,  163898-804  * 

1381.  The  pier  resists  this  effort,  1st,  by  its  weight  or  area  multiplied  by  the  arm  of  the 
lever  determined  by  the  distance  T«  from  the  fulcrum  T to  the  perpendicular  let  fall  from 
the  centre  of  gravity  G upon  the  base  of  the  pier.  2d.  By  the  weight  of  the  half  arch 
multiplied  by  the  arm  of  its  lever  VY  determined  by  the  vertical  LY  let  fall  from  the 
centre  of  giavity  L,  and  which  becomes  in  respect  of  the  common  fulcrum  T=T<or 
VB  — BY,  in  order  to  distinguish  BY,  which  indicates  the  distance  of  the  centre  of  gravity 
of  the  half  aich  (and  which  is  supposed  known  because  it  may  be  found  by  the  rules  given 
in  1275.  et  seq.)  from  the  width  VB  that  the  pier  ought  to  have  to  resist  the  effort  of 
the  half  arch  sought.  In  order  to  find  it,  let  P,  the  effort  of  the  arch  above  found,  be 
163898-804. 

Let  the  height  of  the  pier  =-a 

The  width  sought  =.r 

s The  weight  of  the  half  arch  =6 

The  part  BY  of  its  arm  of  lever  =c 

1382.  The  area  of  the  pier  which  represents  its  weight  multiplied  by  the  arm  of  the 

lever  will  be  ax  x ^ = That  of  the  half  arch  multiplied  by  its  arm  of  lever  will  Ije 

shown  by  VB-f  BY,  where  x + c will  be  hx  + hc,  whence  the  equation  P = J^  -i-bx  + ic, 
tvhich  we  have  to  solve. 

Now  first  we  have  + 6x  = P — 6c. 

Multiplying  all  the  terms  by  - 1 . 2^;^  2»-26c  • • , . , • . , ^ 

^ J ^ — +— , an  expression  m which  x is  raised  to 

to  eliminate  x-,  we  have  J a a 

the  second  power;  but  as  is  not  a perfect  square,  that  is  to  say,  it  wants  the 

square  of  half  the  known  quantity  ^ which  multiplies  the  second  term  ; by  adding  tliis 
square,  which  is  to  each  side  of  the  equation,  we  have  .r*  + = Tlie 

first  member  by  this  means  having  become  a perfect  square  whose  root  is  a 4--,  we  shall 
have  X +~  + . . which  becomes,  by  transferring  - to  the  other  side  of  the 

equation,  x = yX  — — ->  in  which  .t  being  only  in  the  first  member  of  the  eipia- 

tion,  its  value  is  determined  from  the  known  quantities  on  the  other  side.  Substituting, 
then,  the  values  of  the  known  quantities,  we  have  ^ 

I^9?804X2-2128x2xl2i  2128  2128_2128 

T95  195 ’‘id.')  19o’  ° 

which  gives  ar=28^  lines  instead  of  2 inches  and  5 lines,  which  was  assigned  to  the  piers  that 
they  might  a little  exceed  equilibrium  in  their  stability. 

\ 

Proof  of  the  above  Method  by  another  Method  of 
estimating  Friction, 

1383.  A proof  of  the  truth  of  the  hypothesis  in  the  preceding 
Section  is  to  be  found  in  the  method  proposed  by  Bossut  in  his 
Treatise  on  Mechanics. 

Let  the  voussoir  N (fg.  568.)  standing  on  an  inclined 
plane  be  sustained  by  a power  Q acting  horizontally.  From  the 
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centre  of  Gravity  let  fall  the  vertical  Nw,  which  may  be  taken  to  express  the  M’cight 
of  the  voiissoir.  This  weight  may  he  resolved  into  two  forces,  whereof  one,  Nr,  is 
])arallel  to  the  joint,  and  the  other  Na  is  perpendicular  to  it.  In  the  .same  manner  the 
))ower  Q,  expressed  by  Q.N  in  its  direction  may  be  resolved  into  two  forces,  whereol 
NY  will  be  parallel  to  the  joint  and  the  other  Nc?  periiendicular  to  it.  Producing  the 
line  from  the  joint  IIG,  drawing  the  horizontal  line  GI  and  letting  fall  the  vertical  HI, 
consider  the  line  IIG  as  an  inclined  plane  whose  height  is  III  and  base  IG.  Then  the 
force  Nc  with  which  the  voussoir  will  descend  will  he  to  the  weight  as  the  height  HI 
of  the  inclined  plane  is  to  its  length  H G.  Calling  p the  weiglit  of  the  voussoir,  we 
then  have  Nc=/j  x -jjp  and  the  force  Na  which  presses  against  the  plane  as  the  base  of  the 

I G 

plane  I G is  to  its  length,  which  gives  the  force  Na=/J  x yj^^. 

1.384.  Considering,  in  the  same  way,  the  two  forces  of  the  power  Q which  retain  the 
voussoir  on  the  inclined  plane,  we  shall  find  the  parallel  force  N/=  Q x and  the  j)er- 
pendicular  force  Nc?  = Q x The  force  resulting  from  the  two  forces  Na,  Nt/,  which 

jiress  against  the  joint,  will  De  expressed  by  p x + Q x j ; and  as  the  voussoir  only 
begins  to  slide  upon  a plane  whose  inclination  is  greater  than  30  degrees,  the  friction  will 
be  to  the  pressure  as  the  sine  of  30  degrees  is  to  its  cosine,  or  nearly  as  500  is  to  8G0',  or 
of  its  expression.  Calling  this  ratio  n,  we  shall,  to  express  the  friction,  have 

f IG  , ^ lG>i 

.As  the  friction  prevents  the  voussoir  sliding  on  its  joint,  in  a state  of  equilibrium,  we  shall 
have  the  force  N/ equal  to  the  force  Nc,  less  the  friction;  from  which  results  the  eejuatior. — 

Q X IIG  -P  X iiG  ~ ^ G H “ ^ X Q J X n. 

.\11  the  terms  of  which  equation  having  the  common  divisor  IIG,  it  becomes  — 

Qx  IG=px  HI-(px  IG-Qx  IH)x«; 

and,  bringing  the  quantities  multiplied  by  Q,  to  the  same  side  of  the  equation,  we  have 

H QxIG  + (Q,xIH)x»t=pxHI  — (;jxIG)xtc;  which  becomes 

K.  Q X (IG  + w X IH=p  X (HI  —71  X IG)  ; whence  results 

B'  Q=p  X igYwx  IH’  formula  for  each  voussoir,  substituting  the 

values  for  the  expression. 


1385.  Thus  for  the  third  voussoir  N 567.)  placed  on  an  inclined  plane  of  40  de- 
grees, HI  which  represents  the  sine  of  the  inclination  will  be  643,  and  its  cosine  repre- 
seated  by  IG,  766,  the  expression  of  the  friction  « will  be  or  nearly.  The  weight  of 
the  voussoir  expressed  by  its  area  will  be  473,  which  several  values  being  substituted 
in  the  formula,  we  have 

Q=473  x^^-^— 

766  + y X 643  ’ 

which  gives  Q.=83’6,  the  expression  of  the  horizontal  force  P,  which  will  keep  the  voussoir 
N in  equilibrium  on  its  joint  instead  of  83  "4,  which  was  the  result  of  the  o])eration  in  the 
preceding  subsection. 

1386.  The  same  formula  Q=p  x gives  for  the  voussoir  M on  an  inclined  joint 

of  60  degrees,  whose  sine  HI  is  866  and  cosine  IG500,  Q=473  x ^ '^-^  = 273-4; 

^ 500  + 4gx  866  ’ 

instead  of  273 '3,  which  was  the  result  of  the  operation  in  the  preceding  section. 

1387.  For  the  half-keystone,  the  sine  HI,  being  of  80  degrees,  will  be  expressed  by 
985,  and  its  cosine  IG  by  174;  the  half-keystone  by  236 and  the  friction  by 

9^^ 15  174” 

The  formula  now  will  be  Q,=  236|  x ^ x 985’  gives  Q=  282-2,  instead 

of  281.^  found  by  the  other  method.  These  slight  differences  may  arise  from  siqi- 
pressing  the  two  last  figures  of  the  sines,  and  some  remainders  of  fractions  which  have  been 
neglected.  Multiplying  these  values  of  the  powers  which  keep  the  voussoirs  in  eiiullibrium 
upon  their  beds  by  the  several  arms  of  the  levers,  as  in  the  preceding  calculations,  their 
energy  will  be  as  follows  : — 

For  the  voussoir  N,  83 ‘6  x 244-94=  20476-98 
— O,  273-4x256-26=  70061-48 

— S,  282-2  X 260-50=  73313-10 


; For  the  total  force  in  respect  of  the  fulcrum  T=  163851  *56. 

Which  is  the  value  of  p,  and  being  substituted  for  it  in  the  formula  x = 


a ' rt-  a 
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as  well  as  the  values  of  the  other  letters,  which  are  the  same  as  in  the  preceding  examjde, 
we  have 

./iGiWril  '21281T21<12F  ^jir~  212S  2128  ^ 

X=  V X =2S-l6  lines 

for  the  thickness  of  the  piers,  instead  of  28^  lines  found  by  the  preceding  operation. 


Application  of  the  Principles  in  the  Model  of  a sirait/ht  Arch. 

1 388.  The  second  model  to  which  the  application  of  the  preceding  methods  was  made 
was  a straight  arch  of  the  same  sort  ( f<'.569.), 
whose  ojiening  between  the  piers  was  9 inches. 

The  arch  was  2l  lines  high  and  1 8 lines  thick. 

It  was  divided  into  9 wedges,  whose  joints  were 
concentric.  To  determine  the  section  of  the 
joints,  the  diagonal  FG  was  drawn  on  the  face 
ofthe  half  arch,  and  from  its  extremity  F touch- 
ing the  pier,  the  perpendicular  FO  meeting  O 
in  the  vertical,  passing  through  the  middle  of 
the  opening  of  the  piers,  all  the  sections  meet- 
ing in  this  point  O.  Each  of  the  sections  of 
the  piers  which  support  the  arch  forms  an 
angle  of  21°  1.5'  with  the  vertical,  and  of  68° 

45'  with  the  horizon. 

1 389.  In  considering  each  of  the  wedges  of 
the  half  arch  as  in  the  preceding  method,  it 
will  be  found  that  in  order  to  retain  the  voussoir 
A on  the  joint  IF  (of  the  pier)  which  forms 
with  the  horizc 
68°  45',  we  liave 


mr  the  horizontal  force 

Fit;  .569. 

2]  7 -.50 

second  B 

- 

25d  -33 

third  C - 

- 

298-75 

fourth  D - 

- 

354  66 

half-keystone 

- 

21  2-83 

Total  - 

I 338  -07 

Fit;.  570. 


The  height  of  the  ])iers  being  195  lines  to  the  underside  of  the  arcli,  and  216  to  the  top 
ofthe  extrados,  it  follows  that  the  arm  of  the  lever,  which  is  the  same  for  all  the  wedges, 
is  206|,  from  which  we  derive  for  the  thrust  p of  the  formula, 

^ 

= 13.38-07  X 206-33  = 276084  ; 

b which  expresses  the  area  of  the  half  arch  = 121 9^;  c whieh  exjiresses  the  distance  of  its 
centre  of  gravity  from  the  vertical  F/t  = 24,  and  the  height  ofthe  piei  « = 216.  Now,  sub- 
stituting these  values  in  the  formula,  w^e  shall  have 

^^084  x_2--243_9  X 24  21  Oj  x 219A 

21G  ^ 21Gx-2lti  — -21G  -^-oioits. 

Experiment  gives  44  lines  for  the  Iea.st  width  of  the  piers  upon  which  the  model  will  stand. 
Rut  it  is  right  to  ob.serve  that  from  the  impossibility  of  the  joints  being  perpendicular  to 
the  intrados,  the  forces  of  the  wedges  press  in  a false  direction  on  each  otlier,  as  will  be 
seen  by  the  lines  Fa,  Ic,  2e,  9g,  perpendicular  to  the  joints  against  which  the  forces  are 
directed,  so  that  such  an  arch  will  only  stand  when  the  perpendicular  FG  does  not  fall 
within  the  thickness  ofthe  arch;  and,  indeed,  this  sort  of  arcli  is 
only  secure  when  it  comprises  an  arc  whose  thickness  is  equal  to 
the  section  upon  the  piers  I F,  as  shown  in  fy.  510. 


Observations  on  the  Way  in  which  Stones  forming  an  Arch  act  to 
su]>port  one  another. 

1390.  Let  the  semicircular  arch  AHCDNB  (fig.  571.)  consist 
of  an  iiiHnite  number  of  voussoirs  acting  without  friction,  and  only 
kept  in  their  places  by  their  mutual  forces  acting  on  each  other. 
It  will  follow  — 

I.  Tliat  the  first  voussoir.  represented  by  the  line  AB,  having  its 
joints  sensibly  parallel  and  horizontal,  will  act  with  its  whole  weight 
in  llie  vertical  direction  IE  to  btrenglh.en  the  pier. 
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2.  That  the  vcrtica'.  voiissolr  CD,  which  represents  the  keystone,  having  also  its  joints 
sensibly  parallel,  will  act  with  its  whole  weight  horizontally  to  overturn  the  semi-arches  and 
piers  which  carry  them. 

3.  That  all  the  other  voussoirs  between  these  two  extremes  will  act  with  the  compound 
forces  Gn,nm,  ml,  K/,  K//,  hy,  gf,  fT,  which  may  each  be  resolved  into  two  others,  whereof 
one  is  vertical  and  the  other  liorizontal : thus  the  compound  force  K/i  is  but  the  result 
of  the  vertical  force  4/t,  and  the  horizontal  force  4K. 

4.  That  the  vertical  force  of  each  voussoir  diminishes  from  T to  G,  where,  for  the  key- 
stone CD,  it  becomes  nothing,  whilst  the  horizontal  forces  continually  increase  in  an  in- 
verse ratio;  so  that  the  voussoir  UN,  which  is  in  the  middle,  has  its  vertical  and  horizontal 
forces  e(]ual. 

5.  That  in  semi-circular  arches  whose  extradosses  are  of  ccjual  height  from  their  in- 
tradosses, the  circumference  passing  through  the  centre  of  gravity  of  the  voussoirs  may 
represent  the  sum  of  all  the  compound  forces  with  which  the  voussoirs  act  upon  one 
another  in  sustaining  themselves,  acting  only  by  their  gravity. 

6.  That  if  from  the  points  T and  G the  vertical  TE  and  horizontal  GF  be  drawn  meet- 
ing in  the  point  F,  the  line  TF  will  represent  the  sum  of  the  vertical  forces  which  assist  the 
stability  of  the  pier,  and  FG  the  sum  of  the  horizontal  forces  which  tend  to  overthrow  it. 

7.  That  if  through  the  point  K the  horizontal  line  IKL  be  drawn  between  the  parallels 
FT  and  CO,  the  part  IK  will  represent  the  sum  of  the  horizontal  forces  of  the  lower  part 
.^IINR  of  the  vault,  and  KL  those  of  the  upper  part  IICDN. 

8.  The  lower  voussoirs  between  T and  K being  counterpoised  by  their  vertical  forces, 
the  part  of  the  arch  AHNB  will  have  a tendency  to  fall  inwards,  turning  on  the  point  B, 
whilst  the  voussoirs  between  K and  G being  counterpoised  by  their  horizontal  forces,  the  part 
HCDN  of  the  arch  will  re-act  upon  the  lower  part  by  its  tendency  to  turn  upon  the  point  A. 

9.  The  horizontal  forces  of  the  upper  part  of  the  arch  shown  by  KL  acting  from  L 
towards  K,  and  those  of  the  lower  part  shown  by  I K opposite  in  direction  to  the  former, 
that  is,  from  I to  K,  being  directly  opposed,  would  counterpoise  each  other  if  they  were 
ecjual,  and  the  arch  would  have  no  thrust ; but  as  they  are  always  unequal,  it  is  the  dif- 
ference of  the  forces  which  occasions  the  thrust,  and  which  acts  in  the  direction  of  the 
strongest  power. 

10.  If  we  imagine  the  width  BO  of  a semi-arch  constantly  to  diminish,  its  height 
remaining  the  same,  the  sum  of  the  horizontal  forces  will  diminish  in  the  same  ratio,  so  that 
when  the  points  B and  O are  common,  the  horizontal  force  being  annihilated,  nothing 
remains  but  the  vertical  force,  which  would  act  only  on  the  pier,  and  tend  to  its  stability, 
thrust  vanishing,  because,  instead  of  an  arch,  it  would,  in  fact,  be  nothing  more  than  a con- 
tinued pier. 

11.  If,  on  the  contrary,  the  height  OD  diminishes,  the  width  BO  remaining  the  same, 
the  curve  B and  D would,  at  last,  vanish  into  the  right  line  BO,  and  the  arch  would 
become  a straight  one.  In  this  case,  the  vertical  forces  which  give  stability  to  the  ])ier 
being  destroyed,  all  that  remains  for  sustaining  the  arch  are  the  horizontal  forces  which  will 
act  with  the  whole  weight  of  the  arch  ; whence  this  species  of  arches  must  be  such  as 
exert  most  thrust,  and  circular  arches  hold  a middle  place  between  those  which  have  no 
thrust,  and  flat  arches,  whose  thrust  is  inflnite,  if  the  stones  whereof  they  are  formed  could 
slide  freely  on  one  another,  and  their  joints  were  perpendicular  to  their  lower  surfaces,  as  in 
other  arches. 

12.  The  inconveniences  which  result  from  making  the  joints  of  flat  arches  concentric 
have  been  before  noticed.  If  the  stones  could  slide  freely  on  one  another,  as  they  only  act 
in  a false  direction,  their  forces  could  never  either  balance  or  destroy  one  another. 

1.3.  A vast  number  of  experiments  made  by  llondelet,  uiion  fifty-four  models  of  arches  of 
different  forms  and  extradosses,  divided  into  an  eijual  and  une<]ual  number  of  voussoirs, 
showed  that  the  voussoirs  acted  rather  as  levers  than  as  wedges,  or  as  bodies  tending  to 
slide  upon  one  another. 

1 4.  As  long  as  the  piers  are  too  weak  to  resist  the  thrust  of  the  voussoirs,  many  of  them 
unite  as  one  mass,  tending  to  overturn  them  on  a point  opposite  to  the  parts  where  the  joints 
open. 

15.  Arches  whose  voussoirs  are  of  even  number  exert  more  thrust  than  those  which  are 
of  unequal  number,  that  is,  which  have  a keystone. 

16.  In  those  divided  into  uneven  numbers  and  of  unequal  size,  the  larger  the  keystone 
the  less  is  their  thrust,  so  that  the  case  of  the  greatest  thrust  is  when  a joint  is  made  at  the 
vertex,  as  in  the  case  of  arches  whose  voussoirs  are  divided  into  equal  numbers. 

17.  A semicircular  arch  divided  into  four  equal  parts  has  more  thrust  than  one  divided 
into  nine  equal  voussoirs. 

1 8.  Arches  including  more  tlian  a semicircle  have  less  thrust  than  those  of  a similar 
s))an,  the  intradosses  and  extradosses  being  of  similar  forms. 

I 9.  Thrust  does  not  increase  as  the  thickness  of  an  arch  increases  ; so  that,  cattris  puriius, 
an  arch  of  double  the  thickness  has  not  double  the  thrust. 


364 


THEORY  OF  ARCHITECTURE. 


Book  H.*^ 


^20.  A semicircular  arch  whose’ extrad as  is  equally  distant  throughout 
from,  or,  in  other  words,  concentric  with,  the  intrados,  when  divided  into 
four  equal  parts,  will  only  stand  when  its  de])th  is  less  than  the  eigh- 
teenth part  of  its  diameter,  even  supposing  the  abutments  immoveable. 

21.  Whenever,  in  an  arch  of  voussoirs  of  equal  depth,  a right  line  can 
be  drawn  from  its  outer  fulcrum  to  the  centre  of  the  cxtrados  of  the 
keystone  {fig.  572.),  fracture  does  not  occur  in  the  middle  of  the 
haunches  if  the  piers  are  of  the  same  thickness  as  the  lower  part  of  the  arch. 

22.  Arches  whose  thickness  or  depth  diminishes  as  they  rise  to  the 
vertex  have  less  thrust  than  those  whose  thickness  is  ecjual  throughout. 

23.  Semicircular  and  segmental  arches  whose  extrados  is  an  hori- 
zontal line  have  less  thrust  than  others. 

24.  As  long  as  the  piers  in  the  models  were  too  weak  to  resist  the 
thrust,  it  was  possible  to  keep  them  in  their  places  by  a weight  equal  to 
double  the  difference  between  the  thrust  and  resistance  of  one  pier, 
acting  by  a string  suspended  passing  through  the  joints  in  the  middle  of 
the  haunches,  or  by  a weight  equal  to  that  difi'erence  placed  above  each 
middle  joint  of  the  arches,  as  in  fig.  572. 

From  these  experiments  and  many  others,  a formula  has  been 
deduced  to  determine  the  thickness  of  ])iers  of  cylindrical  arches  of 
all  species  whose  voussoirs  are  of  equal  de])th,  whatever  their  forms  ; 
and  to  this  we  shall  now  introduce  the  reader. 


Fii;.  572. 


Method. 

1391.  Having  described  the  mean  circumference  G .T  {figs.  573,  574.),  fiom  the  points 
G and  T draw  the  tangents  to  the  curve  meeting  in 
the  point  F.  From  this  point  draw  the  secan.  FO 
cutting  it  in  the  point  K.  This  point  is  the  place 
of  the  greatest  effort,  and  of  the  consequent  failure, 
if  the  tliickness  of  the  piers  is  too  weak  to  resist  the 
thrust. 

1392.  Through  the  point  K,  between  the  parallels 
TF  and  GO,  draw  the  horizontal  line  IKL,  which 
will  represent  the  sum  of  the  horizontal  forces  as 
will  the  vertical  TF  express  the  vertical  forces  ; 
the  mean  circumference  GKT  Avill  express  the  com- 
pound forces. 

1393.  The  arches  having  an  equal  thickness 
throughout,  the  part  IK  of  the  horizontal  line 
multiplied  by  the  thickness  of  the  arch  will  ex- 
press the  horizontal  effect  of  the  lower  part  of  either 
arch,  and  KL  multiplied  by  the  same  thickness  will 
exiiress  that  of  the  upper  part.  These  two  forces 
acting  in  opposite  directions  will  partly  destroy  each 
other;  thus  transferring  IK  from  K to  jn,  the~4ifference  mL  multiplied  by  the  thickness 
of  the  vault  will  be  the  expression  of  the  thrust.  This  force  acting  at  the  point  K in  tlie 
horizontal  direction  KH,  the  arm  of  the  lever  is  determined  by  the  perpendicular  PH  raised 
from  the  fulcrum  P of  the  lever  to  the  direction  of  the  thrust,  so  that  its  effort  will  be  ex- 
pressed by  wL  X AB  X PH. 

This  will  be  resisted  — 

1.  By  Its  weight  represented  by  the  surface  EP  x PR  multiplied  by  the  arm  of  the  lever 
PS,  determined  by  a vertical  let  fall  from  the  centre  of  gravity  Q,  which  gives  for  the 
resistance  of  the  pier  the  expression  EP  x PR  x PS. 

2.  By  the  sum  of  the  vertical  efforts  of  the  ujiper  part  of  each  arch,  represented  by  M K x A B 
acting  at  the  point  K,  the  arm  of  their  lever  in  respect  of  the  fulcrum  P of  the  pier  being  K 1 1. 

3.  By  the  sum  of  the  vertical  efforts  of  the  lower  part  represented  by  I T multiplied  by 
AB  acting  on  the  point  T has  for  the  arm  of  its  lever  TE.  Hence,  if  efiuilibrium  exist, 

mLx  AB  X PH  - PETPR  x PS+ MK^AB  x KH  + ITx  AB  x TE. 

But  as  in  this  equation  neither  PR  { = BE)  nor  PS  nor  KH  noi  TE  is  known,  we  must 
resort  to  an  algebraic  equation  for  greater  convenience,  in  which 


The  effect  of  the  thrust  in  the  expression  ?nL  x AB  —p 
The  height  of  the  pier  PIO  - - _ =a 

EH  = TI-KL=KV  - - - - 

PH  - 

EB- PR  - - - - 
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The  sum  of  tlie  vertical  forces  of  the  upper  part  or 


MKxAB  . - - - - =.m 

Tlie  sum  of  the  forces  of  the  lower  part  I'l'  x Ali  = »« * 

'J'lie  ])art  iK.  of  tlie  horizontal  IKL  - - =c 

'I'B  equal  to  half  the  thickness  of  the  arch  - =e 

The  arm  of  the  lever  KII  - - - =r  > 

'I'hat  of  TE  - - - - - =JT  — e 


''riius  the  first  eijuation  becomes  pu  + pd=r  —^1  + m (c  x x)  + m (x  — e)y 
Or  pu  X pd  = + mx  + me  + ux  — ne. 


Traasfa  iin<5  the  unknown  quantities  to  the  second  side  of  the  equation,  we  shall 
have  + + WJ-’  + =pa  + pd  + ne  — mc. 

Multiply  all  the  terms  by  2,  and  divide  hy  a,  in  order  to  get  rid  of  x^,  and  we 
liave  - l[m+n)x  _ Op  + -nj^nc-^HC 

rt  ^ a 

Making  m I- n = 6,  and  adding  to  each  member  for  the  purpose  of  extractiu" 
the  root  of  the  first  member, 

\\\  Imve  :i'2  + ?i£  + *%  Op  + + A;. 

u a-  a rt- 

Extracting  the  root,  x + * = V/  2 n + 

a ^ a ip 

And  lastly,  :r  = s/^<2p  + '^P'{+'^ne --imc 

* a a 

1394.  'I'liis  la.st  equation  is  a formula  for  finding  the  thickness  of  all  sorts  of  arches 
whose  voussoirs  are  of  equal  depth,  which  we  will  now  apply  to  Jig.  573.  The  model  was 
3G  inches  and  3 lines  in  span.  The  arch  consisted  of  two  concentric  circles,  and  it  was 
divided  into  four  equal  parts,  a vertical  joint  being  in  the  middle,  the  two  others  being 
inclined  at  angles  of  45  degrees.  The  piei-s  whereon  it  was  placed  were  40  inches  and  4 lines 


high,  and  on  a very  exact  measurement  the  values  were  as  follow ; — 

PE  (a  in  the  formula)  was  - - - . . 40’33,3 

EH  = TI  = KL=  KV  ((/ in  the  formula)  - - _ ]3-87(J 

ML  X AB  (p  in  the  formula)  representing  the  thrust  or  8-127  x 3 24-381 

2p  - 48-762 

2/jf/  = 48-762  X 13-876  - - - - - 676-621 

2MK  X AB  V KH  represented  by  2mc  ( =5-749  x 3 x 4-249)  - 73-282 

2«f,  which  is  IT  X AB  X AB  ( = 13-876  x 3 x 3)  - _ i 24-824 

i = 7«  + = (MK  + IT)  x AB  ( = 1 9-625  X 3)  ...  58-875 

« = EP,  the  height  of  the  pier  being  40-333,  ^ will  be  ^ 


Substituting  these  values  in  the  formula  x = \/^ 2, 


1 ,676  621+1?4.S94- 

we  have  x = V/  48-762  + ,n-o.  - 


P- 
7^282"" 


2pd+'^lne—'ij»c 

a ^ 

■2-128-1-459; 


b 

-> 

a 


which  gives  x = 5-8,  or  5 inches  lines  for  the  thickness  of  the  piers  to  resist  the  thrust  of 
the  arch,  supposing  it  to  be  perfectly  executed.  But,  from  the  imperfection  of  the  execution 
of  the  model,  it  was  found  that  the  piers  rc(juired  for  resisting  the  thrust  a thickness  of 
6 inches  and  3 lines. 

1395.  When  the  piers  of  the  model  were  made  7*  inches  thick  the  arch  on  its  central 
joint  was  found  capable  of  supporting  a weight  of  three  pounds,  being  equal  to  an  ad- 
dition of  8 superficial  inches  beyond  that  of  the  up))er  parts  of  the  arch  which  are  the 
cause  of  the  thrust,  and  this  makes  the  value  of  2/>  in  the  formula  56-762  instead  of  48-762, 

and  changes  the  ecpiation  to  x = \X 56*762  + "^^  2-430  — 1 -55;  from 

which  we  should  obtain  x = 7-366  inches,  or  7 inches  3^  lines,  exhibiting  a singular  agree- 
ment between  theory  and  practice,  Rondelet  gives  another  method  of  investigating  the 
preceding  problem,  of  which  we  do  not  think  it  necessary  to  say  more  than  that  it 
agrees  with  that  just  exhibited  so  singularly  that  the  result  is  the  same.  It  is  dependent 
on  the  places  of  the  centres  of  gravity,  and  therefore  not  so  readily  applicable  in  practice  as 
that  which  has  been  just  given. 


Second  Experiment, 

1396.  Fig.  567.,  in  a preceding  page,  is  the  model  of  an  arch  in  freestone,  which  has  been 
before  considered.  It  is  divided  into  nine  ecjual  voussoirs,  whose  depth  to  the  extrados  is 
21  lines,  and  whose  interior  diameter  is  9 inches. 


366  THEORY  OF  A RCH ITEC'IT;  RE.  Rook  H. 

1S97.  Having  clrawii  the  lines  heretofore  (les:cribecl,  we  shall  find  mLx  A R expres-od 
in  the  formula  l)v 

p = 26'l  X 21,  which  gives  - - - 

And  for  2p  - 

EH  = TI  = KL  = KV,  expressed  by  d,  will  be 
Hence  2p  l - - - - 

2ne,  which  is  twice  the  vertical  effort  of  the  lower  part  of 
the  arch,  multiplied  by  i AR,  will  be  45‘6  x 21  x 21, 
wliich  gives  _ _ - - 

2ine.  which  indicated  twice  the  vertical  effort  of  the  upper 
part,  multii)lied  by  iK,  will  be  18*9  x 21  x 2 x 8*4,  which 
gives  - _ _ - 

a,  which  represents  the  height  of  the  piers,  being  195,  and 
t = m + w = G4-5  X 21  =1354-5, 

b , 13o4  o 

a become 

And  all  these  values  being  substituted  in  the  formula,  will  give 

.=  x/ 1 1 21  -40  + ^48-163- 694  = 28  62  lines, 

instead  of  28^,  before  found. 

Geometrical  Application  of  the  foregoing. 

1398.  Let  the  mean  curve  TKG  of  the  arch  (whatever  its  form)  be  traced  as  in 
figs.  57Sj  574.,  the  secant  FO  perpendicularly  to  the  curve  of  the  arch,  and  through  the 
])aint  K,  where  the  secant  cuts  the  mean  curve,  having  drawn  the  horizontal  line  IKL,  and 
raised  from  the  point  R a vertical  line  meeting  the  horizontal  IKL  in  the  point  i,  make 
Km  eqiial  to  iK,  and  set  the  part  mh  from  R to  h,  and  then  the  double  thickness  of  the 
arch  from  R to  m.  Let  hn  be  divided  into  two  equal  parts  at  the  point  d,  from  which  as  a 
centre  with  a radius  equal  to  half /i//,  describe  the  semi-circumference  of  a circle  which  will 
cut  in  E^the  horizontal  line  RA  prolonged.  The  part  RE  will  indicate  the  thickness  to  be 
given  to  the  piers  of  the  arches  to  enable  them  to  resist  the  thrust. 

1399.  Tlie  truth  of  the  method  above  given  depends  upon  the  graphic  solution  of  tae 
following  problem;  To  find  the  side  RE  of  a square  which  shall  be  equal  to  a given  sur- 
face mL  X 2e  ; an  expression  which  is  equivalent  to  2p,  and  we  have  already  seen  that 
x=  \'2p  was  a limit  near  enough  ; hence  we  may  conclude  that  the  thickness  RE  obtained 
by  the  geometrical  method  will  be  sufficiently  near  in  all  cases. 


5^0-70 
1121  -40 
45-60 
5113-584 


20109-60 


6667-92 


6-94 


Experiments  on  surmounted  Arches. 


1400.  Tlie  interior  curve  of  fig.  is  that  of  a semi-ellipsis  81  lines  high  ; it  is  divided 
into  four  parts  by  an  upright  joint  in  the  crown  and  two  others  towards  the  middle  of  the 
haunches  determined  by  the  secant  FO,  perpendicular  to  the  interior  part  of  the  curve. 
Having  traced  the  mean  circumference  GKT,  the  horizontal  IKL,  and  the  vertical  R/, 
we  shell  find 


KL  - - - - - 36? 

IK  - - - - .21? 

»K  - - - - - 17| 

I J'  - - - - - 66.1 

MK-rf  - - . - 19 


The  effect  of  the  thrust  indicated  by  KL  — /K=mL  will  be 

19.^  X 9,  which  gives  for  the  expression/)  of  the  formula  - 175*5 

2p  therefore  - - - -351-0 

d being  66-5,  2pd  will  be  351  x 66-5,  which  gives  - 23341  -5 

m,  which  is  KM  x AR,  will  be  19x9,  which  gives  - 171  ‘0 

c,  that  is,  iK,  being  1 7^  lines,  w e have  2nie  = 171x17^x2,  which 

gives  - - - - 5899-50 

The  h.eight  of  the  piers  a - - - 120-00 

5,  which  expresses  the  sum  of  the  vertical  efforts  m + n.  will  be 

equal  to  MK  + IT  x AR  or  19  + 66^  x 9,  which  gives  - 769-50 

Hence  5=  which  gives  - - - 6-41 

And  ^2  gives  - - - •41*11 

Substituting  these  values  in  the  formula,  x=\/  2p  + + "2 

We  have  the  ec  uatioii  x = y/ 351  + + 41  *l  l — g *4 1 = 1 5-  -77 
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lines,  ora  little  more  than  1 <7^  lines.  The  model  of  this  arch  would  lu't  however  stand 
on  piers  less  than  1 7 lines  thick. 

In  taking  the  root  of  double  the  thrust  the  result  is  18^  lines,  as  it  is  also  by  tlie  geo- 
uietrical  method. 


Application  to  the  Pointed  Arch. 


HOI.  The  model  which  Jig.  515.  re))resents  was  of  the  same  height 
and  width  as  the  last,  and  the  voussoirs  were  all  af  e<]nal  tliiekne;s. 
Having  laid  down  all  the  lines  on  the  figure  as  before,  we  shall  find  /K 
of  the  formula  to  be 

„ 2pd—27nc  b . 

x=  V •2v+ “+ ~ wherein 

^ a a 


c - - ..  - - = 20 

KL  - - - - . = 

wL  - - - - - = H 

IT,  represented  by  rf,  - - - = 68 

MK  - - - - = 28 

AH  - - - - = 9 

mL  X AH,  represented  by  p in  the  fonnnla,  w’.ll 

be  14  X 9 - - - - = 126 

and  2/j  - =2.72 

2pd  will  be  252  x 68,  which  gives  - - = 15876 

?M,  which  is  KM  x AH  or  23  x 9,  - - = 2 )7 

2m  = 414,  2»ic  = 414  X 20  - - = 8280 


Tlie  height  of  the  pier,  represented  by  a,  being  120,  we  have  g g. 

6, or  FT  X AH,  will  be  86  x 9 = 774;  whence  j2"o  = 6'45,and  ^ = 41*60.  Substituting 
these  values  in  the  formula 


a*=  a/252 + 63*8  + 41  *6  — 6.45  = 12*46  lines  for  the  thickness  of  the  pier. 

In  taking  the  square  root  of  double  the  thrust  the  thickness  comes  out  15*88  lines,  as  it 
docs  by  the  geometrical  method.  Experiments  showed  that  the  least  thickness  of  piers 
upon  which  the  model  would  stand  was  1 4 lines. 


Application  to  a surmounted  Catenarean  Arch. 


1402.  The  lines  are  all  as  in  the  preceding  examples  {Jig.  576.). 
The  whole  arch  acts  on  the  pier  in  the  direction  FT,  which  is  resolved 
into  the  two  forces  lyand  Tm,  and  the  formula,  as  before,  is 


a:  = V^2/>-r^^ 


thus  having  found  Em  = 22^,  we  have  the  value  of  />  = 22-J  x 9 = 201  ; 
and  2p  = 402. 

1408.  This  model  was  of  the  same  dimensions  as  the  preceding; 
6,  which  represents  Tf -x.  AH,  will  be  769*5  ; ^ will  be  6*41,  and 
a “ = 41  *1 1 These  values  substituted  in  the  formula  give 


x=  a/402 + 41  *11  - 6*41  =14*64  lines. 

1 404.  Experiment  determined  that  the  pier  ought  not  to  be  less 
than  16  lines,  and  the  geometrical  method  made  it  20*05. 

The  following  table  shows  the  experiments  on  six  ditierent  models. 


Form  of  .\rch. 

Thickness  of  the  Piers.  1 

By  the  formula. 

By  experiment. 

Geometrically. 

Lines. 

Lines. 

Lines. 

'P.ie  pointed 

12*46 

14*00 

15*88 

1 The  catenary 

14*64 

15*00 

20*05 

The  cycloid 

14*66 

15*00 

17*24 

The  parabolic 

15*85 

1 6*50 

21  *S0 

The  elliptic 

16*77 

17*00 

18*75 

The  cassinold 

19*62 

21  *00 

20*79 

i 
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This  table  shows  that,  in  practice,  for  surmounted  arches,  the  limit  .r=  or  the  thick- 

ness obtained  for  the  construction  by  grapliical  means  is  more  than  sufficient,  since  it  gives 
results  greater  than  those  that  the  experiments  recjuire,  excepting  only  in  the  cassinoid  ; hut 
even  in  the  case  of  that  curve  the  graphical  construction  comes  nearer  to  experiment  than 
the  result  of  the  first  formula. 

1 405.  It  '3  moreover  to  be  observed,  that  the  pointed  is  the  most  advantageous  form  for 
surmounted  arches  composed  of  arcs  of  circles.  We  have  had  occasion  to  speak,  in  our  First 
Book,  of  the  boldness  and  elegance  exhibited  in  this  species  of  arches  by  the  architects  of 
the  twelfth  and  thirteenth  centuries ; we  shall  merely  add  in  this  place  that  where  roofs  are 
rc(juired  to  be  fire-proof,  there  is  no  form  so  advantageously  capable  of  adoption  as  the 
pointed  arch,  nor  one  in  which  solidity  and  economy  are  so  much  united. 

1406.  Next  to  the  pointed  arch  for  such  purpose  comes  the  catenary  (the  graphical 
method  of  describing  which  will  be  found  under  its  head,  in  the  Glossary  at  the  end  of  the 
work),  and  this  is  more  especially  useful  when  we  consider  that  the  voussoirs  may  all  be  of 
e(|ual  thickness. 


Application  of  the  Method  to  surhased  Arches,  or  those  whose  Rise  is  less  than  the  HAf  Spun. 


1407.  For  the  purpose  of  arriving  at  just  conclusions  relative  to  surhased  arches,  three 
models  were  made  of  the  same  thicknesses  and  diameters,  with  a rise  of  35  lines,  and  in 
form  elliptical,  cassinoldal,  and  cycloidal.  We  however  do  not  think 
it  necessary,  from  the  similarity  of  application  of  the  rules,  to  give 
more  than  one  example,  which  is  that  of  a semi-ellipse  {Jig.  577.), 
in  which,  as  before,  the  formula  Is 


x = ^2i 


2p(l—2wc  b 

The  lines  described  in  the  foregoing  examples  being  drawn,  we  have 

KL  = 45  ‘5 
^K=  8*5. 

tT,  represented  by  d in  the  formula,  - - = 

MK  - - = 

>hL  X AB  representing  the  thrust  (37  x 9)  gives 


24-84 

14-66 


the  value  of  jo  - - - - = 333  -00 

2p  therefore  - = 666-00 

TI,  represented  by  d,  being  24-84,  we  have  2pd  - - - 

m,  which  is  KM  x AB,  will  be  14-66  x 9,  which  gives 

c,  representing  /K,  being  8-5,  2inc  _ - _ 

h,  which  expresses  the  sum  of  the  vertical  efiTorts  m + n(39‘5  x 9)  - 


o,  being' always  120,  ~ " 

^ Lastly,  ^2 

Substituting  these  values  in  the  formula,  we  have 

/ 322424)4 

x=  V 666  + 


12J 


+ 8 -76  — 2‘96  = 25 -22  lines,  or  a little  less  than  25\  lines. 


1408..  In  the  model  it  was  found  that  a thickness  of  26  lines  was  necessary  for  the  pier, 
and  tlie  lower  voussoirs  were  connected  with  it  by  a cementing  medium.  Without  which 
precaution  the  thickness  of  a pier  required  was  little  more  than  one  tenth  of  the  opening. 
Taking  the  square  root  of  double  the  thrust,  that  is,  of  666,  we  have  25-81,  about  the  same  ij 
dimension  that  the  graphical  construction  gives.  The  experiments,  as  well  as  the  applica-  | 
tion  of  the  rules,  reejuire  the  following  remarks  for  the  use  of  the  practical  architect.  , 

1 409.  I.  The  cassinoid,  of  the  three  curves  just  mentioned,  is  that  which  includes  the 
greatest  area,  but  it  causes  the  greatest  thrust.  When  the  distance  between  the  intrados  ^ 
and  the  extrados  is  equal  in  all  parts,  it  will  only  stand,  supposing  the  piers  immoveable,  as 
long  as  its  thickness  is  less  than  one  ninth  part  of  the  opening 

1410.  II.  The  cycloid,  which  includes  the  smallest  area,  exerts  the  least  thrust,  but  it 
can  be  usefully  employed  only  when  the  proportion  of  the  width  to  the  height  is  as  22  to 
7 in  surhased  arches,  and  in  surmounted  arches  as  14  to  11.  The  smallest  thickness  with 
which  these  arches  can  be  executed,  so  as  to  be  capable  of  standing  of  themselves,  is  a little 
more  than  one  eighteenth  of  the  opening,  as  in  the  case  of  semicircular  arches. 

141 1.  III.  The  ellipsis,  whose  curvature  is  a mean  between  the  first  and  second,  serves 
equally  well  for  all  conditions  of  height,  though  it  exerts  more  thrust  than  the  last-men- 
tioned and  less  than  the  cassinoid. 

1412.  It  is  here  necessary  to  remark,  that  too  thin  an  arch,  whose  voussoirs  are  equal  in 
depth,  may  fall,  even  supposing  the  abutments  immoveable,  and  especially  when  surhased  ; 
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Ijvcausc*,  wlicn  once  tlie  parts  are  displaced,  the  force  of  the  superior  parts  may  lift  up  the 
lo«'cr  parts  without  disturbing  the  abutments. 

Raking  Arches. 

1413.  Let  ACA' ( fig.  578. ) be  the  model  of  a raking  arch  of  the  same  diameter  and 
thickness  as  the  preceding  example,  the  voussoirs  of  equal 
thickness,  and  the  piers  of  different  heights,  the  lowest  being 
10  inches  or  120  lines  in  height,  and  the  other  14i  inches  or 
174  lines.  The  tangent  at  the  summit  is  supposed  parallel 
to  the  raking  lines  that  connect  the  springing. 

1414.  This  arch  being  composed  of  two  different  ones, 
the  mean  circumference  on  each  must  be  traced,  and  each 
has  its  separate  set  of  lines,  as  in  the  preceding  examples  ; 
the  horizontal  line  KL  of  the  smaller  arch  is  produced  to 
meet  the  mean  circumference  of  the  other  in  S,  and  the  in- 
terior line  of  its  pier  in  g. 

1415.  The  part  KLS  represents  the  horizontal  force  of 
the  part  of  the  arch  KGS,  common  to  the  two  semi-arches  ; 

!o  that  if  a joint  be  supposed  at  S,  the  part  I.,K  represents 
the  effort  acting  against  the  lower  part  of  the  smaller  arch, 
and  LS  that  against  the  lower  part  of  the  larger  arch. 

These  parts  resist  the  respective  efforts  as  follows ; the 
small  arch  with  the  force  represented  by  iK,  and  the 
greater  one  with  the  force  represented  by  ^S.  But  as 
is  greater  than  LS,  transfer  LS  from  <7  to  / to  obtain  the  difference  /S,  which  will  show 
how  much  LS  must  be  increased  to  resist  the  effort  of  the  larger  half  arch ; that  is,  the 
effort  of  the  smaller  one  should  be  equal  to  hf ; but  as  this  last  requires  for  sustaining 
itself  that  the  larger  one  should  act  against  it  with  an  effort  equal  to  KL,  this  will  be 
the  difference  of  the  o])posite  effort,  which  causes  the  thrust  against  the  lower  part  of 
the  smaller  arch  and  the  pier  from  whence  it  springs.  Hence,  transferring  /L  from  L 
to  7,  taking  the  half  of  Iq  and  transferring  it  from  L to  h,  the  part  AK  multiplied  by  the 
thickness  AB  will  be  the  expression  for  the  thrust  represented  by  p in  the  formula 


Fig.  578. 


-V'; 


+ .0  - 


Having  found  AK  = 30,^and  AB  = 9,  we  have  for  the  value  of  30t  x 9 = 274.1,  and  for 
that  of  2p  — 549,  rf  which  represents  IT,  being  29i,  2j9c/  = 161  951.  In  2mc  ; m,  which  repvo 
sents  M K X A B,  will  be  12^x  9 = 111,  and  2m  = 222. 

c,  which  represents  r‘K,  being  8,  we  have  2mc  = 222  x 8 = 1776. 

The  height  of  the  pier  represented  by  a being  174,  we  have 

2od—2mc  161951—1776  00  01 

---  = 8^-81 

The  vertical  effort  represented  by  b,  or  TF  x AB,  will  be  41^  x 9 = 375, 
b _ 

T7l 


and  - becomes 


= 2-15 
= 4-64 


Substituting  these  values  in  the  formula,  we  have 


x=  ^549  + 82-81  +4*64  — 2-16  = 23‘08  for  the  thickness  of  the  greater  pier  from 
which  the  smaller  semi-arch  springs. 

For  the  half  of  the  greater  arch,  having  produced  the  horizontal  line  IK'L',  make 
K'r  equal  to  VL',  and  bisect  rL'  in  f;  the  line  K'^  represents  the  effort  of  the 
smaller  against  the  greater  arch,  which  resists  it  with  a force  shown  by  f'K'; 
thus  making  K'q'  equal  to  f'K,  the  effort  of  the  thrust  will  be  indicated  by 
q't  X AB,  whose  value  p in  the  formula  will  be 

20  X 9 = 1 80,  and  2p  - - - - = 360 

cf,  which  is  TI,  being  69|,  2pf/ will  - - =25080 

In  2mc,  m being  26  x 9 = 234,  and  c being  23^,  2mc  =10842 
o,  the  height  of  the  smaller  pier  - - - = 120 


,,r  , 2pd-2mc  •25()80-lii842  , • , , 

V e have  ---  = — , which  becomes 


118-65 
861 
51  -48 


j-  b,  which  is  TF  X AB,  will  be  95|  x 9 

* t 881 — 7.1  and  . 

^ — T-jg— / t /o,  ana 

Substituting  these  values  in  the  formula,  we  have 

■ 7 -1  75  = 15-855  lines  for  the  thickness  of  the  smaller  pier 

B B 


-r=  v'360+ 118-65 +51 -48 
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Taking;  the  square  root  of  double  the  thrust,  we  should  have  for  the  larger  pier  23-44  lines, 
and  for  the  smaller  one  19  lines.  In  the  geometrical  operation,  for  the  larger  pier  make 
Rm  equal  to  AK  and  Bn  equal  to  2AB  ; then  upon  un  as  a diameter  describe  a semicircle 
cutting  the  horizontal  line  BA  })roduced  in  E.  BE  will  be  the  thickness  of  the  pier,  and 
will  be  found  to  be  23i  lines.  For  the  smaller  pier  make  B'm'  equal  to  qt  and  B'«'  equal 
to  2A'B  . Then  the  semicircumference  described  upon  un  as  a diameter  will  give  19  lines 
for  the  thickness. 

1416.  By  the  experiments  on  the  model  22  lines  was  found  to  be  the  thickness  necessary 
for  the  larger  pier,  and  18  lines  for  the  smaller  oi.e. 


Arch  with  a level  Extrados. 


1417.  'Fhe  model  of  arch  fig.  519.  is  of  the  same  opening  as  the  last, 
but  with  a level  extrados,  serving  as  the  floor  of  an  u])per  story.  'I  he 
thickness  of  the  keystone  is  9 lines.  To  find  the  place  of  fracture  or 
of  the  greatest  effort;  having  raised  from  the  point  B the  vertical  BF 
till  it  meets  the  line  of  the  extrados,  draw  the  secant  FO  cutting 
the  interior  circumference  at  the  point  K,  and  through  this  point 
draw  the  horizontal  IKL  and  the  vertical  II KM 

The  part  CDKF  will  be  that  which  causes  the  thrust,  and  its  effort 
is  represented  by 


KL,  which  will  be  found  . . _ 

FH  = IK,  which  is  c in  the  formula,  will  be 
The  arch  or  circumference  KD  of  10°  36' 

The  arch  KB 

The  arch  DKB- 

KH,  represented  by  r/,  _ _ _ 

The  vertical  HKM  - 

The  height  of  the  pier,  represented  by  a in  the  formula, 


= 35-14 
= 18-86 
= 38-28 
= ^6-57 
= 84-85 
_ 22 
= 63 
= 183 


The  area  of  the  upper  voussoir  FKCD  = 667-44  ; but  as  the  load  of  the  haunches  is  borne 
by  the  inferior  voussoir,  we  must  subtract  the  triangle  FKH  = --“^ --"^  = 207-46.  The 
remainder  459-98  multiplied  by  KL  and  divided  by  the  arc  KD,  that  is, ^ = 
422-24,  represents  the  effort  of  the  upper  part. 

1418.  That  of  the  lower  part,  represented  by  is  which  becomes 

263-67.  The  difference  of  the  two  efforts  = 158-57  will  express  the  thrust  or  p of  the 
formula,  and  we  have  2p  = 317-14. 

1 41 9.  The  piers  being  supposed  to  be  continued  up  to  the  line  EC  of  the  extrados  will  be 

greater  than  the  arm  of  the  lever  of  the  thrust  which  acts  at  the  point  K.  Thus  the  ex- 
pression of  the  arm  of  the  lever,  instead  of  being  a + d,  as  in  the  preceding  examples,  will  be 
a — d,  and  the  sign  of  ~ must  be  changed.  In  numbers,  = 38-12;  therefore,  in  the 

formula,  + ^ becomes  —38-12. 

1420.  In  the  preceding  exam])les,  2mc,  which  represented  double  the  vertical  effort  of  the 
superior  voussoir  multiplied  by  the  arm  of  its  lever,  becomes  nothing,  because  it  is  comprised 
in  the  addition  made  to  the  lower  voussoir ; so  that  the  formula  now  is 


b,  then,  which  always  expresses  the  vertical  effort  of  the  half  arch,  is  therefore 

-‘]g|-  = 4-5,and  =20-25. 

Substituting  these  values  in  the  last  formula,  we  shall  have 

X = -v/319-1 4-38-12'’+20’-25  -4-5  = 12 -88  lines. 


Experiment  gives  14  lines  as  the  least  thickness  that  can  be  relied  on. 

To  find  the  thickness  by  the  geometrical  method,  tnake  K?«  equal  to  IK  and  BA  equal  to 
mL,  Bn  to  double  CD,  and  upon  nh  as  a diameter  describe  the  semicircumference  cutting 
the  horizontal  line  OB  produced  in  A : then  BA  = 17|  lines  is  the  thickness  sought. 

1421.  Rondelet  proves  the  preceding  results  by  using  the  centres  of  gravity,  and  makes 
the  result  of  the  operation  12-74  instead  of  12-fO,  as  first  found.  But  the  difficulty 
of  finding  the  centres  of  gravity  of  the  different  parts  is  troublesome;  and  with  such  a 
concurrence  of  results  we  do  not  think  it  necessary  to  enter  into  the  detail  of  the  opera- 
tion. 
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A different  Application  of  the  preceding  Example. 

1422.  The  model  {^fig.  580.)  is  an  arch  similar  to  that  of  the  pre- 
ceding example,  having  a story  above  it  formed  by  two  walls, 
whose  height  is  100,  and  the  whole  covered  by  a timber*  roof. 
Tlie  object  of  the  investigation  is  to  ascertain  what  change  may 
be  made  in  tlie  thickness  of  the  piers  which  are  strengthened  in 
their  resistance  by  the  additional  weight  upon  them. 

1423.  The  simplest  method  of  proceeding  is  to  consider  the  upper 
walls  as  prolongations  of  the  piers. 

1424.  In  the  model  the  walls  were  made  of  plaster,  and  their 
weight  was  thus  reduced  to  | of  what  they  would  have  been  if  of 
the  stone  used  for  the  models  hitherto  described.  The  roof  weighed 
12  ounces.  We  shall  therefore  have  that  100,  which  in  stone  would 
lave  represented  the  weight  of  the  walls,  from  the  dilFerence  in 
weight  of  the  plaster,  reduced  to  75.  In  respect  of  the  roof,  which 
weighed  12  ounces,  having  found  by  experiment  that  it  was  equal 
to  an  area  of  576  lines  of  the  stone,  both  being  reduced  to  equal 
thicknesses,  we  have  12  ounces,  equal  to  an  area  of  13-82  whose  half 
6 91  must  be  added  to  that  of  the  vertical  efforts  represented  by  b in 


‘and?i. 
a 


Changing  these  terms  into^-  and  the  formula  becomes 


X a ^ ni 


Ilf 

. 0 

4 

IT 


The  height  of  the  piers  or  a in  the  formula  = 183  + 75  = 25^. 
p does  not  change  its  value,  therefore  2p  (as  in  the  preceding 
example)  = 265  -86. 

(/,  the  difference  between  the  height  of  the  pier  and  the  arm  of  the  lever,  will  = 75. 

Hence,?^ 

/i,  becomes  750-69  + 691  = 1441  -69. 

And  .^  = -258^^5-58. 


Agaln,;i-^  = 31-22. 


Substituting  these  values  in  the  formula,  we  shall  have 


1427.  The  model  {fig.  581.)  represents  an  arch  of  1 1 
mussoirs  whereof  10  are  with  crossettes  or  elbows,  which 
^ive  them  a bearing  on  the  adjoining  horizontal  couxs<^s ; 
|i3ie  eleventh  being  the  keystone.  The  opening  is  9 inches 

108  lines,  as  in  the  preceding  examples. 

1428.  Having  drawn  the  lines  BF,  FC,  the  secant  FO, 
nid  the  horizontal  line  IKL,  independent  of  the  five 
courses  above  the  line  FC  of  the  extrados,  we  have 

B B 2 


.r=  a/265-86-77-28  +31 -22 -5-58  = 9 15. 

In  the  model  a thickness  of  1 1 lines  was  found  sufficient  to  resist  the  thrust,  and  taking 
the  root  of  double  the  thrust  the  result  is  1 3 lines. 

1425.  By  the  geometrical  method,  given  in  the  last,  taking  from  the  result  17:j-  lines, 
there  found,  the  value  of  that  is,  5 ’58,  the  remainder  1 1 1 

- lines  is  the  thickness  sought. 

1 426.  It  may  be  here  observed,  that  in  carrying  up  the 
walls  above,  if  they  are  set  back  from  the  vertical  B F 
fin  hf  the  model  required  their  thickness  to  be  only  6 
:'mes,  because  this  species  of  false  bearing,  if  indeed  it 
.:an  be  so  called,  increases  the  resistance  of  the  piers. 

19  was  a practice  constantly  resorted  to  in  Gothic 

i|  architecture,  as  well  as  that  of  springing  pointed  arches 
f.-om  corbels,  for  the  purpose  of  avoiding  extra  thickness 
in  the  walls  or  piers. 

Another  Application  of  the  Principles  to  a differently 
constructed  Arch. 
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KI.  = 30 -7  3 
IK  =3  23-27 
()C=BF  _ 78-00 
The  arc  Kl)  = 32  70 
The  arc  KB  = 52-15 
KG  = 33-59 
a,  the  helglit  of  the  pier,  =198-00. 

The  area  KFCL  of  the  upper  part  of  the  arch  will  be  1223-10,  from  which  subtracting 
that  of  the  triangle  FKG,  whlcli  is  590-82,  the  remainder  832-28  being  multiplie<i  by 
30-73  and  divided  by  32-7  makes  the  effort  of  this  part  782-44. 

H29.  The  area  of  the  lower  j)art  is  697 -95,  to  which  adding  the  triangle  FKG  = 390-82, 
we  have  1058-77,  which  multiplied  by  23-27  and  divided  by  52-15,  gives  485 -82  for  its 
effort.  The  expression  of  the  thrust,  represented  by  p in  the  formula, 

x=sf  ~ + II  “ I,  being  equal  to  the  difference  of  these  two  efforts, 

will  be  296-62,  and  twice - - =593-24  f \ 

d_  representing  KG,  being  - - = 33*59  f 

w>  have  2/jf/=  1 9926*93,  and  - =100-64  : 

h,  representing  the  sum  of  the  efforts  of  the  semi  arch,  will  be  ^^*  — =1762-03  ^ 

b 1762-8 

-=  198  -«-9  and  = 79-21  | 

Substituting  these  values  in  the  formula,  we  have  the  equation  : 

a-=  -v/593-24-100-64  + 79-21  - 8-9  = 15*01.  j 

By  taking  double  the  square  root  of  the  thrust  the  result  is  23*91,  a thickness  evidently 
too  great,  because  tlie  sum  of  the  vertical  efforts,  which  are  therein  neglected,  is  con-  , 
siderable. 

1430.  The  geometrical  method  gives  19  lines.  The  least  thickness  of  the  piers  from 
actukl  experiment  was  16  lines. 

1431.  liondelet  gives  a proof  of  the  method  by  means  of  the  centres  of  gravity,  as  iij 
some  of  the  preceding  examples,  from  which  he  obtains  a result  of  only  13*26  for  the  thick-  ^ 
ness  of  the  piers. 


Consideration  of  an  Arch  whose  Voussoirs  increase  towards  the  Springing. 

1432.  The  model  582. ) has  an  extrados  of  segmental  form  not 
concentric  with  its  intrados,  so  that  its  thickness  increases  from  the 
crown  to  the  springing.  The  opening  is  tiie  same  as  before,  namely, 

9 inches,  or  108  lines.  The  thickness  at  the  vertex  is  4 lines,  towards 
the  middle  of  the  haunches  7^  lines,  and  at  the  springing  14,1  lines. 

The  centre  of  the  line  of  the  extrados  is  one  sixth  part  of  the  chord 
A O below  the  centre  of  the  intrado.s  ; so  that 

The  radius  1)N  = 68  05 
KI.  = 3818 
IK  = 15-82 

(See  1390,  obs.  22,  and  1441).  The  arc  BK  = KC  = 42*43 

1433.  The  area  KHDC  of  the  upper  part  of  the  arch  is  258 -75> 
that  of  the  lower  part  BAHK  486*5  ; hence  the  effort  of  the  upper 

25875x38-18 


part  is  represented  by  the  expression — =232'47. 


42-43 

1434.  The  half  segment  ABe  being  supposed  to  be  united  to  the 
pier;  BeHK,  whose  area  is  178,  is  the  only  part  that  can  balance  the 
upper  effort;  its  expression  will  be = 66 "24.  The  difference 
of  the  two  efforts  166*23  will  be  the  expression  of  the  thrust  represented  by  p in  the 
formula 


■2p 


'Ipd-'imc 


Thus  2p  - - = 332-46 

IB  = KL,  indicated  by  r7,  - - - = 38*18 

Which  makes  the  value  of  2;;rl  - . . -12693  92 

The  vertical  effort  of  the  upper  part  indicated  by  = 96  30 

and  for  '■Ipin  - — 192  6t) 

'Fhe  value  of  c being  15*82,  we  have  2nic  - - = St >46  .-SO 


s 
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'J'he  lu'iglit  of  tlia  piers  being  still  120,  we  have 

2/;rf  _ "Imc  1 2(51)3  92—3016  5 
a ~ 120 

which  indicates  the  vcitical  effort  of  the  half  arch  repre- 
sented by  FR,  will  be 
ft_^73:£8 

a~  120  - - - - 

and  * ■ 

These  values  being  substituted  in  the  formula,  will  give 


x=  ^/332-46'  + 80-39  + 1 5-56 -3*95  = 1 6-74  lines. 
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473-48 

3-95 

I.5-.5G 


1435.  The  smallest  thickness  of  pier  that  would  support  the  arch  in  the  model  was 
1 7.^  lines. 

143G.  With  the  geometrical  method,  instead  of  the  double  of  CD,  make  B/t  double  the 
mean  thickness  UK,  and  B«  equal  to  hiL,  and  on  nh  as  a diameter  describe  the  semicir- 
cumference cutting  OB  produced  in  E ; then  EB=18^  lines  will  be  the  thickness  sought. 

1437.  If  the  pier  is  continued  up  to  the  point  e where  the  thickness  of  the  arch  is  dis- 

engaged from  the  pier,  the  height  of  the  pier  represented  in  the  formula  by  a will  be  151  *5 
instead  of  120,  and  the  difference  6,  instead  of  being  will  be  only——g^^~ 

= 277-4G. 

1438.  d,  expressed  by  le,  will  be  6-5,  all  the  other  values  remaining  the  same  as  in  the 
preceding  article,  the  equation  is 

x=  a/332-4G  - 5-71T4-2=1G  21. 


1439.  Using  the  method  by  means  of  the  centres  of  gravity,  Ilondelet  found  the  result 
for  the  thickness  of  the  piers  to  be  15  84.  So  that  there  is  no  great  variation  in  the  dif- 
ferent results. 

1440.  In  the  preceding  examples  arches  have  been  considered  rather  as  arcades  standing 
on  piers  than  as  vaults  supported  by  walls  of  a certain  length.  We  are  now  about  to  con- 
sider them  in  this  last  respect,  and  as  serving  to  cover  the  space  enclosed  by  the  walls. 

In  respect  of  cylindrical  arches  supported  by  parallel  walls,  it  is  manifest  that  the  re- 
sistance they  present  has  no  relation  to  their  length  ; for  if  we  suppose  the  length  of  the 
vault  divided  into  an  infinite  number  of  pieces,  as  C,  D,  E,  &c.  ( Jig.  584.  No.  2.),  we  shall 
find  for  each  of  these  pieces  the  same  thickness  of  pier,  so  that  all  the  piers  together  would 
form  a wall  of  the  same  thickness.  I'or  this  reason  the  surfaces  only  of  the  arches  and 
piers  have  been  hitherto  considered,  that  is,  as  profiles  or  sections  of  an  arch  of  any  given 
length.  Consequently  it  may  be  said  that  the  thickness  of  wall  found  for  the  profile  in 
the  section  of  an  arch  would  serve  for  the  arch  continued  in  length  infinitely,  supposing 
such  walls  isolated  and  not  terminated  or  rather  filled  by  other  walls  at  their  ends.  When 
cylindrical  walls  are  terminated  by  walls  at  their  extremities,  after  the  manner  of  gable 
ends,  it  is  not  difficult  to  imagine  that  the  less  distant  these  walls  are  the  more  they  add 
stability  to  those  of  the  arch.  In  this  case  may  be  applied  a rule  which  we  shall  hereaftei 
mention  more  at  length  under  the  following  section  on  Walls. 

1441.  If  in  any  of  the  examples  (^Jig.  582.  for  instance)  PR  be  produced  indefinitely  to 
the  right,  and  i'rom  R on  the  line  so  produced  the  length  of  the  wall  supporting  the  arch 
he  set  out,  and  if  from  the  extremity  of  such  line  another  be  drawn,  as  TB  produced 
through  B,  indefinitely  towards  a,  and  B<t  be  made  equal  to  the  thickness  of  the  pier  first 
found,  a vertical  line  let  fall  from  a will  determine  the  thickness  sought.  When  arches 
are  connected  with  these  cross  walls,  the  effect  of  the  thrust  may  be  much  diminished  if 
they  are  not  very  distant.  If  there  be  any  openings  in  the  walls,  double  the  length  of 
them  must  be  added  to  that  of  the  wall  as  well  as  of 
any  that  may  be  introduced  in  the  gable  wall. 

1442.  Fig.  583.  represents  the  mode  in  which  an  arch 
falls  when  the  piers  are  not  of  sufficient  strength  to  resist 
the  thrust : they  open  on  the  lower  part  of  the  summit  at  DM 
and  on  the  upper  part  of  the  haunches  at  HN  ; from  which 
we  may  infer  that  the  thrust  of  an  arch  may  be  destroyed 
by  cramping  the  under  side  of  the  voussoirs  near  the 
summit  and  the  upper  side  of  those  towards  the  middle  of 
the  haunches  ; and  this  method  is  greatly  preferable  to 
cliains  or  iron  bars  on  the  extrados,  because  these  have 
no  effect  in  prevent. ng  a failure  on  the  underside.  Chains 
at  the  springing  will  not  ])ievent  failure  in  arches  whose 
voussoirs  are  of  e(|ual  depth  but  that  too  small,  inasmuch 
as  there  is  no  counteraction  from  them  against  the  bulging 
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that  takes  place  at  tlie  haunches,  like  a hoop  loaded  when  its  ends  are  fixed.  The  most 
advantageous  position  for  a chain  to  oppose  the  effort  of  an  arch  is  to  let  it  pass  through  tlie 
point  K where  the  efforts  meet.  PC  is  the  tangent  before  failure,  and  O the  centre;  R 
l)eing  the  inner  point  of  the  pier. 


OF  COMPOUND  VAULTING. 

1443.  M.  Frez;ier,  in  speaking  of  the  thrust  of  this  sort  of  arches,  proposes,  in  order  to  find 
ttie  thickness  of  the  piers  which  will  support  them,  to  find  by  the  ordinary  manner  the 
thickness  suitable  to  each  part  of  the  cylin- 
drical arch  BN,  BK  (No.  3.  fig.  584.)  by 
which  the  groin  is  formed,  making  BE  the 
thickness  suitable  to  the  arch  BN,  and  BF 
that  which  the  arch  BK  requires  ; the  pier 
BEHF  would  thus  be  able  to  resist  the 
thrust  of  the  quarter  arch  OK  BN.  Ac- 
cording to  this  method  we  should  find  the 
bay  of  a groined  arch  9 inches  opening  would 
not  require  piers  more  than  21  lines  square 
and  120  lines  high;  but  experience  proves 
that  a similar  arch  will  scarcely  stand  with 
piers  44  lines  square,  the  area  of  whose  bases 
are  four  times  greater  than  that  proposed  by 
M.  Frezier. 

Method  for  groined  VanHing. 

1444.  The  model  in  this  case  '^see  the 
last  figure)  is  9 inches  in  the  opening,  vous- 
soirs  ecjually  thick,  being  9 lines,  standing 
upon  four  piers  10  inches  or  120  lines 
high.  ^ 

1445.  The  groin  is  formed  by  two  cy- 
lindrical arches  of  the  same  diameter  crossing  at  right  angles,  as  represented  in  No.  3.  of  the 
figure.  The  four  portions  of  the  vault  being  similar,  the  calculation  for  one  pier  will 
be  sufficient. 

1446.  On  the  profile  No.  1.  of  the  figure  describe  the  mean  circumference  TKG,  draw  the 
tangents  FT  and  FG,  and  the  secant  FOand  the  horizontal  line  IKL.  Draw  the  vertical 
B/,  and  NG  and  KI  on  the  plan  (No.  3.)  equal  to  KL 

1447.  In  the  foregoing  examples  for  arches  and  cylindrical  vaulting  there  has  been  no 
necessity  to  consider  more  than  the  surface  of  the  profiles,  which  are  constantly  the  same 
throughout  their  length  ; but  the  species  of  vault  of  which  we  are  now  treating  being 
composed  of  triangular  gores  whose  profile  changes  at  every  point,  we  shall  be  obliged  to 
use  the  cubes  instead  of  the  areas  of  squares,  and  to  substitute  surfaces  for  lines.  Thus  in 
viewing  the  triangular  part  KBO,  the  sum  of  the  horizontal  efforts  of  the  upper  part  of 
this  portion  of  the  vault,  represented  in  the  profile  by  KL,  will  be  represented  in  plan  by 
the  trapezium  KILO. 

1448.  The  sum  of  those  of  the  lower  part  iK  in  the  profile  is  represented  in  plan  by 
BIL.  The  thrust  is  expressed  by  the  difference  of  the  area  of  the  trapezium  and  of  the 
triangle  multiplied  by  the  thickness  of  the  vault;  tlius,  KB  and  KO  of  the  plan  being  54, 
the  superficies  of  the  triangle  BK  O will  be  54  x 27  = 1 458  ; the  part  BK  of  the  plan  being 
ecpial  to  IL,  and  B^  to  2K  of  tlie  profile  =12-^,  the  area  of  the  triangle  BIL,  indicating  the 
sum  of  the  horizontal  efforts  of  the  upper  part,  will  be  12,^^  x b2^g  = 79j^. 

1449.  We  obtain  the  area  of  the  trapezium  KILO  by  subtracting  that  of  the  small 
triangle  BIL  from  the  greater  triangle  BKO,  that  is,  79|^  from  1458  ; the  remainder 
1378-j'^  gives  the  horizontal  effort  of  the  upper  part  ; lastly,  subtracting  79y^  from  1378-^, 
the  remainder  1298-j^  will  be  the  expression  of  the  thrust  whose  value  is  found  by  multi- 
plying 1298-^  by  9 = 11683|,  which  is  the /j  of  the  formula. 

Letting  a always  stand  for  the  height,  and  d for  TI  of  the  profile,  the  arm  of  the  lever  of 
the  thrust  will,  as  before,  be  a + <i,  and  its  algebraic  expression  be/»a+prf. 

1450.  The  pier  resists  this  effort  by  its  cube  multiplied  by  the  arm  of  its  lever.  If  the  lines 
K H and  O B of  the  triangle  BKO,  (which  represents  the  prcjection  of  that  i)art  of  the  vault  for 
which  we  are  calculating)  be  produced,  it  will  be  seen  that  the  base  of  the  pier  to  resist  the 
thrust  will  be  represented  by  the  opposite  triangle  BHF,  which  is  rectangular  and  isosceles  ; 
therefore,  letting  x represent  its  side  BF,  the  area  of  the  triangle  will  be  expressed  b\  the 
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height  •)f  the  pier  being  a,  its  cube  will  be  '3^.  'J’he  arm  of  the  lever  of  tliis  pier  will  be 
iletennined  by  the  distance  of  the  vertical  let  fall  from  its  centre  of  gravity  on  the  line 
HK  = Y which  gives  for  the  pier’s  resistance 

1451.  This  resistance  will  be  increased  by  the  vertical  effort  of  each  part  of  the  vault 
multiplied  by  the  arm  of  its  lever. 

That  of  the  upper  part  will  be  expressed  by  its  cube  multiplied  by  the  vertical  KM, 
and  the  product  divided  by  the  mean  arc  KG. 

^ The  cube  of  this  part  will  be  equal  to  the  mean  area;  that  is,  the  arc  KG  multii)lied 
by  the  thickness  of  the  vault. 

1452.  To  obtain  the  mean  area,  multiply  KG  less  KiVI  by  the  length  GO  taken  on  the 
plan.  The  length  of  the  arc  KG  being  46  and  KM  17,^,  we  shall  have  KG  — KM  = 28|: 
GO  being  54,  the  mean  area  will  be  28§x  54  = 1558.  This  area  multiplied  by  9,  the 
thickness  of  the  vault,  makes  the  cube  of  the  upper  part  14024|,  which  multiplied  by 
KM  = I7j  and  divided  by  the  arc  KG=46,  makes  5226J  the  value  of  the  vertical  effort 
of  the  part  of  the  arch  m in  the  formula  ; and  the  arm  of  its  lever  is  IK  + iH. 

1453.  IK  being  =c  and  iH=a-,  its  expression  will  be  mx  me. 

The  vertical  eHbrt  of  the  lower  part  will  be  represented  by  its  cube  multiplied  by  TI, 
and  the  product  divided  by  the  length  of  the  arc  TK. 

This  cube  will  be  found  by  multiplying  the  mean  area  by  the  thickness  of  the  vault. 
Tlie  area  being  equal  to  the  arc  TK  — Tlx  GO,  that  is,  46  — 41f^  x 54  = 250f  for  the 
mean  area  and  250|  x 9 = 2256^  for  the  cube  of  the  lower  part  of  the  vault.  This  cube 

X 41  ® 

multiplied  by  TI  and  divided  by  the  arc  TK  gives  — 7^ ^^  = 2028§  for  the  value  of 

the  vertical  effort  of  the  part  n of  the  formula.  And  it  is  to  be  observed,  that  this  effort 
acting  against  the  point  B,  the  arm  BP’  of  the  lever  will  be  .r  and  its  expression  ?ix. 

1454.  Bringing  together  all  these  algebraic  values  we  obtain  the  equation  pa+pdz='~ 

+ mx  + me  + 7tx  ; and  making  m + n,  which  multiplies  x = b,  we  have  pa+  pd  = ^ + hx  + 
me.  Transferring  me  to  the  other  side  of  the  equation,  we  have  pa+pd  — me  = ~ + 5x. 
Lastly,  multiplying  all  the  terms  of  the  equation  by  ^ for  the  purpose  of  eliminating 
we  shall  have  instead  of  the  preceding  formula  6p  + — x'J  + which  is  an  equation 

of  the  third  degree,  whose  second  term  is  wanting.  For  more  easily  resolving  this  eejua- 
tion,  let  us  find  the  value  of  6p  + and  that  of  by  which  x is  multiplied  in  the 

r||  second  part  of  the  equation. 

p being  1168  3f,  6jo  will  be  - - - - = 70069f 

U c rf  being  41-j^^,  6/><i  will  be  . _ - - =2899124^ 

!|  •'  m being  5226|,  6me  - - - - - = 537593^ 


pimg  — 6^_^6L^3^y_  j ^6pd  6)nc  which  we  will  call  y 

I for  the  purpose  of  simplifying  the  remainder  of  the  calculation. 

h,  which  represents  m + will  be  52263  + 2038|  ^1255%  and  ^ = “^100^  = 362^  ; this  we  w'ill 
call /;  so  that  instead  of  the  equation  6p  + + ~,  we  have  g = x^  +fx,  which  is 

thus  to  be  resolved  (Bossut,  Elcmens  d'  A^ychrp)  ; — 


I Substituting  in  this  formula  the  values  of  g and  f,  we  have 
I .r=  -§^44889^+  -?/2015073623  + 17679"02  + ^44889^-  ^'2oT5073623  + 1767902 

; = .?/44889| +44909|  + ^44889|  — 44909|,  from  which  extracting  the  cube  roots,  we  have 

■ T = 44^  — 2^  = 42  for  the  length  BF  of  one  of  the  sides  of  the  triangular  pier  BAP';  the 
il  other  FA  may  be  determined  by  the  production  of  the  diagonal  or  line  of  groin  OB. 

I The  part  of  the  pier  answering  to  the  part  of  the  vault  BNO  is  determined  by  draw- 
I ing  from  the  points  B and  A the  parallels  BM  and  JNIA  to  P'A  and  P'B.  These  two 

|i  triangles  will  form  a square  base,  each  of  whose  sides  will  be  42  lines,  answering  to  one 

quarter  of  the  vault  K BNO  ; thus,  to  resist  the  thrust  of  the  vault,  four  piers,  each  42  lines 
^ thick,  are  necessary. 

1455.  The  above  result  corresponds  in  a singular  manner  with  the  experiments  which 
* were  made  by  Rondelet,  from  which  he  deduced  a thickness  of  4 3.t  line.s.  In  his  investi- 
« gation  of  the  exaiTi])le  by  means  of  the  centres  of  gravity  40-53  lines  was  the  result.  Our 

Ifi  iiniits  prevent  further  consideration  by  other  examples : we  vvill  merely  therefore  observe,  that 
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the  method  above  given  seems  to  be  a safe  gn'nle  to  tlie  architect.  In  the  case  of  oblong 
arches,  the  results  must  be  obtained  for  each  side. 

1456.  In  the  case  of  groinings  coinpo''ed  of  many  bays,  the  chief  care  necessary  is  in  the 

external  piers,  which  will  require  especially  to  be  of  sufficient  thickness.  Those  in  the  ^ 
middle,  being  counterbalanced  all  round,  have  only  to  bear  the  weights  of  their  respective 
arches,  for  which  purpose  they  must  have  a proportional  area  and  be  of  such  stone  as  the 
weight  will  not  crush.  But  it  ought  to  be  recollected  that  in  good  construction  the  area 
of  the  points  of  siqrport  should  be  so  distributed  as  to  establish  for  each  a sufficient  strength,  < 
because  a single  weak  point  will  often  endanger  the  whole  fabric.  1 

1457.  In  ])ractice,  a readier  method  will  be  wanting  than  that  wdiich  has  been  just  dis-  ■ 
cussed;  we  therefore  subjoin  one  which  agrees  well  enough  with  theory  and  experiment,  , 
and  it  is  as  follows.  Let  A BCD  {Jig-  585.  No.  1.)  be  the  space  to  be  covered  by  a 


groined  vault  supported  in  the  centre  by  the  pier  E.  Dividing  each  side  into  two  equal 
parts,  draw  the  lines  HI,  FG  crossing  each  either  in  the  centre  E,  and  the  diagonals  AE, 
EB,  EC,  ED  and  II  F,  HG,  IF,  IG  crossing  each  other  in  tlie  points  K,  K',  K'',  K'". 
in  No.  ‘■2.  draw  the  pier  its  half  height  to  the  level  of  the  sjiringing,  which  half  height 
transfer  from  K to  L,  and  divide  EL  into  twelve  parts.  One  of  these  parts  w-ill  be  a half 
diagonal  of  the  pier.  F'or  the  Intermediate  piers  H,  F,  I,  G,  after  finding  the  diagonals  of 
the  half  jiiers,  produce  them  outwards  to  double  tlieir  projection  within,  so  that  altogether 
their  thickness  may  be  once  and  a half  their  width.  F’or  the  angular  piers  this  method 
will  give  an  area  of  base  1.^  times  greater,  which  will  enable  them  to  resist  the  thrust  they 
have  to  sustain. 

1458.  When  the  width  of  the  space  to  be  vaulted  is  to  be  divided  into  three  bays,  aiiJ 
tb  ;t  of  the  middle  is  required  to  be  raised  above  those  of  the  other  two,  as  in  the  case  of 
churches  with  side  aisles,  the  bases  of  the  points  of  support  may  be  determined  in  two 
ways.  That  most  used,  which  is  borrowed  from  the  Gothic  examples,  is  to  give  to  the 
areasof  the  bases  of  the  points  of  support  merely  the  extent  necessary  to  bear  the  load  they 
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are  to  receive,  by  throwing  the  strain  of  the  thrust  upon  the  external  piers  hy  means  ol 
flying  huttressi  s,  and  giving  to  tljeir  points  of  support  a position  and  surface  of  base  capalile 
of  effectual  resistance. 

H59.  'I'lie  most  simple  method  derived  from  the  principles  cf  the  tlieory  for  the  firs* 
case  is  as  follows  : — 

E laving  laid  drrwn  the  plan  of  the  two  hays  which  fall  upon  the  same  pier  (/?</.  58<7. 
.\'o.  1.),  take  one  half  of  the  sum  of  the  two  semi-diagonals  AD,  AE,  to  which  add  one 
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Iialf  of  the  height  of  the  point  of  support  and  taking  a twelfth  part  of  the  whole  as  a 
radius,  descrdre  a circle  as  A,  No.  1,  it  will  show  the  surface  of  the  base  of  the  point  of 
support.  If  it  Ire  not  circular  it  must  he  circumscribed  with  tlie  form  that  may  be  required, 
so  as  rather  to  increase  than  diminish  its  solidity.  For  the  exterior  point  of  support  B,  let 
a rectangle  he  formed,  having  for  its  width  the  side  of  a square  inscribed  in  the  preceding 
circle,  and  in  length  double. 

1460.  Above  the  roofs  of  the  sides  a flying  buttress  may  be  carried  up,  whose  pier  may 
be  raised  on  that  below,  set  hack  one  sixth  from  the  exterior  face  and  sloped  as  much  oil 
the  interior.  The  line  of  summit  or  tangent  of  this  dying  buttress,  which  should  he  of  the 
single  arc  of  a circle,  will  he  determined  by  the  chord  of  the  arc  of  the  upper  part  of  the 
vault  produced  Indefinitely.  To  find  the  centre,  draw  the  chord  G H ( No.  ‘2. ),  on  the 
middle  of  which  raise  a perpendicular,  which  will  cut  the  horizontal  line  GF  in  the 
point  1,  which  will  he  the  centre  of  the  arc.  'J'hese  raking  arches  may  he  connected  hy 
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Ollier  return  arches,  whidi  may  bear  a floor  above  with  a support,  upon  wliich  a passage 
round  the  building  may  be  made,  and  this  may  be  concealed  by  an  attic  order  outside 

14C1.  In  the  second  case,  the  base  of  a pier  must  be  found  capable  of  resisting  the  effort  „ 
of  the  great  middle  vault  of  the  nave,  by  taking  as  the  height  of  its  pier  the  distance  from'' 
its  springing  from  the  upper  side  of  the  side  vaults  No.  2.,  and  laying  the  half  of  this  heiglit 
from  B to  H on  the  plan  No.  3.  Then  having  divided  IH  into  twelve  equal  parts,  make 
1 A equal  to  cue  of  tliem  and  AF  equal  to  two.  The  rectangle  made  upon  the  diagonal! 
FI  shows  the  area  of  the  interior  pier,  to  which  are  to  he  added,  to  the  right  and  left,  pro -I 
jections  to  receive  the  aiches  of  the  sides.  The  length  FD  is  to  be  divided  into  six  equal? 
parts,  whereof  two  are  for  the  projection  of  the  pilaster  or  interior  half  column,  upon  which': 
the  entablature  is  profiled,  three  for  the  thickness  of  the  wall,  and  one  for  the  pilaster  oiigr 
the  side  aisles,  whose  prolongation  will  form  a counterfort  above  the  lower  sides.  3. 

1462.  For  the  external  pier  B,  as  before,  one  half  the  height  to  the  springing  must  be 
transferred  from  EG,  and  -^'5  of  BG  from  B to  L ; lastly,  ^ from  B to  K : the  rectangle 
formed  upon  the  diagonal  KL  is  eqtral  to  the  area  of  the  pier.  We  must  add,  as  for  thal 
in  front,  the  projections  to  receive  the  arches  or  windows,  as  shown  in  No.  2. 

1463.  As  long  as  the  intervals  between  the  piers  are  filled  in  with  a wall,  if  that  he 

placed  flush  with  the  outside,  the  piers  will  form  pilasters  inwards  (see  Jig.  585.),  as  ihef, 
whose  projection  e/ is  equal  to  one  half  of  the  face  he;  this  wall  ought  to  have  a thickness 
equal  to  he;  but  if  it  is  brought  to  the  inner  line  of  the  face  of  the  piers  they  need  be 
only  two  thirds  of  the  thickness;  so  that  the  piers  will  form  counterforts  on  the  exterior.! 
In  conclusion,  knowing  the  effort  of  the  thrust,  the  calculations  will  not  be  attended  with 
difficulty  in  providing  against  it  by  adequate  means  of  resistance.  ^ 
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1464.  The  model  (Jig  587.  Nos.  1.  and  2.)  is 
square  on  the  plan,  each  of  its  sides  is  9 inches  in- 
ternal  measure,  enclosed  by  a wall  10  inches  high  :o 
the  springing  of  the  vault.  The  vault  is  semicircular 
in  form,  the  voussoirs  throughout  9 lines  thick,  and 
it  is  composed  of  seventeen  parts  above  the  line  of 
greatest  effort  (see  1391.),  as  shown  in  Nos.  1.  and 
2.  in  the  plan  and  section.  On  one  of  the  sides  of  the 
(ir^t  is  supposed  to  be  traced  the  mean  circumference 
TKG,  the  tangents  FT,  FG,  the  secant  FO,  the 
horizontal  line  IKL,  and  the  verticals  Bt  and  MK. 
We  may  noV  therefore  consider  this  vault  as  four 
triangular  pieces  of  cylindrical  arches,  each  resting 
throughout  the  length  of  their  base  on  one  of  the 
walls  which  forms  the  sides  of  the  square.  As  the 
jiortions  of  arches  or  vaults  are  equal,  it  is  only 
necessary  to  take  one  of  them  for  an  example. 

1465.  In  the  last  example,  cubes  are  taken  in- 
stead of  the  surfaces,  and  surfaces  instead  of  lines. 
'I'hus  expressing  the  length  of  the  wall  by  f,  its  height 
by  a,  and  its  thickness  by  x ; the  arm  of  the  lever 
being  always  its  resistance  is  expressed  by  afx^. 


h 9 


Making  the  thrust  . - _ . 

EH  = TI  = KL=KV  .... 

PH  . . - 

The  sum  of  the  vertical  efforts  of  the  upper  part 
.'I'hat  of  the  lower  parts  - - 

The  part  IK  of  the  horizontal  line  - - - 

7'B=half  the  thickness  of  the  arch  - - - 

71ie  arm  of  the  lever  will  he  . > _ 

'I'E 

The  equation  is  pa  + pd  = + (t?t  4-  w ) a:  — ve  f me  ; 

and  making  m-\-n=l>, 

4-  hx  = pa  + pa  + ne  — tru. 


- - a -\r  d 
= ///, 

— n 

= c + X 

= JT  — e. 
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'2f)(l  + '2ne—2mc 


hi  b 
aip  af 


14()6.  If,  however,  we  suppose  the  effort  to  take  j)lace  at  the  point  B,  a Gupporition 
fjitherto  maOe  in  the  fonnuhe,  we  have  t = o,  aiul  the  value  of  x becomes 


2pd  — 2»ic  h^  h 

f+  —af—  + ap-.7f 

1 4G7.  The  horizontal  effort  of  the  upper  part,  represented  by  the  line  KL,  will  be  expressed 
l»y  the  triangle  eF.d  of  the  plan  ; that  of  the  lower  part  fK  in  the  section  will  be  expressed 
by  the  trapezium  eBCr/  on  the  plan. 

1468.  The  plan  of  the  vault  being  square,  the  base  ed  will  be  double  Ey  = KL  of  the 
section  ; and  the  area  of  the  triangle  eEd  equal  to  the  square  of  KL  = 41-^  x 41^=  1710|. 

1469.  Ea  of  the  plan  being  e(]ual  to  the  square  of  54  less  the  square  of  41,^,  that 
is,  12062,  the  superior  effort  being  1710^  their  difference  is  504,  which  being  multiplied  bv 
the  thickness  of  the  vault,  or  9,  is  4536  for  the  expression  of  the  thrust  represented  by  v in 
the  formula,  and  for  that  of 

2ju  = 9072  and  *j=84, 

d,  which  re])rosents  TI,  being  41-^^,  2pr/  = 375192. 

1470.  To  obtain  the  vertical  effort  of  the  upper  part  of  the  arch  represented  by  m,  its 
cube  must  be  multiplied  by  KM,  and  the  product  divided  by  the  arc  KG. 

1471.  The  cube  of  this  part  is  equal  to  the  curved  surface  passing  through  the  middle  of 
its  thickness  multiplied  by  the  thickness.  The  mean  area  is  equal  to  the  product  of  the 
length  nq  taken  on  the  plan  multiplied  by  KM. 

nq  being  117,  and  KM  17j,  the  product  expressing  such  mean  area  is  2005^,  which 
multiplied  by  9 makes  the  cube  18051|.  This  cube  again  multiplied  by  KM  = 17.f,  and 
divided  by  the  length  of  arc  KG  = 46,  gives  6727  for  the  value  of  m,  and  for  2m  13454; 
c being  12-^|,  2?nc  = l 70100|. 

2pd  - 2rnc  ^ 3751 92  - 1 701  OOf  ^ ^ ^ .g2 
af  120x108 

5.  representing  the  vertical  effort  of  the  half  vault,  will  be  expressed  by  the  cube  multiplied 
by  B/=58A,  and  divided  by  the  mean  circumference  TKG  = 92. 

1472.  To  obtain  the  cube,  the  mean  superficies,  that  is,  nq  x B/  or  117  x 58^,  is  to  be 
multiplied  by  the  thickness  AB  = 9,  which  gives  68441  y 9 = 616001. 

This  cube  multiplied  by  B/=585  and  divided  by  the  mean  circumference  TKG 

= 92,  that  is,  616001  x ^yj  = 391 69-88,  for  the  value  of  h,  and  for  that  of  = 3‘02 

and  ^"=9-12.  Substituting  these  values  in  the  formula, 
ai  ® 

^_  /f'-2p  •2pd—27nc  , f>b  \ h 

af  ^nipj-af 


Hence  x = ,^84  + 15  -82  + 9 -1 2 - 3 -02  = 7 -41  ; 


tliat  is,  a little  less  than  7|  lines  for  the  thickness  of  the  walls,  which  is  less  than  that  of  the 
vault;  and  shows  that  by  giving  the  walls  the  same  thickness  as  the  vault,  all  the  requisite 
solidity  will  be  obtained.  This  is  proved  by  experiments,  for  in  the  model  the  vault  was 
borne  equally  well  on  walls  of  9 lines  in  thickness  divided  into  8 parts,  as  upon  1 2 Doric 
columns  whose  diameter  was  9 lines,  four  being  placed  at  the  angles  and  eight  others  under 
the  lower  part  of  the  vault. 

1473.  To  find  the  thickness  of  these  walls  by  the  geometrical  method:  Take  the 
difference  between  the  area  of  the  triangle  BEG  and  that  of  the  triangle  Eed,  which 
divide  by  the  length  BC. 

Thus,  the  area  of  the  greater  triangle  being  g— = 2916  ; that  of  the  smaller  one, 

— ^^  = 1710-4  ; their  difference,  1205-6  divided  by  108  = 11-16,  which  transfer  to  the 

profile  from  B to  h,  and  make  Bn  equal  to  the  thickness  of  the  vault.  Upon  n/*,  as  a 
diameter,  describe  a semicircle,  which  at  its  intersection  with  the  horizontal  line  BE  will 
determine  the  thickness  of  the  vault,  and  be  found  to  be  10  lines. 

1474.  The  small  thrust  of  this  species  of  vaulting  occurs  on  account  of  the  upper  part, 
which  causes  it,  diminishing  in  volume  in  proportion  as  the  horizontal  effort  becomes  more 
considerable,  and  because  the  triangular  form  of  its  parts  and  their  position  give  it  the 
advantage  of  having  tne  larger  sides  for  bases ; whilst,  in  groined  vaulting,  the  triangular 
parts  resting  only  on  an  angle,  the  weight  increases  as  the  horizontal  efforts. 

1475.  Moreover,  as  the  return  sides  mutually  sustain  each  other,  a half  vault,  or  even  a 
•juarter  vault,  on  a sejuare  base,  would  stand  if  the  walls  were  10  lines  thick,  proving  that 
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the  opi)Oslte  parts,  acting  little  more  than  against  each  other,  the  thrust  becomes  almost 
notliing. 

1476.  Ry  the  method  of  the  centres  of  gravity,  Ronclelet  found  a result  less  than  that 
above  given  ; but  that  arose  from  neglecting  some  points  in  the  calculation  which  it  was 
difficult  to  introduce  for  general  j)ractice. 

1477.  It  is  obvious  that  in  the  above  application  great  allowance  must  be  made  when 
the  aj)artment  to  be  vaulted  is  not  square ; that  is,  its  advantages  diminish  as  the  two  , 
o))posite  sides  become  longer  than  the  width,  and  when  the  length  is  twice  the  width,  or 
even  much  less,  the  thrusts  must  be  calculated  on  the  principle  of  cylindrical  vaulting;-^ 
and  as  in  this  species  of  vaulting  the  greatest  effort  occurs  in  or  towards  the  middle  of^ 
the  sides,  opening  for  doors  and  windows  should  there  be  avoided. 

AppUcotion  of  the  Met'iod  fo  Splu'ricnl  (or  d ouical)  Faultinr^. 

1478.  The  models  (dp.  588.  Nos.  1.  and  2.  and  fig.  589.  Nos,  1.  and  2.)  were  of  the 


same  opening  as  the  last  mentioned.  'I'hey  are  cut  into  eight  equal  parts  by  vertical 
planes  crossing  each  other  in  the  a.\is ; each  of  these  parts  is  subdivided  by  a joint  at 
45  degrees,  altogether  forming  sixteen  pieces.  The  vault  stands  on  a circular  wall  of  the 
same  thickness  divided  into  eight  parts  corresponding  to  those  of  the  vault.  All  the  parts 
are  so  arranged  as  to  form  continued  joints  without  any  bond,  in  order  to  give  the 
experiment  the  most  disadvantageous  result.  Yet  it  stood  firmly,  and  was  even  capable  of 
bearing  a weight  on  the  top. 

1479.  If  for  these  eight  pieces  of  circular  wall  we  substitute  eight  columns  of  equal 

height,  as  in  No.  1.  fg.  589.,  so  that  the  vertical  joints  fall  over  the  middle  of  each  column; 
the  vault  will  still  stand,  although  the  cube  of  these  columns,  as  well  as  their  weight, 
occupies  only  one  nintli  part  of  tlie  circular  wall  for  which  they  are  substituted.  ^ 

From  this  it  is  evident  that  spherical  vaults,  i.e.,  domes,  have  le.ss  thrusts  than  coved  vaults. 

1480.  Applying  the  method  of  the  preceding  examples,  describe  the  mean  circumference 
( dg.  588.  Nos.  1.  and  2.),  draw  the  tangents  TF,  GF,  the  secant  FO,  the  horizontal  line 
1 KL,  and  the  verticals  KM  and  Ri  ; lastly,  calculating  for  one  eighth  of  the  vault,  take  the 
sector  Ohm  to  express  the  horizontal  effort  indicated  by  KL,  and  the  part  H/tMm  to  express 
the  horizontal  effort  of  the  lower  part. 

1481.  The  difference  of  these  areas  multiplied  by  the  thickness  of  the  vault  will  be  the 
expression  of  the  thrust  p of  the  formula. 

1482.  The  radius  Om  of  the  sector  being  41  and  its  length  32.^,  its  area  will  be  672j*g. 

148.8.  The  area  of  /tHMm  will  be  equal  to  the  difference  of  the  two  sectors  OHM 

and  Ohm,  whereof  the  first  is  equal  to  the  product  of  half  OM=27  by  the  arc  HM=42^‘, 
or  1145^,  the  second  =672|g  ; whence  the  difference  =473|§. 

1 484.  The  thrust,  being  equal  to  the  difference  between  672A  and  4,  .83^,  will  be  198.^  x 9; 
tlicrefore  p — '186‘^^. 
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f,  rc]ircsL'nting  the  deveIoj)einent  of  one  eiglith  part  of  the  circular  wall,  will  l>e 
42}^,  whence  ^^  = 42.  cl,  the  diflerence  between  the  arm  of  the  lever  and  the  height  of 
the  pier,  being  41-^^,  we  shall  have  /j^  = 78897|. 

1 486.  To  obtain  the  value  of  me  we  must  first  find  that  of  m,  which  represents  the  vertical 
effort  of  the  upper  part  of  the  vault,  and  is  eipial  to  the  cube  of  this  part  multiplied  by 
KM  and  divided  by  the  arc  KG.  This  cube  is  equal  to  the  difference  of  the  cube  of  the 
sector  of  a sphere  in  which  it  is  comprised  with  that  which  forms  its  interior  capacity.  Ve 
will  merely  recall  here  to  the  reader’s  recollection  from  a previous  page,  that  the  cube  of 
the  sector  of  a sphere  is  eipial  to  the  product  of  the  superficies  of  the  s])here  whereof  it 
forms  a part  by  one  third  of  the  radius,  and  that  this  superficies  is  equal  to  the  product 
of  the  circumference  of  a great  circle  by  the  line  which  measures  its  depth.  Thus  the 
area  of  the  great  sector  OKCr  {Jig.  588.  No.  1.)  is  equal  to  the  product  of  the  great  circle, 
whereof  Aa  is  the  diameter  =126,  by  CS  = 18-^,  which  is  7.808,  and  its  cube  7308 
X 21  =15.3468. 

1487.  The  area  of  the  small  sector  OND«  will  be  equal  to  the  product  of  the  great 
circle,  whereof  B5  is  the  diameter  =108  by  VD  = 15-,^,  which  gives  5369||,  and  its  cube 
by  5.369||  x 18  = 96648||.  Deducting  this  last  cube  from  that  of  the  great  sector  already 
found  =153468,  the  remainder  56819  will  be  the  cube  of  the  upper  part  of  the  vault 
forming  the  cap,  whose  eighth  part  7102|  will  be  the  cube  sought,  which  multiplied  by 
KM  = 171  and  divided  by  the  arc  KG  =46,  gives  2646§  for  the  value  of  m in  the  formula; 
c,  which  represents  2K,  being  12  we  have 

w<c  = 33461^  ; pel  — me  will  be  738974 —33461|  = 40436| ; 

1 pd  — mc  404364-  _ „„ 

and  tor  ' =7 ‘92. 

af  ’ 120x42^ 

1488.  In  the  preceding  application  to  the  model  of  the  coved  vault,  the  walls  being 
straight,  the  distance  of  their  centre  of  gravity  from  the  point  of  support  was  ecpial  to  half 
their  thickness  ; in  this,  the  wall  being  circular,  its  centre  of  gravity  is  so  much  more  distant 
from  the  point  of  siqqjort  as  it  takes  in  more  or  less  a greater  part  of  the  circumference  of 
the  circle.  By  taking  it  only  the  eighth  part,  the  centre  of  gravity  falls  without  the  thickness 
of  the  walls,  by  a quantity  which  we  shall  call  e,  so  that  the  arm  of  the  lever,  instead  of 
being  will  be  e + x,  which  changes  the  preceding  formula  to 

a fx  {e  + x)  + bx  =pa  -f  j)cl  — me\ 
arranging  with  reference  to  x,  this  becomes 

afx^  -t-  {eaf  -f  h)x=pa  +pd—me  ; 

whence  we  obtain  x‘^  + (e  + making  e-t-^=2A,  we  shall  have 


a-= 

J aj 

b expresses  the  vertical  effort  of  an  eighth  part  of  the  vault  equal  to  its  cube,  mulliplled  by 
the  vertical  B/,  and  divided  by  the  mean  circumference  TKG.  This  cube  is  equal  to  an 
eighth  of  the  sphere,  whereof  Aa  is  the  diameter,  less  that  of  the  eighth  part  of  a sphere 
whose  diameter  is  Bb. 

14S9.  The  diameter  Aa  being  126,  the  eighth  of  the  circumference  of  a great  circle  will 
be  49^,  which,  multiplied  by  the  vertical  axis,  which  in  this  case  is  equal  to  the  radius  or 
63,  gives  for  the  area  of  one  eighth  part  of  the  sphere  3118^,  and  for  its  cube  31 18^  x 21 
= 656881. 

1490.  The  diameter  B6  being  108,  an  eighth  part  of  the  circumference  of  the  great  circle 
will  be  42|,  which,  multiplied  by  the  radius  54,  gives  for  the  area  22911,  and  for  its  cube 
2291|  X 18  =41  240| ; taking  the  smaller  of  these  cubes  from  the  greater,  the  difference 
24447|^  will  be  that  of  this  eighth  part  of  the  vault,  which  must  be  multiplied  by  B/= 
581,  and  the  product  1430203|^,  divided  by  the  mean  arc  TKG  = 91f;  the  quotient  15558 
expresses  the  vertical  effort  of  the  eighth  part  of  the  vault,  represented  by  b in  the  formuhu 

■ - e being  2-51,  we  shall  have  for  the  value  of  h 2-78  and  /i‘i=7’72. 

3 Substituting  the  values  thus  found  in  the  formula 


2-  y/  J.+ 


~h, 


i 


we  have  x=  a/42  + 7 -92  + 7 -72  - 2-78  = a/57 -64 -278  = 4 -72. 


By  using  the  method  of  the  centres  of  gravity,  Rondelet  found  the  result  rather  less  than 
that  just  found. 

1491.  'I’he  result  of  all  these  calculations  induces  the  following  facts: — I.  That  for  a 
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Rpmicircular  cylindrical  vault,  wliose  lengtii  is  equal  to  its  diameter,  the  area  of  the  two 
parallel  walls  is  4698.  II.  That  that  of  the  four  square  piers  supporting  a groined  arch  is 
7056.  III.  That  of  the  four  walls  of  the  coved  vault,  the  area  should  be  3425|.  IV.  That 
that  of  the  .spherical  vault  is  1 238J-. 

1492.  In  respect  of  the  opening  of  these  vaults,  which  is  the  same  for  all  the  examples. 
Liking  the  area  of  the  circular  wall  for  the  spherical  vault  at  1, 

That  of  the  walls  of  the  coved  vault  will  be  a little  less  than  3. 

That  of  the  cylindrical  vault  - - less  than  4. 

That  of  the  groined  arch  - - less  than  6. 

But  if  we  look  to  the  .space  that  each  of  these  vaults  occupies  in  respect  of  walls  and 
points  of  support,  we  shall  find  that  in  e<jual  areas  the  walls  of  the  cylindrical  vault  will 
be  I of  such  spact . 

Those  of  the  coved  vaulting  less  than  - - ^ of  such  space. 

The  piers  of  the  groined  arch  a little  more  than  - \ — 

The  circular  wall  for  spherical  vault  a little  more  than  — 

So  that,  if  we  suppose  the  space  occupied  by  each  of  these  vaults  to  be  400, 

The  walls  of  the  cylindrical  vaulting  will  be  115 
Those  for  the  coved  vault  - - 91 

The  piers  for  the  groined  arch  - 60 

The  circular  wall  for  the  spherical  vault  - 48 

Which  figures  therefore  show  the  relative  proportions  of  the  points  of  support  neces.sary  in 
each  case. 

1493.  It  is  a remarkable  circumstance  that  by  the  formula  the  coved  and  spherical 
vaults  give  to  the  walls  a less  thickness  than  that  of  the  arch.  But  although  experiment 
has  verified  the  formula,  we  cannot  be  supposed  to  recommend  that  they  should  be  made 
of  less  thickness  in  practice ; but  we  see  that,  if  of  the  same  thickness,  considerable  open- 
ings may  be  used  in  them.  Irregular  as  well  as  regular  compound  vaults  being  only  an 
assemblage  of  the  parts  of  more  simple  ones,  if  what  has  already  been  said  be  well  under- 
stood, and  the  examples  given  have  been  worked  out  by  the  student,  he  will  not  be  much 
at  a loss  in  determining  the  efforts  of  all  sorts  of  vaults. 

On  the  aphesive  Powek  of  INIortah  and  Pi.aster  upon  Stones  and  Bricks. 

1 494.  The  power  of  mortar  and  plaster  will  of  course  be  in  proportion  to  the  surface 
of  the  joints,  compared  with  the  masses  of  stone,  brick,  or  rubble.  Thus  a voussoir  of 
wrought  stone,  one  foot  cube,  may  be  connected  with  the  adjoining  voussoirs  by  four 
joints,  each  of  1 foot  area,  in  all  4 feet.  But  if  instead  of  this  voussoir  three  pieces  of 
rough  stone  or  rubble  be  substituted  instead  of  4 feet  area  of  joints,  we  shall  have  8. 
Lastly,  if  bricks  be  employed  instead  of  rubble,  we  shall  want  27  to  form  the  same  mass, 
which  gives  for  the  developement  of  the  joints  1 3 feet.  Thus,  representing  the  force  which 
connects  the  voussoirs  in  wrought  stone  by  4,  that  representing  the  joints  of  the  rough 
stones  will  be  8,  and  that  for  bricks  13  ; whence  we  may  infer  that  arches  built  with 
rough  stones  will  have  less  thru.st  than  those  in  wrought  stone,  and  those  in  bricks  more 
than  three  times  less.  From  experiments  made  by  Hondelet,  he  found  that  at  the  end 
of  six  months  some  species  of  mortar  showed  a ca])ability  of  uniting  bricks  with  sufficient 
force  to  overcome  the  efforts  of  thrust  in  a vault  segmental  to  | of  a semicircle,  1 5 feet 
diameter  and  4 inches  thick,  the  extrados  being  4 inches  concentrically  above  the  intrados. 
Plaster  united  a vaulted  arch  of  18  feet  opening,  of  the  same  form  and  thickness.  This  force 
is,  moreover,  greater  in  arches  whose  voussoirs  increase  from  the  keystone  to  the  springing, 
and  that  in  proportion  to  the  thickness  at  the  haunches,  where  fracture  takes  place ; so  that 
whatever  the  diameter  and  form  of  the  arch,  the  strength  of  good  mortar  at  the  end  of  six 
months,  if  the  arches  are  well  constructed,  is  capable  of  sujjpressing  the  thrust  as  long  as 
the  thickness,  taken  at  the  middle  of  the  haunches,  is  stronger  than  the  tenth  part  of  those 
laid  in  mortar,  and  one  twelfth  of  those  laid  in  plaster.  Here  we  have  to  observe,  that 
arches  laid  in  pla.ster,  as  long  as  they  are  kept  dry  and  sheltered  from  the  changes  of  the 
season,  preserve  their  strength,  but,  on  the  contrary,  they  lose  all  their  stability  in  seven 
or  eight  years,  whilst  those  cemented  in  mortar  endure  for  ages. 

1 495.  The  small  quantity  of  mortar  or  of  plaster  used  in  vaults  constructed  of  wrought 
stone,  in  which  the  joints  are  often  little  more  than  run,  ought  to  make  an  architect  cautious 
of  depending  merely  on  the  cementing  medium  for  uniting  the  voussoirs.  There  are  other 
means  which  he  may  employ  in  cases  of  doubt,  such  as  dowels  and  cramps,  means  which 
were  much  employed  by  the  Romans  in  their  construction  ; and  these  are  far  better  than  the 
chains  and  ties  of  iron  introduced  by  the  moderns. 

1495a.  Rondelet  has  stated  that  hard  stones  laid  dry,  commenced  slipping  at  an  angle 
of  30° ; and  with  mortar  fresh  laid,  at  angles  of  34°  and  36°  ; with  soft  stones,  on 
mortar  fresh  laid,  at  45°,  when  the  centre  of  giavity  did  not  fall  without  the  base.  In 
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Barlow’s  edition  of  Tredgold’s  work,  from  34°  to  36°,  is  repealed.  G.  Rennie,  in  some 
sareful  experiments  at  London  Bridge,  found  that  dressed  voussoirs  commenced  sliding, 
without  mortar,  at  an  angle  of  33°  30';  and,  with  mor.ar  fresh  laid,  at  ‘25°  30'. 

1496.  Well  may  it  be  said  that  the  thrust  of  an  arch  is  the  constant  dread  of  an 
architect;  but  it  depends  entirely  on  the  metliod  employed  in  the  construction.  It  is  only 
dangerous  where  the  precautions  indicated  in  the  foregoing  examples  have  had  no  atten- 
tion paid  to  them.  It  has  been  seen  that  the  least  fracture  in  too  thin  an  arcli  of  equally 
deep  voussoirs  may  cause  its  ruin  ; and  we  shall  here  add,  that  this  defect  is  more 
ilangerous  in  arclies  wherein  the  number  of  joints  is  many,  such  as  those  constructed  in 
brick  ; for  when  tliey  are  laid  in  mortar  they  are  too  often  rather  heaped  together  tiian 
well  fitted  to  each  other. 

1497.  "Wliatever  materials  are  used  in  the  construction  of  vaults,  the  great  object  is 
to  prevent  separation,  which,  if  it  occur,  must  be  immediately  met  by  measures  fer 
making  the  resistance  of  the  lower  parts  capable 
of  counterbalancing  the  effort  of  the  upper  parts. 

Those  fractures  which  occur  in  cylindrical  arches  are 
the  most  dangerous,  because  they  take  place  in  straight 
lines  which  run  along  parallel  to  the  walls  bearing 
them.  To  avoid  the  consequences  of  such  failures,  it 
is  well  to  fill  up  the  haunches  to  the  height  where  the 
fracture  is  usually  to  be  found,  as  in  K,  K',  K",  K'" 

(Jiff.  590. ) and  diminish  the  thickness  towards  the  key. 

1498.  Rondelet  found,  and  so  indeed  did  Couplet 
before  him,  that  the  least  thickness  which  an  arch  of 
equal  voussoirs  ought  to  have,  to  be  capable  of  stand- 
ing, was  one  fiftieth  part  of  the  radius.  But  as  the 
bricks  and  stone  employed  in  the  construction  of 
arches  are  never  so  perfectly  formed  as  the  theory  sup- 
poses, the  least  thickness  which  can  be  used  for  cy- 
lindrical arches  from  9 to  15  feet  radius  is  4^  inches 
at  the  vertex  if  the  lower  course  be  laid  with  a course 
of  brick  on  edge  or  two  courses  flatwise,  and  5 inches 
when  the  material  used  is  not  a very  hard  stone,  in- 
creasing the  thickness  from  the  keystone  to  the  point 
where  the  extrados  leaves  the  walls  or  piers.  But  if 
the  haunches  are  filled  up  to  the  point  N (Jig.  590.), 
it  will  be  found  that  for  the  pointed  arch  in  the  figure 
the  thickness  need  not  be  more  than  the  of  the 
radius,  and  for  the  semicircular  arch,  -gL.  For  arches 
whose  height  is  less  than  their  opening  or  that  are  seg- 
mental the  thickness  should  be  i part  of  the  versed  sine  ; 
a practice  also  applicable  to  Gothic  vaults  and  semi- 
circular cylindrical  arches,  to  which  for  vaults  cemented 
with  plaster  one  line  should  be  added  for  each  foot  in 
length,  or  part  of  the  chord  subtended  by  the  ex- 
trados. With  vaults  executed  in  mortar  may  be 
added,  the  thickness  of  the  arch  increasing  till  it  reaclips  the  point  N,  where  the  arch  becomes 
detached  from  the  haunches,  and  where  it  should  be  once  and  a half  the  thickness  of  the  key. 
It  was  in  this  way  the  arches  throughout  the  Pantheon  at  Paris  were  regulated,  and  a very 
similar  sort  of  expedient  is  practised  in  the  dome  of  the  Pantheon  at  Rome.  A like 
diminution  at  the  keystone  may  be  used  in  groined,  coved,  and  spherical  vaults. 

14  99.  For  vaultings  of  large  openings,  Rondelet  (and  we  fully  concur  with  him)  thinks 
wrought  stone  preferable  to  brick  or  rubble  stone,  because  it  has  the  advantage  of  being 
liable  to  less  settlement  and  stands  more  independent  of  any  cementitious  medium  em- 
ployed. It  is  indeed  true  that  this  cannot  connect  wrought  stone  so  powerfully  as  it  does 
rul)l)le  ; but  in  the  former  we  can  employ  cramps  and  dowells  at  the  joints,  which  are  useful 
in  doubtful  cases  to  prevent  derangement  of  the  parts.  In  many  Roman  ruins  the  surtaces 
of  the  voussoirs  were  embossed  and  hollowed  at  the  joints,  for  the  purpose  of  preventing 
their  sliding  upon  each  other  ; and  expedients  of  the  same  nature  are  frequently  found  iu 
Gothic  ruins. 

1499a.  The  figure  590.  is  one  that  has  been  found  to  perplex  students,  as  it  is  herein 
given  without  much  explanation  of  it.  In  Hondelet’s  work  it  is  engraved  for  the  purpose 
of  elucidating  certain  tables  of  thicknesses  of  the  keystones,  the  parts  KN,  and  the  piers, 
for  ready  reference  in  designing  arched  constructions.  As  a proper  understanding  of  the 
above  system  is  of  immense  importa.occ  to  the  effective  carrying  out  of  buildings,  we 
append  an  explanation  from  Rondelet,  but  in  a much  abridged  fium. 
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1499/a  Having  laid  down  the  half  of  the  curve  required,  draw  R 4,  forming  an  angle 
of  45°  with  theveitical  R 6;  place  on  tliis  line  from  R to  4 the  thickness  shown  in  the 
table  (in  Ids  work)  for  a cylindrical  vault  Y,  of  the  diameter  and  tnickness  required,  and 
de.scri!)e  the  quarter  circle  1,  4,  ; draw  the  cliord  C"R,  prolonged  to  meet  the  circle  at  4 • 

then  through  the  point  in  which  it  (the  chord)  will  be  cut.  as  4 ; draw  a line  parallel  to  Re  ; 
then  4c  will  represent  tlie  thickness  required  for  the  wall  of  the  vault.  p'or  instance,  if 
in  tlie  segmental  vault  X,  its  chord  C'  R,  be  prolonged,  it  will  cut  the  circle  at  3 ; througli 
3 draw  the  vertical  35,  and  it  will  be  the  thickness  to  be  given  to  the  wall  for  sucli  a 
vault.  When  the  thickness  at  the  key,  and  towards  tlie  middle  of  tlie  extrados,  is  required 
either  stronger  or  weaker  than  those  indicated  in  the  tables,  then,  if  the  portion  of  the 
extradossed  line  be  of  an  equal  thickness,  take  the  square  root  of  the  double  thickness  of 
this  portion,  multiplied  by  »iL  ; place  it  from  R to  4,  and  describe  the  quarter  of  the 
circle  1,  4,  6.  which  will  determine,  by  the  length  of  the  chord  prolonged 
R,  the  thickness  of  the  wall  pier. 

1499c.  d'ake  a vault  of  30ft.  span;  the  extrados  being  half  on  a level  and  half  of  an 

equal  thickness,  which  it  is  intended  to  make  only  6 in.  thick  at  tlie  key.  instead  of  10  in.,  as  ■ 

indicated  in  the  table.s.  The  radius  being  15  ft.,  we  have  KL  = i q-6,  and  i K=-  M 

911  I 

15  - 10*6  =4-4,  which  gives  n/L  = ^’2,  wliich  multiplied  by  1 foot,  or  d<mble  the  tliickness  J 
of  llie  keystone,  will  give  6’2,  the  square  foot  of  which  is  2’49,  or  a trifle  under  2 ft.  6 in., 
instead  of  2 ft.  8 in.  and  9 lines,  marked  in  the  table.s.  Tliis  measure  of  2yjfjj  ft.,  || 

or  2 ft.  6 in.,  is  to  be  placed  from  B to  4,  |l 
and  the  quarter  circle  and  chord  line  drawn  l 
according  to  the  rise  of  the  arch.  j 

1499fi.  The  geometrical  method  of  drawing  Ml 

it  will  be  to  place  the  double  of  the  thickness  of 
tiie  vault  from  B to  n,  and  mlj  from  B to  h,  I 
and  describing  on  ?ih,  as  a diameter,  a semicircle  jf 
which  sliall  cut  the  horizontal  BO,  giving  the  I 
thickness  to  be  phiced  from  B to  4 on  the  choid  IL 
line;  the  remainder  of  the  operation  will  be  as  ,1 
aliove  described.  9 

1499e.  If  the  thickness  CD  and  KN  of  an  m 
extrados  portion  of  a vault,  be  not  the  same  as  I 
indicated  in  the  tables,  the  sum  of  the  thick- 
nesses intended  to  be  given  is  to  he  placed  from 
B to  n,  and  mh  from  B to  h,  and  then  the  l!  ^ 
process  goes  on  as  above  described.  The  letters  ||' 
also  refer  to  the  preceding  diagram-s.  » 

1499/.  These  observations,  however,  do  not 
apply  to  Jig  .590.,  for  it  will  he  observed  that  i 
the  arches  therein  shown  are  not  of  equal  thick-  i? 
ness.  On  drawing  out  these  arches,  according  j 
to  the  directions  given  (1436,  and  fg.  582.),  for  \ 
an  extrados  which  increases  towards  the  spring- 
ing  (Jig.  590a  ),  we  find  that  the  chord  lines 
are  not  properly  drawn;  that  the  thicknesses  of  u 
tlie  walls  vary  ; and  that  the  two  arches  W and 
X,  which  are  less  in  height  than  the  semicir-  | 
cular  arch  Y,  are  treated  in  the  same  manner 
as  Y,  instead  of  the  line  BF  being  drawn  as 
a tangent  to  the  curve  as  directed  (1398,  and  j 
Jig.  573.)  ; this  would  have  caused  the  alls  to  | 
be  of  a less  thickness  the  more  the  arch  was  dc^  ,j 
Fig.  590a.  presscd,  and  therefore  would  evidently  have  been 

wrong  in  principle.  ^ 


beyond  the  point 


Construction  of  Domes.  U 

14  99(7.  From  the  Remarks  on  Theatres,  1809,  by  Samuel  Ware,  we  extract  the  portion 
relating  to  the  now  little  studied  subject  of  construction  of  domes.  “ It  may  with  propriety  -j 
lie  asked,”  he  writes,  “ and  it  is  a question  of  much  importance,  what  are  the  properties  in  j 
the  construction  of  a dome,  by  which  its  vaulting  may  have  that  extreme  tenuity,  by  which 
its  lateral  thrust  becomes  so  extremely  small  in  comparison  with  cylindrical  vaulting,  while 
the  stone  furthest  from  the  siqqiorts  may  be  of  extraordinary  gravity,  compared  with  any  - 
other  part  of  the  vaulting,  or  it  and  any  part  below  it  contiguous  may  be  wholly  omitted, 

,ind  yet  the  equilibrium  of  the  dome  be  not  affected.” 
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j 1499/i.  “ In  analysing  a dome,  it  will  be  found  that  it  is  nothing  more  than  rib-vaulting 
[jan  icd  to  its  maximum,  that  it  consists  of  as  many  ribs  as  there  are  vertical  sections  to  be 
nade  in  the  dome,  or  is  composed  wholly  of  ribs  abutting  j,gainst  each  other,  in  direct 
opposition,  by  which  the  force  of  eacli  is  destroyed.  In  tlie  ceilings  of  King’s  College 
Chapel,  Cambridge,  and  Henry  VII.’s  Chapel,  London,  this  most  admirable  invention  is 
•xemplified.  Tlie  author  ventures  an  hypothesis,  that,  in  an  equilibrated  dome,  the  thick- 
ness of  the  vaulting  will  decrease  from  the  vertex  to  the  sitringing,  and  assigns  the  following 
eason  theoretically,  and  the  Gothic  vaulting  practically,  in  contirmation. 

14991.  “ The  parts  of  a circular  wall  compose  a horizontal  arch  ; hut  the  whole  gravity 

ijfeach  part  is  resisted  by  tlie  bed  on  which  it  rests,  therefore  the  parts  cannot  be  in  mutual 
opposition;  and,  althougli  the  pat ts' are  posited  like  those  of  an  arch,  a circular  wall  has 
lot  the  properties  of  one.  In  a semi-spherical  dome  the  first  course  answers  this  descrip- 
tion, no  part  gravitating  in  the  direction  of  its  radius.  When  the  beds  are  oblique  on 
ivhich  the  parts  of  the  wall  rest,  each  course  may  then  be  called  an  oblirpie  arch,  as  it  then 
issumes  the  property  of  an  arch,  hy  having  a double  action,  the  one  at  right  angles  to,  or 
on  the  bed,  and  the  other  in  the  direction  of  theradius;  and  if  this  arch  be  of  equal  thick- 
ness tliroughout,  and  has  an  equal  inclination  to  the  horizon,  it  will  be  an  arch  of  equili- 
bration. All  the  courses  in  a dome  are  oblique  arches  of  etpiilibration,  of  various  inclinations, 
between  the  horizontal  line  at  the  springing,  and  the  perpendicular  at  its  vertex. 

149!^’.  “ A dome  is  comprised  of  as  many  vertical  arches  as  there  are  diameters,  and  as 
( nany  oblique  arches  as  there  are  chords.  The  actions  of  the  parts  of  a vertical  arch  are 
If  iccentric,  an  oblique  arch  concentric  ; consequently  they  will  be  in  opposition,  and  the 
■ rreater  force  will  lose  power  equal  to  that  of  the  kss.  An  oblique  arch  hears  the  same 
•elation  to  a dome  as  a voussoir  does  to  an  arch  ; when  the  vertical  arches  are  not  in  equi- 
ihration,  the  action  is  upon  the  whole  olrlique  arch,  not  upon  the  voussoirs  separately ; 
H dthough  a whole  course  or  oblique  arch  (which  must  be  the  case,  or  no  part  of  it,  admit- 
!)  iiig  that  each  course  in  itself  is  similar  and  equal  throughout)  be  thrust  outwards  by  tlie 
II  nequilibration  of  the  vertical  arches  ; the  incumbent  oblique  arches  will  descend  perpen- 
ct  licularly,  keeping  the  same  congruity  of  their  own  parts. 

1499A.  “ As  the  voussoirs  of  each  oblique  arch  are  in  equilibration,  no  one  can  approach 
- learer  to  the  centre  of  the  dome  than  another,  unless  the  other  voussoirs  squeeze  or  crush, 
,i  vliich,  in  investigations  of  subjects  of  this  nature,  are  always  assumed  perfectly  rigid  ; 

lierefore,  in  their  position  in  the  dome,  they  have  obtained  their  concentration.  Hence 
• ve  obtain  the  essential  distinction  between  an  arch  and  a dome,  that  no  part  of  the  latter 
;an  fall  inwardly.  Since  no  part  of  a dome  can  fall  inwards,  it  resembles  an  arch  resting 
)n  the  centre  on  which  it  has  been  constructed,  and  the  resistance  which  the  vertical  arch 
neets  with  from  that  centre  is  similar  to  the  opposition  of  the  oblique  arches  to  the  vertical 
irches.  If  this  deduction  be  just,  the  mechanician  will  be  able  to  describe  the  extrados  of 
FiMjuilibration  to  a dome  and  its  abutment  wall,  with  the  same  facility  as  he  may  to  an  arch 
tiind  its  abutment  piers.” 

1499/.  Pasley  has  likewise  stated  that  “ as  soon  as  any  course  is  completed  all  round, 
;ir.he  stones  or  bricks  composing  it  form  a circular  arch  like  that  of  a cone,  which  cannot 
- )y  any  means  fall  inwards.  Hence  there  is  an  important  difference  between  the  dome  and 
; ;he  common  arch,  which  latter  cannot  stand  at  all  without  its  centering,  unless  the  whole 
|;jpurve  be  completed,  and  when  finished,  the  crown  or  upper  segment  tends  to  overset  the 
1 launches  or  lower  segments.  The  dome,  on  the  contrary,  is  perfectly  strong,  and  is  a com- 
)lete  arch  without  its  upper  segment;  and  thus,  as  the  pressure  acts  differently,  there  is  less 
drain  upon  the  haunches  and  abutments  of  a dome,  than  on  those  of  a common  arch  of  the 
•,a:ne  curve.  Hence  a sufficient  dome  may  be  constructed  with  much  thinner  materials  than 
would  he  proper  for  a common  arch  of  the  same  section.  The  dome  of  St.  Paul’s  Cathe- 
dral offers  a fine  specimen  of  this  kind  of  work.”  It  has  been  described  m par.  472. 

1499m.  The  Pantheon,  at  Paris,  has  a dome  formed  of  three  portions.  The  first,  or  in- 
terior one,  is  a regular  hemisphere  of  about  66  ft.  9iin.  span,  with  a circular  opening  at 
top  of  about  .31  ft.  4^  in.  in  diameter.  It  is  built  of  cut  stones,  varying  from  18|  in.  thick 
at  bottom,  to  10|^in.  at  top.  Thus  the  thickness  is  only  about  ^hrd  part  of  the  span.  The 
intennediate  dome  is  a catenarian  curve  having  a span  of  about  70  ft.  with  a rise  of  50  ft. ; 
and  it  has  to  support  considerable  weight  at  top.  It  has  four  large  openings  in  its  sides  to 
give  light,  about  37  ft.  high  by  31  ft.  wide,  arched  at  top  in  a somewhat  parabolic  form. 
The  outer  dome  has  an  external  diameter  of  78  ft.  Its  height  is  not  stated,  but  it  appears 
to  be  a modeiately  jiointed  Gothic  arch  had  it  been  continued,  without  forming  an  opening 
at  top  for  the  sides  of  a lantern,  which  it  was  intended  to  support.  The  thickness  of  the 
stone  at  bottom  is  about  28  in.  and  Min.  at  top.  A great  pai't  of  the  surface  is  only  half 
the  above  thickness,  as  the  dome  is  laid  out  internally  in  piers,  supporting  three  tiers  of 
arched  recesses,  or  niches,  of  less  substance,  and  showing  like  the  panels  in  joiners’  work. 
(See  figs.  177  and  178. ) 

1499«.  Partington,  in  the  British  Cyclopaedia,  1835,  expresses  the  opinion  that  “the 
weight  of  the  dome  may  force  out  its  lower  parts,  if  it  rises  in  a direction  too  nearly  ver- 
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tical  ; and  supposing  its  fonn  to  be  spherical,  and  its  thickness  eqn;il,  It  will  require  to  be 
confined  by  a hoop  or  chain  as  soon  as  the  span  becomes  eleven  fourteenths  of  tlie  whole  I 
diameter.  Rut  if  the  thickness  of  the  dome  be  diminished  as  it  rises,  it  will  not  require  ; 
to  be  bound  so  high.  Tims,  if  the  increase  of  thickness  in  descending  begins  at  about 
30°  from  the  summit,  and  be  continued  until  at  about  60°,  the  dome  becomes  little  more 
than  twice  as  thick  as  at  first,  the  equilibrium  will  be  so  far  secure.  At  this  distance  it 
would  be  |)roper  to  employ  either  a chain  or  some  external  pressure  to  prove  the  stability, 
since  the  weight  itself  would  require  to  he  increased  without  limit,  if  it  were  the  only  ! 
source  of  pressure  on  the  lower  j)arts.  The  dome  of  the  Pantheon,  at  Rome,  is  nearly 
circular,  and  its  lower  ])arts  are  so  much  thicker  than  its  upper  parts,  as  lo  afford  a suffi 
cient  resistance  to  their  pressure  ; they  are  supported  by  walls  of  great  thickness,  and 
furnished  with  many  projections,  which  answer  the  purpose  of  abutments  and  buttresses.” 
H99o.  Keeping  to  the  theory  of  the  dome,  we  must  avoid  noticing  its  history,  beyond 
pointing  out  the  papers  which  have  of  late  years  treated  on  the  subject.  These  are  pul>- 
lished  in  the  Transactions  the  Royal  Institute  of  Rritish  Architects.  The  first  washy 
J.  Fergusson,  On  the  Archiiechiral  Splendour  of  the  City  of  Deejapore,  November  1854  ; 
tlie  discussion  in  December  following,  when  J.  W.  Papworth  detail  d his  interesting  and 
novel  theory,  to  be  presently  noticed ; and  two  papers  by  T.  H.  Lewis,  Some  Remarks 
on  Domes,  June  1857  ; and  On  the  Construction  of  Domes,  May  1859.  in  which,  however, 
great  care  must  be  taken  by  the  reader  to  separate  the  arch  from  the  dome  constructions, 
as  in  our  opinion  they  are  treated  therein  as  of  one  principle.  The  question  of  a Gothic 
dome  was  much  discussed  without  a solution  in  the  journals  of  the  period  named.  Domes 
and  pendentives  are  illustrated  in  Fergusson’s  Handbook  of  Architecture.  The  very  in- 
teresting paper  On  the  Mathematical  Theory  of  Domes,  by  E.  R.  Denison,  Q C. , read  at 
the  Institute  on  6th  February,  1871,  should  be  consulted  by  all  students  on  this  difficult 
subject;  as  well  as  the  papers  by  E.  W.  Tarn,  M. A.,  printed  in  the  Civil  Engineer  and 
Architect's  Journal  of  March  1868  and  February  1870. 

1499/;.  On  the  occasion  referred  to,  Mr.  Papworth  asserted  that  a dome  was  not  an  arch, 
and  that  domes  were  not  governed  by  the  same  laws  as  vaults.  He  then  entered  into  cal-  . 
dilations  on  the  causes  of  the  stability  of  domes,  showing  that  in  domes  of  great  thickne-s 
the  upper  half  of  each  gore  was  only  about  one-third  in  weight  of  the  lower  half,  and  aa- 
duced  the  ])ossibility  of  loading  the  crown  to  a certain  extent.  produced  a series  of 

drawings  of  domes,  constructed  upon  principles  wliich  ought  theoretically,  if  they  were 
arches,  to  lead  to  their  failure,  but  which  had  nevertheless  proved  perfectly  sound  ; his 
views  being  fortified  by  Mr.  Fergusson’s  concurrence  as  to  the  absence  of  examples  of 
failure  wliere  tlie  bases  were  stable.  He  then  alluded  to  the  following  arguments  of  otlieis,  ' 
and  explained  his  reasons  for  not  agreeing  with  them.  Such  as,  that  the  dome  of  the  Pan- 
theon, at  Rome,  had  been  built  on  the  principle  of  a bridge,  i.e.  of  an  arch ; that  it  was 
impossible  to  plan  a large  dome  without  great  thickness  of  walls,  i.e,  greater  than  suffi- 
cient to  bear  the  weight  and  its  consequences  ; that  it  was  necessary  for  the  exterior  of  a 
dome  to  stand  Husli  with  the  wall  of  the  building  to  which  it  belonged  ; that  it  was  de- 
sirable to  append  heavy  corbelling  to  the  inside  of  the  wall  to  counteract  the  thrust  of  the 

dome,  with  special  reference  to  some  circular  tambours, 
of  which  he  exhibit,  d sketches;  to  the  supposed  un- 
necessarily great  weight  on  the  top  of  some  examples: 
and  to  the  supposed  beauty  of  principle  exliibited  in  the 
dome  of  Sta.  Maria,  at  Florence,  which  he  character-  : 
ised  as  a piece  (>f  octagonal  vaulting  and  not  a dome. 
He  also  explained  that  domes  which  had  failed  had  not 
been  supported  on  a sta!)le  foundation ; that  he  saw  j 
great  beauty  in  tlie  idea  of  forming  an  eye  in  so  large  a . 
dome  as  that  of  tlie  Gol  Goomuz,  at  Reejapore,  where 
the  centre  of  the  curve  on  each  side  of  the  section  was 
in  the  edge  of  the  eye  ; that  the  outer  face  of  the  spring-  ^ 
ing  of  the  dome  might  he  within  the  inside  of  the  square 
enclosing  wall  of  the  building  ; that  if  the  principles  of 
vaulting  were  applied,  the  wagon-headed  section  of  the 
Gol  Goomuz  dome  would  not  be  expected,  theoretically, 
to  stand  ; and  concluded  by  some  observations  in  expla- 
nation  of  his  illustrations,  as  to  the  requisite  thickness  • 
of  domes.  All  writers,  so  far  as  he  had  seen,  considered  ; 
the  dome  as  a ease  of  vaulting  on  jirinciples  deduced 
from  their  exj)criments  on  arches,  which  was  a mode  < 
repudiated  by  him.  * | 

14997.  I’he  causes  of  the  stability  of  domes,  as  tluis  • 
put  forward  for  tlie  first  time,  by  Mr.  Papwortli,  are  the  s! 
following:  — I^et  the  plan  (fig.  5906.).  of  a semicircular  dome  be  divided,  say,  into  twelve 
or  more  equal  parts,  and  the  section  (fg.  590c.),  say,  into  nine  or  mure.  Give  a thickness 


Figs.  5906  and  590c. 
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|;v  ill!  inner  line  for  stone  or  brickwork.  'I'hen  it  will  be  at  once  perceived  that  the  lower 
block  K has  to  support  a mass  L of  less  dimensions  as  to  horizontal  length  ; that  the 
block  Lsiip])orts  a still  less  mass  M ; that  INI  supports  a much  less  mass  N ; and  that  N 
aipports  a mass  of  but  a small  lengtli  in  comparison  with  K,  whilst  in  breadth  itdiml- 
aislics  from  a few  feet  to  nothing  at  the  apex.  If  the  dimensions  of  a dome  were  worked 
out  sav  of  50  fr.  internal  diameter,  and  of  4 ft.  in  thickness,  it  would  be  found  that  the 
block  K would  be  about  4 1.3^  ft.  cube;  L 3G8^  ft.  cube;  M 274|  ft.  cube;  N 146^  it. 
nibc  ; and  the  half  block  O 22i  ft.  cube.  The  tact  has  to  be  remembered,  that  all  domes 
ire  Iniilt  in  courses  of  stones  which  are  bonded  one  into  the  other,  forming  circular  rings; 
and  tliat  even  if  a dome  be  cut  down  into  four  <juarters,  each  quarter  will  stand  of  itself. 

1499r.  Uankine,  Appled  Mechanics,  1858,  points  out  that  the  tendency  of  a dome 
to  spread  at  its  base  is  resisted  by  the  stability  of  a cylindrical  wall,  or  of  a series  of 
buttresses  surrounding  the  base  of  the  domes,  or  by  the  tenacity  of  a metal  hoop  encircling 
tlie  base  of  ihe  dome.  The  conditions  of  stability  of  a dome  are  ascertained  by  him  in  the 
lollowing manner.  Let /(>.  59::rf.  represent  a ver-  o 

tical  section  of  a dome  springing  fiom  a cylindri- 
cal wall  BIL  The  shell  of  the  dome  is  supposed 
to  be  thin  as  compared  with  its  external  and  in- 
ternal dimensions.  Let  the  centre  of  the  crown 
cf  the  dome,  O,  be  taken  as  origin  of  coordinates; 
let  X be  tlie  de|)th  of  any  circular  joint  in  the 
slicll,  such  as  CC  ; and  y the  radius  of  that  johit 
Let  i be  the  angle  of  inclination  of  the  shell  at  C 
to  tlie  horizon,  and  ds  the  length  of  an  elementary 
arc  of  the  vertical  section  of  the  dome,  such  as 
CD,  whose  vertical  height  is  dx,  and  the  diHerence  of  its  lower  and  upper  radii  dy so 


that 


dy 


: cotan  i 


(is 

- = cosec  t. 

d,r 


Let  Px  be  the  weight  of  the  part  of  the  dome  above  the 


circular  joint  CC.  Then  the  total  thrust  in  the  direction  of  a set  of  tangents  to  the  dome, 
radiating  obliquely  downwards  all  round  the  joint  CC,  is  Px  = Px  ‘cosec  i ; and  the  total 
horizontal  component  of  that  radiating  thrust  is  P-^-^^  = P^*  cotan  t.  Let  py  denote  the 
'intensity  of  that  horizontal  radiating  thrust,  per  unit  of  periphery  of  the  joint  CC  ; then 
ilbecause  the  periphery  of  that  joint  is  2 tt  y ( = 6-2832  y),  we  have  py  = ^ * 


‘2  7T  y 


1499s.  If  there  be  an  inward  radiating  pressure  upon  a ring,  of  a given  intensTy  per 
unit  of  arc,  there  is  a thrust  exerted  all  round  that  ring,  whose  amount  is  the  product  of 
that  intensity  into  the  radius  of  the  ring.  The  same  proposition  is  true,  substituting  an 
outward  for  an  inward  radiating  pressure,  and  a tension  all  round  the  ring  for  a thrust.  If, 
.therefore,  the  horizontal  radiating  pressure  of  the  dome  at  the  joint  CC  be  resisted  by  the 
^tenacity  of  a hoop,  the  tension  at  each  point  of  that  hoop,  being  denoted  by  Py,  is  given 
by  the  equation  Vy  —ypy  _ Now  conceive  the  hoop  to  be  removed  to  the 

^circular  joint  DD,  distant  by  the  axe  ds  from  CC,  and  let  its  tension  in  this  new  position 
be  Vy  —dVy.  The  difference,  dPy,  when  the  tension  of  the  hoop  at  CC  is  the  greater, 
represents  a thrust  which  must  be  exerted  all  round  the  ring  of  brickwork  CC  DD,  and 


whose  intensity  per  unit  of  length  of  the  arc  CD  is  p^ 


- ( Px  cotan  i. ) 


H ' I 0--  - I “ dg  2 7T  ds'' 

1 1499^  Every  ring  of  brickwork  for  which  p^  is  either  nothing  or  po.sitive,  is  stable, 

independently  of  the  tenacity  of  cement ; for  in  each  such  ring  there  is  no  tension  in  any 
direction.  When  becomes  negative,  that  is,  when  Vy  has  passed  its  maximum  and 
begins  to  diminish,  there  is  tension  horizontally  round  each  ring  of  brickwork,  which,  in 
order  to  secure  the  stability  of  the  dome,  must  be  resisted  by  the  tenacity  of  cement,  or  of 
external  hoops,  or  by  the  assistance  of  abutments.  Such  is  the  condition  of  the  stability  of 
a dome.  The  inclination  to  the  horizon  of  the  surface  of  the  dome  at  the  joint  where 
Px  =0.  and  below  which  that  quantity  becomes  negative,  is  the  angle  of  rupture  of  the 
dome;  and  the  horizontal  component  of  its  thrust  at  tliat  joint,  is  its  total  horizontal 
tlirust  against  the  abutment,  hoop  or  hoops,  by  which  it  is  prevented  from  spreading,  A 
dome  may  have  a circular  o|  ening  in  its  crown.  Oval-arched  0))enings  may  also  be  made 
at  lower  points,  provided  at  such  jjoints  there  is  no  tension  ; and  the  ratio  of  the  horizontal 
to  the  inclined  axis  of  any  sucli  opening  should  be  fixed  by  the  equation 


hon'xoutal  ■txis 


= c =\/  - 


Py 


inclined  aris  ’’  p,  sec  * 

Uankine  concludes  with  examples  of  “ .spherical,”  and  “ truncated  conical,”  domes. 

1499w.  Cones These  are  used  in  tile-kilns,  glass-houses,  and  such  like.  A building  iri 

he  shape  of  a hollow  cone  forms  everywhere  a species  of  circular  arch,  which  may  be  con- 
•tructed  without  centering  or  support,  provided  the  joints  be  made  to  radiate  towards  the 
lentre.  The  courses  should  be  laid  perpendicular  to  the  sides  of  the  proposed  cone.  i\ 
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rod  of  variable  lenjrth,  turning  on  a pivot,  must  be  .stretcbed  all  round  from  time  to  tune, 
upon  a moveable  centre,  rising  as  tbe  work  proceeds,  in  order  to  regidate  the  internal  out- 
line. Such  is  tbe  strength  of  this  form  that  tbe  lu"best  kilns  are  seldom  built  more  than 
one  brick  thick,  although  this  dimension  would  be  altogether  insufficient  for  a common  wall 
of  the  same  height.  It  is,  probably,  tnis  principle  which  has  conduced  to  tlie  existence  of 
the  Round  Towers  of  Ireland.  That  of  Kilkenny,  for  example,  100  ft.  in  height,  was 
built  on,  or  very  near,  tbe  surface,  for  at  2 ft.  below  it,  wood  coffins  with  skeletons  were 
found  partly  under  the  walls,  thus  affording  an  unstable  foundation. 


Fig.  590c. 


Pointed  Akcu  Vaulting. 

1499i>.  We  now  proceed  to  enter  into  a 'iew  of  the  general  forms  of  groining  in  pointed 
architecture,  observing,  by  tbe  way,  that  the  groins  at  the  arrises,  up  to  the  twelfth  century, 
were  seldom  moulded  with  more  than  a simple  torus  or  some  fillets.  In  the  twelfth 

century,  however,  the  torus  is  doubled,  and  the 
doubling  parted  by  a fillet.  Towards  the  end  of 
the  twelfth  century,  three  tori  often  occur ; and 
at  the  beginning  of  the  thirteenth,  the  moulded 
arrises  become  similar  to  the  moulded  archivolts 
of  the  arches,  both  in  their  form  and  arrangement. 
In  IVance,  until  the  middle  of  the  fifteenth  cen- 
tury, the  arrises  of  the  groins  only  were  moulded; 
but  in  this  country  the  practice  took  place  much 
earlier,  for,  instead  of  simple  groining,  the  intro- 
duction of  a number  of  subdivisions  in  the  soffits 
of  arches  had  become  common.  In  fig.  590e-  is 
given  a plan  of  the  .soffit  of  a vault  of  this  kind, 
in  which  A is  an  arc  douhleau  (by  which  is  un- 
derstood an  arc  supposited  below  another  at  cer- 
tain intervals,  and  concentric  with  the  latter) ; B 
is  an  upper  arch,  called  by  the  Frencli  antiqua- 
ries formeret ; C,  the  wall  arch,  or  formeret  da 
mur ; D is  a diagonal  ril),  or  croisee  d'ogire;  E, 
intermediate  rib  or  tierceron-,  FF,  summit  ribs 
or  liernes  ; G,  the  key  or  boss,  clef  de  voute.  jAIr. 
Willis  has  used  the  French  terms  here  given,  and  as  we  have  no  simple  terms  to  express 
them  in  English,  it  may  be  convenient  to  adopt  the  practice. 

1499w’.  The  libs  formed  by  the  intersections  of  tbe  groins  perform  the  office  of  supporting 

the  vaulting  which  lies  u])on  them,  they  in  their  turn 
being  borne  by  the  pillars.  Thus,  in  the  simple 
groin  {Jig.  590/’.),  the  arches  A A,  and  diagonal 
rib  C,  carry  the  vaulting  BB,  a rebate  being 
formed  at  the  lower  pait  of  the  ribs  on  which  the 
vaulting  lies.  This  figure  exhibits  the  simplest 
form  of  groining  in  any  species  of  vaulting,  the 
intersecting  arches  being  of  equal  height.  The 
contrivance  in  its  earliest  state  was  ingenious,  and 
the  study  attractive,  and  we  cannot  be  surprised 
at  Dr.  Robison  observing,  in  respect  of  the  artists 
of  the  thirteenth  and  two  following  centuries,  that 
“ an  art  so  multifarious,  and  so  much  out  of  the 
road  of  ordinary  thought,  could  not  but  become 
an  object  of  fond  .study  to  the  architects  most 
eminent  for  ingenuity  and  invention ; becoming 
thus  the  dupes  of  their  own  ingenuity,  they  were 
fond  of  displaying  it  where  not  neces.sary.”  This 
observation  would  be  fully  verified  had  we  room  for 
showing  the  reader  the  infinite  number  of  devices 
that  ingenuity  has  created  : he  will,  however,  from 
the  few  elementary  ones  that  we  do  give,  be  enabled  to  see  the  germs  of  countle.ss  others. 

1499t.  Ware,  in  his  Tracts  on  Vaults  and  Bridges,  1822 — a work  which,  notwithstand- 
ing the  quaint  method  in  which  the  subject  is  treated,  contains  extremely  valuable  matter, 
— has  made  some  remarks  which  we  must  introduce  at  length,  or  justice  w'ould  not  be 
done  to  them.  “ In  the  vaulting,”  he  says,  “ of  the  aisles  of  Durham  and  Canterbury 
cathedrals  are  to  be  ol)served  the  arcs  doubleaux  and  groined  ribs  in  round-headed  vaults. 
In  tbe  naves  of  the  same  buildings  is  the  same  character  of  vaulting,  except  that  the  arch 
of  the  vault  is  pointed.  Some  vaults  of  this  kind  are  to  be  di.^tinguished  from  others  by  the 
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positing  of  tlie  stones  of  the  vault  I)etween  the  ribs,  which,  instead  of  being  parallel  to  each 
side  of  the  plan,  as  in  lioinan  groined  vaults,  take  a mean  direction  l)etween  tlie  groined 
ril)  and  the  ribs  of  the  arclies  over  tlie  sides ; wlience  they  meet  at  the  vertex  at  an  acute 
angle,  and  are  received  by  stones  running  along  the  vertex,  cut  in  tlie  form  of  a ratcliet. 
The  advantage  of  tliis  method  consists  in  requiring  less  centering,  and  originates  in  tlie 
position  of  the  ribs  at  the  springing.”  “ From  tliese  beginnings  vaulting  began  to  assume 
tliose  practical  advantages  wliicb  the  joint  adaptation  of  the  pointed  arch  and  ribs  was  cal- 
cuLtcd  to  jiroduce.”  •*  The  second  step  differed  from  the  first,  inasmuch  as  at  the  vertex 
of  the  vault  a continued  keystone  or  ridge  projects  below  tlie  surface  of  tlie  vault,  and  forms 
a feature  similar  to  the  ribs.  But  here  it  was  necessary  that  the  r dge  should  be  a stone  ot 
great  length,  or  having  artificially  that  property,  because  its  suspension  by  a thinner  vault 
than  itself  would  be  unsafe,  unless  assisted  by  the  rib  arches  over  the  diagonals  and  side,  a 
distance  equal  to  half  the  width  of  the  vault.  To  obviate  this  objection,  other  ribs  were 
iiitrcKluced  at  intervals,  which  may  be  conceived  to  be  groined  ribs  over  various  oblongs, 
one  side  continually  decreasing.  This  practice  had  a further  advantage,  as  the  jianels  or 
vaults  between  the  ribs  might  become  proportionally  thinner  as  the  principal  supports  in- 
creased. It  is  now  that  the  apparent  magic  hardiness  of  pointed  vaulting  and  the  high 
embowered  roof  began  to  display  itself;  from  slender  columns  to  stretch  sliades  as  broad  as 
those  of  the  oak’s  thick  branches,  and,  in  the  levity  of  the  panel  to  the  rib,  to  imitate  that 
of  the  leaf  to  the  hranch.”  “ On  comparing  rib-pointed  vaulting  with  Roman  vaulting,  it 
will  he  invariably  found  that  the  rib  itself  is  thinner  than  the  uniform  thickness  of  the 
Roman  vault  under  similar  circumstances:  and  that  the  panel,  which  is  the  principal  part 
of  the  vault  in  superficial  quantity,  sometimes  does  not  exceed  one  ninth  part  of  the  ril)  in 
thickness.  The  Gothic  architects,  it  has  been  ex])resslvely  said,  have  given  to  stone  an 
apparent  flexibility  equal  to  the  most  ductile  metals,  and  have  made  it  forget  its  nature, 
weaning  it  from  its  fondness  to  descend  to  the  centre.” 


Fig.  590g. 


1499//.  In  the  second  example  (//(/.  590g.),  another  rib,  a 6,  is  introduced,  which  on  plan 
produces  the  form  of  a star  of  four  points.  The  forms  of  these  thus  inserted  ribs  result 
from  curves  of  the  lines  on  the  plan  in  the  space  to  be  vaulted.  As  many  radii  are  drawn 
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frcjin  tlie  angles  of  the  plan  as  tliere  are  ribs  intended,  until  they  mutually  intersect  each 
other.  The  curvatures  of  the  ribs  will  be  elongated  as  they  recede  from  the  ])rimitiv« 
arch,  till  they  reach  the  centre  on  the  place  where  the  groins  cross,  and  where  of  course  tlie 
elongated  curve  is  a maximum  d'lie  ribs  thus  form,  when  they  are  of  the  same  curvature, 
|)ortions  of  an  inveited  conoid. 

14992.  In  the  next  example  593//.),  the  primitive  arches  are  unequal  in  height,  the 

arch  A being  higher  than  B The  plan  remains  the  same  as  in  that  immediately  preceding; 
but  from  tlie  inequality  of  height,  a d,  c b,  must  be  joined  by  curved  lines,  determined  on 
one  side  by  the  point  a.  where  e a intersects  the  longer  arch.  A curved  summit  rib,  as 
well  longitudinally  as  transversely,  may  occur  with  equal  or  unequal  heights  of  primitive 
arches  (as  in  Jig.  5932.)  ; but  the  stellar  form  on  the  plan  still  remains,  though  diderer.tlv 
modiHed,  with  the  same,  or  a less  or  greater,  number  of  ribs  on  the  plan  (Jig.  590k.).  Bv 
truncating,  as  it  were,  the  summit  ribs,  level  or  otherwise,  with  the  tops  of  the  primitive 
arches,  and  introducing  cn  the  plan  a polygon  or  a circle  touching  quadrants  inscribed  in 

the  square,  we  obtain,  by  means  of  the  rising  conoidal 
(]uadrants,  figures  which  perform  the  ofhee  of  a key- 
stone. In  this,  as  we  have  above  observed,  the  con- 
struction of  the  work  is  totally  different  from  rib 
vaulting,  inasmuch  as  each  course,  in  rising,  su|>ports 
the  next,  after  the  manner  of  a dome,  and  is  not  de- 
pendent on  ribs  for  carrying  the  filling-in  pieces. 
Hence  the  distinction  between  fanwork  and  radiating 
rib  work  so  judiciously  made  by  Mr.  Willis. 

1499aa.  The  sixth  example  (Jig.  5901.)  has  pri- 
mitive arches  of  different  heights,  forming  an  irre- 
gular star  on  plan,  that  is  to  say,  the  points  are  of 
different  angles.  The  figure  will  scarcely  need  ex- 
planation after  what  has  been  already  said  in  relation 
to  the  subject. 

1 49955.  A polygonal  space  may  be  vaulted  in 
three  different  w.-iys.  Fir.st,  by  a central  column 
serving  for  the  reception  of  the  ribs  of  the  vault,  the 
column  or  pillar  performing  In  such  case  the  office  of  a wall,  as  in  the  chapter-houses  of 
Worcester,  Salisbury,  Weils,  and  Lincoln.  This  mode  evidently  admits  of  the  largest 
sjrace  being  covered,  on  account  of  the  subdivision  of  the  whole  area  by  means  of  tlie 
central  pillar.  The  second  mode  is  by  a pendent  for  the  reception  of  the  arches,  as  in  the 
Lady  Chapel  at  Caudebec,  (given  in  the  section  Masonry).  This  mode  is  necessarily  re- 
stricted in  practice  to  small  sj/ans,  on  account  of  the  limits  attached  to  the  power  of 
materials  ; albeit  in  theory  its  range  is  as  extensive  as  the  former.  The  last  method  is  by  at 


once  vaulting  the  space  from  wall  to  wall,  as  in  Jig.  590m.,  like  the  vaulting  to  the  kitchen 
of  the  monastery  of  Durham  Cathedral,  or.  Jig.  590w.,  similar  to  the  chapter-house  at  York, 
of  which,  the  upper  part  being  of  wood,  Ware  quaintly  observes,  “ The  people  of  Yorkshire 
fondly  admire  and  justly  boast  of  their  cathedral  and  chapter-house.  The  principle  of 
vaulting  at  the  cha|)ter-house  may  be  admired  and  imagined  in  sione;  not  so  the  vault  of 
the  nave ; it  is  manifestly  one  of  those  sham  productions  which  cheat  where  tliere  is  no 
merit  in  deceiving.”  The  principle,  as  Ware  justly  observes,  is  perfectly  m isonic,  and 
might  be  easily  carried  out  with  stone  ribs  and  panel  stone.s,  it  being  nothing  more  than 
an  extension  of  tliat  exhibited  in  the  third  example  of  simple  groining  (Jig.  590/1  j above 
given;  and  the  same  remark  applies  to  the  Durliam  kitchen. 

I499cc  We  jrropose  to  offer  explanations  of  the  nature  of  the  vaulting  at  King’s  College 
Chapel  at  Cambridge,  and  the  silly  story  related  by  Walpole  of  Sir  Christopher  Wren, 
saying,  “that  if  any  man  would  show  him  wnere  to  place  the  first  st»>ue  he  would 
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engage  to  another”  (vault  like  it).  'I'lie  vault  of  the  cha|)el  in  question  is 

divided  into  oblong  sevi'ries,  whose  sliorter  sides  are  placed  longitudinally  (Jig.  590o.) 
It  must  be  evident  tliat  the  curves  of  tlie 
inverted  (piadrants  must  intersect  each  other 
urevious  to  the  whole  (piadrant  of  the  circle 
i)eing  completed  Hence  these  intersections 
fonu  a curved  summit  line  lowest  against 
the  windows  or  smaller  sides  of  the  oblong. 

'I'his  summit  line  of  tlie  vaulting  of  the 
building  in  the  direction  of  its  length 
forms  a series  of  curves,  though  from  the 
angle  under  which  it  is  seen  it  is  scarcely  per- 
ceptible. Mr.  Ware  says,  “ It  is  observable, 
in  the  construction  oftliis  vault,  that  the  prin- 
ciple of  using  freestone  for  the  ribs,  and  tufa 
for  the  panels,  has  not  been  followed  ; but 
the  whole  vault  has  been  got  out  of  the  same 


Fig.  690o. 


descri])tion  of  stone,  and  with  an  uniform  face,  and  the  panels  worked  afterwards,  and  re- 
duced to  a tenuity  hardly  credible  except  from  measurement.  The  artists  of  this  building 
might  be  trusted  in  the  decoration  of  a vault  with  what  is  now  called  tracery  ; they  knew 
how  to  render  it  the  cliief  support,  and  what  was  the  sui)erHuous  stone  to  be  taken  awav  : 
every  part  has  a place,  not  only  jiroper,  but  necessary  ; and  in  the  ribs  which  adorn  the 
vault  we  may  in  vain  look  for  false  positions.  This  is  the  ocular  music  which  affords 
universal  pleasure.” 

I499dd.  We  now  return  to  the  consideration  of  two  more  modes  of  simple  vaulting.  In 
England,  the  summit  ribs  of  the  vault  are  almost  always  found  running  longitudinally  and 
transversely  in  the  various  examples.  In  Germany  the  summit  ril)s  are  more  frequently 
omitted  than  introduced.  Thus  in  the  example  ^fig.  5901,  the  sclieme  is  merely  a square 
diagonally  placed  within  the  severy,  subdivided  into  four  parts  and  connected  with  the  base- 
points  of  the  groins  by  ribs  not  parallel  to  the  alternate  sides  of  the  inserted  square.  This, 
however,  sometimes  occurs  in  English  buildings,  as  in  the  monument  of  Archbisho])  Stratford, 
at  Canterbury  Catl.edral  ; though  in  that  the  central  portion  is  not  domical.  It  is  to  be 
remarked  that  the  intersecting  arches  are  not  of  ecpial  height,  otherwise  the  arrangement 
could  not  occur. 

1499ee.  In  the  example  Jig.  590p,  the  arrangement 
completely  assumes  what  Mr.  Willis  calls  the  stellai  form. 

Here  in  the  soffit  a star  of  six  points  is  the  Hgure  on 
which  the  projection  depend-^,  the  points  radiating  from 
the  angles  of  an  liexagon,  and  thus  forming  a cluster  of 
lozengis  whose  middle  longitudinal  sides  produceanother 
longitudinal  lozenge  to  connect  the  centres  of  the  pattern. 

The  longitudinal  arches  are,  as  in  the  preceding  figure, 
lower  than  the  transverse  arches.  Mr.  Willis  says,  “ the 
principal  distinction  between  tin  se  and  our  own  fan- 
vaulting is  the  substitution  of  lozenge-headed  compart- 
ments in  the  fans,  for  the  English  horizontal  transom 
rib.  We  have  also  lozenge-headed  compartments  in  our 
early  vaulting,  but  they  are  never  so  cymmetiically 
arranged  in  stars  throughout.” 

1499//.  From  the  simple  lines  or  principles  above 
given,  it  is  easy  to  perceive  through  what  numberless  ramifications  of  form  they  may  be 
carried.  Another  form  is  that  called  hexpartite  vaulting,  where  the  ribs  spring  from  the 
angles,  and  two  others  from  a shaft  placed  in  the  middle  of  each  long  side,  thus  making 
.six  divisions.  This  is  a step  beyond  the  quadripartite  groining  shown  in  Jig.  590/  Ex- 
amples of  hexpartite  vaulting  are  scarce  in  England,  but  it  may  be  seen  in  the  chapel  of 
St.  Blai.se  in  Westminster  Abbey,  the  choir  of  Canterbury  Cathedral,  and  in  many  parts  of 
Lincoln  Minster. 

H99.v5f.  would  be  difficult  to  find  a system  of  vaulting  more  unlike  any  English 
example  than  that  in  Anjou  generally,  of  which  the  Hospital  at  Angers  is  a fair  specimen. 
It  is  always  excessively  domical  in  its  sections,  both  longitudinal  and  transverse;  and  has 
eight  rihs,  the  cells  being  filled  in  with  stones  exactly  parallel  with  the  centre  or  ridge  of 
eacli  cell  : the  ribs  are  edge-roll  mouldings. 

1499^/t.  Be'ides  the  books  named  above.  Prof.  Willis  On  Vaulting,  and  by  T.  Eagles, 
1874,  both  read  at  the  Ro\al  Institute  (>f  British  Architects,  the  Dictwunnire  by  Vi.'llet- 
le-Duc,  the  Lectures  by  Sir  G.  G.  Scott,  R.A.,  and  the  paper  by  W.  H.  Wood,  in  Builder 
for  1883,  xliv.,  55,  should  be  referred  to.  A very  cmnplete  outline  of  the  subject  has 
been  |)iintcd  by  Prof.  Babcock,  of  the  Cornell  University,  Ithaca,  New  York,  for  his 
courses  of  lectures. 
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1500.  The  inickness  wliich  is  to  be  assigned  to  walls  and  points  of  support,  that  theij 
stability  may  be  insured,  depends  on  the  weight  they  have  to  sustain,  and  on  their  forma- 
tion  with  proper  materials;  still  more  on  the  proportion  which  their  bases  bear  to  their 
heights.  The  crushing  of  stone  and  brick,  by  mere  superimposed  weight,  is  of  extremely 
rare  occurrence  in  practice,  even  with  soft  stone  and  witli  bad  bricks.  The  result  of  some 
few  experiments  that  have  been  made  as  to  the  resistance  of  some  of  our  bricks  and  stones 
to  a crushing  force,  by  George  Rennie,  in  1818,  are  here  subjoined.  Some  later  experi- 
ments made  by  the  Commissioners  mentioned  in  Book  II.  chap,  ii.,  and  appended  to  tlieir 
liepnrt  on  Stone,  &c.,  in  1839;  with  a few  others;  as  well  as  some  important  trials  made 
in  1864  by  a committee  of  the  Institute  of  British  Architects,  given  in  Transactions, 
1863-64,  are  likewise  added. 


Table  of  Crushing  Force  of  Materials,  by  George  Rennie  (Phil.  Trans.  1818). 


1 Materials. 

Specific 

Gravity. 

Crnstiing 

Weigiit. 

Portland  stone,  2 inches  long,  1 inch 

square 

lbs.  Avoir. 
805 

Statuary  marble,  1-inch  cube 

- 

. 

- 

- 

, 

3216 

Cragleith  stone,  ditto 

- 

- 

. 

- 

- 

8688 

Chalk 

- 

- 

- 

- 

1127 

Pale  red  brick  - - . 

- 

.. 

- 

- 

2085 

1265 

Roe  stone,  Gloucestershire 

. 

- 

- 

_ 

1449 

Red  brick  - _ 

- 

- 

- 

- 

2168 

1817 

Flammersmith  brick 

. 

- 

- 

_ 

2254 

Ditto  burnt  - « - 

- 

- 

- 

- 

3243 

Ditto  fire-brick 

- 

5 

- 

- 

- 

- 

3864 

Derby  grit  - 

- 

- 

- 

- 

2316 

7070 

Another  specimen 

- 

•- 

- 

- 

- 

2428 

9776 

Killala  white  freestone  - 

- 

- 

- 

- 

2423 

10,264 

Portland  stone  - 

- 

- 

- 

- 

2428 

10,281 

Cragleith  white  freestone 

- 

rt 

- 

- 

. 

2452 

12,346 

Yorkshire  paving,  with  the  strata 

- 

5 

- 

- 

- 

2507 

12,856 

Ditto,  ditto,  against  the  strata 

- 

o 

. 

- 

- 

- 

12,856 

White  statuary  marble  - 

- 

5 

- 

- 

. 

2760 

13,632 

Bramley  Fall  sandstone 

- 

- 

- 

- 

2506 

13,632 

Ditto,  against  the  strata 

- 

- 

- 

- 

. 

13,632 

Cornish  granite 

- 

- 

- 

2662 

14,.302 

Dundee  sandstone 

. 

- 

. 

25.30 

14,918 

Portland  stone,  a 2-inch  cube  - 

- 

- 

- 

- 

2423 

14,918 

Cragleith  stone,  with  the  strata  - 

- >1 

c/5 

- 

. 

- 

2452 

15,560 

Devonshire  red  marble  - 

- 

- 

- 

. 

. 

16,712 

Compact  limestone 

- 

o 

- 

- 

2584 

17,3.54 

Peterhead  granite 

- 

.s 

- 

. 

- 

- . 

18,636 

Limerick  black  compact  limestone 

- 

- 

- 

- 

2598 

19,924 

Purbeck  stone  - - - 

- 

- 

. 

- 

2599 

20,610 

Freestone,  very  hard 

- 

- 

. 

- 

2528 

21,254 

Black  Brabant  marble  - 

- 

G 

c3 

- 

- 

- 

2697 

20,742 

White  Italian  marble  - 

- 

O 

- 

- 

- 

2726 

21,783 

Aberdeen  blue  granite  - 

-- 

- 

- 

“ 

2625 

24,556 

1501.  The  above  experiments  lose  much  of  their  practical  value  from  our  knowledge 
that  the  interior  particles  in  granulated  substances  are  protected  from  yielding  by  the 
lateral  resistance  of  the  exterior  ones ; but  to  what  extent  it  is  impossible  to  estimate, 
because  so  much  depends  on  the  internal  structure  of  the  body.  We  are,  however,  thus 
far  informed,  that,  taking  into  account  the  weight  with  which  a point  of  support  is  loaded, 
its  thickness  ought  to  be  regulated  in  an  inverse  ratio  to  the  crushing  weight  of  the 
material  employed.  In  Gothic  structures  we  often  see,  for  instance,  in  chapter  houses 
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r with  a centiiil  column,  a prodiL'ioiis  wcl«flit  superimposed.  It  is  needless  to  say  that, 
[ in  such  instances,  the  strongest  material  was  necessary,  and  we  always  find  it  so  emj)loyed. 
So  in  the  columns,  or  rather  pillars,  of  the  naves  in  such  edifices,  the  greatest  care  was 
usually  taken  to  select  the  hardest  stone.  Generally  speaking,  the  thickness  of  walls  and 
piers  shoidd  be  proportioned  rather  to  their  height  than  to  the  weight  they  are  to  hear; 

; lienee  often  the  employment  of  a better  material,  though  more  costly,  is  in  truth  the  most 
economical. 

1502.  Table  of  the  Weight  kequired  to  Ckush  Cubes  of  Stone. 


Materials. 


I.  G/'c/n/tes  (2- inch  cubes) : 

Aberdeen  (blue)  . - _ . 

Dartmoor  - - - - - 

Haytor-  - - - - ■ 

Herm 

Penrnyn  - - - - - 

Peterhead  (blue)  - - - - 

, Ditto  (grey)  - . - . 

I II.  Limestones  (2-inch  cubes)  : 

, Marble  (white)  _ - - - 

! Bolsover  - _ - _ . 

! Bramham  Moor,  Smawse 

Brodsworth  - - - - - 

Cadeby  _ _ - _ . 

Chilmark  (three  specimens)  : - 
Hamhill  - _ - » . 

Hildenley  - - _ - - 

H uddlestone  - - - - 

Jackdaw  Craig  _ - - - 

Park  Nook  . - - - - 

Roche  Abbey  - 
Totternhoe  - 

! 1 1.  Oolites  (2-inch  cubes)  : 

Ancaster  - 

Barnack  - _ - _ - 

Haydor  - - _ - _ 

Ketton  - - _ - _ 

Ketton  Rag  - - - - - 

Poitland  (Waycroft  Quarry)  - 
Box  ------ 

IV.  Sandstones  (2- inch  cubes); 

Bramley  Fall 

Binnie  ------ 

Craigleitb  - - . - - 

Ditto  ------ 

Darley  Dale,  Standi ffe  - - - 

Derby 

Dundee  - - - _ - 

Giffneuch  - - - 

Heddon  - - - - - 

Hookstone  - - - - - 

Kenton  - - - - . 

Mansfield,  or  C.  Lindley’s  (red) 
Ditto,  or  ditto  (white)  - 
Morley  Moor  - 

Park  Spring  - - - - - 

Redgate  ----- 
Stanley  - - - - - 


Specific 

Gravity. 

Cracking 

Weight. 

Crushing 

Weight. 

11)S. 

Ihs. 

. 

— 

— 

10,363  B 

_ 

— 

— 

12,175  B 

. 

— 

— 

1.3,865  B 

- 

— 

— 

14,873  B 

- 

— 

— 

7,728  B 

_ 

— . 

— 

10,192  B 

- 

— 

— 

9,666  B 

_ 





9 580 

- 

2316 

19,831 

.30,147-5  C 

- 

2008 

10,666-5 

2.3,649-7  C 

- 

2093 

7,366-5 

18,416-5  C 

- 

1951 

5,666-5 

6,516-5  C 

2410 

10,285 

25,500  C 

- 

2260 

6,233 

16,149  C 

- 

2098 

17,565  5 

19,266-5  C 

- 

2147 

9,633 

17,283  C 

- 

2070 

10,666-5 

18,903  C 

- 

2138 

7,366-5 

17,283  C 

.. 

2134 

6,800 

15,583  C 

• 

1891 

3,966 

7,700  C 

_ 

2182 

6,800 

9,350  C 

- 

2090 

4,533 

7,083  C 

- 

2040 

4,533 

7,083  C 

- 

2645 

6,233 

10,285  C 

- 

2490 

14,166-5 

35,983  C 

- 

2145 

8,500 

15,583  C 

- 

1839 

5,100 

5,950  C 

_ 

2506 



6.053 

- 

2194 

10,766-5 

20,116-5  C 

- 

2266 

17,000 

31,449-5  C 

- 

2452 

— 

5,480  C 

- 

2628 

26,014-5 

28,333  C 

- 

— 

— 

3,110  C 

- 

— 

— 

6,'190  C 

- 

2230 

13,698 

19,266-5  C 

- 

2229 

7,366-5 

15,866  C 

- 

2253 

17, .566-5 

23,233  C 

- 

2247 

13,698 

19,831  C 

- 

2338 

8,038 

20,397  C 

- 

2277 

10.285 

20,963-5  C 

- 

2053 

6,235 

19,833  C 

- 

2321 

15,866 

30,316  C 

- 

2239 

15,383 

23,649-7  C 

- 

2227 

10,285 

23,883  C 

1502a.  In  the  above  list  B stands  for  Bramah,  and  C for  the  Commissioners’  Report, 
Sec.  It  is  of  very  great  importance  to  notice  that  the  size  of  the  cubes  experimented  upon 
by  the  latter,  was  only  two  indies  ; those  by  Rennie  were  only  one  and  a half  inch 
cubes.  A set  of  experiments  on  Portland  stone,  of  the  weight  sustained  up  to  the  point 
of  fracture,  i.e.  the  crushing  weight,  by  accurately  cut  cubes  of  two  inch  faces  placed 
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between  perfectly  smooth  lead  surfaces,  were  carried  out  with  the  well-known  American 
mechanical  testing  macliine.  by  Mr,  Abel  {Builder,  p.  86'0)  : — 

War  Department  Quany,  Vein  Hill  - - - - 14,795'8  lbs. 

Tnmos  hay  Quarry,  Whit-bed  14,591'8  „ 

Admiralty  Quarry,  Rougli  Whit-bed  - - - - 14,387‘7  „ 

„ „ Whit-bed  -----  13,979'3  „ 

„ ,.  Base-bed 13,77.5  0 „ 

New  Maggott  Quarry,  Whit-bed  - . - - 12,8.57’!  „ 

Old  Maggott  Quarry,  LI  Whit-bed  -----  12,244’8  „ 

„ V „ I T Base-bed  ....  1 2.857’ 1 „ 

„ .,  L I Base-bed  - - - - 8,ld3’2  „ 

Indep  ndent  Quarry,  Whit-bed  - - . - . 11,632  6 ., 

Waycroft  Quarry,  Base-bed  1,836’7  „ 

He  also  observes  that  “ no  definite  conclusion  can  be  drawn  from  the  comparative  juo- 
perties  of  the  specimens  of  stone  from  one  and  the  same  locality,  quarried  at  different 
periods  of  time,  regarding  the  influence  exerted  by  exposure,  after  quarrying,  upon  the 
(juality  of  the  stone.  On  the  whole,  the  evidence  may  be  considered  as  a little  in  favour 
of  the  opinion  that  an  improvement  in  the  strength  of  the  stone  is  effected,  to  some  ex- 
tent, by  seasoning.” 

15026.  A very  instructive  set  of  ex))eriments  on  the  strength  of  Portland  stone  (lirown 
bed),  a material  now  so  greatly  employed  in  building,  was  made  by  a committee  of  the 
Institute,  above-mentioned. 


Table  of  the  Strength  of  Cubes  of  Portland  Stone. 


Height. 

Base. 

j Cracked. 

Crushed. 

On  square 
iocti. 

Remarks. 

Inches. 

Inches. 

Tons. 

Tons. 

Tons. 

2 

2x2 

- 

3’2 

0-8 

At  once. 

2x2 

40 

6 0 

1-5 

4x2 

- 

20-2 

2-5 

At  once. 

2 6 

21-0 

23  5 

1-7  ] 

4x4 

8’0 

41’0 

2-5  1 

Across  the  bed. 

6x6 

64’0 

86-0 

2’4  J 

4 

2 X 2 

- 

3’0 

0-75 

4x2 

- 

17-0 

2 12 

4x4 

25  75 

29-25 

1 -82 

4x4 

24’25 

28-75 

1-85 

4x6 

31’0 

45-0 

1-87 

* Very  slight,  external. 

6x6 

480» 

82-0'’ 

2-27 

Not  crushed. 

6 

2x2 

2’8 

3’4 

0-85 

6x2 

- 

lO’O 

0-83 

4x4 

6x4 

18-0 
28 ’0 

20-45 

32-0 

1-27  ) 
1-33  S 

At  right  angles  to  the  bed. 

6x6 

64-0® 

70-0 

1-94 

® Very  slightly. 

6x6 

55 ’0 

68  75 

1’90 

1502c.  C.  H.  Smith  has  < bserved  {Transactions  of  the  Imtitute  of  British  Architects, 
1860,  page  174.),  that  “the  stone  which  possesses  the  least  cohesive  strength,  or  that 
which  will  crush  with  less  ])ressure  than  any  other,  is  nevertheless  strong  enough,  when 
well  fixed  in  a building,  for  almost  all  practical  purposes.  No  architectural  members  have 
to  sustain  greater  pressure,  in  proportion  to  their  size,  than  mullions  of  large  Gothic 
windows.  The  tracery  in  the  gre.at  north  window  of  Westminster  Hall  is  now  executed 
in  Bath  stone,  which  is  remarkable  for  having  the  least  cohesive  strength  of  all  the  speci- 
mens described  as  experimented  upon  in  the  Report  on  Slone,  &c.  Some  of  the  mullions 
of  that  window  are  less  than  nine  inches  wide  and  more  than  forty  feet  high,  sustaining  not 
only  their  own  weight,  but  also  that  of  the  whole  of  the  tracery  beneath  the  arch.  The 
eastern  window  of  Carlisle  Cathedral,  built  with  a fiiable  red  sandstone,  is  fifty  feet  high, 
the  mullions  are  smaller,  and  tlie  tracery  mucli  heavier  than  in  that  at  Westminster,  yet  in 
neither  of  these  examples  are  there  any  symptoms  of  crushing.  'I’he  cohesive  strength  of 
stones  is  never  more  severely  tested  than  during  their  conversion  by  workmen  from  the 
rough  state  to  being  fixed  in  their  final  situation  in  a building.  During  these  operations, 
iron  levers,  jacks,  lewi.ses,  and  various  other  implements  are  applied,  frequently  with  but 
little  regard  for  the  mechanical  violence  which  a stone  will  safely  bear  ; and  it  may,  there- 
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fore,  be  considered  a useful  ])rrict'cai  rule,  tliat,  liowever  soft  a stone  i/iay  l>e,  if  it  resist  the 
liability  of  damage  until  out  of  the  masons’  bands,  there  can  be  little  doubt  of  its  possess- 
ing sufficient  cohesive  strength  for  any  kind  of  arcldtectural  work.  If  the  foundation  be 
insufficient,  or  any  jiart  of  the  edifice  give  way,  so  as  to  cause  an  unfair  or  unequal  pres- 
oure,  a soft  stone  will,  of  course,  yield  sooner  than  a hard  one.” 

I502d.  “Unfortunately,”  writes  Warr,  Dyjiamic'^,  1851,  “those  experimental  results 
which  we  possess  were  obtained  without  attention  to  the  fact  that  the  specimens  should  be  of 
a certain  height  to  show  a proper  compressive  strength.  The  bulk  of  the  examples  an: 
with  cubes,  a fault  excusable  with  tliose  exiierimenters  who  made  their  work  public  before 
those  peculiarities  were  well  known,  but  the  same  cannot  be  said  of  the  investigations  con- 
ducted by  the  Commissioners ; these  experiments,  executed  with  singular  minuteness  on 
some  points,  would  have  been  useful,  from  their  variety  and  specification  of  the  localitii  s, 
but  they  were  made  on  (2 -inch ) cubes,  at  a period  wlien  the  laws  of  fracture  were  as  publ  c 
as  at  present,  and  are  therefore  of  limited  value.” 

1502e.  Hodgkinson  (Phil.  Tra?is.,  1840,  p.  .885),  found  that  in  small  columns  of  one 
inch  to  one  and  three-(]uarters  inch  square,  and  from  »)ne  to  forty  inches  long,  a great 
falling  off’  occurred  when  the  height  was  greater  than  twelve  times  the  side  of  the  base. 
Thus,  when  the  length  was — 


12  times  the 
15  „ 

24  „ 


size  of  the  base,  the  strength  was 

91  91 

99  11  M 


80 


40 


1.88 

- a little  less 
98 
75 
52 


lie  also  found  that  with  pillars  shorter  than  thirty  times  the  thickness,  fracture  occurred 
l)y  one  of  the  ends  failing,  and  as  the  longer  columns  deflected  more  tlian  the  shorter,  they 
presented  less  of  the  base  to  resist  the  pressure,  and  therefore  more  readily  gave  way. 
Thus  the  practical  view  from  these  experiments  points  out  an  increase  of  area  at  the  ends 
as  being  most  economical,  and  that  in  proportion  to  the  middle  as  18,766  to  9,595  nearly. 
From  the  experiments  it  would  appear  that  the  Grecian  column':,  which  seldom  had  their 
length  more  than  about  ten  times  the  diameter,  were  nearly  of  the  form  capable  of  bearing 
the  greatest  weight  when  their  shafts  were  uniform ; and  that  columns,  tapering  from  the 
bottom  to  the  top,  were  only  capable  of  bearing  weights  due  to  the  smallest  part  of  their 
section,  though  the  larger  end  might  serve  to  prevent  lateral  thrust.  This  last  remark 
applies,  too,  to  the  Egyptian  columns,  the  strength  of  the  column  being  only  that  of  the 
smallest  part  of  the  section.  (British  Association  for  the  Advancement  of  Science,  15  h 
lieport,  1845,  p.  27.) 

1502/i  It  might  be  asked,  how  does  this  apply  to  those  small  shafts  or  colonettes  so 
freely  used  with  piers  in  pointed  architecture,  and  which  are  generally  in  height  upwards 
of  thirty  times  their  diameter.  We  would  refer  the  student  to  the  paragraph  1502c., 
respecting  the  muHions  in  windows,  and  to  the  circumstance  that  the  small  shafts  are  not 
pinned-in  to  the  work,  but  are  left  free,  so  that  they  only  apparently  carry  the  weight 
imposed  on  their  capitals.  Where  no  attention  has  b:en  paid  to  this  necessary  precaution, 
in  modern  work,  the  shaft  has  fractured  when  of  soft,  or  shaky,  stone. 


1502^.  Table  of  the  Strength  of  Shafts  12  inches  long,  8 inches  diameter. 


(Being  experiments  made  by  a committee  of  the  Institute,  as  above-mentioned.) 


lUaterials. 

Cracked. 

Crushed. 

On  s()uare 
inch. 

Remarks. 

Portland  stone  : 

I'ons. 

Tons. 

Tons. 

All  yielded  vertically.  1 

Worked  - - - 

7*3 

10-25 

1-48 

Bedded  in  leather. 

Rough  tooled 
Devonshire  marbles  : 

- 

8-57 

1-00 

Bedded  in  plaster. 

Ipplepen,  mottled  red 

9 2 

10-7 

1-87 

[with  vein. 

Poltesco,  grey  green 

4-3 

4-3 

0-60 

Went  across  and  not 

Ditto 

_ 

6 0 

0-84 

Went  at  once. 

r 

- 

88-5 

4-73 

Went  into  fragments. 

Signal  Staff,  red  and  black  < 

20-0 

12-75 

22-5 

16-25 

3-18 

2-29 

Ditto. 

Cadgewith,  green  and  black 

16-92 

17-62 

2-49 

1502/i.  Fairbairn,  in  a paper  read  at  the  Manchester  Philosoj)hical  Society,  and  given  in 
V(tl.  xiv.  of  the  Proceedings  ; and  also  in  his  Useful  Information^  &c  , 2nd  Series,  has  detailed 
the  following  lesults  of  bis  researches:  — 
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Cru<hing  Weight 
in  lbs.  per  sq.  in. 

Gramvacke  from  Penmaenmaur  . - _ _ 16,893 

Basalt,  Whinstone  11,970 

Granite,  Moimtsorrel  - _ - _ _ ]2.861 

Ditto,  Ar<ryleshire  10,917 

Syenite,  Moimtsorrel  - - . - _ 11,820 

Sandstone,  strong  Yorkshire,  mean  of  9 experiments  - - 9,?124 

Ditto,  weak  specimens,  locality  not  stated  3,000  to  3,500 

I.imestone,  compact,  strong  -----  8,528 

Ditto,  Magnesian,  strong  - 7.098 

Ditto,  ditto,  weak  - - . - 3,050 


1502t.  He  further  shows  that  the  resistance  of  strong  sandstone  to  crushing  in  a direc- 
tion parallel  to  the  layers,  is  only  six- .sevenths  of  the  resistance  to  crushing  in  a direction 
perpendicular  to  the  layers.  Tlie  hardest  stones  alone  give  way  to  crushing  at  once,  with- 
out previous  warning.  All  others  begin  to  crack  or  split  under  a load  less  than  that  which 
finally  crushes  them,  in  a proportion  which  ranges  from  a fraction  little  less  than  unity  in 
the  lijirder  stones,  down  to  about  one  half  in  the  softest.  The  mode  in  which  stone  gives 
way  to  a crushing  load  is  in  general  by  siiearing.  The  factor  of  safety  in  structures  of 
stone  should  not  lie  less  than  eight,  in  order  to  provide  for  variations  in  t'  e strength  of  the 
material,  as  well  as  for  other  contingencies.  In  some  structures  which  have  stood  it  is 
less  ; but  there  can  Ire  no  doubt  that  these  err  on  the  side  of  boldness,  as  urged  bv 
Rankine,  Civil  Engineering,  page  361. 


1502«.  Table  of  the  Weights  required  to  Crush  Bricks. 


Experiments  by  T.  Cubitt. 

Yielded  to. 

Cruslied  by. 

Remarks. 

Good  place  bricks 

Ditto  - - - - 

Two  common  stocks 

Good  stock  - - - 

Superior  washed  stock  - 
Ordinary  place  brick 
Ditto  - - . - 

Common  ditto  - - - 

1 1 tons 
16  „ 

10  „ 

30  „ 

36  „ 

3 „ 

3 „ 

1 6^  tor.s 
„ 

/ 16 

1 16^  „ 
34 

44^  „ 

0 

6 „ 

5 to  2i  „ 

Bedded  on  plaster. 
Ditto. 

No  plaster. 

A brick  made  by  Beale’s  machine  being  placed  on  bearers  seven  inches  apart,  was  broken 
in  the  middle  by  the  weight  of  2,625  lbs.  A common  hand-made  brick  was  broken  by 
645  lbs.  The  hollow  or  frog  formed  in  the  underside  of  a brick  necessarily  lessens  its  re- 
sisiing  power.  Young  {Nat.  Phil.')  states  that  the  cohesive  strength  of  a square  inch  of 
brick  is  300  lbs.,  but  the  quality  is  not  stated.  Other  experiments  give  the  following 
strength  of  bricks:  — 


r wt. 

Brick  of  Huntingdonshire  clay,  perforated,  per  square  inch  - 31 

,,  Suffolk  clay,  solid  : (broke  across)  „ „ - 8'75 

„ Made  by  Prosser’s  machine,  bore  „ „ 

,,  Arsley,  and  not  crushed  „ „ - 

,,  Ordinary  stock, 

„ Common  fire  clay, 

„ Good  ditto, 

„ Used  at  Edinburgh  Gas  Works,  of  fire  clay  and  iron  stone, 

per  square  foot  . . 


^ per  square  foot 


Tons. 

Cwt. 

58 

18 

16 

12 

90 

0 

83 

0 

140 

0 

157 

0 

396 

0 

400 

0 

1 5021.  Brickwork. — Brick  piers  9 inches  square,  2 feet  3 inches  higli,  made  of  good 
sound  Cowley  stocks,  set  in  cement,  and  proved  two  days  afterwards : — 

Cracked  at  Broke  at 

Brick  flat,  cotnpressed  quarter  of  an  inch  - - - 25  tons  30  tons 

Brick  on  edge,  did  not'compress  - - - - 39  „ 35  „ 

1502/n.  Mr.  L.  Clarke’s  experiments  for  the  wosks  at  the  Britannia  and  Conway 
tubular  bridges,  on  brickwork  in  cubes,  showed  that — ^ 

9 inches,  cemented,  N'o.  1 or  best  quality,  set  between  deal 
boards,  weighing  54  lbs.,  crushed  with  ! 9 tons  1 8 cwt. 

2 qrs.  22  lbs.  - - - - = 551 ’3  lbs.  per  square  inch. 

9 inches.  No.  1,  set  in  cement,  weighing  53  lbs  , crushed  with 

22  tons  3 cwt.  0 qrs.  17  lbs.  - - = 612'7  lbs.  „ y, 
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9 inches,  No.  .9,  set  in  cement,  weigliing  52  Ihs.,  crushed  with 

16tons^8cwt  2 ()rs.  8lhs.  _ . = 454  8 lbs.  per  square  inch. 

9^  inches,  No.  4,  set  in  cement,  weighing  55^  lbs.,  crushed  witli 

21  tons  14  cwt.  1 qr.  17  lbs.  - - . = 5G8  -5Ibs.  „ „ 

9 inches,  No.  4,  set  between  boards,  weighing  54ilbs.  crushed 

with  15  tons  2 cwt.  0 (jrs.  12  lbs.  - - = 417'Olbs.  „ „ 

IMean  - . - - = 521-0  lbs.  ,,  ,, 

Tlie  tliree  last  cubes  continued  to  support  the  weight,  although  cracked  in  all  directions; 
they  fell  to  pieces  wlien  the  load  was  removed.  All  began  to  show  irregular  cracks  a con- 
siderable time  before  it  gave  way.  The  average  weiglit  su})ported  by  these  l>ricks  was 
.8.8-5  tons  per  square  foot,  equal  to  a column  58.8*69  feet  higli  of  such  brickwork.  (Pair- 
b lirn,  Apj)lication,  &c.,  page  192  ) 

I502ra.  To  crush  a mass  of  solid  brickwork  1 foot  square,  requires  300,000  lbs.  avoir- 
dupois, or  1.84  tons  7lcwt. 

1502o.  Besides  compression,  stone  is  subject  to  delrusion  and  a trmisverse  strain,  as  when 
used  in  a lintel.  Of  tliese  strengtiis  in  stone  little  is  officially  known,  but  we  are  perfectly 
aware  of  the  danger  of  using  any  kind  of  stone  for  beams  where  there  is  much  chance  of 
serious  or  of  irregular  pre.ssures.  Its  weakness  in  respect  to  this  strain  is  manifest  from  all 
experimental  evidence  concerning  it.  Gauthey  .stares  the  value  of  a constant  S,  for  hard 
limestone  = 78  Ihs  ; for  soft  limestone  = 69  lbs.  Hodgkinson,  taking  the  power  of  resisting 
a crushing  force  as  = 1000,  notices — 

Tensile  Transverse 
strain  strain. 


Black  marble  - 

- 

- 

- 

- 

- 14.8 

and 

10-1 

Italian  marble 

- 

- 

- 

- 

85 

„ 

10-6 

Rochdale  flagstone 

- 

- 

- 

- 

- 104 

9 9 

Yorkshire  flag 

- 

- 

- 

- 

0 

9-5 

Mean 

- 

- 

- 

- 

- 104 

10-0 

Common  brirks,  S = 64  lbs.  (Barlow.) 

1502/).  The  danger  above  noticed  is  so  great,  that  it  becomes  e.ssentially  necessary  in  all 
rough  rubble  work  to  insert  over  an  opening  either  an  iron  or  timber  lintel,  or  a brick  or 
stone  arch,  to  carry  the  superincumbent  weight,  and  thus  prevent 'any  pressure  upon  the 
stone.  This  must  be  done  more  especially  when  beams  or  lintels  of  soft  stone  are  used  ; 
the  harder  stones,  as  Portland,  may  in  ashlar  work  support  themselves  without  much 
danger.  In  rubble  masonry,  the  stone  arch  may  be  shown  without  hesitation  in  the  face 
of  the  work  ; and  also  in  domestic  architecture,  the  brick  arch  may  exhibit  it.self  in  the  face- 
work  if  thought  desirable.  Portland  stone  has  been  constantly  used  to  extend  over  a 
comparatively  wide  opening.  All  blocks  set  upon  it  should  have  a clear  bed  along  the 
middle  of  its  length.  Thus  cills  to  windows  .should  always  be  set  with  clear  beds,  or,  as  the 
new  work  settles,  they  are  certain  to  be  broken.  Lintels  over  even  small  openings  worked  in 
Bath  or  some  of  the  softer  stones,  are  very  likely  to  crack  across  by  very  slight  settlements, 
especially  when  supported  in  their  length  by  a mullion  or  small  pier,  as  is  often  introduced. 
We  need  hardly  add  that  where  impact  or  collision  is  likely  to  occur,  no  lintel  of  stone 
should  be  used. 

1502<7.  Marble  mantles  may  sometimes  be  seen  t.o  have  become  bent  by  their  own 
weight.  Beams  of  marble  have  been  employed  in  (u-ecian  temples  as  much  as  18  feet  in 
the  clear  in  the  pro  'yhea  at  Athens;  and  marble  beams  2 feet  wide  and  inches  deep 
were  hollowed  out,  leaving  4|  inches  thickness  at  the  sides  and  8^  inches  at  thebott  in  ; these 
beams  were  about  18  Let  in  the  clear  in  the  north  portico  of  the  temple  at  Bassae  near 
IMiigaleia. 

1502r.  d'he  cohesive  power  of  stone  is  seldom  te.sted.  The  subject  of  crushing  weight.s, 
or  the  compression  of  timber  and  metals,  will  be  treated  in  a subsequent  section  (16.81e. 
et  seq.)  ; and  the  strength  of  some  other  materials  will  be  given  in  the  chapter  Materials. 

Ok  the  Stability  of  Walls. 

1508.  In  the  construction  of  edifices  there  are  three  degrees  of  stability  assignable  to 
walls.  I.  One  of  undoubted  stability  ; II.  A mean  between  the  last;  and  the  III.  The 
lea.st  thickness  which  they  ought  to  possess. 

1.504.  The  first  case  is  that  in  which  from  many  examples  we  find  the  thickness  equal  to 
one  eighth  part  of  the  height:  a mean  stability  is  obtained  when  the  thickness  is  one  tenth 
part  of  the  lieight ; and  the  minimum  of  stability  when  one  twelfth  of  its  height.  We  are, 
liowever,  to  recollect  that  in  most  buildings  one  wail  becomes  connected  with  another,  .so 
that  stability  may  be  obtained  by  considering  them  otherwise  than  as  independent  walks. 

1505.  That  some  idea  may  be  formed  of  the  difference  between  a wall  entirely  isolated 
and  one  connected  with  one  or  two  others  at  riglit  angles,  we  here  give  591,  592, 
and  598.  It  is  obvious  that  in  the  first  case  (,^’9.  59  1.).  a wall  acted  upon  by  the  horizontal 
force  MN,  will  have  no  resistance  but  from  the  breadth  of  its  base;  that  in  the  second 
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Fig.  691  Fig.  592. 

,?ase  ( fUf.  592.)  the  wall  G F is  opposed  to  the  force  MN.  so  that  only  the  triangle  of  it 
II  IF  can  be  detached;  lastly,  in  fy.  593.  tlie  force  MN  would  only  be  effective  against 


Fig.  593 


the  triangle  CGH,  which  would,  of  course,  be  greater  in  proportion  to  the  increased  dis- 
tance of  the  walls  CD,  HI. 

1505.  In  the  first  case,  the  unequal  settlement  of  the  soil  or  of  the  construction  may 
produce  the  effect  of  the  force  MN.  The  wall  will  fall  on  the  occurrence  of  an  horizontal 
disunion  between  the  parts. 

1507.  In  the  second  case  the  disunion  must  take  place  obliquely,  which  will  require 
a greater  effort  of  the  power  MN. 

1508.  In  the  third  case,  in  order  to  overturn  the  wall,  there  must  be  three  fractures 
through  the  effort  of  MN,  requiring  a much  more  considerable  force  than  in  tlie  second  case. 

1509.  We  may  easily  conceive  that  the  resistance  of  a wall  standing  between  two  others 
will  be  greater  or  less  as  the  walls  CD,  HI  are  more  or  less  distant ; so  that,  in  an  extreme 
approximation  to  one  another,  the  fracture  would  be  impossible,  and,  in  the  opposite  case, 
the  int.  rmediate  wall  approaches  the  case  of  an  isolated  wall. 

1510  Walls  enclosing  a space  are  in  the  preceding  predicament,  because  they  mutually 
tend  to  sustain  one  another  at  their  extremities  ; hence  their  thickness  should  increase 
as  their  length  increases. 

1511.  The  result  of  a vast  number  of  experiments  by  llondelet,  whose  work  we  are 
still  using,  will  be  detailed  in  the  following  observations  and  calculations. 

1512.  Let  A BCD  {Jig.  594.)  be  the  face  of  one  of  the  walls  for  enclo.sing  a rectangular 
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»p.'ice,  ELGII  595.).  Draw  tlie  diagonal  BD,  and  aboi.t  B make  Br/  equal  to  one 
p;g!ith  part  of  the  height,  if  great  stability  he  re(jnired  ; for  a mean  stability,  the  ninth  or 
tenth  part ; and,  for  a light  stat)ility,  the  eleventh  or  twelfth  ))art.  If  through  the  point 
d a parallel  to  AB  he  drawn,  the  interval  will  give  the  thickness  to  bo  assigned  to  the  great 
walls  EF,  GIL  whose  lengtii  is  equal  to  AD. 

1513.  The  thickness  of  the  walls  EG,  EM  is  obtained  by  making  AD'  equal  to  their 
length,  and,  having, drawn  the  diagonal  as  before,  jmrsning  the  same  operation. 

1514.  When  the  walls  are  of  the  same  height  hut  of  dilferent  lengths,  as  in  Ji(j.  59d., 


Fif?.  596. 


Fig  597. 


the  operation  may  he  abridged  by  describing  on  the  point  B (Jip.  597.)  as  a centre  with  a 
radius  equal  to  one  eighth,  one  tenth,  or  one  twelfth,  or  such  other  part  of  the  height  as 
may  be  considered  necessary  for  a solid,  mean,  or  lighter  construction,  then  transferring 
their  lengths,  EF,  FG,  GH,  and  HE  from  A to  D,  D',  D",  and  D'"  ; and  having  made 
the  rectangles  AC,  AC',  AC",  and  AC'",  draw  from  the  common  point  B the  diagonals 
BD,  BD',  BD",  and  BD'",  cutting  the  small  circle  described  on  the  point  B in  different 
points,  through  which  parallels  to  AB  are  to  be  drawn,  and  they  will  give  the  thickness  of 
each  in  proportion  to  its  length. 

1515.  In  598.  to  602.  are  given  the  operations  for  finding  the  thicknesses  of  wails 


enclosing  polygonal  areas  supposed  to  be  of  the  same  height;  thus  AD  represents  the 
side  of  the  hexagon  (Jifr.  602.);  AD'  that  of  the  pentagon  601.)  ; AD"  the  side  of 
the  square  (/<7.  599.)  and  AD'"  that  of  the  equilateral  triangle  600.). 

1516.  It  is  manifest  that,  by  this  method,  we  increase  the  thicknesses  of  the  walls  in 
pro])ortion  to  their  heights  and  lengths  ; for  one  or  the  other,  or  both,  cannot  i)icrease  or 
diminish  without  the  same  happening  to  the  diagonal. 

1 517.  It  is  obvious  that  it  is  easy  to  calculate  in  numbers  the  results  thus  geometrically 
obtained  by  the  simple  rule  of  three;  for,  knowing  the  three  sides  of  the  trial  g e ABD. 
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similar  to  the  smaller  triangle  Vide,  we  have  BD  I Br/;:AD  : ed.  Thus,  suppose  the 
length  of  wall  represented  by  AD  = 28  feet,  and  its  height  AB  = 12  feet,  we  shall  have  tlie 
length  of  the  diagonal  =30  feet  5|  inches ; and,  taking  the  ninth  part  of  AB,  or  16  inches, 
as  the  thickness  to  be  transferred  on  the  diagonal  from  B to  d,  we  have  30  ft.  6 in.  : 

1 6 in.  : : 28  ft.  : 14  in.  : 8 lines  {ed).  The  calculation  may  also  be  made  trigonometrically ; 
into  which  there  Is  no  necessity  to  enter,  inasmuch  as  the  rules  for  obtaining  the  result  mav 
be  referred  fo  in  the  section  “ Trigonometry,”  and  from  thence  here  applied. 

Method  of  enclosing  a given  Area  in  any  regular  Polygon. 

1518.  It  is  manifest  that  a polygon  may  be  divided  by  lines  from  the  centre  to  its  angle.s 
into  as  many  triangles  as  it  has  sides.  In  Jig.  601.,  on  one  of  these  triangles  let  fall  from 
C (which  is  the  vertex  of  each  triangle)  a jrerpendicular  CD  on  the  base  or  side  AB  which 
is  supposed  horizontal.  The  area  of  this  triangle  is  equal  to  the  product  of  DB  (half  A B) 
bv  CD,  or  to  the  rectangle  DCFB.  Making  DB=x,  CD=y,  and  the  area  given  =p.,  w« 
shall  have, 

For  the  equilateral  triangle,  x x y x.  3=p,  or  xy-—^\ 

For  the  square,  xy  x 4=/»,  or  xy—^'. 

For  the  pentagon,  xy  x 5 — p,  or  xy=^-. 

For  the  hexagon,  xy  x 6 =p,  or  xy= 

Each  of  these  equations  containing  two  unknown  quantities,  it  becomes  necessary  to  as- 
certain the  pro}iortion  of  x to  y,  which  is  as  the  sines  of  the  angles  opposite  to  the  sides 
DB  and  CD. 

1519.  In  the  equilateral  triangle  this  proportion  is  as  the  sine  of  60  degrees  to  the  sine  of 
30  degrees;  that  is,  using  a table  of  sines,  as  86603  I 50000,  or  8|  ; 5,  or  26  ; 15,  whence 

1 5*2.* 

X : y::  26  ; 15,  and  I5x  = 26y;  whence  26* 

Substituting  this  value  in  the  equation  xy=  we  have 

“2^  = 2 , which  becomes  x^  -=  and  x—'^ 

Supposing  the  area  given  to  be  3600,  we  shall  therefore  have 

AB  = 91  ‘2. 

4o 

For  the  pentagon,  x : y::sin.  36°  : sin.  54°,  or  as  58779  : 80902,  whence 
_80902x 
y~  58799  • 

Substituting  this  value  In  the  equation  xy=  we  have 

80902»j^_.%00  1 _ ^58779x7^  . 

58779  ~ 5'»  80902  » 

which  makes  a:  = 22‘87,  and  the  side  AB=45'74. 

For  the  hexagon,  x : y;:sin.  30°  : sin.  60°,  or  as  50000  : 866031:5  I 8^,  whence  the  value 
of  y—‘~,  'J'his  value,  substituted  in  the  equation  xy  = ^,  will  give  ^^=600;  whence 

lastly,  therefore,  x=  v 346’15  = 1 8*61,  and  the  side  AB=37’22. 


Geometrically. 

1520.  Suppose  the  case  that  of  a pentagon  {Jig.  601.)  one  of  whose  equal  triangles  is 
ACB.  Let  fall  the  perpendicular  CD,  which  divides  it  into  two  equal  parts;  w'hence  its 
area  is  equal  to  the  rectangle  CDBF. 

1521.  Upon  the  side  AB,  prolonged,  if  necessary,  make  DE  equal  to  CD,  and  from  the 
middle  of  BE  as  a centre  describe  the  semi-circumference  cutting  CD  in  G,  and  GD  will 
be  the  side  of  a square  of  the  same  area  as  the  rectangle  CDBF.  'I'he  sides  of  similar 
figures  (Geometry,  961.)  being  as  the  square  roots  of  their  areas;  find  the  square  root 
of  the  given  area  and  make  Dp  ecpial  to  it.  From  the  point  g draw  parallels  to  GE  and 
GB,  winch  will  determine  on  A B the  points  e and,  5,  and  give  on  one  side  D5  equal  to 
one  half  of  the  side  of  the  polygon  sought  ; and.  on  the  other,  the  radius  Deof  the  circum- 
ference in  whieh  it  is  inscribed.  This  is  manifest  because  of  the  similar  triangles  EGB 
and  eyh,  from  which  BD  : DE  51)  : De. 

1522.  From  the  truth  that  the  sides  of  similar  figures  are  to  each  other  as  the  square 
roots  of  their  areas  we  arrive  at  a simple  method  of  reducing  any  figure  to  a given  area. 
Form  an  angle  of  reduction  {Jig.  603.)  one  of  whose  sides  is  ecjual  to  the  square  root 
of  the  greater  area,  and  the  chord  of  tlie  arc,  which  determines  the  size  of  the  angle  equal 
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to  the  square  root  of  the  smaller  area.  Let,  for  instance,  the 
larger  area  r=lL56,  and  that  of  the  smaller,  to  which  the  figure 
IS  to  be  reduced,  =529.  Draw  an  indefinite  line,  on  which 
make  AB  = .04,  the  square  root  of  11.56.  Lastly,  from  the 
point  A,  as  a centre,  having  described  an  indefinite  arc,  with  a 
length  erinal  to  the  srjnare  root  23  of  529,  set  out  Ib/ ; through 
Q draw  A(/,  which  M ill  be  the  angle  of  reduction  ^AB,  by  means 
ofM'hich  the  figure  maybe  reduced,  transferring  all  the  mea- 
sures of  the  larger  area  to  the  line  Al),  u-ith  which  arcs  are 
to  be  described  whose  chords  muU  be  the  sides  sought. 

152.3.  If  it  be  not  recpiired  to  reduce  but  to  describe  a figure  whose  area  and  form  art 
given,  M’e  must  make  a large  diagram  of  any  area  larger  than  that  sought,  and  then 
reduce  it. 

1524.  The  circle,  as  we  have  already  observed  in  a previous  subsection  (9.33.),  being  but 
a polygon  of  an  infinite  number  of  sides,  it  would  follow  that  a circular  enclosure  M'ould  be 
stable  with  an  inllnitely  small  thickness  of  wall.  This  property  may  be  easily  demonstrated 
by  a very  simjjle  experiment.  Take,  for  instance,  a sheet  of  paper,  which  would  not  easily 
be  made  to  stand  wliile  extended  to  its  full  length,  but  the  moment  it  is  bent  into  the  form 
of  a cylinder  it  acejuires  a stability,  tliough  its  thickness  be  not  a thousandth  part  of  its 
height. 

1525.  But  as  M’alls  must  have  a certain  thickness  to  acquire  stability,  inasmuch  as 
thev  are  composed  of  particles  susceptible  of  separation,  we  may  consider  a circular  en- 
closure as  a regular  jiolygon  of  tM'elve  sides,  and  determine  its  thickness  by  the  preceding 
process.  Or,  to  render  the  operation  more  simple,  find  the  thickness  of  a straight  u'all 
whose  length  is  equal  to  one  half  the  radius. 

1526.  Suppose,  for  example,  a circular  space  of  56  ft.  diameter  and  18  ft.  high,  and 
the  thickness  of  the  wall  be  required.  Describe  the  rectangle  A BCD  (Jiff.  594.),  whose 
base  is  erjual  to  half  the  radius,  that  is,  14  ft,  and  whose  height  A B is  18  ft.  ; then, 
draM-ing  tlie  diagonal  BD,  make  Bd  equal  to  the  ninth  part  of  the  height,  that  is,  2 ft. 
Through  d draw  ad  parallel  to  the  base,  and  its  length  will  represent  the  thickness  sought, 
which  is  14^  inches. 

1527.  By  calculation.  Add  the  square  of  the  height  to  that  of  half  the  radius,  that  is, 
of  18=324,  and  of  14  = 196  (=520).  Tlien  extract  the  sejuare  root  of  520,  which  will  be 
found  =22-8,  and  this  will  he  the  value  of  the  diagonal  BD.  Tiien  we  liave  the  follow- 
ing proportion  : 22-8  : 14  ::  2 ft.  (J  the  height)  : 14-74. 

1528.  The  exterior  wall  of  the  church  of  St.  Stefano  lintondo  at  Rome  (Temple  of 

Claudius)  incloses  a site  198  feet  diameter.  The  vail,  which  is  contructed  of  rubble 
masonry  faced  with  bricks,  is  2ft.  4 in.  (French)  thick,  and  221ft.  high.  In  ap- 
plying to  it  the  preceding  rule,  we  shall  find  the  diagonal  of  the  rectangle,  whose  base 
would  be  the  side  of  a polygon,  equal  to  half  the  radius  and  221  ft.  high,  M-ould  be 
a/491  X 49ri  + 221  X 22l  = 54.pg’g.  Then,  using  the  proportion  54*37  : 49-5  ::  : 2ft. 

3 in.  and  4 lines,  the  thickness  sought,  instead  of  2 ft.  4 in.,  the  actual  thickness.  We 
may  as  well  mention  in  this  place  that  a circle  encloses  the  greatest  quantity  of  area 
M-ith  the  least  quantity  of  walling  ; and  of  polygons,  those  with  a greater  number  of  sides 
more  than  those  with  a lesser;  the  proportion  of  the  wall  in  the  circle  being  31416  to  an 
area  of  78540000  ; whilst  in  a square,  for  the  same  area,  a length  of  wall  etjual  to  35448 
would  be  required.  As  the  square  falls  away  to  a flat  parallelogram,  say  one  whose  sides 
are  half  as  great,  and  the  others  double  the  length  of  those  of  the  square,  or  1 7724  by  4431 , 
in  which  the  area  M-ill  be  about  78540000,  as  before  ; M e have  in  such  a case  a length  of 
walling  =44310. 

On  the  Thickness  of  Walls  in  Buildings  not  vaulted. 

1529.  The  M-alls  of  a building  are  usually  connected  and  stiffened  by  the  timbers  of  the 
roof,  supposing  that  to  be  M'ell  constructed.  Some  of  the  larger  edifices,  such  as  the 
ancient  basilicas  at  Rome,  have  no  other  covering  but  the  roof;  others  have  only  a simple 
ceiling  under  the  roof ; whereas,  in  palaces  and  other  habitations,  there  are  sometimes  tM-o 
or  more  floors  introduced  in  the  roof 

1530.  We  will  begin  with  those  edifices  covered  with  merely  a roof  of  carpentry,  which 
are,  after  mere  walls  of  enclosure,  the  most  simple. 

1531.  Among  edifices  of  this  species,  there  are  some  with  continued  points  of  support, 
such  as  those  wherein  the  walls  are  connected  and  mutually  support  each  other  ; others  in 
which  the  points  of  support  are  not  connected  with  each  other,  such  as  piers,  columns,  and 
pilasters,  united  only  by  arcades  w-hich  spring  from  them. 

1532.  When  the  carpentry  forming  tlie  roof  of  an  edifice  is  of  great  extent,  instead  of 
being  injurious  to  the  stability  of  the  M alls  or  points  of  sujiport,  it  is  useful  in  keeping  them 
together. 
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1533.  Many  edifices  exist  wherein  the  walls  and  points  of  support  would  not  stand 
without  the  aid  of  the  cavi)entry  of  the  roofs  that  cover  tiieni. 

1531.  The  old  basilica  of  St.  Paolo  fuori  le  mura  at  Rome  was  divided  into  five  nave?' 
formed  by  four  ranks  of  columns  connected  by  arcades^  which  carried  the  walls  whereon  ths 
roof  rested;  the  centre  nave  73t  ft.  (French)  wide,  and  93  ft.  10  in.  high.  The  walls 
of  it  are  erected  on  columns  31  ft.  9 in.  high,  and  their  thickness  is  a little  less  than  3 ft., 
that  is,  only  yL  part  of  their  height. 

1535.  At  Hadrian’s  Villa  the  most  lofty  walls,  still  standing,  were  but  sixteen  times 
their  thickness  in  height,  and  51  R.  9 in.  long.  The  walls  were  the  enclosures  of 
large  halls  with  only  a single  story,  but  assisted  at  their  ends  by  cross  walls.  And  we 
mav  therefore  conclude  that  if  the  walls  of  the  basilica  above  mentioned  were  not  ke))t  in 
their  places  by  the  carpentry  of  the  great  roof  they  would  not  be  safe.  It  is  curious  that  this 
supposition,  under  the  theory,  was  proved  by  the  fire  wiiich  destroyed  the  church  of  St.  Paolo 
in  1823.  The  walls  which  form  the  nave  of  the  church  of  Santa  Sabina  are  raised  on  columns 
altogether  52  ft.  high  ; they  are  145  ft.  long,  and  somewhat  less  than  2 ft.,  that  is,  part 
of  their  height,  in  thickness.  They  are,  therefore,  not  in  a condition  of  stability  without  the 
aid  of  the  roof.  In  comparing,  however,  the  thickness  of  these  walls  with  the  height  only 
of  the  side  aisles,  in  the  basilica  of  St.  Paolo  the  thickne.ss  is  and  at  Santa  Sabina  ^'g.  In 
the  ether  basiliccc  or  churches  with  columns,  the  least  thickness  of  wall  is  gh  of  greater  pro- 
portion unconnected  with  the  nave,  as  at  Santa  Marla  Maggiore,  Santa  Maria  in  Trastevere, 
St.  Chrysogono,  St.  Pietro  in  Vincolo,  in  Rome  ; St.  Lorenzo  and  St.  Splrito,  in  Florence ; 
St.  Filippo  Neri,  at  Naples ; St.  Giuseppe  and  St.  Uominlco,  at  Palermo. 

1 536\  We  must  take  into  account,  moreover,  that  the  thickness  of  walls  depends  as  much 
on  the  manner  in  which  they  are  constructed,  as  on  their  height  and  the  weight  with  which 
they  are  loaded.  A wall  of  rough  or  squared  stone  1 2 inches  thick,  wherein  all  the  stones 
run  right  through  the  walls  in  one  piece,  is  sometimes  stronger  than  one  of  1 8 or  20  inches 
in  thickness,  in  which  the  depth  of  the  stones  is  not  more  than  half  or  a third  of  the  thick- 
ness,  and  the  inner  part  filled  in  with  rubble  in  a bad  careless  way.  We  are  also  to  recollect 
that  stability  more  than  strength  is  ofttimes  the  safeguard  of  a building;  for  it  is  certain 
that  a wall  of  hard  stone  4 inches  thick  would  be  stronger  than  would  be  necessary  to 
bear  a load  ecpial  to  four  or  five  stories,  where  a thickness  of  18  inches  is  used;  and  yet  it 
is  manifest  that  such  a wall  would  be  very  unstable,  because  of  the  narrowness  of  the  base. 

1537.  From  an  examination  which  Rondelet  made  of  280  buildings  in  France  and  Italy, 
ancient  as  well  as  modern,  he  found  that  in  those  covered  with  roofs  of  two  inclined  sides 
and  constructed  in  framed  carpentry,  with  and  without  ceilings,  and  so  trussed  as  not  to 


act  at  all  horizontally  upon  the  walls,  the  least  thickness  in  brick  or  rough  stones  was 
j’g  of  the  w’idth  in  the  clear. 

1538.  In  private  houses,  divided  into  several  stories  by  floors,  it  was  observed,  generally, 
that  the  exterior  walls  ran  from  15  to  24  inches,  party  walls  1 6 to  20  inche.s,  and  par- 
tition  walls  12  to  18  inches. 

1539.  In  buildings  on  a larger  scale,  exterior  walls  2 to  3 feet  thick,  party  walls 
20  to  24  inches,  partition  walls  1 5 to  20  inches. 

1540.  In  palaces  and  buildings  of  great  importance,  whose  ground  floors  are  vaulted, 
the  exterior  walls  varied  from  4 to  9 feet,  and  the  partition  walls  from  2 to  6 feet.  In 
many  of  the  examples  which  underwent  examination,  the  thicknesses  of  the  walls  and 
points  of  support  were  not  always  well  proportioned  to  their  position,  to  the  space  they 
enclo.sed,  nor  to  the  loads  they  bore.  In  some,  great  voids  occur,  and  considerable  loads  were 
supplied  with  but  slender  walls  and  points  of  support  ; and  in  others,  very  thick  walls  en- 
closed very  small  spaces,  and  strong  points  of  supjiort  had  but  little  to  carry. 

1541.  For  the  purpo.se  of  establishing  some  method  which  in  a sure  and  simple  manner 
would  determine  the  thickness  of  walls  in  buildings  which  are  not  arched,  we  have  con- 
sidered, says  Rondelet,  that  the  tie-beams  of  the  trusses  of  carpentry  whereof  the  roofs 
are  composed,  being  always  placed  in  the  direction  of  the  width,  as  well  as  the  girders  and 
leading  timbers  of  floors,  serve  rather  to  steady  and  connect  the  opposite  walls ; but,  con- 
sidering the  elasticity  and  flexibility  of  tlml)cr,  it  is  found  that  they  strain  the  walls  which 
support  them  in  proportion  to  the  widths  of  the  s])aces  enclosed,  whence  it  becomes  often 
the  better  plan  to  determine  the  thickness  of  the  walls  from  the  width  and  height  of  the" 
apartments  requisite.  Hence  the  following  rules. 


First  Rule. 


1542.  In  buildings  covered  with  a simple  roof,  if  the  walls  are  insulated  throughout 
their  height  up  to  the  under  side  of  the  tie-beams  of  the  trusse.s,  being  as  shown  in  Jig.  604. 
Having  drawn  the  diagonal  RD  and  thereon  made  Bb  and  DJ,  equal  to  the  twelfth  part 
of  the  height  AB,  then  through  the  points  b and  d,  draw  lines  parallel  to  RA  and  DC 
which  will  bound  the  thickness  of  the  Avails  re(julred. 

1543.  If  the  height  AB  and  width  AD  be  known,  the  thickaess  Ac  may  be  calculated 
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seeing  that  RD=  VAR*+  AD’;  knowing  the 
value  of  RD,  we  have  that  of  cA  hy  the  pro- 
portion BD  : AD::B6  : = 

First  Exainjile. 

1544.  Supposing  tlie  width  D = 24  ft. , and 

the  lieiglit  AB  = 32,  we  shall  have 

v'A  B'  + A 1)  = a/24  X 24  + 32  x 32  ; whence 
ED=  a/576' + 1024=  a/ 1600  = 40  ft. 

B5,  wliich  is  tlie  twelfth  part  of  A B,  or  of 
32  ft.  = 2 ft.  8 in.  ; the  thickness  of  the  wall 
expressed  by  — — , will  be = 13  ft.,  or 
1 ft.  7 in.  2 lines,  for  the  thickness  sought. 

1545.  If  the  walls  supporting  the  roof  were 
stirtlned  by  extra  means,  such  as  lower  roofs  at 
an  intermediate  height,  as  in  churches  with  a 
nave  and  side  aisles,  we  may  make  Be  in  the 
diagonal  BD  {fig.  605.)  erpial  to  one  twelfth 
of  the  height  above  the  springing  of  the  side 
roofs,  and  e/a  twenty-fourth  part  of  that  height 

below  it,  and  draw  through  the  point  f a line  Fig.  6(14. 

parallel  to  AB,  xvhich  will  determine  the  thickness  Af  sought;  or,  which  amounts  to  the 
same  thing,  add  together  the  total  height  AB  of  the  interior,  and  that  of  E B above  the 
point  of  support,  E,  whereof  take  the  twenty-fourth  part,  which  will  be  equal  to  Be -f 


Second  Example. 

1546.  Fig.  605.  is  a section  of  St.  Paolo  fuori  le  mura,  near  Rome,  as  it  xvas  in  1816. 


The  interior  height  to  the  under  side  of  the  tie-beams  is  93  ft.  10  In.  (French),  xvheroof 
26  ft.  2 in.  is  the  exterior  height  above  the  roofs  of  the  side  aisles.  These  two  dimensions 
together  make  120  ft.,  whose  twenty-fourth  part  is  5 ft.,  to  which,  on  the  diagonal  BD 
make  B/ equal;  then  from  the  point  f letting  fall  a vertical  line,  the  horizontal  line  Be 
will  determine  the  thickness,  which  will  be  3 ft-,  the  width  of  the  nave  being  73  ft.  6 in. 
In  figures,  as  follows  : — 

BD  = a/ ^3  ft.  10  in.  X 93  ft.  1 0 in.  + 73  ft.  6 in.  x 73  ft.  6 m.  = a/F4207  = 1 1 9 ft.  2 in. 

^ 1547.  For  the  thickness,  cB,  as  before,  BD  : AD::B/;  Af';  whence,  AlT=;— 

” H9  ft  ~ ^ ^ of  2 ft.  11  in.  9 lines,  the  actual  thickness  of  the  walls. 

1.54 S.  The  same  calculation  being  ap])lied  to  the  M’^alls  of  the  nave  of  Santa  Sabina 
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(Romo),  whose  height  of  nave  Is  .51  ft.  2 In,  and  width  42  ft.  2 In.,  with  a height  cf  16  ft. 
of  wall  above  the  side  aisles,  gives  21  in.  4 lines,  and  they  are  actually  a little  less  than  24  in. 

1.549.  In  the  church  of  Santa  Maria  Maggiore,  the  width  is  52  ft.  7.^  in.,  and  56  ft.  6 in. 
and  4 lines  high,  to  the  ceiling  under  the  roof.  The  height  of  the  wall  above  the  side 
aisles  is  19  ft.  8 fn.,  and  the  calculation  requires  the  thickness  of  the  walls  to  be  in. 
instead  of  28J  in.,  their  actual  thickness. 

1550.  In  the  church  of  St.  Lorenzo,  at  Florence,  the  internal  width  of  the  nave  is 
S7  ft.  9 in.,  and  the  height  69  ft.  to  the  wooden  ceiling  ; from  the  side  ai.sles  the  wall  is 
18  ft.  high.  The  result  of  the  calculation  is  21  in.,  and  the  actual  execution  21  in.  and 
6 lines. 

1.551.  The  church  of  Santo  Spirito,  in  the  same  city,  which  has  a wooden  celling  sus- 
pended to  the  trusses  of  the  roof,  is  76  ft.  high  and  .87  ft.  4 in.  wide  in  the  nave  the  walls 
rise  1 9 ft.  above  the  side  aisles.  FYom  an  ajiplication  of  the  rule  the  thickness  should  be 
21  in.  .8  lines,  and  their  thickness  is  22i  in. 

1552.  In  the  church  of  St.  Philippo  Neri,  at  Naples,  the  calculation  requires  a thickne.s» 
of  21  in.,  their  actual  thickness  being  221  in. 

155.8.  In  the  churches  here  cited,  the  external  walls  are  much  thicker  ; which  was  ne. 
cessary,  from  the  lower  roofs  being  applied  as  hantoes,  and  hence  having  a tendency,  in 
case  of  defective  framing  of  them,  to  thrust  out  the  external  walls.  Thus,  in  the  church 
of  St.  Paolo,  the  walls  are  7 ft.  thick,  their  height  40  ft.  ; 3 ft.  4 in.  only  being  the  thickness 
required  by  the  rule.  A resLstance  is  thus  given  ca])able  of  assisting  the  walls  of  the  aisles, 
which  are  raised  on  isolated  columns,  and  one  which  they  require. 

1554.  In  the  church  of  Santa  Sabina,  the  exterior  wall,  which  is  26  ft.  high,  is,  as  the 
rule  indicates,  26  in.  thick  ; but  the  nave  is  flanked  with  a single  aisle  only  on  each  side,  and 
the  walls  of  the  nave  are  thicker  in  proportion  to  tlie  height,  and  are  not  so  high.  For  at 
St.  Paolo  the  thickness  of  the  walls  is  only  of  the  interior  width,  whilst  at  Santa  Sabina 
it  is  At  San  Lorenzo  and  San  Spirito  the  introduction  of  the  side  chapels  all’ords  great 
assistance  to  the  external  walls. 


Second  Rule. 

jpor  the  Thickness  of  Walls  of  Houses  o f more  than  one  Story. 

1555.  As  in  the  preceding  case,  the  rules  which  Rondelet  gives  are  the  result  of  ob- 
servations on  a vast  number  of  buildings  that  have  been  executed,  so  that  the  metliod 
proposed  is  founded  on  practice  as  well  as  on  theory. 

1556.  In  ordinary  houses,  wherein  the  height  of  the  floors  rarely  exceeds  12  to  15  ft., 
in  order  to  apportion  the  jiroper  thickness  to  the  inferior  or  partition  walls,  we  must  l)e 
guided  by  the  widths  of  the  spaces  they  sejiarate,  and  the  number  of  floors  they  have  to  carry. 
With  respect  to  the  external  walls,  their  thickness  will  depend  on  the  depth  and  height  of 
the  building.  Thus  a single  house,  as  the  phrase  is,  that  is,  only  one  set  of  apartments  in 
depth,  requires  thicker  external  walls  than  a double  house,  that  is,  more  than  one  apartment 
in  depth,  of  the  same  sort  and  height  ; because  the  stability  is  in  the  inverse  ratio  of  tlie  width. 

1557.  Let  us  take  the  first  of  the  two  cases  {fig.  606.),  whose  depth  is  24  ft.  and  height 


to  the  under  side  of  the  roof  .86  ft.  Add  to  24ft.  the  half  of  the  height,  18,  and  take  part 
of  the  sum  42,  that  is,  21  in.,  for  the  least  thickness  of  each  of  the  external  walls  above  the 
set-off  on  the  ground  floor.  For  a mean  stability  add  an  inch,  and  for  one  still  more  solid 
add  two  inches.. 

1558.  In  the  case  of  a double  house  (fig.  607.)  with  a depth  of  42  ft.,  and  of  the  same 
height  as  the  preceding  example,  add  half  the  height  to  the  width  of  the  building ; that  is, 
21  to  18,  and  2^  of  the  sum  =195  is  the  thickness  of  the  walls.  To  determine  the  thickness 
of  the  partition  walls,  add  to  their  distance  from  each  other  the  height  of  the  story,  and 
take  g'g  of  the  sum.  Thus,  to  find  the  thickness  of  the  wall  IK,  which  divides  the  space 
LM  into  two  parts  and  is  32  ft.,  add  the  height  of  the  story,  which  we  will  take  at  10  ft., 
making  in  all  42  ft.,  and  take  ^'g  or  1 4 in.  Half  an  inch  may  be  added  for  each  story  above 
the  ground  floor.  Thus,  where  three  stories  occur  above  the  ground  floor,  the  thickness  in 
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the  lower  one  would  be  15,^  In.,  a thick- 
ness which  is  well  calculated  for  bricks 
and  stone,  whose  hardness  is  of  a mean 
description. 

1559.  For  the  wall  AB,  wliich  divides 
the  space  between  the  external  walls, 
etpial  to  .35  ft,  add  to  it  the  height, 
winch  is  10  ft.,  and  of  45,  the  sum  of 
the  two;  that  is,  15  in.  is  the  thickness 
re(]uired  for  the  wall,  if  only  to  be  car- 
ried up  a single  story  ; but  if  through 
more,  then  add  half  an  inch,  as  before, 
for  each  story  above  the  ground  floor. 

For  the  spaces  NO,  PQ,  RS,  in  this 
and  the  preceding  figure,  the  repetition 
of  the  operation  will  give  their  thick- 
nesses. 

1560.  To  illustrate  what  has  been  said, 
fi(/.  608.  is  introduced  to  the  reader,  being 
the  plan  of  a house  in  the  Rue  d’  Enfer,  near  the  Luxembourg,  known  as  the  Hotel  Vendbire, 


built  by  TyC  Blond.  It  is  eiven  by  D’Aviler  in  his  Conrs  d' Architecture.  The  building  is 
46  ft.  deep  on  the  right  side  and  47  ft.  in  the  middle,  and  is  33  ft.  high  from  the  pavement 
,,  to  the  entablature.  Flence,  to  obtain  the  thickness  of  the  walls  on  the  line  FF,  take  the 

I sum  of  the  height  and  width  ="^-^—  = 40  ft.,  who.se  twenty-fourth  part  is  20  in.  The 

j building  being  one  of  solidity,  let  2 in.  be  added,  and  we  obtain  22  in.  instead  of  2 ft.,  which 
is  their  actual  thickness.  For  the  thickness  of  the  interior  wall,  which  crosses  the  building 
‘ in  the  direction  of  its  length,  the  space  between  the  exterior  walls  being  42  ft.  and  the 

height  of  each  story  14  ft.,  the  thickness  of  this  wall  should  be  = 18  in.  8 lines,  instead 
i of  18  in.,  which  the  architect  assigned  to  it. 

1561.  By  the  same  mode  of  operation,  we  shall  find  that  the  thickness  of  the  wall  R, 
separating  the  salon,  which  is  22  ft.  wide,  from  the  dining-room,  which  is  1 8 ft.  wide  and 
14  ft.  high,  should  be  18  in.  and  6 lines  instead  of  18  inches  ; but  as  the  exterior  walls,  which 

iare  of  wrought  .stone,  are  2 ft.  thick,  and  their  stability  greater  than  the  rule  requires,  the 
interior  will  be  found  to  have  the  requisite  stability  without  any  addition  to  their  thickness. 

1562.  We  shall  conclude  the  observations  under  this  head,  by  reference  to  a house  built  by 
Palladio  for  the  brothers  Mocen’go,  of  Venice,  to  be  found  in  his  works,  and  here  given  {Jig. 

' 609.).  Most  of  the  buildings  of  this  master  are  vaulted  below  ; but  the  one  in  question  is  not 
in  that  predicament.  The  width  and  height  of  the  prlnci])al  rooms  is  16  ft.,  and  they  are 
separated  by  others  only  8 ft.  wide,  so  that  the  width  which  each  wall  se])arates  is  25.i  ft., 
and  their  thickness  consequently  should  be  ~’  = 13  in.  loline.s.  The  walls,  as  executed^, 
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are  14  in.  in  thickness,  'I’lie  exterior 
walls  heinsz-  24  ft.  lii<;l),  and  the  depth  of 
the  huildin_£r  46  ft.  Their  thickness  by 
the  rule  should  be  17^  in.  : they  are  18  in. 

On  passing  the  Metropolitan  Riiihl- 
ing  Act  in  18.'55,  previous  to  which 
the  thicknesses  of  walls  depended  on 
buildings  falling  within  certain  classes  or 
rates,  we  had  the  satisfaction  of  advising 
the  Government  to  adopt  the  thicknesses 
of  walls  now  directed  to  he  used.  These 
are  based  upon  rules  deduced  from  sec- 
tions \5i2  tt  seq.  Inasmuch,  however,  as 
it  was  thought  that  builders  might  he 
liable  to  mistakes  in  extracting  the  square 
root  of  the  sum  of  the  squares  of  the 
heights  and  lengths  of  walls,  tables  were 
inserted  in  the  Act  to  meet  all  cases. 

Generally  the  formula  t = will  he  a useful  guide  in  adjusting  the  thickness  of  walls, 
in  which  t = thickness,  h and  I respectively  the  height  and  length,  d the  diagonal  formed 
l)y  the  height  and  length,  and  n a constant  determined  hy  the  nature  of  the  building.  In 
the  tables  for  dwelling-houses,  the  constant  multiplier  {n)  used  was  22;  for  warehouse.s,  20. 
And  but  for  the  interference  in  committee  of  the  present  Right  Hon.  Member  for 
Oxfordshire  (Mr.  Henley),  for  what  scientific  reasons  it  is  difficult  to  say,  the  constant 
multiplier  for  public  buildings  wmuld  have  been  18. 

When  h is  less  than  the  constants  are  27,  23,  and  20  respecUvely. 


Of  the  Stabiliti/  of  Piers  or  Points  of  Support. 


1.563.  Let  A BCD  {fg.  610.)  be  a pier  with  a square  base  whose  resistance  is  required 
in  respect  of  a power  at  M acting  to  overturn  it 
horizontally  in  the  direction  MA,  or  obliquely  in 
that  of  NA  upon  the  point  D.  Considering  the 
solid  reduced  to  a plane  passing  through  G,  the 
centre  of  gravity  of  the  ])ier,  and  the  point  D, 
that  upon  which  the  power  is  supposed  to  cause 
it  to  turn,  let  fall  from  G the  veitical  cutting  the 
base  in  I,  to  which  we  will  suppose  the  weight  of 
the  pier  suspended,  and  then  supposing  the  pier 
removed,  we  only  have  to  consider  the  angular 
lever  BDIor  HDI,  whose  arms  are  determined 
by  perpendiculars  drawn  from  the  fulcrum  D, 
in  one  direction  vertical  with  the  weight,  and  in 
the  other  perpendicular  to  the  direction  of  the 
power  acting  upon  the  pier,  according  to  the 
theory  of  the  lever  explained  in  a previous  section. 

1564.  The  direction  of  the  weight  R being  always  represented  by  a vertical  let  fall  from 
the  centre  of  gravity,  the  arm  of  its  lever  ID  never  changes,  vvhatever  the  direction  of  the 
power  and  the  height  at  which  it  is  applied,  wdiilst  the  arm  of  the  lever  of  the  power  varies 
as  its  position  ancl  direction.  That  there  may  be  equilibrium  between  the  effort  of  the 
power  and  the  resistance  of  the  pier,  in  the  first  case,  when  the  power  iM  acts  in  an  hori- 
zontal direction,  we  have  M : R::ID  : DB,  whence  M x DB=Rx  ID  and  M = 

If  the  direction  of  the  power  be  oblique,  as  NA  in  the  case  of  an  equilibrium,  N ; Ri;  ID 
: DII ; hence  N x DH  = R x 1 D and  N = 

1 .565.  Applying  this  in  an  example,  let  the  height  of  the  pier  be  1 2 ft.,  its  width  4 ft. , and 
its  thickness  1 ft.  The  weight  R of  the  pier  may  be  represented  by  its  cube,  and  is  there- 
fore 12x4x1  =48.  The  arm  of  its  lever  ID  will  be  2,  and  we  will  take  the  horizontal 
power  M represented  by  DB  at  1 2 ; with  these  values  we  shall  have  M ; 48  : ; 2 ; 1 2 ; hence 
M X 12  = 48  X 2 and  M=^^  = 8. 

That  is,  the  effort  of  the  horizontal  power  M should  be  equal  to  the  weight  of  8 cube 
feet  of  the  materials  whereof  the  pier  is  composed,  to  be  in  equilibrium. 

1.566.  In  respect  of  the  oblique  power  which  .acts  in  the  direction  NA,  supposing  DH 


= 7 j,  we  have  N ; 48  : ; 2 


7^,  whence  N x 71=  18  x 2,  therefore  N = 


48  X 2 


= 1 .3^,  whilst  the 
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expression  of  tlic  horizontal  power  M was  only  8 ft.  ; hut  it  must  he  observed,  that  the  arm 
of  the  lever  is  12,  whilst  that  of  the  ])ower  N is  hut  7i  ft.  ; but  1 3^  x 71  = 8 x 12  = 9h, 
which  is  also  equal  to  tlie  resistanee  of  the  pier  expressed  by  1 2 x -1  x 2 = 9h‘  It  is  more- 
over essential  to  observe,  that,  considering  the  power  NA  as  the  result  of  two  others,  M .\ 
and  FA,  the  first  acting  horizontally  from  M against  A,  tends  to  overthrow  the  pier  ; whilst 
the  second,  acting  vertically  in  the  direction  FA,  partly  modifies  this  effect  by  increasing  the 
resistance  of  the  pier. 

1567.  Suppose  the  power  NA  to  make  an  angle  of  5.3  degrees  with  the  vertical  A F, 
and  of  37  degrees  with  the  horizontal  line  AAI ; then 

NA  : FA  : MA::rad.  : sin.  37  deg.  : sin.  .53  deg.  ::6  : 10  ; 8. 

Hence,  NA  being  found  =13i\,  we  have  6 I I 8 : : 1 3^  ; 8 ; lOij. 

Whence  it  is  evident  that,  from  this  resolution  of  the  power  NA,  the  resistance  of 
the  pier  is  increased  by  the  effort  of  the  power  FA  = 8,  which,  acting  on  the  point  A in  the 
direction  FA,  will  make  the  arm  of  its  lever  Cl)  = 4,  whence  its  effort  =8  x 4 = 32. 

1568.  The  resistance  of  the  pier,  being  thus  found  =96,  becomes  by  the  effort  of  the 
power  F A = 96  + 32  = 1 28. 

1569.  The  effort  of  the  horizontal  power  iM  being  I0|,  and  the  arm  of  its  lever  being 
always  12,  its  effort  128  will  be  e(|ual  to  the  resistance  of  the  pier,  which  proves  that  in 
this  resolution  we  have,  as  before,  the  effoit  and  the  resistance  ecjual.  The  application  of 
this  proposition  is  extremely  useful  in  valuing  exactly  the  effects  of  parts  of  buildings 
which  become  stable  by  means  of  obli{|ue  and  lateral  thrusts. 

1570.  If  it  be  rerjuired  to  know  what  should  be  the  increa.sed  width  of  the  pier  to  coun- 
terpoise the  vertical  effort  FA,  its  expression  must  be  divided  by  ID,  that  is,  8x2,  which 
gives  4 for  this  increased  length,  and  for  the  expi-ession  of  its  resistance  (12  + 4)  x 4 x 2 
= 1 28,  as  above. 

1571.  If  the  effort  of  the  power  be  known,  and  the  thickness  of  a pier  or  wall  wh  se 
height  is  known  be  .sought  so  as  to  resist  it,  let  the  power  and  parts  of  the  pier  be  repre- 
sented by  different  letters,  as  follows.  Calling  the  jrower  the  height  of  the  pier  d,  the 
thickness  sought  x;  if  the  power  p act  in  an  horizontal  dii'ection  at  the  extremity  of  the 
wall  or  pier,  its  expression  will  be  p x d.  The  reslsiance  of  the  pier  will  be  expressed  by  its 
area  multiplied  by  its  arm  of  lever,  that  is,  ri  x x x ^ ; and  supposing  equilibrium,  as  the 
resistance  must  be  equal  to  the  thrust,  we  shall  have  the  equation  px.d  = dxxx*^.  Both 
sides  of  this  equation  being  divisible  by  d,  we  have  ;>  = a’  x 5 ; and  as  the  second  term  is 
divided  by  2,  we  obtain  2p  = x x .r  or  x"~ ; that  is,  a square  whose  area  =2;>,  and  of  which  x 
is  the  side  or  root,  or  x=  V2p,  a formula  which  in  all  cases  expresses  the  thickness  to  be 
given  to  the  pier  CD  to  resist  a power  M acting  on  its  upper  extremity  in  the  horizontal 
direction  M A. 

1572.  In  this  formula,  the  height  of  the  pier  need  not  be  known  to  find  the  value  of  a-, 
b*>cause  this  height,  being  common  to  the  pier  and  the  arm  of  the  lever  of  the  power,  docs 
nut  alter  the  result ; for  the  cube  of  the  pier,  which  represents  its  weight,  increases  or  di- 
minishes in  the  same  ratio  as  the  lever.  Thus,  if  the  height  of  the  pier  be  12,  15,  or  24  ft., 
its  thickness  will  nevertheless  be  the  same. 

Example.  — If  the  horizontal  power  expressed  by  p in  the  formula  x=  Vdp  be  8,  we 
have  x=  -v/16  = 4 for  the  thickness  of  the  pier.  Whilst  the  power  acting  at  the  extremity 
of  the  pier  remains  the  same,  the  thickness  is  sufficient,  whatever  the  height  of  the  pier. 
Thus  for  a height  of  12  ft.  the  effort  of  the  power  will  be  8 x 12  = 96,  and  the  resistance 
12  X 4 X 2 = 96.  If  the  pier  be  15  ft.  high,  its  resistance  will  be  15  x 4 x 2 = 120,  and  the 
effort  of  the  power  8 x 15  = 120.  Lastly,  if  the  height  be  24  ft.,  the  resistance  will  be 
24  X 4 X 2 = 1 92,  and  the  effort  of  the  power  8 x 24  = 1 92. 

1573.  If  the  point  on  which  the  horizontal  force  acts  is  lower  than  the  wall  or  pier,  the 
difference  may  be  represented  by  /;  and  then  p x (d—/)  = d x .r  x ^ 

Which  becomes  2pd  — 2p/  = dx~  and  2p  — ^^^-—x^  j 

Lastly  X = \/ 2p  — 

Suppose  p = 9 . f=6  and  d = 1 2, 

the  formula  becomes  x = ^9  = 3,  which  is  the  thlckne.ss  sought. 

1574.  When  the  power  NA  is  oblique,  the  thickness  may  be  equally  well  found  by  tlie 
arm  of  lever  DII,  by  resolving  it  into  two  force.s,  as  before.  1 hus,  in  tlie  case  of  the  obliijue 
power  ;j  = 13j,  calling /its  arm  of  lever  7f,  we  shall  have  p x /=^^‘>  which  will  become 

= 2-,  whence  .r=  ///;  in  which,  substituting  the  known  values,  we  have  x=  ^ 2xl3|x7| 

_ V 

whence  x=  n^16  = 4,  the  thickness  sou'/ht  of  the  j)ier. 
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1575  In  resolving  the  obFujiie  effort  NA  into  two  forces,  whereof  one  MA  tends  to 
overturn  the  pier  hy  acting  in  an  horizontal  direction,  and  tlie  other /A  to  strengthen  it  by 
acting  vertically,  as  before  observed  ; let  ns  represent  the  horizontal  effort  MA  hyp;  its 
arm  of  lever,  equal  to  the  height  of  the  pier,  by  d ; the  vertical  effort  /A  by  n ; the  arm  of 
lever  of  tlie  last-named  effort,  being  the  thickness  sought,  will  be  x ■,  from  wliich  we  ha\e 
the  equation 

pd  = + nx,  or  2/>=  x-  4- 

1576.  As  the  second  member  of  tills  equation  is  not  a perfect  square,  let  there  be  added 
to  eacli  side  the  term  wanting,  that  Is,  the  square  the  half  of  the  quantity  which 


multiplied  x in  tlie  second  term,  whence 

-P  + l 


n 

d’ 


157  7.  The  second  member,  by  this  addition,  having  become  a square  whose  root  is  a’ + 
7 ^ 

we  shall  l.ave  x + ^ — . / 2p  and  lastly  x = ^ 2p  4-  — will  be  tiic  general  formula 

for  finding  the  tliickness  x. 


Application  of  the  Formula. 

1 578.  Let  /)  = 1 0^,  n = 8,  d=l2.  Substituting  these  values  in  the  formula,  it  will  become 

= Viol  X 2 + ^21  • + 4-2=  y2lTPi  = 4. 

1579.  If,  for  proof,  we  wish  to  calculate  the  expression  of  the  resistance,  by  placing  in  the 
eijuation  of  equilibrium  2pd  = dx^^  x nx,  the  valuesof  the  quantities/),  d,  and  x,  above  found, 
we  shall  have 

10§xl2  = 12  X 4x24-8  = 1 28,  as  was  previously  found  for  F A. 

1 580.  From  the  preceding  rules,  it  appears  that  all  the  effects  whose  tendency  is  to  destroy 
an  edifice,  arise  from  weight  acting  in  an  inverse  ratio  to  the  obstacles  with  which  it  meets. 
When  heavy  bodies  are  merely  laid  on  one  another,  the  result  of  their  efforts  is  a simple 
pressure,  capable  of  producing  settlement  or  fracture  of  the  parts  acted  upon. 

1581.  Foundations  whose  bases  are  spread  over  a much  greater  extent  than  the  walls 
imposed  upon  them,  are  more  susceptible  of  settlement  than  of  crushing  or  fracture.  But 
isolated  points  of  supj)ort  in  the  upper  parts,  which  sometimes  carry  great  weights  on  a 
small  superficies,  are  susceptible  both  of  settlement  and  crushing,  whilst  the  weight  they 
have  to  sustain  is  greater  than  the  force  of  the  materials  whereof  they  are  formed ; which 
renders  the  knowledge  of  the  strength  of  materials  an  object  of  consequence  in  construction. 
Till  of  late  years  it  was  not  thought  necessary  to  pay  much  attention  to  this  branch  of 
construction,  because  most  species  of  stone  are  more  than  sufficiently  hard  for  the  greatest 
number  of  cases.  Thus,  the  abundant  thickness  which  the  ancients  generally  gave  to  all 
the  parts  of  their  buildings,  proves  that  with  them  this  was  not  a subject  of  consideration; 
and  the  more  remotely  we  go  into  antiquity,  the  more  massive  is  the  construction  found  to 
be.  At  last,  experience  taught  the  architect  to  make  his  buildings  less  heavy.  Colum.ns, 
which  among  the  Egyptians  were  only  5 or  6 diameters  high,  were  carried  to  9 diameters 
by  the  Greeks  in  the  Ionic  and  Corinthian  orders.  The  Romans  made  their  columns  still 
higher,  and  imparted  greater  general  lightness  to  their  buildings.  It  was  under  the  reign 
of  Constantine,  towards  the  end  of  the  empire,  that  builders  without  taste  carried  their 
boldness  in  light  construction  to  an  extraordinary  degree,  as  in  the  ancient  basilicae  of 
St.  Peter’s  at  Rome  and  St.  Paolo  fuori  le  mura.  Later,  however,  churches  of  a different 
character,  and  of  still  greater  lightness,  were  introduced  by  the  Gothic  architects. 

1.582.  The  invention  and  general  use  of  domes  created  a very  great  load  upon  the  sup- 
porting piers;  and  the  earlier  architects,  fearful  of  the  mass  to  be  carried,  gave  their  piers 
an  area  of  base  much  greater  than  was  required  by  the  load  supported,  and  the  nature  of 
the  stone  used  to  support  it.  They,  moreover,  in  this  respect,  did  little  more  than  imitate 
one  another.  The  piers  were  constructed  in  form  and  dimensions  suited  rather  to  the 
arrangement  and  decoration  of  the  building  that  was  designed,  than  to  a due  apportion- 
n\ent  of  the  size  and  weight  to  the  load  to  be  borne  ; so  that  their  difference  from  one 
another  is  in  every  respect  very  considerable. 

The  piers  bearing  the  dome  of  St.  Peter’s  at  Rome  are  loaded  with  a weight  of  14-964 
tons  for  every  superficial  foot  of  their  horizontal  section. 

The  piers  bearing  the  dome  of  St.  Paul’s  at  London  are  loaded  with  a weight  of  17*705 
tons  for  every  superficial  foot  of  their  horizontal  section. 

The  piers  bearing  the  dome  of  the  Hospital  of  Invalids  at  Paris  are  loaded  with  a weight 
of  13*598  tons  for  every  superficial  foot  of  their  horizontal  section. 

The  piers  bearing  the  dome  of  the  Pantheon  (St.  Genevijve)  at  Pans  are  loaded  with  a 
weight  of  26  *934  tons  for  every  superficial  foot  of  their  horizontal  section. 

The  columns  of  St.  Paolo  fuori  le  mura,  near  Rome,  are  h)adeci  with  a weight  of  18-123 
tons  for  every  superficial  foot  of  their  horizontal  section. 
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In  the  churcli  of  St.  IM^ry,  tlie  jners  of  the  tower  are  loaded  with  upwards  of  27  tons  to 
the  superticial  foot.  With  siicli  a discrepancy,  it  Is  difficult  to  say,  wiihout  a most  per- 
fect knowledge  of  the  stone  employe  d,  wliat  should  he  the  exact  weight  per  foot.  The 
dome  of  the  Hospital  of  the  Invalids  seems  to  exhibit  a maximum  of  pier  in  relation  to 
the  weight,  and  that  of  the  Pantl'eon  at  Paris  a minimum.  'Ihe  weakest  sandstones 
(used  in  building)  will  liear  a compression  of  120  tons  per  foot,  wldle  ordinary  building 
stones  lange  from  140  to  500  tons  per  square  foot  ; granites  and  traps  700  or  8(^0  tot.s 
per  S(juare  foot  ( BuUding  Constriictimi,  1 87  9,  jiart  .8,  p.  8),  Stones  in  some  form  of  arches, 
letainlng  walls,  &c.,  are  more  liable  to  lie  crushed  by  reason  of  the  pressure  be  ng  con- 
centrated upon  certain  points;  and  walls  wherein  diflerint  qualities  of  stone  are  used 
are  Mil'jecled  to  strains  by  reason  of  inferior  stones  decaying,  leaving  their  duty  to  be 
taken  by  others  of  better  quality.  Settlements  in  a wall  bring  on  strains  not  expected. 

Ratio  of  the  Points  of  Support  in  a Building  to  its  total  Superjicies. 

1.58.8.  In  the  pages  immediately  preceding,  we  have,  with  Rondelet  for  our  giiiuc, 
ex])lained  the  principles  whereon  depend  the  stabilities  of  walls  and  points  of  support,  with 
their  application  to  diderent  sorts  of  buildings.  Not  any  point  relating  to  construction  is 
of  more  importance  to  the  architect.  Without  a knowledge  of  it.  and  the  mode  of 
even  generating  new  styles  from  it,  he  is  nothing  more  than  a pleasing  draughtsman 
at  the  best,  whose  elevations  and  sections  may  be  very  captivating,  but  who  must  be  con- 
tent to  take  rank  in  about  the  same  degree  as  the  portrait  painter  does  in  comparison  with 
him  who  paints  history.  We  subjoin  a table  of  great  instruction,  showing  the  ratio  of  the 
points  of  support  to  the  total  superficies  covered  in  some  of  the  principal  buildings  of 
Europe.  It  exhibits  also  the  com})arative  sizes  of  the  diflercnt  buildings  named  in  it. 
Table  showing  the  ratio  of  the  Walls  and  Points  of  Support  of  the  principal 
Edifices  of  Europe  to  the  total  Area  which  they  occupy. 


Names  of  Edifices. 

Total  Area 
of  tlie  lluild- 
iiij;  ill  liii^lish 
superficial 
feet. 

Total  Area 
of  the  Points 
of  Support 
in  Enplisli 
superficial 
feet. 

Ratio  in 
Thousandths 
of  tlie  Points 
of  Sujiport  to 
tlie  total 
Area. 

The  Pantheon  at  Rome 

_ 

_ 

.34,328 

7,954 

0-2.32 

Temple  of  Peace  at  Rome 

- 

- 

67,123 

8,571 

0-127 

Great  temple  at  PaRStum 

- 

- 

1 5,353 

2,649 

0-172 

Ancient  temple,  Galuzzo,  at  Rome 

- 

- 

9,206 

2,167 

0-2.35 

Temple  of  Concord,  Girgenti,  Sicily 

- 

- 

6,849 

1 ,3.30 

0-194 

Temple  of  Juno  Lucina,  Sicily 

- 

- 

6,821 

1,110 

0-163 

Central  building  of  the  baths  of  Caracalla 

- 

275,503 

48,911 

0-176 

Central  building  of  the  baths  of  Diocletian 

- 

351,6.36 

58,797 

0-167 

Teinjile  of  Claudius  at  Rome,  now  < 

church 

of 

S.  Stefano  - - - 

- 

- 

36,726 

2,051 

0-056 

' IVIosque  of  S.  Sophia  at  Constantinople 

- 

103,200 

22,567 

0-217 

Basilica  of  S,  Paolo  fuore  le  mura 

(Rome), 

1816 

- 

- 

106,513 

12,655 

0-118 

Duomo  of  S.  Maria  del  fiore  at  Florence 

- 

84,802 

1 7,0.30 

0-201 

Duomo  of  S.  IVIaria  del  fiore  at  Milan 

_ 

1 25,853 

21,6.35 

0-169 

St.  Peter’s  at  Rome,  as  executed 

- 

- 

227,069 

59,.308 

0-261 

St.  Peter’s  at  Rome,  as  projected  by  Bramante 

213,610 

46,879 

0-219 

i Church  of  S.  Vitale  at  Ravenna 

- 

- 

7,276 

1,142 

0-157 

Church  of  S.  Pietro  a Vlncola,  Rome 

- 

- 

21,520 

.3,353 

0-155 

1 Church  of  S.  Sabino  — destroyed 

- 

- 

1.5,139 

1,.54.3 

0-100 

1 Church  of  S.  Domenico,  Palermo 

- 

- 

34,144 

4,988 

0-146 

Church  of  S.  Giuseppe,  Palermo 

- 

- 

26,046 

.3,61 1 

0-139 

Church  of  S.  Filippo  Neri,  Naples 

- 

- 

22,826 

2,944 

0-129 

Church  of  St.  Paul’s,  London 

- 

- 

84,025 

14,311 

0-170 

Church  of  Notre  Dame,  Paris 

- 

- 

67,343 

8,784 

0-140 

Hotel  of  the  Invalids,  Paris 

- 

- 

29,003 

7,790 

0-268 

Cb.urch  of  S.  Sulpice,  Paris 

- 

- 

60,760 

9,127 

0-151 

Chuich  of  S.  Genevieve,  Paris 

- 

- 

60,287 

9,269 

0-154 

1583a.  It  will  be  manifest,  that  as  tliese  jioints  of  siqiport  are  diminished  in  area,  in 
respect  of  the  mass,  so  is  a greater  degree  of  skill  exhibited  in  the  work.  From  the  fol- 
lowing table,  it  will  be  seen  that,  in  seventeen  celebrated  medituval  edifices,  the  ratio  of 
their  points  of  support  to  their  whole  areas  varies  from  "1 16  to  '238,  nearly  double.  It  is 
curious  to  observe  tlie  bigh  rank  borne  in  this  table  by  Henry  VII, ’s  chapel  ; generally, 
skill  seems  to  have  incrca.sed  with  greater  experience:  — 
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Ttiiilding. 

Ceiitur}-. 

Part  of  Century. 

Ratio  of 

Points  of  Support 
to  their  wliole  areas. 

Henry  VI I. ’s  Chapel 

. 

. 

16 

First 

0-116 

Freiburg  Dom 

- 

- 

13 

Second 

0-1.33 

Notre  l)ame,  Paris 

- 

13 

Second 

0-140 

King’s  College  Chapel, 

Can 

ibridge 

15 

Second 

0-152 

.Milan  Duomo 

- 

14 

Second 

0-169 

York  Cathedral  - 

- 

- 

13 

Second 

0-174 

\VestmInstcr  Ahbey 

- 

- 

13, 

Second 

0178 

'femule  Cliurch  - 

- 

i 

1 5 

Second 

0 185 

Ely  Cathedial 

- 

. 1 

13 

Secor.d 

01S8 

Gloucester  Cathed'al 

. 

- 

1 1 

Second 

0188 

I Salisbury  Cathedral 

- 

- 

13 

First 

01  90 

Florence  Duomo 

- 

- 

15 

First 

0-301 

Lincoln  Catliedral 

- 

- 

13 

Second 

0-302 

Worcester  Cathedral 

- 

- 

13 

First 

0-208 

Marburg  Dom 

- 

.. 

14 

Second 

0-218 

Canterbury  Cathedral 

- 

- 

13 

Second 

0-335 

j Norwich  Cathedral 

- 

- 

13 

First 

0-238 

15836.  Led  by  Le  Brun  (Theorie  de  1' Arch  I feature,  &c.  fol.  Paris,  1807.\  we  were 
many  years  ago  induced  to  inquire  into  tlie  doctrine  of  voids  and  solids  in  the  Greek 
and  Roman  temples,  and  thougli  we  soon  discovered  that  that  author  had  committed 
manifest  errors  in  his  mode  of  ai)plying  his  tlieory,  there  could  be  no  doul)t  that  if  its 
principles  were  properly  carried  out,  they  would  coincide  with  the  best  examples  both 

ancient  and  mf'dern.  Tlte  study  we  have 
subsequently  bestowed  upon  it  has  not, 
we  regret,  from  various  pressing  occu- 
pations, received  from  us  all  the  atten- 
tion necessary  to  reduce  the  exanqrles 
within  such  bounds  as  to  make  the 
matter  subject  to  certain  laws,  though 
we  think  an  approximation  has  been 
effected  towards  it. 

158.3c.  It  is  to  be  lamented  that, 
among  the  many  and  able  writers  on 
Gothic  architecture,  details,  more  tlian 
principles,  seem  to  have  occupied  their 
minds.  The  origin  of  the  pointed  arch 
seems  to  have  entirely  absorbed  tlie  at- 
tention of  a large  proportion  of  them, 
whilst  others  have  been  mainly  content 
with  discussions  on  the  ])eculiarities  of 
style  at  the  different  periods,  and  watch- 
ing with  anxiety  the  periods  of  transition 
from  one  to  another  Foliage,  mouldings, 
and  the  like,  have  had  charms  for  others  ; 
all,  however,  have  neglected  to  bestow 
a thought  upon  the  grand  system  of 
etjuilibrium  by  which  such  stupendous 
edifices  were  poised,  and  out  of  which 
system  a key  is  to  be  extracted  to  tlte 
detail  that  enters  into  them.  It  is, 
however,  to  be  hoped  that  abler  hands 
than  ours  will  henceforth  be  stimidated 
to  the  work,  such  being  abundant  in  the 
jrrofession  whereof  we  place  ourselves  as 
the  humblest  of  its  members. 

Fig. 610a.  \58?jd..  As  on  the  horizontal  projec- 

tion or  plan  of  a building,  the  ratio  of  the  points  of  support  have  been  above  considered, 
so  in  the  vertical  projection  or  section  of  a building  may  the  ratio  of  the  solids  to  the  voids 
be  compared,  as  well  as  the  ratio  of  the  solids  to  tlie  whole  area.  In  Jiy.  610a.  the  shaded 
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p.irts  represent  the  solids,  which  tlierefore  give  boundaries  of  the  voids.  Worcester  Cathe- 
dral is  the  example  shown.  In  this  mode  of  viewing  a structure,  as  also  in  that  of  the 
points  of  siij^port,  there  is  a minimum  to  which  art  is  confined,  and  in  both  cases  for 
obvious  reasons  there  are  some  dependent  on  the  nature  of  the  materials,  and  others  on 
the  laws  of  statics.  'I  hough  there  may  be  found  some  exceptions  to  the  enunciation  as  a 
general  rule,  it  may  be  safely  as-'umed  that  in  tliose  buildings,  as  in  tlie  case  of  tlie  points 
of  support,  wherein  the  ratios  of  tlie  solids  to  the  voids  in  section  are  the  least,  tlie  ait 
not  only  as  respects  construction,  but  also  in  point  of  magnificence  in  effect,  is  most  ail- 
vantageously  displayed.  In  every  edifice  like  a cathedral,  the  greater  the  space  over  which 
the  eye  can  range,  whether  horizontally  or  veitically,  the  more  imposing  is  its  effect  on  the 
s,  ectator,  provided  the  solids  be  not  so  lessened  as  to  induce  a sensation  of  danger. 

1583e.  The  subjoined  table  contains,  with  the  exception  of  Notre  Dame  de  Paris,  the 
same  buildings  as  tho.se  already  cited.  It  will  be  seen  that  the  latios  of  the  solids  to  the 
voids  varies  from  *47‘2  to  1*118,  a little  less  than  half  to  a little  more  than  a whole.  But 
if  in  their  sections  we  compare  the  ratios  of  the  solids  to  the  whole  area,  there  results  a set 
of  numbers  varying  from  *321  to  *528,  and  that  nearly  following  the  order  of  the  ratios  of 
the  points  of  support. 

TABLE  OF  VERTICAL  SOLlOS  AND  VOIDS. 


Building. 

Century. 

Part  of 
Century. 

Ratio  of 
Solids  to  Area. 

Ratio  of 
Solids  to  Voids. 

Salisbury  Cathedral 

_ 

13 

First 

0*321 

0*172 

Marburg  Dom 

- 

14 

Second 

0-,335 

0*503 

Norwich  Cathedral 

- 

12 

First 

0*376 

0*603 

Worcester  Cathedral 

- 

13 

First 

0*.188 

0 633 

Milan  Duomo 

- 

14 

Second 

0-393 

0*648 

Temple  Church  - 

- 

13 

Second 

0*395 

0 648 

Gloucester  Cathedral 

- 

14 

Second 

0-403 

0-674 

King’s  College  Chapel 

- 

15 

Second 

0*419 

0-722 

York  Cathedral 

- 

13 

Second 

0*421 

0-729 

Westminster  Abbey 

- 

13 

Second 

0-440 

0 980 

Henry  VII.’s  Chapel 

- 

16 

First 

0-457 

0-648 

Freiburg  Dom 

- 

13 

Second 

0*478 

0-916 

Canterbury  Cathedral 

_ 

12 

Second 

0-496 

0-904 

Ely  Cathedral 

- 

12 

Second 

0-498 

1-000 

Lincoln  Cathedral 

- 

12 

Second 

0*499 

] -000 

Florence  Duomo  - 

- 

15 

First 

0-528 

1-118 

Though  the  coincidence  between  the  ratios  of  increase,  in  the  points  of  support,  does  not 
run  quite  concurrently  with  the  ratios  of  the  solids  and  the  areas  in  comparing  the  cathe- 
drals of  the  different  centurie.s,  yet  sufficient  appears  to  show  an  intimate  connection  be- 
tween them.  Where  the  discrejfancy  occuis,  the  points  of  support  seem  inversely  set  out. 
Such,  for  instance,  will  be  seen  in  Ely  Cathedral,  wherein,  though  the  ratio  of  the  solids  to 
the  voids  in  section  is  as  high  as  1 (or  ratio  of  equality),  that  of  the  points  of  support  is  as 
low  as  0*182,  so  that  the  space,  or  airiness,  which  is  lost  in  the  former,  is  compensated  by 
the  latter.  Generally  speaking,  however,  the  points  of  support  diminish  as  the  orna- 
ment of  the  style  increases.  Thus,  in  Norwich  Cathedral  (the  nave),  of  the  early  part  of 
the  twelfth  century,  the  ratio  of  the  points  of  support  is  0*238,  that  of  the  solids  to  tlu 
voids  being  0'603  ; while  at  Salisbury  (latter  part  of  the  thirteenth  century)  the  ratio  of 
the  points  of  support  is  only  0*190,  and  that  of  the  solids  to  the  voids,  0-472. 

From  the  foregoing  examination,  there  can  scarcely  exist  a doubt  that  the  first  and  lead- 
ing lines  of  these  fabrics  were  based  upon  a geometrical  calculation  of  extremely  simj)le 
nature,  but  most  rigidly  adhered  to.  Thus,  taking  a single  bay  in  the  nave,  say,  from 
centre  to  centre,  and  ascertaining  the  area,  that  has  only  to  be  multiplied  by  the  ratio,  to 
give  the  superficies  necessary  for  the  points  of  support,  which,  as  the  tables  indicate,  were 
diminished  as  experience  taught  they  might  be.  These  matters  then  being  adjusted,  and 
falling  as  they  might,  the  system  of  ornamentation  was  applied  altogether  subsidiary  to  the 
great  and  paramount  consideration  of  stability. 

1583/.  A very  ingenious  writer  and  skilful  architect  (Mr.  Sam.  Ware),  some  years  ago, 
took  great  trouble  to  deduce  the  stability  of  the  buildings  in  question,  from  the  gencri  1 
mass  of  the  walls  and  vaulting  containing  within  them  some  hidden  catenarian  curve,  if 
such  were  the  case,  which  can  hardly  be  admitted,  in  as  much  as  a chain  for  such  purpose 
might  be  made  to  hang  in  all  of  them,  it  is  quite  certain  this  property  was  unknown  to 
those  who  erected  them.  Dr.  Hooke  was  the  first  who  gave  the  hint  that  the  figure  of  a 
flexible  cord,  or  chain,  suspended  fioin  two  points,  was  a proper  form  for  an  arch. 


412 


THEORY  OF  ARCHITECTURE. 


Book  II. 


Pressure  of  Earth  against  Walls. 

1584.  It  is  not  our  intention  to  pursue  this  branch  of  the  practice  of  walling  to  any 
extent,  the  deteriuination  of  the  thick.ness  of  walli  in  this  prejicament  being  more  useful, 
perhaps,  to  tlie  engineer  than  to  the  architect.  We  shall  tlierefore  be  contented  with  hut 
a concise  mention  of  it,  Rondelet  has  ( with,  as  we  consider,  great  judgment)  adopted  the 
theory  of  Bell  dor,  in  his  Science  rks  Inyeniears,  and  we  shall  follow  him.  Without  the 
slightest  disrespect  to  later  authors,  we  know  from  our  own  practice  that  walls  of  recite' 
ment  may  be  built,  with  security,  of  much  less  tliickness  tlian  either  the  theories  of  Belidor 
or,  latterly,  of  modern  writers  require.  We  entirely  leave  out  of  the  question  the  rubs 
of  Dr.  Hutton  in  his  Matliematics,  as  absurd  and  incomprehensible.  (Dobson,  Art  of 
Building,  1849,  preface,  writes,  “ from  neglecting  to  take  into  consideration  the  friction 
of  the  earth  against  the  back  of  the  wall,  the  rules  given  by  many  writers  are  inapplicable 
to  practice;  ” and  to  Gwilt’s  observation  on  Dr.  Hutton  he  says,  “ Dr.  Hutton’s  formulre 
are  strictly  correct,  and  only  require  the  correction  for  friction  to  make  them  agree  with 
modern  practice.”)  The  fact  is  that,  in  carrying  up  walls  to  sustain  a bank  of  earth,  the 
earth  must  be  carefully  rammed  down,  layer  by  layer,  as  tlie  wall  is  carried  up,  so  as  to 
prevent  the  weiglit  of  the  earth,  in  a triangular  section  pressing  upon  the  wall,  which  is 
tlie  foundation  of  all  the  theory  on  the  subject  If  tliis  precaution  be  taken,  the  thickness 
resulting  from  the  following  investigations  will  be  more  than  sufficient, 

1585.  Earth  left  to  itself  takes  a slope  proportionate  to  its  consistence;  but  for  our 
purpose  it  will  sufficiently  exhibit  the  nature  of  the  investigation,  to  consider  the  substance 
pressing  against  the  wall  as  dry  sand  or  pounded  freestone,  which  will  arrange  itself  in  a 
slope  of  about  55^°  with  the  vertical  plane,  and  therefore  of  341*^  with  an  horizontal  plane, 
as  Rondelet  found  to  be  the  case  when  experimenting  on  the  above  materials  in  a box,  one  of 
who.se  sides  was  removable.  Ordinarily,  45°  is  taken  as  the  mean  slope  into  which  earths 
recently  thrown  up  will  arrange  therhselves. 

1586.  Belidor,  in  order  to  form  an  estimate  for  the  thrust  or  pressure  into  which  we  are 
inijuiring,  divides  the  triangle  EDF  {Jig.  61  i.)  representing  the  mass  of  earth  which 
creates  the  thrust,  by  parallels  to  its  base 
ED,  forming  slices  or  sections  of  ecpial 
thickness  and  similar  form  ; whence  it 
follows,  that,  taking  the  first  triangle  uYb 
as  unity,  the  second  slice  will  be  3,  the 
third  5,  the  fourth  7,  and  so  on  in  a pro- 
gression whose  difference  is  2. 

1587.  Each  of  these  sections  being 
supposed  to  slide  upon  an  inclined  plane 
parallel  to  ED,  so  as  to  act  upon  the  face 
FD,  if  we  multiply  them  by  the  mean 
height  at  which  they  collectively  act,  the 
sum  of  the  products  will  give  the  total 
effort  tending  to  overturn  the  wall  ; but  as  this  sum  is  equal  to  the  prodfict  of  the  whole 
triangle  by  the  height  determined  by  a line  drawn  from  its  centre  of  gravity  parallel  to 
the  base,  this  last  will  be  the  method  follow^ed,  as  much  less  complicated  than  that  which 
Belidor  adopts,  independent  of  some  of  that  author's  suppositions  not  being  rigorously 
correct. 

1588.  The  box  in  which  the  experiment  was  tried  by  Rondelet  was  16iin.  (French) 
long,  1 2 in.  wide,  and  17.jin.  high  in  the  clear.  As  the  slope  which  the  pounded  free- 
stone took  when  unsupported  in  front  formed  an  angle  with  the  horizon  of  34|°,  the  height 
AE  is  lit,  so  that  the  part  acting  against  the  front,  or  that  side  of  the  box  where  would  be 
the  wall,  is  represented  by  the  triangle  EDF. 

1589.  To  find  by  calculation  the  value  of  the  force,  and  the  thickness  which  should  be 

given  to  the  opposed  side,  we  must  first  find  the  area  of  the  triangle  EDF=  =931  ; 

'nut  as  the  specific  gravity  (or  equal  mass)  of  the  pounded  stone  is  only  of  that  of  the 
stone  or  other  species  of  wall  which  is  to  resist  the  effort,  it  will  be  reduced  to  73l  y -[1  = 81. 
Tins  mass  being  supposed  to  slide  upon  the  plane  ED,  its  effort  to  its  weight  will  be  as 
AE  is  to  ED::ri[  : 20,  or  81  x =45 ‘9,  which  must  be  considered  as  the  oblique 
power  qr  passing  through  the  centre  of  gravity  of  the  mass,  and  acting  at  the  extremity  of 
the  lever  ik.  To  ascertain  the  length  of  the  lever,  upon  whose  length  depends  the  thick- 
ness of  the  side  which  is  unknown,  we  have  the  similar  triangles  qsr,  qho,  and  kio,  whose 
sides  are  proportional : whence  qs  \ sr\  \qh  ho  ; and  as  ko  — hk  — ho,  we  have  qr  ; qs'.’.hk  — 
ho  ; ik. 

Whence,  ,'i  = 

The  three  sides  of  the  triangle  qar  are  known  from  the  position  of  the  angle  q at  the  centre 
of  giavity  of  the  great  triangle  EFD,  whence  each  of  tlie  sides  of  the  small  triangle  is 
0([iul  to  one  third  of  those  of  the  larger  one,  to  which  it  is  correspondent. 
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Thus,  making  the  side  qr  = a, 

(js  = b, 
rs  — c, 

The  unknown  side  s/i=x, 

hk  = f, 

'I'he  pressure  45 ’9  found 

The  height  DF  =d. 

We  have  b I c\\b  + x = ho,  and  hk  — ho  wiL  be  f ’ 


To  obtain  ik,  we  have  the  proportion  a \ b\ ^ I ik. 

Whence  = ; so  that  the  pressure  p x ih  is  represented  by  p 1°  wliicti 

the  resistance  expressed  by  e<iuilibrate. 

™ I . , dx^  fbf—bc—cx^  o ‘2pU>f—hc), 

Thus  the  equation  becomes  =P\  '' — ^ y’  or  a--  + 

For  easier  solution,  make  = and  ^j  = 2n,  and  we  have  x2  + 2wa  = 2m,  an 

equation  of  the  second  degree,  which  makes  x=  V2rn  + n^  —n,  which  is  a general  formula 
for  problems  of  tliis  sort. 

Returning  to  the  values  of  the  known  quantities,  in  which 

/=7| 

b^5k  ;^  = 45-|^ 

c^3i| 

m=pb  becomes  m — 4.5‘9  x 5s  x ^ = 1 2‘70  and  2ni  — 25'4  ; 

n = -^,  becomes  n ^ — |A'1—  ■=2-28  and  =5-20. 
ad  lo'oo 

From  the  above,  then,  the  formula  x=  2m  + ?l'^  —n  becomes  a = A 25  -4  + 5 -20  — 2 -28  = 
3-22,  a result  which  was  confirmed  by  the  experiment,  inasmuch  as  a facing  of  the  thick- 
ness of  3|  inches  was  found  necessary  to  resist  tlie  pressure  of  pounded  freestone.  By 
Belidor’s  method,  the  thickness  comes  out  4^  inches  ; but  it  has  been  observed  that  its 
application  is  not  strictly  correct.  In  the  foregoing  experiment,  the  triangular  part  only 
of  the  material  in  the  box  was  filled  with  the  pounded  stone,  the  lower  part  being  supposed 
of  material  which  could  not  communicate  pressure.  But  if  the  whole  of  the  box  had  been 
filled  with  the  same  material,  the  requisite  thickness  would  have  been  found  to  be  5\  inches 


to  bear  the  pressure.  ^ ^ j , , 

1590.  In  applying  the  preceding  formula  to  this  case,  we  must  first  find  the  area  of  the 

trapezium  B EDF  (>.9.  Cl  2. ), 

which  will  be  found  1 95^  ; b f 

multiplying  this  by  to  re- 
duce the  retaining  wall  and 
the  material  to  the  same  spe- 
cific gravity,  we  have  1 G9k 
This  mass  being  supposed  to 
slide  upon  the  inclined  plane 
E D,  its  effort  parallel  to  that 

plane  will  be  1 95i  x = 

95’76r=p,  Having  found  in 
the  last  formula  that  qs  is  re- 
presented by  b = 6'93,  sr  by 
c = 4'76,  qi-  by  a = 8 -40,  f~ 

11-3,  d-  = ll-5;  the  thickness 
of  the  retaining  wall  becomes 
= sh  — x 


m =pb  xAj  will  be- 


ad 

come,  substituting  the  vafues 
11-3— 4 76 
g 40x17-50 


95-76  X 6-93 


29-52  and  2»i  = 59-04.  n = ^-.  becomes 


9-5-7fix  4'76 
8-40  X 17-60 


= 3-1,  and  n2 


9 "61.  Substituting  these  values  in  the  formula  x=  \^2m  + n2  —n,  we  have  x=  59 '04  + 9'Cl 
— 3-1  =5-2,  a result  very  confirmatory  of  the  theory. 

1591.  In  an  experiment  made  on  common  dry  earth,  reduced  to  a powder,  which  took  a 
slope  of  46°  50',  its  specific  gravity  being  only  ^ of  that  of  the  retaining  side,  it  was  found 
that  the  thickness  necessary  was  3 inches 

1592.  It  is  common,  in  practice,  to  strengthen  walls  for  the  retention  of  earth  with  piers 
at  certain  intervals,  which  are  called  counterforts,  by  which  the  wall  acquires  additional 
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slrengtli  ; but  arter  what  we  have  said  in  the  beginning  of  this  article,  on  the  dependence 
that  is  to  be  jilaced  rather  on  well  ramming  down  each  layer  of  earth  at  the  back  of  the 
wa  1,  supposing  it  to  be  of  ordinary  tliickuess,  we  do  not  think  it  necessary  to  enter  upon 
any  calculation  relative  to  their  employment.  It  is  clear  their  use  tends  to  diminish  tlie 
re(]uisite  thickness  of  the  wall,  and  we  would  ratlier  recommend  the  student  to  apply  him- 
self to  the  knowledge  of  what  has  been  done,  than  to  trust  to  calculation  for  stability, 
though  we  think  the  theory  ought  to  be  known  by  him. 

PaKSSURE  OR  Force  of  Wind  against  Wat.ls,  &c. 

1592a.  Air  rushes  into  a void  with  the  velocity  a heavy  body  would  acquire  by  falling 
in  a bomogeneous  atmosphere.  Air  is  H40  times  lighter  than  water.  The  atmosphere 
sapjinrt.s  water  at  .S3  ft.  ; homogeneous  atmosphere,  therefore,  is  33  x 840  = 27,720  ft.  A 
heavy  body  falling  one  foot  acquires  a velocity  of  eight  feet  per  second.  Velocities  are  as 
tlie  square  roots  of  their  heights.  Therefore  to  find  the  velocity  corresponding  to  any  given 
height,  expressed  in  feet  per  second,  multiply  the  square  root  of  the  height  in  feet  by  8. 
For  air  we  have  V = ^27,720  — 166,493  x 8 = 13  3 2 feet  per  second:  this,  therefore,  is 
tlie  velocity  with  which  common  air  would  rush  into  a void:  or  79  920  feet  per  minute; 
some  say  80,880  feet,  ( Telford’s  Memorandum  Book).  Some  authors  say  that  the  weight 
or  pressure  of  the  atmosphere  is  equal  to  the  w'eig’ot  of  a volume  of  water  34  ft.  in  height ; 
or  14 -7  lbs.  per  square  inch  at  a mean  temperature;  for  air  and  all  (?)  kinds  of  gases  are 
rendered  lighter  by  the  application  of  heat,  because  the  particles  of  the  mass  are  repelled 
from  each  other,  or  rarefied,  and  occupy  a greater  space. 

1592?;.  The  force  with  which  air  strikes  against  a mocing  surface,  or  with  which  the 
wind  strikes  against  a quiescent  surface,  is  nearly  as  the  square  of  the  velocity.  If  /8  be  the 
angle  of  incidence  ; h the  surface  struck  in  square  feet ; and  v the  velocity  of  the  wind  in 
/'eet  per  second  ; then  if  f equals  the  force  in  pounds  avoirdupois,  either  of  the  two  follow- 
ing approximations  may  be  used,  viz.,/=^'  or, /=  •002288y-Ssin-)8.  The  first 

is  the  easiest  in  operation,  requiring  only  two  lines  of  short  division,  viz.,  by  40  and  by 
11.  If  the  incidence  be  perpendicular,  sin^  )8  = 1,  and  these  become/=^  = •032288i;-5. 
(Gregory).  The  force  or  pressure  per  square  foot  in  lbs.,  is  as  the  square  of  the  velocity 
multiidied  by  '0J2288. 


1592c.  Hipui,se  or  the  Wind  on  a Square  Foot. 


Velocity  in  Feet 
Per  Second. 

Impulse  ill  lbs. 

Velocity  in  Feet 
Per  Second. 

Impulse  in  lbs. 

Velocity  in  Feet 
Per  Seco  d. 

Impulse  in  lbs. 

10 

0-229 

60 

8-234 

no 

27-675 

14-67 

0-492 

66-01 

9-963 

117-.36 

31-490 

20 

0-915 

70 

1 1-207 

120 

32-926 

30 

2-0.59 

73-35 

12-300 

130 

38-654 

36-67 

3 075 

80 

14-6.38 

140 

44-830 

40 

3-660 

90 

18-526 

146-70 

49-200 

44-01 

4 429 

100 

22-872 

1.50 

51-462 

50 

5-718 

159^d.  The  resist  ince  of  a sphere  is  stated  not  to  exceed  one-fourth  of  that  of  its 
greatest  circle  'Tredgold,  Carpentry,  and  Iron,  has  minutely  examined  the  effect  of  the 
aI)Ove  forces,  and  the  ])rinciplj  of  forming  the  necessary  resistance  to  them  in  the  construc- 
tion of  walls  and  roofs.  See  FIurricanes.  Where  the  roofs  of  buildings,  as  in  the  country, 
are  exposed  to  rude  gusts  and  storms,  it  is  necessary  to  increase  the  weight  of  the  ridges, 
hips  and  fiasliings. 

1592c.  The  utmost  power  of  the  wind  in  England  is  said  to  he  90  miles  ]ier  hour,  or 
40  lbs.  per  square  foot.  Tredgold  takes  the  force  at  57|  lbs.  per  square  foot.  Dr.  Nichol, 
of  tbe  Glasgow  Observatory,  records  55  lbs.  per  square  foot,  or  *382  lbs.  per  square  inch, 
as  the  greatest  pressure  of  wind  ever  observed  in  Britain  (Rankine,  Civil  Eng.  538). 
During  the  extremely  heavy  gale  of  January  16,  1866,  the  pressure  in  London  was  recorded 
as  33  lbs,  ])er  square  foot;  at  Liverpool  it  was  30  4 lbs.  The  velocity  of  the  wind  on  the 
south  coast  of  England,  during  January  11,  when  it  uprooted  old  elm  trees,  averaged  65 
miles  an  hour;  later  in  the  day  it  was  90  miles  ; the  latter  impetus  is  equal  to  the  40 lbs. 
per  sejuare  foot,  above  mentioned. 

1592/!  Wind  exercises  a tendency  to  overthrow  a building  upon  the  external  edge  op- 
posite to  the  line  of  its  advance,  equivalent  to  the  surface  of  the  face  receiving  the  impul- 
sion mulii])lied  by  the  force  of  the  wind,  and  by  a lever  which  on  the  average  may  be  taken 
to  be  equal  to  half  the  height  of  the  building.  To  secure  the  stability  of  the  latter,  its 
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weight  mullipliod  by  a lever  eq'ial  to  half  the  base  must  exceed  the  sum  of  the  elements  of 
tlie  wind’s  action. 

1592/7.  To  determine  the  pressure  of  wind  in  ]>ounds  per  square  foot,  equal  to  the  sta- 
bility of  a square  stalk,  multiply  the  weight  of  the  stalk  in  pounds,  by  tw.ce  its  width  in 
feet  at  the  base,  and  divide  the  product  by  the  square  of  its  height  in  feet,  and  by  the  sum 
of  its  top  and  bott')m  breadths  in  feet. 

Let  2^  = weight  of  stalk  in  pounds  = 90,000 

/;  = pressure  of  wind  in  pounds  per  stjuare  foot  equal  to  stability  of  stalk 
/i  = height  of  stalk  in  feet  = 50  feet 
5 = breadth  of  stalk  at  base  in  feet  =4  feet 
c = breadth  of  stalk  at  top  in  feet  = 2 feet 

Then  =p  = 48  pounds  per  square  foot.  If  the  stalk  be  circular,  then,  to 

determine  the  })ressure  of  wind,  proceed  as  before,  but  replace  the  breadths  by  the  dia- 
meter. and  multiply  the  result  by  2.  Campin,  Engineers'  Pocket  Remembrancer,  1863. 
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1593.  The  woods  used  for  the  purposes  of  carpentry  merit  our  attention  from  their 
importance  for  the  purpose  of  constructing  solid  and  durable  edifices.  They  are  often 
employed  to  carry  great  weights,  and  to  resist  great  strains.  Under  these  circumstances, 
their  strength  and  dimensions  should  be  proportioned  to  the  strains  they  have  to  resist. 
For  building  purposes,  oak  and  Hr  are  the  two  sorts  of  timber  in  most  common  u.se. 
Stone  has,  doubtless,  the  advantage  over  wood ; it  resists  the  changes  of  moisture  and 
dryness,  and  is  less  susceptible  of  alteration  in  the  mass  ; hence  it  ensures  a stability  which 
belongs  not  to  timber.  The  fragility  of  timber  is,  however,  less  than  that  of  stone,  and  its 
facility  of  transport  is  far  greater.  The  greatest  inconvenience  attending  the  use  of 
timber,  is  its  great  susceptibility  of  ignition.  This  has  led  to  expedients  for  another 
material,  and  it  has  become  greatly  superseded  by  iron. 

1594.  Oak  is  one  of  the  best  woods  that  can  be  employed  in  carpentry.  It  has  all  the 
requisite  jnoperties;  such  as  size,  strength,  and  stiffness.  Oaks  are  to  be  found  ca|  able  of 
furnishing  pieces  60  to  80  ft.  long,  and  2 ft.  square.  In  common  practice,  beams  rarely 
exceecl  36  to  40  ft.  in  length,  by  2 ft.  square. 

1595.  In  regard  to  its  durability,  oak  is  preferable  to  all  other  trees  that  furnish  equal 
lengths  and  .scantlings  : it  is  heavier,  better  resists  the  action  of  the  air  upon  it,  as  well  as 
that  of  moisture  and  immersion  in  the  earth.  It  is  a saying  relating  to  the  oak,  that  it 
grows  for  a century,  lasts  jierfect  for  a century,  and  takes  a century  to  perish.  When  cut 
at  a proper  season,  used  dry,  and  jirotected  from  the  weather,  it  lasts  from  500  to  600 
years.  Oak,  like  other  trees,  varies  in  weight,  durability,  strength,  and  density,  according 
to  the  soil  in  which  it  grows.  The  last  is  always  in  an  inverse  proportion  to  the  slowness 
of  its  growth  ; trees  which  grow  slowest  being  invariably  the  hardest  and  the  heaviest. 

1596.  From  the  experiments  made  upon  oak  and  other  sorts  of  wood,  it  is  found  that 
their  strength  is  proportional  to  their  density  and  weight;  tliat  of  two  pieces  of  the  same 
species  of  wood,  of  the  same  dimension.s,  the  heavier  is  generally  the  stronger. 

1597.  The  weight  of  wood  will  vary  in  the  same  tree;  usually  the  heaviest  portions  are 
the  lower  ones,  from  which  u])wards  a diminution  of  weight  is  found  to  occur.  In  full- 
grown  trees,  however,  this  difference  does  not  occur.  The  oak  of  France  is  heavier  than 
that  of  England;  the  specific  gravity  of  the  former  varying  from  1000  to  1054,  whilst  the 
latter,  in  the  experiments  of  Barlow,  varies  from  770  to  920.  4'lie  weight,  therefore,  of 
an  English  cube  foot  of  French  oak  is  about  .58  English  pounds.  Timber  may  be  said 
to  be  well  seasoned  when  it  has  lost  about  a sixth  part  of  its  Aveight. 

1598.  In  carpentry,  timber  acts  with  an  absolute  and  with  a relative  strength.  For 
instance,  that  called  the  absolute  strength  is  measured  by  the  effort  that  must  be  exerted 
to  break  a piece  of  wood  by  pulling  it  in  the  direction  of  the  fibres.  The  relative  strength 
of  a piece  of  wood  depends  upon  its  jjosition.  '1  hus  a piece  of  wood  placed  horizontally 
on  two  points  of  support  at  its  extremities,  is  easier  broken,  and  with  a less  effort,  than  if 
it  was  inclined  or  upright.  It  is  found  that  a smaller  effort  is  necessary  to  break  the  ])iece 
as  it  increases  in  length,  and  that  this  effort  does  not  decrease  strictly  in  the  inver.se  ratio 
of  the  length,  when  the  thicknesses  are  equal.  For  in.stance,  a jnece  8 ft.  long,  and  6 in. 
square,  placed  horizontally,  bears  a little  more  than  double  of  another,  of  the  same  depth 
and  thickness,  16  ft.  long,  placed  in  the  same  way.  In  re.spect  of  the  absolute  force,  the 
difference  does  not  vary  in  the  same  way  with  respect  to  the  length.  The  following  are 
experiments  by  Rondelet,  to  a.scertain  the  absolute  force,  the  sj^ecimen  of  oak  being  of 
861  specific  gravity,  and  a cube  foot,  therefore,  weighing  4 9 lbs. 
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Cohesive  Force  of  Pieces  draicn  in  the  Direction  of  their  Length. 

First  exi)eriment. 

A small  rod  of  oak  0-0888  in.  (=  1 French  line)  square,  and  2-14 

in.  in  length,  broke  witli  a weight  of  - - - 115  lbs.  avoirdupois 

Another  specimen  of  the  same  wood,  and  of  similar  dimensions, 

broke  with  - - - - - 10.'),®5 

Another  specimen  _ - - _ _ 1 lO^'g 

The  mean  weight,  therefore,  v-as,  in  round  numbers,  110  lbs. 

A rod  of  the  same  wood  as  the  former,  0-177  inch  ( = 2 French  lines) 

square,  and  2-14  inches  long,  broke  with  a weight  of  - 4r>9;^lbs.avc.ird  pels 

Another  specimen  - - - - - 418 

Another  specimen  _ _ _ . _ d51;\ 

The  mean  weight,  therefore,  was  436  lbs.  for  an  area  in.  ( = 4 square  lines 
French,  or  110  lbs.  for  each,  French  line  = 0-0888  in.  English). 

1.799.  Without  a recital  of  all  the  experiments,  we  will  only  add,  that  after  increasing 
the  thickness  and  length  of  the  rods  in  the  several  trials,  the  absolute  strength  of  oak  was 
found  to  be  110  lbs.  for  every  of  an  inch  area  ( = 1 French  line  superficial). 


The  Strength  of  Wood  in  an  upright  Position. 

1600.  If  timber  were  not  flexible,  a piece  of  wood  placed  upright  as  a post,  should  bear 
the  welglits  last  found,  whatever  its  height  ; but  experience  shows  that  when  a post  is 
higher  than  six  or  seven  times  the  width  of  its  base,  it  bends  under  a similar  weight  before 
crushing  or  compressing,  and  that  a piece  of  the  height  of  100  diameters  of  its  base  in 
incapable  of  Irearing  the  smallest  weight.  The  proportion  in  which  the  strength  decreases 
as  the  height  increases,  is  difHcult  to  determine,  on  account  of  the  different  results  of  the 
experiments.  Rondelet,  however,  found,  after  a great  number,  that  when  a piece  of  oak 
was  too  short  to  bend,  the  force  necessary  to  crush  or  compress  it  was  about  49-72  lbs.  for 
every  fUgg  of  a sqi:are  inch  of  its  base,  and  that  for  fir  the  weight  was  about  56-16  lbs. 
Cubes  of  each  of  these  woods,  on  trial,  lost  height  by  compression,  without  disunion  of 
the  fibres  ; those  of  oak  more  than  a third,  and  those  of  fir  one  half. 

1601.  A piece  of  fir  or  oak  diminishes  in  strengtli  the  moment  it  begins  to  bend,  so  that 
the  mean  strength  of  oak,  which  is  47-52  lbs.  for  a cube  of  an  inch,  is  reduced  to 
2-16  lbs.  for  a piece  of  the  same  wood,  whose  height  is  72  times  the  width  of  its  base. 
From  many  experiments,  Rondelet  deduced  the  following  progression  : — 

For  a cube,  whose  height  is  1,  the  strength  =1 


12, 

24, 

36, 

48, 

60, 

72, 


— 5 


Tims,  for  a cube  of  oak,  whose  base  is  1 -066  in.  area  ( = 1 square  in.  French)  placed 
upright,  that  is,  with  its  fibres  in  a vertical  direction,  its  mean  strength  is  ex- 
pressed by  144*  X 47-52  — 6842  lbs.  From  a mean  of  these  experiments,  the 
result  was  (by  experiment)  in  lbs.  avoirdupois 
For  a rod  of  the  same  oak,  whose  section  was  of  the  same  area  by  12-792  in.  high 


- 6853 


( = 12  French  in.),  the  weight  borne  or  mean  strength  is  1 44  x --^  = 5702  lbs. 


From  a mean  of  three  experiments,  the  result  was 
For  a rod  25-584  (=24  French)  in.  high,  the  strength  is  144  x %--  = 3421  lbs. 


- 5735 

- 3144 


47  52 


For  a rod  38*376  ( = 36  French)  in.  high,  the  strength  is  144  x ^V^  = 2281  lbs.  - 2336 

For  a rod  51  *160  ( = 48  French)  in.  high,  the  strength  is  144  x ^^^  = 1140  lbs. 

For  a rod  63-960  ( = 60  French)  In.  high,  the  strength  Is  144  x 570  lbs. 

For  a rod  76-752  (=72  French)  in.  high,  the  strength  is  144  x 285  lbs. 

Far  a cube  of  fir,  whose  sides  are  1 -066  in.  area  ( = 1 square  in.  French),  placed  as 

before,  with  the  fibres  in  a vertical  direction,  we  have  144  x 56*16=8087  lbs.  - 8089 


• The  French  inch,  consisting  of  144  lines. 
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For  a r,<juare  roil,  whose  base  was  I -066  in.  area  ( = ] square  in.  French),  12‘792in. 

high,  we  have  144  x — = 6739  lbs.  . . - . C8G3 

Fur  a rod  25*584  ( = 24  French)  in.  high,  144  x -^-  = 404.8  lbs.  - - 3703 

For  a rod  38*376  ( = 36  French)  in.  high,  144  x --3—  = 2696  lbs.  - - 2881 

Foi  a rod  51*160  ( = 43  French)  in.  high,  144  x -^r^=  1348  lbs. 

For  a rod  63*960  ( = 60  French)  in.  high,  144x— J-.,-’=  674  lbs. 

For  a rod  76*752  ( = 72  French)  in.  high,  144  + -|^^=  337  lbs. 

Tl'.e  rule  by  Ilondelet  above  given  was  that  also  adopted  by  MM.  Perronet,  Lam- 
blardie,  and  Girard.  In  the  analytical  treatise  of  the  last-named,  some  experiments  are 
shown,  which  lead  us  to  think  it  not  very  far  from  the  truth.  From  the  experiments,  more- 
over, we  learn,  that  the  moment  a post  begins  to  bend,  it  loses  strength,  and  that  it  is  not 

prudent,  in  practice,  to  reduce  its  diameter  or  side  to  less  than  one  tenth  of  its  height. 

1602.  In  calculating  the  resistance  of  a post  after  the  rate  of  only  10*80  for  every  1 *066 
superlicial  line  English  ( = 1 line  super.  French),  which  is  much  less  than  one  quarter  of 
the  weight  under  which  it  would  be  crushed,  we  shall  find  that  a square  post  whose  sides 
are  l*066ft.(  = l ft.  French)  containing  22104*576  English  lines  ( = 20736  French),  would 
sustain  a weight  of  238729  lbs.  or  106  tons.  A'et  as  there  may  be  a great  many  circum- 
stances, in  ])ractice,  which  may  double  or  triple  the  load,  it  is  never  safe  to  trust  to  a post 
the  width  of  whose  base  is  less  than  a tenth  part  of  its  height,  to  the  extent  of  5 lbs.  per 
1 *066  line ; in  one  whose  height  is  fifteen  times  the  width  of  the  base,  4 lbs.  for  the  same 
proportion ; and  when  twenty  times,  not  more  than  3 lbs. 

Horizontal  Pieces  of  Timber. 

1603.  In  all  the  experiments  on  timber  lying  horizontally,  as  respects  Its  length,  and  sup- 
ported at  the  ends,  it  is  found  that,  in  pieces  of  equal  depth,  their  strength  diminishes  in 
proportion  to  the  bearing  between  the  points  of  support.  In  pieces  of  equal  length  between 
the  supports,  the  strength  is  as  their  width  and  the  squares  of  their  depths.  We  here  con- 
tinue M.  Ilondelet’s  experiments. 

1604.  A rod  of  oak  2*132  in.  (2  In*.  French)  square,  and  25*584  in.  (24  in.  French)  long, 
broke  under  a weight  of  2488*32  lbs.,  whilst  another  of  the  same  dimensions,  l)ut  1 9*188  in. 
(]  8 in.  French)  bore  3353*40;  whence  it  appears  that  the  relative  strength  of  these  two 
rods  was  in  the  inverse  ratio  of  their  length.  The  proportion  is  1 9 *1 88  ; 25  *584  : : 2488  *32  ; 
3317*76,  instead  of  3353*40  lbs.,  the  actual  w'eight  in  the  experiment. 

1605.  In  another  rod  of  the  same  wood,  2*1 32  in.  wide  and  3*198  deep,  and  25*584in. 
bearing,  it  broke  with  a weight  of  5532  lbs.  In  the  preceding  first-mentioned  experiment 
it  was  found  that  a rod  of  2*132  in.  square,  with  a bearing  25*584  in.  bore  2488*32  lbs. 
Supposing  the  strength  of  the  rods  to  be  exactly  as  the  squares  of  their  heights,  we  should 
have  4*54  (2*132'i)  : 10*23  (3*1980  L 2488*32  ; 5598*7  lbs.  ; which  the  second  rod  should 
have  borne,  instead  of  5532  lbs.  There  are  numberless  considerations  which  account  for  the 
discrepancy,  but  it  is  one  too  small  to  make  us  dissatisfied  with  the  theory. 

1606.  In  a third  experiment  on  the  same  sort  of  wood,  the  dimension  of  3*198  In.  being 
laid  flatwise,  and  the  2*  I 32  in.  depthwise,  the  bearing  or  distance  between  the  supports 
being  the  same  as  before,  it  broke  with  a weight  of  3573  lbs.  ; whence  it  follows  that  the 
strength  of  pieces  of  wood  of  the  same  depth  is  proportional  to  their  width.  Thus,  com- 
paring the  piece  2*132  in.  square,  which  bore  2488  lbs.,  we  ought  to  have  2*132  : 3*198 
::2488*.32  : 3624*48,  instead  of  3573  lbs. 

1607.  From  a great  number  of  experiments  and  calculations  made  for  the  purpose  of 
finding  the  proportion  of  the  absolute  strength  of  oak,  to  that  which  it  has  when  lying 
horizontally  between  two  points  of  support,  the  most  simple  method  is  to  multiply  the 
area  of  the  piece  in  section  by  half  the  absolute  strength,  and  to  divide  the  product  by  the 
number  of  times  its  depth  is  contained  in  the  length  between  the  points  of  support. 

1608.  Thus,  in  the  experiments  made  by  Belidor  on  rods  of  oak  3 French  ( = 3*198 
English)  ft.  long,  and  1 French  ( = 1*066  in.  English)  in.  square,  the  mean  weight 
under  which  they  broke  was  200*96  lbs.  avoirdupois.  Now,  as  the  absolute  strength  of 
oak  is  from  98  to  110  lbs.  for  every in.  ( = 1 French  line),  the  mean  strength  will  be 
104  and  52  lbs.  for  its  half,  and  the  rule  will  become  (144  lines,  being  =1  French  in.) 

1^52_  ^ 207*30  lbs.,  instead  of  200*96  lbs. 

3G  i,r.  in.; 

1609.  Three  other  rods,  2 French  in.  square  (2*132  Eng.),  and  of  the  same  length  be- 
tween the  supports,  broke  with  a mean  weight  of  1711  *8  lbs.  By  the  rule 

= 1658*88  lbs.  avoirdupois.  Without  further  mention  of  the  experiments  of  Belidor,  we 
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may  observe,  that  those  of  Parent  and  others  give  results  which  confirm  the  rule.  Hie 
experiments,  however,  of  Buff'on,  having  been  made  on  a larger  scale,  show  that  the  strength 
of  pieces  of  timber  of  the  same  size,  lying  horizontally,  does  not  diminish  exactly  in  the  pro- 
portion of  their  length,  as  the  theory  whereon  the  rule  is  founded  would  indicate.  It  be- 
comes, therefore,  proper  to  modify  it  in  some  respects. 

1610.  Buffon’s  experiments  show  that  a beam  as  long  again  as  another  of  the  same 
dimensions  will  not  bear  half  the  weight  that  the  shorter  one  does.  Thus  — 

A beam,  7*462  ft.  long,  and  5*330  in.  square,  broke  with  a 

weight  of  - - - - - 12495*06  lbs.  avoirdupois 

Another,  14*924  ft.  long,  of  the  same  dimensions,  broke  with  a 
weight  of  - - - - - 5819.04 

A third,  29*848  ft.  long,  of  the  same  dimensions,  bore  before 

breaking  - - - - - 21 1 2'4o 

By  the  rule,  the  results  should  have  been,  for  the  7*462  ft.  beam  12495*60 

for  that  of  14*924  - 6247*80 

for  that  of  29*848  - 3123*90 

Whence  it  appears,  that  owing  to  the  elasticity  of  the  timber,  the  strength  of  the  pieces,  i 
instead  of  forming  a decreasing  geometrical  progression,  whose  exponent  is  the  same,  forms 
one  in  which  it  is  variable.  The  forces  in  question  may  be  represented  by  the  ordinates  of 
a species  of  catenarian  curve. 

1611.  In  respect,  then,  of  the  diminution  of  the  strength  of  wood,  it  is  not  only  pro- 

portioned to  the  length  and  size,  but  is,  moreover,  modified  in  proportion  to  its  absolute 
or  primitive  force  audits  flexibility  ; so  that  timber  exactly  of  the  same  quality  would  give 
results  following  the  same  law,  so  as  to  form  ordinates  of  a curve,  exhibiting  neither- 
inflection  nor  undulation  in  its  outline:  thus  in  pieces  whose  scantlings  and  lengths 
form  a reg*ular  progression,  the  defects  can  only  be  caused  by  a difference  in  their  primitive 
strength ; and  as  this  strength  varies  in  ])ieces  taken  from  the  same  tree,  it  becomes  im- 
possible to  establish  a rule  whose  results  shall  always  agree  with  experiment ; but  by  / ii 
taking  a mean  primitive  strength,  we  may  obtain  results  sufficiently  accurate  for  practice.  . ! 
For  this  purpose,  the  rule  that  nearest  agrees  with  experiment  is — - ‘‘I 

1st.  To  subtract  from  the  primitive  strength  one  third  of  the  quantity  which  i 
expresses  the  number  of  times  that  the  depth  is  contained  in  the  length  of  the 
piece  of  timber. 

2d.  To  multiply  the  remainder  thus  obtained  by  the  square  of  the  length. 

3d.  To  divide  the  product  by  the  number  expressing  the  relation  of  the  depth  to  the 


length. 

Hence  calling  the  primitive  strength  - - - = a 

— the  number  of  times  that  the  depth  is  contained  in  the  length  = b 

— the  depth  of  the  piece  - - - = </ 

— • the  length  - - - - = / 


The  general  formula  will  be,  ^ — 

b b s' 

1612.  Suppose  the  primitive  strength  a = 64 *36  for  each  1*136  square  Hne(=I  line 
French),  we  shall  find  for  a beam  5*330  in.  square,  by  19*188  ft.  long,  or  230*256  inches, 
that  the  proportion  of  the  depth  to  the  length  =*'^l!,“'j^  = 43*2  = 5. 


1613.  The  vertical  depth  beii  g 5*330  or  63*960  lines,  will  be  4089  *88;  substituting 

, 64*36x4089  88  4089*88  „ , • . t e 

, we  have — - — r — =4067*99,  instead  of 


axd~  d- 


these  values  in  the  formula  - , 

b 3 43*Z  3 ,, 

4120  20,  tlie  mean  result  of  t.io  beams  of  the  same  scantliims  in  the  experiments  of  s- 
Buffm. 


1614.  Mr.  Gwilt  has  stated  that  the  world  generallv,  the  architect  and  engineer  ^ 
especially,  are  indebted  tj  Biiffon,  from  whom  certain  tables  have  emanated,  which  were  5' 
the  result  of  laborious  experiments  and  deserved  much  consideration.  These  several^ 
tables  have  been  omitted  in  this  edition  of  the  Encyclopasrlia,  ns  having  been  superseded  ,, 
by  the  more  recent  and  scientific  investigations  in  England  of  Robison,  Young,  Bevan, 
Rennie,  Tredgold,  Barlow,  Hodgkinson,  Fairbairn,  Laslett,  with  others,  from  some  of 
M'liose  treatises  passages  have  been  adopted  herein.  The  results  of  their  more  modern  •* 
investigations  liave  been  to  benefit  both  the  arcliitcct  and  engineer,  by  bringing  the  aid  ^ 
of  mathematical  investigations,  to  found  upon  their  experiments  safe  and  general  rules 
for  practice. 
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Of  the  Strength  of  Timbers  in  an  Inclined  Position, 

1622,  If  we  suppose  the  vertical  piece  AB  (Jig.  GlSa.)  to  bee  me  inclined  to  the  base, 
as  B 1),  tlie  action  of  a veitical  force  at  D will  tend  to  cause  the  piece  to  bend,  and  thereby 
to  lose  much  of  its  power  of  resistance  to  a force  acting  in  the 
dinction  of  its  length.  Suppose  the  radius  AB  or  B D to 
represent  the  vertical  force  acting  at  D on  the  piece  J3D  then, 
by  tlie  ‘‘resolution  of  forces,”  it  can  be  resolved  into  two 
fotces,  one  acting  in  the  dinction  of  its  length,  and  the  other 
acting  ;it  rightangles  to  its  le  gth.  The  former  will  be  repre- 
sented by  the  line  I)/,  or  the  vet t cal  force  multiplied  by  the 
sine  of  the  angle  D BC  ; wh  le  the  latter,  at  right  ang’es  to  B D, 
will  act  at  D,  tending  to  bend  tbe  piece  BD  about  its  base  B, 
and  will  be  represented  by  the  line  B/i  or  the  vertical  force 
multiplied  bv  the  cosine  of  the  angle  DBG.  The  piece  is 
supjiosed  to  be  fi.\ed  firmly  at  B,  and  may  be  considered  as  a 
beam  fixed  at  one  end  and  strained  at  the  other  by  the  force 
represeiited  by  B/' tending  to  bnak  it  about  the  end  B,  When  the  piece  comes  into  the 
horizontal  position,  as  BC,  the  vertical  foice  acting  at  C will  cease  to  produce  any  strain 
in  the  direction  of  its  length,  and  the  transverse  stiain  will  be  represented  by  the  line  BC 
or  AB  acting  at  C,  and  straining  the  piece  about  its  fixed  end  B. 

162B.  Example.  I.et  AB  be  a piece  of  Riga  fir  20  feet  long,  the  scantling  being 
10  inches  by  6 indies.  First  take  it  in  the  upright  position  A B,  then  (from  par.  1631fi  ) 
the  breaking  weight  W in  tons  of  an  oak  pillar  when  the  load  acts  vertically  down  AB  is 

+ l46-f200  -4  tons. 

And  the  strength  of  a pillar  of  Riga  fir  being  (pur.  1631c.)  five-sixths  that  of  oak,  we 
have  W = 9-37  tons  for  Riga  fir. 

■ J624.  If  we  now  place  the  piece  in  the  horizontal  position,  as  BC,  the  strain  upon  it 
from  the  load  Wj  at  C will  be  entirely  transverse,  and  the  breaking  weiglit  can  be  found 
from  the  formula  (1629^.)  for  a beam  supported  at  both  ends  and  loaded  at  the  middle. 
But  as  the  load  is  at  one  end  in  the  present  case  and  the  beam  fixed  at  the  other,  we  take 
one  fourth  of  the  weight  given  in  the  above  named  formula,  so  that  we  have 


,.r  3-21  bd^ 


24*08  cwts.  = 1*204  tons. 


1625.  Now  let  the  piece  be  placed  in  the  inclined  position,  BD,  making  60°  wdth  the 
horizontal.  A load  F,  acting  vertically  at  D,  will  be  resolved  into  two  others  at  right 
angles  to  each  other,  one  acting  longitudinally  and  equal  to  F x sin  60°,  and  the  other 
transversely  at  D and  equal  to  F x cos  60°,  or  ^F,  which  equals  Wj  in  the  formula  above 
for  a beam  fixed  at  one  end  and  loaded  at  the  other.  Tlierefore  the  breaking  weight 
applied  vertically  at  D will  be  F = 2Wj  = 2 408  tons. 

1626.  The  breaking  weight  acting  longitudinally  is  F x sin  60°  — W = 9’37  tons,  as 
found  above.  Therefore  we  have 

sin  Gd° 

1627.  This  value  of  F is,  however,  more  than  four  times  the  value  obtained  for  it  when 
taking  into  consideration  the  transver.se  strain  as  found  above,  and  we  must  take  the 
smaller  amount  as  the  actual  strength  of  the  piece,  which  is  therefore  reduced  in  the 
proportion  of  2 408  to  9 ‘37,  in  consequence  of  its  inclination  from  the  vertical. 


fl-37 

~ = 10-82  tons. 


j 1628.  In  Practical  or  Constructive  Carpentry,  Chap.  III.  Sect.  IV.,  Tables  of  scant- 
^ lings  for  timbers  are  given  more  immediately  useful  to  the  practical  architect.  But  in  con- 
..  sequence  of  the  very  large  amount  of  information  obtained  since  the  first  edition  of  this 
I Work,  resulting  from  the  investigations  of  scientific  and  practical  experimentalists,  the  fol- 
! lowing  condensed  summary  of  the  new  ideas  on  the  strength  of  BE.^MS,  GIRDERS,  and 
PILLARS,  both  in  timber  and  iron,  are  submitted  for  the  considerati(>n  of  the  student. 

||  1628(7.  The  term  beam  is  applied  herein  to  large  rcctan<iular  sections;  that  of  girder  to 

large  irregular  shapts  : and  those  of  bar  and  irons  to  small  rectangular  and  irregular  forms. 

1 16286.  Beams  and  girders  are  calculated  for  the  following  classes  of  buildings: — 

I.  Light  woikshops  and  factories,  public  balls,  churches,  and  other  buildings  in  which 
people  only  accumulate,  with  warehouses  for  light  goods.  For  all  these  an  allow- 
1 ance  of  1^  cwt.,  or  168  lbs.,  per  sejuare  foot  of  floor  surface  will  include  the  weight 

i of  the  joisting,  tlie  flooring,  and  the  load  upon  it. 

II.  Storehouses  for  heavy  goods,  or  factories  in  which  heavy  machinery  and  goods  are 
placed,  For  these  an  allowance  of  2|  cwt.,  or  280  lbs , per  square  foot  of  floor  sur- 
face will  include  the  same  weights. 

III.  Ordinary  dwelling  houses.  For  these  an  allowance  of  1^  cwt.,  or  140 lbs,,  per  square 
foot  will  include  the  same  weights. 
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IV.  The  weight  of  a floor  of  timber  has  been  calculated  at  S5  to  40  lbs.  per  square  foot; 
20  lbs.  is  usually  allowed.  A single  joisted  floor  without  counter  floor,  from  1260 
to  2000  lbs.  per  square.  A framed  floor  with  counter  flooring,  from  2560  to 
4000  lbs.  per  square.  Bamtt’s  system  at  78  lbs.  A half  brick  arch  floor,  70  lbs. 

A one  brick  arch  floor,  120  lbs.  Though  Tredgold  allows  40  lbs  per  square  foot 
for  the  weight  of  a ceiling,  counter  floor,  and  iron  girders,  with  120  lbs.  per  square 
foot  more  supposing  the  floor  to  be  covered  wlih  people  at  any  time  = to  160  lbs., 
as  the  least  stress,  yet  a warehouse  floor,  as  required  at  the  docks,  is  there  calcu- 
lated at  about  17  lbs.  including  girders,  which,  with  about  9 lbs.  for  plastering, 
allows  26  lbs.  per  sup.  foot. 

V.  l^artitions,  (<r  any  other  additional  weights  brought  upon  the  floor,  must  also  be 
taken  into  consideration.  'I  his  is  calculated  at  freju  1480  to  2000  lbs.  per  square. 

VI.  The  weight  of  the  load  to  be  carried  must  always  include  that  of  the  girder  itself. 

STRAINS  ON  BEAMS  AND  GIRDERS. 

1628c.  These  we  shall  consider  under  the  heads  I.  I'RANSVERSE  STRAIN 
(1628^.),  which  consists  partly  of  the  action  of  Tension  as  well  as  of  Compression,  each  of 
them  being  dependent  upon  the  Cb//es/o?t  of  the  mateiial.  Under  11.  TENSION  (168(''c.'), 
will  be  considered  the  neviral  axis  (1630c.),  deflection  of  beams  (1630e. ),  with  the  modulns 
of  elasticifii  (1630/  ).  impact  or  collision  (1630o.),  and  the  tensile  stre"(jth  (1630p.).  Under 
ill.  COMPRESSION  (I630?c.)  is  considered  Deflection  of  pillars,  and  Detrusiun 
( 163  Iw.).  The  subject  IV.  TORSION  (1631x. ) closes  this  section. 

162^d.  Timber  is  permanently  injured  if  more  than  even  ^ of  the  breaking  w'eight  is 
placed  on  it.  Buffon  allowed  which  is  now  the  cuitoin,  for  the  safe  load.  Fairbairn 
spates  that  for  bridges  and  warelious-es,  cast  iron  girders  should  not  be  loaded  with  more 
than  i or  ^ of  the  breaking  weight  in  the  middle.  For  ordinary  purposes,  | for  cast  iron 
is  allowed  for  the  permanent  load  ( Barlow).  A little  more  than  i can  be  allowed  for 
wrought  iron  beams,  as  that  material,  from  its  extensile  capability,  does  not  suddenly  give 
way  (Warr)  ; but  they  should  never  be  loaded  with  more  than  ^th  (Fairbairn).  Girders, 
especially  those  of  ca^t  iron,  which  are  liable  to  be  less  strong  than  intended  from  inegu- 
larity  in  casting  and  cooling,  should  be  proved  before  use  to  a little  more  than  the  extent 
of  the  safe  load  ; this  proof,  however,  should  never  exceed  the  half  of  the  breaking  weight, 
as  the  metal  would  be  thoroughly  weakeiud.  'I'redgold  observes  that  a load  of  ^ ot  the 
breaking  weight  causes  deflection  to  increase  with  time,  and  finally  to  produce  a permanent 
set.  1 he  Board  of  Trade  limits  the  working  strain  to  5 tons,  or  11,200  lbs.  per  square 
inch,  on  any  part  of  a wrought  iron  structure. 

1628c.  Of  all  the  circumstances  tending  to  invalidate  theoretical  calculations,  the  sun 
is  about  the  worst.  Mr.  Clark  w’lites,  about  the  Britannia  tubular  bridge;  “Although 
the  tubes  offer  so  effectual  a resistance  to  deflection  by  heavy  weights  and  gales  of  wind, 
tliey  are  nevertheless  extremely  sensitive  lo  changes  of  temperature,  so  much  so  that  half 
an  hour’s  sunshine  has  a much  greater  effect  than  is  produced  by  the  heaviest  trains  or  the 
most  violent  storm.  They  are,  in  fact,  in  a state  of  perpetual  motion,  and  after  three 
months’  close  observation,  during  which  their  motions  were  recorded  by  a self-registering 
instrument,  they  were  observed  never  to  be  at  rest  for  an  hour.  The  same  may  almost  he 
said  of  the  large  bridges  over  the  dotk  passages.  The  sun  heats  the  top  flange,  whilst  the 
wind,  after  sw-eeping  along  the  water,  impinges  on  the  bottom  flange,  keeping  it  cool  and 
causing  it  to  contract,  whilst  the  top  flange  is  being  expanded  by  the  sun,  so  putting  a 
camber  on  the  bridge  much  exceeding  the  deflection  caused  by  the  heaviest  working  load. 
At  the  Mersey  Docks  the  top  flanges  of  the  bridges  are  painted  white,  to  assist  in  meeting 
tlie  difficulty.” 

Transverse  Strain. 

1628^.  The  strength  of  beams  in  geneial  is  directly  as  the  breadth,  directly  as  the 
square  of  the  depth,  and  inversely  as  the  length  ; thus  breadth  ^ certain 

supposed  quantity  must,  however,  be  added  to  express  the  specific  strength  of  any  material, 
a quantity  only  obtained  by  experiments  on  that  material.  This  supposed  quantity  is  re- 
presented by  S.  We  then  obtain  = breaking  weight.  Therefore,  in 

experiments,  a simple  transposition  of  the  quantities  evolves  the  value  of  S;  thus 

brr-^dth  x deptP ~ winch  S then  becomes  a constant.  As  regards  the  usual  form 

of  a cast-iron  girder,  using  C as  a constant  for  a signification  in  a girder,  similar  to  that  of 
S in  a learn,  the  formula  section  x deptL2  x C _ breaking  weight.  The  values  of  S 

and  C are  only  applicable  to  a beam  or  girder  of  a similar  sectional  form  to  that  from 
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II  Avliicli  the  value  was  derived,  since  this  constant  expresses  tuc  specific  strength  of  that  fonn 
ij  of  section. 

|j  1628//.  Another  formula  for  estimating  the  strength  of  beams  rests  on  the  knowledg.-* 
' of  the  resistance  (or  r)  odered  by  any  material  to  fracture  by  a tensile  or  crushing  force, 
ij  and  tlie  depth  of  the  neutral  axis  (or  n)  of  this  area  in  the  beam;  the  latter,  of  course, 

I cannot  be  calculated,  except  from  experiment.  The  rule  is  ^ ~ breaking 

I weight.  Sea  Resistance,  in  Glossary. 


i 1628/'.  Table  of  the  Transverse  Strength  of  Timber:  1 Inch  Square,  1 Foot  Long. 


Name. 

Specific 

Gravity. 

Warr. 

Value  of 
S of 
others. 

Harlow. 

Tredgold 

Value 
of  S. 

Va'ue 
of  S. 

Value 
of  S. 

Value 

of  .S. 

Ills. 

Ib'^. 

lh<. 

lbs. 

• Ash,  Engli.sh 

•760 

506 

oc 

6 75 

656 

560 

672 

Beech,  „ - - 

•6P6 

390 

- 

- - 

677 

.,  Amer.  White  - 

•711 

345 

1 

„ „ Red  - 

•775 

435 

1 

,,  - - - 

519 

- - 

448 

504 

Poplar  - 

327 

Birch,  Common  - 

•711 

482 

- 

607 

Elm,  English 

•579 

2C0 

595 

338 

510 

336 

336 

„ American  - 

- - 

- - 

631-5 

611 

O.ik,  English 

•829 

424 

- 

400 

710 

M 99 

470 

4C0 

560  ' 

560  ‘ 

19  99  " " 

- - 

- - 

- 

5.57 

i 

,,  African 

•988 

630 

869-5 

„ Adriatic 

461 

448 

„ Amer.  White 

•779 

433 

„ Red 

•952 

422 

653-5 

„ Canadian  - 

„ Dantz  c 

, -720 

377 

- 

486 

,,  Memel 

•727 

416 

444 

1 

„ Riga  ^ - 

714 

Pine,  Amer.  White 

'4:12 

307 

1 

„ „ Red 

'^6 

382 

467 

447 

. - 

448 

448  ; 

„ . M Yellow  - 

•508 

300 

358-5 

- - 

658 

I 

„ Pitch 

•740 

432 

629 

541 

560 

560 

„ Dantzic 

•649 

356 

1 

„ Alemel 

•601 

334 

- 

577 

545 

„ Riga 

•654 

346 

- 

376 

530 

336 

91  19  - - 

359 

Fir,  Spruce 

•50.3 

336 

„ „ American  - 

•772 

260 

- 

- - 

570 

,,  Mar  Forest 

•698 

308 

- 

381 

315 

1 

! 1 

f 415 

I 99  99  " “ ' 

[ 408 

„ Scotch 

582 

„ New  England 

i 

. - 

- 

367 

„ Yellow 

1 

- - 

- 

- _ 

- - 

336 

Deal,  Christiania 

•689 

400 

- 

521 

686 

Larch 

•505 

256 

- 

280 

557 

3.36 

336 

„ Amer.  Tamarac 

•433 

230 

Walnut 

1 ..  - 

500 

Spanish  Chesnut 

610 

1 

' Mahogany,  Nassau 

•668 

430 

673-5 

,,  Honduras 

- - 

- - 

- 

- - 

637 

i 

„ Spanish 

425 

Teak  - _ - 

•729 

527 

, 

820 

717 

1 

Poon  . - - 

740 

590 

Mora  - - - 

_ 

- _ 

691 

Sabicu  - - - 

i - - 

- - 

854-25 

Green-heart 

- - 

. _ 

1,079-5 

Cowrie  _ _ 

1 - -• 

610 
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1 628i.  The  results  of  Barlow.  Nelson,  Moore,  Denison,  and  some  others,  are  collected 
in  the  above  table,  vvhich  gives  a mean  of  the  whole  ( Warr);  Barlow’s  values  are  aUo  noted 
sejjarately,  being  those  usually  supplied  in  the  Handbooks;  and  obtained  by  Barlow’s  for- 
mula,= S,  from  experiments  on  a projecting  beam  or  arm;  or  from  the  formula 

S,  when  a beam  supported  at  the  ends  is  under  trial.  A measurable  set  is 

jrroduced  by  a straining  force  very  much  less  than  that  to  which  the  material  will  be  likely 
to  be  exposed  in  practice.  Without  h aving  this  principle  in  mind,  the  differences  between 
the  actual  breaking  weight  and  tlie  permanent  set  weight  of  son  e writers  will  be  misun- 
derstood. 'I'he  jaractical  man,  however,  will  use  one  third  or  some  other  proportion  of 
these  values,  as  noticed  in  par.  1628d.  (See  another  Table,  pur.  1630s  ). 

1628Z.  Table  of  the  Transverse  Strength  of  Metals:  1 Inch  Sajuare,  1 Foot  Long. 


Name. 

Barlow. 

Tredgold 

(.Safe 

Hurst. 

Mob'S- 
woi  th. 

W eights); 

Breaking 

Weight. 

One-third 
for  set. 

and 

others. 

Breaking  Weight. 

lbs. 

lbs. 

lbs. 

ll)S. 

11)  . 

Wrought  iron 

, good  English 

8550? 

2850 

*952 

2800 

3024 

2048^ 

best  Derbyshire  and  1 

2500 

Staffordshire  - J 

( 1700 
1 

) 

Dobson, 

Scotch  hot  blast 

- - 

- - 

to 

1900 

1 

*2290 

Cast  iron  - 

- 

7644 

2548 

*850 

2016 

2016 

jy 

2000 

Brass,  cast 

*890 

896 

896 

Lead,  cast 

*i96 

Tin,  cast  - 

^'372 

Zinc,  cast  - 

j 

^'^74  6 

784 

728 

Break.  "Wt. 
578  lbs. 

357  lbs. 


Ult.  deflect. 

1 '74,  hard. 
1 -36,  soft. 


1628m.  Fairbairn’s  experiments  on  cast  irons  obtained  from  the  principal  iron-works,  and 
made  into  bars  1 inch  square  and  5 feet  long,  proved  that  the  longer  beams  are  weaker  than 
tlie  shorter  in  a greater  projiortion  than  their  respective  lengths  ; that  the  strength  does  not 
increase  quite  so  rapidly  as  the  square  of  the  cleptli ; that  tlie  deflection  of  a beam  is  pro- 
jiortlonal  to  the  force  or  load;  and  that  a set  occurs  with  a small  portion  of  the  breaking 
weight. 

Spec.  Grav. 

In  59  experiments,  the  strongest;  Ponkev 
No.  3,  cold  blast  - - - 

In  59,  experiments,  the  weakest ; Plaskynas-  ) 
ton,  No.  2,  hot  blast  - - - | 

IMean  value  440  lbs.,  affording  for  the  specific  strength,  S = 1980  lbs.,  or  — ‘884  tons.  For 
the  rule  including  n,  a comparison  of  two  specimens  gave  ?t  = 2-63. 

1628n.  Morries  Stirling  has  considerably  strengtliened  cast  iron  by  adding  a portion  of 
malleable  cast  iron.  Four  experiments,  by  Hodgkinson,  gave  the  following  results  ; — 

No.  2 quality  (20  per  cent,  scraj)),  bars  9 ft.  long,  2 ins.  square  - S = 2248 
No.  3 „ (15  per  cent,  scrap),  „ „ „ - S = 1682 

No.  2 „ „ „ „ bars  4 ft.  6 ins.  long,  1 in.  square  S = 2803 

No.  3 „ „ „ „ „ „ „ „ - S=1996 

His  irons  are  also  stronger  under  compression  and  tension. 

Tensile  power,  No.  2 - 11  *50  tons.  I Compressive  power,  No.  2 - 54  62  tons. 

„ „ No.  3 - 10-47  „ I „ „ No.  3 - 64-dl  „ 

16280,  Hodgkinson  also  found  the  average  breaking  weight  in  pounds  of  a bar  of  cast 
iron,  1 inch  square  and  4 feet  6 inches  long  between  tlie  supports,  to  be  as  follow-s : — 
Average  of  21  samples  of  /lot  blast  iron  _ , - 445'5714  pounds 

Average  of  21  samples  of  cold  blast  iron  _ _ _ 456'9090  pounds 

Tbe  superior  transverse  strength  of  cold  blast  iron  equals  nearly  2^  per  cent.  R.  Stephen- 
son experimented,  in  1846  and  1847,  on  bars  of  different  kinds  of  cast  iron,  I inch  square 
and  3 feet  bearing.  The  results  are  given  in  the  Civil  Engineer,  1850,  pp.  194-9. 

Shapes  of  Beams  and  Girders. 

\628p.  “ Calculation  affords  the  following  shapes  for  iron  beams,  as  being  enabled  to  do 
the  most  work  with  the  least  expenditure  of  substance.  Beams  supported  at  one  end ; I. 
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If  the  load  bo  terminal  and  the  deptii  constant,  the  form  of  tlic  beam  in  l)readth  slionld  be 
wedge-shaped,  the  breadth  increasing  as  the  length  of  the  beam  (tlie  latter  measured  from 
tlie  loaded  end).  II.  If  the  breadtli  be  constant,  the  square  of  the  deptlt  mtist  vary  as  tlie 
length,  or  the  vertical  section  will  be  a parabola.  III.  Wlien  both  breadth  and  deptli 
vary,  the  section  shoidd  present  a cubical  parabola.  IV.  When  the  beam  supports  only 
its  own  weight,  it  should  be  a double  parabola,  tliat  is,  tlie  upper  as  well  as  the  lower  sur- 
face should  be  of  a parabolic  form,  tlie  depth  being  as  the  square  of  the  length.  V.  When 
a beam  is  loaded  evenly  along  its  surface,  the  upper  surface  being  horizontal,  the  lower  one 
shoidd  be  a straight  line  meeting  the  upper  surface  at  the  outer  end,  and  forming  a trian- 
gular vertical  section ; the  depth  at  the  point  of  support  being  determined  by  the  length 
of  the  beam  and  the  load  to  be  sustained.  VI.  If  an  additional  terminal  load  be  added  to 
such  a beam,  the  under  surface  should  be  of  a hyperbolic  curvature.  VII.  And  in  a flanged 
beam,  the  lower  flange  should  describe  a parabolic  curve  (as  in  example  IV.). 

I6287.  Betms  svpportud  at  both  ends.  I.  A beam  loaded  at  any  one  point,  as  scale 
beams  and  the  like,  should  have  a parabolic  vertical  section  each  way  from  the  loaded  point, 
A A,y?^.  6136.  II.  In  Jlanped  beams,  the 

lines  may  be  nearly  straight,  and  approach 

the  straight  lines  more  as  the  flanges  are 
thinner.  III.  A beam  loaded  uniformly 
along  the  wliole  of  its  length,  should  have 
an  elliptic  outline  for  the  upper  surface, 
the  lower  one  being  straight.  This  form  applies  to  girders  for  bridges  and  other  purposes 
where  the  load  may  be  spread.  IV.  With  thin  flanges,  a beam  so  circumstanced  should 
be  of  a parabolic  figure.  V.  If  a flanged  beam  have  its  upper  and  lower  sides  level,  and 
be  loaded  uniformly  from  end  to  end,  the  sides  of  the  lower  flange  should  have  a parabolic 
curvature.”  (Gregory.)  VI.  In  the  case  of  example  III.,  Fairbairn  observes  that  the 
greatest  strength  w'ill  be  attained,  while  the  breadth  and  depth  is  allowed  to  be  diminixhed 

Y towards  the  ends.  This 

diminution  should  take  place 
in  curved  lines  ^vhich  are 
strictly  parabolic.  The  most 
convenient  way  of  doing  this 
is  by  preserving  a horizontal 
level  in  the  bottom  flange, 
diminishing  its  width,  as 
well  as  the  height  of  the 
girder,  as  Jig.  613c.  'Ihus  the 


Fig.  GI36. 


Fig.  Cl 3c. 


613rf. 


Fig.  G13c. 


spaces  hb  should  be  square  on  plan  for  the  bearings  on  the  wall,  &c.,  and  equal  to  the  widtli 
of  the  bottom  flange  at  the  centre  ; the  intermediate  length  I to  be  curved  to  the  form  pie- 
scribed.  The  width  of  the  bottom  flange  is  to  be  reduced  near  the  ends  to  one  half  of  its 
size  in  the  middle,  and  the  total  depth  of  the  girder  reduced  at  the  ends  in  the  same  pro- 
portion. At  the  middle  of  the  bearing,  a flange  may  be  cast  on  to  connect  the  upper  and 
lower  flanges,  and  this  will  give  additional  stiffness  to  the  girder. 

1628r.  Gregory  further  remarks  on  this  subject  : when  the  depth  of  the  beam  is  uniform, 
and  (VII.)  the  whole  load  is  collected  in  one  point  (as  A,  fig.  613d.)  the  sides  of  the  beam 
^ should  be  straight  lines,  the  breadth 

at  the  ends,  B,  being  half  that  where 
the  load  is  applied. 

VIII.  When  the  load  is  uniformly 
distributed  (^fig-  6l3e.)  the  sides 
should  be  portions  of  a circle,  the 
radius  of  which  should  equal  the  square  of  the  length  of  the  beam  divided  by  twice 
its  breadth.  When  the  breadth  of  the  beam  is  uniform  and  (IX.)  the  load  is  collected 
in  one  point,  the  extended  (under)  side  should  be  straight,  the  depth  at  the  point 
where  the  load  is  applied  twice  that  at  the  ends,  and  the  lines  connecting  them 
straight  {fig.  6136.)  See  example  I.  When  the  load  is  uniformly  distributed,  X.  the  ex- 
tended (under)  side  should  be  straight,  and  the  compressed  (upper)  side  a portion  of  a 
circle  whose  radius  equals  the  square  of  half  the  length  of  the  beam  divided  by  its  depth. 
See  examples  III.  and  VI.  When  the  transverse  section  of  abeam  is  a similar  figure 
throughout  its  whole  length;  XL  if  the  load  be  collected  at  one  point,  the  depth  at  this 
point  should  be  to  the  depth  at  its  extremities  as  3 : 2 : the  sides  of  the  beam  being  all 
straight  lines.  XII.  When  the  load  is  uniformly  distributed,  the  depth  in  the  centre 
should  be  to  the  depth  at  the  end  as  3 : 1,  the  sides  of  the  beam  being  all  straight  lines. 

Various  I/Aws  affecting  Beams  and  Girders. 

1628s.  The  principles  on  whicli  the  rules  subjoined  are  founded  may  be  seen  in  Gregory, 
Mechanics^  §’c.  and  Barlow,  Strength  of  Materials,  but  divested,  certainly,  of  the  refine- 
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ment  of  Dr.  T.  Young’s  Modulus  of  Elasticity,  and  some  other  matters,  which  wc  cannot 
help  thinking  unnecessary  in  a subject  where,  after  exhausting  all  the  niceties  of  the  ques- 
tion, a large  proportion  of  weight  is  considered  too  much  for  the  constant  load. 

]6'28^.  'J'lie  transverse  strength  is  tliat  power,  in  tlie  case  of  a l)eam,  exerted  in  ojiposing  a 
force  acting  in  a direction  perpendicular  to  its  length.  The  following  formulce  and  rules 
apply  to  tiie  various  positions  in  which  a beam  or  girder  is  placed. 


I.  If  a beam  be  loose  (or  supported)  at  both  ends,  and  tlie 
weight  be  a))))lled  in  the  midcle  ... 

II.  If  a beam  be  loose  at  both  ends,  and  tlie  weight  be  ap- 
plied uni'brmly  along  the  same  length,  it  will  hear  twice 
the  load  placed  in  the  middle  - - - - 

III.  If  a beam  be  loose  at  both  ends,  and  the  weight  be  ap- 
plied at  an  intermediate  point ; tlie  spaces  m with  n = l - 

IV.  If  a beam  be  fixed  at  both  ends,  and  the  weight  be  ap- 

plied in  the  middle,  it  will  bear  one  half  more  than  if 
both  ends  be  loose  (I.)  - _ _ _ > 

V.  If  a beam  be  fixed  at  both  ends,  and  the  weight  be  ap- 
plied uniformly  along  the  same  length,  it  will  bear  three 
times  more  than  the  load  in  the  middle  of  No.  1,  than  if 
both  ends  be  loose  - - - - - 

VI.  If  a beam  he  fixed  at  both  ends,  and  the  weight  be  ap- 
plied at  an  intermediate  point  - - - - 

VII.  If  a beam  be  fixed  at  one  end,  and  the  weight  be  ap- 
plied  at  the  other  end.  it  will  bear  only  one  fourth  of  the 
weight  carried  by  beam  No.  1,  of  the  same  length 
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VI II.  If  a beam  be  fixed  at  one  end  only,  and  the  weight  be  applied  in  the  middle,  it  will 
bear  half  as  much  again  as  at  tlie  end. 

IX.  If  a beam  be  fixed  at  one  end,  and  the  weight  be  applied  uniformly  along  its  length, 
it  will  bear  double  the  load  at  the  end. 

X.  If  a beam  be  fixed  at  one  end  only,  it  is  as  strong  as  one  of  equal  breadth  and 
dejith,  and  twice  the  lengtii  which  is  fixed  at  both  ends. 

XI.  If  a beam  be  supported  in  the  middle  and  loaded  at  each  end,  it  will  bear  the  same 
weight  as  when  loose  at  both  ends  and  loaded  in  the  middle  (as  L) 

XII.  If  a beam  be  continued  o\er  three  or  four  points  and  the  load  be  uniformly  dis- 
tributed, it  will  suffice  to  take  tlie  part  betw'een  any  two  points  of  support  as  a 
beam  fixed  at  both  ends. 

XIII,  If  some  of  the  parts  have  a greater  load  than  the  others,  it  will  be  near  enough  in 
practice  to  take  the  parts  so  loaded  as  supported  at  the  ends  only. 

XIV.  If  a beam  be  inclined  and  supported  at  both  ends,  it  has  its  breaking  weight  ( cjual 
to  that  of  the  same  beam  when  horizontal,  multiplied  by  the  length  of  the  inclined 
beam  and  divided  by  the  horizontal  distance. 

Note. — In  calculating  for  the  strength  of  a beam  or  of  a girder,  it  Is  usual  to  reckon 
on  the  ends  being  loose,  from  the  difficulty  of  fixing  the  ends  in  a sufficient  manner 
to  warrant  the  rule  in  that  case  being  followed:  and  when  the  ends  a-e  solidly  em- 
bedded, they  should  penetrate  the  wall  for  a distance  equal  to  at  least  three  times  the 
depth  of  the  beam  or  girder  {par.  1630?h.)  ; but  this  precaution  is  seldom  carried  out 
in  practice. 

1628m.  For  the  effect  of  running  loads  over  bars,  we  must  refer  to  Professor  Willis’s 
experiments  at  Cambridge,  given  at  the  end  of  Barlow’s  Strength  of  3Iaterials,  &c., 
1851. 


1628y.  Two  geometrical  metliods  of  finding  the  lest  proportion  of  a beam  to  be  cut  out 
of  a given  cylinder  have  been  propounded.  The  stijfest  beam,  says  Tredgold,  that  can  be 
cut  out  of  a round  tree,  is  that  of  which  the  depth  is  to  the  breadth  as  \/:?  to  1,  or  nearly 
as  1 •7.820508  to  1 ; this  is  in  general  a good  proportion  for  beams  that  have  to  sustain 
a considerable  load.  The  recjuired  propor- 
tions are  obtained  by  dividing  a diameter 
as  ah  61.3/,  into  two  equal  parts,  ac 

and  ch,  then  drawing  with  a and  h as  ce.r- 
tiTs  two  arcs  through  c to  cut  the  circle 
in  e and  /;  the  points  aehf  being  joined,  the 
figure  is  that  of  the  st'ffest  beam  that  can 
be  cut  out  of  a cylinder,  to  resist  a perpendi- 
cular strain.  It  is  also  observed  by  Tredgold 
that  the  strongest  beam  which  can  be  cut  out  of  a round  tree  is  that  of  which  the  depth 
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is  to  the  breadth  as  is  to  1,  or  nearly  as  1*4142136  to  1 ; or  as  7 to  5.  Its  two  sides 
I'must  be  to  the  diameter  of  the  tree  as  the  and  v'?  to  1.  Tl.e  required  proportions  are 
! obtained  by  dividing  a diameter  ah,  613A.,  into  three  equal  parts  nc,  cd,  db,  and 
f drawing  tlie  lines  ce  and  df  at  right-angles  to  ah  ; the  points  nthfhcmg  joined,  the  figure 
' is  that  of  the  strongest  beam  that  can  be  cut  out  of  a cylinder.  The  strengtli  of  a square 
beam,  Jig.  613,9.,  cut  from  tlie  same  cylinder,  is  to  tlie  strength  of  the  strongest  beam 
■ nearly  as  101  to  110,  althougli  the  square  beam  would  contain  more  timber  nearly  in  the 
‘ ratio  of  5 to  4-714.  'J’he  stiffest  beam  is  to  the  strongest  as  0 97877  to  1,  as  regards 
i power  of  bearing  a load  ; but  as  1 -04382  to  1 as  regards  amount  of  deflection,  in  equal 
lengths  between  the  supports. 

t 1628?/.’.  BuflTon,  during  his  extensive  series  of  experiments  on  oak  timber,  from  20  to  28 
- feet  in  length,  and  from  4 inches  to  8 inches  square  in  section,  found  that  the  heart-wood 
which  was  densest  w*as  also  strongest,  and  the  side  on  which  the  beam  was  laid  also  affected 
tlie  strength  ; for  when  the  annual  layers  were  horizontal,  and  the  strength  7,  the  layers 
laid  vertically  gave  a strength  of  8.  He  also  found  that  beams  which  had  each  supported, 
witlioui  breaking,  a load  of  9,000  lbs.  during  one  day,  broke  at  the  end  of  five  or  six 
{ months  with  a weight  of  6,000  lbs.,  that  is  to  say,  they  were  unable  to  carry  for  six  months 
F two-thirds  of  the  -w-eight  they  bore  for  one  day. 


Transverse  Sections. 

1628x.  The  transverse  section  of  a cast  iron  girder  previous  to  Hodgkinson’s  experiments 
was  that  of  Tredgold,  consisting  of  equal  flanges  at  top  and  bottom,  as  A, 
Jig.6\Si\  and  that  of  Lillie  and  Fairbairn,  in  1825,  with  a single  flan;ie,  as 
B ; Hodgkinson  deduced  a section  of  greatest  strength  having  areas  of  flanges 
as  6 to  1,  as  C.  Taking  this  form  as  unity,  the  ratios  will  stand  : — 

For  Hodgkinson  and  Fairbairn,  as  - - - 1 : *754 

For  Hodgkinson  and  Tredgold,  as  - - - 1 .*  *619 

For  Fairbairn  and  Tredgold,  as  - - - - 1 : *820 

(Fairbairn,  Application,  &c.  p.  25  : Tredgold,  Cast  Iron,  1824,  p.  55,  describes 
the  advantages  of  his  own  form  of  section.) 

l62Sy.  Hodgkinson’s  complete  section  for  a cast  iron  girder  is  sliown  in  Jig. 
6 1.37.  Its  chief  principle  is,  that  the  bottom  flange  must  contain  six  times  tlie 
area  of  the  top  flange.  The  several  dimensions  are  taken  thus  : — 1.  For  the 
depth,  the  total  dimension  I).  II.  For  the  bottom  flange,  the  width  B,  and 
for  the  two  thicknes.ses,  one  is  taken  at  the  centre  hb ; the  other  b at  the  end. 
III.  For  the  top  flange,  the  width  T,  and  for  the  two  tliicknesses,  one  is  taken 
at  the  centre  tt,  the  other  t at  the  end.  In  this  manner  the  dimensions  of  the  flanges  are 
< ...T..->  quite  independent  of  the  thickness  of  tlie  rib.  IV.  For  the  rib 

<■6 > the  two  dimensions  r and  rr  are  measured  as  continued  to  the 

extreme  top  and  bottom  surfaces  of  the  girder,  with  tlie  same 
view  of  making  these  dimensions  independent  of  tliose  of  the 
flanges,  and  promoting  exactness  in  defining  the  entire  section. 
Flodgkinson's  complex  rule  for  obtaining  the  weiglit  a girder 
will  carry,  is  bd^-{b-  6,^)  d^^  = W.  Here  W = tons,  or 

b eaking  weight ; Z feet,  or  length  between  supports  ; d who^e 
depth  ; tZ,  depth  to  bottom  flange , b breadth  of  bottom  flange  , 
and  5,  thickness  of  vertical  rib.  The  simp  er  rule  usually  cm- 
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W tons,  or  the  breaking  weight  which  should 
not  be  less  than  four  times  the  jiermanent  load  distributed;  and 
it  gives  a result  less  liy  7 per  cent,  than  tlie  complex  rule  above 
described,  therefore  an  excess  of  strength  is  obtained. 

1628z.  Tlie  proportions  of  the  rib  are  undetermined,  but  it 
is  evident  that  they  should  bear  some  ratio  to  those  of  tlie 
flanges.  It  must  be  sufficiently  rigid  to  prevent  lateral  we  :k- 
ness.  Moreover  the  very  theory  which  maintains  the  principle 
of  the  ventral  axis  (par.  1630c)  also  recognises  the  increase  of  the  forces  of  compression  and 
extension  upward  and  down\vaid  from  the  neutnd  a.tis,  and  would  therefore  lead  to  the 
adoption  of  a rib  tapered  in  both  directions  In  practice  it  is  found  desirable  to  taper  tlie 
rib  so  as  to  meet  each  of  the  flanges  with  a thickness  corresponding  to  that  of  the  flange,  for 
if  any  very  great  di.sproportion  exists,  the  operation  of  casting  the  beam  cannot  be  so 
perfectly  jierformed,  from  unequal  shrinkage  of  the  metal,  and  an  imperfect  casting  or  one 
having  flaws  in  it,  renders  futile  all  calculations  of  strength. 

1 629  Hodgkinson  gradually  varied  the  form  of  section  of  girder  in  his  experiments  until 
the  widths  and  depths  of  the  flanges  were  as  follows; — Top  flange  2*33  inches  wide,  0*31 
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inch  deep;  bottom  flange  C‘67  inches  wide,  0 66  inch  deep;  the  areas  being  *720  and 
4 -4  inches.  Tlie  rib  was  -266  inch  tliick,  and  the  total  depth  5|  inches.  The  constant  or 
C was  found  to  be  514  for  cwts.,  or  26  for  tons.  (Warr. ) 

1629a.  It  will  scarcely  be  within  our  province  to  describe  all  the  forms  of  sections,  and 
tlie  results  of  the  experiments  made  by  Fairbairn  in  obtaining  his  box-  beam  or  plate  girder 
in  ivronght  iron,  but  it  is  to  be  noted  that  all  the  cylindrical  tubes  broke  by  extension  at 
the  rivets  before  tlie  tube  could  fail  by  compression.  I'airbairn  in  his  Application  of  Cast 
and  Wrovght  Iron  to  Building  Purposes,  edit.  1857-8,  p.  80,  notices  that  although  the  plate 
girder  be  inferior  in  strength  to  the  box  beam,  it  has  nevertheless  other  valuable  properties 
to  recommend  it.  On  comparing  the  strength  of  these  separate  beams,  weight  for  weight, 
it  will  be  found  that  the  box  beam  is  as  100  : 9:?.  The  plate  beam  is  in  some  resjiects 
superior  to  the  box  beam ; it  is  of  more  simple  construction,  le.ss  expensive,  and  more 
durable,  from  the  circumstance  that  the  vertical  pla‘e  is  thicker  than  the  side  plates  of  the 
box  beam.  It  is  also  easier  of  access  to  all  its  parts  for  the  purposes  of  cleaning,  &c. 

16295.  Fairbairn  has  formed  a comparison  between  a ivrnvght  iion  and  a cast  iron  g rder  for 
a span  of  30  feet.  The  plate  girder,  fig.6l?>k,  would  be  31  feet  6 inches  in  length,  and  would 

be  composed  of  plates  22  inches  deep  and^'^rths  thick  ; with  angle  iron  « > 

|ths  tliick,  riveted  on  both  sides  at  the  bottom  of  the  plate,  and ' 
angle  iron  | inch  tldck  at  the  top,  the  width  over  the  top  being  7i 
inches,  and  the  bottom  5|  inches.  The  breaking  weight  of  this 

. 7 • 7 . 1 j 1 TIT-  6 X 22  X 75 

beam,  taking  the  constant  at  / 5,  would  be  -j-  = VV  ; or  — 

^Tl-5  tons  in  the  middle,  or  55  tons  distributed  equally  over  the 
surface.  In  the  edition  of  1857-8,  the  angle  irons  are  described  as 

3 inches  by  3 inches,  | inch  thick  for  the  bottom,  and  4 inches  by 

4 inches,  | inch  thick  at  the  top  ; it  would,  therefore,  be  8|  Inches 
over  at  the  top,  and  about  6^  inches  at  the  bottom.  Now  a •'ast 
iron  girder  of  the  best  form  and  strongest  section  and  calculated 
to  support  the  same  load,  would  weigh  about  2 tons,  the  plate  beam  about  18  cwts.,  or 
less  than  one  half.  To  secure  uniformity  of  strength  in  a rectangular  box  beam,  the  top 
is  required  to  be  about  twice  the  sectional  area  of  the  bottom ; hence  resulted  the  use  of 
cells  in  that  portion. 

1629c.  Fig.  613/.  is  o.  plate  beam  having  a single  plate  for  the  vertical  web,  while  each 
of  the  flanges  consists  of  a flat  bar  and  a pair  of  angle  irons  riveted  to  each  other  and  to 
the  vertical  web.  Fig.  613/n.  is  a 
box  beam,  in  which  there  are  two 
vertical  webs.  Fig.  6l3n.  is  a plite 
girder  of  greater  dimensions  than 
fig.  613/.  ; the  flanges  contain  more 
than  one  layer  of  flat  bars,  and  the 
web,  which  consists  of  plates  with 
their  largest  dimensions  vertical,  is 
stillened  by  vertical  T iron  ribs  at 
the  joints  of  those  plates,  as  shown 
in  the  plan  or  horizontal  section 
Uttered  A.  The  pieces  should  abut 
closely  and  truly  against  each  other, 
having  end  surfaces  made  exactly 
perpendicular  to  the  axis  of  the 
beam.  The  thickness  of  the  web  is  seldom  made  less  than  |ths  inch,  and  except  for  the 
largest  beams,  this  is  in  general  more  than  sutheient  to  resist  the  shearing  stress.  Above  each 
of  tlie  points  of  support,  the  vertical  ribs  mu.st  be  placed  either  closer  or  made  larger,  so 
that  they  may  be  jointly  capable  of  safely  bearing  as  pillars  the  entire  share  of  the  load 
which  rests  on  that  point  of  support.  A pair  of  vertical  T iron  rihs  riveted  back  to  back 
through  the  web  plates  fas  A,  fig.  613n.)  may  be  held  to  act  as  a pillar  of  cross-shaped  section. 

1629c?.  The  rib  or  web  of  a plate  beam,  as  fig.  613/,  having  little  or  nothing  to  do  with 
the  pressure  directly,  has  been  replaced  in  some  cases  by  simple  upright  struts  or  diagonal 
braces  between  the  flanges,  which  in  cast  iron  girders  are  in  one  casting,  but  experience  has 
proved  this  not  altogether  politic,  particularly  in  cast  iron.  Hodgkinson  remarked  that 
such  beams  were  weaker  than  those  with  a solid  rib.  Rankine  observes  that  transverse 
ribs  or  feathers  on  cast  iron  beams  are  to  be  avoided,  as  forming  lodgments  for  air  bubbles, 
and  as  tending  to  cause  cracks  in  cooling.  Open  work  in  the  vertical  web  is  also  to  be 
avoided,  partly  for  the  same  reasons,  and  partly  because  it  too  much  diminishes  the  resist- 
ance to  distortion  by  the  shearing  action  of  the  load. 

1629c.  “ Where  the  span  renders  it  impracticable  to  roll  abeam  in  one  piece,”  Fairbairn, 
page  91,  notices  that  “convenient  weights  might  be  rolled  into  sections  of  the  proj)cr  form 
— and  being  united  by  properly  proportioned  covering  plates  at  top  and  bottom,  and  to 
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the  joints  {par.  IGSOy.),  and  all  the  rivetin"  he  well  executed,  the  beam  will  be  equal  in 
strengtli  to  one  ” of  an  entire  length,  “ '1  his  construction  may  be  carried  to  a span  of  40  to 
50  feet.  In  practice  it  is  found  necessary  to  confine  the  use  of  cells  to  sjrans  exceeding 
]00  or  150  feet:  within  these  limits  the  same  objects  are  most  economically  obtained  by 
the  use  of  thicker  plates”  (jiage  215).  “ The  more  marly  the  bottom  approximates  to  a 

solid  homogeneous  mass,  ihe  better  it  is  calculated  to  resist  a tensile  strain”  (see  pages  248 
to  25G  for  full  instructions  as  to  riveting  plates;  and  Kirkaldy,  Experiments,  8j-c.,  page 
196,  for  comparison  of  strength).  Asthe  bending  moment  of  the  load  onagirder  diminishes 
from  tlie  middle  towards  the  ends,  and  the  shearing  force  from  the  ends  towaids  the 
middle,  it  follows  that  the  transverse  sections  of  the  bottom  plates  may  be  diminished 
from  the  middle  tow'ards  the  ends,  and  that  of  the  vertical  web  from  the  ends  towards  the 
middle,  so  as  to  make  the  resistance  to  bending  and  shearing  respectively  vary  according 
to  the  same  law.  Consequently,  towards  the  centre  of  a girder  for  a large  span,  the 
bottom  plate  is  usually  increased  by  additional  plates  to  secure  the  requisite  strength  in 
the  sectional  area,  giving  the  underside  of  the  plate  a bellied  form.  C.  Graham  Smith, 
irrought  Iron  Girder  Work,  deserves  attentive  perusal  by  the  student.  It  is  printed  in  the 
British  Architect,  for  June  1877,  pages  382  to  385. 

1629/;  The  results  of  various  testings  of  a new  manufacture  of  girder  patented  about 
1866  by  Messrs.  Phillips  are  here  recorded.  A double  weight  in  a cast  iron  girder  is  re- 
quired to  give  equal  strengtli  with  one  of  wrought  iron.  A riveted  plate  girder  is  not  always 
adaptable  for  general  purposes.  The  new  system  consists  in  riveting  plates  to  the  top  and 
bottom  flanges  of  rolled  iron  beams,  and  so  strengthening 
them  as  to  obtain  results  apparently  disparaging  to  ordinary 
plate  girders,  d'he  ex})eriments  noticed  here  in  an  abridged 
form  were  on  a patent  girder  of  22  lbs  per  footrun,  with  a vveb 
plate,  as  A,  Jig.  6l3o.,  and  20  feet  bearing,  as  compared  with 
a riveted  plate  girder  of  9 in  depth;  it  gave  a breaking  weight 
of  7 tons  and  a safe  load  of  4 tons  ; the  formula  for  the  break- 
ing weiglit  of  an  ordinary  plate  girder  would  give  3|  tons. 
When  two  of  the  8-inch  rolled  girders  were  riveted  together 
with  a plate  on  the  top,  as  B,  the  metal  being  about  40  lbs. 
per  foot  run,  the  girder  was  found  to  resist  20  tons,  even  then 
not  breaking,  but  becoming  twisted.  An  ordina*^y  riveted 
plate  girder  of  40  lbs.  per  foot  run,  with  a web  of  12  inches, 
with  double  angle  irons  of  3 inches  by  3 inches  and  ^ inch 
thick,  would  break  with  a strain  of  9 tons.  A simple  web 
plate  girder,  wdth  angle  irons  top  and  bottom  {Jig.  613/^'.), 
gives  C = 60  ; a plate  on  top  and  bottom  in  addition  (/^  613/.) 
gives  C = 75  ; and  a box  beam  {Jig.  613?n.)  gives  C = 80.  The  rolled  girders  made  by  the 
Butterley  Company  give  C = 57  to  88.  The  example  A gives  C = 210;  and  the  example 
B,  300.  Other  experiments  are  required  fully  to  prove  the  superiority  of  the  new  system 
over  the  beams  and  girders  of  the  old  sections.  The  details  of  the  above  testings  are  given 
in  the  Builder,  p.  148;  Mechanics’  Magazine,  p.  129;  Engineering,  p.  139;  &c.,  all  for  the 
year  1866. 
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Application  to  the  manufacturer  selected  must  be  made  for  any  special  lengths  and 
strengths  of  rolled  iron  joists  and  girders,  riveted  and  compound,  &c.  The  former  can 
be  obtained  from  3 inches  deep  by  If  inches  up  to  22  inches  deep  by  8 inches,  being  from 
6 feet  to  36  feet  in  length,  with  top  and  bottom  flanges  of  usual  proportions.  The  latter 
can  be  obtained  of  the  same  lengths.  One  manufacturer  advertises  the  following  makes, — 
Rolled  girders  up  to  19|  inches  deep  and  to  38  feet  long.  Zore’s  patent  girders  up  to 
8 inches  deep  and  to  34  feet  long.  Channel  iron  to  12  inches  wide  and  to  32  feet  long. 
Angle  iron  to  12^  urited  inches  and  to  30  feet  long.  Tee  iron  to  12  united  inches  and 
to  30  feet  long.  Flitch  and  sandwich  plates  to  14  inches  wide  and  to  36  feet  long.  Riveted 
girders  made  up  from  stock  to  all  sections.  Bulb  tees  up  to  10  inches  deep.  Rounds 
to  6|  inches.  Squares  to  5 inches.  Flats  to  14  inches.  Chequered  plates  up  to  8 feet  by 


The  opinion  is  gaining  ground  that  most  of  the  constants  in  use  for  calculating  the 
strength  of  beams  are  too  high.  A comparison  of  Trcdgold,  Barlow,  and  Clark,  vvill  show 
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a difference  of  something  approaching  100  per  cent.:  Tredgold  the  highest,  Clark  tl>e 
lowest,  and  Barlow  about  noidway.  New  sets  of  experiments  are  desirable,  especially  for 
large  scantlings.  From  1866  D.  Kirkaldy  has  made  a number  of  experiments  on  full- 
size  timbers,  and  of  late  years  Mr.  Lanza  has  made  some  a*t  the  Massachusetts  Institute. 
His  results  show  that  the  ordinary  formu'aj  require  revision.  For  insiance,  a sprue  beam 
12  inches  by  2 iiiches  and  15  feet  Iona:  broke  with  a central  load  of  5894  lbs.  According 
to  Tredgold’s  formula,  it  ought  to  have  carried  a load  of  8928  lbs.  before  breaking,  d’his 
result  was  corroborated  by  other  tests,  and  the  general  conclusionarrived  at  is  tha*,  whereas 


we  have  been  accustomed  to  use  as  a constant  in  the  familiar  formula  W = — 4 cwt. 


for 


fir  or  pine  beams  (in  fact,  in  one  of  his  examples  530  lbs.  is  used),  we  ought  really  to  use  a 
constant  of  not  more  than  2^  cwt.  The  more  thoroughly  large  size  specimens,  %vhether  of 
wood  or  iron,  are  tested,  the  more  will  our  knowledge  of  their  strength  be  increased,  and 
we  shall  he  less  dependent  upon  theories.  (J.  Slater,  1887).  As  an  instance,  put  forward 
so  long  since  as  1871-72  by  Captain  (now  Colonel)  Seddon  from  experiments  by  D.  Kir- 
kaldy on  (1)  white  Riga  fir,  and  (2)  red  Dantzic  fir,  v/here  each  piece  was  20  feet  long — 


White  Riga  fir  was  13  inches  square=169  square  inches  area. 

Ultimate  stress  331,260  lbs.=  1960  lbs.  per  square  iivh. 

or  147-88  tons  = 126-04  tons  per  square  foot. 

Gave  way  at  knots  2 feet  9 inebes  from  centre.  Deflection  -642. 

Red  Dantzic  fir  was  13-5  by  13-2  = 178  square  inches  area. 

Ultimate  stress  309,120  lbs.  = 174  2 lbs.  per  square  inch. 

or  138-00  tons= 112-02  tons  per  square  foot. 

Gave  way  at  knot  0-9  off  centre.  Deflection  -548  only. 

Transactions,  Royal  Institute  of  British  Architects,  1871-72,  pp  156-164. 

Strictly  speaking,  the  law  that  the  breaking  weight  depended  on  the  variations  of  stress 
was  known  before  1849,  when  it  was  shown  lliat  cast  iron  bars  broke  with  half  the  statical 
breaking  weiglit  when  subjected  to  continued  repetitions  of  load.  Sul)sequPiitly  Sir  VV. 
Fairbairn  carried  out  an  experiment  on  a riveted  girder  subjected  to  continual  loading 
and  unloading  for  a period  of  two  or  three  years.  It  broke  with  two-fifihs  of  the  statical 
breaking  load,  and  after  repairing,  with  one-third  the  statical  brtaking  weight,  after  over 
one  million  changes  of  load  in  each  case.  The  statical  breaking  stress  was  not,  as  com- 
monly assumed,  the  exact  measure  of  the  structural  value  of  a materi.il.  (Prof.  Unwin, 
in  Builder,  1887,  p.  741). 

1629^.  PiioBLEM  I. — To  find  the  breaking  weight  of  a beam,  the  load  being  in  the 
middle  and  all  the  dimensions  known.  The  ends  loose  or  supported. 


For  A,  Timber  beams 


h d-  S lb=i. 
I feet 


\V  lbs. 


b d-  S cwt. 
I feet 


= W cwt. 


I feet 


: W tons. 


o4r7S 
I ins. 


W lbs. 


Here  S,  in  the  first  formula,  represents  the  value  of  the  breaking  weight  in  pounds  in  the 
middle,  taken  from  the  preceding  table  : in  the  other  two  it  would  be  deduced  from  it ; 

thus,  taking  Riga  fir  = 3’21  for  cwt.,  and  = -160  for  tons:  b breadth  in 

’ o ^ 112  lbs.  ’ 2ucwt. 

inches;  J depth  in  inches  ; / distmee  between  the  points  of  support,  in  feet;  a area  of 
seciion.  These  letters  will  be  continued  in  these  problems,  until  other  values  are  attached 
to  them.  W will  always  represent  the  breaking  weight. 


1629/t.  For  B,  Wrought  or  cast  iron  rectangular  beams'. — 

i41|!l2-  = wlbs.  I Hi^  = Wewts.  1 ^=wibs. 

Here  F represents  the  weight  in  pounds  borne  by  a rod  1 inch  square,  when  the  strain  is 
as  great  as  the  rod  will  bear  without  destroying  part  of  its  elastic  force,  = 15,300  for  cast 
iron.  From  a mean  of  265  experiments  by  Hodgkinson  and  Fairb  lirn,  it  apj)ears  ( by 
Gregory)  that  a weight  of  454-4  pounds  in  the  middle  of  a bar  of  ca-,t-iron,  1 inch  S(|uare 
and  4-5  feet  bearing,  produced  fracture.  Therefore,  for  a bar  of  any  other  dimensions, 
we  have  : — 


= W lbs. 


&d2C=18-25 


W cwts. 


6d20  = -912 


= W tons. 


1629i,  For  C,  Cast  iron  girder  (Tredgold’s  section). 

X (1  —9  y.'jd')  = W lbs.  Here  9,  difference  between  the  breadth  in  the  middle  and  the 

extreme  breadth  = -625  as  found  to  answer  in  practice;  and  p,  depth  of  the  narrow  part  in 
the  middle  = -7  as  found  to  answer.  When  the  middle  part  of  the  beam  is  omitted,  except 

sufficient  uprights  to  connect  the  top  and  bottom  bars,  then  — gy-  x (1  —p^)  — ^hs.  Here 


- d whole  depth;  and  p depth  of  part  omitted.  If  tlie  thickness  of  the  web  be  about  ^^ih 
i or  j-th  of  the  depth  of  tlie  beam,  then — 


rt(£C  = 5l4  , 

— i — = W cwts. 
I luclxes 


C=26 
I iuchts 


= W tons. 


adC=2-166 
I feet 


= W tons. 


Here  514  cwts.  may  be  used  for  side  castings,  or  536  cwts.  for  erect  castings.  The  other 
quantities  are  obtained  thus  : ~ tons;  -^=--26’8,  called  27  tons. 

When  I is  used  in  feet,  ||  = 2'166  : a represents  area  of  bottom  flange  in  inches. 

1629^.  For  I>,  Cast  iron  girder  (Hodgkinson’s  pattern)  : — 


rtrfC  = 514 
I iuc.ies 


W cwts. 


adC  = 26 
I iiiclies 


= W tons. 


a<^C  = 2-T4 
I feet 


= W tons. 


2 ad 
I ft." 


— W tons. 


ad 

ITt. 


— P tons. 


Here  a and  d as  before ; P permanent  load  distributed,  or  about  one-fourth  of  the 
breaking  weight  distributed;  and  multiplied  by  2 when  the  ends  are  fixed  = one-half 
13  W.  From  the  experiments  above  quoted  from  Gregory,  we  obtain — ■ 


a <74852 


= W lbs. 


- = W cwts. 


an  ^ 1 ou 


= W tons. 


1629^.  Gregory’s  work  also  states  an  arbitrary  formula  given  by  Mr.  Dines,  which  he 
found  to  be  tolerably  correct  in  all  cases  where  the  length  of  the  girder  did  not  exceed  25 
fl  et ; its  depth  in  the  centre  not  greater  than  20  inclies;  the  brt  adtli  of  the  bottom  flange 
not  less  than  one-third,  or  more  than  half,  the  depth  ; the  thickness  of  the  metal  nut  less 
than  ith  of  the  depth.  Then — - 


lip  [5  c/2  _ = W ] bs.  I ~ [b  d--(h-  = W cwts. 

^ [h  d^-{b-  b^)d^'^]  = W tons. 


Here  6 entire  breadth  of  bottom  flange;  b.^  thickness  of  the  vertical  part;  d depth  of 
whole  girder  ; depth  without  the  lower  flange,  all  in  inches  ; I length  in  feet. 


1629m.  Hurst,  Handbook.,  notices  that  the  area  of  the  top  flange  should  be  i of  that  of 
the  bottom  flange  when  the  load  is  on  the  top  ; and  A when  the  load  is  on  the  bottom  flange  ; 
Molesworth,  Formula;,  has  ^ for  the  latter;  he  notes  that  if  the  depth  of  the  girder  be  ^2 
the  span,  then  a4  17  = W tons,  the  weight  being  distributed.  When  the  depth  is 

a5  = Vf  tons,  the  weight  being  distributed.  The  depth  at  the  ends  may  equal  Ap- 

proximate rules  for  these  girders  have  been  given  in  the  Poclcet-booJc  for  1865,  as  / x P = <7  x o, 
P,  ^-^  = a.  Here  I feet ; P tons  distributed  ; d depth  of  girder;  a area  of  bottom 
flange,  both  in  inches. 


1629m.  For  E,  Wrought  iron  tube  or  beam,  or  box-beam  : — 

a<7C  = 80  X I a<7C:=6-66  ...  u j-  .u  ^ 

— r — = W tons.  — — = W tons,  when  d is  more  than  -7 

I iixclies  1 I ieet  14 

, Here  a area  of  the  bottom  flange;  C coefficient  determined  for  this  particular  form  of  tube, 
f:  In  the  table  given  by  Fairbairn  (pp.  116-17),  a area  of  the  whole  cross  section,  the  con- 
stant C=  17  8 tons,  for  a tube  having  the  top  flange  = -142  thick,  twice  the  area  of  the 
bottom  one;  the  tube  being  9*6  inches  square,  and  17 '5  feet  long  between  the  supports. 
Such  a beam  deflected  1*76  inches  with  a breaking  weight  of  7,148  lbs. 


1629o.  Hurst  states  it  is  usual  to  camber  a riveted  girder,  so  that  on  receiving  the  per- 
mai'.ent  load  it  may  become  nearly  horizontal.  If  tlu'  required  rise  or  camber  equals  e in 

the  middle  in  inches,  d being  in  inches  and  I in  feet,  we  have  — K = e.  For  girders  uni- 

i formly  loaded  and  of  uniform  section  throughout  the  length,  K = *018.  When  the  section 
? is  also  made  to  vary  so  that  the  girder  will  be  of  equal  strength  througliout,  K=  *021. 
Molesworth  notes  the  area  of  top  flange  as  al*18  ; Hurst  says  al-75.  If  the  depth  of 
the  girder  be  i of  the  span,  then  W = 1.3*3a  tons;  if  ^1,  then  W=  16a  tons.  The  rivets  to 
. be  f inch  and  inch  in  diameter,  placed  3 inches  apart  in  the  top  and  4 inches  apart  in 
the  bottom  flange. 
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1629/;.  For  r,  Jf'rou^ht-iron  p'ate  girder:  — 

adC  = 1500  r.  , r.  .1 

I inches  ” ~ cwts.:  area  of  the  top  flange  being  ^ greater  than  the  bottom  flange,  and  the 

thickness  of  the  web  about  ^ or  of  the  depth  of  the  beam.  — W tons,  in  which 

case  C = 75  for  deep  plates,  as  22  inches ; or  = 50  for  less  depth,  as  7 inches.  ^ ~ 

tons,  when  d is  more  than  and  the  area  of  the  top  flange  is  1*75  of  the  bottom  flange. 

Here  a area  of  bottom  flange  in  inches  ; some  calculators  deduct  tlie  rivet  holes  from  its 
total  width.  For  depths  under  12  inches,  the  width  of  the  top  flange  should  be  half  the 
depth;  and  when  over  12  inches,  one-third.  Witli  the  latter  proportion,  featliers  or 
stiHening  pieces  should  be  used  to  supply  the  deficiency  in  lateral  stiffness  occasioned  by 
the  reduced  width  of  flange  (par.  1629c.).  The  usual  thickness  of  web  for  all  depths 
under  3 feet  is  | inch.  F'airbairn  ( Tubular  Bridges,  p.  247)  discovered  that  the  top  flange 
should  have  an  area  double  that  of  the  /o«-er  one  to  give  the  strongest  form  of  wrought  iron 
beam,  a contrary  principle  to  that  obtained  in  cast  iron. 

1629^.  To  find  the  area  of  either  of  the  flanges  at  the  centre  of  a girder  supported  at 

wz 

both  ends,  the  formula  is  = Here  W represents  live  and  dead  loads  uniformly 
distributed  in  tons;  I span  in  feet;  d depth  in  inches;  and  s safe  strain  per  square 
inch  of  metal  on  the  flange,  in  tons.  Therefore,  say  ^ --  = 45  square 
inches,  excluding  rivet  holes  in  the  bottom  flange.  This  formula  is  tee  equivalent  of 

W = weierbt  per  fo<n  run  X Z2  . ^ i 

vV lien  the  sectional  area  ot  the  top  flange  is  to  bo  greater 

than  that  of  the  bottom  flange,  multiply  the  latter  area  by  1*2.  The  average  sectional 
area  of  a theoretically  proportioned  flanged  girder  may  be  taken  at  |rds  of  the  central 
sectional  area.  To  find  the  sectional  areas  of  ei'her  flange  at  any  point  along  the  whole 

W r 

length  of  the  girder,  the  formula  is  excluding  rivet  holes  in  bottom  flange. 

Here  W weight  per  foot  run  in  tons;  x lesser  segment  into  which  the  span  is  divided; 
l~x  greater  segment;  s and  d as  before.  To  find  the  sectional  area  at  any  length  of  the 

Wo: 

web,  the  formula  is  —~  = a square  inches.  Here  x is  the  distance  from  the  centre  ; W and 

s as  before.  The  vertical  strain,  at  the  centre  of  the  beam,  when  one-half  of  the  girder  is 
fully  loaded,  is  equal  to  ^ of  the  fully  loaded  beam,  that  is  |W  x 1.  At  the  ends  or  pillars, 
the  vertical  strain  is  greatest,  and  is  equal  to  x /.  The  strain  at  the  centre,  when  the  load 

w z 

is  uniformly  distributed,  is  obtained  from  the  formula  = Here  W distributed  load  in 

t«»ns;  I length  in  feet;  d depth  in  feet ; s strain  in  tons  of  compression  in  the  top  flange  and 
tension  in  the  bottom  flange.  Flalf  the  load  collected  at  the  centre  of  a girder  being  equal 

to  the  load  distributed,  the  above  formula  becomes  — At  any  other  point,  ratijs  of 

strain  will  be  as  the  square  of  half  the  span  to  the  square  of  the  segments  into  which  a 
given  point  divides  the  span.  The  approximate  strain  at  the  centre,  per  square  inch,  on 

any  beam,  may  be  obtained  from  the  formula  ^^  — s.  Here  W distributed  load  in  tons; , 

I length  in  terms  of  the  depth  ; a sectional  area  in  square  inches;  and  s strain  in  tons  per 
square  inch.  To  find  the  sectional  area  of  a flange  for  a plate  girder  lixed  at  one  end  and  free 

W X 

at  the  other  the  formula  is  exclusive  of  rivet  holes  in  the  top  flange;  \V  weight  in 

tons  at  the  end  of  the  girder;  a:. length  in  feet  from  loaded  end  to  the  point  where  the  sec- 
tional areas  are  required;  d depth  in  feet  ; s safe  strain  per  square  inch  in  tons.  When  the 
load  is  uniformly  distributed,  u^ing  the  same  notations  as  before,  except  that  W in  tons  is 

W 

the  load  per  foot  run,  the  formula  is  ^'^^<^^dtect's,8fc.,  Pucket  booIi,1865.) 

1629r.  For  G,  Rolled  irons  or  bars  : — 

of  bottom  flange  includes  to  above  the  upper  part  of 
the  swelling  for  flange,  as  5 c (Jig  61.3r/.);  or  to  the 
whole  of  the  angle  in  plate  girder  S'.  A railway  bar 
is  often  useful  in  country  places;  the  intricate  formulas 
for  the  strength  of  the  various  parts  will  be  found  in 
Barlow ; and  in  the  Engineer  s Puckel-book  for 

1861. 

lG29s.  For  H,  Tee  irons,  or  Rolled  T irons-. — = W tons. 

' I teet 


— _ \y  tons.  Flere  a area 

I feet 


Fig.  GI59. 


Chap.  I. 


BEAMS  AND  PILLAHS. 


431 


I 


1629^.  For  I,  Rt-verstd  Tee  irons:  — 


AVlien  X is  one-fourth  of  tl.e  table  or  flange  he,  and  the  form  as  5 : 12  of  a rectangle,  then 
= SW.  It  was  stated  in  the  Oldlium  3Iill  Report  that  this  fo  m of  beam,  which 

ini;»ht  be  considered  to  suj)port  a weight  of  say  1000  lbs.,  may  be  broken  if  reversed,  that 
is,  the  flange  placed  uppermost,  as  T>  " ith  a weiglit  of  say  340  lbs.  IIodgkin«on  experi- 
mented on  two  bars  4 feet  3 indies  long,  the  flange  4 inches  wide,  rib  1^  inch  deep,  with 
a tliickness  of  metal  of  about  ^ incli.  One  bar  was  tried  with  the  flange  uppermost,  tlie 
other  bar  with  the  flange  downwards.  The  former  broke  with  2^  cwt.,  tlie  latter  with 
9 cwt.  Experiments  on  tlirce  girders  of  tliis  shape,  the  web  being  2 inches  high  and 
^ inc!i  thick,  the  flange  2 indies  wide  by  ^ inch  tliick,  and  24  indies  long,  were  made  by 
Cooper  of  Drury  Lane.  He  stated  that  the  gain  in  strengtii  over  a flitch  D 2 inches  by 
i inch  was  25  per  cent. ; tlie  loss  in  stiffness  being  30  per  cent.  The  strength  arising  from 
the  accumulation  of  the  (Quantity  submitted  to  tensile  action 
bears  out  an  adequate  result,  or  £80  times  its  own  weight,  instead  * 
of  40,),  as  D 2 indies  by  ^ inch,  and  D D2  indies  by  ^ inch  each,  ^ 

placed  i inch  apart,  showing  over  them  an  increase  of  strength  p p 

of  nearly  50  per  cei.t.  In  using  tiiis  form  of  section,  it  makes  J\:  n 

no  difference  whether  the  load  be  placed  wholly  on  the  top  of 
the  vertical  web,  or  on  tlie  lower  flange  ; the  result  obtained  in 
eitlier  case  was  the  same. — Builder,  1845,  vol.  iii.  p.  593.  The 
results  of  some  other  experiments  on  this  useful  form  of  iron 


C C 

Fig.  GI3r. 


(ldC  = C 


W tons  is 


are  given  in  the  Engineer's  Pocket -book  for  1861,  p.  205.  The  formula  ^ 

also  applicable  to  the  trough-shaped  section,  as  N {fg.  613r.),  as  to  the  inverted  Tee  or 
shape  M,  taking  the  two  vertical  ribs  to  be  equivalent  to  one  rib  of  the  same  depth  and 
double  the  thicknes.s.  The  thickness  of  the  horizontal  and  vertical  parts  of  these  gi.d.rs 
should  lie  equal,  or  nearly  equal,  so  as  to  obtain  as  near  an  equality  in  cooling  as  possil  le. 

1629m  For  ZL,  Mixed  bean  s ; Flitch  be  tms  and  double  f ilch  beams  : — Fhc^e  beams  are 
composed  of  an  iron  jilate  (cast  or  wrought)  placed  betwen  two  pieces  of  fir  timber, 
fg.  613s.,  or  of  a jilate  placed  on  each  side  of  the  solid  timber 
beam,  fg.  613^.  The'C  plates  again  may  have  a table  or 
flange,  as  in  the  case  of  the  single  plate;  or  of  a half  flange,  as 
in  the  case  of  the  plates  on  each  side  of  the  beam.  All  these 
should  be  bolted,  or  otherwise  secured  together,  to  render 
them  as  homogeneous  as  possible.  Hurst  gives  the  formula 
p^(C5  + 30t)=  W in  cwts.  Here  t breadth  of  the  one,  or  Fig.  gi3«. 


Fig.  ci."r. 


two,  wrought  (row  flitches  ; b breadth  of  wood,  both  in  inches  ; C,  coefficient  = 4 teak,  3 oak, 
2'5  fir,  and  2‘0  elm.  Fairhairn  considerstliat  “ theaddition  of  the  timber  on  each  side  of  the 
plate  gives  increased  stiffness, and  renders  it  less  liable  to  warp  under  strain.  It  is  called  a 
sandwich  beam.”  He  states  this  beam  “to  be  weak,  comparing  the  results  with  those  of 
the  simple  plate  girder ; and  its  elasticity^  although  considerable,  is  neverthcle'S  so  imper- 
fect as  to  render  it  inadmissible  for  the  support  of  great  loads,  whether  proceeding  from  a 
dead  weight,  or  one  in  motion  over  its  surface.  With  riveted  angles  or  flanges,  the  timbers 
on  each  side  might  have  been  useful  in  preventing  lateral  flexure,  but  they  would  not  have 
contributed,  in  any  great  degree,  to  the  vertical  bearing  powers  of  the  beam.”  {Application, 
&c.,  p.  284-.0.)  Rolled  flat  irons  can  now  be  obtained  about  13  to  14  inches  deep,  frotn 
2 inch  to  an  inch  in  width,  up  to  30  feet  in  lengih,and  for  special  cases  somewhat  longer. 

1629y.  The  method  of  trussing  a beam  is  explained  in  Caiipentiiv  {par.  2021,  et  seq.). 

I629w.  The  formula3 for  finding  the  strength  for  examples  IV.and  V.,fg.  675.,  are^^  = /i; 
and^//^2^jr^_  Here  I length  in  feet ; d depth  in  feet — both  measured  from  the  points 

of  intersection  of  the  stay,  tension  rod,  and  top  beam  ; W load  in  tons  uniformly  dis- 
tributed; h horizontal  thrust  on  beam  in  tons  ; and  s strain  on  inclined  pait  of  tension  rod 
in  tons.  When  the  truss  has  more  than  one  stay,  h,  /,  and  d will  represent  the  same  ; and 
h^  tensile  strain  on  the  horizontal  portion  of  the  rod.  The  strain  on  the  inclined  tie  rod 
will  be  ^\/ P + n-d"^  s ; n the  number  of  limes  that  the  horizontal  di.stance  between  the 

pier  and  the  nearest  stay  is  contained  in  1.  If  any  load  be  placed  on  the  middle,  the  s'rain 
h will  be  doubled.  If  any  load  be  placed  on  each  of  the  stays,  then  I will  represent  the 
distance  of  each  loaded  stay  from  the  nearest  pier;  d depth  as  before;  h horizontal 
thrust  on  the  part  next  the  pier  ; s tension  on  each  of  the  inclined  ties.  Then  ^ = /i ; and 
W“  = s.  To  resist  the  strains  of  the  inclined  tie  rods  with  safety,  allow  an  inch  of 
sectional  area  in  the  tie  rod  for  every  5 tons  of  strain.  The  stay,  being  in  compression, 
should  be  calculated  as  a column  capable  of  supporting  the  load  if  in  the  middle,  or  one 
half  if  distributed.  The  beam,  though  in  compression,  should  be  capable  of  supporting  the 
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load  b'jtwoi  n the  stays,  as  a beam  exposed  to  transverse  strain,  according  to  the  rules  before 
given.  Tie  rods,  when  exposed  to  great  strains,  are  not  generally  of  much  value,  because 
the  iron  str.  tches. 

\629x.  Mr.  Cubitt  experimented  on  an  equal  flanged  cast  iron  girder,  27  feet  long,  10 
inches  deep,  and  4 inches  broad  across  the  flanges;  the  rods  were  1 inch  diameter.  When  the 
ends  of  the  rods  were  placed  above  the  beam,  it  was  found  to  be  weaker  than  having  no 
rod  at  all.  Wlien  the  fastening  was  made  at  the  upper  end  of  the  girder,  and  giving  u 
distance  to  the  rod  of  6|  inches  below  the  girder  instead  of  an  inch,  an  increased  stiffness 
was  obtained  of  above  a ton  (Warr,  p.  259).  Some  experiments  are  recorded  in  the 
Builder,  1857,  on  two  beams  of  Uantzic  timber,  each  28  feet  long,  14  inches  square,  with 
and  without  a tie  rod.  Barlow  records  an  experiment  (p.  158)  on  four  beams,  two  beiag 
trussed  similarly  to  the  figure  on  plate  xxxix.  of  Nicholson’s  Carpenters'  New  Guide. 
Mr.  Cooper’s  experiments  on  trussed  beams  are  given  in  the  Builder,  1815,  p.  612.  For 
Trellis  girders,  another  mode  of  trussing  a beam,  Fairbairn,  p.  129,  uses  the  same  formula 
as  for  the  plate  girder  F,  but  with  the  constant  60.  Fur  this,  the  student  is  referred  to  the 
Application  Sj'c.  of  Iron,  enlarged  edition,  1864, 

Other  conditions  than  that  of  the  Weight  in  the  IMiddle. 

\629y.  To  find  the  idtimate  strength  of  a beam  (section  A or  B),  when  a weight 
is  placed  somewhere  between  the  middle  and  the  end.  Rule — 
Multiply  twice  tlie  length  of  the  longer  end,  A,  fig.  618//,  by 
twice  the  length  of  the  shorter  end  B,  and  divide  the 
]'r<!duct  by  the  whole  length  C,  wdiich  will  give  the  efftc- 
tice  length  to  be  used  as  the  divisor  for  the  calculation 
of  strength  under  the  conditions  of  the  beam:  — Thus  say 
a beam  is — • 


iff.  613m. 


2x10)y(  - X 
1.)  long 

H urst  puts  it  as. 


= 13‘33  efllctive  lengtli  ; and  = I3^762‘64  lbs.  w^eight. 

(aO-  X W 


prochu  t of  two  lengtlis  Ironi  each  end. 

1629^.  Barlow  (p  39-40)  has  stated  a case  where  a beam  has  to  support  tv-n  equal 
weights  between  the  points  of  support,  FF',  as  at  D and  E,  Example  I.  fg.  6I3/-, 


1 n+/K 


and  W = \V,  the  general  expression  becomes 
X And  if  we  suppose  further  ID  = /E,  then  it  becomes  simply  ID.W=/. 




I] 

A 

c! 

w'i 

D ( 

E 

1 i 

fI  

If 

A 

A 

i 

Q — 

Now,  if  both  weights  act  at  the  centre,  it  appears 
from  the  preceding  investigation,  that^I/.  (2\V) 

= ^ I/.W  = IC.W  Whence  the  strain  in 
the  two  cases  will  be  to  each  other  as  ID  to  IC  ; Fig.  eisi;. 

and  hence  the  following  practical  deduction:  — 

When  a beam  is  loaded  with  a weight,  and  that  weight  is  appended  to  an  inflexible  bar, 
or  bearing,  as  DE,  in  Ex.  2,  the  strain  upon  tlie  beam  will  vary  as  the  distance  ID.  or  as 
the  difference  between  the  length  of  tlie  beam  and  the  length  of  the  bearing;  for  the 
bearing  DE  being  inflexible,  the  strains  will  be  exerted  in  the  points  D and  E,  exactly  in 
the  same  manner  as  if  the  bearing  was  removed,  and  half  the  weight  hung  on  at  eacli  of 
these  pcints.  This  remark  may  be  worth  the  consideration  of  practical  men  in  various 
architectural  constructions.  He  also  puts  the  case  of  abeam,  wliich,  instead  of  being  fixed  at 
each  end,  merely  rests  on  two  props,  and  extends  beyond  them  on  each  side  equal  to  half  thi  ir 
di.stance,  as  Ex.  3 : if  the  weights  W W'  were  suspended  from  these  latter  points,  each 

equal  to  one-fourth  of  the  weight  W,  then  this  would  be  double  of  that  which  would  be 
necessary  to  produce  the  fracture  in  the  common  case  ; for,  dividing  the  weight  W into 
four  equal  parts,  we  may  conceive  two  of  tiiese  parts  employed  in  producing  the  strain  or 
fracture  at  E,  and  one  of  each  of  the  other  parts  as  acting  in  opposition  to  W and  W, 
find  by  these  means  tending  to  produce  the  fractures  at  F and  F'.  This  is  the  case 
which  has  been  erroneously  confounded  with  a former  one  (fixed  at  each  endj,  but  the 
dis'inction  between  them  is  sufficiently  obvious;  because  here  the  tension  of  the  filjres,  i •: 
the  i)laces  where  the  strains  are  excited,  are  all  equal ; whereas  in  the  former  the  middle 
one  was  double  of  each  of  the  other  two. 

1630.  ExjH'riments  are  recorded  in  the  Civil  Engineer  Journal,  1849,  xi,  page  44,  on 
para’lel  bars  of  cast  iron,  4 feet  8^  inches  long  and  4 inches  square,  pliced  on  two 
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supports  CC  (^Jig  G13u>. ).  Weights  were  placed  at  each  end  at  equal  distances  from 
, the  supports,  and  the  weights  being  gradually 
increased,  the  bar  broke  simultaneously  through 
at  EE.  On  another  trial,  a bar  broke  only 
in  one  point  F,  being  a little  nearer  to  the 
middle.  Tliis  was  considered  a sufficient  proof 
that  a portion  of  the  metal  miglit  be  removed 
from  the  middle  of  tlie  bar  without  diminish- 
ing its  lateral  strength,  and  tliat  by  adding  this 
metal  about  the  points  EE,  the  lateral  strength 
'vould  be  increased. 

Various  Problems. 

1630a  I.  When  a beam  (as  sections  A.  and  B),  with  the  ends  supported,  is  to  be  cal- 
cidated  to  support  a permanent  weight  in  the  middle,  the  formula}  for  obtaining  the 
breadth  and  depth  are  ^ and  { — d~.  W weight  to  be  supported,  S safe 

weight,  or  ^ of  the  ultimate  strength  of  an  inch  bar;  b and  d in  inches. 

ll.  Wlien  a similar  beam  for  obtaining  the  breadth  and  depth  had  the  ends  fixed,  the 

formula  for  the  breadth  is  = b. 

a 3 1-5 

III.  When  a similar  beam  projects  from  a wall,  and  is  loaded  at  the  ends,  the  formula 

/ W 

for  the  depth  is  ^ 

IV.  When  a similar  beam  has  to  support  a load  placed  at  some  distance  from  the 

end  {Jig.  6I3«),  the  efiTective  length  must  first  be  oblained  by  the  rule,  par.  1629y.  Thm 
tlie  formula  for  the  depth  is  = 

To  find  the  diagonal  of  a uniform  square  cast  iron  beam,  to  support  a given  strain  in 
the  direction  of  that  diagonal,  when  the  strain  does  not  exceed  the  elastic  force  of  the 
material  (Tredgold) : — 

V.  Wl)en  the  beam  is  supported  at  the  ends,  and  loaded  in  the  middle,  the  formula  is 

/ W ,, 

212  for  cast  iron  “ diagonal  in  inches. 

W X B X A 

VI.  When  a similar  beam  has  not  the  strain  in  the  middle  of  the  length 


/ 53 


y diagonal  in  inches.  Here  a and  B refer  to  Jig.  613m. 


1630ft.  To  obtain  dimensions,  §"c.  of  beams  and  girders  : — 

I.  To  find  the  depth  of  a beam,  the  length,  breadth,  and  weight  being  given.  For 

A and  B,  _ d inches.  1 f no  breadth  or  depth  be  given,  let  n ~ any 

= and  ft  = nth  part  of  d. 


For  3>,  — =d.  For  E,  = d. 


number,  then 

_ ^ // W not  exceeding  the  elastic  force  ,.  , 

P"  V (H50o,SW)Al-i3x  6io|  =rf.nches, 

II.  To  find  the  ftreatf/A  of  a beam,  the  depth,  length,  and  weight  being  given.  For 
„ , _ / feet  W lbs.  , . , u ^ W , 

A and  B, — b inches,  bor  B,  ^ = ft. 

The  proportion  between  the  breadth  and  depth  which  will  afford  the  best  result 
is  6 : 10  depth,  in  timber.  The  formula  for  the  least  breadth  a beam  for  a 

given  bearing  should  have,  is  inches  x 0-6  ~ 

HI.  To  find  the  length,  the  weiglit,  depth,  and  breadth  being  given ; — 

For  A and  B,  = 1. 

I To  find  the  constant  S,  the  length,  depth,  breadth  and  breaking  weight  per  foot  in 
length,  inch  square,  being  given.  For  A and  B,  ^ ^ = S. 

V.  To  find  the  area  of  the  bottom  flange,  the  length,  load,  and  depth  being  given. 


For  B, 


I feet  permanent  load  in  tons  distiibiited 
d inches 


= a inches.  For  E,  tension  =2  load -h 


beam,  or  tension  not  more  than  5 tons  per  square  inch. 

VI.  To  find  the  multiple  of  depth  and  area  of  the  bottom  flange,  the  length  and  load  being 
given.  For  B girder,  Z P = d x a. 

VII.  To  find  the  area  of  the  top  flange.  For  E girder,  bottom  + 

VTII.  To  find  the  area  of  the  side  plates.  For  E girder,  i area  of  bottom. 


Tension,  etc. 

1630c.  The  neutral  axis.  A timber  beam  supported  at  the  ends  and  pressed  down  in 
the  middle  by  a weight,  will  have  its  lower  fibres  extended,  Avhile  the  upper  fibres  are 

F y 
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pijslicd  togotlier.  Since  tlieie  are  tliese  two  strains,  tliere  will  be  some  line  or  point  in 
tne  dejtth  whicli  is  labouring  under  neither  the  one  nor  the  other  ; this  is  the  neutral  axis.. 
The  further  the  fibres  are  fi  oin  the  neutral  line,  the  more  tliey  will  resist  deflection  from 
the  load.  It  might,  be  inferred  that  the  material  should  be  ]daced  so  far  above  and  btlow 
ihe  neutral  line  as  other  circumstances  will  allow,  in  order  tliat  they  may  be  in  a position 
to  exercise  the  greatest  power.  Tlie  most  simple  application  of  these  views  is  shown  in 
Eaves’s  girder  (descril)ed  in  Cakpknti{Y).  “As  cast  iron  resists  fracture  about  six  times 
more  powerfully  under  compression  tlian  under  tension,  it  is  useless  to  give  as  much  area 
of  material  in  the  upper  or  conipressed,  as  in  the  lower  or  extended,  flange  of  a cast  iron 
beam.”  WoAgkinsow  {Experimental  Researches,  1 846,  p.  484-94)  states  that  the  ))Osition 
of  the  neutral  axis  in  cast  iron  rectangular  beam.s,  at  the  time  of  fracture,  is  situated  at 
about  } of  the  whole  depth  of  the  b,  am  below  its  upper  surface.  The  sectional  area  of  the 
top  flange  of  a cast  iron  girder  must  be  rather  more  than  i of  the  bottom  flange,  to  keep 
the  ])osition  of  the  neutral  axis  at  ] of  the  depth.  In  sudden  Eactures  it  was  from  ^ to  | 
of  the  depth. 

1630^/.  Tredgold,  Iron,  1st  edit.  1822,  p.  53,  considered  the  line  of  neutral  axis  in  thi.s 
section  to  be  in  the  middle  of  the  depth.  He  notices  the  curious  fact  put  forth  by 
Du  Hamel,  who  cut  beams  one-third,  one-half,  and  two-thirds  through,  and  found  the 
w ights  to  be  borne — by  the  uncut  beam  45  lbs.  ; and  by  those  cut  51  lbs.,  48  lbs.  and 
42  lbs.  respectively  wiiich  would  indicate  that  less  than  half  the  fibres  weie  engaged  in  re- 
sisting extension,  although  it  does  not  prove  that  two-thirds  of  the  thickness  contril.uted 
nothing  to  the  strength,  as  Robison  imagines.  Barlow  found  that  in  a rectangular  beam 
of  fir,  the  neutral  axis  was  about  five-eighths  of  the  depth,  as  shown  by  the  section  of  frac- 
ture. Warr  gives  for  cast  iron,  the  value  of  n or  neutral  axis  2‘63  ; n = 6 when  the  line 
may  come  in  the  middle.  Attention  should  be  given  to  the  highly  valuabie  paper  by  the 
/\stronomer  Royal  (Prof  Airy),  On  the  Strains  in  the  Interior  of  Beams  ami  Tubular 
lirUqes,  read  in  1862  before  the  British  Association  at  Cambridge.  It  is  given  in  the 
.Vthenacum  for  October  11  ; and  its  further  elucidation  in  the  last  edition  (1864)  of 
Fairbairn’s  Jpplicatwn  of  Cast  Iron,  §*c. 


1630e.  Deflection.  The  deflection  of  a beam  supported  at  the  ends  and  loaded  in  the 
middle,  is  directly  as  the  cube  of  the  length,  inversely  as  the  cube  of  the  depth,  and  in- 
versely as  the  breadth;  Bierefore,  = deflection.  Beams  have  been  said  to 

1 ear  considerable  deflection  without  any  injury  to  the  elasticity  of  the  material.  Buffor 
and  Tredgold  c;;nsidered  the  elasticity  to  remain  perfect  until  one-third  of  the  breaking 
weight  is  laid  cn.  Hodgkirison  was  perhaps  the  first  vvho  practically  showed  that  in  a 
cast  iron  beam,  a Jr^nd  part  of  the  breaking  weight  caused  a visible  set  after  tiiat  weight 
was  removed  ; while  another  beam  took  a visible  set  with  ^th  part  of  its  breaking  weiglil. 
He  found  the  yeemnnent  set  in  cast  iron  beams  to  be  as  the  square  of  the  load  anplied.  He 
also  found  that  cast  iion  beams  bore  two- thirds,  and  even  more,  of  their  bieakin^  weight 
for  long  periods,  without  any  indication  of  failing.  Gregory  {Mechanics  for  Practical  Men, 
4th  edit.  1862)  considers  tliat,  though  the  above  rule  may  be  correct  for  beams  about  5 feet 
in  length,  it  does  not  apply  when  they  are  much  longer.  Thomas  Cubitt  found  by  his 
experiments  that,  when  the  length  became  about  20  feet,  the  set  was  only  as  the  weight ; 
and  that  witli  larger  beams  the  set  was  still  less.  Fairbairn  found  the  impropriety  of 
adopting  any  rule  founded  on  elastic  limits,  since  it  was  evident  that,  while  the  elasticity  of 
a bar  is  injured  as  soon  as  a weight  was  applied,  the  particles  or  fibres  take  up  fresh 
positions  until  the  antagonistic  forces  in  the  beam  are  brought  nearly  to  equality,  when 
one-third  or  two-tliiris  of  the  breaking  weight  wid  affect  the  subsequent  deflection  of  the 
beam. 

1630/.  For  a rectangular  beam  of  cast  iron  supported  at  both  ends  and  loaded  in  the  middle 

12  feet  '02 

to  the  extent  of  its  elastic  force,  = deflection.  For  similar  beams,  loaded  uni- 

formly, multiply  by  -025  in  place  of  ‘02.  (Tredgold).  It  has  been  stated  that  the 
ultimate  strength  of  a girder  of  the  usual  proportions  may  be  approximately  ascertained 
from  its  deflection  under  proof  on  the  assumption  that  a load  equal  to  half  the  breaking 
weight  will  cause  a deflection  of  of  its  length  (Dobson).  The  proportion  of  the 
greatest  depth,  of  a beam  to  the  span  is  so  regulated,  that  the  proportion  of  the  greatest 
deflection  to  the  span  shall  not  exceed  a limit  which  experience  has  shown  to  be  consistent 
with  convenience.  That  proportion,  from  various  examples,  appears  to  be  for  the  working 

load, from  to  1353  ; tor  the  proof  load,  =from  535  to  gig  (Rankine), 

1630<7.  Mr.  1)  nes,  when  supei intending  upwards  of  two  hundred  experiments  for  Mr. 
Cubitt,  on  cast-iron  girders  (as  section  I>)  whose  dimensions  are  limited,  found  that  when 
the  load  in  the  centre  is  taken  as  3ths  of  the  breaking  weight,  the  following  formulae  may 
be  used;  {d  depth  in  centre  ; I length  in  feet)  : — 1.  Wlien  the  top  and  bottom  flanges  are 
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equal,  and  the  girder  parallel,  or  equal  depth  througliout,  = deflection 


II.  When  the 


flanges  are  not  equal,  and  the  girder  is  not  parallel,  g^  = deflection.  HI.  When  the  beam 

P 

has  no  top  flange,  and  the  deptli  varies,  gj— = deflection  (Gregory). 

IGSOA.  'I'he  fbrmuhe  given  by  Hurst,  lInndho'>k,  ^c.  for  finding  deflection,  which  occur 
under  Stiffness  of  be  tnis,  are,  I.  When  supported  at  the  ends  and  loaded  in  the  middle. 


/ leet^  W rwts.  C 


-=  deflection  inches. 


II.  For  cylinders,  2^^, 


defleciion  inches. 


4i6iiiclu8  ri*  Indus" 

HI.  If  the  beam  be  fixed  at  one  end  and  loaded  at  the  other,  the  deflection=16  times  tha 
product.  IV.  If  fixed  at  one  end  and  uniformly  loaded,  6 times.  V.  If  supported  at  both 
ends  and  uniformly  load,  d,  ^ihs.  VI.  If  fixed  at  both  ends  and  loaded  in  the  middle,  |th. 
VII.  If  fixed  at  both  ends  and  uniformly  loaded,  ^gths.  He  gives  the  following  : — 


Table  of  the  Relative  Strength  of  Bodies  to  Resist  Deflection  = C, 


Wrought  iron  - 

•067 

Baltic  oak 

- 1-120 

Ash 

- 1-176 

Cast  iron  - 

•112 

Yellow  fir 

- 1-120 

Beech 

- 1 -434 

Teak 

•8.51 

Memel  fir 

. 1 -008 

Elm 

- 1 -904 

English  oak 

1 -.344 

Red  pine  - 

- 1 -2.32 

Mahogany 

- 1 -.300 

Canadian  oak 

1-008 

Yellow  pine 

- 1 -254 

VIII.  The  deflpctionof  a rectangular  beam  is  to  a cylindrical  one,as  1 to  1 7.  IX.  When 
the  deflection  is  taken  as  ;,Lth  of  an  inch  per  foot  in  length  (wliich  is  considend  to  be  safe 
under  a proof  of  ^ of  the  breaking  weight)  then  for  a beam  supported  at  both  ends  and 


/-  W C 

loaded  in  the  middle,  —^3^  = 


f/b(PC. 
^ W 


/; 


/-VV  ^ . n 

=C;  but  - 


for  ^'3  or  2C  for  gL.  XI.  For  cylinders,  4/1  •7r'^WX  = diameter.  XI.  For  an  uniform  load 
take  |ths,  as  before. 

16.30/.  The  modulus  of  elasticity,  or  resistance  of  materials  to  stretching,  Is  the  term 
given  to  the  ratio  of  the  force  of  restitution  to  the  force  of  compression.  It  is  tlie  measure 
of  the  elastic  force  of  any  substance.  By  means  of  it,  tlie  comparative  stiffness  of  bodies 
may  be  ascertained.  Thus  from  tlie  following  talile  it  will  be  perceived  tltat  a jtiece  of  cast 
iron  is  10-7  times  as  stiff'  as  a piece  of  oak  of  equal  dimensions  and  bearing.  Resilience, 
or  toughness  of  bodies,  is  strength  and  flexibility  combined  ; hence  any  material  or  body 
which  bears  the  greatest  load,  and  bends  the  most  at  the  time  of  fracture,  is  the  touglie.st. 
The  modulus  is  estimated  by  supposing  the  material  to  present  a square  unit  of  surface, 
and  by  any  weight  or  force  to  be  extended  to  double,  or  compressed  into  one-half  the 
original  length  ; such  a weight  will  represent  the  modulus. 


'Fable  of  the  Modulus  of  Elasticity;  with  the  portion  of  it  (limiting  the  Cohesion 
OF  THE  Material,  or)  which  would  Tear  them  Asunder  Lengthwise. 


Leslie. 

Bevan. 

Feet.  Part. 

Feet. 

'I’eak 

- 

6,040,000  or  168th 

Fir,  bottom,  25  "1 

7,400,000 

Oak  - 

- 

4,150  000  „ 144th 

years  old  - J ” 

Beech 

- 

4,180,000  „ 107th 

Petersburg!)  Deal 

6,000,000 

Elm  - 

- 

5,680,000  „ 146th 

Yew  - - . - 

2,220,000 

Memel  Fir 

- 

8,292.000  „ 205th 

Stones,  §-c. 

Christiania  Deal 

- 

8,118,000  „ 146th 

Dinton  - 

2,400,000 

H Larch 

1 

* 

5,096,000  „ 121st 

Ketton  - - - - 

Jetternoe  - 

1,600,000 

63.3,000 

1 

II 

Bevan. 

Reigate  - - - - 

A'erkshire  paving  - 

6-21,000 

1,320.000 

Fj  Yellow  Pine 

Feet. 

9,150,000 

Portland  stone 

1,570,000 

i ' M „ 

1 1,840,000 

Slate,  Leicester 

7,800,000 

1 1 1 Finland  Deal 

- 

6 000,000 

Glass-tubes  - - - 

4,440,000 

1 ' 'I'eak 

_ 

4,780,000 

Ice  - - - - 

6,000,000 

1 ,,  i Mahogany 

- 

7.500,000 

White  marble  - 

2,150,000 

1 i?  1 Dry  Oak  • 

- 

5,100,000 

Metals. 

1 ' Oak  - 

- 

4,350,000 

Steel  - - - - 

9,300,000 

h Lincolns.  Bog  Oak 

1,710,000 

Bar  iron  - - - 

9,000,000 

5,100,000 

F 

♦ » “ • 

F 2 

8,450,000 
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Tabi.f.  or  THE  Modulus  of  Elasticity,  Ac. — tvm^tiuuf.d. 


Tredgold  and  oruERS. 


Beech 


lbs.  avoir,  per  sq.  inch. 

r 

'I 


1,350,000  R 
1.345.(K)0 


Elm  - 

- r 

700.000  R 

to  i 

1,340,000 

Larch 

-( 

1,363,.500 

1,740,000 

„ - - 

-r 

900,000  R 

to 

1 

1,360,000 

Fir,  Red  or  Yellow 

2,016,000 

„ White  - 

- 

1,8.30,000 

„ Yellow  American 

- 

1,600,000 

„ Mar  Fore.st  - 

- 

845,066 

„ Scotch 

- 

9.51,7.50 

„ Riga  - 

L 

1,687,500 

1,328,800 

„ Mem  el 

1,957,7.50 

- 

1,536,200 

Birch 

- 

l,645,OOOR 

Chesnut 

- 

1,140,000  R 

Walnut 

- 

1,432,000 

Cedar 

- 

486.000 

Red  Pine  - 

-( 

1,460,000  R 

to 

1 

1,900,000  R 

Spruce  P'ir  - 

-r 

1 ,400,000  R 

to 

i 

1,800,000  R 

Christiania  White  Deal 

1.672.000 

1.804.000 

American  White  Spruce 

1,244,000 

Weymouth  or  Yellow  . 

Pine 

1,63.3,500 

Pitch  Pine  - 

-{ 

1,252,200 

1,225,600 

Mahogany  - 

-f 

1,255,000  R 

to 

1 

1,596,300 

Good  English  Oak 

1,700,000 

Oak  - - - 

-r 

1,200,000  R 

to 

i 

1,714,500 

Tkegoid  and  others. 


Oak,  Adriatic 
„ Canadian 

„ African 

„ Riga  . 

„ D.intzic 

American  Red  0;  k 
Saul  - 
Teak,  Ind  Ian 

Poon 

Cowrie 


-[ 


lbs.  avoir,  per  sq.  inch. 

974,400 

2.143.800 

1.728.000 
2,282.300 
1,610,5(K) 

1.998.000 

2.1.50.000  R 
1,958,700 

2.420.000  R 
2.167,074 

2.414.400  R 

1.689.800 

1.982.400 


I 


13,680,000 

29,000,000 


Metals. 

Cast  steel  ' 

Bestshea»  steel,  not  hard-  "1 
ened  - - - J 

Cast  bra.ss  - - - 8,930,000 

„ - - - 9,1 70,000  R 

Cast  iron  - - - f 18,400,000 

average  17,000,000  R 
720,000 


Cast  lead 
Cast  tin  - 
Zinc  - - - - 

Gnn  metal 

Brass  wire  - - - 

Copper  wire,  (2) 

Iron  wire  - - - 

Stones, 

Portland  stone 

Slate,  Welsh,  average  - 

Window  glass 

White  marble 


4.608.000 
13, 68. >,000 

9.873.000 

14.230.000  R 
17,000.000  R 

25.300.000  R 

1.530.000 

15.800.000 

8.580.000 
8,000,000  R 

2.520.000 


R,  from  Rankine,  Civil  Engineering. 


1630^.  Hence,  the  modulus  of  elasticity  being  known  for  any  substance,  the  weight  may 
be  determined  which  a given  bar,  nearly  straiglit,  is  capable  of  supporting.  For  instance, 
in  fir,  supposing  its  height  10,000,000,  a bar  one  inch  square  and  10  feet  long  may 
begin  to  bend  with  the  weight  of  a bar  of  the  same  thickness,  equal  in  length  to 

•8225  X ionv  i9o  ^ 10,000,000  R et  = 571  feet,  that  i.s,  with  a weight  of  about  120  lbs;  neg- 


120x120' 

lecting  the  effect  of  the  weight  of  the  bar  itself.  If  we  know  the  force  required  to  crush 
a bar  or  column,  we  may  calculate  what  must  be  the  proportion  of  its  length  to  its  depth, 
in  order  that  it  may  be<iin  to  bend  rather  than  be  crushed.  (Gregory,  p.  382.) 

1630/.  For  a rectangular  beam  supported  at  both  ends  and  the  weight  applied  in  the 

4 v‘2  P W 

middle,  Gregory,  p.  388,  gives  the  formula  = deflection  in  inches  in  the  middle. 

HereM  mod  ulus  of  ela.slicity  in  pounds;  I length  in  feet ; W weight  in  pounds;  6 breadth  and 
d depth  botli  in  inches.  Fenwick,  ilfrcAanies  of  Construction,  gives  the  formula  or 
= deflection.  Hi  re  / length  i.s  in  inches;  and  I moment  of  inertia  of  the  section 
wiiich  for  a rectangle,  hd^. 

16.30w.  As  it  may  often  be  necessary  to  calculate  the  deflection  for  an  arm  from  that  of  a 
beam,  or  vice  versa,  we  notice  tlie  statement  made  by  Barlow,  edit.  1837,  that  “the  deflection 
of  a beam  fixed  at  one  end  in  a wall  and  loaded  at  the  other,  is  double  that  of  a beam  of 
twice  the  length,  supported  at  both  ends,  and  loaded  in  the  middle  with  a double  weight.” 
But  by  his  editor  in  18.51,  the  word  double  was  altered  to  equal  Certain  experiments  made 
by  us  on  both  tlie  beam  and  the  arm,  tended  to  prove  tiiat  the  former  was  correct  {Builder, 
1866,  p.  124);  but  scientific  investigations  show  that  mathematically  tlie  latter  is  correct; 
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but  as  they  mainly  ilepend  upon  the  perfect  manner  in  which  the  tail  of  the  arm  is  secured, 
the  former,  or  douhle  deflection,  is  recommended  to  he  ant  cipated  in  practice. 

1630/*.  There  is  no  such  thing  as  permanent  elasticity  in  any  rigid  material,  and  the  only 
possible  way  of  constructing  a beam  which  will  return  to  its  original  form  after  the  load 
is  removed,  is  a compound  or  trussed  beam,  put  to<;ether  in  such  a way  that  the  permanent 
alteration  of  one  material  counterbalances  that  of  the  other.  All  beams,  witliout  excep- 
tion, will  settle  in  the  course  of  time,  even  with  the  lightest  load.  Not  only  the  load,  hut 
ihe  changes  of  temperature  afford  a permanent  cause  of  this  sett  ing.  Facts  on  this  point 
are  difficult  to  obtain,  as  the  experiments  require  to  be  extended  over  years,  and  on  the 
same  piece  of  material.  /»vm  rods,  one  inch  sijuare,  which  may  carry  60,000  lbs.  before 
they  are  torn,  stretch  permanently  by  a load  of  less  than  20,000  lbs.  The  best  wrought 
iron  cannot  bear  more  than  one-sixth  of  its  load,  without  being  permanently  altered, 
'i’hese  data  apply  only  where  the  material  is  permanently  at  rest ; if  motion  or  accidental 
increase  of  burden  happens,  the  above  rules  and  numiters  are  considerably  modified.  As 
elasticity  in  material  varies  as  much  as  its  strength,  and  does  not  follow  the  same  lules  as 
cohesion,  it  is  advisable  to  make  experiments  in  each  particular  case  where  important 
structures  are  to  depend  upon  the  smallest  quantity  of  material.  (Overman). 

1630o.  Imjiacf.  or  Collision.  A second  force,  after  direct  pressure,  is  that  of  impact,  says 
Fairbairn,  involving  a proposition  on  which  mathematicians  are  not  agreed.  For  practical 
purposes,  we  may  suppose  a heavy  case  equal  to  2,240  lbs.  or  one  ton,  falling  from  a Imight 
of  6 feet  upon  the  floor.  According  to  the  laws  of  gravity,  a body  falling  from  a state  of  rest 
olttains  an  increase  of  velocity  in  a second  of  time  etjual  to  3-^A  fret  and  during  that  period 
falls  through  a space  of  16y'g  feet.  This  accelerated  velocity  is  as  the  square  roots  of  the  dis- 
taiicis;  and  a falling  body  having  acquired  a velocity  of  8*05  feet  in  the  first  foot  of  its 
descent,  and  6 feet  being  the  height  from  which  a weight  of  one  ton  is  supposed  to  fall,  we 
have  \/6  X 8‘05  = 2*449  X 8-05  = 19-714  for  the  velocity  in  a descent  of  6 feet.  I'hen 
19-7 14  X 2240  = 44.159  Ihs.  or  nearly  20  tons,  as  the  momentum  withwhich  the  body  impinges 
on  the  floor.  In  the  present  state  of  our  knowledge,  this  momentum  may  probably  be  taken 
as  the  measure  of  the  force  of  impact. — “ On  the  effects  of  impact,  the  deflections  produced 
by  the  striking  body  on  wrought  iron  are  nearly  as  the  velocity  of  impact,  and  those  on  cast 
iron  greater  in  proportion  to  the  velocity.  'I'he  experiments  and  investigations  made  for  the 
Commissioners  on  Railway  Structures  are  extremely  valuable.  Their  results  showed  that  -‘the 
power  of  resisting  impact  increases  with  the  permanent  load  upon  the  beam  ; the  greater 
the  weight  at  rest  upon  the  beam,  the  greater  must  be  the  momentum  of  a striking  body 
in  order  to  break  it.  This  is  satisfactory,  as  it  diminishes  the  risk  from  falling  weights  in 
warehouses  ; the  more  nearly  the  weight  upon  the  floors  approaches  the  point  at  which 
danger  begins,  the  greater  is  their  power  of  resisting  sudden  impacts.  Comparing  the 
mean  results  of  the  experiments  on  bars  not  loaded,  “ we  find  that  the  transverse  is  to  the 
impactive  strength  as  2685  .'  3744,  or  as  1 1*39.  Similarly,  when  the  bar  is  loaded  with 

28  Ihs.  in  the  centre,  the  transverse  is  to  the  impactive  strength  as  2685  4546,  or  as 
1 ; 1-69;  and  when  391  lbs.  is  s|>read  uniformly  over  the  bar,  the  transverse  is  to  the  im- 
pactive strength  as  2685  5699,  or  as  II  2-12.” — (Fairbairn,  p.  228). 

1630/7,  Tensile  strength  is  that  power  of  resistance  which  bodies  oiipose  to  a separation  of 
their  parts  when  force  is  applied  to  tear  asunder,  iu  the  direction  of  their  lengths,  the 
fibres  or  particles  of  which  they  are  composed.  Tredgold's  assertions  of  the  principles  have 
been  combated  by  Gregory,  to  whose  work  we  must  refer  the  student  for  the  reasons  he 
gives.  If  a piece  of  No.  10  iron  wire  bears  a tension  of  2.000  lbs.  before  it  breaks,  ten 
wires  will  bear  ten  times  2,000  lbs.  If  the  sections  of  50  wires  of  this  number,  form  the 

contents  of  one  square  inch,  then  it  will  beat  a stress  of  50  x 2000  lbs.  before  it  is  torn 

asunder,  provided  the  wires  are  so  arranged  that  each  will  carry  its  full  weight.  But  it 
does  not  follow  that  a iar  of  wrought  iron  of  one  square  inch  will  carry  an  equal  weight, 
not  even  if  the  iron  be  of  the  same  quality.  If  a solid  iron  rod  of  one  square  inch  will 
carry  50,000  lbs.,  it  does  not  follpw  that  a rod  of  10  square  inches  in  section  will  catry  ten 
times  as  much.  When  welded  together,  the  capacity  for  resistance  appears  to  be  weakened. 
This  observation  applies  to  almost  every  kind  of  material,  and  varies  only  in  degree.  The 
tables  of  cohesion  are  generally  computed  to  the  tearing  of  the  material,  but  our  calcula- 
tions should  never  go  beyond  the  excess  of  elasticity,  for  fear  of  injuring  the  material. 
(Overman. ) 

1630</.  If  the  strain  upon  a rod  or  strut  be  greatest  on  any  one  side,  that  side  must 

1 stistain  the  whole  force  or  break.  This  con.sideration  is  of  great  practical  moment  in 

I .estimating  the  value  of  all  kinds  of  ties,  as  king  and  queen  posts,  &c. — (d  redgold). 

I ; 1630r.  The  formula  for  the  strength  of  tie-rods,  susjtension  bars,  &c.  is  C tons  x are.a 
1!'  of  section  in  inches  = W tons — a quarter  to  be  taken  for  safe  weight — or  C lbs.  x area  ol 
lection  in  ir.ches  = W ll)s,  . C being  obtained  from  one  of  the  columns  in  Tables  I and  II. 
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If  the  weight  to  he  sustained  be  given,  and  the  sectional  dimensions  of  the  bar  be 
recjuired.  divide  the  weight  given  by  one  third  or  one-i|iiaiter  of  the  cohesive  strength, 
and  the  sijuare  root  of  the  quotient  will  l>e  the  side  of  the  square.  If  the  section  be 
rectangular,  the  quotient  must  be  divided  by  the  breadth. 

Table  I.,  of  the  Absolute  Cohesive  Poweii  (ok,  Bkfaking  Weight)  of  IVIetals: 
Sectional  area,  1 inch  square,  1 foot  in  length. 


METALS. 

CohesWe 

Cohesive 

MF.TAL.S. 

Cohesive 

Cohesive  1 

Rennie,  181’/,  and  others. 

Power. 

Power. 

Rennie,  1817,  and  others. 

Power. 

Power. 

lbs. 

Tons. 

lbs. 

Tons. 

Bar  Iron,  Swedish  - - - 

65,'  00 

29-20 

Bars,  Cast,  Blistered,  Rolled,] 

104,298 

„ „ „ rolled 

7 ’2  064 

and  Forged  - j 

„ - R 

C 41,251 

„ .,  Shear,  liolled,  ] 

118,468 

< 4S,‘j:i;i 

and  Forged  - J 

„ „ Russiaw  - - - 

.59.470 

20-70 

„ Bessemer’s,  Rol-  ] 

1 1 1 ,460 

..  ..  - H 

f 49,504 

led  and  Forged  j 

1 59.096 

,,  „ Bessemer’s,  Cast  > 

63,024 

„ „ English 

65.872 

2l-<3 

Ingots  • • j 

„ ,,  Mean  strengtli,-  U 

. 

27  00 

„ ,,  Bessemer’s,  Ham- > 

152,912 

„ ,,  Charcoal.  11  - - 

63  620 

mered  or  Rolled  J 

„ „ Lancashire,  - R 

f 53,775 
1 60.110 

,,  „ Spring,  Ham-  ) 

mered  or  Rolled  J 

72,5-29 

«•  M - 

64,200 

Homogeneous  Metal:  — 

„ ,,  Low  Moor,  - R 

52.4!i0 

Bars,  Rolled  - 

90,647 

,,  ,,  „ crosswise 

( 60,075 
f 66,:i9o 

,,  Forged  - 
Puddled  Steel  : — 

93,(i00 

89,724 

„ „ Welsh 

1 6 255 

,,  „ Staffordshire,  - R 

f 56,715 
t 62,231 

Bars,  Rolled  and  Forged  - 

f 6 >,768 
1 71,484 

,,  „ Lanarkshire,  - R 

f 5i.:i27 
? 64.79.5 

9f  • 

90,'  00 
94,7.5-2 

Biidge  Iron,  Yorkshire,  - R 
,,  „ .,  crosswise 

4 '*,930 
43.940 

Plates Cast  Steel 

( 75,594 
( 96,280 

,,  „ Staffordshire,  R - 

47,600 

C 69,082 
( 97,150 

,.  .,  ,,  crosswise 

44,385 

„ „ crosswise 

Rivet  Iron,  Low  Moor  > ,, 

59,740 

„ „ ha-d  - - . 

102,9(0 

and  .Staffordsliire,  5 

„ „ soft  - - - 

85,400 

Bnsheil  d Iron  from  Turnings 

55,87‘< 

Homogeneous  Metal,  First 

Scrap,  Hammered  - - . 

53  420 

Quality  > _ _ . 

96,280 

Angle  Iron,  various  Districts  - 

f 50.U56 
t 61.260 

„ ,,  crosswise  - 

,,  Second  Quality  - 

97,150 

72,408 

Strap  „ „ - - - 

Plates: — (Rauk^ne 

C 41,3>6 
1 55,937 

„ „ tro.sswise 

Puddled  Steel  - - - 

7 3,  .580 
r 7 1, .532 
1 102,593 

„ Yorkshire  - 

<■  5‘2,0n0 
f 68.487 

„ „ crosswise  - 

5 67,686 
1 8 5, .365 

„ Bessemer,  roll-^d,  M 

70.000 

93,' 00 

,,  ,,  „ - - 

72,613 

Iron,  Cast  - - - . 

17,6-28 

7.87 

,,  .,  boiler-  R 

68,319 

>»  »»  - . . - 

19,488 

,,  Staffordshire-  , - 

f 46,404 
1 56,996 

„ ,,  horizontal  - O 

19,096 
1 8 656 

, ,,  crosswise 

f 44,764 

„ „ vertical  - G 

19,488 

f 51,251 

,,  Carron,  No.  2,  cold  Blast 

16,683 

Tate 

„ „ BB,  charcoal 

45.010 

„ Bessemer,  - - M 

41,'iOO 

„ „ crosswise  - 

41,420 

..  ,«  Ingot  ) „ 

,,  BB 

f 49,i)45 

(see  also  in  text)  J ^ 

41,242 

f 5!»,820 

Gun  Metal,  hard 

36,363 

16-23 

„ „ „ crosswise 

f 54  820 
( 46,470 

„ ,.  Mushets  - R 

Copper,  Wrought  - - - 

103,400 

33,89-2 

1.5-08  ' 

„ „ Best  - 

61,280 

„ Cast  - - - . 

19,"96 

„ „ „ ctosswise 

63,«20 

„*  Sheet  . - R 

?.o,ono 

„ „ Comm  0.1 

50,820 

„ Bolts  - - R 

36,(0) 

„ „ crosswise 

52,825 

,,  Wire  - - R 

60.000 

„ Lancashire  - - - 

r 43,433 
> .53.849 

Brass,  Yellow  Cast  - - - 

„ Wire  - . . T 

17  958 
49,000 

„ „ crosswise  - 

C 39,514 
[ 48, >^48 

Zinc  - , - . R 

Pin,  Cast  - - - - 

7 to  8,000 
4,7.36 

2-11 

„ Durham  - - - 

51,245 

„ » - - - R 

4,600 

„ „ crosswise 

46,712 

Bismuth.  Cast  - - - - 

3,vh0 

1 4.5 

Steel  and  Steely  Iron 

59-93 

Lead,  Cast  - . . . 

1,8-24 

0 81 

Bars,  east-  .... 

134,2.56 

.^^9-43 

„ sheet,  - - - R 

3,300 

„ Blistered  - - - 

133,1.52 

50-97 

Iron  Wire,  English,  1-IOthin.  i 

36-  0 

„ Shear  - - - 

127,632 

diameter  - - - i 

” 

Plates,  average  - - R 

80,0(  0 

„ ,.  „ Telford  - 

. 

38-  4 

Bars,  Cast,  Rolled,  and  Forged 

|C  92,015 
1^  132.909 

„ Russian, l-20lh  in."]  i. 

di.ameter  • - - S 

- 

60-  0 

,1  »»  »»  ,*  ■ 1 

I 130,000 

Tables  I.  and  II.  are  derived  chiefly  from  the  summary  in  Rankine’s  Civil  Engineering, 
p.  511,  olitained  from  the  experiments  of  Clay,  Fairbairn,  Hodgkinson,  Mallet,  Morin, 
Napier,  Napier  and  Sons,  Rennie,  Telford,  and  Wilmot.  Most  of  tlie  remainder  are  from 
Rennie  and  other  authorities. 

1630s.  English  boiler-plates  are  stated  to  be  of  two  classes:  Yorksliire,  and  the  manu- 
facture of  other  districts,  classed  as  StaflTurdshire. 
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TAhi.tr  II.,  OF  THK  Ausoiute  Couesive  Povvek.  (^oii  Bkeaking  VVkight)  of  the  Timbeu.s 
u.suAM.Y  E.MiM.oYEi),  S.clioiial  area,  1 inch  square,  1 foot  in  lengtln  {Ste  16'2S<.) 


TlMliF.II. 

Cohesive 

Cohesive 

TIMBER. 

Cohesive 

(-ohesive 

Rokiiiic,  1817,  ami  others 

Power. 

Power. 

Rennie,  1817,  and  others. 

Power. 

Power. 

lbs. 

Tons. 

lbs  . 

Tout*. 

Turtos.n,  nr  African  1'eak 

L 

17, -200 

7-58 

Deal,  Christiania 

L 

1-2,310 

Teak,  or  li;diaii  Oak 

. 

- 

I4,-M)0 

0-47 

„ middle 

r 

1-2,400 

* 

B 

l5.nco 

Oak  - . - . 

. 

11, .59-2 

1 

« 'J  *» 

- 

L 

I-2,;»l.i 

B 

lo.0(  0 

1 

Ash  . - - - 

- 

15  780 

704 

,,  - . - 

L 

11,830 

- 

- 

I. 

14  1.10 

„ Dantzic 

1. 

l-2,7-‘0 

j 

.1  ...  r 

and 

B 

17.-207 

„ Biga  . 

I. 

I2,s8s 

Beech 

. 

1-2.000 

.5-35 

I'uiglish  - 

'J' 

1‘2,^.57 

5 17 

» . . - 

- 

i 

17.8.50 

T 

10,853 

” ... 

B 

11,7  00 

.,  American  Bed 

K 

10, -2.50 

- - - 

- 

I. 

P2,-i2.5 

Cedar  ... 

L 

7 4 0 

F’oona  or  Peon 

- 

I, 

1-2, 350 

5-51 

,,  ... 

. 

11,400 

Cnwrie  - - - 

L 

lO.OCO 

Kim 

- 

ll.'MiO 

.5-13 

S iu)  . - - - 

- 

K 

10,000 

,,  ... 

1, 

9,7-20 

Fir  nr  Pine,  American 

- 

- 

11,800 

5-20 

Clie.snut,  Spanish 

. 

10,80  > 

4-82 

„ New  linglaud  - 

r 

13,489 

,,  , , 

K 

13,'  00 

1 

3 I 

f 10  4 0 

Larch  ... 

9.500 

4-21 

l>  »I  M 

? 1-2,000 

, ... 

L 

12,-240 

.,  Spruce 

- 

H 

1-2,400 

10,-2')G 

Mahogany,  Honduras 

L 

11,175 

5 12 

„ American,  wliite 

- 

L 1 

„ Spanish  - 

L 

7, .500 

3 37 

„ Bed  Pine  - 

- 

K : 

f 1-2,000 
1 14,000 

Walnut  ... 

B 

8,000 

7,740 

3-45 

Wevmoutli  or  Yellow 

L 

11,835 

. 

L 

8,8(0 

„ Pitch 

I. 

9,790 

Hempen  Rope,  1 sq.  it 

sec- 

„ Mar  Fore.st 

- 

L 

7, 3-2.3 

tioii,  1 foot=-578  lbs. 

. 

V 6,400 

„ Scotch 

- 

I. 

7,110 

1 in,circnmf.=:  046  lbs 

T 

„ Meuicl 

L 

9,540 

Ditto,  Cables  - 

R j 

1 5,000 

I630t.  Tlie  te'-sile  strength  of  cast  iron  was  long  very  mu'  Ii  overrated  when  'I'redgold 
estimated  it  at  20  tons.  Captain  Brown,  however,  put  it  at  7'26tons;  G.  Bennie  ( /Vo/. 
Trims.  1818)  obtained  8*52  and  8*66  tons;  Barlow  conjectured  at  least  10  tons  from 
theoretical  principles;  Hodgkinson  made  the  following  experiments  more  recently; 


Name  and  Quality  of  Iron. 


Carron,  No.  2 - - 

,,  No.  3 

Devon  (Scot.).  No.  3 
BuHfery,  No.  1 

Coed  Talon  ( N.  Wales)  No.  2 


Hot  Blast  Iron. 


Wfifjln,  Ihs.  Mean.  Tons  cwt. 

1.3,50.5=6  0^ 

16,840  \ 

18,671  J 17,755  = 7 18^ 
21,907  9 15i 

1 3,434  6 0 

16,279  ) 

17,074  j 16,676  = 7 9 


Cold  Blast  Iron. 


Weight,  lbs.  Mean.  Tons  cwt. 
16,7721 

16,594j  16,683  = 7 9 
13,9841 

14,41-7  J 14,200  = 6 7 

17.466  7 16 

1.9,610  ) 

18,100]  18,355  = 8 4 


Mean  7 43 


Mean 


Low  Moor,  (Yorkshire,)  No.  3,  bore  6|  tons. 

A mixture  of  irons,  a mean  of  four  experiments,  gave  7 tons  7|  cwt. 


14 


1630'/  The  mean  of  several  experiments  on  the  ultimate  cohesive  strength  of  a wrought 
iron  bar,  1 inch  square  section,  was:  — 

No.  11  experiments  by  Captain  Brown,  gave 


No.  9 
No.  10 
No.  4 


No 


by  Telford, 
by  Brunei, 
by  Barlow, 


56,000  lbs.  =25-00  tons. 
65,520  „ =29  25  „ 

6‘<,992  „ =30-80  „ 

56.560  „ =25-25  „ 


3 experiments  by  Brunei 
respectively. 

Several  exjieriments  by  Cubltt,  gave 


Mean  6P768  lbs.  = 27-575  ton>i. 
on  hammered  iron,  gave  30  4,  32-3,  and  30-8  tuns 


58,952  lbs.  =26  tons  6-3  cw-t. 

Breakitig 
Weight. 

Tens, 

= 253- 
= 24^ 


188  bars  rolled,  experimented  ujion  by  Kirkaldy, 

72  angle  irons  „ „ „ 

167  plates,  lengthways  „ „ „ 

160  plates,  crossways  ,,  „ ., 

He  -states  that  25  tons  for  bars  and  20  tons  for  })latc.s,  arc  the  amounts  generally  assumed 


Highest 

Lowest 

Mean 

Ihs. 

lbs. 

los. 

68.848 

44,584 

57,555 

63,715 

37,909 

54.729 

62,544 

37,474 

50,737  ] 

60,756 

32,450 

46,171  I 

= 2ia 


440 


THEORY  OF  ARCIII 1 ECTURE. 


Bouk  II. 


1630y.  The  detailed  experiments  by  Messrs.  Clarke  and  Fairbairn,  on  the  strength  of 
ST071  plates,  are  given  in  tlie  work  by  the  latter,  and  in  tlie  Engineers'  Pocket  Book  for  186 1 
and  1865.  Clarke  assumes  the  ultimate  tensile  strength  of  wrought  iron  plates  at  20  tons 
per  square  inch,  and  of  bars  at  24  tons,  and  that  within  this  former  limit,  its  extension  maj 
be  taken  at  i^o W length,  per  ton,  per  inch  square  of  section. 

The  ultimate  strengtli  of  plates  drawn  in  direction  of)  experiment  1,  19-66  tons, 

the  fibre  -----  f „ 2,  20-  2 „ 

,,  „ „ ,,  broken  across  the  ) „ 1,  16-93  „ 

fibre S „ 2,  16-  7 „ 

The  ultimate  extension  was  twice  as  great  when  the  plate  was  broken  in  the  direction  of  the 
fibre.  The  best  scrap  rivet  iron,  made  by  Messrs.  Mare  at  their  London  works,  broke  on 
an  average  with  24  tons  per  square  inch  ; the  mean  ultimate  extension,  which  was  uniform, 
was  g of  the  length.  (See  163 1 r.) 

Compression,  &c. 

1630«?.  Compression  is  the  second  of  the  forces  under  which  Transverse  strain  is  com- 
prised. The  following  facts  appear  to  be  well  established  as  to  materials  under  a crushing 
force.  I.  The  strength  is  as  the  transverse  area  or  section.  II.  The  plane  of  rupture  in 
a crushed  body  is  inclined  at  a constant  angle  to  the  base  of  the  body.  111.  The  measure 
of  compression -strength  is  constant  only  within  certain  proportions  of  the  height  and 
diameter  in  any  specimen.  Hodgkinson  found  that  twelve  cylinders  of  teak  wood  fur- 
nished the  following  results:  — 

i inch  diam.  inch  diam.  2 inch  diam. 

Crushing  weight  - - . 2)39  lbs.  10,171  lbs.  40,304  lbs. 

Proportion  of  weights  - - - 1 „ 417  „ le-.'i  „ 

The  areas  being  as  the  squares  of  the  diameters  an  exact  proportion  would  have  been  1,4, 
and  16  ; but  some  materials  may  possibly  be  found  to  have  an  increased  apparent  strength. 


Table  I , of  Experiments  on  Timber  Pillars,  made  by  the  Committee  of  the 
Institute  of  British  Architects,  1 863-64. 


Wood. 

Crushed 

Per 

square 

Remaiks. 

inch. 

j 4 inch  cube. 

tons. 

tons. 

Moulmein  Teak  - - - 

50*  8 

3-17 

Crushed  endways  ; fibres  torn 

Archangel  Deal  - - - 

28-  8 

1-11 

apart. 

Shafts,  12  ins.  long,  3 ins.  diam. 
Moulmein  Teak  - - - 

18-25 

2-58 

^ Lost  ^ of  its  length.  Point  of 
\ yielding  of  its  length. 

„ same  piece  with  6 ins.  sa«  n ofl' 

18-  7 

2-64 

Moulmein  Teak  - 

16-  0 

2-26 

Ditto. 

„ same  piece,  ditto 

17-75 

2-50 

Deal,  Archangel  - - - 

19-  1 

2-70 

( Lost  of  its  length.  Point  of 

,,  same  piece,  ditto 

19-  3 

2-73 

1 y iel  ding  of  its  length  in  both. 

„ Archangel  - 

16-  3 

2-30 

„ same  piece,  ditto 

19-  4 

2-74 

Table  II.,  of  Compression  of  Timber. 


Wood. 

Crushing 

Strength. 

Wood. 

Crushing 

Strength. 

Wood. 

Crushing 

Strength. 

Christiania  - / 
wliite  Deal  - j 
English  Oak 
Quebec  Oak 
American  red  ) 
Oak  - - i 

American  Fir  ) 
and  Pine  - \ 

lbs. 

6,000 

9,509 

5,982 

6,000 

5,430 

American  ) 

white  Spruce  ) 
Walnut 
Red  Deal 
Yellow  Fine 
Elm 
Larch 

Spanish  Blahogany 

lbs. 

6,844 

6,645 
6,1 67 
5,375 
10,331 
5,568 
8,198 

Cedar 
Blue  Gum 
West  India  Ebony 
Morra 

Indian  Teak  or  ) 
MoulmeinTeak  \ 

lbs. 

5,768 

12,100 

Rondelet  gives  the  power  of  Oak  as  6,853lbs.,  and  of  Fir  as  8,089  lbs.  (See  par,  1601.) 
Rennie  (inch  cube,  crushed)  English  oak,  3,860  lbs.  ; a piece  4 inches  high,  5,147  lbs. 
Elm,  1,284  lbs.  ; ^Vhite  Deal,  1,928  lbs.;  American  Pine,  1,606  lbs. 
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Table  III.  of  Compression  ok  Timber.  (Ilodgkinson  and  others). 


Wood. 

Damp, 

2 ins.  liigh 
and 

inch  diam. 

Dry, 

Inch  higl) 
generally. 

Wood. 

Damp, 

2 ins.  high 
and 

inch  diam. 

Dry. 

Inch  high 
generally. 

Alder 

Ihs. 

6,831 

Ihs 

6,960 

Oak,  Dantzic  - 

lbs. 

Ihs. 

7,731 

B.ech 

7,733 

9,363 

„ Englisii  - 

6,484 

10,058 

American  Birch 

- 

11,663 

„ Quebec 

4,231 

5,982 

English  Birch  - 

3,297 

6,402 

Pine,  Pitch 

6,790 

6,790 

Cedar 

5,674 

5,863 

„ Yellow,  full  ) 

5,375 

5,445 

Red  Deal 

5,748 

6,586 

of  turpentine  ^ 

White  Deal 

6,781 

7,293 

„ Red 

5,395 

7,518 

Elm 

- 

10,331 

Teak 

- 

12,101 

Spruce  Fir 

6,499 

6,819 

Lard) 

3,201 

.5,568 

Mahogany 

8,198 

8,198 

Walnut 

6,063 

7,227 

lt>.30.r.  It  is  now  a well  ascertained  circumstance  tluit  the  crushing  strength  of  a body 
varies  according  to  its  relative  height  and  breadth.  Hodgkinson  remarks,  “ Wlien  bodies 
are  crushed  they  give  way  by  a wedge  sliding  off'  in  an  angle  dependent  on  the  nature  of 
tiie  material ; and  in  cast  iron  the  height  of  tliis  wedge  is  about  1 ^ of  the  diameter  or  thick- 
ness of  the  base  of  the  wedge.”  Gregory  puts  the  angle  of  this  wedge  at  34°.  If  the  body 
to  he  cruslied  is  shorter  than  would  he  sufficient  to  admit  a wedge  of  the  full  leng  h to 
slide  off',  then  it  would  re(|uire  more  than  its  natural  degree  of  force  to  crush  it  ; because 
the  wedge  itself  must  either  be  crushed,  or  slide  off  in  a direction  of  greater  difficulty. 
If,  on  the  other  hand,  the  height  of  the  body  to  be  crushed  be  much  greater  than  the 
length  of  the  wedge,  then  the  body  will  sustain  some  degree  of  flexure,  and  fracture  will 
be  I’acilitated  in  conse(|uence.  Phi.  Tran'!.,  1840,  cxxx.  page  419.  Warr  says,  “It  is 
highly  probable  that  none  of  Hodgkinson’s  values  would  agree  witii  the  most  careful  trial 
on  any  similar  woods.”  See  150'itf,  et  seq. 

I6‘3(iy.  The  power  of  resistance  to  compression  of  cast-iron  was  heretofore  very  much 
overrated.  It  has  now  been  well  ascertained  by  experiment  that  a force  of  93,000  Ihs. 
upon  an  inch  square  will  crush  it;  and  that  it  will  bear  15,300  lbs.  upon  an  inch  square 
without  permanent  alteration. 


Table  of  the  Co.mfression  of  a Cast  Iron  Bar  (as  a pillar),  10  feet  long 
and  1 inch  square. 


Compression 
per  Ton, 

Total 

Compression. 

Total  Per- 
manent Set. 

Compression 
per  Ton. 

Total 

Compression. 

Total  Per- 
manent Set. 

Tons. 

' Inch. 

I Cil. 

Inch. 

Tons. 

Inch. 

Inch. 

Inch. 

1 

•020330 

•020338 

•000510 

9 

•022374 

•201373 

•024254 

2 

•021038 

•042077 

•002452 

11 

•022567 

•248237 

•032023 

3 

•021618 

•064855 

•004340 

13 

•023014 

•299187 

•043318 

5 

•021594 

•107872 

•009188 

15 

•023539 

353092 

•060995 

7 

•021950 

•153654 

•015243 

17 

•024805 

•421695 

•086298 

1630z.  Hodgkinson’s  experiments  in  1851  on  the  ultimate  strength  of  cast  iion,  the  pieces 
being  placed  in  an  iron  box  or  frame,  gave  a mean  in  81  trials  of  107,750  lbs.  per  square 
inch,  or  48  tons  2 cwt.  ; and  the  crushing  force  to  the  tensile,  as  6*507  to  1.  Rennie’s 
calculations  gave  only  40  tons  per  square  inch  for  the  lowest  estimate. 


Tabi.e  of  the  Crushing  of  Cubes  of  Iron. 


Crushing  Weight. 

Crusliing  weight. 

Materials. 

Materials. 

Square  inct). 

Square  inch. 

A cube  of  1 inch  side 

lbs. 

lbs. 

lbs. 

lbs. 

Soft  cast  iron  . . 

1,439 

92,138 

Cubes  of  1 inch  side 

9,773 

156,368 

ditto,  2 heights 

2,116 

135,424 

i Horizontal  casting 

10  114 

161.824 

ditto,  3 or  more 

1,758 

112,524 

Vertical  casting  . 

11,110 

177,760 

( Overman) 

! Directly  cast,  not  cut  from  a 4 

. 219,490 

Cubes  of  ^ inch  side  : — 

1 larger  piece  . . 

• • i 

Cast  copper.  . 

7,318 

1 Same  iron,  but  twice  mel  ed,  I 

Cast  tin  .... 
Cast  lead  . . . . 1 

966 

483 

! once  in  the  cupola,  and  [ 

! once  in  the  reverberatory  [ 

- 262,675 

L ! 

(Rennie) 

i furnace,  and  cast  in  cube  J 

(Rennie) 
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1631.  Hodgkinson,  “considering  the  pillar  as  having  two  functions,  one  to  support  and 
ihe  other  to  resist  flexure,  it  follows  that  when  the  material  is  incompressible  (supposing  sucli 
to  exist),  or  when  the  pressure  necessary  to  break  the  pillar  is  very  small  on  account  of  the 
greatness  of  its  length  compared  wi  h its  lateral  dimensions,  then  the  strength  of  the  whole 
.ransverse  section  of  the  pillar  will  he  employed  in  resisting  Hexure  ; when  tlie  breaking  pres- 
sure is  one  halt  of  what  would  he  required  to  crush  the  material,  one-half  only  of  the  strength 
may  l>e  considered  as  available  for  resistance  to  flexure,  whilst  the  other  half  is  employed 
to  resist  crusl)ing;  and  when,  through  the  shortness  of  the  pillar,  the  breaking  pressure  is 
so  great  as  to  be  nearly  equal  to  the  crushing  force,  we  may  consider  tliat  no  part  of  the 
strength  of  the  pillar  is  applied  to  resist  flexure.”  Thus  he  assumed  that  the  real  breaking 
weight  would  be  equal  to  the  breaking  weight  as  obtained  for  the  long  columns,  midtiplied 
by  the  force  requisite  to  crush  it  without  flexure;  and  divided  by  tlie  same  two  (juantities 
added  togetlier,  minus  the  pressure  which  it  would  support  as  flexible,  without  being 

Wt^ 

weakened  by  crushing.  The  formula  thus  found  for  calculating  the  strength  was  W+  'c. 

4 

H ere  W breaking  weight  of  long  pillars,  and  c crushing  force  of  the  iron.  (Warr  ai.d 
Gregory.) 

1631a.  Euler,  treating  on  the  strength  of  pillars  purely  on  theoretical  grounds,  showed 
that  the  strength  varied  as  the  fourth  power  of  the  diameter,  and  inversely  as  the  square  of 
the  length  of  tlie  pillar.  Tlie  strength  of  similar  jiillars  increases  as  the  square  of  ih’  ir 
diameter;  and  as  the  area  is  as  the  square  of  the  diameter,  the  strengtli  increases  as  the 
area  of  the  pillar  (Warr.) 


16316.  The  strength  of  a pillar  or  a column,  or  the  power  of  resistance  to  compressive 
force,  is  obtained  by  the  law  that  the  resistance  to  crushing  is  as  the  cube  of  the 
thickness  multiplied  by  the  width,  and  this  divided  by  the  square  of  the  length.  Tlierefore 
in  columns  of  equal  length  and  thickness,  the  resistance  is  as  their  widtli  ; and  in  etjual 
lengths  and  widths,  it  is  as  tlie  cube  of  the  thickness.  If  the  width  and  thickness  be 
equal,  or  if  the  jiillar  be  square,  the  resistance  is  inversely  as  the  square  of  its  length. 

Wlhs.  R. 


la.  The  formula  for  a rectangular  pillar  of  oak,  is 
16. 


Ir. 

lla. 

II/i. 

IIc. 


Ad-+-br- 

cast  iron,  is  R 

wrought  iron,  is  = W lbs.  R 


solid  cylinder  of  oak,  is 


= 3,960. 
=-l.'),300. 
- 17,800. 
W lbs.  R=  2,470. 


cast  iron,  is  = W lbs.  R - 9,562. 

wrought  iron,  is  = W lbs.  R = 1 1.12.5. 


Here  /length  in  feet;  b breadth  in  inches;  d diameter  in  inches;  R resistance  to  com- 
pressive  force;  W breaking  weight  of  the  pillar  or  cylinder.  ( I’redgold,  Cast  Iron.) 

^ 1631c.  The  relative  strengths  of  long  columns  of  different  materials,  but  of  the  same 
dimensions,  are  as  follows  r — 


Cast  iron. 

1,000 


Cast  steel. 
2,518 


Wroui>tit  iron. 

1,745 


100 


180 


Danfzie  oak. 
108-8 

English  oak. 
18 


Red  deal. 

78-5  (Gregory) 

Red  F’ine.  ak.  Larch.  E'ln. 

'9  18  15  19  12  10  (Hurst.) 

1631c?.  Hodgkinson,  Ca  t Iron,  1846,  states  that  there  are  general  properties  common  to 
wrought  iron,  steel  and  wood.  It  appeared  from  experiments  that  long  (solid)  pillars 
break  first  at.  or  near  to,  the  middle  ; this  occurred  in  all  cases.  Pillars  were,  therefore, 
tried,  haying  a middle  diameter  of  from  1]  to  2 inches,  the  ends  being  1 inch.  Tlie  siremrth 
was  noUncreased  according  to  the  increase  of  the  middle  diameter,  but  appeared  to^’l-e 

from  to  or  from  one-seventh  to  one-eighth  ; they  did  not,  however,  fracture  in 

the  middle,  as  did  those  of  uniform  diameter.  He  found  that 

The  strength,  as  dependent  on  the  diameter,  was  on  the  mean  - 3 ‘7 36 

» M length,  „ „ _ 2 .7 

1.  The  rormula  given  by  him  for  long  solid  cylindiical  pillars  (when  I exceeds  30  c?)  with 
flat  ends  and  fixed,  is  W tons,  or  (33.379  lbs.  = 14-901  tons).  The 

formula  for  ditto  with  rounded  ends  (or  when  / is  less  than  30c/ and  exceedine 

15d,  IS  ^7 =W  tons,  or  f 98,922  lbs.  = 44-16  ton.s).  Here  c/ external  diameter 

inches;  I length  feet  ; of  W to  be  taken  for  safe  weight. 
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II.  For  f^hnrt  pilluTS,  below  30  limes  their  dlauieter  in  beiuht  with  flat  ends,  or  15  time? 

their  diameter  in  pillars  with  rounded  ends,  the  above  formulas  do  not  apply. 

III.  For  soliJ  colunuis,  when  the  length  is  less  than  3('r/,  the  formula  is  ^^37^  = Here 

\V*  crushing  weight  of  short  column  in  tons  ; a sec  ional  area  of  solid  part  of 
cclumns  in  indies.  In  hollow  columns  the  thickness  of  metal  should  not  he  Ics-s 

than  r- . — -=\V  tons.  Here  W as  found  above  for  long  columns;  C 

12  W+fC  ” 

crushing  force  of  material  x sectional  aria  of  column;  and  W crushing  vreight 
of  short  columns. 


It531e.  The  formula  for  a rectangular  pillar  of  oak,  fixed  at 
both  ends  - - - 

,,  „ cylindrical  pillar  of  cast  iron,  fixed 

at  both  ends  - 

„ „ rectangular  strut  of  wrought  iron, 

fixed  at  both  ends  - . - 


7.?  00a 

T+ 

80.000a 
1 + 

3G,CiOOa 

T+ 


2b<jh- 

P 

400/i'-' 

r 

3,00. 7i-’ 


= \V  11)S. 
- VV  Wx. 
= W Ihs. 


A pillar  rounded  or  joined  at  both  ends  ~^!^~4^x400A'^ ~ or  36,00  ),  or  7, "200,  as 

the  case  may  be.  (Rankine,  from  Gordon,  and  Hodgkinson.) 


163 1 y.  In  order  to  give  lateral  stiffness  to  a flat-ended  pillar,  its  ends  should  he  spread 
so  as  to  form  a capital  and  base,  whose  abutting  surfaces  should  he  “ faced  ” in  the  lathe, 
or  planed,  to  make  them  exactly  plane  and  pcrpendveular  to  the  axis  of  the  pillar,  p'or 
the  same  reason,  when  a cast  iron  pillar  consists  of  two  or  more  lengths,  the  ends  of  those 
lengths  should  lie  made  truly  plane  and  peipendicular  to  the  axis  of  the  pillar  l>y  the  same 
process,  so  that  they  may  abut  firmly  and  equally  against  cacli  other  ; and  they  should  he 
fastened  together  by  at  least  four  holts  passing  through  projecting  flanges.  (Rankine.) 


1631A.  Hollow  Columns. — With  an  equal  quantity  of  metal,  a round  column  cast 
hollow  is  far  stronger  than  one  cast  solid.  'I'he  best  form  for  cast  iron  columns  is  to  make 
the  inner  diameter  live-eightlis  of  the  size  of  the  exterior  diameter.  The  ring  thusformed 
of  ihe  section  of  the  column  increases  in  strength  according  to  the  thinness,  hut  the  size  of 
it  must  be  kept  w.thin  jrractical  limits.  If,  in  casting  a hollow  column,  the  core  is  driven 
to  one  side,  tlie  column  of  course  cannot  be  loaded  to  its  full  resistance;  it  will  not  carry 
moie  than  the  thinnest  part  of  it  is  strong  enough  to  bear.  Hollow  columns,  therefore, 
require  particular  care  in  casting  them.  Hodgkinson  noticed  in  hollow  pillars  above  30 
times  as  long  as  their  diameter,  that  although  the  pillars  were  generally  thicker  on  one 
side  than  the  other,  yet  in  liending,  the  compressed  was  always  the  thinner  side ; and  as 
cast  iron  resists  compression  with  above  six  times  the  force  with  which  it  sustains  tension, 
no  danger  resulted  from  this  almost  unavoidable  difference  of  thickness. 

I.  The  fonnula  given  by  him  for  a hollow  cylinder  not  less  li  an  15  times  its  diameter 

in  height,  with  roundid  ends,  is  ^ ^ — rfi — _ tons. 

11.  For  the  same  when  not  less  than  30  times  its  height,  with  flat  ends  and  fixed  by  disc.s. 


. 44’3  tons  3 .^5 

IS  ^1.7 — = VV  tons. 

III.  W'hen  the  length  is  equal  to  tiO  diameters,  the  value  of  W’^  is -=77,81 7 lbs.  or  34'7 

tons. 

Gregory  has  adopted  an  average  of  ^ in  both  of  these  formulce. 

IV.  For  ;;#7/ars,  below  those  lengths,  the  formulae  do  not  apply,  as  the  strength  of 

the  column  becomes  modified  in  con.sequence  of  its  being  then  partially  crushed  as 
well  as  bent. 


S*ancheons  and  Struts. 

1631i.  Gordon’s  formula  for  the  ultimate  strength  of  wrought  iron  struts  of  a solid 
rectangular  section  fixed  at  the  ends,  as  deduced  from  Hodgkinson’s  experiments,  is 
3t>,oni) 

/-h3t)(io.'2^  __W_or  load  ^ thickness).  For  other  forms  of  cross  section  approximate 

aorsect.  aiea  ^ _ 

rules  have  been  given.  But  it  may  be,  in  many  cases,  more  satisfactory  to  take  into 
account  the  least  “ radius  of  gyration”  of  the  cross  section;  and  for  that  purpo.se  the 

3G,()'  0 

formula  may  he  put  in  the  following  shaj'e  ; 1-h.— ^ ' • Here  is  the  mean  of  the 
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For  a thin 

h. 


.s(iiiares  of  the  distances  of  the  particles  of  the  cross  section  from  a neutral  axis  traversing 
its  centre  of  gravity  in  that  direction  which  makes  r*  least.  For  hinged  ends,  take  oi 
9,000  is  to  be  substituted  for  36,000.  The  value  of  r-  for  a solid  rectangle,  least  dimen- 
sion =6,  then  jg.  For  a tliin  square  cell,  side  =6,  then  -g.  For  a thin  rectangular  cell, 

breadth  = b,  depth  = h,  the  For  a solid  cylinder,  diameter  = b,  then 

/»* 

cylindrical  cell,  diameter  = 6,  then  For  an  angle  iron  of  equal  ribs,  breadth  of  each 
then  For  an  angle  iron  of  unequal  ribs,  greater  — fc,  lesser  = A,  then  For  a 

cross  of  equal  arms  For  H iron,  breadth  of  flanges  = 6,  their  joint  area=-  B,  area  of 
web  = A,  then  (Bankine,  who  follows  out  the  subject  further.) 

1631  A.  Stanrheons  of  cast  iron  are  recommended  to  be  used  in  lieu  of  cast  iron  cnlumhs. 

The  form  shown  in  Jig.  61.3.r.  is  generally  considered  as  the  best  for  use; 
the  flanges  wliich  divide  tlie  length  into  three  equal  parts,  are  found  to 
add  considerably  to  tlie  strength  of  the  casting  in  resisting  the  tendency 
of  its  load  to  produce  de  lection  from  the  veitical  position.  Hodgkin- 
son’s  experiments  show  that  while  cast  iron  is  the  better  material  for  a pillar 
whose  length  does  not  exceed  26  times  the  diameter,  wrought  iron  is  the 
better  material  when  the  length  exceeds  that  limit.  For  pillars  with  hinged 
ends,  about  13  times  is  the  limit,  hut  these  results  are  roughly  appioxiniate 
only.  In  order  to  stitlen  wrought  iron  struts,  they  are  made  of  various  forms 
in  cross  section,  such  as  angle  iron,  T iron,  double  X iron,  channel  iron,  &c. 
The  cross  is  a very  convenient  form  as  in  cast  iron  ; it  is  generally  Imilt  by 
riveting  bars  of  simple  forms  together,  'riius  it  may  be  made  up  of  X irons 
riveted  back  to  back,  or  four  angle  irons  riveted  hack  to  back  ; or  by  one  flat 
bar,  two  narrower  flat  bars, 
and  four  angle  irons,  ail 
riveted  together,  as  Jig. 

I 6l3y.,  and  as  used  for  the 
strut  diagonals  of  the  War- 

0ren  girders  in  the  Crumlin 
viaduct.  The  stiflTest  form 
for  a wrought  iron  strut  is 
Jig  6io».  ^ tui)e, 

fig.  614a.,  which  may  be  cylindrical,  rectangular,  or  triangular,  as  Jig.  6116.  When  a 
wrought  iron  strut  is  considered  as  hinged  at  the  end,  that  is  generally  effected  by  its 
al)utting  at  each  t*nd  against  a cylindrical  pin,  by  which  it  is  connected  with  some  other 
piece  of  the  frame-work,  in  the  manner  aheady  descrihed  for  tie-bars.  To  fix  its  ends  in 
direction,  as  It  seldom  has  large  aoutting  faces,  it  is  in  general  necessary  to  fasten  it  to 
the  adjoining  pieces  of  the  structure  by  several  holts  or  rivets. 

163H.  Cast  iron,  from  its  great  resistance  to  crushing,  is  peculiarly  well  suited  for  struts, 
especially  those  of  moderate  length.  The  best  form  containing  a given  quantity  of  metal  is 
that  of  a hollow  cylinder  {Jig.  614c  ) ; the  thickness  of  metal  is  seld  )m  lesS  than  of  the 
diameter.  I.  The  formula  for  the  cylinder  has  already  been  given;  II.  for  a cast  iron  strut 

80,000 

of  a cross  shape  614c?.)  the  whole  width  being  c?,  then  i .p  W lbs.  per  square  inch 

400  rf- 

80,000 

of  sectional  area.  III.  For  a hollow  square  61 4e.).c?  = diagonal,  = W,  as  before. 

80,fQ0 

IV.  For  a hollow  cylinder  614/.),  a = diameter  ^ =W,  as  before.  These 

400 

formulae  refer  to  struts  fixed  at  both  ends.  V.  When  they  are  hinged  at  the  ends,  the 
second  term  of  each  division  is  to  be  made  four  times  as  great. 

1631m.  With  the  ends  fixed;  1.  the  formulas  for  a hollow  tube  614c.)  a = 3000,  then 
165  (or  sectional  area  inches) 

1 + P inches = W tons. 

o D- or  (liiatn.  inches)  V 

Fig.  614c.  Fig.  6l4d.  Fig.  614e.  Fig.  614/, 

II.  The  formulae  for  a cross  vvdth  equal  arms  (Jig.  614c?)  a=1000. 

1 1 1.  'I'he  formulae  for  an  angle  with  equal  sides  (^Jig.  6l4e)  a=  1000. 

1 V.  When  hinged  at  the  ends,  take 


Fig.  613y. 


Fig.  614n. 


Fig.  6146. 


1631«.  Detrusion,  or  shearing,  denominates  that  kind  of  fracture,  which  would  occtir  in 
the  use  of  siiears  if  their  edges  were  blunt ; or  when  the  punch  of  a punching  machine 
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.iiakes  a hole  in  a plate.  Fairhairn  has  deduced  the  following  laws  froTii  Ills  experiments  : 
1.  That  tlie  ultimate  resistance  to  shearing  in  any  bolt  or  rivet,  is  proportional  to  the  sec- 
tional  area  of  the  bar  torn  asunder.  II.  'I'hat  the  ultimate  resistance  of  any  har  to  a 
shearing  strain  is  nearly  the  same  as  the  ultimate  resistance  of  the  same  bar  to  a direct 
longitudinal  tensile  strain. 

Tabi.e  of  the  Resistance  of  Materials  to  Shearing  and  Distortion. 


1 M.iterials. 

1 

Resistance  to  Shearing, 
per  square  inch. 

'I'ransverse  Elasiicitv,  or 
Resistance  to  Distoition, 
per  square  inch. 

Brass  wire,  drawn 

Il's.  avoirdupois. 

lbs.  avoiidupois. 
5,330,000 

Copper 

- 

- 

6,200,000 

Cast  iron 

- 

27,7CO  to  32,.500 

2,850,000 

Wrought  iron 

- 

50,000 

8,. “^00,000  to  9,500,000 

Pine,  red 

- 

500  to  800 

62,000  to  116,000 

Fir,  Spruce  - 

- 

600 

— 

Larch  - - - 

- 

970  to  1,700 

— 

Oak,  English 

- 

2,300 

82,000 

Poplar 

•• 

1,800 

— 

Ash  and  Elm 

- 

1,400 

76,000 

Deal  - 

. 

592  ] 

Cast  iron 

_ 

73,000  f \ Warr. 

Rankine. 

Wrought  iron 

- 

45,000  to  53,000  J 

1631o.  To  find  the  length  between  the  end  of  a beam  and  the  foot  of  a strut  or  of  a 
rafter,  necessary  to  resist  the  thrust  of  the  latter,  so  as  to  prevent  the  detrusion  of  the 
\h 

beam,  the  formula  to  be  used  is  the  length  in  inches.  Here  h the  breadth  of  the  beam 
in  inches  ; h horizontal  thrust  in  pounds;  and  S,  the  cohesive  strengtli  in  pounds  of  a 
square  inch  of  the  material.  Tredgold  states  that  4 is  a sufficient  value  for  a factor  of 
safety  in  this  case  ; S = 600  lbs.  per  srpiaie  inch  for  fir,  and  2 .300  lbs.  for  oak.  Tl;e  strap 
or  bolt  usually  employed  to  bind  the  rafter  and  beam  together,  should  be  at  as  acute  an 
angle  as  poss.ble,  and  holds  the  rafter  in  its  place  should  the  end  of  the  beam  give  way. 

I631p.  Iron  fastenings  to  jnhits.  In  forming  eyes  by  welding,  at  the  end  of  iron  bars 
for  cha  n links  and  other  purposes,  the  bar  is  found  to  be  weaker  than  in  its  plain  form. 
In  iron  plate  work,  tlie  joints  are  made  by  riveting  on  which  the  whole  efficacy  of  the 
built-up  plate  work  depends.  Taking  the  strength  of  the  plain  plate  as  100,  a double- 

^ - 8 

o oo  o i o o o o 
oooo i oooo 
ooooi oooo 
oooo i oooo 

Fig.  614;. 

riveted  plate  w 11  be  70;  and  a single-riveted,  56.  Again,  with  single  plate  jointings 
ha\ing  a top  and  bottom  covering  plate  over  the  joint,  and  with  half  inch  rivets,  as  A, 
61 3x,  the  plates  were  torn  asunder  through  the  rivet-holes,  with  24  4 1 tons  in  the 
square  inch.  With  a double  plate,  having  a single  covering  plate  on  the  side  of  the  joint, 
as  B,  the  plates  broke  asunder  by  shearing  off  the  rivets  close  to  the  plate,  with  18-73  tons 
per  square  inch  ; but  the  rivets  having  been  made  larger,  a similar  strength  to  the  previous 
experiment  was  realised.  A plain  plate  broke  with  22-78  tons  mean  value. 

163 19.  Fairhairn  recommends  the  flanges  or  double  plates  to  be  used  as  long  as  possible, 
and  the  joints  to  be  carefully  united  by  covering  plates,  chain-riveted,  as  C,  with  three  or 
more  rows  of  rivets  according  to  the  widths  of  the  plates.  Eight  rivets  are  required  in 
each  of  the  lines,  four  on  each  side  of  the  joints,  to  give  sufficient  strength,  and  the  area  of 
the  rivets  collectively  should  be  equal  to  the  area  of  the  jointed  plates  taken  transverseW 
through  one  line  of  the  rivets,  the  area  of  the  parts  punched  out  in  that  line  being  deductea 
These  proportions  give  the  required  security  to  the  joint,  and  afford  nearly  the  same 
strength  to  a tensile  strain  as  the  solid  plate ; that  is,  if  the  covering  plates  be  as  mud 
thicker  as  will  give  the  same  area  of  section  through  the  rivet- holes  as  the  unperforatec. 
double  plate,  {par.  162'  e.) 

163  Ir.  Rivets  arc  made  of  the  most  tough  and  ductile  irom  It  is  essentially  necessary 
that  tfie  rivet  should  tightly  fit  its  hole ; and  the  longitudinal  compression  to  which  rivets 
are  subjected  during  tlie  formation  of  its  head,  whether  by  hand  or  machinery,  tends  to 
produce  that  result  The  diameter  of  a rivet  for  plates  less  than  half  an  inch  thick,  is 
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about  double  the  thickness  oT  the  plate.  For  plates  of  half  an  inch  thick  and  upwaids, 
about  once  and  a half  the  thickness  of  the  plate.  The  length  of  the  rivet  before  clenching 
(whicti  is  effected  whilst  the  rivit  is  red-hot),  measuring  from  the  head,  equals  the  sum 
of  the  thifkne.ss  of  the  plates  to  be  connected,  added  to  9-^  inches  multiplied  by  the 
diameter  of  the  rivet.  A good  rivet  may  be  bent  double  whilst  cold  without  showing  any 
signs  of  fracture:  and  the  head  when  hot  should  stand  being  hammered  down  to  less  than 
^ in.  in  thickness  without  cracking  at  the  edge.  They  should  also  stand  liaving  a pundi 
cf  nearly  their  own  diameter  driven  right  through  the  shank  of  the  rivet  when  hut, 
without  cracking  the  iron  round  the  hole,  f C.  G.  Smith.) 

1631s.  Steel  rivets,  fully  larger  in  diameter  than  those  used  in  riveting  iron  plates  of 
the  same  thickness,  being  found  to  be  greatly  too  small  for  riveting  steel  plates,  the  pro- 
bability is  suggested  that  the  proper  proportion  for  iron  rivets  is  not,  as  generally  assumed, 
a diameter  equal  to  the  thickness  of  the  two  plates  to  be  joined.  The  shearing  strain  of 
steel  rivets  is  found  to  he  about  a fourth  less  than  the  tensile  strain.  (Kirkaldy;. 

16.3U  In  the  bridge  over  the  Thames  for  the  Charing  Cross  Railway,  the  holes  were 
drilled  and  not  punched.  'I'his  is  a point  upon  which  engineers  differ  considerably  ; but 
most  firms  ])unch  the  holes.  At  Fairbairn’s  works  at  Manchester,  drilling  holes  was  co.a- 
sidered  to  be  more  expensive  without  adding  to  the  strength.  Mr.  Parkes  thinks  that  the 
punching  injured  the  iron  considerably,  and  thought  Fairbairn’s  experiments  went  to  show 
it.  ( Society  of  Engineers,  I'rtmsactions,  1865). 

1631m.  Pins,  keys,  and  wedyes  are  exposed,  like  rivets,  to  a shearing  stress.  The  formula 
for  finding  their  proper  sectional  area  is  the  same.  Tiiey  must  he  held  tightly  in  their 
seats  ; and  in  order  that  a wedge  or  key  may  not  slip  out  of  its  seat,  its  angle  of  obliquity 
ought  not  to  exc.ced  tlie  angle  of  repose  of  iron  upon  iron,  wliich,  to  provide  for  the  con- 
tingency of  the  surfaces  being  greasy,  may  lie  taken  at  about  4°.  (Rankine). 

I631r.  If  a bolt  or  screw  has  to  withstand  a shearing  stress,  its  diameter  is  to  be  deter- 
mined  like  that  of  a cylindrical  pin.  If  it  has  to  withstand  tension,  its  diameter  is  to  ba 
determined  by  having  regard  to  its  tenacity.  In  either  case  the  effective  diameter  of  the 
bolt  is  its  least  diameter;  that  is,  if  it  has  a screw  upon  it,  the  diameter  of  the  spindle 
inside  the  thread.  The  projection  of  the  thread  is  usually  one-half  of  the  pitch  ; and  the 
pitch  should  not  in  general  be  greater  than  one-fifth  of  the  effective  diameter,  and  may  be 
considerably  less.  In  order  that  the  resistance  of  a screw  or  screw-bolt  to  rupture,  by 
stripping  the  thread,  may  be  at  least  equal  to  its  resistance  to  direct  tearing  asunder,  tlie 
length  of  the  nut  should  be  at  least  one  half  of  tlie  effective  diameter  of  the  screw:  and  it 
is  often  in  practice  considerably  greater ; for  example,  once  and  a half  that  diameter.  The 
head  of  a l)olt  is  usually  about  twice  the  diameter  of  the  spindle  and  of  a thickness  which 
is  usually  greater  than  |ths  of  that  diameter.  (Rankine). 

I631?c,  IFoAV/ers  are  flat  plates  of  iron,  placed  at  the  sides  of  timbers  to  secure  them 
against  the  crushing  action  of  the  head  and  nut  of  a bolt  whilst  being  screwed  up.  For 
fir,  the  diameter  of  the  washer  is  made  about  3j  times  that  of  the  bolt;  and  for  oak, 
about  2^  times.  When  a bolt  is  placed  oblique  to  the  direction  of  the  beam  which  it 
traverses,  a notch  should  be  cut  in  the  timber  perpendicular  to  the  bolt,  to  receive  the 
pressure  of  tlie  w'aslier  equally,  or  notched  to  receive  a bevelled  washer  of  cast  iron,  one 
side  of  which  fits  the  wood,  and  the  other  fits  the  axis  of  tlie  bolt. 


Toksion. 

1631,r.  Torsion,  or  the  resistance  of  bodies  to  being  twisted,  is  found : I.  When  a body 
is  fastened  at  one  end  and  a force  is  applied  at  the  other.  II.  When  the  force  at  one  end 
isgreater  than  at  the  other  end.  III.  When  the  forces  at  the  ends  are  in  oppo.site  directions, 
and  are  so  applied  as  to  twigt  the  body.  As  this  fact  chiefly,  if  not  entirely,  concerns  machinery 
in  motion,  we  refer  the  student  fur  more  specific  details  to  Warr,  Dynamics,  p.  26'9,  who  gives 
a table  of  “ modulus  of  torsion  ” of  various  timbers  and  metals,  derived  from  experiments 
made  by  Bevan,  in  Phd.  2'ians.  1^29.  p.  128.  Approximate  formulae  are  given  by  Hurst: — 

I.  When  the  shaft  is  circular,  y/  = And^=W.  II.  When  the  shaft  is  square, 

d diameter  inches  ; W weight  pounds  permanently  sustained  by  the  shaft; 

I length  of  lever  in  feet,  at  the  end  of  which  W acts  ; s side  in  inches ; and  C,  cast  steel  590  ; 
wrought  iron  335;  cast  iron  330;  gun  metal  170;  brass  150;  copper  135  ; lead  34. 

1631y.  In  the  Artizan  for  1857  and  1858  is  an  instructive  Eiujniry  into  the  Strength  oj 
Beams  and  Girders,  by  S.  Hughes,  deserving  attention.  Tlie  chief  authorities  for  the  data 
tontalned  in  that  article,  and  also  in  this  section,  are  quoted  herein. 
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1632.  WoUKlNG  Sthength  oe  jMatkkials. 

S"fe  loads  in  Ihs.  ptr  square  inch. 


Tension. 

Pressure. 

Shearing. 

Wrought-] ron  bars  . _ - - 

10,400 

10,400 

7.800 

„ plates  . - - - 

10,000 

10,000 

7,600 

Drawn  iron  wire  _ _ _ _ 

13,200 

— 

— 

Cast  iron  ------ 

3,600 

10,000 

2.700 

SoCt  steel,  unhardened  _ _ - 

17,700 

17.700 

13,200 

,,  hardened  and  tempered 

Steel  wire  - 

35,400 

35,400 

26,600 

27,300 

— 

— 

Timber,  Ash  a - - - - - 

1,700 

9 40 

— 

6 - - - - - 

— 

510 

— 

,,  Oak  a - - - - - 

1,560 

940 

100 

5 - - - - - 

— 

510 

— 

„ Beech  a - 

1,700 

940 

85 

5 - - - - - 

— 

510 

— 

„ Pine  a - 

1,000 

620 

55 

5 - - - - - 

— 

310 

— 

Good  brickwork  ----- 

— 

140 

— 

Ordinary  „ ~ ~ " 

— 

85 

— 

Stone 

— 

200 

— 

a,  Stress  parallel  to  the  fibres ; h,  ditto  perpendicular  to  the  fibres. 

The  above  values  of  the  safe  load  may  be  taken  for  structures  subject  to  travelling  loads. 
When  subject  to  dead  loads,  these  u’^alues  may,  in  the  ease  of  iron  and  steel,  be 
multiplied  by  G.  S.  Clarke,  Graphic  Strains,  4to,  1880,  p.  138. 

1632a.  Table  of  Strength  of  various  Timbers. 

The  primitive  horizontal  or  transverse  strength  of  oak  is  taken  at  1000;  its  supporting 
or  primitive  vertical  strength  at  807  ; and  its  cohesive  cr  absolute  strength  at  1821 ; 
being  deduced  from  pieces  19'188  lines  English  square.  The  relative  strengths  of 
other  woods  are  given  ; — 


Species  of  Wood. 

Primitive 
hor  zontal 
Strength. 

Primitive 

vertical 

Strength. 

Absolute 

cohesive 

Strength. 

Species  of 
Wood. 

Primitive 

horizontal 

Strength. 

Primitive 

vertical 

Strength. 

Absolute 

cohesive 

Strength. 

Acacia  (yellow) 

780 

1228 

1660 

Fir 

918 

851 

1250 

Ash 

1072 

1112 

1800 

Oak 

1000 

807 

1821 

Beech  - 

1032 

986 

2480 

Pine-tree  - 

882 

804 

1141 

Birch 

853 

861 

1980 

Poplar  - 

586 

680 

940 

Cedar  - 

627 

720 

1740 

Service-tree 

965 

981 

1642 

Cherry-tree  - 

961 

986 

1912 

Sycamore - 

900 

968 

1564 

Chestnut 

957 

950 

1944 

Yew-tree  - 

1037 

1375 

2287 

Elm  - 

1077 

1075 

1980 

Walnut  - 

900 

753 

1120 

j STEEL. 

ij  1633.  Steel  is  now  largely  superseding  wrought  iron  in  all  uses  to  which  the  latter 
I material  was  usually  applied.  Nearly  every  section  of  L>  T>  and  Q.  as  well  as  rolled 
I joists  I,  are  now  made  in  steel  to  specification.  Kailway  metals  or  rails  have  been  made 
' of  steel  for  some  years.  Plates,  sheets,  and  bars  for  every  purpose  of  bridge  girder, 
roof,  and  boiler  making,  are  now  commonly  in  use,  as  also  for  cyliudrical  and  octan  ular 
I columns  which  have  to  carry  great  weights;  also  for  ship  armour  and  gun  mounts. 

I Steel  is  most  useful  when  bulk  and  weight  is  a consideration  ; the  constructional  cost, 
as  a rule,  can  be  brought  down  almost  to  that  of  iron  ; the  price  per  ton  is  more,  but  less 
weight  is  required.  The  kind  mostly  used  is  called  mild  steel,  containing  about  O' 18  per 
cent,  of  carbon,  bearing  a tensile  stress  30  to  35  tons  per  square  inch  with  the  fibre,  and 
28  to  30  across  the  fibre.  Much  higher  results  can  be  obtained  for  special  purposes,  but 
the  manufacture  for  ordinary  structural  purposes  cannot  be  fully  relied  upon  beyond 
3U  tons  tensile.  The  Commif-ee  of  the  British  Association  advised  a maximum  of 
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9 toes  per  square  inch  as  working  tensile  stress,  but  Mr.  Stoney  considers  8 tons  per  inch 
ample.  Many  engineers  are  content  with  tons. 

1633a.  But  Mr.  Arch.  D.  Dawnay  has  found,  from  a large  series  of  experiments  upon 
the  actual  beams,  &c.,  that  ordinary  mild  steel  scarcely  exceeds  7 tons  per  square  inch, 
while  many  inferior  makes  have  not  exceeded  6 tons.  For  important  works,  the  architect 
or  engineer  may  specify  certain  results  as  being  required,  and  they  can  always  get  it, 
though,  of  course,  at  a special  price.  In  many  ways  cast  mild  steel  is  superseding 
cast  iron,  especially  in  machinery,  spur  and  other  wheels,  shaft,  gearing,  &c.  A saving 
of  49  per  cent,  is  shown  over  the  use  of  cast  iron.  Some  makers  anneal  their  castings, 
thus  raising  the  modulus  of  rupture  from  7 to  12  tons,  and  at  the  same  time  increasing 
the  ductility.  Steel  castings  are  more  liable  to  defects  than  cast  iron.  {See  1769.) 


1634.  In  the  paper  read  April,  1880,  by  A.  B.  W.  Kennedy,  M.I.C.E.,  at  the  Royal 
Institute  of  British  Architects,  On  Mild  Steel  and  its  Application  to  Btiilding  Pur- 
poses, he  mentions  that  out  of  the  great  number  of  qualities  of  mild  steel  which  are 
made,  there  are  two  classes  of  special  importance  for  constructive  purposes.  1.  The  very 
mild  steel  accepted  by  three  companies  for  shipbuilding  purposes  : the  Admiralty  limits 
for  tenacity  are  26  and  30  tons  per  square  inch;  Lloyd’s  limits  are  a ton  higher;  and  the 
Liverpool  Underwriters’  a ton  higher  still,  or  28  to  32  tons  per  square  inch.  The  first 
two  also  require  the  ultimate  extension  of  the  piece  before  fracture  to  be  not  less  than 
20  per  cent,  in  an  8-inch  length.  Such  steel  requires  practically  no  annealing,  and  is  not 
more  injured  by  punching  than  wrought  iron,  and  in  many  cases  less.  2.  The  steel 
which  has  a tenacity  of  about  10  tons  per  square  inch  more  than  the  former,  or  about 
40  tons  per  square  inch.  It  is  much  harder  and  considerably  less  ductile,  and  much  less 
suitable  for  places  where  mu(jh  work  has  to  be  done  on  it.  But  it  can  be  obtained  just 
as  uniform  in  quality  as  the  milder  material,  and  its  superior  tenacity  gives  it  greater 
advantages  where  it  can  be  used  substantially  in  the  form  in  which  it  leaves  the  rolling- 
mill.  It  will  extend  10  to  12  per  cent,  in  10  inches  before  fracture. 

1634a.  The  tests  commonly  enforced  are  of  three  kinds.  1.  The  tenacity  of  the  steel 
must  lie  between  certain  definite  limits.  2.  The  samples  tested  must  have  a minimum 
percentage  of  extension,  in  a specified  length,  before  fracture.  3.  For  “temper”  test, 
sample  strips  heated  to  a low  cherry-red,  and  cooled  in  water  at  82^  Fahrenheit,  must 
stand  doubling  round  a curve  whose  radius  is  not  more  than  one  and  a half  times  the 
thickness  of  the  strip.  All  the  tests  are  made  upon  sample  strips  of  from  Odi  to  UO 
square  inches  in  sectional  area,  cut  from  the  plate,  bar,  or  angle  iron,  the  strips  being 
generally  of  the  same  thickness  throughout,  parallel  for  a length  of  8 or  10  inches  in  the 
centre,  and  being  wide  at  the  ends  where  held  in  the  machine. 

1635.  Table  of  Safe  Distributed  Loads  on  Rolled  Iron  Joists  I,  and  on  Steel 
Joists  I,  at  about  a Quarter  Breaking}  Weight. 


rC 

(D 

^ O 

Bearing  in  Feet. 

<D 

Q 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

28 

28 

30 

ins 

ins. 

lbs. 

tons. 

tons. 

tons. 

tons. 

tons. 

tons. 

tons. 

tons. 

tons. 

tons. 

tons. 

tons. 

tons. 

3 

If 

6 

0-8 

0-6 

05 

0-4 

3 

3 

10 

19 

1-4 

1-1 

10 

0 8 

4 

3 

12 

3T 

2 5 

1’9 

1-5 

1-3 

1-2 

1-1 

5 

23 

7-6 

60 

4 4 

4-0 

3-5 

3-0 

2-5 

6 

5 

29 

11-5 

8-8 

6-8 

5-9 

4-9 

4-3 

3-8 

10 

o 

36 

24-0 

18-0 

14-8 

120 

10  6 

9-0 

8-2 

7-3 

67 

6-2 

57 

5-3 

16 

6 

62 

61  8 

45  0 

350 

300 

26-0 

23-1 

20-6 

18-3 

16  8 

15  4 

14-2 

13-2 

12-3 

Steel  Joists. 

(Moreland.) 

(A.  D. : 

Dawnay.) 

3 

3 

10 

27 

1-9 

1-5 

4 

3 

12 

,4-5 

3-3 

27 

2-2 

1 9 

17 

5 

4i 

23 

ll-O 

8-2 

6 3 

5-5 

40 

4-1 

3 6 

6 

5 

28 

16-3 

12-3 

9-8 

8-1 

7-1 

61 

5 5 

4-9 

4-0 

10 

5 

37 

— 

26\s 

21-4 

18-0 

15  3 

13-4 

11-8 

107 

9 7 

9-0 

8-2 

7-6 

16 

6 

63 

— 

— 

— 

44-6 

38-2 

34m 

29-8 

26'5 

21-3 

22-.3 

20-6 

19-1 

17-8 

This  table  affords  an  approximate  view  of  the  relative  strength  of  joists  of  the  two 
materials. — 1887. 
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MATERIALS  USED  IN  BUILDING. 


Sect.  I. 

STONE. 

1636.  It  is  almost  superfluous  to  say  that  the  choice  of  stone  for  a building  intended  to 
be  durable  is  of  the  very  highest  importance.  “In  modern  Europe,”  it  has  been  observed, 
“and  particularly  in  Great  Britain,  there  is  scarcely  a public  building,  of  recent  date,  which 
will  he  in  existence  a thousand  years  hence.  Many  of  the  most  splendid  works  of  modern 
architecture  are  hastening  to  decay  in  what  may  be  justly  called  the  infancy  of  their  exist- 
ence, if  compared  with  the  dates  of  public  buildings  that  remain  in  Italy,  in  Greece,  in 
Egypt,  and  the  East.” 

1 637.  The  various  sorts  of  stone  take  their  names  either  from  the  places  where  they  are 
quarried  or  from  the  substances  which  principally  enter  into  their  composition.  The  term 
“ Freestone,”  which  is  used  in  a very  arbitrary  way,  is,  as  its  name  implies,  that  sort  which 
can  be  wrought  with  the  mallet  and  chisel,  or  cut  with  the  saw,  an  operation  which  cannot 
be  performed  upon  granite,  whose  hardness  requires  it  to  be  dressed  with  pointed  tools  of 
different  weights  and  sizes.  It  includes  the  two  great  general  divisions  of  Limestone  and 
Sandstone.  The  limestone  of  Portland  is  that  which  has  for  many  years  past  been  chiefly 
used  in  the  metropolis.  Latterly,  other  sorts  have  found  their  way  in  from  the  provinces ; 
and  though,  from  many  circumstances,  we  do  not  think  it  likely  that  Portland  stone,  from 
its  facility  of  transport  and  other  causes,  will  be  altogether  superseded,  there  is  no  doubt 
that  its  use  is  on  the  wane  from  the  introduction  of  provincial  sorts. 

1638.  We  shall  proceed,  after  some  preliminary  observations,  to  give,  from  the  Report 
addressed  in  1839  to  the  Commissioners  of  Woods  and  Forests  on  the  occasion  of  select- 
ing the  stone  for  building  the  new  Houses  of  Parliament,  a view  of  the  principal  sorts  of 
stone  found  and  used  in  the  island.  A new  edition  was  printed  in  1845. 

1639.  The  qualities  requisite  for  a building  stone  are  hardness,  tenacity,  and  com- 
pactness. It  is  not  the  hardest  stone  which  has  always  the  greatest  tenacity  or  toughness , 
for  limestone,  though  much  softer,  is  not  so  easily  broken  as  glass. 

1640.  The  decay  and  destruction  of  stone  are  accelerated  by  nearly  the  same  causes  as 
those  which  destroy  rocks  themselves  on  the  surface  of  the  globe.  Such  causes  are  of  two 
kinds  : those  of  decomposition  and  those  of  disintegration.  The  former  affects  a chemical 
change  in  the  stone  itself,  the  latter  a mechanical  division  and  separation  of  the  parts. 
The  effects  of  the  chemical  and  mechanical  causes  of  the  decomposition  of  stone  in 
buildings  are  much  modified,  according  to  their  situation,  as  in  the  town  or  country. 
In  populous  and  smoky  towns  the  state  of  the  atmosphere  accelerates  decomposition  more 
than  in  those  placed  in  the  open  country,  (par.  1667.) 

1641.  “ As  regards  the  sandstones  that  are  usually  employed  for  building  purposes,  and 

! which  are  generally  composed  of  either  quartz  or  siliceous  grains,  cemented  by  siliceous, 
argillaceous,  calcareous  or  other  matter,  their  decomposition  is  effected  according  to  the 
nature  of  the  cementing  substance,  the  grains  being  comparatively  indestructible.  With 
respect  to  limestones  composed  of  carbonate  of  lime,  or  the  carbonates  of  lime  and  mag- 
^ nesia,  either  nearly  pm*e  or  mixed  with  variable  proportions  of  foreign  matter,  their 
1 decomposition  depends,  under  similar  circumstances,  upon  the  mode  in  w-hich  their  com- 
j ponent  parts  are  aggregated,  those  which  are  most  crystalline  being  found  to  be  the  most 
I durable,  while  those  which  partake  least  of  that  character  suffer  most  from  exposure  to 
1 atmospheric  influences. 

1642.  “The  varieties  of  limestones  termed  Oolites  (or  Roestones)  being  composed  of 
' oviform  bodies  cemented  by  calcareous  matter  of  a varied  character,  will  of  necessity 
I suffer  unequal  decomi)osition,  unless  such  oviform  bodies  and  the  cement  be  equally 
I coherent  and  of  the  same  chemical  composition.  The  limestones  which  are  usually  t.erme<l 
I ‘ shelly,'  from  being  chiefly  formed  of  either  broken  or  perfect  fossil  shells  cemented  by 
I calcareous  matter,  suffer  decomposition  in  an  unequal  manner,  in  consequence  of  the  sliells, 
which,  being  for  the  most  part  crystalline,  offer  the  greatest  amount  of  resistance  to  the 
I decomposing  effects  of  the  atmosphere. 

I 1643.  “ Sandstones,  from  the  mode  of  their  formations,  are  very  frequently  laminated, 
f!  (I  G 


450 


THEORY  OF  ARCHITECTURE. 


Boor.  II. 


more  especially  when  micaceous,  the  plates  of  mica  being  generally  deposited  in  planes 
parallel  to  their  beds.  Hence,  if  such  stone  be  placed  in  buildings  with  the  planes  of  t 
lamination  in  a vertical  position,  it  will  decompose  in  flakes,  according  to  the  thickness  of  5, 
the  laminas ; whereas,  if  it  be  placed  so  that  the  places  of  lamination  be  horizontal,  that  is, 
most  commonly  upon  its  natural  bed,  the  amount  of  decomposition  will  be  comparatively  J 
immaterial.  ^ 

1644.  “ Limestones,  such  at  least  as  are  iisually  employed  for  building  purposes,  are  not  k 
liable  to  the  kind  of  lamination  observable  in  sandstones  ; nevertheless,  varieties  exist,  s 
especially  those  commonly  termed  shelhj,  which  have  a coarse  laminated  structure,  generally  £ 
})arallel  to  the  planes  of  their  beds,  and  therefore  the  same  precaution  in  placing  such  stone 

in  buildings  so  that  the  planes  of  lamination  be  horizontal,  is  as  necessary  as  with  the  , 
sardstones  above  noticed. 

1645.  “ The  chemical  action  of  the  atmosphere  produces  a change  in  the  entire  matter 
of  the  limestones,  and  in  the  cementing  substance  of  the  sandstones  acccording  to  the 
amount  of  surface  exposed  to  it.  The  mechanical  action  due  to  atmospheric  causes  occa- 
sions either  a removal  or  a disruption  of  the  exposed  particles,  the  former  hy  means  of 
jjowerful  winds  and  driving  rains,  and  the  latter  by  the  congelation  of  water  forced  into  or 
absorbed  l^y  the  external  portions  of  the  stone.  These  effects  are  reciprocal,  chemical 
action  rendering  the  stone  liable  to  be  more  easily  affected  by  mechanical  action,  which 
latter,  by  constantly  presenting  new  surfaces,  accelerates  the  disintegrating  effects  of  the 
former. 

1646.  “ Buildings  in  this  climate  are  generally  found  to  suffer  the  greatest  amount  of 
decomposition  on  their  southern,  south-western,  and  western  fronts,  arising  doubtless  from 
tlie  prevalence  of  winds  and  rains  from  those  quarters  ; hence  it  is  desirable  that  stones  of 
great  durability  should  at  least  be  employed  in  fronts  with  such  aspects. 

1647.  “ Buildings  situated  in  the  country  appear  to  possess  a great  advantage  over  those 
in  populous  and  smoky  towns,  owing  to  lichens,  with  which  they  almost  invariably  become 
covered  in  such  situations,  and  which,  when  firmly  established  over  their  entire  surface, 
seem  to  exercise  a protective  influence  against  the  ordinary  causes  of  the  decomposition  of 
the  stone  upon  which  they  grow. 

1648.  As  an  instance  of  the  difference  in  degree  of  durability  in  the  same  material 
subjected  to  the  effects  of  the  atmosphere  in  town  and  country,  we  may  notice  the  several 
frusta  of  columns  and  other  blocks  of  stone  that  were  quarried  at  the  time  of  the  erection 
of  St.  Paul’s  Cathedral  in  London,  and  which  are  now  lying  in  the  island  of  Portland,  near 
the  quarries  from  whence  they  were  obtained.  These  blocks  are  invariably  found  to  be 
covered  with  lichens,  and  although  they  have  been  exposed  to  all  the  vicissitudes  of  a marine 
atmosphere  for  more  than  150  years,  they  still  exhibit,  beneath  the  lichens,  their  original  ; 
forms,  even  to  the  marks  of  the  chisel  employed  upon  them,  whilst  the  stone  which  was 
taken  from  the  same  quarries  (selected,  no  doubt,  with  equal,  if  not  greater,  care  than  the 
blocks  alluded  to)  and  placed  in  the  cathedral  itself,  is,  in  those  parts  which  are  exposed  to 
the  south  and  south-west  winds,  found  in  some  instances  to  be  fast  mouldering  away. 
Colour  is  of  more  importance  in  the  selection  of  a stone  for  a building  to  be  situated  in  a 
poiJulous  and  smoky  town,  tlian  for  one  to  be  placed  in  an  open  country,  where  all  edifices 
usually  become  covered,  as  before  stated,  with  lichens ; for  although  in  such  towns  those 
fronts  which  are  not  exposed  to  the  prevailing  winds  and  rains  will  soon  become  blackened*,  ’ , 
tlie  remainder  of  the  building  will  constantly  exhibit  a tint  depending  upon  the  natural 
colour  of  the  material  employed. 

1 649.  “ Before  we  proceed  to  adduce  a few  examples  of  the  present  condition  of  the 
various  buildings  we  have  examined,  we  would  wish  to  observe  that  those  which  are  highly 
decorated,  such  as  the  churches  of  the  Norman  and  pointed  styles  of  architecture,  afford  a '** 
more  severe  test  of  the  durability  of  any  given  stone,  all  other  circumstances  being  equal, 
than  the  more  simple  and  less  decorated  buildings,  such  as  the  castles  of  the  fourteenth  and  f. 
fifteenth  centuries,  inasmuch  as  the  material  employed  in  the  former  class  of  buildings  is  f / 
worked  into  more  disadvantageous  forms  than  in  the  latter,  as  regards  exposure  to  the 
effects  of  the  weather  ; and  we  would  further  observe,  that  buildings  in  a state  of  ruin, 
from  being  deprived  of  their  ordinary  protection  of  roofing,  glazing  of  windows,  &.C.,  con- 
stitute an  equally  severe  test  of  the  durability  of  the  stone  em})loyed  in  them. 

1650.  “ As  examples  of  the  degree  of  durability  of  various  building  stones  in  particular  ' 
localities,  the  following  may  be  enumerated.  Of  the  sandstone  buildings  which  we  ex- 
amined, we  may  notice  the  remains  of  Ecclestone  Abbey,  of  the  thirteenth  century,  near 
Barnard  Castle,  constructed  of  a stone  closely  resembling  that  of  the  Stenton  quarry  in  the 
vicinity,  as  exliibiting  the  mouldings  and  other  decorations,  even  to  the  dog’s-tooth  orna- 
ment, in  excellent  condition.  The  circular  keep  of  Barnard,  apparently  also  built  of  the 
same  material,  is  in  fine  preservation.  Tintern  Abbey  may  also  be  noticed  as  a sandstone 

* We  must  take  leave  to  question  this  statement;  as,  for  instance,  in  St.  Paul’s  Cathedral  we  find  the 
nortliern  front  peculiarly  black,  %vhilst  the  south  front  and  soutli-western  angle  are  comparatively  white 

This  we  have  always  considered  to  have  arisen  from  the  more  constant  action  of  the  sun’s  rays  upon  them. 
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edifice  that  has  to  a considerable  extent  resisted  decomposition  ; for  although  it  Is  decayed 
in  some  parts,  it  is  nearly  perfect  in  others.  Some  portions  of  Whitby  Abbey  are  likewise 
in  a perfect  state,  whilst  others  are  fast  yielding  to  the  effects  of  the  atmosphere.  The 
older  portions  of  Ilipon  Cathedral,  constructed  of  sandstone,  are  in  a fair  state  of  preserv- 
ation. Ilivaulx  Abbey  is  another  good  example  of  an  ancient  sandstone  building  in  a 
fair  condition.  The  Norman  keep  of  Richmond  Castle  in  Yorkshire  affords  an  instance 
of  a moderately  hard  sandstone  which  has  well  resisted  decomposition. 

1651 . “As  examples  of  sandstone  buildings  of  more  recent  date  in  a good  state  of  preserv- 
ation, we  may  mention  Hardwicke  Hall,  Haddon  Hall,  and  all  the  buildings  of  Craig- 
leith  Stone  in  Edinburgh  and  its  vicinity.  Of  sandstone  edifices  in  an  advanced  state  of 
decomposition  we  may  enumerate  Durham  Cathedral,  the  churches  at  Newcastle  upon 
Tyne,  Carlisle  Cathedral,  Kirkstall  Abbey,  and  Fountains  Abbey.  The  sandstone  churches 
of  Derby  are  also  extremely  decomposed ; and  the  chureh  of  St.  Peter  at  Shaftesbury  is  in 
such  a state  of  decay  that  some  portions  of  the  building  are  only  prevented  from  falling  by 
means  of  iron  ties. 

1652.  As  an  example  of  an  edifice  constructed  of  a calciferous  variety  of  sandstone,  we 
may  notice  Tisbury  Church,  which  is  in  unequal  condition,  the  mouldings  and  other  enrich- 
ments being  in  a perfect  state,  wdiilst  the  ashler,  apparently  selected  with  less  care,  is  fast 
mouldering  away. 

1653.  “ The  choir  of  Southwell  Church,  of  the  twelfth  century,  may  be  mentioned  as 
affording  an  instance  of  the  durability  of  a magnesio-calciferous  sandstone,  resembling  that 
of  Mansfield,  after  long  exposure  to  the  influences  of  the  atmosphere. 

1654.  “ Of  buildings  constructed  of  magnesian  limestone  we  may  mention  the  Norman 
portions  of  Southwell  Church,  built  of  stone  similar  to  that  of  Bolsover  Moor,  and  which  are 
throughout  in  a perfect  state,  the  mouldings  and  carved  enriehments  being  as  sharp  as 
when  first  executed.  The  keep  of  Koningsburgh  Castle,  built  of  a magnesian  limestone 
from  the  vicinity,  is  also  in  a perfect  state,  although  the  joints  of  the  masonry  are  open  in 
consequence  of  the  decomposition  and  disappearance  of  the  mortar  formerly  within  them. 
The  church  at  Hemmingborough,  of  the  fifteenth  century,  constructed  of  a material  re- 
sembling the  stone  from  Huddlestone,  does  not  exhibit  any  appearance  of  decay,  lickhill 
Church,  of  the  fifteenth  century,  built  of  a similar  material,  is  in  a fair  state  of  preservation. 
Huddlestone  Hall,  of  the  sixteenth  century,  constructed  of  the  stone  of  the  immediate 
vicinity,  is  also  in  good  condition.  Roche  Abbey,  of  the  thirteenth  century,  in  which 
stone  from  the  immediate  neighbourhood  has  been  employed,  exhibits  generally  a fair  state 
of  preservation,  although  some  portions  have  yielded  to  the  effects  of  the  atmosphere. 

1655.  “ As  examples  of  magnesian  limestone  buildings  in  a more  advanced  state  of 
decay,  we  may  notice  the  churches  at  York,  and  a large  portion  of  the  Minster,  Howden 
Church,  Doncaster  Old  Church,  and  others  in  that  part  of  the  country,  many  of  which  are 
so  much  decomposed  that  the  mouldings,  carvings,  and  other  architectural  decorations  are 
often  entirely  effaced. 

1656.  “ We  may  here  remark,  that,  as  far  as  our  observations  extend,  in  proportion  as  the 
stone  employed  in  magnesian  limestone  buildings  is  crystalline,  so  does  it  appear  to  have 
resisted  the  decomposing  effects  of  the  atmosphere ; a conclusion  in  accordance  with  the 
opinion  of  Professor  Daniell,  who  has  stated  to  us  that  from  the  results  of  experiments, 
he  is  of  opinion  ‘ the  nearer  the  magnesian  limestones  approach  to  equivalent  proportions 
of  carbonate  of  lime  and  carbonate  of  magnesia,  the  more  crystalline  and  better  tl;ey  are  in 
every  respect.’ 

1 657.  “ Of  buildings  constructed  of  oolitic  and  other  limestones,  we  may  notice  the  church 
of  Byland  Abbey,  of  the  twelfth  century,  especially  the  west  front,  built  of  stone  from  the 
immediate  vicinity,  as  being  in  an  almost  perfect  state  of  preservation.  Sandysfoot  Castle, 
near  Weymouth,  constructed  of  Portland  oolite  in  the  time  of  Henry  VIII.,  is  an  example 
of  that  material  in  excellent  condition  ; a few  decomposed  stones  used  in  the  interior  (and 
which  are  exceptions  to  this  fact)  being  from  another  oolite  in  the  immediate  vicinity  of 
the  castle.  Bow  and  Arrow  Castle,  and  the  neighbouring  ruins  of  a church  of  the  four- 
teenth century,  in  the  Island  of  Portland,  also  afford  instances  of  the  Portland  oolite  in 
perfect  condition.  The  new  church  in  the  island,  built  in  1766,  of  the  variety  of  the  Port- 
land stone  termed  roach,  is  in  an  excellent  state  throughout,  even  to  the  preservation  of  the 
marks  of  the  chisel. 

1658.  “ Many  buildings  constructed  of  a material  similar  to  the  oolite  of  Ancaster, 
such  as  Newark  and  Grantham  Churches,  and  other  edifices  in  various  parts  of  Lincoln- 
shire, have  scarcely  yielded  to  the  effects  of  atmospheric  influences.  Windrush  Church, 
built  of  an  oolite  from  the  neighbouring  (juarry,  is  in  excellent  condition,  whilst  the  Abbey 
Church  of  Bath,  constructed  of  the  oolite  in  the  vicinity  of  that  city,  has  suffered  inucli 
from  decomposition  ; as  is  also  the  case  with  the  cathedral,  and  the  churches  of  St.  Nicholas 
and  St.  Michael  in  Gloucester,  erected  of  a stone  from  the  oolitic  rocks  of  the  neighbour- 
hood. 

1659.  “ The  churches  of  Stamford,  Ketton,  Colley  Weston,  Kettering,  and  other  places 
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in  that  part  of  the  country,  attest  the  durability  of  the  Slielley  oolite,  termed  Barnack  Bap, 
with  tlie  exception  of  those  portions  of  some  of  them  for  which  the  stone  has  been  ill- 
selected.  The  excellent  condition  of  those  parts  which  remain  of  Glastonbury  Abbey  show 
the  value  of  a shelly  limestone  similar  to  that  of  Doulting,  whilst  the  stone  employed  in 
Wells  Cathedral,  apparently  of  the  same  kind  and  not  selected  with  equal  care,  is  in  parts 
decomposed.  The  mansion,  the  church,  and  the  remains  of  the  abbey  at  Montacute,  as 
also  many  other  buildings  in  that  vicinity,  constructed  of  the  limestone  of  Ham  Hill,  are 
in  excellent  condition.  In  Salisbury  Cathedral,  built  of  stone  from  Chilmark,  we  have 
evidence  of  the  general  durability  of  a siliciferous  limestone ; for,  although  the  west  front 
has  somewhat  yielded  to  the  effects  of  the  atmosphere,  the  excellent  condition  of  the  build- 
ing generally  is  most  striking. 

] 6G0.  “ In  the  public  buildings  of  Oxford,  we  have  a marked  instance  both  of  decom- 
position and  durability  in  the  materials  employed  ; for  whilst  a shelly  oolite,  similar  to  that 
of  Taynton,  which  Is  employed  in  the  more  ancient  parts  of  the  cathedral,  in  Merton 
College  Chapel,  &c.,  and  commonly  for  the  plinths,  string-courses,  and  exposed  portions  oi 
the  other  edifices  in  that  city,  is  generally  in  a good  state  of  preservation,  a calcareous  stone 
from  Heddington,  employed  in  nearly  the  whole  of  the  colleges,  churches,  and  other  public 
buildings,  is  in  such  a deplorable  state  of  decay,  as  in  some  instances  to  have  caused 
all  traces  of  architectural  decoration  to  disappear,  and  the  ashler  itself  to  be  in  many  places 
deeply  disintegrated. 

1661.  “In  Spofforth  Castle  we  have  a striking  example  of  the  unequal  decomposition 
of  two  materials,  a magnesian  limestone  and  a sandstone ; the  former  employed  in  the 
decorated  parts,  and  the  latter  for  the  ashler  or  plain  facing  of  the  walls.  Although  the 
magnesian  limestone  has  been  equally  exposed  with  the  sandstone  to  the  decomposing 
effects  of  the  atmosphere,  it  has  remained  as  perfect  in  form  as  when  first  employed,  while 
the  sandstone  has  suffered  considerably  from  the  effects  of  decomposition. 

1662.  “ In  Chepstow  Castle,  a magnesian  limestone  in  fine  preservation,  and  a red  sand- 
stone in  an  advanced  state  of  decomposition,,  may  be  observed,  both  having  been  exposed  to 
the  same  conditions  as  parts  of  the  same  archways ; and  in  Bristol  Cathedral  there  is  a 
curious  instance  of  the  effects  arising  from  the  intermixture  of  very  different  materials, 
a yellow  limestone  and  a red  sandstone,  which  have  been  indiscriminately  employod  both 
for  the  plain  and  decorated  parts  of  the  building ; not  only  is  the  appearance  in  this  case 
unsightly,  but  the  architectural  effect  of  the  edifice  is  also  much  impaired  by  the  unequal 
decomposition  of  the  two  materials,  the  limestone  having  suffered  much  less  from  decay 
than  the  sandstone. 

1663.  “ Judging,  therefore  from  the  evidence  afforded  by  buildings  of  various  dates, 
there  would  appear  to  be  many  varieties  of  sandstone  and  limestone  employed  for  building 
purposes  which  successfully  resist  the  destructive  effects  of  atmospheric  influences; 
amongst  these  the  sandstones  of  Stenton,  Whitby,  Tintern,  Rivaulx,  and  Cragleith,  the 
magnesio-calciferous  sandstones  of  Mansfield,  the  calciferous  sandstone  of  Tisbury,  the 
crystalline  magnesian  limestones,  or  Dolomites  of  Bolsover,  Huddlestone  and  Roche  Abbey, 
the  oolites  of  Byland,  Portland,  and  Ancaster,  the  Shelly  oolites  and  limestones  of  Barnack 
and  Ham  Hill,  and  the  siliciferous  limestone  of  Chilmark  appear  to  be  among.st  the  mest 
durable.  To  these,  which  may  all  be  considered  as  desirable  building  materials,  we  are  inclined 
to  add  the  sandstones  of  Darley  Dale,  Humble,  Longannet,  and  Crowbank,  the  magnesian 
limestones  of  Robin  Hood’s  Well,  and  the  oolite  of  Ketton,  although  some  of  them  may 
not  have  the  evidence  of  ancient  buildings  in  their  favour.”  The  Report  upon  which  we 
have  drawn  so  largely,  and  from  which  we  shall  extract  still  larger  drafts,  then  proceeds  to 
close  by  a preference  to  limestones  on  account  “ of  their  more  general  uniformity  of  tir.t, 
their  comparatively  homogeneous  structure,  and  the  facility  and  economy  of  their  con- 
version to  building  purposes,”  of  which  it  prefers  the  crystalline ; on  which  account,  and  its 
combination  with  a close  approach  to  the  equivalent  proportions  of  carbonate  of  lime  and 
carbonate  of  magnesia,  for  uniformity  in  structure,  facility  and  economy  in  conversion,  and 
for  advantage  of  colour,  the  parties  to  the  Report  prefer  the  magnesian  limestone  or 
dolomite  of  Bolsover  Moor  and  its  neighbourhood.  The  Report  deserves  every  commend- 
ation ; upon  ;he  whole  it  has  been  well  done,  and  is  the  first  scientific  step  the  government  of 
this  country  has  ever  taken  in  respect  (T  practical  architecture.  It,  moreover,  only  cost  the 
moderate  sum  of  £l,400,  including  the  many  collections  of  specimens  deposited  in  various 
institutions  for  reference. 

1664.  The  following  table  presents  a synoptical,  and,  to  the  architect,  important  view  of 
the  relative  value,  in  every  respect,  of  the  principal  species  of  stone  which  the  various  pr'- 
vinces  of  England  affoid  for  building  purposes.  It  is  taken  from  th.e  Report  s>  miuh 
quoted,  the  list  of  stones  being  cons  derably  ahridged.  We  should  direct  attention  to 
the  fact  that  facilities  of  conveyance  have  gnatly  modified  the  cost  of  each  stone  in  London. 
It  will  be  well  also  to  notice  the  valuable  “ Quarry  Returns”  of  building  and  other  stones, 
the  produce  of  the  United  Kingdom  of  Great  Britain  and  Iriland,  published  in  the 
Memoirs  of  the  Geological  Survey  of  Great  Britain,  &c.,  and  edited  by  Rob.rt  Hunt,  beiiig 
Part  II.  for  1858,  but  publi.shed  in  1860, 
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Name  of 
Quarry,  and 
where  situated. 

Pro^ctor  of 
yudrr^. 

Component  Parts 
of  Slone. 

Colour. 

Weijrht  of  a 
Cnliii-  Fool  in  its 
ordinary  Stale. 

Weight  of 
Block,  and 
the  Thickness 
procurable. 

Price 

per  Cubic  Foot 
at  the  Quarry. 

I’rice  per  Cubic 
Foot,  deMvured 
in  London. 

! 

Where  used. 

lb.  OZ. 

s.  d 

% 

Abercarne 
and  New 
BRIDGE,  neui 

Newport, 

Monmouth- 

shire 

Sir  B.  Hall 
Bart. 

Quartz  and  si- 
liceous grains 
moderately 
fine,  with  ar- 
gillosiliceous 
cement  ; mi- 
caceous, anc 
with  remains 
of  fossil  plants 

Dark 

bluish 

grey. 

K.7  15 

1 1 to  1C 
tons,  in 
thick- 
nt's.ses 
ol  5 feet. 

) 4J</.,  or 
1 5s  pel 
ton 

• 1 5 

Old  churches 
and  modern 
buildings  in 
vicinity  ; new 
Docks  at  New. 
port  and  Car- 
diff. 

i 

Ball  Cros.s 

Siliceous  grains 
with  argillo- 
siliceous  ce- 
ment ; occa- 
sionally mica- 
ceous, ferru- 
ginous. 

Ferrugi- 
nous 
brow  n 
striped, 
and 

zoned  in 

deeper 

tints. 

i 

1 

1 

At  Chatsworth 
and  BakewelL 

Barbadoes, 

I'inteni, 

Monmouth- 

shire. 

Duke  of 

Beaufort. 

Fine  and  coarse 
qr.artz,  and 
other  siliceous 
grains,  with 
argillo-sili- 
ceous  cement, 
ferruginous 
spots,  and 

plates  of  mica. 

Light 

greyish 

brown. 

146  12 

1 to  10 
tons, 
thickest 
bed  10  to 
12  ft. 

lOrf.  to 
Is. 

Tintern  Abbey. 

Binnie,  Up- 
hall,  and  in 
Linlithgow- 
shire. 

Earl  of  Bu- 
chanan. 

Fine  quartz 

grains,  with 
argillo-sili- 
ceous  cement, 
micaceous, 
chielly  in 

planes  of  beds. 

Brownish 

grey. 

140  1 

Bands  14 
to  18  ft. 
thick  (3 
in  num- 
ber). 

Is.  \d.  to 
2s.  for 
largest 
blocks. 

2 9 
to 

3 8 

New  club-house 
in  Prince’s 

Street,  Edin- 
burgh, and 

numerous  pri- 
vate house.s 
there  and  in 
Glasgow. 

Bolton’s 

Quarry, 

Arelaby, 

Yorkshire. 

Messrs.  El- 
gie  and 
Lawson, 
as  execu- 
tors of  the 
late  Mr. 
Noble,  of 
York. 

Moderately  fine 
siliceous 
grains,  with 
argillo-sili- 
ceous  cement, 
plates  of  mica, 
and  spots  of 
carbon  disse- 
minated. 

Warm 

light 

brown. 

126  11 

100  ft. 
tube  ; 
top  beds 
for 

house 
build- 
ing, 
bottom 
beds  for 
docks. 
Beds  3 
to  8 ft. 
thick. 

lOi/.  to 
Is. 

1 9 
to 

2 1 

Whitby  Abbey, 
New  Univer- 
sity Library  at 
Cambridge, 
Scarborough 
and  Bridling- 
ton Piers, 

Sheerness  and 
St.  Katha- 

rine’s Docks, 
&c. 

Bra M LEY 
Fall  (Old 
Quarry), 
near  Leeds, 
Yorkshire. 

Earl  of  Car- 
digan. 

Quartz  grains 
(often  coarse), 
and  decom- 
posed felspar, 
with  argillo- 
siliceous  ce- 
ment. Mica 
rare.  Small 

ferruginous 
spots  dissemi- 
nated. 

Light 

ferru- 

ginous 

brown. 

142  ^ 

Up  to  18 
tons. 

In  numerous 

bridges, 
waterworks, 
&c. 

1 

Caiverley, 
Tunbridge 
Wells,  Kent. 

1 

1 

John  W’ard, 
Esq,,  Hoi- 
wood 
Park, 
Bromley, 
Kent. 

Fine  siliceous 
grains,  with  a 
slightly  cal- 
careous ce- 
ment. 

Varie- 

gated 

browns. 

118  1 

70  or  80 
ft.,  and 
upwards 
to  600. 
Beds  to 
3i  ft. 

Ad.  to 

6d. 

1 2 
to 
1 4 

Upper  part  of 
new  church  at 
Tunbridge 
Wells  ; Ca- 
tholic Chapel, 
the  Caiverley 
Hotel,  new 

Market 
House,  and 
Victoria  Na- 
tional School, 
and  about  1(0 
houses,  &c.,at 
Tunbridge 
Wells  and  its 
vicinity. 
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Name  of 
Quarry,  and 
where  situated. 

Proprietor  of 
Quarry. 

Component  Parts 
of  Stone. 

Colour. 

tVeiahtofa  1 
Cubic  Foot  in  its 
ordinary  State. 

^Veif:bt  of 
Block,  and 
the  Thickness 
procurable. 

ai  o r> 

Price  per  Cubic 
Foot,  delivered 
in  London. 

5Vhere  used. 

Craigleith, 
Craigleith 
Hill,  near 
Edinburgh. 

W.  R.  Ram- 
say, Esq., 
of  Barn- 
ton. 

Fine  quartz 

grains,  with  a 
siliceous  ce- 
ment, slightly 
calcareous,  oc- 
casional plates 
of  mica. 

Whitish 

grey. 

lb.  oz. 
145  14 

Any  prac- 
ticable 
length 
and 

breadth, 
from  0 
in.  to  1') 
ft.  thick. 

9rf.  to 
2s.  Gt/., 
accord- 
ing to 
quality. 

s.  d. 

1 lOJ 

to 

3 

Used  exten- 

sively in  public 
! buildings  in 
Edinburgh  ; 
the  College 
(1580),  Regis- 
try (1774), 

courts  of  law. 
Custom 
House,  Royal 
Exchange, 
National  Mo- 
nument, and 
numerous 
churches,  and 
now  using  for 
repairs  at 

Blackfriars 
Bridge. 

Crawbank, 

Borrow- 

stones, 

Linlithgow- 

shire. 

Duke  of  Ha- 
milton. 

Fine  quartzose 
grains,  with 
an  argillo-si- 
liceous  ce- 

ment, some- 
what ferru- 
ginous ; disse- 
minated mica. 

Light  fer- 
ruginous 
brown. 

129  2 

5 ft.  thick, 
6 ft. 
broad  ; 
10  ft 
long. 

Is.  for 
blocks 
of  not 
more 
than  5 
cubic 
ft. 

2 2 

A Roman  bridge 
(a.  d.  140.), 
old  church  of 
Kinneil,  oftlie 
twelfth  cen- 
tury. 

DtEFIELlJ 
llANR,  Duf- 
fielcl,  Uerby- 
shire. 

1 

Mrs.  Stra- 
than. 

Quartz  grains  of 
moderate  size, 
and  decom- 
posed felspar, 
with  an  ar- 
gillo-siliceous 
cement,  ferru- 
ginous spots, 
and  occasion- 
ally pl.ites  of 
mica. 

Light 

brown 

with 

dark 

brown 

and 

purplish 

tints. 

132  14 

1.50  ft.  ; 
thickest 
beds 
about 
4 ft. ; 
half  the 
depth 
brown, 
half 
white. 

Is.  \d. 

the 

white 

stone, 

9d.  the 

brown 

stone 

►St.  Mary’s 
Bridge,  Re- 
porter Office, 
Mechanics’ 
Lecture  Hall, 
and  Bisliop 
Ryder’s 
Church  now 
building 
(Derby)  ; also 
Duffield 
Bridge  . and 
chimney 
shafts  to 

Grammar 
School,  Bir- 
mingham. 

1 

Duke’sQuau- 
RIES,  Holt 
Stanwell 
Bridge, 
Derbyshire. 

Duke  of 

Devon- 
shire. 

Quartz  grains, 
generally 
coarse,  with 
decomposed 
felspar,  and  an 
argillo-sili- 
ceous  cement ; 
ferruginous 
spots. 

Red,  va- 
ried 
witli 
green, 
brown, 
and 
grey. 

144  8 

Id. 

2 8 

Penitentiary  at 
Millbank,  and 
the  filling  in 
parts  of  Wa- 
terloo Bridge, 
London. 

EllandEdge, 
near  Hali- 
fax, York- 
shire. 

Fine  quartz 

grains,  with 
an  argillo-sili- 
ceous  cement, 
micaceous  in 
planes  of  beds. 

Light  grey 
brown. 

153  4 

Gatherley 
Moor,  near 
Ilichmond, 
Yorkshire. 

John  War- 
ton,  Esq. 
Gis- 

borough. 

Quartz  grains  of 
moderate  size, 
and  an  argillo- 
siliceous  ce- 
ment ; ferru- 
ginous spots 
and  plates  of 
mica. 

1 

1 

Cream. 

135  13 

1 to  3 tons, 
a bed  12 
ft.  deep. 

8d.  for 
tll3  12 
ft.  bed. 

2 1 

Aste  Hal!  near 
Richmond, 
and  Caterick 
bridges  over 
the  Swale ; 

Purse  Bridge 
over  the 

Tees  ; Skelton 
Castle,  Dar- 
lington Town 
Hall,  Lock- 
burn  Hall, 

and  numerous 
modern  build- 
ings. 

Chap.  II, 
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SANDSTONES  — conlinucd. 


'sfr 

3 . 

Ji 

. 

5|| 

Ouarrv,  anil 

Proprietor  of 

Component  Parts 

Colour. 

Where  u.sed. 

where  situateil. 

(2uarr>, 

ot  Mone. 

?■-  s 

-•3  J 

1 

c §.S 

1 

6 o 

CuU. 

1 

lb.  oz. 

s.  d. 

s.  d. 

1 j 

Gatton,  Gat- 

Lord  Mon- 

Fine  siliceous 

Greenish 

103  1 

3.5  to  GO  ft. 

1 4 

. . 

Hampton  Court 

ton,  Surrey. 

son. 

grains,  with  a 

light 

cube. 

to 

and  Windsori 

calcareo-si- 

brown. 

from 

1 6 

Castle,  &c.  ; 

liceous  ce- 

4 to  10 

many 

ment,  contain- 

ft.  long. 

churches  in 

ing  green  sili- 

Surrey ; Town 

cate  of  iron 

Hall  and 

and  plates  of 

Almshouse 

mica. 

Establishment 
at  Croydon  ; 
and  several 
modern  build- 
ings in  the  pa- 
rish of  Gatton. 

Glammis, 

Earl  of 

Siliceous  grains 

Purple 

IGl  2 

.Any  prac- 

0  7 

about 

Glammis  Castle 

Eorfarshirs. 

Strath- 

of  moderate 

grey. 

ticable 

to 

19s. 

and  Inver- 

more’s 

size  ; cement 

size  ; 

1 0 

per 

quharity 
Castle,  sup- 

trustees. 

slightly  cal- 

thickest 

ton. 

eareous ; mica 
abundant  in 
planes  of  beds. 

bed  6 ft. 

posed  of  the 
tenth  century; 
Cortachy 
Castle  ; and 
in  modern 

buildings ; 
Lendertis 
House,  &c. 

IIeddon,  near 

Mrs.  Be- 

Coarse  quartz 

Light 

130  11 

Beds  4 to 

0 6 

1 8 

Church  at  Hecl- 

Newcastle, 

wick,  near 

grains,  and  de- 

brown 

12  ft. 

to 

to 

don,  steeple. 

Northum- 

Newcastle 

composed  fel- 

ochre. 

thick. 

0 iO 

2 0 

17G4 ; Norman 

berland. 

upon 

Tyne. 

spar,  with  an 

chancel ; co- 

argillo-sili- 

lumns  of  por- 

ceous cement, 

tico  to  theatre, 

ferruginous 

and  Grey  Mo- 

spots. 

nument  at 

Newcastle  ; 

and  nearly  all 
the  buildings, 

ancient  and 
modern,  in 

and  about 

Newcastle.  ' 

ITolungton, 

Sir  J.  Gib- 

Quartz grains  of 

Light 

133  1 

30  to  40  ft. 

0 7 

2 G 

Trentham  Hall, 

Stafford- 

bons, 

moderate  size, 

brown- 

squarp. 

to 

Drayton  Ma- 

shire. 

Bart., near 

with  an  argil- 

ish  grey. 

and  8 ft. 

1 0 

nor,  Heath- 

Staines, 

lo-siliceous  ce- 

thick. 

house,  and 

Middle- 

ment; plates 

various  public 

sex. 

of  mica. 

and  private 

buildings  in 

Staffordshire ; 
Town  Hail, 

Derby  ; Mear 
Hall,  Che- 

shire, &c. 

Humbib, 

Earl  of 

Fine  quartz 

Pale  grey 

White 

90  cubic 

1 0 

2 G 

Newliston 

Humbie, 

Ilope- 

grains,  w’ith 

and 

140  3 

ft.  and 

to 

to 

House,  Kirk- 

Linlithgow- 

toun. 

siliceous  ce- 

light 

grey 

up- 

1  10 

3 2 

liston  ; Dun- 

shire. 

ment  ; slightly 

brown. 

135  13 

wards, 

das  C.astle ; 

calcareous  ; 

if  re- 

additions to 

mica  chiefly  in 

quired  ; 

the  Royal  In- 

planes of  beds. 

thickest 

stitution;  front 

bed  8 ft. 

of  Surgeons’ 

Hall,  spire  of 
Tron  Church, 

and  various 

i 

other  public 
buildings  in 

Edinburgh  ; 
also  in  Glas- 

gow. 

Longannbt, 

Trustees  of 

Fine  quartz 

Light  fer- 

131 11 

4 to 5 tons; 

0 8 

1 8 

Staadt  House, 

near  Kin- 

late Lord 

grains,  with 

rugin- 

thickest 

to 

to 

Amsterdam  ; 

cardine,  in 

Keith. 

siliceous  ce- 

ous 

beds  5 ft. 

2 G 

3 6 

Exchange, 

Perthshire. 

ment,  contain- 

brown. 

Edinburgh  ; 

ing  oxide  of 

Tulle  Mare 

iron ; a few 

Castle,  Perth- 

plates of  mica. 

shire;  and  part 
of  a street  ia 

1 

Perth.  1 
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SANDSTONES  — continued. 


1 

Name  of 
Quarry,  and 
where  situaled 

PrerorJetor  of 
Quarry. 

Component  Parts 
of  Stone. 

Colour. 

Weight  of  a 
Cubic  Foot  in  its 
ordinary  iitate. 

Weight  of 

Block,  and 
the  Thickness 
procurable. 

Price 

per  Cubic  Foot 
at  tlie  Quarry. 

Price  per  Cubic 
Foot,  delivered 
in  London. 

Where  used. 

1 

1 

lb.  oz. 

S.  d. 

s.  d. 

Monlochy,  In 
Ko6S-shire. 

JohnMathe- 
son,  Esq., 
of  Ben- 
netsfield. 

Fine  siliceous 
grains,  with  an 
argillo-sili- 
ceous  cement ; 
micaceous. 

Red  and 
variega- 
ted. 

HX)  9 

Of  large 
size  ; 
beds  24 
to  6 ft. 
thick. 

0 5 

to 

0 5J 

Cathedral 
Church  of 

Ross  at  Fort- 
rose,  A D. 1124; 
Inverness  Old 
Bridge,  Crom 
well  Court, 
&c. 

MYLNEFIELn, 
or  UiNGoo- 
Dii;,  near 

Dundee,  in 
Perthshire. 

( 

James 
M}  Ine, 
Esq. 

Fine  siliceous 
grains,  with  a 
calcareo-argil- 
lo-siliceous 
cement ; mica- 
ceous in  planes 
of  beds. 

Purplish 

grey. 

160  0 

Any  prac- 
ticable 
size. 

0 9 
to 

1 5 

i 

\ 

Old  steeple  of 
Dundee,  12th 
century,  well 
preserved  ; 
Royal  Asylum 
of  Dundee, 

&c.;  Bell  Rock 
I.ighthouse, 
Royal  Asylum 
of  Perth,  Kin- 
fauns  Castle, 
Castle  Hunt- 
ley,  &C.  &C, 

Park  Spring, 
near  Leeds, 
Yorkshire. 

Earl  of  Car- 
digan. 

Fine  quartz 

grains,  and  de- 
composed fel- 
spar, with  an 
argillo-sili- 
ceous  cement ; 
mica  chiefly  in 
planes  of  beds. 

Light  fer- 
rugin- 
ous 

brown. 

151  I 

10  to  12  ft. 
long ; 
thickest 
bed  2 It. 

4 in. 

0 

7 

2 4 
to 

2 5 

Commercial 
buildings  at 
Leeds,  from 
the  old  quarry, 
which  is  of  ex- 
actly similar 
stone  to  that 
of  this  quarry. 

Pensher,  near 
Hoiighton- 
le-Spring, 
Duriiain. 

Marquess  of 
London- 
derry. 

Coarse  quartz 
grains,  with 
an  argillo-sili- 
ceous  cement ; 
plates  of  mica. 

Pale 

whitish 

brown. 

134  5 

Any  prac- 
ticable 
size  ; 
thickest 
bed  20 
ft. 

0 8f 

1 7 

Pensher  Cha- 
pel ; Scotch 
Church,  Sun- 
derland; Sun- 
derland Pier, 
Seaham  Har- 
bour, Victoria 
Bridge,  on  the 
V/ear,  &c. 

Pyotdykes, 
near  Dun- 
dee, Forfar- 
shire. 

Alexander 
Clayliills, 
Esq  , In- 
nergow- 
rie. 

Siliceous  grains 
of  moderate 
size,  with  a 
calcareo-argil- 
lo-siliceous 
cement ; mica- 
ceous. 

Purplish 

grey. 

1G2  8 

Thickest 
bed  3 to 

4 ft. 

0 10 
to 

1 2 

2 1 
to 

2 5 

Extensively  for 
the  works  at 
Dundee  Har- 
bour, &c. 

SCOTGATB 
Head,  Hud- 
dersfield, 
Yorkshire. 

The  free- 
holders of 
Onley. 

Quartz  grains, 
of  moderate 
size,  with  an 
argillo-sili- 
ceous  cement ; 
mica  in  planes 
of  beds,  and 
occasional 
specks  of  car- 
bon. 

Light 

greenish 

grey. 

138  0 

Thickest 
bed  3 ft. 
G in. 

0 8 

1 2 

York  Castle; 
Bath  Hotel,  at 
Huddersfield. 

Stancliff,  or 
Darley 
Dale,  near 
Bakewell, 
Derbyshire. 

A.H. Heath- 
cote,  Esq., 
Black- 
well. 

Quartz  grains  of 
moderate  size, 
and  decom- 
posed felspar, 
with  an  argil- 
lo-siliceous 
cement,  ferru- 
ginous spots, 
and  plates  of 
mica. 

Light  fer- 
rugin- 
ous 

brown. 

148  3 

Of  very 
large 
size. 

1 

5 

3 3 

Abbey  in  Darley 
Dale,  Stancliflf 
Hall, Birming- 
ham; Gram- 
mar School, 
Birmingham ; 
and  Notting- 
ham Railway 
St.ation 
Houses. 

STFNTON,near 
Barnard 
Castle,  Dur- 
ham. 

Duke  of 

Cleve- 
land. 

Fine  quartz 

grains,  and  de- 
composed fel- 
spar. with  an 
argillo-sili- 
ceous  cement, 
ferruginous 
specks,  and 
some  plates  of 
mica. 

Ferrugin- 
ous light 
brown. 

142  8 

15  to  20  ft. 
long,  2 
ft.  to  8 
ft.  in 

thick- 
ness. 

0 5J 

1 5 

The  Round 

Keep  of  Bar- 
nard Castle , 
Joint  Stock 
Bank,  and 

• Market  House, 
Barnard  Cas- 
tle. 

Chap.  II. 
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SANDSTONES  — continued. 


Niint  uf 

of  a 
t in  its 
State. 

Cubic  I 
vered  j 
on.  1 

Qaiiry,  and 
where  situated. 

Proprietor  of 
Quarry. 

Component  Parts 
of  Stone. 

Colour. 

2 = >. 
s 

^3'2 

Weinh 
Block,  : 
he  Thiel 
procura 

Price 
sr  Cubic 
t the  Qii 

•c|.2 

tVhere  used. 

u = 

lb.  oz. 

s.  d. 

s.  d. 

Whitby  Com- 

Mrs.  Helen 

Siliceous  grains 

Light 

126  11 

40x25  ft. 

0 10 

1 8 

Some  parts  of 

pany’s 

Noble, 

of  moderate 

brown. 

Whitby  Ab- 

Aislabv, 

York. 

size,  with  an 

bey  ; New  Li- 

near Whit- 

argillo-sili- 

» 

123  2 

brary  at  Cam- 

by. York- 

ceous  cement ; 

bridge  ; Baths 

shire. 

some  plates  of 

and  I'own 

mica  and  spots 

Hall  at  Whit- 

of  carbon  dis- 

by ; cemetery 

seminated. 

at  Highgate'; 

• 

Hungerford 
Market,  &c. 

Whitby  Com- 

Robert Cary 

. 

Pale,  to 
dark 

. . 

ArncIifTe, 

0 llj 

1 OA 

Grosmont  Ab- 

pany’s Fu- 

EJwes, 

l.'ixlOxO 

bey  and 

ton  Quau- 

Esq., 

Great  Bil- 

brown. 

Prod- 

Bridge;  Egton 

RIES,  being 

dams, 

Bridge ; Lon-| 

Arncliffe, 

lings, 

10x8X8 

don  and  Bir- 

r- Julian 

North- 

•  • 

i27  14 

Lease 

mingham 

Park,  Prod- 

ampton- 

RiggP, 

Railway  ; 

dams,  and 
Leaseliigge, 

shire. 

10x6x5 

Whitby  and 
Pickering 

near  Whit- 
by. 

Railway. 

Whitby  Com- 

Charles 

- - ^ 

134  13 

24x9x3J 

1 1 

1 11 

Parts  of  Whitby 

pany’s 

Saunders, 

Abbey,  and  a 

Sneaton, 

Esq., 

portion  of  the 

near  Whit- 

Sneaton 

parapet  of  old 

by. 

Castle. 

BlackCriars  | 
Bridge,  Lon-| 
don. 

Whitby  Com- 

R.  W,  Skel- 

-  . * 

131  116  ft.  by  4 

0 10 

1 8 

Lewisham 

pany’sNew- 

ton,  Esq., 

ft.  and 

Church. 

ton  Dale, 

near  Pick 

18  in. 

near  Whit- 
by. 

ering. 

LIMESTONES. 


Name  of 
Quarry,  and 
■where  situated. 

Proprietor  of 
Quarry. 

Component  Parts 
of  8tone. 

Colour. 

WclDtht  of  a 
Cubic  Foot  in  its 
ordinary  State. 

Weight  of 
Block,  and 
the  Thickness 
procurable. 

Price 

per  Cubic  Foot 
at  tlie  Quarry. 

Price  per  Cubic 
Foot,  delivered 
in  l.ondon. 

Where  used. 

Beer,  near 
Axminster, 
Devonshire. 

Lord  Rolle. 

Chiefly  carbo- 
nate of  lime, 
friable,  and 
with  partial 
indurations. 

Light  tint 
of 

brown. 

lb.  01. 
131  12 

6 to  7 ft. 
long,  3 
ft.  wide, 
and  2 ft. 
thick. 

s.  d. 

s.  d. 

In  the  churches 
«)f  the  vicinity, 
St.  Peter  s 
Church,  Exe- 
ter, in  ex- 
posed parts  ; 
Colyton 
Church,  Char- 
mouth,  &C.&C. 

Chilmark, 
near  Salis- 
bury, Wilt- 
shire. 

Earl  ofi 

Pern- 
broke. 

Carbonate  of 

lime,  with  a 
moderate  pro- 
portion of  sili- 
ca, and  occa- 
sional grains 
of  silicate  of 
iron.  1 

Light 

green- 

ish 

brown. 

153  7 

10  cwt.  to 
3 tons. 
Several 
beds  ; 
thickest 
bed 

about  3 
ft. 

1 6 
to 

2 0 

4 10 
to 

5 4 

Salisbury  Cathe- 
dral, Wilton 
Abbey,  and 
many  other 
ancient  and 
modern  build- 
ings in  the  vi 
cinity. 

Hopton 
Wood,  near 
Wirks- 
worth,  Der- 
bysi.lre. 

Philip  Gall, 
Esq., 
Hapton 
Hall,  near 
Wirks- 
worth. 

Compact  carbo- 
nate of  lime, 
with  encrinal 
fragments 
abundant. 

Warm 

light 

grey. 

158  7 

100  feet 
cube  j 
beds 
vary  in 
thick- 
ness 
from  3 
to  10  ft. 

3 0 
to 

4 0 

4 10 
to 

5 10 

At  Chatsworth, 
Belvoir  Castle, 
Trent  ham 
Hall,  Drayton 
Manor,  Bir- 
mingham 
Grammar 
School,  Nc. 

• From  my  own  expsriments. 
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LIMESTONES  — continued. 


Name  cf 
Quarry,  and 
where  situated. 

ProprJotor  of 
Quarry, 

Component  Parts 
of  Stone. 

Colour. 

Weight  of  a 
Cubic  Foot  in  its 
oriiinary  Slate. 

Weight  of 
Block,  and 
the  Thickness 
procurable. 

Price 

per  Cubic  Foot 
at  tlie  Quarry. 

Price  per  Cubic 
Foot,  delivered 
in  London.  ^ 

BTicre  uied. 

lb.  oz. 

s.  d. 

s.  d. 

Seacombb, 
near  Corfe 
Castle,  Dor- 
setshire. 

William 

John 

Bankes, 

Esq. 

Semi-compact 
carbonate  of 
lime,  with 

fragments  ct 
shells. 

Light 

brown. 

151  0 

The  larg- 
est 6 to  8 
ft.,  by  2 
to  3 ft. 
by  3 to  4 
ft. 

1 2i 

1 

Lighthouse  at 
Margate ; the 
Clockhouse, 
Dover  Pier ; 
prison  at  Win- 
chester ; at  the 
W'est  India 

Docks,  forty 
years  since  , 
lighthouse 
now  building 
on  the  Isle  of 
W'ight,  &c. 

Sutton,  near 
Bridgend, 
Glamorgan- 
shire. 

The  Crown, 
and 
others. 

Compact-carbo- 
nate of  lime, 
highly  crys- 
talline. 

Very  light 
ctsaiu. 

136  0 

6 tons,  and 
up- 
wards ; 
thickest 
bed  12ft. 

Dunraven  Cas- 
tle, Ogmond 
Abbey,  St. Do- 
nats Corty, 

Neath  Abbey, 
and  very  an- 
cient buildings 
in  the  adjoin- 
ing counties. 

Totteunhoe, 
near  Dun- 
stable, Bed- 
fordshire. 

James  Jaly 
Wing. 

Calcareous  and 
argillaceous 
matter  in 

about  equal 
portions  ; 
structure  fine. 

Greenish 

white. 

116  8 

40  cubic 
ft.  or  up- 
wards ; 

5 to  G ft. 
long. 

1 3 

2 5 

Dunstable  Prio- 
ry Curch,  Lu- 
ton, and  many 
other  churches 
in  Bedford- 
shire and 
Hertfordshire; 
Woburn  Ab- 
bey, Fonthill 
House,  Ash- 
ridge,  &c. 

MAGNESIAN  LIMESTONES. 


1 

1 Name  of 

Quarry,  and 
where  situated. 

Pr^rietor  of 
QuaiTy. 

Cr  mporent  Parts 
of  Slone. 

Colour. 

AV'eight  of  a 
Cubic  Foot  in  its 
ordinary  State. 

Weight  of 
Block,  and 
the  Thickness 
procurable. 

Price 

]>er  Cubic  Foot 
at  the  Quarry. 

Price  per  Cubic 
Foot,  delivered 
in  London. 

WTiere  used. 

Bolsover, 
near  Ches- 
terfield, 
Derbyshire. 

Earl  Bath- 
urst. 

Chiefly  carbo- 
nate of  lime 
and  carbonate 
of  magnesia ; 
semi-crystal- 
line. 

Light  yel- 
lowish 
brown. 

lb.  OZ. 

151  11 

56  ft.  cube, 
in  beds 
from  8 
in.  to  2 
ft. thick. 

s.  d. 

0 10 

s.  d. 
2 0 

Southwell 
Church,  and 
numerous 
buildings  in 
the  vicinity. 

Buodsworth, 
near  Don- 
caster, 
Yorkshire. 

Lord  Ren- 
dlesham. 

Chiefly  carbo- 
nate  of  lime 
and  carbonate 
of  magnesia, 
with  sub-ooli- 
tic grains  j fri- 
able. 

Light 

brown 

tint. 

133  10 

Thickest 
bed  3 ft. 
6 in. 

Doncaster  Old 
Church  and 
Mansion- 
house,  Brock- 
lesby  Hall,&c. 

Cadebv,  near 
Doncaster, 
Yorkshire. 

Sir  Joseph 
Copley, 
Bart. 

Chiefly  carbo- 
nate of  lime 
and  carbonate 
of  magnesia, 
with  sub-ooli- 
tic and  irregu- 
larly formed 
oolitic  grains  ; 
friable. 

Cream. 

126  9 

Central 

beds 

(the 

best)  4 
ft. thick. 

1 10 

Day  and  Mar- 
tin’s, in  High 
Holborn ; 
almshouses  at 
Edgware,  &c- 

Chap.  II. 
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MAGNESIAN  LIMESTONES  — 


Name  of 
Quarry,  and 
1 wiiere  siluated. 

Proorietor  of 
Quarrj. 

Com)ionent  Parts 
of  Stone. 

Colour. 

tVeieht  of  a 
Cubic  Foot  in  it* 
ordinary  State. 

Weight  of 
Block,  and 
the  Tliickness 
procurable. 

Price 

per  Cubic  Foot 
at  the  Quarry. 

Price  per  Cubic 
1 Foot,  delivered 
1 in  London. 

Where  used . 

lb.  07.. 

s.  d. 

S.  d. 

Hruni.E- 
sTONE,  near 
Sherburne, 
Yorkshire. 

1 

Oliver  Gas- 
coigne, 
Esq.,  near 
Abber- 
ford. 

Chiefly  carbo- 
nate of  lime 
and  carbonate 
of  magnesia, 
semi  - crystal- 
line. 

Whitish 

cream. 

137  13 

50  to  2.')0 
cubic  ft. 
Beds 
have 
been 
met 

with  4ft. 
thick. 

2 0 

3 0 

York  Minster, 
Selby  Cathe- 
dral, Huddle- 
stone  Hall, 

Sherburne 
Church, West- 
minster Hall, 
Galeforth 
Hall,  &c. 

Jackdaw 
ICraig,  near 
Tailcaster, 
Yorkshire. 

Sir  Edward 
Vavasour, 
Bart. 

Chiefly  carbon- 
.ate  of  lime  and 
carbonate  of 
magnesia. 

Dark 

cream. 

Beds  irre- 
gular, 
from  a 
few  in- 
ches to 
3 feet. 

York  Minster, 
and  probably 
most  of  the 
churches  in 
York  ; also  for 
the  late  restor- 
ations of  Y’ork 
Minster. 

UociiB  Abbey, 
nearBawtry, 
Y'orJishire. 

Earl  of  Scar- 
borough. 

Chiefly  carbon- 
ate of  lime  and 
carbonate  of 
magnesia, with 
occasional  den- 
dritic S|)OtS  of 
iron  or  man- 
ganese, semi- 
crystalline. 

Whitish 

cream. 

139  2 

8 or  10 
tons, 
thickest 
bed  will 
work  2ft. 
Gin. 

0 8 
to 

1 6 

2 ' 5 

2 Hi 

Uoche  Abbey 
Church,  Tick- 
hill  Castle, and 
Church  and 
Bridge,  Sand- 
beck  Hall, 

SelbyHall.two 
churches  at 
Retford,  Baw- 
try  Church, 
and  numerous 
churches  in 

Y'orkshire  and 
Lincolnshire. 

Smawse,  near 
Tadcaster, 
Yorkshire. 
(Brani  turn 
Moor^. 

ThomasPer- 
rott,  Esq. 

Chiefly  carbon- 
ate of  lime  and 
carl)onate  of 
magnesia, 
slightly  crys- 
talline. 

Light  yel- 
lowish 
brown. 

127  8 

Largest 

obtained 

80x30 

X30. 

n 7 

2 

HullOldChurch, 
KiponMinster,! 
St.  Mary’s  1 

Church  and, 
the  minster  at  I 
Beverley,  the 
minster  and  se-i 
veral  churches! 
at  York,  and  a! 
new  church  ati 
Appleby,  ini 
Lincolnshire. 

OOLITIC  STONES. 


Name  of 
Quarry,  and 
where  situated. 

Prwfrietor  of 
Quarry. 

Component  Parts 
of  Stone. 

Colour. 

Weight  of  a 
Cubic  Foot  in  its 
ordinary  State. 

Weight  of 
Block,  and 
the  Thickness 
procurable. 

Price 

per  Cubic  Foot 
at  the  Quarry. 

Price  per  Cubic 
Foot,  delivered 
in  London. 

Where  used. 

lb.  oz. 

s.  d. 

s.  d. 

Ancaster, 
near  Slea- 
ford, Lin- 
colnshire. 

Mrs.  Myers, 
Grantnam. 

Fine  oolitic 

grains,  ce- 
mented by 

compact,  and 
often  crystal- 
line, carbonate 
of  lime. 

Cream. 

139  4 

3 to  5 tons, 
beds,  18 
inches. 

0 9 
to 

1 5 

2 7 

Wollaton  Hall,! 
Belvoir  Castle,! 
Belton  House,! 
and  numerous 
mansions  and 
churches  iu 

Lincolnshire,  j 

Barnack 
Mill,  near 
Stamford, 
Northamp- 
tonshii  3. 

Mr.  John 
Martin, 
Ufford, 
near  Stam- 
ford. 

Carbonate  of 

lime,  compact 
and  oolitic, 

with  shells, 

often  in  frag- 
ments,coarsely 
laminated  in 
planes  of  beds. 

Light 

whitish 

brown. 

136  12 

Up  to  30 
ft.,  beds, 
9 to  18 
in. 

1 0 

2 3 

Burleigh  House, 
Peterborough 
Cathedral, 
Croyland  Ab- 
bey, and  the 
greater  pro- 
portion of 

churches  io 
Lincolnshire 
and  Cam- 

bridgeshire. 
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OOLITIC  STONES— 


Name  at 
Quarry,  and 
where  situated. 

Proprietor  of 
Quarry. 

Component  Parts 
of  Stone. 

Colour. 

1 AVei"ht  of  a 

Cubic  Foot  in  its 
! ordinary  State. 

WVight  of 
Block,  and 
the  Thickness 
procurable. 

Price 

per  Cubic  Foot 
at  the  Quarry, 

Price  per  Cubic 
Foot,  delivered 
in  London. 

I 

( 

Where  used.  ' 

1 

Bath  Lodge 
Hill, Combe 
Down,  near 
Bath,  So- 
mersetshire. 

W.  V.  Jen- 
kins, Esq., 
Combe 
Grove 
House, 
Bath. 

Chiefly  carbon- 
ate of  lime,  in 
oolitic  grains. 

Cream. 

lb.  OZ. 

IIG  00 

12  to  96  ft 
cube. 
Thick- 
est bed, 
4^  ft. 

s.  d. 

0 6 

1 

s.  d. 

Restoration  of 
Henry  VII.’s 
chapel,  twenty 
years  since. 
Kennet  and 
Avon  Canal, 
and  other 

works. 

Bath  Bayn- 
TON  Quarry, 
Box,  near 
Chippenham. 

Thomas 
Strong,  of 
Box,  near 
Chippen- 
ham. 

Chiefly  carbon- 
ate of  lime,  in 
moderatelyfine 
oolitic  grains, 
withfragments 
of  shells  (wea- 
ther bed). 

Cream. 

123  00 

Up  to  10 
tons. 
Thick- 
e.st  bed, 
5 ft. 

0 7 

i 11 

Laycock  A bbey, 
Longieat,  Bo 
wood,  south 
front  of  Wil- 
ton House, 

Windsor  _Cas- 
tle,  &c. 

Bath 
( Dkewe’s 
Quarry), 
Monkton 
Farleigh, 
near  Bath. 

Wade 

Brown, 

Esq., 

Monkton 

Farleigh. 

Chiefly  carbon- 
ate of  lime,  in 
oolitic  grains 
of  moderate 
sise. 

Cream. 

122  10 

|120  to  12.5 
ft.  Se- 
veral 
beds, the 
deepest 
about 
4 ft.  2 in. 
thick. 

0 6 

1 10 

Buckingham 
New  Palace 
St.  James’s 
Square,  Bath. 

Cranmore, 
near  Doult 
ing,  Wilt- 
shire. 

Carbonate  of 

lime,  with  a 
few  oolitic 

grains,  and  an 
abundance  of 
small  shells, 
commonly  in 
fragments, 
often  crystal- 
line. 

Light 

brown. 

I3f  1 

Of  large 
size. 
The 
thickest 
beds  will 
work 
20  in. 

0 7 

Cathedral  of 

Wells,  Glas- 
tonbury Ab- 
bey, &c. 

Haydor,  near 
Grantham, 
Lincoln- 
shire. 

1 

John  .Archer 
Houblon, 
Esq  , near 
Bishop’s 
Stortford. 

Carbonate  of 

lime, with  ooli- 
tic grains.often 
crystalline. 

Brownish 

cream. 

133  7 

14  ft.  X 3 ft. 
x4ft. 

0 8 

2 4 

Lincoln  Cathe- 
dral, Boston 
Church,  Gran- 
tham Churcli, 
Newark 
Church,  and 
most  of  the 
churches  in 

the  neighbour- 
hood, and  in 
the  lower  part 
of  Lincoln- 
shire; Culver, 
thorpe  House, 
Beh  oir  Castle, 
&c. 

Ketton,  in 
Rutland- 
shire, near 
Stamford. 

LordNorth- 

wick. 

Oolitic  grains  of 
moderate  size, 
slightly  ce- 

mented by  car- 
bonate of  lime. 

Dark 

cream 

colour. 

128  5 

Up  to  100 
ft.,  beds 
vary 
very 
much  : 
one  3 ft. 
Gin. 
thick, 
called 
rag. 

1 9 

3 4 

Cambridge,Bed- 
ford.  Bury  St. 
Edmund’s, 
Stamford,  Lon- 
don, &C.  \ 

many  of  the 
ancient  and 
modern  build- 
ings at  Cam- 
bridge ; also  in 
the  modern 

works  of  Pe- 
terborough 
and  Ely  Ca- 
thedral, and  at 
St.  Dunstan’s 
New  Church, 
in  London. 

Portland 
(Trade 
Quarry), 
Island  of 
Portland. 

Messrs.  Wes- 
ton. 

Oolitic  carbon- 
I ate  of  lime, 
with  a few 
fragments  of 
1 shells 

i 

Whitish 

brown. 

Any  prac- 
ticable 
size. 

1 4i 

2 3 

Various  public 
buildings  in 
London. 
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OOLITIC  STONES  — conlmucd. 


1 

i N»me  of 

Quarry,  and 
vhvre  situated. 

PrfWletoT  of 
Quarry, 

Component  Parts 
of  Stone. 

Colour. 

Weight  of  a 
1 Cubic  Foot  in  its 
1 ordinary  State,  j 

Weight  of 
Block,  and 
the  Thickness 
procurable. 

f A 

st  3 

‘‘•cj.C 

it 

Price  per  Cubic 
Fool,  delivered 
in  Londuii. 

5 V here  used. 

1 

lb.  oz. 

8.  d. 

J d. 

Portland 
(Kino  Bar- 
row East 
End  Qoar- 
RY)adjoining 
Waycroft, 
l.-iland  of 

Portland. 

Messrs.  Wes- 
ton. 

Oolitic  carbon- 
ate of  lime, 
with  a few 
fragments  of 
shells. 

Whitish 

brown. 

Any  prac- 
ticable 
size. 

1 4i 

2 3 

Various  public 
buildings  in 
London. 

Portland 
(Vern- 
Street 
Quarry), 
Island  of 
Portland. 

Messrs.  Wes- 
tou. 

Oolitic  carbon- 
ate of  lime, 
with  a few 
fragments  of 
shells. 

Whitish 

brown. 

134  10 
top 
bed. 

Any  prac- 
ticable 
size. 

1 4* 

2 S 

Various  public 
buildings  in 
London. 

Portland 
(Castle’s 
Quarry), 
1 Island  of 
Portland. 

Messrs.  Wes- 
ton. 

Oolitic  carbon- 
ate of  lime, 
with  a few 
fragments  of 
shells. 

Whitish 

brown. 

■■ 

Any  prac- 
ticable 
size. 

1 4J 

2 3 

Various  public 
buildings  in 
London. 

1 

Portland 
(Waycroft 
Quariue.s), 
L-laiid  of 

Portland. 

The  Crown, 
on  lease  to 
Messrs. 
Stewards 
and  Co. 

Oolitic  carbon- 
ate of  lime, 
with  dissemi- 
nated frag- 
ments of 

shells. 

Whitish 

brown. 

13.5  8 
top 
bed. 

Any  prac- 
ticable 
size. 

■ 1 41 

2 3 

Goldsmiths’ 
Hall,  Reform 
Club  House, 
and  other  pub- 
lic buildings  in 
London. 

Portland 
. (Maggott 
Quarry  ). 

The  Crown, 
on  lease  to 
Messrs. 
Stewards 
and  Co. 

Oolitic  carbon- 
ate of  lime, 
with  fragments 
of  shells. 

Whitish 

brown. 

“ 

Any  prac- 
ticable 
size. 

I 41 

2 2 

Various  public 
buildings  in 
London. 

Portland 

((josling’s 

Quarry). 

Messrs. 
Stewards 
and  Co. 

Oolitic  carbon- 
ate of  lime, 
with  fragments 
of  shells. 

Whitish 

brown. 

120  13 
Roach 

Any  prac- 
ticable 
size. 

1 41 

j 

2 3 

1 

Several  public 
buildings  iu 
London. 

Portland 
(Crove 
Quarry 
B.'v  ers). 

Messrs. 
Stewards 
and  Co. 

Oolitic  carbon- 
ate of  lime, 
with  numerous 
fragments  of 
shells. 

Whitish 

brown. 

147  10 
best 
bed. 

14.5  9 
carf. 

Any  prac- 
ticable 
size. 

1 41 

2 3 

St.  Paul’s  Ca- 
thedral,and  se- 
veral churdies 
in  London, 

built  during 
the  reign  of 
Queen  Anne. 

Portland 
( j rove 
Quarry, 
Red  Croft). 

Messrs. 
Stewards 
and  Co. 

Oolitic  carbon- 
ate of  lime, 
with  a few 
fragments  of 
shells. 

Whitish 

brown. 

■ 

Any  prac- 
ticable 
size. 

1 41 

2 0 

St. Paul’s  Cathe- 
dral, andinanji 
churches  in' 
London,  on 

Queen  Anne’.s 
reign. 

Of  the  Portland  stones,  it  is  to  be  observed  generally,  that  the  dirt  bed  is  full  of  fossil  roots,  trunks, 
and  branches  of  trees,  in  the  position  of  their  former  growth.  The  top  ca)>  is  a white,  hard,  and 
closely  compacted  limestone.  The  skull  cap  is  irregular  in  texture,  and  is  a well-compacted 
limestone.  The  roach  beds  are  always  incorporated  with  the  freestone  Ixids,  tliat  invariably  lie 
below  them,  and  are  full  of  cavities  lormed  by  the  moulds  of  shells  and  the  like.  The  top  bed 
is  the  best  stone,  the  botfom  one  ill  cemented,  and  will  not  stand  the  weather.  A middle  or  curf 
bed  occurs  only  in  the  southertimost  quarries  on  the  east  cliff ; it  is  soft  to  the  north,  and  hard  to 
the  south.  The  good  workable  stone  in  the  east  cliff  quarries  is  generally  less  in  depth  than  in 
the  same  bed  in  the  west  cliff  quarries,  but  the  cast  cliff  stone  is  harder,  more  especially  to  the 
south  of  the  island.  The  stone,  even  in  the  same  quarries,  varies  considerably.  That  which 
contains  flints  will  not  stand  the  weather.  The  bottom  bed  on  the  west  cliff  is  not  a durable 
stone,  though  sold  as  a good  stone  in  the  London  market.  The  best  stone  is  in  the  north- 
eastern part  of  the  island  ; the  worst  in  the  south-western  part.  The  annual  consumption  of 
the  whole  of  the  quarries  in  the  island  is  equal  to  an  area  of  one  acre  of  the  good  workable 
stone,  or  about  24,000  tons.  The  entire  area  unworked  is  about  2000  acres.  There  are  .'<6 
quarries  in  the  island,  and  about  240  qu.irrymen  employed,  of  which  number  Messrs.  Stewards 
employ  usually  about  133,  (See  Subsection  16!j6/.  el  ntq.) 
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Name  of 
Quarry,  and 
where  situated. 

Proprietor  of 
Quarry, 

Component  Parts 
of  Stone. 

Colour. 

’S  .o 
'"u  ° 

Weight  of 
Block,  and 
the  Tliickiiess 
procurable. 

Price 

per  Cubio  Foot 
at  the  Quarry. 

Price  per  Cubic 
Foot,  delivered 
in  London. 

Where  used. 

lb.  oz. 

s.  d. 

s.  d. 

Tayntan,  or 
Tbvnton, 
near  Bur- 
ford,  Oxon. 

Lord  Dyne- 
vor. 

Carbonate  of 
lime,  partly 
oolitic  ana 

fri.ible,  with 
very  small 

fragments  of 
shells,  irregu- 
larly lami- 

nated. 

Streaky 

brown. 

135  13 

Any  prac- 
ticable 
size. 
Thick- 
est bed, 
about 
7 ft. 

0 10 
to 

1 0 

2 4 

Blenheim,  Corn- 
bnry  Park, 

Barrington 
Park,  the  in- 
terior of  St. 
Paul’s  and 

many  other 

churches  in 

London  and 
Oxford,  and  in 
variousbridges 
in  Oxford- 

shire. 

Wass,  near 
I'liirsk, 

V orkshire. 

Martin  Sta- 
pleton, 
Esq. 

Compact  car- 
bonate of  lime, 
with  oolitic 
grains  and  an 
argillo  - calca- 
reous cement ; 
carbon  disse- 
minated. 

Brown. 

141  11 
soft. 
162  8 
hard. 

Beds  va- 
riahle, 
about 
16  in. 

West  front  and 
a large  propor- 
tion of  By  land 
Abbey. 

WiNDRUSH, 
near  Bur- 
ford,  (Jlou- 
ccatershire. 

1 

Lord  Shel- 
burne. 

Fine  oolitic 

grains,  with 
calcareous  ce- 
ment, and  a 
few  fragmeiit; 
of  shells. 

Cream. 

118  2 
soft. 
135  15 
hard. 

1 

5 to  40  ft. 
Thickest 
bed,  2 ft. 
6 in. 

! 

0 8 

2 7 

Windrush 
Church,  Bar- 
rington House, 
and  all  the  old 
buildings 
within  many 
miles  of  the 
quarry. 

1665.  The  following  very  useful  enumeration  of  the  stones  used  in  buildings  of  the 
island,  arranged  under  that  head,  and  divided  into  the  sorts  of  stone  employed  in  them, 
we  add,  verbatim,  from  the  Report  which  we  have  so  much  used.  The  heads  are  under 
Sanustonk  buildings,  Liaikstone  buildings,  and  Magnesian  Luiestone  buildings. 


SANDSTONE  BUILDINGS. 

Bakewell,  Derbyshire.  The  houses  generally  are  of  sandstone,  and  in  fair  condition.  A 
new  bank  now  erecting  of  sandstone  from  Bakewell  Edge. 

Bakewell  Church  (14th  century),  of  a sandstone  of  the  vicinity,  very  much  decomposed. 

Barnard  Castle,  Durham  (14th  century).  Circular  keep,  apparently  of  Stenton  stone,  in 
excellent  condition.  In  modern  works,  the  Joint  Stock  Bank  and  Market-house  of 
Stenton  stone,  in  good  condition. 

Belter  New  Church,  Derbyshire.  Built  10  years  since,  of  sandstone  from  Hungerhill, 
in  an  incipient  state  (in  parts)  of  decomposition. 

Blandeord  Parish  Church,  Dorsetshire  (1769).  Of  a green  siliceous  fine-grained  sand- 
stone, the  dressings  being  of  a stone  similar  to  the  Portland  oolite;  the  former  much 
decomposed ; the  latter  in  very  good  condition.  Town  Hall,  about  80  years  old,  of 
stone  similar  to  the  Portland  oolite,  in  good  condition. 

Brancepeth  Castle,  Durham.  Of  ancient  date,  of  sandstone  of  the  vicinity ; recently 
restored  extensively ; older  parts  in  various  states  of  decomposition. 

Briavel’s,  St.,  Castle,  Glocestershire.  In  ruins  (13th  or  14th  century).  Entrance  gate- 
way (the  chief  remains  of  the  castle)  built  of  red  sandstone,  decomjiosed. 

Bristol  Cathedral  (13th  and  14th  centuries).  Built  of  red  sandstone  and  a yellow 
limestone  (magnesian?)  strangely  intermixed;  the  red  sandstone  in  all  cases  decom- 
posed, the  limestone  more  rarely  decayed;  the  tracery,  &c.  of  the  windows,  which  are 
of  the  limestone,  are  in  good  condition  ; but  the  pinnacles  and  other  dressings,  which 
are  of  the  same  material,  are  much  decomposed.  The  east  end  of  the  cathedral  is  a 
remarkable  instance  of  the  decay  and  preservation  of  the  two  stones  employed.  Nor- 
man gateway,  west  of  the  cathedral  (the  upper  part  of  the  15th  century)  ; the  Norman 
archway  and  its  enrichments,  which  are  of  a very  florid  character,  built  of  yellow 
limestone  (magnesian?),  in  excellent  condition. 

Byland  Abbey  (Pith  century).  In  part  of  a siliceous  grit  (principally  in  the  interior), 
I'jid  ill  part  (chiefly  on  the  exterior)  of  a compact  oolite,  from  the  Wass  quarries  in  the 
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vicinity.  The  west  front,  which  is  of  the  oolite,  is  In  perfect  condition,  even  in  the 
dog’s-teeth  and  other  florid  decorations  of  the  doorways,  &c.  This  building  is  covered 
generally  with  lichens. 

Carlisle.  Ancient  buildings:  Cathedral  (13th  century),  of  red  sandstone,  In  various 
states  of  decomposition.  Modern  buildings  : Many  of  red  sandstone,  more  or  less  in 
a state  of  decomposition. 

Castle  Howard,  Yorkshire.  Built  generally  of  a siliceous  fine-grained  sandstone  from 
the  park ; generally  in  good  condition,  but  in  some  parts,  such  as  the  parapets,  cu- 
polas, and  chimney  shafts,  much  decomposed.  The  pilasters  of  the  north  front  from 
a quarry  at  Appleton  ; in  good  condition,  except  where  subjected  to  alternations  of 
wet  and  dry,  as  in  the  plinths,  where  there  are  signs  of  decomposition.  The  stables 
are  of  Appleton  stone,  and  in  good  condition. 

Chatsworth  House,  Derbyshire.  Original  house  built  of  Bell  Crop  sandstone  from  Bake- 
well  Edge,  not  in  very  good  condition,  particularly  in  the  lower  parts  of  the  building. 
In  the  recent  additions  the  same  stone  is  employed,  together  with  that  of  Bailey 
Moor  and  Lindrop  Hill. 

Chepstow  Castle,  Monmouthshire  (11th  and  12th  centuries,  with  additions  of  the  14th 
century).  Of  mountain  limestone  and  old  red  sandstone ; the  former  in  good  con- 
dition ; the  latter  decomposed.  Dressings  of  doors,  windows,  archways,  and  quoins 
are  for  the  most  part  of  magnesian  limestone,  in  perfect  condition ; the  remainder  is 
of  red  sandstone,  and  is  generally  much  decomposed.  Chapel  (of  the  12th  century); 
mouldings  and  carvings  of  the  windows,  &c.,  which  are  of  magnesian  limestone,  are  in 
perfect  condition. 

CoxwoLD  Church,  Yorkshire  (15th  century).  Generally  of  fine  siliceous  grit  of  the 
vicinity,  and  in  part  of  a calcareous  nature.  Tower  in  good  condition ; porch  decom- 
posed ; lichens  abundant  on  the  north  side. 

Derby.  St.  Peter’s  Church  (13th  century),  of  the  variegated  coarse  sandstone  of  the 
vicinity,  similar  to  that  of  Little  Eaton.  The  whole  in  bad  condition  ; but  the  red 
stones  less  so  than  the  grey  or  white.  St.  Almund’s  Church  (of  the  14th  century), 
of  a coarse  sandstone  of  the  vicinity,  in  a very  decomposed  state,  to  the  obliteration 
of  the  mouldings  and  other  details ; it  has  lately  been  scraped  and  painted,  to  pre- 
serve it  from  further  destruction.  All  Saints  Church  (tower  of  the  15th  century), 
of  sandstone,  similar  to  that  of  Duffield  Bank,  partly  in  fair  condition,  and  partly 
much  decomposed,  particularly  the  great  western  entrance.  The  body  of  the 
church,  built  110  years  since,  of  sandstone,  in  part  decomposing.  Modern  buildings: 
Town  Hall,  of  sandstone  from  Morley  Moor,  built  a few  years  since,  in  very  good 
condition. 

Durham  Cathedral  (11th  and  12th  centuries).  Of  a sandstone  of  the  vicinity,  elected 

’ indiscriminately,  and  in  all  stages  of  decomposition ; few  stones  are  quite  perfect. 
Castle  (of  the  1 1 th  century).  Of  similar  stone,  and  in  a similar  state. 

Easby  Abbey,  Yorkshire  (13th  and  14th  centuries).  Of  sandstone  of  the  vicinity  ; mould- 
ings and  carvings  decomposed  and  in  part  obliterated.  Walls  built  very  rudely,  and 
in  various  states  of  decomposition ; some  parts,  however,  maintain  their  original 
surface. 

Eccleston  Abbey,  Yorkshire  (13th  century).  Of  stone  similar  to  that  of  the  Stenton 
quarry.  The  mouldings  and  other  decorations,  such  even  as  the  dog’s-teeth  enrich- 
ments, are  in  perfect  condition. 

Edinburgh.  Ancient  buildings:  Holyrood  Chapel  (12th  century),  of  sandstone  from 
the  vicinity,  in  part  much  decomposed  ; in  other  parts,  such  as  the  west  door,  almost 
perfect.  The  palace  (built  in  the  16th  and  17th  centuries)  of  similar  stone,  generally 
in  good  condition,  the  older  parts  being  slightly  decomposed.  The  oldest  part  of  the 
Tron  Church  (1641),  of  sandstone,  much  decomposed.  A house  on  the  Castle  Hill 
(1591),  of  sandstone,  only  slightly  decomposed. 

Modern  buildings,  wholly  erected  of  sandstones  from  the  Cragleith,  Red  Hall,  Humbie, 
and  Binnie  (juarries,  for  the  most  from  the  first-mentioned  quarry.  None 
of  them  exhibit  any  appearance  of  decomposition,  with  the  exception  of  ferruginous 

y stains,  which  are  produced  upon  some  stones.  Among  the  oldest  is  the  Registry 
Office,  which  is  of  Cragleith  stone,  and  built  above  sixty  years  since ; it  is  in  a perfect 
state. 

Fountain’s  Abbey,  Yorkshire  (11th  and  12th  centuries,  with  additions  of  the  16th 
century).  Of  coarse  sandstone  of  the  vicinity,  generally  in  bad  condition,  particularly 
the  west  front,  which  is  much  decomposed.  The  nave  and  transept,  which  are  the 
earliest  portions  of  the  building,  are  the  best  preserved. 

Fountain’s  Hall,  Yorkshire  (1677).  Of  sandstone  of  the  vicinity,  and  magnesian  lime- 
stone in  the  dressings.  The  whole  in  fair  condition. 

Forest  of  Dean,  Gloucestershire.  I’ark  End  new  church,  built  fifteen  years  since,  cf 
sandstone,  similar  to  that  of  Colford.  No  appearance  of  decomposition. 
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Giasgow.  Ancient  buildings:  High  Church  (12th  century),  sandstone  of  the  vicinity,  | 

generally  very  much  decomposed,  particularly  on  the  south  side  Old  quadrangle  of  ^ 

the  College  (James  II.),  of  sandstone,  decomposed. 

Modern  buildings:  Hunterian  Museum  (1804) ; superstructure  said  to  be  of  stone  from  I 

the  President  quarry ; slight  traces  of  decomposition  on  the  south-west  front.  The  j 

basement  of  another  sandstone,  in  a more  advanced  state  of  decomposition  ; other  • 

parts  of  the  building  are  in  an  almost  perfect  state.  The  other  buildings  are  gene-  j 

rally  erected  of  stone  from  the  Giffneuch  and  other  quarries  in  the  immediate  neigh-  i 

bourhood,  except  the  new  Exchange  buildings,  which  are  of  stone  from  the  Humbie  | 

quarry,  thirty  miles  from  Glasgow,  recently  erected,  in  which  there  are  not  any  ap-  i( 

parent  symptoms  of  decomposition. 

Gloucester  Cathedral  (Norman  for  the  greater  part,  altered  and  cased  in  the  15th  | 

century),  built  of  a fine  grained  and  ill- cemented  oolite,  a shelly  oolite,  and  a red  ^ 

sandstone  (north  side)  intermixed,  of  which  the  former  constitutes  the  greater  por-  i 

tion.  The  tower  (15th  century),  of  shelly  oolite,  in  perfect  condition.  The  early  I 

turrets  of  the  south  transepts  are  also  in  good  condition.  The  body  of  the  building  i 

is  much  decomposed.  The  great  cloister  is  built  of  the  same  materials  as  the  cathe-  i 

dral.  The  moulded  and  decorated  work  is  in  good  condition,  the  other  parts  are 
more  or  less  decomposed.  The  small  cloister  is  built  of  a fine  oolite  with  a compact 
cement,  and  is  in  good  condition.  The  New  Bridge,  of  Whitchurch  sandstone, 
parapets  of  Ruordean  fine-grained  sandstone,  in  good  condition. 

Ha  DDON  Hall,  Derbyshire  (15th  and  16th  centuries).  Of  a fine-grained  sandstone, 
similar  to  that  of  Lindrop  Hill.  The  dressings,  parapets,  chimney  shafts,  quoins,  &c. 
are  wrought  and  rubbed  ; the  remainder  of  the  walls  is  of  rough  walling.  The  whole 
in  fair  condition. 

H AKRowGATE.  Cheltenham  Pump  Room,  of  sandstone  from  Woodhouse,  near  Leeds. 

Built  recently.  In  good  condition.  Swan  Hotel  and  other  modern  buildings,  of  a 

coarse  sandstone  of  the  vicinity  ; generally  in  good  condition. 

Hardwicke  Hall,  Derbyshire.  (1597).  Of  a fine-grained  sandstone,  chiefly  from  a 
quarry  in  the  hill  on  which  the  house  is  built,  intermixed  with  a calciferous  grit, 

similar  to  that  of  Mansfield ; generally  in  good  condition.  The  ashler  is  in  parts 

decomposed,  especially  where  it  is  set  on  edge. 

Howden  Church,  Yorkshire  (15th  century);  partly  of  magnesian  limestone,  of  a deep  > 
yellow  colour,  and  partly  of  a coarse  siliceous  grit,  of  a ferruginous  colour.  Dress- 
ings and  enrichments  and  the  central  tower  are  of  the  former  stone  ; generally  de-  I 

composed,  particularly  at  the  top  of  the  tower.  The  other  parts  of  the  building,  , 

which  are  of  the  grit,  are  very  much  decomposed. 

Kirkstall  Abbey,  Yorkshire  (11th  century).  Of  coarse  sandstone  of  the  vicinity,  in 

various  stages  of  decomposition  according  to  the  aspect.  The  east  side  is  in  fair  con-  ' i 

dition ; some  of  the  zig-zag  enrichments  and  early  capitals  and  other  enrichments  of 
mouldings  are  in  perfect  condition.  The  windows  of  the  chancel  and  tower  (inserted 
in  the  16th  century)  of  a yellow  sandstone,  are  for  the  most  part  gone,  and  what  re- 
mains is  much  decomposed. 

Mansfield  TownHall,  Nottinghamshire.  Built  three  years  since,  of  magnesio-calciferous 
sandstone  from  Mansfield  : no  appearance  of  decomposition. 

Newcastle-upon-Tyne.  Ancient  buildings:  St.  Nicholas’  Church  (14th  century),  of 
sandstone  of  the  vicinity,  similar  to  that  of  the  Heddon  Quarry,  very  much  decom- 
posed. Parts  restored  within  the  last  century,  with  the  same  stone,  now  decomposing. 

The  upper  part  of  the  tower  and  spire  restored  within  the  last  five  years,  and  painted 
to  preserve  the  stone  from  decay.  Other  ancient  buildings,  of  the  same  stone,  more  or 
less  in  a state  of  decomposition,  according  to  the  date  of  their  erection. 

Modern  buildings,  built  within  the  last  25  years,  of  sandstone  from  the  Felling  and 
Church  quarries  at  Gateshead  and  the  Kenton  quarry  : parts  already  show  symptoms 
of  decomposition. 

Pontefract  Castle,  Yorkshire  (14th  century).  Built  generally  of  a coarse  grit,  of  a dark 
brown  colour,  occasionally  mixed  with  an  inferior  magnesian  limestone.  The  whole  I 
in  a very  decomposed  state,  more  particularly  the  sandstone,  in  which  all  traces  of  the 
original  surface  are  effaced.  Fragments  of  magnesian  limestone  are  embedded  in 
several  parts  of  the  walls,  with  mouldings  of  the  12th  century,  in  perfect  con- 
dition. 

Raby  Castle,  Durham  (14th  century).  Of  sandstone  of  the  vicinity:  parts  in  a perfect 
state,  others  slightly  decomposed. 

Richmond  Castle,  Yorkshire  (11th  century).  The  keep,  of  sandstone,  similar  to  that  of 
Gatherly  Moor,  generally  in  good  condition ; mouldings  and  carvings  in  columns  of 
window  in  a perfect  state. 

Ripon,  Yorkshire.  An  obelisk  in  the  market-place  (1781),  of  coarse  sandstone,  much  de- 
composed in  laminations  parallel  to  the  expos(>d  faces. 
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Uii'ON  Catiikduai..  Lower  jjart,  east  end,  and  south-east  angle  (Xonnan),  of  coarse  sand- 
stone of  the  vicinity,  in  good  condition.  The  west  front,  the  transej)ts,  and  tower  (of 
tlie  12tli  and  13th  centuries),  of  the  coarse  sandstone  of  the  vicinity,  in  fair  condition. 
The  mouldings,  although  generally  decomposed,  are  not  effaced.  The  dog’s-teeth 
ornaments  in  most  parts  nearly  perfect.  The  aisles  of  the  naves,  the  clerestory,  and 
the  choir  (of  the  14th  and  15th  centuries),  of  coarse  sandstone  and  magnesian  lime- 
stone intermixed,  not  in  good  condition  ; the  latter  stone,  on  the  south  side,  often  in 
fair  condition.  The  lower  parts  of  the  building  generally,  but  particularly  the  west 
fronts,  which  are  of  coarse  sandstone,  are  very  much  decomj)osed. 

UivAUi.x  Abbey,  Yorkshire  (12th  century).  Of  a sandstone  at  Hollands,  one  mile  from 
the  ruins ; generally  in  excellent  condition.  West  front  slightly  decomposed;  south 
front  remarkably  perfect,  even  to  the  preservation  of  the  original  toolmarks. 

Shaftesbury,  Dorsetshire.  St.  Peter’s  Church  (15th  century).  Of  a green  siliceous 
sandstone,  from  quarries  half  a mile  south  of  the  church.  The  wdiole  building  much 
decomposed.  The  tower  is  bound  together  by  iron,  and  is  unsafe,  owing  to  the  inferior 
quality  of  the  stone. 

SroKFOKTH  Castle,  Yorkshire  (14th  century).  Of  coarse  red  sandstone;  more  or  less, 
hut  generally  much,  decomposed.  The  dressings  of  the  windows  and  doors,  of  a semi- 
crystalline magnesian  limestone,  are  in  perfect  state,  the  mouldings  and  enrichments 
being  exquisitely  sharp  and  beautiful. 

I’lNTEKN  Abbey  (13th  century).  Considerable  remains  of  red  and  grey  sandstones  of  the 
vicinity,  in  part  laminated.  In  unequal  condition,  but  for  the  most  pait  in  perfect 
condition  ; covered  with  grey  and  green  licl.ens. 

Tisbuby  Church  (13th  and  14th  centuries;  the  lower  part  of  the  tower  of  the  12th 
century).  Of  calciferous  limestone  from  Tisbury.  The  dressings  are  composed  of 
stone  throughout,  in  perfect  condition.  I'he  ashlar  variable ; in  part  much  decom- 
posed ; the  undecomposed  portions  are  covered  with  lichens.  Tomhstones  in  the 
churchyard  generally  in  good  condition,  some  being  more  than  a century  old.  The 
houses  of  the  village  built  generally  of  the  Tisbury  stone,  and  are  in  very  good  con- 
dition. The  whole  covered  with  lichens. 

Wakefield  Parish  Church,  Yorkshire  (tower  and  spire  of  the  16th  century).  Of  sand- 
stone, much  decomposed.  The  body  of  the  church,  of  recent  date,  of  sandstone 
strongly  laminated,  and  generally  decomposed  between  the  lainiiiEe. 

Whitby  Abbey  (13th  century).  Of  stone  similar  to  that  of  Aislaby  Brow,  in  the  vicinity  ; 
generally  in  good  condition,  with  the  exception  of  the  west  front,  which  is  very  much 
decomposed.  'I'he  stone  used  is  of  two  colours,  brown  and  white ; the  former,  in  all 
cases,  more  decomposed  than  the  latter.  The  dog’s-teeth  and  other  enrichments  in  tlie 
east  front  are  in  good  condition. 

LIMESTONE  BUILDINC.S. 

Hath.  .Abbey  church  (1576),  built  of  an  oolite  in  the  vicinity.  The  tower  is  in  fair  con- 
dition. The  body  of  the  church,  in  the  upper  jiart  of  the  south  and  west  sides,  much 
decomposed.  The  lower  parts,  formerly  in  contact  with  buildings,  are  in  a more 
perfect  state;  the  reliefs  in  the  west  front  of  Jacob’s  ladder  are  in  parts  nearly  effaced. 
Queen’s  Square,  north  side,  and  the  obelisk  in  the  centre,  built  above  100  years 
since,  of  an  oolite  with  shells,  in  fair  condition.  Circus  (built  about  1750),  of  an 
oolite  in  the  vicinity,  generally  in  fair  condition,  except  those  portions  which  have  a 
west  and  southern  aspect,  where  the  most  exposed  parts  are  decomposed.  Crescent 
(built  above  50  years  since),  of  an  oolite  of  the  vicinity,  generally  in  fair  condition, 
except  in  a few  jilaces,  where  the  stone  appears  to  he  of  inferior  quality. 

Bristol  Cathedral  (of  the  13th  and  14th  centuries).  Built  of  red  sandstone  and  appa- 
rently a yellow  limestone  (magnesian?)  strangely  intermixed.  The  red  sandstone  in 
all  cases  decomposed  ; the  limestone  more  rarely  decayed.  J'he  tracery,  &c.  of  the 
windows,  which  are  of  the  limestone,  are  in  good  condition,  but  the  pinnacles  and 

!|  dressings  of  the  same  material  much  decomposed.  The  east  end  of  the  cathedral  is  a 
I ” f remarkable  instance  of  the  decay  and  preservation  of  the  two  stones  employed.  Nor- 
I ^ ' man  gateway,  west  of  the  cathedral  (the  upper  part  of  the  15th  century),  the  Norman 
1 - i archway  and  its  enrichments,  which  are  of  a very  florid  character,  built  of  yellow 
I limestone  (magnesian  ?),  in  excellent  condition. 

•,  St.  Mary  Redcliffe  (tower  of  the  12th  century;  body  of  the  church  of  the  15th 

century).  Of  oolitic  limestone,  from  Uundry ; very  much  decomposed. 

"iHurleigh  House  (15th  century).  Of  a shelly  oolite  (Barnack  rag),  in  excellent  condi- 
tion throughout.  The  late  additions  are  of  Ketton  stone. 
iiByLAND  Abbey,  Yorkshire  (12th  century).  In  part  of  a siliceous  grit  (principally  in  the 
interior),  and  in  part  (chiefly  on  the  exterior)  of  a compact  oolite,  from  the  Wass 
I quarries  in  the  vicinity.  The  west  front,  which  is  of  the  oolite,  is  in  perfect  condition, 
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even  in  the  dog^Vteoth  and  other  florid  decorations  of  the  doorways,  See.  Tliis  build- 
ing is  generally  covered  with  lichens. 

CoLi.EY  Weston  Church,  Northamptonshire  (14th  century).  Of  a shelly  oolite  (BarnaeJt 
rag),  in  perfect  condition  throughout 

Dorchester.  St.  Peter’s  ('hurch  (15th  century).  Of  laminated  oolite,  somewhat  similar 
to  that  of  Portland,  and  of  a shelly  limestone,  somewhat  resembling  that  of  Hamhill, 
The  latter  used  in  pinnacles,  parapets,  and  dressings.  The  whole  in  a decomposed 
state. 

Gi.astonbury  — Abbey.  Joseph  of  Arimathea’s  Chapel.  Considerable  ruins;  Norman, 
of  shelly  limestone,  similar  to  that  of  Doulting  ; generally  in  good  condition  ; the 
zig-zag  and  other  enrichments  perfect ; the  capitals  of  the  columns,  corbels,  &c.  are  of 
blue  lias,  much  decomposed,  and  in  some  cases  have  disappeared.  The  Church.  Con- 
siderable  remains  of  the  choir,  and  a small  portion  of  the  nave  (11th  century),  of 
shelly  limestone,  similar  to  that  of  Doulting,  in  good  condition.  Si.  Benedict's  Parish 
Church  (14th  century).  Of  limestone,  similar  to  that  of  Doulting,  in  good  condition. 
St.  John  the  Baptist's  Parish  Church  (15th  century).  Of  stone  similar  to  that  of 
Doulting,  generally  in  fair  condition. 

Gi.ocester — Cathedral,  (Norman  for  the  greater  part,  altered  and  cased  in  the  15th 
century).  Built  of  a fine-grained  and  ill-cemented  ooliie,  a .shelly  oolite,  and  a red 
sandstone  (north  side)  intermixed,  the  former  constituting  the  greatest  portion  of  the 
edifice.  "Die  tower  (15th  century),  of  shelly  oolite,  in  perfect  condition.  The  early 
turrets  of  the  south  transept  are  also  in  good  condition.  The  body  of  the  building  is 
much  decomposed.  The  great  cloister  is  built  of  the  same  materials  as  the  cathedral. 
The  moulded  and  decorated  work  is  in  good  condition  ; the  other  parts  are  more  oi 
less  decomposed.  The  great  cloister  is  built  of  a fine  oolite,  with  a compact  cement, 
and  is  in  good  condition.  St.  Nicholas's  Church  (body  Norman  ; tower  and  spire, 
15th  century),  of  a shelly  and  inferior  kind  of  oolite  intermixed,  and  in  unequal  con- 
dition. St.  Michael's  Church  (15th  century),  built  of  same  stone  as  that  of  St. 
Nicholas,  and  in  the  same  condition. 

Grantham  Church  (13th  century).  Lofty  tower  and  .spire  at  the  west  end.  Built  of  an 
oolite,  similar  to  that  of  Ancaster,  in  good  condition,  more  especially  the  tower,  except 
as  to  some  portions  of  the  base  mouldings. 

Ketton  Church,  Rutlandshire.  (West  entrance  door,  Norman  ; tower  of  the  12th  or  13th 
century  ; nave,  aisles,  and  chancel  of  the  14th  century).  Of  a shelly  oolite  (Barnack 
rag),  in  good  condition.  Dog’s-teeth,  carved  corbels,  and  other  enrichments  in  a 
perfect  state. 

Kettering  Church  (14th  and  15th  centuries).  Of  a shelly  oolite,  fine-grained,  the  greater 
portion  resembling  Barnack  rag.  'The  tower  and  spire  in  perfect  condition.  The 
body  of  the  church  in  parts  slightly  decomposed. 

Kirkham  Priory,  Yorkshire  (13th  century).  Inconsiderable  remains.  I'he  western 
front  and  great  entrance  slightly  decompo.sed  throughout ; the  portions  which  remain 
of  the  body  of  the  church  very  perfect,  but  many  of  the  stones  are  much  decomposed. 
The  stone  is  very  similar  to  that  of  the  Hildenly  quarry.  The  whole  is  covered  with 
lichens. 

Lincoln  Cathedral  (the  minster  generally  of  the  12th  and  13th  centuries).  Of  oolitic 
and  calcareous  stone  of  the  vicinity  ; generally  in  fair  condition,  more  especially  the 
early  portions  of  the  rve.st  front.  The  ashler  and  plain  dressings  of  the  south  front 
are,  however,  much  decompo.sed.  The  mouldings  and  carvings  of  the  east  front  are 
in  a perfect  state.  Roman  Gate,  of  a ferruginous  oolite,  in  fair  condition.  The  Castle 
Gateway  (13th  century),  of  an  oolitic  limestone;  ashler  much  decomposed,  dressings 
perfect. 

Melton  Old  Church,  Yorkshire  (12th  century).  Light  scmi-compact  limestone,  similar 
to  that  of  the  Hildenly  quarry  ; generally  in  good  condition,  particularly  the  great 
west  door  (of  the  1 1 th  century),  where  the  zig-zag  and  other  enrichments  are  perfect. 
Some  stones  are  much  decomposed. 

Montacute,  Somersetshire — Parish  Church  (15th  century).  Of  Hamhill  stone,  in  perfect 
condition,  covered  with  lichens.  The  Abbey  (15th  century).  Supposed  abbot's 
house  and  gateway,  of  Hamhill  stone,  in  good  condition.  Montacute  House  (17th 
century),  of  Hamhill  stone,  in  excellent  condition. 

Mabtock  Church,  Somersetshire  (15th  century).  Of  a shelly  ferruginous  brown  lime- 
stone from  Hamhill,  in  good  condition,  except  the  plinth  and  base  mouldings,  which  j 
are  much  decompo.sed.  Covered  with  lichens. 

New'ark  Church  (15th  century;  the  tower,  in  part,  of  the  12th  century).  Of  an  oolite, 
similar  to  that  of  Ancaster ; generally  in  fair  condition,  with  the  exception  of  parts  of 
the  base  moulamgs.  The  building  is  covered  with  a grey  lichen.  The  Castle  (Nor- 
man, with  additions  in  the  15th  century).  Chiefly  of  sandstone  of  the  vicinity  : in 
unequal  condition.  A large  jiortion  of  the  dressings  of  the  windows.  &c  are  ui Uolitc- 
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probably  from  Ancastcr.  Town  Hall  (50  or  60  years  old).  Ibiilt  of  the  Ancaster 
oolite  ; in  good  condition  ; in  some  blocks,  bowever,  there  is  an  appearance  of  lami- 
nation, where  decomjjosition  has  to  a slight  extent  taken  place. 

OxKoKi)  Cathedrai.,  Noiinaii  (l‘ith  century).  Chiefly  of  a shelly  oolite,  similar  to  that 
of  'laynton;  Norman  work  in  good  condition,  the  latter  work  much  decomposec 
Merton  College  Chapel  (l.Sth  century).  Of  a shelly  oolite,  resembling  Taynton  stone; 
in  good  condition  generally.  New  College  Cloisters  (14th  century).  Of  a shelly 
oolite  (Taynton),  in  good  condition.  The  whole  of  the  colleges,  churches,  and  othei- 
public  buildings  of  Oxford,  erected  within  the  last  three  centuries,  are  of  oolitic  lime- 
stone from  Heddington,  about  one  mile  and  a half  from  the  university,  and  are  all, 
more  or  less,  in  a deplorable  state  of  decomposition.  The  plinth,  string-courses,  and 
.such  portions  of  the  buildings  as  are  much  exjiosed  to  the  action  of  the  atmosphere, 
are  mostly  of  a shelly  oolite  from  Taynton,  fifteen  miles  from  the  university,  and  are 
universally  in  good  condition. 

I’auc’s,  St.,  Cathedral,  London  (finished  about  1700).  Built  of  Portland  oolite,  from  the 
Grove  quarries  on  the  cast  cliff'.  The  building  generally  in  good  condition,  especially 
the  north  and  east  fronts.  The  carvings  of  flowers,  fruit,  and  other  ornaments  are 
throughout  nearly  as  perfect  as  when  first  executed,  although  much  blackened;  on 
the  south  and  west  fronts,  larger  portions  of  the  stone  may  he  observed  of  their  natural 
colour  than  on  the  north  and  east  fronts,  occasioned  by  a very  slight  decomposition  of 
the  surface.  I he  stone  in  the  drum  of  the  dome,  and  in  the  cupola  above  it,  appears 
not  to  have  been  so  well  selected  as  the  rest ; nevertheless  scarcely  any  appreciable 
decay  has  taken  place  in  those  parts. 

Pickering  Church,  Yorkshire  (l.Sth  and  14th  centuries).  Oolite  reck  of  the  neighbour- 
hood ; very  much  decomposed ; the  windows,  mullions,  and  buttress  angles  obli- 
terated. 

Pickering  Castle  (14th  century).  'I  he  walls  of  the  oolite  of  the  neighbourhood,  and  the 
quoins  of  a siliceous  grit.  'Phe  whole  in  fair  condition. 

Portland,  Dorsetshire — New  Church  (built  1766),  of  Portland  oolite,  fine  roach;  in  a 
perfect  state,  still  exhibiting  the  original  tool  marks.  Wakeham  Village,  'Pudor 
House,  of  Portland  oolite,  in  excellent  condition.  Old  Church,  in  ruins,  near  Bow 
and  Arrow  Castle  (15th  century),  of  Portland  oolite,  resembling  top  bed  ; in  very 
good  condition  ; original  chisel  marks  still  appear  on  the  north  front.  Bow  and  Arrow 
Castle.  Considerable  remains  of  the  keep,  many  centuries  old,  of  Portland  oolite  ; the 
ashlar  resembles  the-  top  bed,  and  is  in  perfect  condition  ; the  (juoins  and  corbels  of 
the  inachicolated  parapet  appear  to  be  of  the  cap  bed  of  Portland  oolite,  and  are  in 
good  condition. 

Salisbury  Cathedral  (Pith  century).  Of  siliciferous  limestone  from  Chilmark 
(|uarry.  'Phe  entire  building  is  in  excellent  condition,  except  the  west  front, 
which  in  parts  is  slightly  decomposed.  'Phe  building  generally  covered  with 
lichens. 

Sandvseoot  Castle,  near  Weymouth  (temp.  Hen.  VIII.).  Considerable  remains  of  keep, 
chiefly  of  Portland  oolite,  partly  of  the  top  bed  and  partly  of  the  fine  roach;  generally 
in  excellent  condition,  with  the  exception  of  a few  and  apjiarently  inferior  stones.  The 
inside  ashlar  of  the  walls  is  of  large-grained  oolite,  apparently  from  the  immediate 
vicinity  of  the  castle,  much  decomposed. 

Somerton  Church,  Somersetshire  (14th  century).  Built  chiefly  of  blue  lias;  the  quoins, 
buttresses,  parapets,  and  other  dressings  of  a coarse  ferruginous  shelly  limestone,  in 
various  stages  of  decay.  'Hie  parapet  of  the  clerestory  of  a lighter-coloured  stone,  in 
good  condition. 

Si’AMEORD — St.  Mary’s  Church  (I . ‘5th  century).  Of  a shelly  oolite  (Barnack  rag),  in 
fair  condition.  St.  Johns  Church  (1 4th  century).  Of  similar  stone,  ill  selected,  and 
consequently  decomposed  in  parts  and  in  laminations,  according  to  the  direction  of 
the  beds  of  shells.  St.  Martin's  Church  (14th  century).  Of  similar  stone,  in  good 
condition.  All  Saints  (lower  part  of  the  body  of  the  church  PSth  century;  the  re- 
mainder 15th  century).  'Power  and  spire  in  fine  condition ; body  of  the  church  de- 
composed. Standwell's  Hotel,  built  twenty-four  years  since  of  an  oolite  similar  to 
that  of  Ketton  ; in  perfect  condition.  St.  Michael's  New  Church.  Built  four  years 
since  ; no  appearance  of  decomjiosition. 

Well.s  'Phe  Cathedral.  West  front  (l;5th  century),  upper  part  of  tower  (14th  century), 
of  shelly  limestone,  similar  to  that  of  Doulting,  generally  decomposed,  but  not  to  any 
great  extent.  North  Hank  (porch  and  transept  H5th  century,  the  remainder  of  the 
14th  century),  of  similar  stone,  in  good  condition,  excejit  lower  part  of  Hank  and  west 
tower.  Phe  central  tower  (of  the  1 4th  century)  in  very  good  condition.  South  side 
of  the  cathedral  generally  in  good  condition.  Chapter  House  (13th  century,  with 
additions  of  the  15th  century).  'Phe  whole  in  good  condition  excepting  the  west 

: ' front  of  the  gateway,  which  is  decomposed.  Close  gates  ( 1 5th  century)  much  de- 
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composed,  but  especially  on  the  south  and  south-west.  The  cloisters  (15th  century] 
jrenerally  decomposed,  jrarticularly  the  mullions  and  tracery. 

E.sT.MiNSTER  Abbey  (I.Stli  ccntury).  Built  of  several  varieties  of  stone,  similar  to  that  o1 
Gatton  or  Ryegate,  which  is  much  decomposed,  and  also  of  Caen  stone,  which  is 
generally  in  had  condition  ; a considerable  portion  of  the  exterior,  esjrecially  on  the 
north  side,  has  been  restored  at  various  periods,  nevertheless  abundant  symptoms 
of  decay  are  apparent.  The  cloisters,  built  of  several  kinds  of  stone,  are  in  a very 
mouldering  condition,  except  where  they  have  been  recently  restored  with  Batli 
and  Portland  stones.  The  west  towers,  erected  in  the  beginning  of  the  18th  century 
with  a shelly  variety  of  Portland  oolite,  exhibit  scarcely  any  appearance  of  decay. 
Henry  the  Seventh’s  Chapel,  restored  about  twenty  years  since  with  Combe  Down 
Bathstone,  is  already  in  a state  of  decomposition. 

VViNDRUSH  Church  (15th  century).  Of  an  oolite  from  the  immediate  vicinity;  in  ex- 
cellent condition.  A Norman  door  on  the  north  side,  enriched  with  the  bird’s-beak 
and  other  characteristic  ornaments,  is  in  perfect  condition.  Tombstones  in  the 
churchyard,  very  highly  enriched  and  bearing  the  dates  of  1681,  1690,  apparently  of 
Windrush  stone,  are  in  perfect  condition. 

VVyke  Church,  Dorsetshire  (15th  century).  Of  oolite,  similar  to  Portland,  the  whole  in 
good  condition,  except  the  mullions,  tracery,  and  dressings  of  doors  and  windows, 
which  are  constructed  of  a soft  material,  and  are  all  decomposed.  On  the  south  side, 
the  ashler  is  in  part  covered  with  rough-cast.  The  entire  building  is  thickly  covered 
with  lichens. 


MAGNESIAN  LIMESTONE  BUILDINGS. 

Beverley,  Yorushire.  The  minster  (12th,  13th,  and  14th  centuries),  of  magnesian  lime- 
stone from  Bramham  Moor,  and  an  oolite  from  Newbold  ; the  former,  which  is  used 
in  the  west  tower,  central  tower,  and  more  ancient  parts  of  the  minster,  generally  in 
good  condition  ; but  in  other  parts  of  the  building  the  same  material  is  decomposed. 
The  Newbold  stone,  chiefly  employed  on  the  east  side,  is  altogether  in  a bad  condition. 
Some  of  the  j)innacles  are  of  Oulton  sandstone,  and  are  in  bad  condition.  The  build- 
ing is  partly  covered  with  lichens.  St.  Mary's  Church  (14th  century),  now  in  course 
of  restoration,  of  magnesian  limestone  and  oolite,  supposed  to  be  from  Bramham  Moor 
and  Newbold,  respectively.  The  ancient  parts  are  in  a very  crumbling  state,  even  to 
the  obliteration  of  many  of  the  mouldings  and  enrichments. 

Bolsover  Castle,  Derbyshire  (1629).  Mostly  in  ruins;  of  magnesian  limestone  of 
several  varieties,  and  of  a calcareous  fine-grained  sandstone.  The  dressings,  which 
are  generally  of  sandstone,  are  much  decomposed,  in  some  instances  to  the  entire  ob- 
literation of  the  mouldings  and  other  decorations,  and  to  the  destruction  of  the  form  of 
the  columns,  rustications,  &c.  Most  of  the  string  courses,  a portion  of  the  window 
dressings,  and  the  ashler,  which  are  of  magnesian  limestone,  are  generally  in  excellent 
condition. 

Bolsover  Church,  Derbyshire  (1 5tl  century).  Of  a magnesio-calciferous  sandstone,  more 
or  less  in  a decomposed  state  throughout. 

Chepstow  Castle,  Monmouthshire  (1  Ith  and  12th  centuries,  with  additions  of  the  1 4th 
century).  Of  mountain  limestone  and  old  red  sandstone  ; the  former  in  good  con- 
dition, the  latter  decomposed.  Dressings  of  door,  window,  archway,  and  quoins  are  for 
the  most  part  of  magnesian  limestone,  and  in  perfect  condition.  The  remainder  is  of 
red  sandstone,  and  is  generally  much  decomposed.  Chapel  (of  the  12th  century), 
mouldings  and  carvings  of  windows,  &c.,  which  are  of  magnesian  limestone,  in  perfect 
condition 

Doncaster  (Old)  Church  (15th  century).  Of  an  inferior  magnesian  limestone,  generally 
much  decomposed,  more  especially  in  the  tower,  and  on  the  south  and  west  sides;  now 
under  general  and  extensive  repair. 

Hetiingborough  Church,  Y'orkshire  (15th  century).  Of  a white  crystalline  magnesian 
limestone.  The  entire  building  is  in  a perfect  state,  even  the  spire,  where  no  traces  of 
decay  are  apparent. 

Howden  Church,  Yorkshire  (1 5th  century).  Partly  of  magnesian  limestone  of  a deep 
yellow  colour,  and  partly  of  a coarse  siliceous  grit  of  a ferruginous  colour.  Dressings 
and  enrichments,  and  the  central  tower,  are  of  the  former  stone,  generally  decomposed, 
particularly  at  the  toj)  of  tlie  tower.  The  other  parts  of  the  edifice,  built  of  the  grit, 
are  very  much  decom])osed. 

IluDDLESTONE  Hall,  Yorkshire  ( 1 5th  cciit ui'y ).  Of  semi-crystalline  magnesian  limestone 
from  the  neighbouring  (juarry.  In  excellent  condition,  even  to  the  entire  preservation 
of  the  mouldings  of  tlie  chajiel  window  in  the  south-west  front.  The  outer  gate  jilerj 
in  the  fence  wall,  also  of  magnesian  limestone,  very  much  decomiiosed. 

K narksborougu  Castle,  Yorkshire  (1 2th  century).  Magnesian  limestone,  carious  in  part ; 
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•jfener.illy  in  very  good  condi'ion,  except  on  the  south  and  south-M’est  portions  of  the 
circular  turrets,  where  the  surface  is  much  decomj)Osed.  'I'he  mouldings  generally  are 
In  a perfect  state.  The  joints  of  the  masonry,  wliich  is  executed  witli  the  greatest 
care,  are  remarkably  close.  The  stone  of  the  keep,  which  is  of  a deep  brown  colour, 
and  much  resembles  sandstone,  is  in  good  condition,  especially  on  the  south-west 
side. 

Kosingsbokol'gh  Castle,  Yorkshire  (Norman).  C'oarse-grained  and  semi-crystalline  mag- 
nesian limestone,  fom  the  hill  eastward  of  the  castle;  in  perfect  condition.  The 
masonry  is  executed  with  great  care,  the  joints  very  close,  but  the  mortar  within  them 
has  disappeared. 

UiPON  Cathedrai,.  Lower  part,  east  end,  soutli-east  angle  (Norman),  of  coarse  sandstone 
from  the  vicinity,  in  good  condition.  The  west  front,  the  transe|)ts,  and  tower  (of  the 
12th  and  1 3th  centuries),  of  coarse  sandstone  of  the  vicinity,  in  fair  condition.  The 
mouldings,  although  generally  decomposed,  are  not  effaced.  The  dog’s-teeth  orna- 
ment in  most  parts  nearly  perfect.  'I'lie  aisles  of  the  nave,  the  clerestory,  and  the 
choir  (of  the  1 4th  and  15th  centuries),  of  coarse  sandstone  and  magnesian  limestone 
intermixed,  not  in  good  condition.  The  latter  stone,  on  the  south  side,  often  in  fair 
condition.  The  lower  parts  of  the  building  generally,  particularly  the  west  fronts, 
which  are  of  coarse  sandstone,  are  much  decomposed.  An  obelisk,  in  the  market- 
))lace  (1781),  of  coarse  sandstone,  is  much  decomposed,  and  in  laminations  parallel  to 
the  exposed  faces. 

Robin  Hood’s  Wem.,  Yorkshire  (1  740).  A rusticated  building,  of  magnesian  limestone, 
in  perfect  condition. 

Roche  Abbey,  Yorkshire  (12th  century).  Inconsiderable  remains,  of  semi-crystalline  mag- 
nesian limestone  from  the  neighbouring  <)uarry,  generally  in  for  condition.  'Ihe 
mouldings  and  decorated  portions  are  perfect.  Gate-house  ( 1 2th  century)  generally 
decomposed,  with  the  exception  of  the  dressings  and  mouldings,  wldcli  are 
perfect. 

Sei.bv  Church,  Yorkshire  (nave  and  lower  part  of  the  tower  of  the  11th  century  ; the  west 
front  and  aisles  of  the  12th  century  ; and  the  choir  with  its  aisles  of  the  14th  century), 
'J'he  Norman  jiortion  of  the  building,  which  is  of  grey  magnesian  limestone,  is  in 
excellent  condition,  particularly  the  lower  part.  The  early  English  portions  of  the 
building  are  also  of  magnesian  limestone,  and  in  a partially  decomposed  state.  The 
1 iter  portions  of  the  building,  which  also  are  of  magnesian  limestone,  are  much  decom- 
posed and  blackened. 

SdUTHWEi.E  Church,  Notts  (of  the  10th  century).  Of  magnesian  limestone,  similar  to 
that  of  Bolsover  Moor,  in  perfect  condition.  The  mouldings  and  enrichments  of  the 
doorway  appear  as  perfect  as  if  just  completed.  'I'he  choir,  which  is  of  the  12th  cen- 
tury, and  built  of  a stone  similar  to  that  of  Mansfield,  is  generally  in  good  con- 
dition. 

Spoeforth  Casti.e,  Yorkshii'e  (14th  century).  Of  coarse  red  sandstone,  generally  much 
decomposed.  The  dressings  of  the  windows  and  doors,  of  a semi-crystalline  mag- 
nesian limestone,  are  in  a perfect  state,  the  mouldings  and  enrichmenls  being  eminently 
sharp  and  beautiful. 

Studeey  Park,  York.shire.  Banquetting  house,  about  100  years  old,  of  yellowish  mag- 
nesian Hint  stone,  in  perfect  condition. 

'Ihorpe  Abbey  Viei.age.  The  houses  generally  of  this  village  are  built  of  magnesian 
limestone  from  the  vicinity  ; they  are  in  excellent  condition,  and  of  a very  pleasing 
colour. 

Thorpe  Sai.vin,  near  Worksop.  Manor-house  (15th  century),  in  ruins.  Of  a sillciferous 
magnesian  limestone  and  a sandstone,  in  unequal  condition  ; the  quoins  and  dressings 
are  generally  in  a perfect  state.  Parish  Church  (15th  century),  also  of  a sillciferous 
variety  of  magnesian  limestone  and  a .sandstone,  in  unequal  but  generally  fair  condi- 
tion. A Norman  doorway  under  the  porch  is  well  preserved. 

TtcKHiLL  Church,  York.shire,  (15th  century).  Of  magnesian  limestone,  in  excellent 
condition.  The  lower  part  of  the  tower  (of  the  12th  century)  also  in  fair  condition. 

York.  Ancient  Buildings  : Cathedral  (transepts,  13th  century  ; tower,  nave,  &c.,  14th 
century).  Of  magnesian  limestone,  from  Jackdaw  Craig.  We.st  end  and  towers 
restored  thirty  years  since  ; they  are  generally  in  fair  condition,  but  some  of  the 
enriched  gables  and  other  decorations  are  obliterated.  The  transepts  are  in  many 
places  much  decomposed,  especially  in  the  mouldings  and  enrichments.  The  central 
tower  is  generally  in  good  condition,  but  several  of  the  enriched  parts  are  decom- 
posed.  St.  Man/s  Ahbey  ( 1 2th  century),  of  magnesian  limestone.  West  front  of  the 
church  generally  much  decomposed  ; the  north  flank  in  better  condition,  but  in  parts 
much  decomposed.  'I'he  gateway,  which  is  of  Norman  origin,  is  in  fair  condition. 

^ Roman  Multanguhr  Tower.  Built  of  small  stones;  such  as  are  of  magnesian  lime- 

^ f:-  stone  are  in  good  condition.  St.  Denis's  Church.  Norman  doorwav.  of  magnesian 
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limestone;  south  side  highly  enriched  with  zig-zag  and  other  ornaments ; the  columns 
are  gone;  the  parts  which  remain  are  in  good  condition.  St.  Margaret's  Church  (15th 
century),  of  magnesian  limestone ; east  front  much  exposed,  and  in  good  condition. 

The  porch  is  of  Norman  date,  and  has  been  reconstructed  ; four  hands  of  enrichment  ! 

in  the  head,  in  tolerably  fair  condition,  but  many  stones,  particularly  those  of  a deep  ■ 

yellov\r  brown  colour,  are  much  decompo.sed.  The  other  churches  of  York  (which  are  | 

.;f  the  14th  and  15th  centuries)  are  built  of  magnesian  limestone,  and  are  generally  in  | 

an  extremely  decomposed  state  ; in  many  instances  all  architectural  detail  is  obliterated.  ! 

Modern  Buildings:  The  Museum,  of  Hackness  sand.stone,  built  nine  years  since, 

much  decomposed  wherever  it  is  subject  to  the  alternation  of  wet  and  dry,  as  at  the 
bottom  of  the  columns  of  the  portico,  plinth,  &c.  The  Castle  (recently  erected) ; 
the  plinth  of  the  boundary  wall  (wdiich  is  of  Bramleyfall  sandstone)  already  exhibits 
traces  of  decomposition.  York  Savings  Ba?ik.  Huddersfield  stone  (?),  in  good 
condition. 

\^ OiiKsor  Church  (iirincipally  of  the  1 .Sth  century),  of  a siliciferous  variety  of  magnesian  ^ 
limestone  and  of  a sandstone;  in  very  une(|ual  condition.  Some  parts  are  very  much 
decomposed,  whilst  others  are  in  a perfect  state. 


Tabi.e  of  the  Chemical  Analysis  of  Sixteen  Stfcimens  of  Stone. 


Sandstones. 

Magnesian  Lime- 
stones. 

Oolites. 

Limestones.  < 

Cragleith.  j 

Darley  Dale 
(Stancliffe). 

Heddon. 

Kenton.  | 

'^5 

cX 

"Z 

^ — 

Bol.s()ver. 

Huddlestone. 

fS 

o 

OS 

Hark  Nook. 

Ancaster. 

Bath  Box. 

1 Portland. 

Ketton. 

Bamack. 

S 

E 

0 

1 

Silica 

98-,’j 

1 

96-40  9.5-1 

93-1 

49  4 

3 6 

2-.53 

0-8 

0-0 

0-0 

0-0 

1 1-20 

0-0 

0-0 

10-4 

4-  . 

Carbonate  of  lime  - 

1 1 

0-3G 

0-8 

2 0 

126-5 

51-1 

:54-19  .57-5 

.55-7 

93  .59 

94-.52  95  16  92' 17 

93-4 

79-0 

79  ■ 

Do.  of  magnesia 

0-0 

0 0 

0-0 

0-0 

16-1 

40  2 

41-37  39-4 

41  6 

2 90 

2-.50 

1-20 

4 10 

3-8 

3-7 

5 

Iron  alumina 

0-6 

1-30 

2-3 

4-4 

3-2 

1-8 

0.30 

, 0-7 

0-4 

0-80 

1 20 

0-50 

! 0-90 

1-3 

2-0 

8- 

Water  and  loss 

0-0 

1-94 

18 

0-5 

4-8 

3-3 

1-61 

1 1-6 

2-3 

2-71 

1-78 

1-94 

2 83 

1-5 

4-2 

2- 

llitumen 

0-0 

0-0  1 

0-0 

0-0 

0-0 

0-0 

00 

0-0 

1 

0-0 

A trace. 

Do. 

j Do.  j Do. 

A trace. 

Do. 

D i 

Specific  Gravities. 

j Of  drj-  masses 

22.32 

I 2628 

2229 

2247 

2338 

2316 

2147 

! 2134 

21.38 

2182 

1 1839^ 

214.5! 

( 

20451 

2090 

2481 

22( 

()l  particles 

1 2(340 

1 2<j93| 

2643 

2625 

2756 

2833 

2867 

2840 

2847 

1 2687 

I 2675j  2702| 

l2706| 

2627 

2621 

Cohesive  Powers. 

1 

! ! 

56 

1 ™ 

1 

|.n| 

1 61  1 

55  I 

61  ! 

1 

I ^'1 

1 

36  1 

1 1 

101 1 

.5 

1666.  In  the  above  table  the  names  of  the  quarries  are  inserted  under  the  general  divi- 
sions of  the  ditlerent  species  of  stone,  and  the  .specimens  were  considered  as  fair  average 
samples  of  the  workable  stone  in  such  quarries.  'I'he  exjieriments  were  conducted  hy 
Messrs.  Daniel  and  Wheatstone.  As  a conclusion  to  the  report,  it  may  be  satisfactory  to 
name  the  actual  stones  used  in  the  con.struction  of  the  first  portions  (1840)  of  the  Houses 
of  Parliament.  The  foundation  was  laid  with  Penryn  granite,  ri.sing  to  the  level  of  tiie 
ground,  therefore  but  little  seen.  Ah  >ve  it  is  Fog-tor  granite  from  Dartmoor.  A small 
jiortion  only  of  the  superstructure,  to  the  top  of  the  basement  windows,  was  built  with 
Bolsover  Moor  stone  from  near  Chesterfield;  after  which  Anston  stone  was  used  for  the 
remainder  of  the  outside  works.  In  the  interior,  Painswick  and  Caen  stones  have  been 
employed;  St.  Stephen’s  crypt  is  of  Beer  stone.  It  has  been  asserted  that  had  Govern- 
irent  employed  a supervision  at  the  quarries  to  prevent  im})erfect  blocks  being  sent  iq) 
to  London,  the  present  uns  ghtly  appearance  of  many  parts  of  the  building  would  not 
iiave  resulted. 

1666a  In  par.  1500-1 ‘^02  is’  supplied  tables  of  the  crushing  weights  of  many  of  the 
stones  lierein  mentioned.  Hereto  is  added  a further  table  of  the  weights  of  a large  number 
of  building  stones,  taken  from  tlie  one  prepared  hy  the  late  C.  H.  Smith  for  R.  Hunt’s 
Mineral  Statistics  of  the  United  Kingdom,  ^c.  Part  II  for  1858,  ]mblished  1860;  it  was  also 
given  in  the  Transactions  of  tiie  Institute  of  British  Architects,  1859-60. 


Chap.  I!. 


STOXK. 


471 


Tapi. 7 of  tjse  Weights  op  Buitj^ing  Stones,  (jn  C<mTiNu ation ). 


N.une  of  Quarry, 

Post  Towns. 

‘A'pifjhf  per 
1 cnlitc  foot 
avrtinlui  ois. 

It). 

02. 

Ti.sbury  - 

- 

Ti.ibury,  Wi'ts 

- 

- 

- 

Ill 

O 

i‘'arleigli  Down  - - - 

- 

Bath,  Somer.set 

- 

- 

- 

1‘22 

10 

Ilox  Hill  - - - ~ 

- 

Chippenham,  Wilts 

- 

- 

- 

123 

0 

Bark  Quarry  - - - 

'rixall,  Stafford 

- 

- 

- 

124 

9 

- 

- 

Corbv,  Lincoln 

- 

- 

125 

11 

Diindry  Hill  - _ 

- 

Bristol,  Somerset 

- 

- 

- 

126 

2 

Steel  ley  (w  hite)  - - - 

- 

Worksop,  Not  s - 

- 

- 

- 

128 

.3 

Doulting,  Old  Down  - 

- 

Shepton  Mallet,  Somerset 

- 

- 

130 

4 

Morley  Moor  - - - 

- 

Derby  - 

- 

- 

- 

130 

8 

Steetley  (yellow)  - - - 

- 

VVorksop.  Notts  - 

- 

- 

- 

1.30 

9 

Dun  more  Stable  - - - 

- 

Falkirk,  Stirling  - 

- 

- 

1.32 

2 

Gosling’s  Portland  (bottotii  bid  ) 

- 

Weymouth,  Dorset 

- 

- 

- 

1.32 

5 

Castle’s  Portland  - - - 

- 

- 

- 

- 

1.33 

6 

.VI  oakery  - - - - 

- 

Corby,  Idncoln  - 

- 

- 

- 

133 

^ 1 

Hunger  Hill 

- 

Be'per,  Derby 

- 

- 

- 

1.35 

1.5 

Park  Nook  - 

- 

Doncaster.  York  - 

- 

- 

- 

137 

3 

Duke  of  Hamilton’s 

Linlithgow 

- 

- 

- 

137 

4 1 

Hildenley  - - - - 

- 

Malton.  York 

- 

- 

1.37 

10 

Hawksworth  Wood 

- 

Leeds,  York 

- 

. 

1.37 

14 

Duke  of  Hamilton’s 

- 

l..inlithgovv  - 

. 

- 

- 

138 

2 

lledgate  - * - - 

- 

Wolsingliam,  Durham 

- 

- 

- 

139 

9 

Meanwood  - - - - 

- 

Leeds,  York 

- 

- 

. 

1.39 

14 

Sculicap,  Portland 

- 

Weymouth  - 

. 

- 

- 

140 

1 

Stanley  - - - - 

- 

Bewdley,  Shropshiie 

- 

- 

- 

141 

7 

('atcraig  - - - - 

- 

Borrowstoness,  Linlithgow 

- 

- 

141 

11 

Craigleith  (bed  rock)  - 

- 

1 Edinburgh  - 

- 

- 

- 

141 

12 

Ham  Hill  - - - - 

- 

Yeovil,  Somerset  - 

. 

- 

- 

141 

12 

Hookstone  ---- 

- 

Flarrowgate,  York 

- 

- 

142 

10 

Westwood  - - - - 

- 

Le<  ds,  York 

- 

. 

_ 

H.3 

0 

Girtheuk  - - - - 

- 

Gla.sgow,  Lanark 

. 

- 

- 

H.3 

14 

Anston,  Norfall  Qiiany 

- 

South  Anston,  York 

- 

. 

. 

M4 

0 

„ Stone- Ends  Quarry  - 

- 

99  99 

- 

. 

_ 

144 

3 

Keaton  - - - 

- 

Newcastle-on- Tyne 

- 

- 

- 

H5 

1 

V’ictoria  - - - - 

- 

Leeds,  York 

- 

- 

. 

145 

.3 

Woodhouse  - - - - 

- 

Mansfield,  Notts  - 

- 

- 

- 

145 

12 

Gun  Barrel  - 

- 

Bewdley,  Shropshire 

_ 

- 

- 

H6 

0 

Mansfield  (white) - 

- 

Mansfield,  Notts  - 

- 

- 

- 

H6 

9 

Corby  - - - - - 

- 

Corby,  Lincoln  - 

- 

- 

H6 

11 

New  Leeds 

- 

Leeds,  York 

- 

. 

147 

8 

Warwick  - - - - 

- 

Huddersfield.  York 

_ 

- 

- 

148 

10 

Mansfield  (red)  - _ - 

- 

Mansfield,  Notts  - 

- 

- 

. 

148 

10 

Amygdaloid  _ - - 

- 

Credito.i,  Devon  - 

- 

- 

_ 

149 

9 

'I’alacre  _ - _ 

- 

Holywell,  Flint  - 

. 

- 

_ 

150 

4 

Chihnark  (Trough  bed) 

- 

Salisbury,  Wilts  - 

- 

. 

_ 

151 

6 

„ (Penney  bed) 

- 

9'*  99 

- 

- 

_ 

151 

9 

Hoyle  House  (dough) 

- 

Huddersfield,  York 

. 

. 

151 

7 

Longwood  Edge  - - - 

- 

99  99 

_ 

. 

_ 

163 

7 

Crossland  Hill 

- 

99  99 

_ 

_ 

155 

4 

Ketton  (Rag  bed) 

- 

Ketton,  Rutland  - 

. 

. 

- 

155 

10 

V'iney  Ilill  - - , - 

- 

Col  ford,  G1  ucester 

. 

. 

1.55 

1 1 

Chilniark  (hard  white  bed)  - 

- 

Sali.sbury,  Wilts  - 

. 

- 

_ 

157 

6 

Lociiee  ---- 

- 

Dundee,  Forfar  - 

- 

- 

. 

158 

1 1 

Audi  ray  - - - - 

- 

99  99 

- 

_ 

_ 

158 

H 

Lioch  ---- 

- 

99  99 

. 

_ 

_ 

1.59 

.3 

Knock  ley  - - - - 

- 

Colford,  Gloucester 

. 

. 

_ 

1.59 

5 

Dylais-  - - - 

- 

Swansea,  Glamorgan 

_ 

. 

166 

3 

Ke..tish  Rag  ... 

- 

Maidstone,  Kent  - 

_ 

166 

9 

Trebaunws  - - _ - 

- 

Swansea 

. 

168 

1 

Red  Jacket  - - - 

- 

99  " 

_ 

. 

168 

2 

(’enfas  - - - - 

. 

99  “ 

, 

170 

2 

Mumble  .... 

- 

99  • • 

- 

. 

- 

170 

7 
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166Cc  In  the  year  I 858,  the  present  e.Titor  contril)uted  to  the  (pp.  632-8) 

a li^t  of  the  Uuilding  Stones  used  externally  in  and  near  the  Metropolis^  u ith  the  nairi' s and 
dates  of  erection  of  the  buildings  in  which  they  had  l)een  use:'.  'I'his  li't  cannot  be  here 
inserted,  hut  tlie  following  are  among  the  stones  named: — Anston,  Auhigny,  B.ith, 
Bramley  F'all,  Brooinhill,  Cadeby.  Caen,  Craigleith,  Godstone,  Great  Barrington,  Hare- 
hill,  Kentish  rag,  Yorkshire  stone,  Ketton.  Portland  Prudholme  or  Prudham,  Reigaie, 
Roclie  Abbey.  Swanai^e  or  Ptnbeck,  and  Wnitby  (Egton  Quarries)  stones  besides 
Granite,  and  Flint.  'I'lie  paper  by  E.  J.  Tarver,  on  The  Architeeture  of  London  Streets, 
read  May  10,  1887,  at  tlie  Society  of  Arts,  is  also  applicable. 

1666a.  'J'he  North  Anston  stone  of  Yorkshire,  not  mentioned  in  the  jtreceding  Report, 
belongs  to  the  magnesian  limestone  formation,  and  is  of  a yellowish  brown  colour.  As  » x- 
amples  of  its  use  we  point  to  the  Museum  of  Practical  Geology  in  Jermyn  Street,  Pall  Mall, 
in  the  fa9adtsof  which  the  e is  scarcely  a bad  stone  to  be  seen.  'Ibis  well  conceived  struc- 
ture was  erected  from  the  design  of  James  Pennethorne  during  the  years  1837  to  1848. 

At  the  New  Hall  and  Library,  Lincoln’s  Lm,  designed  1843-45  by  P,  Hardwick,  R.A., 
tiiis  stone  is  in  a lamentable  state  of  decay,  occasioned  (as  is  rejiorted  in  the  discussion 
0-1  G.  11.  Burnell’s  paper,  On  Ruildniy  Stones,  ^c.,  read  at  the  Society  of  Arts  in  186*0),  l>y 
the  use  of  two  particular  beds,  the  blocks  of  whicli  were  in  a state  of  decay  be'bre  they  lc‘t 
tlie  quarry,  and  supposed  to  have  been  selected  by  the  builder  as  yielding  him  the  best 
profit.  The  labour  upon  Anston  stone  is  intermediate  between  Yorkshire  and  Portland 
stones;  it  can  be  obtained  of  any  required  dimensions.  The  office  of  the  Amicable  Life 
.'Vssurance  Company,  in  Fleet  Street,  was  erected  1843,  with  the  Mansfield  Woodhouse  or 
Bolsover  stone,  in  the  facade  of  which  there  is  scarcely  any  trace  of  decay. 

1666e.  From  the  Mansfield  quarries  are  now  sent  up  tlie  red  Mansfield  stone,  the  white 
Mansfield  stone,  and  the  yellow  magnesian  or  Bolsover  limestone  The  former  is  much 
introduced  for  colonnettes,  short  shafts,  and  bands  in  coloured  coursed  ashlar  work.  For 
similar  decorative  work,  the  following  stones  have  been  used  (1865)  at  the  new  offices  of 
tlie  Crown  Assurance  Company  in  Fleet  Street;  namely,  Portland  stone  in  tl.-e  piers  and 
cajis  ; Forest  of  Dean,  red  Mansfield,  and  blue  Warwick,  in  other  portions  of  the  front  ; 
and  Sicilian  marble  over  the  arches. 

I666f  In  consequence  of  the  reintroduction  of  Portland  stone  of  late  years,  we  would  refer, 
in  addition  to  what  has  been  stated  on  p.  467,  as  to  the  rpianies  of  Portland  stone,  to  the 
article  Lithology,  written  by  the  late  C.  II.  Smith,  and  published  in  the  Tramaclions  of 
the  Institute  of  British  Architects,  1842.  Also  to  a report,  published  in  the  Builder  of 
1863,  p.  859,  by  F.  A.  Abel,  being  the  result  of  his  examination  into  the  comparative 
tjualities  and  fiiness  for  building  purposes,  of  samples  of  stone  froiu  different  rjuarries, 
and  made  under  the  direction  of  the  Inspector  General  of  Fortifications. 

1666^.  'J'hese  results  “show  that  all  the  superior  descriptions  of  ‘ whit  bed  ’ stone 
combine  strength  and  compactness  in  a considerably  higher  degree  than  the  varieties  of 
• base-bed’  stone.  Some  kinds  of  the  ‘ whit-bed  ’ stone,  however  (i.e.  those  from  the  New 
Maggot  and  Inmosthay  (]uarries),  though  ranking  with  the  best  as  regards  strength,  ex- 
hibit a greater  degree  of  jioros  ty.  Again,  otlu  r ‘ whit-bed  ’ stones  (from  Old  Maggot, 
Waycroft,  and  Independent  quarries)  exhibit  but  little  superiority,  in  point  either  of 
strength  or  compactness,  over  the  generality  of  the  ‘ base-bed  ’ stones,  and  are,  indeed, 
inferior  to  the  best  ‘ base-bed  ’ variety.” 

1666A.  “The  ‘base-bed’  stones  are,  undouiitedly,  more  generally  uniform  in  structure 
than  those  of  the  ‘ whit-bed;  ’ this  being  mainly  due  to  the  comparative  freedom  of  the 
former  from  distinct  petrifactions.  'J'hough  such  petrifactions  were  shown,  by  the  results 
ol  experiments,  to  imiiart,  in  many  instances,  great  additional  strength  to  the  stone,  they 
fictjuently  give  ri.se  by  their  existence  to  cavities  sometimes  of  considerable  size,  which 
not  only  serve  to  weaken  those  iiartlcular  portions  of  the  .stone,  but  may  also,  if  they  exi.st 
in  jiroximity  to  exposed  surfaces  of  a block  of  stone,  promo'e  its  partial  disintegration  by 
the  action  of  frost.  Greater  care  is,  therefore,  unquestionahly  required  in  the  selection 
of  ‘ whit-bed  ’ stone  than  need  be  employed  in  the  case  of  all  the  better  varieties  of  ‘base- 
bed  ’stone.”  'J'he  results  of  my  experiments  lead  me  to  the  following  conclusions  rcgaiding 
the  comparative  merits  of  the  various  descriptions  of  Portland  stone  in  question,  for^ 
building  jmrposes: — ^ 

“ For  External  work,  in  the  order  of  their  merit : — I Stone  from  War  UcjiartmentSli 
quarry,  Vern  Hill;  and  whit  bed’  stone.  Admiralty  quarry. 

1 1.  ‘ Whit  bed  ’ stone.  New  Maggot  quarry  ; ‘ base  bed  ’ stone.  Admiralty  quarry  (this 
may  be  considered  quite  equal  in  quality  to  ‘whit-bed  ’ stone);  a..d  ‘whit-bed’  stone,  In- 
mosthay (|uarry  (particularly  adapted  from  its  texture  and  uniformity  for  ornamental  work  ).» 

1 I I.  ‘ Whit-bed’  stone.  Old  Maggot  quarry  ; a marked  LI  ; and  b marked  IT  and  1 Fl.'i 
'J’he  ‘roach  * stone,  from  War  De|)artment  (piarry,  is  an  invaluable  stone  for  external  work 
'ui  localities  where  any  considerable  strength  and  power  of  resisting  mechanical  wear  are 
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requiieJ,  as  in  connection  with  those  portions  of  Mork  wliich  may  become  exposed  to  the 
co.itinual  abrasive  action  of  water.  The  rough  ‘ whit-bed  ’ stone  from  Admiralty  quarjy,  is 
also  a highly  valuable  stone  for  work  of  a similar  kind,  where  great  strength  is  required,  and 
particularly  where  the  numerous  irregularities  in  the  ‘ roach  ’ stone  may  be  ol  jectionablo. 

For  Internal  work,  the  following  rank  hi^hest,  on  accountof  uiiitormity  and  comparative 
strength: — ‘ hase-bed  ‘ stone.  Old  Maggot  quarry,  IT  ; ‘whit~hed’  stone,  Indepeiulent 
quarry;  ‘base-bed’  stone,  AVaycroft  quarry;  and  ‘base-bed’  stone.  New  Maggot 
quarry.  The  following  are  inferior  to  those  ju^t  named,  both  in  texture  and  uniformity  : — 
‘AVliit-bed’  stone,  AVaycroft  quarry;  ‘ base- bed  ’ stone.  Old  Maggot  quariy,  IE;  and 
‘ base-bed  ’ stone,  Inmosthay  quarry.  The  ‘ base-bed  ’ stone,  from  Old  Maggot  quarry, 
marked  LI,  and  that  from  Independent  quarry,  are  of  low  quality,  as  compared  with  the 
remainder ; and  no  reliance  can  be  placed  on  the  durability  of  the  ‘ roach  ’ stone  from 
Independent  quariy,  judging  from  the  specimens  received.” 

166b/.  Hopton  IFbofl/ sfowc  is  obtained  from  quanies  situated  near  Middleton  and  AA’^irks- 
wortb,  in  Derbyshire, in  the  mountain  limestone  districts  of  that  part  of  the  country.  An 
analysis  of  it  gives: — lime  o5‘09,  magnesia  T7,  carbonic  acid  4 f '30,  water  '16,  organic 
iiiiitter  'Oo,  siliceous  matter  insoluble  in  acids  T5,  oxide  of  iron  TO,  alumina  a ti’ace,  and 
silica  soluble  in  acids  a minute  trace  = 100  02,  It  is  well  adapted  for  paving  purpose.^, 
owing  to  the  closeness  and  evenness  of  the  grain  ; these  properties  give  this  stone  its 
principal  recommendation  ; its  durability  does  not  depend,  apparently,  upon  any  necessity 
fur  placing  it  on  its  quarry  bed.  The  late  Mr.  C.  H.  Smith  lias  stated  in  the  Builder, 
!864,  p.  912,  that  “these  extensive  quarries  have  been  worked  from  time  immemorial ; the 
material  is  decidedly  marble,  for  it  is  fine  grained,  compact  in  texture,  and  quite  hard 
enough  to  take  a brilliant  polish.  The  colour  is  a pale  bruwmish  white,  ceitainly  as  white 
as  Sicilian  marble,  which  approaches  to  a bluish  grey.  It  is  much  heav  er  than  Portland 
stoue,  but  lighter  than  Carrara  marble.  Blocks  of  very  large  dimensions  may  be  obtained 
free  from  serious  defects  ; and  as  it  is  an  aqueous  formation,  hard,  and  well  crystallised, 
there  is  no  doubt  of  it  standing  weather  extremely  well.  Both  material  and  workmanship 
are  less  than  those  of  Sicilian  marble.  A quantity  of  it  was  laid  down  about  the  year 
1854,  for  foot-pavements,  close  to  the  Parliament  Houses  in  Old  Palace-yard,  and  part 
of  Abingdon  Street ; and,  though  in  constant  use,  no  symptoms  of  decay,  or  of  the  sur- 
face wearing  away,  are  perceptible.” 

1666/.  Bath  stone  (noticed  p.  460)  is  an  oolite,  obtained  from  several  quarries  in  the 
neighbourhood  of  the  city  of  Bath,  in  Somersetshire.  Its  colour,  a light  cream,  is  more 
Hureeable  than  the  cold  tone  of  Portland  stone;  its  texture  is  similar,  but  as  it  is  softer 
and  more  absorbent,  precautions  must  be  observed  in  the  manner  of  using  it,  and  to 
prevent  its  rap  d decay.  It  may  be  sawn  dry.  Much  depends  on  the  bedding  of  the 
stone  in  the  works.  The  Corsham  Down  stone  is  usually  free  from  the  bars  and  vents 
which  are  found  in  the  Combe  Down  stone;  ir,  is  a sound  stone,  blocks  being  obtained  of 
any  movable  dimensions  ; the  beds  vary  from  1 foot  to  4 feet  in  thickness.  It  is  finer  in 
icxture  and  more  regular  in  quality  than  any  other  description  of  Bath  stone,  and  is  well 
adapted  both  fa*  external  and  internal  purposes,  except  plinths.  Below  the  beds  of  good 
stone  are  two  beds  of  a harder  quality,  called  Corn  Grit,  which  cannot  well  be  used  fur 
any  purpose  on  which  labour  is  required.  It  does  well  for  steps  and  landings.  One  of 
these  beds  runs  2 feet  9 inches  deep;  the  other  about  4 feet  6 inches.  The  blocks 
average  24  feet  cube.  Combe  Down  s’one,  when  well  selected,  is  considered  to  1 e an  excel- 
lent weather  stone,  for  use  in  plinths,  copings,  and  other  work  ; but  the  blocks  have  bars 
and  vents,  which  are  defects  The  beds  A'ary  from  10  inches  to  4 feet  6 inches  in  thick- 
ness, and  are  occasionally  found  up  to  6 feet ; in  length  from  5 to  6 feet ; wi  h an 
average  size  of  block  ot  about  15  feet  cube.  Box  Ground  stone  is  coarse  in  texture,  but 
sound  in  quality,  and  a good  weath^^r  stone:  harder  than  Combe  Down  stone,  and  with 
less  vents.  The  beds  vary  from  1 to  4 feet  in  thickne-s,  with  blocks  of  average  size  of 
20  cubic  feet.  Farleiyh  Down  stone  is  at  S'  liie  distance.  ’Ihe  upper  or  white  beds  vary 
in  thickness  trom  10  inches  to  2 Let  6 inches.  The  lower  or  reddish  beds  are  coarser  in 
texture,  but  are  supposed  to  stand  'he  weather  better  than  the  upper  beds,  which  are  more 
suitable  for  internal  purposes.  The  average  size  oi  block  is  14  feet. 

1666/c.  The  Monk’s  Park  quarry  stone  is  stated  tobedurable  and  reliable,  with  uniformity 
of  colour  and  evenness  of  texture.  Bath  stone,  on  the  whole,  is  one  of  the  most  fragile 
of  freestones,  for  when  first  quarried  it  is  as  soft  as  cheese,  and  although  it  hardens  in 
the  open  air  to  some  extent,  yet  it  soon  disintegrates,  as  it  consists  onlv  of  minute 
globules  cemented  together  by  yellowish  earthy  calcareous  matter,  and  contains  a consider- 
able portion  of  broken  shells.  It  has  been  said  that  for  outside  work  the  stone  from 
Murhill  Down  quariy  and  the  weather  bed  of  the  Combe  Down  quarry  ar^  the  only 
two  stones  that  will  really  stand  the  weather.  This  material  has  been  well  described  by 
writers  in  the  Builder  for  the  years  1845  and  1860,  and  the  detailed  mode  of  working  at 
the  quarries  in  1862,  p.  613.  The  weight  o*f  Bath  stone  is  about  123  lbs.  per  cube  foot, 
ai.d  the  crushing  weight  about  1800  to  2000  lbs.  per  inch  superficial.  In  an  experiment 
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in  1864,  a 3-inch  cube  of  Box  Bath  stone  crushes!  with  8 tons  7 cwfs  0 qr.  16  lbs., 
while  the  same  of  Corsham  Bath  stone  crushed  witli  11  tons  11  cwts.  1 qr.  20  lbs.  A 
1 .|-inch  cube  Box  Ground  crushed  with  1 ton  3 cwts.  3 q>*s.  12  lbs.,  and  another  of  Corsham 
with  1 ton  10  cwts.  2qrs.  4 lbs.  In  some  other  experiments  Box  Ground  stone  was  first 
fractured  at  an  average  of  46  tons  5 cwts.  2 qrs.  22  lbs.  am'  cru."hed  at  54  tons; 
while  Corsham  was  fractured  at  73  tons  14  cwts.  1 qr.  4 lbs.,  and  crushed  at 
83  tons  2 cwts.  3 qrs.  12  lbs. 

1666/.  The  Bath  Boynton  quarries  supplied  the  stone  for  Queen  Square,  at  Bath ; it  is 
the  coarsest,  hardest,  and  most  expensive  and  most  durable  variety.  The  Combe  Boim 
stone  from  the  Bath  Lodge  Hill  quarries  is  softer  and  finer  grained,  is  said  to  have  been 
used  between  1808  and  1822  in  the  restoration  of  King  Henry  VII. ’s  chapel  at  West- 
minster; while  Farlcigh  Down  stone  from  the  Monckton  Farleigh  quarries  is  said  to 
have  been  used  from  1821  to  1840  on  the  north  side  of  Westminster  Abbey,  since  renewed. 

1666^2.  Messrs.  Pictor  and  8ons,  Messrs.  Randell,  Saunders  & Co.,  Mr.  Isaac  Sumsion, 
the  Corsbam  Bath  Stone  Co.,  Messrs.  R.  J.  Marsh  & Co.,  Mr.  S.  R.  Noble,  and  Messrs. 
Stones  Brothers,  have  amalgamated  the  several  Bnth  stone  businesses  into  one,  under  the 
style  of  “The  Bath  S'one  Firms,  Limited,”  vith  the  office  at  Bath.  A vast  quantity  of 
Bath  stone  of  the  best  quality  is  thrown  away  at  the  quarries  because  the  pieces  are 
not  of  sufficient  size  to  make  useful  blocks.  These  would  yield  a large  and  reliable  supply 
for  ashlar,  quoins,  &c.,  to  serve  as  inside  linings  to  walls  with  advantage,  as  mm- 
cracking  and  non-peeling,  absence  of  water  trickling  down  the  wall,  uniform  and  mellow 
tint,  and  far  better  appearance  than  cement  or  plaster. 

1666??,  Ancaster  stone  from  qiiarries  near  Grantham  has  been  used  locally  for  upwards  of 
five  hundred  years.  It  is  an  oolite  (p.  459),  a good-looking  stone,  easily  worked,  and,  though 
soft  when  first  quarried,  becomes  hard  with  exposure,  and  is  very  durable.  Wollaton  Hall  in 
Nottinghamshire,  and  most  of  the  ancient  churches  in  Lincolnshire,  are  built  of  this  stone. 

1666o.  Hollington  stone,  a sandstone  from  near  Ashbourne,  m Staffordshire  (p.  455),  or 
Rocester,  near  Uttoseter.  The  three  qualities  are — fine,  medium,  and  very  coarse. 

1666/).  Little  Casterton  stone,  an  oolite,  from  quarries  near  Stamford,  Lincoln.shire,  is 
now  us“d  in  lieu  of  the  Barnack  stone  formerly  obtained  from  quarries  in  Northamptonshire, 
long  since  abandoned.  It  is  said  to  be  of  a compact  character,  to  stand  all  weather,  and  to 
have  been  used  in  waterworks.  It  works  freely  with  the  saw.  It  is  about  4 feet  thick 
in  the  bed,  and  can  be  raised  in  blocks  of  large  size  ; in  ashlar  w'ork  it  is  not  essential  that 
it  should  be  placed  on  its  quarry  bed.  The  colour  is  of  a lightish  brown,  resembling 
Ketton  and  Bath  stones. 

1666/.  Tishury,  in  Wiltshire.  The  quarry  gives  a calciferous  sandstone,  close  and  fine 
grained,  of  a light  greenish-brown  colour ; a good  weather  stone  when  placed  on  its  bed  ; 
easily  worked  with  the  saw,  or  with  sand  and  water,  when  in  block,  and  carries  a fine 
arris.  The  Chilmark  and  the  Wardour  quarries  ah«o  give  stones  of  the  same  qualities. 
Their  chemical  composition,  specific  gravity,  and  resistance  to  strains,  are  the  same  as 
those  of  Portland  stone,  in  which  they  are  placed  geologically,  but  they  have  more  grit. 
The  Chilmark  stone,  a siliciferous  limestone  of  the  same  colour,  was  used  for  Salisbury 
Cathedral,  1220-58  (p.  467).  It  is  very  non-absorbent,  and  weighs  153  lbs.  7 oz.  These- 
stones  have  been  used  from  1864  in  the  restorations  at  Westminster  Abbey.  The  houses 
at  Tisbury,  built  generally  of  Tisbury  stone,  are  in  very  good  condition,  the  whole  covered 
with  lichens.  The  Chilmark  stone  does  not  absorb  one  thirty-sixth  of  its  bulk,  while  a 
specimen  of  Cadeby  stone  absorbed  one  quarter.  The  latter  absorbed  519  8 grains, 
the  former  only  57‘5  grains.  This  table  shews  its  chemical  analysis  : 
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Magnesian  Limestone 

— 
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0-4 
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1666r.  The  “ troush  ” or  “hard  ” bed  is  of  a close,  even  texture,  of  yellowish-brown 
colour,  weighing  143  lbs.  to  the  foot  cube  in  its  ordinary  state.  It  will  bear  a tensile 
strain  of  500  lbs.  per  square  inch,  and  a crushing  weight  of  196  tons  per  foot  super, 
d'he  average  bed  is  3 feet,  and  it  can  be  obtained  of  any  reasonable  length  and  breadth  ; the 
random  rubble  blocks  average  16  cubic  feet.  The  “ Scott”  or  “ Brown  ” bed  is  of  a warmer 
colour,  weighs  135  lbs.  per  foot  cube,  bears  a tensile  strain  o^  206  lbs.  per  square  inch, 
and  a crushing  weight  of  104  tons  per  foot  super.  The  average  thickness  of  the  bed 
is  3 feet  6 inches  to  4 feet.  The  random  rubble  blocks  average  16  cubic  feet.  This  bed 
is  principally  used  for  ashlar,  mouldings,  carving,  balustrades,  plinths,  cornices,  coping. 
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&c.  The  “ General  bed  ” of  the  Garden  quarry  supplies  a stone  of  a rich  yellow  tint  and 
tine  texture,  applicable  to  the  most  elaborate  designs,  equal  to  Caen,  and  superior  to  it 
in  colour  and  durability.  It  will  b«ar  a tensile  strain  of  355  lbs.  to  the  square  inch,  and 
a crushing  weight  of  I ’OO  tons  per  foot  super.  Thickness  of  bed  from  4 to  5 feet. 

1666s.  Ketion  stone  is  an  oolite,  from  quarries  in  Kutlandshire  (p.  460).  It  is  very 
similar  to  Barnack  stone  in  colour,  being  a warm  cream  tint,  but  is  harder  and  more 
difficult  to  work  ; from  some  cause  at  the  quarry  it  is  more  expensive.  It  bears  a much 
greater  cru.shing  weight. 

1666;!.  Eohin  Hood,  Park  Spring,  Potter  Newton,  Bretton,  and  Hare  Hill  are  among  the 
Yorkshire  stones  now  much  used  in  sawn  landings  and  slabs,  and  steps.  Potter  Newton 
and  Hare  Hill  in  blocks,  with  Portland  and  Bramley  Fall. 

1666i«.  Endon  stone,  from  near  Macclesfield,  is  put  forward  as  the  best  of  its  class, 
and  as  having  been  quarried  for  nearly  one  hundred  years.  It  is  of  a hard  and  fine 
texture,  almost  non-absorbent,  l>right  in  colour,  and  of  great  durability;  it  is  sawn  out  of  the 
solid  rock,  not  being  a laminated  flag  rock.  It  is  used  for  bases,  steps,  hearths,  landings, 
thresholds,  «&c.,  wall  courses,  tombs,  kerbs,  setts  and  channel  stone,  and  other  purposes. 

'.'j  1666c.  Corncockle  quarry,  one  of  the  oldest  of  the  new  red  sandstone  quarries  in  the 
'^south-west  of  Scotland,  is  situated  about  three  miles  from  Nethercleugh  station,  on  the 
Caledonian  railway.  It  is  obtained  in  any  sized  blocks  up  to  10  tons.  The  colour  is  a 
light  red,  and  very  uniform  ; slight  black  streaks  occur  here  and  there,  which  are  a form 
ot  mica,  l)ut  they  disappear  entirely  after  twelve  to  fourteen  months’  exposure.  The  beds 
are  from  1 to  3 feet  thick,  with  an  occas'onal  one  up  to  4 feet  6 inches.  The  stone  is 
considered  locally  to  be  the  most  durable  of  all  the  Dumfries  red  sandstones,  and  to  keep 
its  colour  best.  It  contains  a very  high  percentage  of  silica,  and  stands  frost  well,  as  also 
the  sea  air,  and  is  a free-working  although  a strong  stone.  Its  crushing  strain  is 
2‘38  tons  per  square  inch,  applied  < n a block  of  inch  cube. 

1666m\  Prudham  quarry  is  situated  near  the  Fourstones  station,  on  the  Newcastle  and 
Carlisle  railway.  The  stone  is  of  a light  creamy-brown  colour,  very  strong  and  durable, 
and  the  crushing  strain  is  2'834  tons  per  square  inch.  It  is  well  kiuwn  in  the  north  of 
England  and  south  of  Scotland.  It  was  used  in  the  central  station,  post-office,  and 
other  buildings  at  Newcastle ; the  town-hall  and  corn-market  at  Hexham,  and  in  other 
towns;  also  in  London,  at  the  Army  and  Navy  Hotel;  St.  James’s  Eesidential  Chambers, 
Duke  Street,  Piccadilly;  and  at  Winchester  House,  Old  Broad  Street  (1886). 

]666x.  Scotgate  Ash  s^one,  aho  called  Pateley  Bridge  stone,  near  Leeds,  is  a sandstone 
cf  the  millstone  grit  series.  The  quarries  afford  every  class  of  Yorkshire  stone,  so  that 
it  is  stated  a building  of  any  size  can  be  supplied  entire,  without  going  to  several  quarries 
for  the  stones  required.  Landings  up  to  130  feet  superficial,  suitable  for  hard  wear;  one 
(in  1876),  being  17  feet  6 inches  long  by  7 feet  wide,  was  supplied  for  a floor  and  ceiling  in 
a London  bank.  The  crushing  weight  is  over  700  tons  per  super,  foot.  It  resists  the 
strongest  acids.  The  stone  is  similar  to  Elland  Edge,  Idle  Moor,  Park  Spring,  and 
others.  It  was  used  at  Fountains  Abbey. 

1666y.  The  Spwkwcll  and  Cliff’  Wood  quarries  are  situated  at  Bradford,  and  are 
now  considered  to  be  among  the  best  of  the  Yorkshire  quarries.  These  stones  have  been 
largely  used  in  London  and  throughout  the  kingdom,  as  at  the  town-halls  at  Manchester 
in  1868,  at  Bradford  in  1870,  at  Wakefield,  1877,  &c.  The  crushing  weight  is  7,647  lbs. 
per  cubic  inch,  as  tested  by  Sir  W.  Fairbairn;  Aberdeen  granite  being  7,770  lbs.; 
Portland  stone  being  on  bed  2,600  lbs.  It  contains  88  5 per  cent,  of  pure  silex. 

1666^^.  There  are  several  red-coloured  stones  now  in  use  in  London  and  elsewhere. 
Tl he  lied  CorsrAiYZ  stone  is  obtained  from  quarries  near  Annan,  Dumfriesshire.  It  is  a 
fine  grained  micaceous  sandstone  from  the  low'er  new  red  sandstone.  It  is  of  a rich  rtd 
colour,  even  texture,  and  of  great  durability  ; some  beds  are  a bright  pink.  Its  crushing 
weight  is  509  tons  ; that  of  Bramley  Fall  265  tons.  It  was  used  for  the  Hand-in-Hand 
Insurance  Office  in  1873.  The  red  Dumfries  stone  differs  from  it.  The  edihees  in  that 
town  are  built  of  stone  from  Craig,  which  is  of  moderate  hardness  and  durability  ; 
and  also  from  Locharbriggs.  Shawk  stone  is  frum  quarries  in  Cumberland.  It  is  red  in 
colour  and  a fairly  good  s'one,  very  similar  in  quality  ai  d texture  to  red  Corsehill,  but 
runs  in  very  much  smaller  sized  blocks,  and  in  much  thinner  lifts.  All  up  the  valley, 
there  is  a very  large  quantity  of  stone  covered  with  a great  depth  of  debris,  which  is 
stone  of  a coarser  texture.  It  is  loaded  at  Cwithvvaite  station,  on  the  Maryport  and 
Carlisle  line.  It  has  been  used  at  the  stores  in  the  Haymarket.  It  is  supposed  to  dry 
red,  and  not  whiten  on  the  surface  as  do  some  red  stores.  The  red  Mansfield  stone  (par. 
1666e.)  has  blocks  w-bich  vary  in  beds  from  1 to  7 feet  thick,  and  has  landings  of  very 
large  dimensions.  The  de^p  bed,  selected  quality,  is  esteemed  for  durability,  fineness  of 
grain,  and  splendid  co'our. 

1666(7n.  The  Minera  stone,  from  Berwdg  quarries.  Minera,  near  Wiexham.  They 
are  situated  at  some  distance  from  the  outcrop  of  the  Wrexham  coal  field,  close  adjoining 
the  carboniferous  limestone.  The  stone  differs  in  character  very  materially  from  the 
whol.e  of  the  sandstones  found  in  the  Wrexham  and  Ruabon  coalfields,  being  much  more 
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durable.  It  nearly  resembles  the  Darley  Dale  stone  in  colour  and  appearance,  and  ia 
considered  by  many  judges  superior  in  every  respect. 

Analysis  of  this  freestone,  by  H.  K.  Bamber,  F.C.S.  : 
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The  beds  run  from  1 to  o feet  in  thickness,  and  blocks  of  any  size  can  be  supplied. 
1 he  stone  costs  considerably  less  to  work  than  the  best  of  the  Yorkshire  stones.  It  is 
ii.iu-h  less  absorbent  than  any  other  stone,  and  is  not  affected  by  atmospheric  changes, 
by  damp,  smoke,  or  chemical  gases.  It  is  very  strong,  and  capable  of  sustaining  a 
greater  crushing  strain  than  most  other  stones.  It  was  used  largely  at  the  Municipal 
Offices  at  Liverpool,  by  Mr,  T.  II,  Wyatt,  as  well  as  at  Owens  College  at  Manchester,  by 
Mr.  Alfred  Waterhouse,  R.A.  ; also  tlie  Nati  nal  Safe  Deposit  Company’s  premises  in 
London,  by  Mr.  James  Whichcord,  who  irr  1876  wrote:  “After  seeing  and  testing  various 
samples  of  sandstones,  I decided  upon  adopting  the  Minera  stone  for  its  fire-resisting 
qualities;  a block  of  it  about  6 ins.  cube  was  put  into  the  middle  of  a furnace,  whtre  it 
remained  for  about  an  hour  and  a half.  It  was  then  taken  out  quite  perfect,  and  on 
being  plunged  into  cold  water  it  neither  cracked  nor  calcined  in  the  least  degree.  Its 
cost  in  London  was  about  the  same  as  Portland  stone,  and  it  was  quite  as  hard  to  work. 
The  coai'seness  of  the  grain  rendered  it  unsuited  for  smrdl  mouldings  or  delicate  carving, 
but  as  solidity  and  boldness  were  required  in  this  particular  de.-ign,  no  difficulty  was 
found  in  adapting  the  detail  to  this  condition.”  Tlie  weight  is  about  138  to  143  lbs.  per 
cubic  foot.  The  Moss  and  Cefn  quarries  afford  a softer  variety  of  the  same  stone 

166666.  The  Mountain  limestone  is  highly  absorbent,  but,  according  to  Mr.  E.  Clark’s 
experiments  for  the  Britannia  Bridge,  it  is  of  the  extreme  density  of  13|^  cubic  feet  to 
the  ton,  as  great  as  the  average  density  of  granite.  It  resisted  a crushing  weight  of 
7,576  lbs.  per  super,  inch,  whilst  granite  resists  about  8,000  lbs.  As  lincels,  it  has  been 
used  in  stones  24  feet  long,  10  feet  wdde,  and  4 feet  tliick,  which  must  have  been  per- 
fectly homogeneous  in  character  or  they  would  not  have  borne  the  shocks  they  were 
exposed  to  in  the  workshops,  or  have  carried  the  weight  that  was  brought  upon  them. 
This  stone  yields  with  great  ease  to  the  plate  saw,  as  it  is  composed  of  a pure  carbonate 
of  lime,  is  sub-crystalline,  and  without  planes  of  bedding  ; granite  cannot  be  sawn  by 
the  ordinary  methods.  There  are  several  localities  where  the  mountain  limestone  occurs 
in  great  abundance,  and  where  the  experience  of  centuries  as  to  its  powers  of  resistance 
to  the  atmosphere,  or  to  tidal  action,  can  be  brought  forward.  It  is  met  with  in  great 
masses  in  the  hills  that  constitute  the  low'er  counties  of  England  and  Scotland  ; it  forms 
the  range  of  the  Derby  hills,  the  Mendip,  the  hills  round  Plymouth,  those  of  the  Great 
Orme’s  Head,  the  mainland  of  Anglesea,  the  outcrop  of  the  carbonTerous  series  of 
Ruabon,  and  many  oth^r  places  in  England.  In  Ireland  this  formation  is  largely 
worked,  as  at  the  Sheephouse  quarries,  Drogheda,  by  A.  and  N.  Hammond.  In  Belgium 
it  is  universally  used  in  all  cases  where  it  is  desired  to  unite  strength  with  durability,  as 
in  docks,  river  and  canal  works.  The  price  of  laliour  upon  this  material  must  be  at 
least  half  us  much  as  that  on  granite.  The  late  Mr.  Burnell,  in  Practical  Mechanics' 
1865,  notices  that  it  was  excluded  from  the  Thames  Embankment  works,  because 
it  was  considered  objectionable  on  account  of  its  being  worked  by  the  saw  with  sand  ; 
because  it  was  feared  that  the  planes  of  bedding  would  be  distinctly  marked,  and  would 
easily  yield  under  the  influence  of  the  weather;  and  on  account  of  the  action  of  the  acids 
present  in  Thames  water. 

1666cc.  AVe  do  not  purpose  to  enter  into  a description  of  quarrying  stone;  but  would 
refer  to  the  useful  treitise  by  Burgoyne,  published  among  Wea'e's  Elementary  Treatises. 

I6f6ic?.  The  Kentish  ragstone  is  a limestone  with  a very  small  proportion  of  earthy 
matters,  frequently  subcrystall  ne,  but  ordinarily  of  a confused  texture.  AVhen  well  chrsen 
it  is  very  hard  and  dense,  and  the  labour  upon  it  so  expensive  that  it  is  ver}^  rarely  used 
for  anything  but  rubble  masonry  in  districts  remote  Irom  the  quarries.  The  custom  has 
been,  therefore,  to  execute  all  the  moulded  or  carved  portions  of  the  buildings  in  Caen  or 
Bath  stones,  and  even  to  carry  up  the  quoins  and  jambs  in  those  materials,  whilst  the  iu- 
terv'ening  spaces,  or  the  wall,  are  filled  in  with  the  rag.  The  colour  varies  from  a lightish 
green  to  a deep  blue,  and  although  the  colour  of  the  two  materials  is  at  first  very  different, 
a few  years’  exposure  causes  them  to  harmonise  in  tint. 

1666ce.  The  district  in  which  ragstone  is  quarried  extends  about  thirty  miles  east  and 
west  through  the  central  part  of  Kent,  and  averages  from  four  to  ten  miles  in  breadth, 
comprising  the  towns  of  Sevenoaks.  Maidstone,  Lenham,  &c.  Reigate  or  firestone,  and 
Tunbridge  sandstone,  are  also  afforded  by  the  same  formation,  greensand.  The  ragstone 
is  found  in  beds  varying  from  six  inches  to  three  feet  in  thickness,  alteimated  with  fine 
sand  known  as  Hassock,  which  in  some  beds  becomes  so  consolidated  as  to  form  an  occasional 
useful  auxiliary  to  the  ragstone,  in  buildings.  The  quality  of  the  rag  differs  vciy  greatly, 
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according  to  the  place  in  which  it  is  quarried  ; some  quarries  only  yielding  stone  of  a hnrd 
flinty  nature,  almost  unfit  for  building,  while  the  stone  obtained  from  otlu-rs  is  almost  as 
free  working  as  Portland  stone.  The  finest  qualities  are  at  present  obtained  from  quarries 
.situated  at  Poughton,  near  Maidstone,  where  they  have  been  worked  for  sereral  centuries. 

A section  of  them  is  given  by  J.  Whichcord,  in  his  pamphlet  on  the  subject,  published 
in  1816  ; wherein  also  are  given  the  local  names  of  the  various  beds. 

lG66/i  Flint  work.  This  material,  as  used  for  a description  of  rubble  work,  was  formerly 
much  employed  in  the  counties  of  Cambridge,  N'  rfolk,  Suflfulk,  Sussex,  and  Kent,  where 
the  chalk  formation  abounds,  and  is  still  used  for  the  purpose  in  such  localities.  Fliut  is 
the  name  accorded  to  the  nearly  pure  siliceous  earth,  which  by  the  action  of  fire  becomes 
opajue  and  white,  and  is  harder  than  quartz,  which  it  scratches.  The  colour  is  usually 
grey,  of  various  shades,  but  is  sometimes  black,  brown,  red,  and  even  yellow.  Flint  is 
fragile,  with  a perfect  and  large  conchoidal  fracture,  and,  being  rarely  laminated,  it  is 
broken  with  equal  facility  in  almost  every  direction;  the  fragments  are  sharp.  In  the 
chalk  formation  it  occurs  in  regular  beds,  consisting  either  of  nodules  or  of  flat  tabular 
masses.  At  Brandon,  in  Suffolk,  one  of  the  places  w'here  flint  forms  an  article  of  com- 
merce, it  is  obtained  from  pits  sunk  in  the  chalk,  which  is  within  6 feet  of  the  surface. 
The  first  stratum  is  found  in  the  clay  overlying  the  chalk ; when  this  has  been  removed,  a 
shaft  is  sunk  6 feet  in  depth ; if  no  flint  is  there  found,  a tunnel  is  driven  for  three  feet 
horizontally,  and  another  shaft  is  sunk  ; and  so  on  alternately  with  tunnel  and  shaft  till  a 
depth  of  40  feet  is  reached.  The  flint  is  found  in  floors  about  8 feet  below  each  other, 
and  is  obtained  by  tunnels  being  driven,  sometimes  a furlong  in  length,  undt-r  each  floor, 
and  the  flint  broken  down  by  crowbars.  The  small  tunnels  in  the  shaft  form  tables,  upon 
which  men  stand  and  hand  up  the  flint  to  each  other  from  below  to  the  surface;  no  ma- 
chinery or  tackling  is  used. 

1666^9'.  Flint  is  split  upon  the  workman’s  knee,  by  sharp  blows  from  a hammer  with  an 
oblate  face,  and  squared  upon  a steel  stake  let  into  a wood  block,  with  a blunt  axe  formed 
by  passing  a handle  through  an  old  flat  file  about  a foot  long,  the  cutting  edge  being 
inches  wide  by  J-  of  an  inch  thick.  (See  Specification). 

French  Building  Stones. 

1666AA.  Of  these  stones  imported  into  the  London  market,  a few  only  will  be  men- 
tioned. Auhigny  stone  is  stated  to  be  obtained  from  quarries  situated  at  St.  Pierre 
Canivet,  a short  distance  from  Falaise,  in  Normandy.  It  is  probably  of  the  same  nature 
as  Caen  stone,  namely,  oolitic,  but  much  more  crystalline  in  its  structure,  with  seini- 
transpartnt  crystals,  showing  no  appearance  of  ova;  very  fine  grained;  as  hard  or  harder 
than  Anston  stone;  nearly  as  heavy  as  granite;  and  able  to  support  a greater  crushing 
weight  than  Caen  stone;  wdien  worked  it  requires  to  be  sawn  wet  with  sand.  Thei’e  are 
two  workable  beds,  one  averaging  24  inches,  the  other  15  inches,  in  thickness.  Gr.  E. 
r j Burnell  (in  his  remarks  on  the  works  at  Baysux  Cathedral,  read  at  the  Institute  of  British  • 
3 J Architects,  1861,  p 257)  stated  that  be  was  convinced  the  use  of  Aubigny  stone  in  London 
L i would  be  attended  with  danger.  M.  Flachat  chose  this  stone  because  it  yielded  more 
fc  } satisfactory  results  under  the  trials  to  which  he  exposed  the  various  local  stones,  so  far 
# I as  their  resistances  to  crushing  weights  w'ere  concerned  ; but  his  assistants  expressly  state, 
['■.)  in  their  published  accounts  of  the  Avorks  at  Bayeux,  that  the  Aubigny  stone  yielded  easily 
11  I under  the  action  of  frost,  if  used  exteriorly,  as  may  be  seen  in  the  mediteval  buildings  in 
i \ Falaise.”  Perhaps  the  only  building  erected  with  this  stone  in  London  is  that  part  of 
i ‘ the  old  Schomberg  House,  Nos.  81  and  82  Pall  Mall,  which  was  rebuilt  in  1851. 
it  ij  1666/i.  Caen  stone  is  obtained  from  the  great  oolitic  formation  in  Normandy,  and  has 
1 been  imported  into  England  ir^m  a very  early  period  ; but  it  first  appears  to  be  named  in 
documents  after  the  year  1300.  There  was  a cessation  of  its  use  after  1448,  when  Nor- 
mandy was  lost  to  this  country  ; and  it  is  not  until  the  commencement  of  the  present 
[ century  that  its  employment  hero  was  resumed.  This  stone  is  now  generally  obtained 
^ from  quarries  situated  at  Allemaune,  a small  village  on  the  right  bank  of  the  Orne  at  the 
j gates  of  Caen,  or  from  those  of  St.  Germain  de  Blancherbe,  commonly  called  La  Malad- 
j rerie,  the  commune  immediately  adjoining  that  city,  on  the  left  bank. 

; 1666X"/:.  The  Caen  stone  of  commerce  is  of  a }ale  yellow  colour  and  of  a loose  open 

I grain,  which  when  freshly  quarried  soils  the  fingers  like  chalk,  and  is  very  friable.  In 
I many  places  it  appears  to  have  lost  its  oolitic  character  ; and  in  others  it  is  harder  and  more 
I compact,  being  entirely  formed  of  a species  of  lamellous  spath,  without  any  trace  of  oolites ; 

I the  latter  appearance  is,  however,  principally  to  be  observed  in  the  beds  which  are  worked 
between  Caen  and  Falaise  ; at  Allemagne  and  La  Maladrerie  the  former  prevails.  Neither 
of  these  two  latter  quarries  appear  to  have  been  opened  for  any  great  length  of  time,  the 
\ stone  used  in  the  old  city  having  been  chiefly  got  on  its  site  ; and  it  is  remarkable  that  the 
portions  of  the  public  buildings  which  required  stones  of  larger  dimensions  than  could  be 
> obtained  from  the  upper  beds  of  the  oolitic  formation  immediately  aruund  the  town  Avere 
I executed  in  the  Creuilly,  RanvilL,  or  Fontaine  Henri  stones,  never  in  the  stone  obtained 
Irom  the  beds  now  worked  e.xclusively  for  both  the  French  and  the  English  markets,  and 
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which  beds  have  been  rendered  available  with  the  advance  of  mechanical  science.  The 
xipper  beds,  called  the  bancs  de  bittes,  which  yielded  the  stone  in  olden  times,  is  generally 
speaking  of  a harder  character,  of  a finer  grain,  and  presenting  a more  crystalline  appearance 
than  that  obtained  from  the  lower  beds ; but  ev<  n in  these  upper  beds  care  is  required  in  the 
selection,  for  the  texture  is  far  from  uniform;  m hile  the  small  size  of  the  stones  is  too  o'ten 
considered  an  objection  to  it,  as  the  eight  layers,  between  each  of  which  occurs  a bed  of  flint 
2 inches  in  thickness,  are  of  variable  depth  (between  11  inches  and  26  inches),  being  about 
18  inches  on  the  average. 

1666Z/.  The  lower  beds  comprise  the  ba?ic  de  chamhranle,  16  inches  thick  ; the  banc  de 
deux  pieds  un  quart,  about  30  inches  English  thick,  yielding  a good  stone,  disfigured  un-  1 
fortunately  by  the  fossils  it  contains  ; the  ba.nc  rouge,  22  inches  thick,  of  very  bad  quality  I 
and  stained  by  ochreous  iron  ore,  besides  being  traversed  by  numerous  vertical  vents;  then  ^ 
the  gros  banc,  40  inches  thick,  a very  good  stone,  but  likewise  disfigured  by  fossils;  the 
banc  de  fond,  usually  from  18  inches  to  30  inches  thick,  of  a closer  and  finer  grain  than  the 
last  named;  and  then  the  banc  de  81  centimetres,  of  very  inferior  quality,  worked  only  for 
the  immediate  neighbourhood. 

1666wm.  Experience  proves  that  Caen  stone  will  not  resist  the  dissolving  power  of  water 
charged  with  carbonic  acid  gas;  and  as  the  rain  water  of  our  large  towns  contains  a con- 
siderable quan'ity  of  that  gas,  it  is  not  expedient  to  employ  this  stone  in  any  situation 
where  water  is  likely  to  lodge,  or  even  to  be  taken  up  by  c pillary  action,  urdess,  indeed,  the 
projecting  parts  be  protected  by  metal.  In  upright  walling  above  the  plinths,  and  in  the 
sheltered  portions  of  cornices,  it  can  be  employed  when  judiciously  selected  ; and  in  internal 
work,  with  safety  and  economy.  The  bedding  of  the  stone  should  be  observed.  From  the 
state  of  some  buildings  at  Havre,  it  is  considered  that  sea  air  is  particularly  destructive  to 
this  stone ; and  it  is  generally  believed  that  the  stone  from  La  Maladrerie  is  inferior  to  that 
from  Allemagne.  In  Caen  itself,  the  plinths  or  basements  of  houses  are  executed  in 
granite,  or  in  Ranville,  Cherence,  or  Creuilly  stones,  which  are  practically  non-absorbent ; 
and,  moreover,  the  Creuilly  stone  is  used  in  the  best  buildings  for  the  exposed  portions  of 
the  elevation,  although,  of  course,  “Caen  stone”  is  found  at  the  vei’y  gates  of  the  town. 

1666u«.  More  lengthened  notices  will  be  found  in  the  accounts  given  in  the  BuVder, 
vols.  vi.  and  vii.,  entering  into  the  qualities  of  the  stone,  from  personal  surveys  of  the 
quarries.  When  freshly  quarried,  this  stone  can  be  cut  with  the  toothed  saw,  and  carved 
with  ordinary  chisels,  even  more  easily  than  Bath  stone. 

1666ort.  The  new  fa9ade  of  Buckingham  Palace,  erected  in  1846-7,  is  perhaps  the  most 
remarkable  failure  of  Caen  stone.  Mr.  H.  T.  Hope’s  house,  in  Piccadilly,  built  l849-o0, 
has  been  considered  one  of  the  best  specimens  of  its  employment  in  London,  as  it  has 
stood  well.  The  projections  were  protected  by  lead  or  by  slates.  The  crushing  weight  of 
Caen  stone  is  about  2000  lbs.  per  inch  superficial. 

1666/>|).  The  Charente  stone  is  a magnesian  limestone  of  good  quality,  has  been  used 
in  France  from  time  immemorial  almost  exclusively,  not  only  in  the  departments  which 
produce  it,  but  also  on  the  sea  coast,  for  Government  works,  as  lighthouses,  harbours, 
fortifications,  bridges,  docks,  &c.  ; for  churches,  and  other  public  and  private  edifices; 
the  chateau  of  the  Emperor  Napoleon  III.  at  Biarritz,  and  other  villas.  Blocks  of  about 
8 or  9 cubic  feet  to  about  33  cubic  feet  are  always  in  stock.  The  quarries  are  Crazannes, 
Montarneuf,  St.  Savinien,  and  Ste.  Merue,  and  the  average  resistance  for  the  square 
centimetre  (about  '155  square  inch  English  measure)  gave  about  157  lbs.,  152  lbs., 
148  lbs.,  and  130  U s.  avoirdupois  respectively. 


Table  of  the  Weights  per  Cubic 
Caen,  Franc  banc  bed  - 116  lbs.  2 oz. 

,,  Banc  de  quatre  pieds  118  ,,  0|  ,, 

„ Gros  Banc  - - 122  „ 0^  „ 

„ Pierre  franche-  - 123  „ 3 „ 


Foot  Avoirdupois  of  some  French  Stones. 
Caen,Pieredetrente  pouces  128  lbs.  5 oz. 
Ranville,  near  Caen  - - 142  „ 6 „ 

Aubigny,  near  Falaise  - 150  „ 6|  „ 


DECAY  OF  STONE. 

1667.  In  the  paragraphs  1640  to  1648  have  already  been  quoted  some  of  the  causes  of 
decay  and  decomposition  in  stones,  as  stated  in  the  Report  of  the  Commissioners,  and  after 
the  lapse  of  nearly  thirty  years  since  its  publication  but  few  additional  facts  have  been 
obtained  on  the  subject.  One  of  the  most  commendable  essays  relating  to  it  is  that  by 
G.  R.  Burnell,  read  at  the  Society  of  Arts,  in  March,  1860,  which  is  likewise  useful  for  I 
the  discussion  thereon  by  some  of  the  members  learned  in  chemistry.  We  quote  a few  of  'i 
the  paragraphs  for  further  elucidating  some  important  points. 

1667«'.  Atmospheric  moisture,  when  absorbedinto  building  stones,  acts  upon  them  quite  j 
as  much  through  the  changes  in  its  own  volume.  When  the  stone  is  placed  in  such  a J 
manner  as  that  water  can  accumulate  in  any  perceptible  quantities  between  its  various  | 
layers,  and  the  position  of  those  layers  be  such  that  the  expansion  of  the  water  in  freezing 
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cannot  take  place  freely,  the  respective  layers  containing  the  water  will  be  violently  do- 
uched from  one  another.  This  is  a more  important  consideration  in  the  case  of  the  beddmy 
of  stones,  and  it  is  unfortunate  that  the  system  of  competition  throws  so  great  a temptation 
in  the  way  of  the  practical  builder  as  to  render  it  a mere  matter  of  cliance  whether  this 
constructive  law  he  observed  or  not,  unless  a costly  system  of  supervision  be  organised,  an  J 
thus  the  precautions  often  taken  by  the  stone  merchant  to  indicate  the  upper  bed  of  the 
material  he  delivers,  are  defeated. 

I661h.  The  cliemical  reactions  which  take  place  in  building  stones  are  mainly  those 
arising  from  the  oxygenation,  or  the  hydration  of  the  various  ingredients  of  which  those 
stones  are  composed.  These  reactions  are  independent  of  those  resulting,  in  the  interior  of 
the  country,  from  tlie  agents  directly  presented  by  atmospheric  moisture  in  the  form  of 
carbonic  acid  gas,  sulphur,  and  ammonia  ; or  upon  the  sea-shore,  in  the  form  of  hydro- 
chloric acid,  or  of  common  salt  itself,  in  minute  particles.  Tlius,  if  the  oxide  of  iron  be 
present  in  any  notable  proportions,  it  is  likely  to  undergo  changes  of  a nature  to  disturb 
the  stability  of  the  compound,  and  even  the  crystalline  sulphates  of  lime  are  exposed  to 
chemical  decom])Osition,  in  consequence  of  the  liberation  of  the  sulphuric  acid  gas  they 
contain.  The  other  mineral  salts,  sucli  as  the  silicates  and  the  sulphates  of  iron,  so  often 
met  with  in  building  stones,  are  at  times  susceptible  of  very  injurious  decomposition  ; and 
the  soda,  potassa,  or  the  organic  matters  the  stones  may  contain,  frequently  give  rise  to 
the  formation  of  new  salts ; mainly  under  the  action  of  atmosplieric  moisture,  it  is  true, 
hut  also  under  the  influence  of  the  partial  decompositions  which  take  place  around  them. 
It  is  to  be. observed,  however,  that  the  danger  to  building  stones  from  this  peculiar  class  of 
influences,  is  very  small  and  very  slow  in  its  action,  compared  with  the  dangers  arising 
from  the  mechanical  disinte  ration  produced  by  atmospheric  causes:  and  that,  with  the 
exceptions  of  the  actions  of  free  carbonic  acid  upon  the  felspar  of  gianites,  the  changes  of 
state  produced  in  limestones  by  the  same  agent,  and  the  modifications  of  the  abundant 
j-  salts  of  iron  in  some  peculiar  stones,  there  is  little  practical  necessity  for  dwelling  upon 
Pi  this  interesting  but  obscure  branch  of  applied  chen^istry. 

it  1667c.  'I'he  actions  capable  of  affecting  the  stability  of  the  composition  of  ordinary 
building  stones,  by  reason  of  the  new  forms  of  matter  they  supi  rinduce,  may  principally 
be  considered  to  be  those  resulting  from  the  absorption  of  the  gases  of  the  atmosphere,  and 
especially  the  process  known  by  the  name  saltpetring,  or  more  correctly,  of  nitrification. 
This  process  displays  itself  in  the  formation  of  minute  crystals,  efflorescing  from  the 
interior  to  the  exterior  of  the  stone,  and  it  leads  to  the  destruction  of  the  exposed  surfaces 
of  the  latter,  through  the  gradual  removal  of  the  minute  particles,  in  consequence  of  the 
disintegration  produced  by  the  expansive  action  of  the  crystals  in  process  of  formation. 

\66ld.  It  is  supposed  that  the  organic  matter  diffused  through  nearly  all  stratified 
deposits  gives  rise  to  the  formation  of  certain  nitrates,  such  as  the  nitrate  of  lime  and 
nitrate  of  soda,  under  the  influences  of  damp,  of  air,  and  of  light  of  certain  descriptions 

I -for  nitrificatinn  certainly  takes  place  most  abundantly  near  damp  ground,  rising  in  a 
wall  pari  passu  with  the  range  of  the  capillary  attractions  of  its  materials,  and  upon  the 
northern  or  shaded  faces  of  the  said  walls.  Not  only  does  this  nitrification  throw  off  the 
' minute  and  less  adherent  particles  of  the  building  materials  themselves,  whether  they  be  of 
stone  or  brick,  but  it  is  also  able  to  detach  any  protecting  coat  which  may  be  put  upon 

’ them,  if  the  adhesion  of  that  coat  to  the  subjacent  material  should  not  be  of  a very  ener- 

getic nature.  Let  the  adhesion,  however,  be  ever  so  energetic,  if  once  the  action  of  nitrifi- 
cation should  have  been  established,  it  must  run  its  course,  and  the  amount  of  evil  it  is 
capable  of  producing  will  simply  depend  upon  the  quantity  of  organic  matter  originally 
contained  in  the  materials,  or  susceptible  of  being  absorbed  by  them  from  the  atmosphere. 

' 1667c.  The  secondary  limestones  which  have  not  been  affected  by  pliitonic  action,  the 

' loamy  clays,  some  kinds  of  pit  sand,  sea  sand,  and  some  descriptions  of  natural  cements, 

are  particularly  exposed  to  the  danger  of  nitrification  in  damp  situations,  rendering  it  in 

vain  to  expect  to  be  able  to  preserve  any  mural  paintings,  or  even  any  sculpture  of  a 
delicate  character. 

i 1667/.  Practically,  then,  the  great  agent  of  destruction  of  building  stones,  in  any  of  its 
modes  of  exhibition,  is  the  damp,  or  the  water  supplied  by  the  atmosphere,  directly  or 
indirectly ; the  efforts  of  those  who  seek  to  prevent  this  destruction  must  be  directed  to 
combating  this  primary  source  of  evil.  Fortunately  the  precautions  to  be  observed  for 
this  purpose  are  very  simple,  and  they  only  require  a little  common  sense  on  the  part  of 
the  builders  charged  with  their  application,  to  the  materials  at  least,  which  have  been  long 
before  the  public.  The  first  and  foremost  rule  is  never  to  employ  a porous  absorbent 
stone  in  the  ground,  or  in  elevation ; unless,  in  the  former  case,  it  be  maintained  constantly 
wet ; or,  in  the  second  case,  the  absorption  of  moisture  from  the  ground  be  prevented  by 
the  interpo.sition  of  some  impermeable  material.  Porous  stones  should  not  be  used  for 
ill  the  copings,  parapets,  window-sills,  Aveather-beds  of  cornices,  plinths,  strings,  or  other 
"If  parts  of  a luiilding  where  water  may  lodge.  Care  must  also  be  taken  to  bed  such  stones 
^ with  mortars  which  are  not  exposed  to  develope  in  themselves,  or  are  not  likely  to  excite 
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in  the  stones,  the  efflorescence  of  any  of  the  nitrates  of  soda,  potassa,  or  of  lime.  If  porou.s 
stones  be  used,  it  will  be  found  that  decay  will  commence,  and  be  most  apparent  in  the 
zone  of  alternate  dryness  and  humidity,  or,  as  the  workmen  say,  “ betw'een  wind  and  wafer.”.  V 
The  stonework  about  that  part  should  therefore  be  executed  in  such  a manner  as  to  allow 
of  its  being  easily  replaced,  if  necessary ; and  in  case  the  decay  exhibits  towards  the  interior 
(as  it  will  do  when  the  exterior  surface  is  covered  with  a coating  impervious  to  the  air), 
care  must  be  taken  to  isolate  the  decorative  plastering  or  wall  linings  from  the  surfaces 
which  are  likely  to  be  covered  by  efflorescence. 

Tho  effects  of  wind  on  stone.  Wind  is  both  a destroying  and  a preserving  agent.  Its! 
action  as  a destroyer  of  building  stone  con.-ists  in  blowing  dust  and  dirty  particles  against  r 
the  building;  also  into  the  cuttings,  holes,  and  lines  in  exposed  mouldings,  Hlllng  them 
up,  adding  much  to  the  disfiguration  of  ornamented  work.  A strong  wind  accompanied 
by  rain,  by  blowing  the  rain  hard  against  a building  causes  it  to  penetrate  into  the  stonot’ 
farther  than  it  w.iuld  otherwise  do,  and  thus  the  chemical  action  of  the  water  and  the' 
effects  of  frost  on  the  stone  are  increased.  The  principal  preservative  action  of  wind  is* 
in  its  drying  out  moisture  from  stone;  and  the  acids,  &c.,  contained  in  the  moisture  have.J 
therefore,  less  time  to  act  on  it.  The  action  of  the  sun  has  much  to  do  with  the  preserva-* 
tion  of  stone  by  drying  it.  Stone  exposed  to  very  different  degrees  of  heat  on  its  different 
faces  is  liable  to  crack  from  unequal  expansion  and  contraction  (Wray,  On  Stune).  In  the 
paper  on  The  Stones  of  Egypt,  read  at  the  Ro}al  Institute  of  British  Architects,  Nov.  21, 
1887,  Mr.  Brindley  referred  to  their  decay.  Mr  W.Topley  stated  that,  under  ordinary  tem- 
peratures, water  got  into  the  pores  of  the  rock,  carrying  in  carbonic  acid,  which  attacked  . 
felspar,  or  whatever  tlie  soluble  constituents  of  the  rock  might  be.  Tho  rock  then  broke 
down.  In  northern  climates  the  water  froze  and  the  rocks  broke  off.  In  a dry  climate 
. . . the  great  alterations  of  temperature  acted  so  strongly  in  expanding  and  contract- 
ing rocks  that  they  broke  off  as  rapidly  through  heat  as  with  intense  cold.  During  the 
night  a cracking  sound  was  often  heard  by  travellers  ow’ing  to  tho  contraction  of  rocks 
which  had  been  expanded  by  the  heat  during  the  day.  The  effect  of  a fire  on  some  exceed- 
ingly durable  building  stones  is  very  disastrous,  and  especially  on  those  which  were 
formed  by  heat. 

1667^.  A committee  appointed  by  the  First  Commissioner  of  Public  Works  and 
Buildings,  on  the  23rd  March  1861,  “ to  inquire  into  the  decay  of  the  stone  of  the  New 
Palace  of  Westminster  and  into  the  best  means  of  preserving  the  stone  from  further  in- 
jury,” reported  on — I.  The  extent  and  position  of  the  decay.  II.  The  causes  to  Avhich  it 
is  attributable,  taking  into  consideration  the  composition  of  the  stone,  and  the  influence 
exerted  upon  it  by  moisture,  and  by  the  acids  diffused  in  the  London  atmosphere.  III.  Tho 
best  means  of  pre.serving  the  stone  from  further  injury.  IV.  The  qualities  of  the  stones  to 
be  recommended  for  future  use  in  public  buildings  to  be  erected  in  London.”  This  report 
was  ordered  to  be  printed  1st  August,  1861.  It  is  also  given  in  Adcock’s  Engineer^  Pucket- 
hook  for  1862,  p.  205-211. 


PRESERVATION  OF  STONE.  . I 

i667/<.  Even  when  all  the  best  precautions,  as  above  detailed,  have  been  taken,  it  is  | 

occasionally  found  necessary  to  protect  the  exposed  surfiices  of  the  soft  and  absorbent,  or  II 

hygrometric,  stones,  with  some  coating  which  shall  prevent  their  absorbing  the  injurious  ji 

atmosphere.  This  is  done  in  various  ways.  | 

1667*.  I.  By  Painiing  : — The  objection  to  this  process  consists  in  tho  fact  that,  as  the  si 

oil  evaporates,  the  stone  becomes  again  exposed,  and  even  the  absorbent  powers  of  the 
stone  itself  contribute  to  this  action  ; thus  this  costly  palliative  has  to  be  often  repeated,  i| 

to  the  destruction  of  any  delicate  moulded  work. 

166'^/.  II.  By  the  injection  of  oleaginous,  fatty,  or  waxy  matters: — These,  it  must  be  i 
evident,  can  only  act  mechanically  by  closing  the  pores  of  the  srone,  and  therefore,  unless 
the  surfaces  be  protected  from  the  extremes  of  heat  and  cold,  the  heterogeneous  materials 
thus  affected  must,  be  acted  upon  in  very  different  manners.  Experience  has  confirmed  | 
this  theoretical  inference,  and  it  has  been  found  in  practice  th.at  the  protecting  coats  of  • U 
any  of  the  materials  alluded  to  are  gradually  detached  from  the  stone,  and  that  they  ' " 
require  to  be  renewed  quite  as  frequently  as  does  oil  painting  itself.  Ij 

1667^".  HI.  By  washing  the  face  with  a solution  able  to  convert  the  material  into  an  in-  | 

soluble  non-absorbent  substance : — This  is  the  process  introduced  by  M.  Kiihlmann,  in  which  || 

the  carbonates  of  lime  are  w'ashed  with  a solution  of  an  alkaline  silicate,  as  silicate  of  soda,  j| 

or  potassa,  or  “ water  glass  ” as  he  called  it,  with  a view  to  converting  them  into  silicates 
of  lime  through  the  elective  affinities  of  the  lime  and  the  silica.  In  some  cases  this  system 
has  succeeded,  and  very  great  hardness,  very  great  resisting  powers,  have  been  commu- 
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nicated  to  the  stones  operated  upon.  But,  unfortunately,  the  action  of  the  silicic  acid  is  a 
very  slow  one,  and  when  the  surfaces  washed  in  the  manner  described  are  exposed  to 
rain,  it  is  by  no  means  rare  to  find  the  solution  carried  away.  Another  objection  is,  that 
when  the  alkaline  silicate  acts  upon  the  stone,  the  soda  and  potassa  generally  used  are 
left  free,  and  in  efflorescing  they  are  likely  to  carry  away  the  finer  details  of  the  sculpture; 
at  the  same  time,  as  they  form  to  some  extent  deliquescent  salts  upon  the  face  of  the  stone, 
they  attract  to  it  a dangerous  amount  of  humidity.  This  process  is  only  applicable  to  the 
preservation  of  the  stones  in  which  the  carbonates  of  lime  predominate. 

1667^.  IV.  By  filling  in  the  'pores  of  the  stone  with  an  insoluble  material  which  should 
effectually  exclude  water : — This  may  be  said  to  have  been  effected  by  the  process  patented 
by  Mr.  Kansome.  The  stone  is  first  cleaned  carefully  from  dust  or  other  extraneous 
matters ; then  it  is  made  to  absorb  as  large  a quantity  as  possible  of  the  silicate  of  soda 
or  potassa.  When  this  solution  has  dried  into  the  stone,  a second  wash  is  applied,  con- 
sisting of  the  chloride  of  calcium  or  of  baryta.  The  silicate  of  soda  and  the  chloride  of 
cflciura  are  most  frequently  employed ; and  the  effect  of  the  respective  applications  is, 
that  a double  decomposition  takes  place  in  the  washes,  giving  rise  to  the  precipitation  of 
a finely  crystallised  silicate  of  lime  or  of  baryta  in  the  pores  of  the  stone,  and  an  efflo- 
rescence of  extremely  soluble  salts  of  the  chlorides  of  soda  or  of  potassa.  The  former 
remain  in  the  pores,  the  latter  are  speedily  washed  away  by  rain.  As  the  rate  of  con- 
traction and  expansion  of  the  silicate  of  lime  is,  as  nearly  as  may  be,  the  same  as  that  of 
the  stone  it  is  intended  to  protect,  there  is  no  danger  of  the  precipitate  being  detached 
by  this  cause.  This  process,  in  contradistinction  to  that  of  Kiihlmann,  is  applicable  to 
limestones,  sandstones,  bricks,  plasters,  and  cements.  It  has  even  been  suggested  that 
it  may  be  advantageously  applied  to  chalk. 

1667w.  It  miist  not  be  forgotten,  however,  that  it  is  as  important  to  prevent  a 
stone  from  decaying  as  it  is  to  afford  a protection  to  it  when  that  effect  has  commenced. 
If  any  internal  decay  or  any  organic  decomposition,  so  to  speak,  be  once  allowed  to 
establish  itself  in  a building  stone,  it  will  be  impossible  effectually  to  arrest  its  progress. 
Efflorescence,  for  instance,  will  continue,  however  effectually  the  exposed  surface  of  the 
stone  may  be  closed  by  a mechanical  or  a chemical  deposit,  and  thus  even  some  of  the 
results  of  Mr.  Kansome’s  process  appear  equivocal.  The  student  should  make  himself 
master  of  the  attempts  lately  made  to  discover  a universal  remedy  for  protecting  the 
surfaces  of  various  materials.  The  following  inventions  were  described  by  the  late  Sir 
W.  Tite,  at  the  Royal  Institute  of  British  Architects,  January  1861 : — I.  Bethell’s  patent, 
1838,  perhaps  never  applied  to  stone.  II.  Hutchinson’s,  1847,  which  has  been  chiefly 
applied  to  the  Calverley  stone  of  Tunbridge.  III.  Daine’s,  1854.  IV.  Szerelmey’s, 
1857.  V.  Newton’s,  1841.  And  VI.  Ransome’s,  1856.  We  consider  it  needless  to 
notice  here  the  inventions  in  detail.  It  is  difficult  to  pronounce  on  their  respective 
merits,  but  Ransome’s  perhaps  promised  the  best  results. 

1667».  Sylvester,  in  1846,  suggested  the  following  very  useful  and  simple  recipe  for 
protecting  stone  or  brickwork  from  the  absorption  of  water;  it  has  been  repeatedly 
tried,  and  answers  well  in  exposed  situations,  but  requires  a fresh  application  about  every 
three  or  four  years.  Mix  fib.  of  mottled  soap  in  a gallon  of  nearly  boiling  water,  and 
apply  it  in  a boiling  state  over  the  surface  of  the  work,  steadily  and  carefully,  with  a large 
flat  brush,  making  no  lather,  and  filling  up  the  crusty  surface  of  the  work,  either  of  brick 
or  stone.  This  is  to  remain  for  twenty-four  hours  to  become  dry  and  hard.  Then  ^ lb.  of 
alum  is  to  be  mixed  with  four  gallons  of  water  and  left  standing  for  about  twenty  four 
hours,  so  that  the  alum  may  be  completely  dissolved ; this  solution  is  to  be  applied  in  the 
same  manner.  Sir  G-.  G.  Scott  has  used  for  the  internal  work  of  Westminster  Abbey  a 
solution  of  shell-lac  in  spirits  of  uine,  which,  squirted  into  the  stone  work,  appears  to 
answer  perfectly  in  securing  the  face  from  further  decay  arising  from  damp  only.  He 
also  found  it  of  some  effect  in  the  open  air  where  defended  from  rain,  but  it  failed  when 
exposed  to  its  action. 

After  cleaning  down  Bath  stone  of  the  best  quality,  it  generally  may  with  advantage 
be  washed  over  with  two  coats  of  lime-water  prepared  as  follows Fill  a tub  with  water, 
and  into  it  put  some  lime;  stir  it  up  well  when  slaked  and  let  it  settle.  If  any  impurities 
should  rise  to  the  surface  remove  them,  and  when  clear  apply  it  with  a clean  brush  to 
the  stonework.  This  is  an  excellent  preservative,  and  reinstates  the  skin  or  crust  re- 
moved with  the  drag,  without  altering  the  colour  of  the  stone.  (Sumsion,  of  Bath). 

Tabary’s  metallic  cement  has  been  in  use  in  France  during  the  last  twenty-six  years, 
under  the  French  government  and  the  municipality  of  Paris,  for  restoring  monuments.  It 
is  stated  to  be  permanent  and  to  resist  all  attacks  of  acids  in  the  atmosphere.  The  whole 
ol’the  decayed  stone  need  not  be  remoA’ed.  It  is  carved  and  worked  in  situ.  It  costs 
less  than  stone.  Restorations  are  more  rapidly  done  than  in  ordinary  stone.  The  colour 
of  the  original  stone  can  be  matched,  and  it  can  be  used  in  all  weatheis.  “ This  metallic 
cement  is  composed  of  a stone  of  Trachytic  origin,  reduced  to  powder,  and  the  molecules 
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are  reunited  by  an  acid  and  softened  without  being  decomposed.  The  cement  is  mixed 
with  the  acid,  and  the  stone  reconstructed  to  its  original  condition.”  The  process  has 
been  used,  1887,  at  tlie  Church  for  the  Deaf  and  Dumb,  in  Oxford  Street;  the  Church  of 
S.  Paul,  London  Docks;  and  the  Infant  Orphan  Asylum,  Wanstead,  besides  other  places. 


ARTIFICIAL  STONE. 

1667o.  The  term  is  sometimes  made  to  comprise  not  only  Ttfra-Cotia,  which  is  noticed 
in  this  work  in  the  section  Brick,  but  also  the  many  Concretes,  which  are  described  in  tlie 
section  Lime,  &c.  Those  mixtures  or  concreted  masses  having  more  affinity  to  the 
original  they  profess  to  imitate  are  here  describea. 

1667p.  Austins  artificial  stone  was  invented  about  fifty  years  since,  during  which  period 
it  has  been  well  tested.  It  is  used  chiefly  in  the  manufacture  of  statues,  garden  ornaments, 
cliimney  shafts,  and  the  like.  'I'his  material  is  generally  considered  to  be  little  else  tlian 
ordinary  cement,  but  it  is  plain  there  is  much  more  ingenuify  in  the  matter;  at  all  events, 
it  is  evidently  a concrete  of  sand  and  so  on.  cemented  by  lime ; it  is  not  burnt  as  is  often 
suuuosed.  and  much  of  its  value  is  no  doubt  due  to  the  manipulation  of  the  materials. 

I6679.  liansonte's  siliceenis  stone  was  patented  in  1844.  Calcined  flints  ground  to  a fine 
powder  were  mixed  with  common  soda  (sub-carbonate  of  soda)  rendered  caustic,  and  water, 
the  mixture  being  boiled  under  steam  pressure  ; he  thus  obtained  the  silicate  of  soda  in  a 
licjuid  form.  To  one  part  of  this  water  glass  he  added  ten  parts  of  sand,  a little  pounded 
flint,  and  a little  clay  ; mixed  the  whole  to  a putty ; made  castings  of  the  desired  form 
under  compression;  dried  these,  hurfit  the  n in  a kiln  to  a bright  red  heat,  and  so  made 
them  into  blocks  of  stone.  The  chemical  question  was  this : — the  alkali  of  the  soluble  silicate 
of  soda  combined  with  a portion  of  the  natural  silica  or  sand,  and  thus  formed  an  insoluble 
silicate  or  glass,  as  a cement,  wherewith  the  remainder  of  the  sand  became  concreted  to- 
gether. A sandstone  was  produced,  and  technically  one  of  a silicious  type ; but  its  con- 
necting medium  was  not  crystalline  as  in  nature,  but  as  an  equivalent,  professedly  vitreous. 
This  vitreous  element,  however,  was  always  seen  to  be  its  blemish,  and  the  manufacture  is 
now  discontinued  for  the  following  more  recent  invention  by  the  same  patentee. 

1667r.  During  the  experiments  made  for  obtaining  a liquid  or  liquids  wherewith  to 
wash  the  surface  of  stone  after  it  has  been  worked,  Ransome  selected  and  applied  the 
silicate  of  soda,  and  upon  the  saturated  surface  a solution  of  chloride  of  calcium.  A double 
decomposition  then  follows,  not  slowly  but  instantly,  and  the  silicate  of  soda  and  chloride 
of  calcium,  the  one,  an  insoluble  substance  filling  the  pores  of  the  stone,  and  the  other, 
common  salt  to  be  washed  out  by  the  weather.  Pieces  of  the  putty  out  of  which  the  pre- 
viously described  sldcious  stone  was  daily  made,  i.  e.  sand  mixed  up  with  silicate  of  soda,  were 
dipped  in  chloride  of  calcium,  out  of  which  it  came  chang  e!  to  a hard  and  solid  stone. 
This  rather  unexpected  result  led  to  the  formation  of  an  entirely  new  species  of  arti- 
ficial stone,  in  a manner  wdiich  w'as  related  hy  Professor  Kerr  at  a meeting  of  the  Institute 
of  British  Architects  in  186.8,  from  whose  account  v/e  have  been  quoting. 

1667s-.  Ransome's  Concrete  stone  is  the  name  given  to  this  new  material,  invented  in  1861. 
The  process  of  manufacture  now  followed  is  first  to  dissolve  flints  in  caustic  alkali  at  a 
temperature  of  350°  Fahr.,  leaving  them  in  a boiler  for  twenty-four  hours.  The  liquid 
then  produced,  consisting  of  silicate  of  soda,  is  drawn  off,  and  is  allow-ed  to  evaporate 
until  it  becomes  a thick  matter  like  treacle.  It  is  next  mixed  with  clean  pit  sand  incor- 
porated with  five  to  ten  per  cent,  of  chalk  in  a png  mill,  and  in  four  to  five  minutes  tliis 
mixture  is  formed  into  a stiff' p^’tty-  It  is  then  pressed  into  a mould  and  afterwards  either  . 
saturated  with,  or  imm_*rsed  in,  a solution  of  chloride  of  calcium,  which  being  rapidly 
imbibed,  the  formation  of  an  insoluble  silicate  of  lime  and  a soluble  chloride  of  sodium  or 
common  salt  results.  This  latter  (about  three  per  cent. ) has  to  be  removed  by  washing,  to  j 
effect  which  it  is  placed  in  a hot-water  bath  for  many  hours.  The  employment  of  tins  new 
material  as  stone  in  building  is  gaining  ground  ; for  cast  ornaments  and  moulded  work  it 
has  been  longer  used,  and  jirobably  it  may  yet  be  brought  to  serve  for  the  chisel  of  the  carver. 

1667f.  The  committee  of  tlie  Institute  experimented  on  this  material  in  1864.  Four- 
inch  cubes  were  made  of  equal  parts  of  sand  and  coarse  ballast,  with  a quarter  part  of  clay  ; 
on  the  third  day  a cube  crushed  with  a weight  of  9 35  tons;  on  the  tenth  day  with 
15-25  tons.  With  six  parts  of  sand  to  one  of  chalk,  on  the  third  day  a cube  crushed  with 
6 tons;  at  ten  days  old,  9 40  and  13-25  tons.  Other  samples,  liowever,  proved  to  ba  Q 
w-eaker,  as  at  eight  and  thirty-six  weeks  old,  they  crushed  with  8 4 and  8-4  tons  respectively, 
yet  one  of  twenty- eight  weeks  crushed  with  14  tons,  apparently  depending  on  the  depth 
of  the  induration  which  in  the  w-eaker  samples  was  only  from  1 to  3 inches.  A bluck 
formed  of  five  parts  of  .sand  to  one  of  fine  silex  bore  30  tons  when  three  weeks  old,  with- 
out showing  the  least  effect ; it  had  been  previously  tested  up  to  20  tons.  It  will  be  well 
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to  contrast  another  s.imple  formed  of  “ all  road  scrapings  from  the  neighbourhood  of 
I Ipswicli ’’  H liich  at  only  Mree  d:njs  6\<i  crushed  with  28  tons;  this  was  probably  due  to 

' the  sllex  contained  in  it.  As  another  proof  that  its  strength  is  entirely  due  to  the  com- 

plete induration  of  the  material,  a nine- inch  brick  made  of  four  parts  of  sand,  four  of  line 
sand,  and  one  of  chalk,  cracked  when  thirteen  weeks  old  with  14  tons  and  crushed  with 
3i  tons;  this  specimen  was  gradually  filled  with  chloride  of  calcium  being  p>ured  over  it, 

• and  took  fifteen  minutes  to  saturate.  Another  at  eight  weeks  with  4‘2  and  30*0  tons  ; 
ii  ■ another  with  20*15  and  38’8  tons  ; while  a fourth  cracked  at  6 tons  and  crushed  with  G*65 
i tons  ; these  were  s>,alied  in  the  chloride  of  calcium,  The  tensile  strength  at  twenty-eight 
weeks  old  varied  as  47,  74  and  67  lbs.  per  square  inch  ; while  two  specimens  made  of  road 
'i  SCI  apings,  only  three  days  old,  broke  with  10 1 and  97  lbs.  per  square  inch,  a strength  also, 

■ no  doubt,  due  to  the  silex  contained  in  it. 

■ ^ 1667m.  a gallon  of  each  solution  is  sufficient  to  produce  a cubic  foot  of  stone  of  the 

‘ ' finer  quality  ; but  the  cost  of  a block  of  coarser  quality  would  be  less  than  about  half  w hat 
] . the  otlier  would  be.  To  render  this  concrete  stone  perfectly  non-absorbent,  the  surface  of 
1 the  stone,  after  it  is  formed  into  blocks,  is  treated  a second  time  witli  a wash  of  tlie  silicate 
I of  soda,  and  a second  application  of  the  solution  of  chloride  of  calcium.  These  solutions 
J ‘ are  also  applied  for  the  preservation  of  other  stones,  or  of  brickwork;  the  silicate  being 
’ . d. luted  with  water  in  proportions  according  to  the  absorbent  character  of  the  material, 
which  must  be  clean  and  thoroughly  dry  before  being  op.erated  upon.  Tinting  solutions 
1 are  also  supplied  for  harmonising  with  tlie  natural  colour  of  the  stones.  About  four 
] gallons  of  each  solution  will  be,  under  ordinary  circumstances,  sufficient  for  each  100  yards 
! superficial  of  surface. 

. 1667y.  Experiments  conducted  by  G.  R.  Burnell,  and  reported  upon  by  Professor  Ansted 

J in  a paper  read  at  the  British  Association  at  Cambridge,  1862,  showed  that  the  transverse 
I strengtli  of  a beam  4 inches  square  resting  one  inch  at  each  end,  with  16  inches  clear  span, 
i sustained  a weiglit  of  2,122  lbs.  or  132  lbs.  per  inch  superficial ; whilst  a similar  bar  of 
i ■ Portland  stone  broke  with  759j  lbs.,  or  nearly  42  lbs.  per  inch.  The  adliesive  or  tensile 
) strength  was  proved  by  pieces  of  stone  notclied  for  the  purpose,  the  sectional  area  at  tlie 
I weakest  part  being  5^  inches. 

The  patent  concrete  stone  sustained  - 
Portland  stone  broke  with 
Bath  stone  „ „ - - 

i|  Caen  stone  » »»  - ■ 

^ A 4-inch  cube  of  the  patent  stone  sustained  a weight  of  30  tons,  nearly  2 tons  per  inch, 
ij  before  it  was  crushed. 

i 1667m*.  Tlie  following  result  of  chemical  tests  of  this  artificial  stone,  as  compared  with 
^ natural  ones,  will  be  found  instructive.  They  were  made  by  Mr.  E.  Frankland  at  St. 
Bartholomew’s  Hospital  in  December  1861.  “ The  experiments  were  made  in  the  follow- 

ing manner.  The  samples  were  cut  as  nearly  as  possible  of  the  same  size  and  sliape,  and 
were  well  brushed  with  a hard  brush.,  Each  sample  was  then  thoroughly  dried  at  212°, 

' weighed,  partially  immersed  in  water  until  saturated,  and  again  weighed;  the  porosili/  or 
absorptive  power  of  the  stone  was  thus  determined.  It  was  then  suspended  for  forty-eigl»t 
' hours  in  a very  large  volume  of  each  of  the  following  acid  solutions,  the  alteration  in 

I Weight  after  each  immersion  being  separately  estimated.  The  sample  was  then  boiled 
with  water  until  all  acid  was  removed,  and  again  weighed.  Finally,  it  was  dried  at  212°, 
bruslied  with  a hard  brush,  and  the  total  degradation  or  loss  since  the  first  brushing  was 
I ascertained.  The  following  numbers  were  obtained.” 


Name  of  Stone. 

Porosity. 

Wat-r 
absorbed 
l)>’  dry 
Stone, 
per  cent. 

Alteration  in  weight  by  immersion 
ill  dilute  acid. 

Loss  by 
action  of 
acid  and 
boiling  in 
water, 
per  cent. 

Further 
loss  by 
brushing. 

Tot.al 
degradi- 
tior.  from 
all  causes. 

of  1 per  cent. 

of  2 per  cent. 

of  4 per  cent. 

Loss 

Gain 

Loss 

Gain 

Loss 

Ga.  n 

Bath  - - . 

11*57 

1*28 



2*82 



2*05 

5-91 

•26 

617 

Caen  - 

9*86 

2*13 

— 

4-80 

— 

•67 

— 

11*73 

1*60 

13*33 

j .\uhigny 

4-15 

1*18 

■ — 

4-00 

— 

— 

101 

3*56 

*29 

3*85 

1 Portland 

8-86 

1*60 

— 

1*10 

— 

1*35 

— 

3*94 

*24 

4*18 

1 .Anston 

6*09 

3-52 

— 

3-39 

— 

3*11 

— 

11*11 

•27 

11-38 

1 Whitby 

8*41 

1*07 

— 

— 

•53 

^none 

none 

1*25 

•18 

1-43 

1 Hare  Hill  - 

4 -SI 

*75 



— 

*60 

none 

none 

*98 

*15 

113 

j Park  Spring 

4*15 

*71 

— 

— 

*10 

1 

— 

*81 

none 

•81 

j llansome’s  - 

6*53 

— 

*95 

j none 

Inone 

1 

jnone 

none 

*63 

*31 

•94 

I 1 2 


1980  lbs.  =-360  lbs.  per  inch. 
- 1104  lbs.  =200  lbs.  „ 

796  lbs.  =say  150  lbs.  „ 

768  lbs.  = say  150  Ib.s.  „ 
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“ WhiRt  Portland,  Whitby,  Hare  Hill,  and  Park  Spring  stones  (from  the  quarries,  Farnley 
Wood,  near  Leeds)  are  thus  pointed  out  as  the  natural  stones  best  adapted  to  withstand 
the  influences  of  town  atmospheres,  it  is  also  indicated  that  Ransome’s  patent  concrete  stone 
will  be  found  equal  to  the  best  of  these,  and  there  is  nothing  in  the  composition  wiiich 
would  lead  one  to  anticipate  that  it  would  suffer  from  exposure  to  the  saline  influences  of 
the  atmosphere  upon  the  sea  coast.” 

1667a?.  Bousfleld’s  patent,  1856,  consists  of  80  or  85  parts  of  chalk  and  15  or  20  of 
slaked  lime,  mixed  together,  moulded  under  pressure,  and  dried  in  the  open  air,  when  the 
blocks,  says  the  patentee,  will  be  found  to  possess  a degree  of  compactness  and  firmness 
resembling  stone,  which  increases  indefinitely  with  age,  and  if  the  ingredients  are  pure,  w’ill 
rival  marble  in  whit  mess  and  beauty.”  Barff’s  patent  for  an  artificial  stone  was  obtained 
in  1861.  He  takes  1 part  of  an  aqueous  aluminate  of  potash,  with  3 parts  of  an  alkaline 
silicate,  or  water  glass  (siliaite  of  potash,  however,  not  of  soda),  which  will  in  a few  hours 
set  into  a sort  of  dull  glass,  an  artificial  felspar  in  fact,  perfectly  brittle  and  of  no 
very  great  tenacity,  but  altogether  insoluble  in  water.  With  this  silicate  of  alumina, 
while  in  a liquid  state,  he  makes  up  sand  or  any  dust  (as  pounded  stone)  into  a paste, 
moulding  it  into  blocks, and  drying  them  in  the  open  air,  until  they  have  set  hard.  Silicate 
of  soda  and  potash  are  extremely  viscid,  and  anything  mixed  up  or  coated  by  them  is  ren- 
dered thereby  impermeable  ; to  get  another  solution  into  such  silicates,  much  less  behind  it, 
to  effect  their  decomposition,  is  considered  impossible,  the  only  alternative,  therefore,  is  to 
put  on  the  two  solutions  as  one.  Decompo.-<ition  then  setting  in,  mere  dryness  is  all  that  is 
necessary  to  produce  the  material ; but  if  the  silicate  of  potash  and  the  aluminate  of  potash 
be  mixed  up  in  a liquid,  they  remain  liquid  for  any  period  within  reason,  and  they  may 
be  mixed  up  with  any  materials  selected,  or  washed  over  their  surface.  When  put  into 
stone  it  hardens  and  produces  an  artificial  stone,  without  heat  or  further  process.  A previous 
patent,  dated  1860,  describes  that  silicate  of  soda  or  silicate  of  potash  may  be  combined 
with,  or  decomposed  by,  carbonate  of  lead,  carbonate  of  zinc,  or  other  suitable  material  in- 
soluble in  water,  which  will  decompose  or  chemically  unite  with  the  said  silicates ; propor- 
tionate quantities  of  chalk,  sand,  or  other  similar  substance  may  also  be  incorporated  with 
the  compound,  and  thus  enable  it  to  be  obtained  at  less  cost,  in  accordance  with  the  nature 
or  description  of  the  work  to  which  it  is  intended  to  be  applied.  A piece  of  stone  manu- 
factured with  carbonate  of  load,  powdered  pumice  stone,  and  silicate  of  soda,  in  proportions 
stated  in  the  specification,  produces  a very  hard  stone,  without  the  application  of  any  heat, 

r667y.  Fluo-silicic  acid  and  silicate  of  potash  are  also  applied  to  the  surfaces  of  stones. 

1667-3'.  The  patent  Victoria  stone  has  stood  the  test  of  twenty  years  as  paving.  The 
floor  of  the  entrance-hall  at  the  “ Colinderies  ” in  1886  sustained  the  traffic  also  of  the 
years  1884  and  1885,  having  hud  some  five  million  people  passing  over  it.  In  the  course 
of  1886  it  was  laid  on  London  Bridge,  where  the  foot  traffic  is  stated  to  exceed  80,000 
passengers  per  day — the  heaviest  traffic  in  the  world.  It  bears  a crushing  weight  of 
8321  lbs.  ptr  cubic  inch  ; a tensile  strain  of  from  794  lbs.  to  1125  lbs.  per  square  inch ; 
its  porosity  is  7‘6  per  cent,  in  twenty-four  hours,  as  against  17’0  for  Bath,  13'5  for  good 
Portland,  or  8 0 for  Park  Spring  stones.  See  also  Paving. 

The  Leopold  Foreign  Rock  Asphalte  in  one  of  the  main  corridors  was  also  severely 
tested  by  traffic.  It  is  manufactured  of  Groby  granite  crushed  until  sufficiently  small  to 
pass  through  a certain  sieve:  it  is  then  washed  thoroughly  to  remove  all  earthy  particles. 
This  is  mixed  with  Portland  cement  and  well-burnt  clinker,  ground  fine,  and  a metal-lined 
mould  is  filled  with  it.  In  a few  days  the  slab  has  “set”  into  a hard  concrete,  and  is 
then  immersed  for  about  ten  days  in  silica  fluid. 

Hodges,  Butler,  and  Dale  manufacture  an  “ Imperi.al  stone”  for  copings,  window  sills, 
steps,  coal-plate  stones,  silicated  stone  sewers,  and  water  pipes,  &c. 


Sect.  II. 
GRANITE. 


1668.  Among  the  primitive  rocks  of  the  globe,  whose  period  of  creation  is  considered 
by  geologists  as  antecedent  to  that  of  organic  beings,  is  that  of  granite,  whose  use  in  archi- 
tecture seems  to  bid  defiance  to  time  itself.  The  term  granite  appears  to  be  a corruption 
ot  the  Latin  word  geranites,  used  by  Pliny  to  denote  a particular  species  of  stone.  Tour- 
nefort,  the  naturalist,  in  the  Account  of  his  Voyage  to  the  Levant  in  1699,  is  the  first  of 
modern  writers  who  uses  the  name.  The  word  seems  to  have  been  applied  by  antiquaries 
to  every  granular  stone  susceptible  of  use  in  architecture  or  sculpture,  in  which  vague 
sense  it  was  used  by  mineralogists  until  about  fifty  3 ears  since,  when  true  granite  was 
classed  as  a particular  mountain  rock.  Its  constituent  parts  are  concretions  of  felspar, 
quartz,  and  mica,  iutimatel}^  joined  together,  but  without  an}"  basis  or  ground.  These 
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J'j  parts  are  variable  In  quantity,  so  that  sometimes  one,  sometimes  th^  other,  and  frequently 
twooftliem,  predominate  over  the  third.  Tlie  felspar  is,  however,  generally  in  excess, 
as  mica  is  the  least  considerable  ingredient  of  the  rock.  In  some  varieties  the  quartz  is 
wanting,  in  others  the  mica  ; but  where  these  peculiarities  occur,  the  granites  must  be  con- 
iiclered  as  varieties,  not  as  distinct  species. 

16G9.  The  constituent  parts  differ  in  their  magnitude,  alternating  fiom  large  to  small 
I and  very  fine  granular.  The  colour,  moreover,  is  very  variable,  depending  principally  on 
the  predominating  ingredient — the  felspar,  the  quartz,  and  the  mica  having  usually  a grey 
colour.  The  felspar  is  mostly  white,  inclining  to  grey  and  yellow,  sometimes  red,  and  even 
grey,  seldom  milk-white,  and  alw^ays  translucent.  The  mica  is  usually  grey,  and  some- 
times nearly  black.  'I'he  felspar  in  granite  has  usually  a vitreous  lustre,  and  of  perfectly 
foliated  fracture ; yet  in  some  varieties  it  becomes  quite  earthy,  with  the  loss  of  its  hardness. 
1 and  lustre;  in  other  words,  it  has  passed  into  porcelain  earth.  'J'he  appearance  in 
question  is  sometimes  produced  hy  the  weathering  of  the  felspar,  and  sometimes  it 
appears  to  be  in  its  original  state.  When  pyrites  are  found  in  the  veins  which  traverse 
granite,  the  vicinous  felspar  and  mica  are  converted  into  a species  of  steatitical  matter 
[ by  the  a'ction  of  the  sulphuric  acid  formed  during  the  decomposition  of  the  pyrites. 

^ In  Cornwall,  there  is  a considerable  portion  of  its  granite  in  which  eaithy  felspar  is 

t found.  When  felspar  occurs  in  abnormal  quantities,  the  granite  becomes  porphyritic,  as 

^ the  Devonshire  granite,  and  that  of  St.  Honorine  (Calvados);  the  name  being  derived 

f from  the  colour,  which  is  purple.  Schorl  takes  the  place  of  the  mica  in  some  parts  of 

i-  Devonshire;  and  even  the  quartz  is  sometimes  wanting,  as  is  often  the  case  in  the  ehans 

, or  courses  laden  with  mineral  matters  in  that  district.  When  hornblende  occurs  instead  of 

( mica,  the  granite  becomes  syenite,  as  at  Malvern,  and  at  Syene,  in  Egypt;  and  when 

present  with  mica  in  about  equal  quantities,  the  material  is  called  Syenitic  granite.  When 
j mil  a is  present  in  such  quantities  as  to  cause  the  rock  to  assume  a slaty  cleavage,  it  is 

i called  gneiss. 

1670.  Granite  Is  not  decomposed  by  acids,  and  is  only  Imperfectly  and  slowly  calcinable 
: in  a great  heat.  Those  species  which  contain  much  white  felspar,  and  only  a small  portion 
of  quartz,  like  the  greater  part  of  the  granites  of  Cornwall  and  Devonshire,  are  liable  to 
decomposition  much  sooner  than  many  of  the  Scotch  granites,  in  which  the  quartz  is  more 
abundant,  and  equally  disseminated.  In  the  selection  of  the  Cornish  and  Devon  granites, 
those  are  to  be  preferred  which  are  raised  in  the  largest  blocks  and  are  easiest  worked, 

fwliich,  for  common  purposes,  answer  well  enough,  such  as  for  paving-stones  and  the  like  ; 

but  harder  granite  must  be  sought  for  than  Devonshire  or  Cornwall  produces,  where  the 
} I construction  is  of  importance  ; for  the  masses  in  these  counties  are  mostly  in  a condition  of 
rapid  disintegration  and  decay,  which  seems  chiefly  attributable  to  their  containing  a large 
||  portion  of  potassa.  The  Naval  Hospital  at  Plymouth  is  built  of  a granite  whose  parts 
t j appear  to  have  been  well  selected.  It  was  erected  between  the  years  1756  and  1764,  and, 

^ ] except  in  the  columns  of  the  colonnades,  does  not  exhibit  symptoms  of  decay.  In  these, 

S i|  on  their  more  exposed  sides,  the  disintegration  of  the  felspar  lias  commenced,  and  lichens 
; ^ have  already  attached  their  roots  to  some  parts  of  the  surfaces. 

f 1670a.  The  cause  of  the  decomponitlon  of  granite  is  a point  yet  unsolved  hy  chemists, 
t- ! Some  state  that  the  felspar,  being  acted  upon  by  the  carbonic  acid  In  rain  water,  becomes 
I"  j decomposed,  and  is  then  easily  removed,  leaving  the  mica  and  the  quartz  in  relief  without 
C j any  cementing  material ; and  that  the  decay  of  the  felspar  does  not  take  place  by  any 
I known  rules,  for  the  more  crystalline  it  may  be,  more  perfectly  does  it  resist  the  decom- 
I posing  action  of  atmospheric  agents.  Other  scientific  men  are  of  opinion  that  the  felspars 
k I containing  soda  generally  decompose,  whereas  those  which  contain  potash  do  not  decay. 

' I It  has  also  been  considered  that  the  kaolin  or  China  clay  was  produced  by  the  decompo- 
, I sition  of  the  felspar  with  the  granite  ; but  it  has  been  stated  that  so  far  as  human  observa- 
. (p  tion  could  go,  China  clay  never  was  true  granite,  and  that  atmospheric  decomposition 
I acting  upon  felspar,  had  never  gone  to  the  depth  of  300  feet,  at  whicli  de})th  finer  China 
j clay  was  found  than  nearer  the  surface:  miles  of  country  could  be  shown  strewed  wdt 1 1 
I felspar;  the  quartz  was  gone,  but  the  felspar  remained.  We  must  leave  the  decision  in 
) far  more  able  hands. 

1671.  Hed  granite,  sometimes  yellowish,  and  generally  interspersed  with  black  mica,  is 
[ found  in  Devonshire;  at  Mount  Edgeombe  there  are  tables  of  it  equal  to  the  finest  oriental 
ij  granite,  and  it  is  found  also  in  other  parts  of  England.  For  hardness,  and  in  works  where 
|[  durability  is  indispensable,  the  granites  from  Mount  Sorrel,  in  Leicestershire;  Aberdeen  and 
Dundee,  in  Scotland;  and  the  Cheesewring  of  Cornwall,  are  to  be  preferred  by  the  architect. 
J Tliese  take  an  admirable  polish,  and  are  superior  to  all  others  which  this  island  produces. 

; The  increasing  demand  of  late  years  for  this  material,  has  caused  many  new  quarries  to  be 
i opened  up  in  various  localities.  The  red  is  generally  harder  than  the  grey  sorts,  and 

!more  difficult  to  work.  The  Peterhead,  f;  om  tlie  vicinity  of  Aberdeen,  is  perhaps  the  best, 
and  it  is,  moreover,  in  appearance  the  most  beautiful  which  Scotland  affords ; indeed,  in 
point  of  beauty,  it  is  only  surpassed  by  the  oriental  granites. 

1671a.  Dartmoor  granite  is,  in  general,  coarse  grained,  varying  much  in  colour.  The  grey 
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sort  is  clTu  fly  quarried  and  worked  at  Hay  Tor  on  the  east  side,  shipped  at  Teignmouth  ; 
und  at  King  Tor  and  Rigmoor  Down,  on  tlie  west  side,  sliipped  at  Pl\ mouth.  Tl.e  Brown 
AVilly  district,  worked  at  the  Cheesewring  quarries,  near  Liskeard  ; the  granite  is  oCaliirlit 
grey  colour,  and  was  u ed  in  the  piers  of  the  new  Westminster  bridge.  The  granite  of  the 
eastern  portion  of  the  Hensl)ar>'Ow  district,  near  St.  Austell,  worked  above  Par,  is  of  gcodj 
quality;  it  is  shipped  from  that  port,  and  known  as  Lostwithiel  granite;  the  westernj 
portion  is  remarkable  for  its  liability  to  decomposition,  and  is  worked  for  kaolin  clay.l 
'J'he  Cam  Menelez  district  supplies  the  granite  generally  known  as  Cornish,  shipped  froml ! 
Penryn  and  Port  Navis  : blocks  of  several  hundred  tons  are  often  raised,  varying  from  20| 
to  70  feet  in  length,  and  of  proportionate  breadth  and  thickness.  Tne  finest  grain  is 
obtained  in  the  Cariiseu  quarries,  near  Penryn,  from  whence  were  got  the  stones  for  the  * i 
lodges  and  piers  at  the  British  Museum,  the  plinths  to  the  Royal  Exchange,  the  pedestal  - 
for  the  statue  of  Lord  Clive  at  Shrew-sbury,  and  that  for  the  statue  of  Carlo  Al'ie'-to  at 
Turin.  It  was  used,  1887,  for  the  monolithic  columns  to  Messrs.  Lloyd’s  new  bar.ki  ig 
premises  in  Lombard  Street.  The  columns  at  the  entrance  of  the  royal  mausoleum  at 
Frogmore  are  from  Lamorna,  south  of  Penzance;  which,  with  Boswarvali  and  New  .ALU, 
to  the  west,  have,  with  those  at  Penryn,  supplied  granite  to  most  public  works.  Frematar  , 
granite,  largely  used  at  the  steam  dock-yard  at  Keyhain,  is  white  in  colour,  and  being  very  .i 
close  grained,  it  can  be  brought  to  a highly  finished  surface,  and  is  said  to  be  very  durable.  | 
Hay  Tor  granite  company  supplies  a granite  of  a very  fine  grain,  hard,  of  un-  i 
questional)le  durability,  and  generally  of  a beautiful  blue  or  grey  colour;  it  can  be  1 
obtained  in  blocks  of  any  size  that  is  capable  of  being  removed  with  existing  machinery. 
The  quarries  have  supplied  the  Nelson  column  and  its  pedestals;  the  granite  plinth  and  j 
steps  of  the  Royal  Exchange;  the  statue  and  pedestal  of  King  William  IV.;  part  of  the 
river  wall  of  the  Houses  of  Parliament;  the  plinth  of  the  Sun  Fire  Office,  &c.  ; the  large  j 
landings  and  steps  of  the  terraces  at  the  Crystal  Palace;  the  graving  docks  at  all  HI\i. 
Hockvaids,  as  well  as  the  ashlar  steps  and  landings  for  the  royal  mausoleum  at  Frogmore.  , 
Grey  granite  fiom  Lundy  island,  off  the  coast  of  Devonshire,  is  supjilied  for  the  first  i 
section  of  the  'I'lnimes  embankment.  ■ 

1671c.  The  Port  Nant  granite,  in  Carnarvon  bay,  near  Port  Dinllaen,  has  been  used  1 
at  Liverpool  for  paving,  for  some  years;  for  tlie  tramway  on  Westminster  bridge  ; for  the  1 
lVIetrop.)litan  drainage  outfalls,  and  for  the  foundation  works  and  pavement  of  the  Thair.es 
embankment.  l 

167  Id.  Granite  is  supplied  from  a comparatively  limited  extent  in  the  north -ea.stern  part  > 
of  Al)erdeenshire.  d'he  first  or  central  portion  is  somewhat  circular  in  form,  having  a ; 
diameter  of  al)Out  six  miles,  witliin  wliich  tlie  rocks  are  of  red  granite  of  different  varieties, 
typified  by  the  fine  warm  coloured  Stirling  Hill  stones;  and  secondly,  of  an  annular  space 
surrounding  tliis  nucleus,  in  which  the  grey  and  blue  granites  abound.  Of  tljese,  the  j 
Cairngall  is  close-grained,  bard  and  dtn.se,  and  as  obdurate  as  any  of  the  red  granites.  At  I 
l^itsligo  is  ol)tained  a light  coloured  bluish-white  stone,  which  when  fresh  from  the  quarry,  i 
is  wTought  with  greater  facility  than  even  some  of  the  Scottish  sandstones.  It  stands  the  ^ 
weather  well.  j 

167  le.  llul)islaw  quarry  was  the  first  known  quarry  in  Aberdeenshire,  about  two  J 
hundred  and  fifty  years  since,  and  furnished  stones  for  paving  London,  and  later  for  works  ■ 
at  Portsmoutli  Docks  and  the  Bell  Rock  Lighthouse.  Since  its  introduction  about  18t^0, 
various  quarries  have  supjdied  granite  for  works  at  Waterloo  Bridge  (the  balustrading),  d 
Sheerness  Docks,  upper  side  of  London  Bridge,  &c.  About  182-2  Mr.  A.  Macdonald,  of  p 
Aberdeen,  reduced  to  practice  the  difficult  problem  of  giving  any  required  form  to  so  j 
stubborn  a material,  and  communicating  to  its  surface  an  enduring  polish,  which  it  is 
said,  is  retained  under  all  atmospheric  changes  ; nor  does  the  material  contract  any  stain 
with  vegetation.  The  red  granite  quarries  of  Stirling  Hill,  near  Peterhead,  about  thirty 
miles  from  Aberdeen,  supplied  the  shaft  of  the  Duke  of  York’s  column;  the  pillars  in  j 
Fishmongers’  Hall ; the  columns  in  the  king’s  library  in  the  British  Museum  about  1880;  j 
the  pedestals  for  the  statues  in  the  same  building  ; the  columns  at  St.  George’s  Hall,  * 
Liverpool,  25  feet  in  length  in  one  block;  and  is  now  used  in  numerous  buildings  in  nearly  i 
all  the  cities  in  Great  Britain.  | 

1671/.  Grey  or  blue  granite  is  supplied  from  the  quarry  of  Rubislaw,  but  principally 
from  Cairngall,  which  is  more  of  a syenite  than  a granite,  a clear  blue  finely-grained  ma- 
terial, used  for  the  finest  work.  This  has  been  employed  for  portrait  statues,  as  at  - 
Aberdeen,  at  Portsmouth,  &c.  ; for  the  sarcophagus  for  the  Duchess  of  Kent,  and  for  that  1 
of  the  Prince  Consort,  both  at  Frogmore.  I 

1671/7.  Argyleshire  has  only  witliin  the  last  twenty  years  been  opened  up  for  granite.  I 
Furnace  quarry,  near  Inverary,  is  more  of  a Syenitic  or  porphyritic  character  than  that  of 
true  granite,  and  is  remarkably  hard,  in  fact  harder  than  that  of  Aberdeen.  It  is  used  ■ 
chiefly  for  paving  tlie  streets  of  Glasgow.  Bonaw  Island  quarry,  near  Oban,  gives  an 
excellent  large-grained  grey  granite  ; it  has  been  used  in  the  harbour  works,  the  flight  of  i 
steps  at  the  AVest  End  Park,  &c.,  all  at  Glasgow,  being  obtainable  in  large  blocks.  Bonaw  i 
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Cituseway  quarry,  near  the  above,  though  fine  grained,  does  not  supply  large  blocks  ; it 
is  used  for  paving  stones.  Ardslieal  quarry,  north-east  of  Oban,  has  a good  grey  granite 
for  general  pur|)oses.  It  is  easily  (juarried  in  layers  of  any  recjuired  Kngtli  or  breadth, 
and  varies  in  thickness  from  6 inclies  up  to  Vj  feet.  It  is  said  to  be  less  noi.sy  and 
more  safe  as  a paving  stone  than  the  generality  of  granites  employed  for  that  puipose. 

II  1G71A.  The  Ross  of  Mull  nuarries,  in  the  island  of  the  same  name,  supply  granite 
I of  two  sorts,  red  and  pink,  the  felspar  being  in  the  former  of  a brilli  int  red,  and  in  fho 
I hitter  of  a delicate  pink,  tint.  In  its  ph\sical  character  it  re.semblcs  the  Aberdeen  granite 
I It  is  now  sent  in  large  quantities  to  the  polishing  works  at  Alienleen,  and,  moreover,  these 
j!  quarries  can  supply  larger  blocks  than  can  those  of  Peter!  ead.  Both  the  red  and  pink 
ji  varieties,  after  having  been  polished  at  Mr.  Sim’s  works  at  Gla.sgow,  were  used  in  the  Prince 

Sh  Con.sort’s  mausoleum  at  Frogmore;  at  the  Skerryvore  lighthouse  ; the  Liverpool  Decks; 
I the  Londonderry  Docks;  the  Glasgow  Water  Works,  &c.;  and  the  pink  granite  in  the 
foundations  of  the  early  work  at  the  new  Westminster  Bridge:  the  Tormore  or  red  grjime 
being  used  for  the  curb  to  the  footways. 

16711.  The  only  quarries  in  the  south-w^est  of  Scotland  are  Kirkmabreck  quarry,  near 
Creetoun,  Wigtown  Bay,  which  furnishes  a silver  grey  granite,  used  for  the  obelisk  sent  l>y 
]\Ir.  Sim  to  the  Exhiliition  of  1862  ; and  used  for  many  years  in  the  I^iverpool  Docks. 
Blocks  of  any  size  are  readily  attainable.  Dalbeattie  quarry,  near  Dumfries,  has  a 
large-grained  grey  granite,  taking  a high  polish  ; there  is  a difficulty  in  getting  large 
blocks  free  from  black  marks,  but  it  is  largely  worked  for  general  purposes,  kerbiug,  &c., 
and  for  ornamental  purposes. 

1671/  The  granites  of  Ireland  are  in  general  a speckled  grey,  inclining  to  white,  as 
those  of  Wicklow,  Dublin,  &c.  ; also  greenish  from  hornblende,  as  Mourne,  Newry,  &c.  ; 
reddish,  as  Galway.  The  granite  of  the  Wicklow  range  is  used  more  extensively  than  that 
of  any  other  district  in  the  island.  It  varies  considerably  even  within  a limited  distance. 
Near  Kingstown  it  is  very  hard,  the  quartz  predominating;  this  is  only  used  for  jilain 
p ij  heavy  work.  For  more  ornamental  purposes  granite  is  brought  from  Ballykiiocken,  or 
[)  j Gulden  Hill,  about  twenty  miles  distant.  It  contains  a larger  proportion  of  felspar  and 
ij  less  quartz  than  that  of  King.stown,  and  is  therefore  more  easily  worked,  and  is  of  a lighter 
!j  and  more  uniform  and  handsome  colour,  though  less  durable.  Granite  of  the  Carlow 
i !i  portion  of  the  same  range  is  similar.  Granite  of  Down  is  generally  of  a darker  colour, 

I)  and  more  finely  cryst:dlized  ; it  is  quarried  at  several  piaces,  especially  at  Newry,  from 
. ij  whence  it  is  conveyed  by  water  to  several  parts  of  the  north  of  Ireland;  it  can  be  worked 
into  fine  mouldings,  and  is  of  a dark  speckled  colour.  Galway  granite  is  commonly  of  a 
if  reddish  colour,  containing  large  crystals  of  flesh- red  felspar ; occasionally  it  has  a bluisli 
tint.  To  the  west  of  Clilden  blocks  of  a moderate  thickness  but  of  great  length  and 
I ^ width,  can  be  obtained.  Granite  to  the  west  of  Mayo  is  similar,  but  the  greater  part  of  it 
* .|j  in  that  county  is  of  a dark  bluish-grey  colour,  difficult  to  work  and  seldom  used.  In 
I ‘If  Donegal  and  Tyrone  it  is  gneissose,  and  of  the  same  character,  and  reddish.  Cavan  granite 
^ is  similar  to  that  of  Down,  and  but  little  employed.  In  the  counties  of  Kilkenny  and 
' Wexford  it  generally  resembles  that  of  the  great  Carlow  range  before  noticed. 

1 J671A.  The  Bagnalstown  quarries,  in  Carlow,  supply  four  different  qualities  of  granite; 

' I.  For  plain  work,  portions  being  soft,  others  liard;  some  fine-grained,  and  others  coarse; 

! and  red,  blue,  grey,  and  brown  in  colour;  all  are  obtained  from  the  surface  of  the 

^ land.  II.  A fine  grit,  employed  for  ornamental  work  even  in  the  Gothic  style,  is  very 

..  durable,  and  of  a very  white  colour.  III.  Not  quite  so  fine,  but  much  used  for  buildings 
j and  ornamental  work,  being  very  white  in  colour.  It  lies  in  horizontal  beds  of  about  1 foot 
, to  15  feet  in  thickness,  and  from  15  to  20  feet  in  length  ; some  beds  run  40  feet  long.  In 
I the  hall  of  the  Oxford  University  Museum  is  a slab  of  it,  about  10  feet  long,  5 feet  wide, 

J and  7 inches  thick.  IV.  A very  hard  granite  used  for  street  crossings  in  and  near  Cork, 
not  slippery.  All  these  granites  are  approved  for  terrace  steps,  Irom  6 to  15  feet  in 
I length  ; for  floors  in  stores,  porches  and  halls,  as  in  damp  weather  it  absorbs  the  moisture 
ji  from  the  atmosphere. 

■\  1672.  Granite  used  ^or  paving  purposes  is  imported  for  curha  and  trams,  from  Guernsey, 

Jersey,  Aberdeen,  and  Devonshire.  For  pitching  and  macadam,  from  Aberdeen  ; Mount 
I Sorrel,  Markfield,  and  Grooby,  all  in  Leicestershire  ; Guernsey  ; and  a small  quantity  from 

I Wales.  Mount  Sorrel  granite  is  red  in  colour,  and  was  employed  for  the  altar  steps  in 

j St.  Paul’s  Cathedral.  Granite  from  the  Furnace  quarries,  at  Inverary,  as  before  noticed,  is 
^ much  used  in  the  streets  at  Glasgow.  Markfield  and  Grooby  granites  are  dark  green.  The 
j'  granite  from  the  island  of  Herm,  near  Guernsey,  was  used  for  the  steps  to  the  Duke  of 
1 fork’s  column,  but  the  cost  of  working  and  difficulty  of  shipping  it  at  the  quarry,  have  led 
' to  much  discontinuance  of  its  use. 

1672a.  Aberdeen  granite  is  most  extensively  employed  for  curbs,  trams,  and  pitching; 
the  latter  in  thin  cubes  about  9 inches  in  depth,  3 inches  in  thickness,  and  not  exceeding 
18  inches  in  length,  fair  dressed  throughout,  it  being  considered  the  best  granite  adapted 
for  the  traffic  of  I.ondon,  as  it  is  very  durable  and  less  slippery  than  most  other  granites, 
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such  as  that  of  Guernsey,  for  instance,  which  is  therefore  now  seldom  adopted.  The 
Welsh  granite  has  the  same  fault,  for,  with  a large  amount  of  traffic  in  dry  weather,  it 
becomes  necessary  to  throw  gravel  over  it.  Guernsey  macadam,  broken  to  pass  through  a 
2^  inch  mesh  at  the  largest,  is  found  to  be  by  far  the  best  material  for  the  purpose,  one 
coat  properly  applied  outlasting  two  of  any  other  granite.  The  Devon  granite  being  coarse 
in  giain,  is  used  only  in  curbs  for  second-rate  streets,  while  for  pitching  it  is  not  to  he 
compared  in  price  or  quality  with  that  of  Aberdeen.  Blue  Bombay,  and  blue  Port  Philip 
granites,  are  hard  and  tough,  and  make  good  second-class  roads ; while  grey  China  granite 
is  soft  and  friable,  and  only  good  for  the  foundation  of  a new  road. 

16726.  We  are  indebted  for  several  of  the  details  here  given  on  this  subject,  to  the 
article  in  the  Dictionary  of  Architecture  of  the  Architectural  Publication  Society.  The 
Builder  for  1866  has  also  entered  on  the  merits  of  Scottish  granites. 


lG72r.  Tabi.e  of  the  Weights  of  Granites. 


1 N.'ine. 

Country. 

Weight  per  cubic- 
foot,  Avoiidupois. 

lbs 

oz. 

dr.  ' 

Stirling  Hill  - 

Stirling 

- 

165 

14 

5 

High  Rock,  Breadalbane  • 

166 

0 

9 

Black  Hill 

Stirling 

. 

- 

166 

10 

4 

Dalkey  - - - - 

Dublin 

- 

- 

169 

9 

7 

Bars,  Breadalbane 

- 

- 

- 

169 

11  . 

5 

Hay  Tor 

Devonshire  - 

- 

- 

165 

3 

0 

Blue,  Penmaenmawr  (Grauwacke) 

Carnarvonshire 

- 

- 

160 

1 

0 

Aberdeen  grey  - - - 

Aberdeenshire 

- 

- 

166 

8 

0 . 

„ red 

„ 

- 

- 

165 

4 

0 , 

Cornish  grey  , . - 

Cornwall 

- 

- 

166 

12 

0 . 

1 » red 

” 

- 

164 

0 

0 ' 
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1673.  With  the  architect  and  sculptor  the  name  of  marble  is  applied  to  all  stones,  harder 
than  gvpsum,  that  are  found  in  large  masses,  and  are  susceptible  of  a good  polish.  On 
this  principle,  under  the  head  of  marlrle,  are  included  many  varieties  of  limestone,  porphyry, 
and  even  granite  and  fine-grained  basalts.  But  with  mineralogi^ts  the  word  is  used  in  a 
much  more  restricted  sense,  and  is  confined  to  such  varieties  of  dolomite,  swinestone,  and 
compact  and  granularly  foliated  limestone  as  are  capable  of  receiving  a good  polish. 

1674.  1 he  external  characters  are  as  follows:  colours  w'hite,  grey,  red,  yellow,  and  green. 
Has  generally  but  one  colour,  tliough  it  is  often  spotted,  dotted,  striped,  and  veined. 
Occurs  massive,  and  in  angulo-granular  distinct  concretions.  Internally  it  alternates  from 
shining  to  glistening  and  glimmering ; lustre  intermediate  between  pearly  and  vitreous. 
Fracture  foliated,  but  oftentimes  inclining  to  splintery.  Fragments  indeterminate,  angular, 
and  rather  blunt-edged.  More  or  less  translucent.  Brittle,  and  easily  frangible.  Its 
chemical  characters  are,  that  it  generally  phosphoresces  when  pounded,  or  when  thrown  on 
glowing  coals.  It  is  infusible  before  the  blow-pijie.  DissoLes  with  effervescence  in  acids. 

Constituent  parts.  Lime  - - - - 56  50 

Carbonic  acid  - - - 43*00 

Water  - 0*50 

100-00  ® 

1675.  All  the  varieties  may  be  burnt  into  quicklime;  but  it  is  found  that  in  many  of 
them  the  concretions  exfoliate  and  separate  during  the  volatilization  of  their  carbonic  acid, 
so  that  by  the  time  that  they  become  perfectly  caustic,  their  cohesion  is  destroyed,  and 
they  fail  into  a kind  of  sand,  which  renders  a common  kiln  inapplicable. 

1676.  The  varieties  of  marble  are  almost  infinite.  Those  employed  by  the  ancients, 
as  well  as  porphyry,  are  noticed  in  the  Glossary.  Besides  the  paper  On  Marbles  read  in 
1887  by  Mr.  Brindley,  and  quoted  hereafter,  the  book  by  G.  H.  Blag  rove  On  Marble^ 
Decoration,  Sv  >.  1888,  and  that  by  A.  Lee,  Marble  and  Marble  Workers,  8vo.  1888,  are  valu- 
able contributions  to  the  subject. 

1677.  The  principal  part  of  the  supply  to  England  of  whitish  marble  is  from  Carrara, 
a small  town  or  village  of  Tuscany,  in  Italy.  The  quarries  at  this  place  were  celebrated 
from  an  early  period,  and  spots  are  still  shown  about  them  whence  they  dug  the  marble 
for  the  Pantheon.  Masses  of  marble  are  sometimes  procured  there  nine  feet  in  length  and 
from  four  to  six  in  breadth.  I'hc  quarries  are  the  property  of  the  principal  inhabitants  of 
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tho  town,  who  carry  on  an  extensive  trade  in  the  article;  but  the  difficulty  of  choosing 
the  marble  has  induced  artists  to  settle  there  for  the  execution  of  their  works,  and  tho 
consequence  is,  that  sculpture  abounds  and  flourishes  in  the  town.  The  white  or 
Statuary,  Italian-veined,  Dove-coloured,  Pavonazzo  or  purple  veined,  and  Ravaceione 
(called  Sicilian,  supposed  to  have  obtained  its  name  from  early  shiploads  of  it  having  been 
reshipped  or  sent  on  from  some  port  in  Sicily,  at  which  the  vessel  touched  in  its  voyage) 
marbles,  are  but  very  slight  variations  of  the  same  substance;  the  Dove  and  “ Sicilian” 
hive  a little  more  carbonaceous  matter  in  their  composition;  but  they  are  all  procured 
from  quarries  in  the  immediate  neighbourhood  of  Carrara.  Serravezza,  in  Lucca,  produces 
Statuary,  Ravaceione,  veined  or  Bianco  chiaro,  Mischio  di  Serravezza,  Bardiglio,  and 
Bardiglio  fiorito. 

1677a.  All  varieties  of  Carrara  marble  have  perishable  qualities,  which  ought  to  preclude 
them  from  being  ever  applied  to  external  purposes  in  this  country.  After  exposure  to  the 
weather  for  thirty  or  forty  years,  disintegration  through  its  entire  mass,  but  mostly  on  or 
near  the  surface,  evidently  takes  place ; after  the  lapse  of  about  a century,  more  or  less, 
according  to  the  quality  of  the  marble,  the  entire  substance  fails  into  a kind  of  sparkling 
sand.  The  group  of  Q-ueen  Anne,  &c.,  in  front  of  St.  Paul’s  Cathedral,  sculptured  by 
Francis  Bird  in  the  beginning  of  the  last  century,  had  been  painted  long  since,  and  was 
in  1887  entirely  renewed.  A mural  monument  by  J.  Nollekons,  erected  about  1780  over 
the  centre  door  within  the  portico  of  Bloomsbury  Church,  fell  on  to  the  pavement  during 
the  winter  of  1837-8,  so  thoroughly  pulverised  as  to  resemble  a fall  of  snow  rather  than 
bits  of  marble.  Milan  Cathedral  is  built  of  the  white  marble  of  Monte  Candoglio  or 
Candido,  on  the  Toce,  a tributary  of  the  Lago  Maggiore,  selected  as  better  fitted  to  staud 
the  atmosphere  than  Carrara  marble,  of  which  it  is  usually  said  to  be  built : the  “ 7,000 
statues  ” (1863)  are  most  probably  all  of  the  latter  material. 

16776.  The  Ravaceione,  or  so  called  “ Sicilian  ” marble,  is  expected  to  resist  the  action 
of  an  English  atmosphere  longer  than  Italian  veined,  or  white  Carrara  marble.  On  exami- 
nation, ho  wever,  i t will  be  found  that  its  chemical  and  mineralogical  character  scarcely  differs 
from  them,  except  in  weight,  hardness,  and  as  containing  a little  more  carbonaceous  matter. 
The  Marble  Arch,  erected  182.6-7  in  front  of  Buckingham  Palace,  was  removed  to  its 
present  site  1850-1,  when  it  was  found  necessary  to  rub  the  exposed  surfaces  with  sand 
and  stone,  as  they  were  in  a state  of  disintegration.  Perhaps  the  tomb  by  Sir  F. 
Chantrey,  executed  about  1820,  in  the  burial-ground  of  St.  John’s  Wood  Chapel,  is  the 
oldest  specimen  in  London,  if  not  in  England.  The  surface  may  now  be  abraded  with 
the  fingers  like  sand.  This  material  has  of  late  years  been  extensively  used  in  the  ceme- 
[)  teries  round  London.  But  on  a careful  inspection  of  stones  of  three  years’  date,  it  will 
be  found  that  the  polish  is  nearly  gone  ; and  even  the  paint  of  the  lettering  has  entirely 
I disappeared.  Frequent  changes  of  temperature  also  tend  to  destroy  Carrara  marble  more 
, rapidly  than  atmospheric  influences;  thus  the  mantel  of  a ehimneypiece  is  invariably 
I disintegrated  long  before  any  other  part.  The  late  C.  H.  Smith,  in  the  Builder  of  1864, 
strongly  urged  the  employment  of  Hopton  Wood  stone  (par.  1666i.)  in  lieu  of  it  for  all 
! out-door  works. 

i 1677c.  Maisa  Carrara  quarries.  The  special  produce  now  is — I.  The  ordinary  marble 
j called  “ Sicilian,”  having  a white  ground  variously  marked  with  grey  veins,  spots,  &c. : it 
is  good  for  interiors  as  it  is  easily  worked.  II.  A very  hard  ordinary  “ Siliciau,”  of  a 

i bluish  white  with  dark  veins,  adapted  for  steps  and  out-door  work.  When  well  polished 
it  has  great  resisting  power.  It  has  been  used  for  the  principal  staircase  of  the  Merchant 
Venturers’  school  at  Bristol,  where  the  final  polish  was  omitted  ; and  in  some  “ flats’’  in 
;ii  Portland  Place.  III.  A dark  grey  marble  with  black  veins,  called  Bardiglio,  which  has  been 
J largely  used  as  a building  stone  in  Naples,  and  as  altar  steps  in  Sweden.  IV.  A marble 
S called  Blanc  P.,  a bluish  white  without  veins,  but  not  so  lustrous  nor  so  pure  a white  as 
I statuary  marble.  It  is  much  used  in  Belgium,  France,  and  Ireland,  for  statues,  tombs, 
and  floral  carvings ; and  is  little  known  in  London.  The  quarry  uhich  supplied  the 
f Blanc  P.  is  stated  to  have  been  worked  out  long  since;  but  another  marble  so  called  is 
r merely  a superior  class  of  “veined  white  ; ” a large  quantity  is  used  in  London.  Tyrolese 
^ marble  possesses  all  the  beauties  of  that  obtained  from  the  Carrara  quarries,  and  is, 
j moreover,  from  its  intense  hardness,  almost  indestructible,  and  better  adapted  for  ex- 
posure to  the  climate  of  this  country. 

j 1678.  There  is  a beautiful  species  of  yellow  marble  obtained  from  the  quarries  near 
Siena,  in  Italy,  and  known  in  England  as  Siena  marble  ; but  the  quantity  now  imported 
" is  not  very  great,  and  what  is  introduced  is  very  poor  in  colour.  A good  quality,  both  in 
1.  colour  and  vein,  can,  however,  be  procured  at  the  quarries  by  special  orders. 

1678a.  The  marbles  of  Sicily,  little,  if  at  all,  employed  in  this  country,  are  enumerated 
as  follows; — Marmo  di  Trapani,  of  a grey  colour;  M.  di  Castelnuovo,  of  a yellow 
Q coloui  ; M.  di  Segesta,  of  a yellow  colour;  M.  di  Taormina,  of  a red  colour;  M.  di 
I Parco,  of  a yellow  colour ; M.  d’  Ogl-iastro,  of  a red  colour  ; and  M.  di  Castslaccio,  of  a 
:]  grey  colour.  The  two  last-named  marbles  arc  readily  obtainable  in  blocks  12  or  13  feet 
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long.  Speclineris  of  some,  If  not  :ill  of  the>;e,  are  included  In  the  fine  collection  of  polished  r 

marbles  made  by  the  learned  Corsi  of  Rome,  an  account  of  which  he  piiblislied  ; the  i 

collection  was  subsequently  brought  to  England,  and  is  believed  to  exist  at  Liverpool. 
Each  specimen  it  contained  is  no  less  than  8 inches  Italian  long,  4 inches  wide,  and  2 
inches  thick,  and  higlily  polished  on  all  sides. 

1679.  Many  of  the  marbles  of  France  and  Belgium  are  extremely  beautiful.  They  are 
chiefly  used  in  this  country  for  chimney  pieces.  The  following  is  a list  (including  others) 
of  those  so  worked,  supplied  from  one  of  the  Belgian  workshops  ; — Rouge  royal ; Bleu 
Beige;  Rouge  Griotte ; French  red;  Saint  Anna;  Noir  Beige;  Noir  Beige,  second 
quality;  Breccia  ( Breche)  ; Breccia  and  black;  Breccia  Romana  ; Breccia  rose;  Saint 
Gerard  ; Sicilian;  Sicilian,  white  veined;  Pavonazzo ; Statuary;  Statuary,  second  quality  ; 
INIalacliite ; Ver  tie  Mer ; Black  and  green;  Porphyry;  Brocatello ; Siena;  Siena, 
second  quality ; Italian  Griotte  ; Black  and  gold ; Bhick  and  gold,  second  quality ; 
Bard. 11a;  and  Sarracolln.  Another  marble,  named  Saint  Mont  Clarie,  is  a pure  black.  ™ 

1680.  The  marbles  of  Spain  are  likewise  very  fine,  but  are  not  exported.  A specimen  i 

of  the  “ Emperor’s  Red,”  of  unusually  fine  quality,  was  presented  to  the  Queen  by  the  late  j 
Don  Pedro,  King  of  Portugal,  for  the  royal  mausoleum  at  Frogmore.  ^ 

1681.  Tlie  marbles  of  the  British  Islands  deserve  more  notice  from  the  English  archi- 

tect  than  they  have  hitherto  received.  In  England  there  are  but  few  as  yet  quarried  of 
granular  fo’iated  limestone,  the  greater  number  of  varieties  of  them  belonging  to  the 
floetz  or  secondary  limestone.  Tlie  most  remarkable,  and  perhaps  most  beautiful,  of  ;! 
tlie  English  marbles,  is  that  of  Anglesea,  called  Mona  marble,  and  much  resembling 
Verd  antique.  Its  colours  are  greenisli  black,  leek  green,  and  sometimes  purple,  irregu- 
larly blended  with  white,  but  they  are  not  always  seen  together  in  the  same  piece.  Tlie  i 
M’bite  part  is  limestone,  the  green  shades  are  said  to  be  owing  to  serpentine  and  asbestos. 
The  Isle  of  Man  marbles  are — I.  Black  flagstone  (Posidonia  schist)  from  Poolvash,  i 
the  quarries  of  which  have  been  worked  for  upwards  of  two  luindred  years;  and  ; 
furnished  the  steps  in  St.  Paul’s  Cathedral,  presented  by  Bishop  Thomas  Wilson.  11.  1 

Grey  marble  (encrinital  and  shelly  limestone)  from  Poolvash,  used  for  tables  and  chimney  ; 
ornament.s.  1 1 1.  Black  marble  (lower  carboniferous)  limestone,  from  Port  St.  Mary,  ex-  j 
tremely  hard  and  durable,  taking  a good  polish  ; raised  in  blocks  and  flags  of  great 
size,  and  used  for  piers,  floorings,  and  tombstones.  IV.  Pale  marble  (carboniferous  lime-  j: 
stone  (from  Scarlett.  Castle  Rushen,  nine  hundred  years  old,  and  other  places,  are  built  'i 
with  this  most  durable  material.  V.  Spanish  Head  flagstone  (clay  schist),  Port  St.  | 
Mary ; is  a durable  material,  and  used  for  lintel  and  gate  posts  ; it  is  slightly  elastic  when 

in  thin  flags,  and  can  be  raised  in  square  slabs  of  16  feet.  VI.  Peel  freestone  (old  red  ; 
sandstone),  from  Craig  Millin;  of  this  stone  a large  portion  of  Peel  Cathedral  was  built  in  1 
1226.  (Cumming,  Isle  of  Man,  ^c.) 

1681a.  The  ornamental  marbles  of  Derbyshire  are  mostly  confined  to  the  1st,  2nd,  and 
3rd  classes  of  limestones,  which  are  separated  from  each  other  by  the  loadstone,  an  amyg-  j 
daloidal  trap  rock.  These  marbles  are  usually  distinguished  by  their  colour,  as  wliite, 
grey,  dove,  blue,  black,  and  russet ; or  by  physical  peculiarities,  depending  mostly  on  their 
fossil  contents,  as  bird’s-eye,  dog-tooth  or  muscle,  entrochal,  shelly,  and  breccia  marbhs. 
Quarries  of  hi  tek  marble  are  situated  near  Ashford,  where  machinery  for  cutting  and  ; 
polistring  these  marbles  was  first  used  in  1748.  The  beds  of  black  marble  seldom  exceed  1 
7 or  8 inches  ; it  is  difficult  to  be  obtained  of  any  considerable  surface  free  fr  om  “ shakes,”  | 
or  small  veins  of  white  spar.  It  is  also  procured  at  Matlock  and  Monsaldah.  A brown 
marble,  in  thin  band.s  of  various  depths  of  colour,  is  called  “ rosewood,”  as  it  presents  the  i!l 
appearance  of  it  when  polished.  It  is  one  of  the  hardest  and  most  durable  of  the  Derby-  ' 

shire  marbles.  A red  marble,  resembling  Rosso  antico,  is  found  chiefly  near  Newhaven,  in  * 

lumps  of  no  great  size.  These  and  other  Derbyshire  marbles  are  principally  used  for  j 

inlaying  work,  as  vases,  tables,  &c  , but  chimney  pieces,  columns,  &c.,  are  now  made  at  | 

Ashford,  Bakewell,  Buckland  Hollow,  and  at  Derby.  This  Florentine  work,  as  it  is  called, 
is  remarkable  for  fineness  of  execution  and  beauty  of  design,  and  is  almost  confined  to 
the  county.  |9 

16816.  A beautiful  greyish-black  coralloid  marble  is  also  found  in  Derbyshire  and  in  j 

Wales.  The  corals  it  contains  are  of  the  porous  kind,  of  the  most  elegant  species,  lodged 
at  all  angle.s  and  in  all  directions,  and  are  in  general  about  one  inch  and  a half  long  and 

three  quarters  of  an  inch  broad.  The  other  species  of  coralloid  marble  is  equally  beau-  (I 

tiful  and  compact,  fine,  even  texture,  very  hard,  of  a deep  jet  black,  and  capable  of  a very  j 
high  polish.  It  is  variegated  with  species  similar  to  the  above,  but  smaller,  and  of  a less 
elegant  texture ; among  these  it  has  usually  a great  number  of  sea  shells,  both  turbinated  « 
and  bivalve,  the  coral  and  shells  being  of  a pure  snow  white.  H 

1681c.  The  North  Devonshire  marbles  are  abundant  and  diversified.  There  are  | 
xarieiies  of  black  and  white,  from  Bridestow,  South  Tawton,  and  Drewsteignton.  Some 
of  the  Chudley,  Staverton,  and  Berry  Pomeroy,  marbles,  have  a black  ground  w'ith  large 
veins  of  calcareous  spar  traversing  it  in  all  directions.  The  variegaU'd  marbles  are  gene-^  iFj 
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rally  rcdclisli,  brownish,  ami  greyish,  variously  veined  with  while  and  yellow,  and  the  colours 
are'olten  intimately  blended.  The  South  Devonshire  marbles,  now  chieHy  worked  at 
St.  INI  iiy  Church,  Toi()uay,  fVom  the  Bal)bacomhe  limestone,  are  called  after  the  name 
of  tlie  estate  or  (]uarry  fiom  wlience  tliey  are  taken,  such  as  the  Petiton,  Ogwell,  Asli- 
burton,  13al)lracombe,  &c.  The  colours  are  led,  grey,  and  variegated,  of  almost  every 
tint.  The  sizes  of  the  bloeks  vary  from  1 to  10  tons  ; the  ordinary  length  runs  from  4 to 
5 feet ; 7 to  8 feet  is  considered  as  a good  length.  At  Ipplepen  are  reddish  varieties  that 
are  extremely  handsome.  Tliey  are  of  diderent  qualities,  as  compact,  poicellanic,  granular, 
crystalline,  shelly,  magnesian,  pozolanic  or  water,  stinking  or  swine.  The  Bartons  cpiarry 
at  Ipjdepen,  belonging  to  Mr.  Field,  of  Parliament  Street,  is  worked  at  80  to  100  feet  in 
depih  ; the  lowest  beds  are  about  8 feet  tliick,  and  of  a mottled  character,  being  dark  red 
and  white  in  colour;  the  deposit  over  it  is  streaky  and  lighter  in  colour.  Blocks  of 
1 8 feet  square  are  now  conveyed  to  London.  This  quarry  has  lately  supplied  the  mono- 
lithic irolished  shafts  for  the  forty  columns  (18  out  of  one  block),  each  12  feet  3 inches  in 
l.ngth,  and  18^  inches  diameter  on  the  fillet,  with  many  others,  for  the  new  building  of 
the  National  Provincial  Bank  of  England,  in  Bishopsgate  Street.  The  bases  are  of  Irish 
black  marble,  and  the  caps  of  the  cream-coloured  Huddlestone  stone.  In  the  corridor  of 
the  new  Freemasons’  Hall  are  four  columns,  two  being  from  the  Bartons  quarries,  and 
two  of  Languedoc  marble:  eight  others  are  placed  in  the  coffee-room  of  the  Charing  Cros.s 
Hotel.  'Ihe  limestones  of  Plymouth  are  not  so  fine.  They  are  of  two  sorts;  one,  an  ash 
colour  shaded  with  black  veins ; the  other  blackish  grey  and  white,  shaded  in  concentric 
spots  interspersed  with  irregular  red  spots;  or  black  with  white  veins  about  a quarter  to 
an  inch  in  width. 

168 id.  “ beyond  all  question,  the  most  beautiful  of  the  ornamental  stones 

of  this  country  ” (Hunt),  is  chiefly  found  in  the  sea-bound  peninsida  called  the  Lizard, 
the  most  southerly  land  in  Great  Britain.  This  rock,  with  anotlier  called  diallage,  con- 
stitute nearly  half  of  the  Lizard  peninsula.  Serpentine  has  evidently  been  under  the  influence 
of  heat.  At  one  spot  it  seems  to  shade  off’  into  the  hornblende  slate  in  which  it  is  embedded  ; 
at  another,  it  has  every  appearance  of  having  been  thrust  up  among  the  hornblende  slate. 
Sir  Henry  de  la  Beche  wrote,  many  years  since,  that  serpentine  ouyht  to  be  employed 
for  decorative  purpose.s.  He  named  Landewednack,  Cadgwith,  Kennack,  Cove,  and 
Goosehilly  Downs,  as  four  sites  whence  beautiful  specimens  might  be  obtained,  vary- 
ing in  colour,  as,  an  olive  green  base  striped  witli  greenish-blue  steatite  veins  ; another 
S|)ccimen,  very  hard,  with  a reddish  base  studded  with  crystals  of  the  mineral  called  dial/age, 
wliich  when  cut  through  and  polished,  gi\es  forth  a beautiful  metallic  green  glitter, 
heightened  still  further  by  the  reddish  tint  of  the  mass  in  which  it  is  embedded.  To  the 
Exhibition  of  1851,  Penzance  sent  fine  specimens  in  all  kinds  of  ornaments.  The  blocks 
are  small,  but  sometimes  they  have  been  obtained  7 feet  in  length  and  4 or  5 tons  in 
weight ; the  largest  was  8 feet  long,  3 feet  v.'ide,  and  2^  feet  thick ; from  2 to  3 feet 
long  is  the  usual  size.  The  best  blocks  are  worth  from  5 to  10  guineas  per  ton,  according 
to  their  weight,  the  larger  the  size  the  higher  is  the  value  in  an  increasing  proportion. 
Chemically,  steatite  and  serpentine  differ  little  from  each  other,  and  as  they  are  quarried  in 
juxtaposition,  specimens  of  both  kinds  are  selected  for  use  ; but  serpentine  being  much 
harder  and  more  richly  coloured,  is  appropriated  to  the  larger  articles. 

1681e.  In  the  Builder  of  1865,  p.  877,  it  is  stated  that  serpentine  is  not  a marble,  but  a 
talc  containing  a tolerable  quantity  of  chromate  of  iron.  It  is  sometimes  good  for  external 
ornamentation,  but  never  when  it  has  the  white  streaks  so  commonly  seen  in  it.  Hunt’s 
Handhoofi  to  the  1851  Exhibition,  gives  the  following  analysis  of  serpentine  obtained  at  the 
Lizard; — Magnesia,  38-68  ; silica,  42-50  ; lime  and  alumina,  2-10  ; oxide  of  iron,  1 50 » 
oxide  of  manganese,  10;  oxide  of  chromium,  0-30 ; the  colouring  matter  is  probably  a 
combination  of  chromium,  iron,  and  manganese.  In  his  Handbook  to  the  1862  Exhibition,  it 
is  called  a hydrated  silicitate  of  magnesia,  composed  of  silica,  43-64  ; magnesia,  43 -35  ; and 
water,  13-01  = 100.  Besides  the  supply  from  the  Lizard,  it  is  obtained  in  Anglesea, 
Portsoy  in  Banff’shire,  Unst  and  Fetlar  in  Scotland.  The  “ green  marble,”  or  serpentine, 
of  Connemara,  is  noticed  among  the  Irish  marbles.  This  material  is  sawn  by  steam  power 
with  sand  and  water  ; and  when  brought  into  the  form  required,  it  is  ground,  turned, 
rubbed,  and  polished  until  it  presents  a Ijeautiful  glossy  surface,  said  to  be  capable  of  resist- 
ing  grease  and  acids,  which  is  not  the  case  with  marble  in  general. 

1681/.  It  is  said  that  two  brackets  of  old  monuments  in  Westminster  Abbey  ; the  panel- 
bordering of  the  monument  erected  to  tlie  memory  of  Addison  ; the  brackets  of  a chimney- 
l)iece  at  Hampton  Court,  are  all  carved  in  serpentine,  and  the  present  condition  of  these 
specimens  shows  the  durability  of  it.  “ Equal  to  granite  in  durability,”  is  the  statement 
made  in  advertisements,  but  probably  some  further  time  must  elapse  befor  e such  a statemerrt 
can  be  endorsed,  though  it  may  be  allowed  that  it  appears  to  stand  atmospheric  influences 
remarkably  well.  Experiments  on  the  strength  of  serpentine  have  been  noticed  in 
par.  150?5t.  Therein  is  mentioned  a shaft  of  Poltesco  grey-green  Devonshire  serpentine, 
one  of  the  weakest  examples,  which  went  across  and  not  with  the  vein : the  latter  running 
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In  the  line  of  the  Juimctcr.  The  green  serpentine  has  been  used  lately  on  the  outside  of 
some  offices  in  Cornhill ; and  the  red  quality  in  1853  in  Leicester  Square. 

I68I  9.  Purbeck,  Petworth,  or  Sussex  marble,  is  the  name  of  a material  common  to  Derby- 
shire, Dorsetshire,  the  Isle  of  Wight,  Kent,  Surrey,  and  Sussex.  It  is  found  at  Dinton,  near 
Aylesbury,  and  it  occurs  at  Boulogne  and  at  Beauvais,  in  France.  In  some  places,  as  in 
tlie  most  westerly  quarries  near  Corfe  Castle,  and  at  the  top  of  the  Isle  of  Portland,  the 
Purheck  stone  is  so  liighly  coloured  and  fine-grained,  that  it  is  chiefly  identified  as  be- 
longing to  the  fresh  water  deposits  by  the  fossils  it  contains.  In  general,  the  stone  may 
be  said  to  be  fine  grained  in  the  quarries  north  and  west ; while  in  those  approaching  the 
east  the  pattern  is  larger,  the  shells  well  defined,  and  scarcely  any  of  them  broken;  the 
marble  from  this  district  is  therefore  handsomer,  and  more  in  request  for  ornamental  pur- 
poses. Purbeck  was  well  known  for  its  quarries  during  the  middle  ages,  when  the  marble, 
was  in  great  request  for  decorating  the  clustered  shafts  and  sepulchral  tombs,  and  for  j)ave- 
ments,  in  churches.  At  the  present  time,  there  is  scarcely  sufficient  demand  to  keep  more 
than  a few  men  at  work,  and  this  at  Woody-hyde,  near  Corfe  Castle,  where  the  genuine 
material  or  Purbeck  marble  can  be  obtained,  and  that  quarry  is  a hole  more  than  a 
quarr\\  It  has  been  stated  that,  during  the  middle  ages,  this  material  was  also  obtained 
from  quarries  at  Parham  Park,  six  miles  north-east  of  Arundel,  but  there  are  now  no 
traces  of  it  left  on  the  surface. 

1681A.  All  varieties  of  Purbeck  marble  eontain  a large  proportion  of  clay  in  their  com- 
position, which  is  one  chief  cause  of  their  perishable  nature.  In  the  interior  of  buildings 
the  moisture  in  the  air  will  Ire  condensed,  and  absorbed  into  the  argillaceous  portion  of 
the  marble.  While  this  process  is  going  on,  the  lustre  of  the  polish  is  gradually  diminished, 
the  colour  is  altered,  its  hardness  and  cohesion  destroyed,  until  the  surface  is  completely 
changed  to  a dull  earthy  appearance,  and  decay  results,  which  will  be  facilitated  in  propor- 
tion to  the  amount  of  clay  contained  in  a given  mass.  When,  as  in  small  columns,  this 
material  is  placed  with  the  planes  of  lamination  in  a vertical  position,  there  results  another 
and  a greater  tendency  to  decay.  The  clustered  columns  in  the  Temple  church,  though 
renewed  in  1840-42,  had  already  lost  much  of  their  polish  in  1853,  a preliminary  stage  to- 
wards decay.  The  large  ancient  columns  supporting  the  clere-story  at  Westmiastcr 
Abbey,  have  now  scarcely  a trace  left  of  their  original  surface.  (C.  H.  Smith,  Transactions, 
Institute  of  Briti.sh  Architects,  1853).  As  already  stated,  this  sort  of  marble  is  obtained 
in  Kent,  wliere  it  is  also  known  as  Bethersden  marble,  and  likewise  as  Lovelace  marble, 
obtained  near  Ashford.  In  the  east  and  west  sides  of  the  new  quadrangle  of  .St.  John’s 
(College,  Oxford,  are  sixteen  entire  columns  of  “ Bletchingden  marble,”  which  were  put  up 
in  1631-35.  It  may  be  seen  in  Ilythe  Church  and  in  some  of  the  neighbouring  churches, 
wliere  it  is  often  varnislied  in  lieu  of  being  polished.  The  Purbeck  marble  columns  used  in 
I.incoln  Minster,  in  1186-1200  are  asserted  to  have  been  worked  up  by  vinegar. 

1682.  Of  the  Scotch  marbles  the  principal  are  the  Thee,  of  which  there  are  two  varieties, 
red  and  white.  The  Iona,  whose  colours  are  a greyish  white  and  snow  white,  sometime* 
intermixed  with  steatite,  giving  it  a green  or  yellow  colour  in  spots  and  known  under  the 
name  of  Iona  or  Icolmkill  pebbles.  It  does  not  take  a high  polish.  The  Shye  marble,  of 
greyish  hue,  with  occasionally  various  veins.  'I'he  Assynt  varieties  of  white,  of  grey,  and 
dove  colour.  Glen  Tilt  marble,  white  and  grey,  with  occasionally  yellow  and  green  spots. 
Marble  of  Balliculislt,  of  a grey  or  while  colour,  and  capable  of  being  produced  in  con- 
siderable blocks.  Boyne  marble,  grey  or  white,  and  taking  a good  polish.  Blairgowrie, 
in  Perthshire,  of  a pure  white  colour,  fit,  it  is  said,  to  be  employed  in  statuary  and  for 
architectural  purposes  ; and  Glenavon,  a white  marble,  said  by  Williams  (^Natural  History 
of  the  Mineral  Kingdom')  to  be  a valuable  marble,  is  not  used,  from  the  remoteness  of  its 
situation  and  the  difliculty  of  access  to  it. 

1683.  Ireland  is  rich  in  marbles.  The  dark  colours  vary  from  jet  black  to  dark  dove 
colour,  purple,  blue,  and  grey;  the  light  colours,  from  the  pure  snow  white  to  the  celined, 
cream  coloured,  pink,  and  light  grey.  The  variegated  consist  of  the  serpentine,  black  and 
white  veined,  mottled,  and  those  marked  with  fossil  organic  remains.  The  black  marbles, 
which  are  those  cf  most  value  in  Ireland,  are  extensively  met  with,  and  belong  to  the  lower 
limestone.  The  merchantable  beds  of  the  best  quality,  which  have  been  extensively 
worked,  are  met  with  in  the  counties  of  Galway,  Limerick,  Carlow,  and  Kilkenny.  It  is 
also  found  in  the  counties  of  Mayo  and  Waterford.  The  best  quarries  are  considered  to 
be  those  close  to  the  town  of  Galway,  near  the  bank  of  Lough  Corrib.  It  occurs  in  three 
beds,  varying  from  about  9 to  12  inches  in  thickness.  One  is  called  the  “ London  bed,” 
as  it  supplies  most  of  the  black  marble  exjmrted  to  London.  Blocks  are  raised  of  an  aver- 
age size  of  about  5 to  10  feet  in  length,  and  4 to  5 feet  in  width  ; others  20  feet  in  length 
can  be  obtained.  Some  blocks  16  feet  in  length  were  sent  over  for  a staircase  for  the 
Duke  of  Hamilton’s  seat  in  Scotland,  who  was  also  furnished  with  landings  and  solid 
balustrades  worked  to  a fine  polish.  Angliham  and  Merlin  Park  quarries  supply  black 
marble  of  the  very  finest  description,  receiving  a high  polish.  Steps  of  it  were  supplied 
for  the  porticos  at  St.  Paul’s,  the  staircases  at  Marlborough  Flouse,  Hampton  Court,  and 
Kensington  Palace,  under  Sir  C,  Wren,  cir.  1700.  At  Oughterard,  the  beds  contain  more; 
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or  less  silica,  rendering  them  not  so  valuable.  At  Kilkenny,  it  abounds  with  shells  which 
Dccoine  more  consi)icuous  as  the  marble  dries  Kilkenny  marble  was  once  extensively 
employed  in  Ireland,  but  the  black  is  now  ))referretl.  'I'he  polish  of  black  marble,  while  it 
is  considerably  aflected  by  damj)ncss,  is  much  ini|)roved  and  i>reservcd  l)y  being  kej)t  dry. 

]683a.  Dark  grey  and  dark  mottled  grey  marbles  are  met  with  chicHy  in  King’s  county 
and  in  several  parts  of  the  county  of  Cork.  Near  Tullamore,  marble  is  obtained  in  large 
blocks  capable  of  receiving  a fine  polish,  and  is  much  used  for  chimney-pieces  and  orna- 
mental works.  The  limestone  around  Cork  produces  easy  working  marble  of  a light 
grey  or  dove  colour,  and  more  or  less  mottled,  receiving  a good  polish.  In  the  primary 
districts  of  Donegal,  a light  grey  and  bluish  grey  coloured  marble  of  close  grain  is  found 
to  a great  extent  ; most  of  it,  however,  is  hard  to  work  from  the  quantity  of  silex  it  contains. 
The  same  kind  of  a bluish  tint  is  very  frequent  in  Connemara.  It  is  compact  in  texture, 
but  does  not  always  produce  a satisfactory  polish.  White  marble  occurs  in  the  western 
portion  of  county  Donegal,  differing  much  from  tliat  of  Connemara.  It  is  of  comparatively 
easy  conversion,  and  can  be  obtained  in  cubical  blocks  in  great  quantities;  its  very  coarsely 
granular  texture,  however,  is  jirejudicial  to  it  for  many  purposes;  for  boldly  executed 
works  in  sculpture,  where  the  expense  of  carriage  would  be  avoided,  it  might  be  advan- 
tageously employed  for  many  purposes ; but  it  will  not  vie  with  the  marble  of  Cai  rara. 
The  Connemara  white  marble  is  hard  and  fine,  ana  the  strongest  yet  found;  it  cannot, 
however,  be  procured  in  large  blocks  free  from  streaks,  which  jiass  through  the  blocks 
parallel  with  the  beds.  At  Chevy,  near  Dungannon,  county  Tyrone,  a very  delicate  cream 
coloured  marble  is  obtained,  very  compact  in  texture,  receiving  a higli  degree  of  polish,  and 
blocks  of  great  lengtli  can  be  procured.  The  coarsely  crystalline  and  fossiliferous  limestone 
at  Ardbraccan  produces  light  coloured  marble  of  easy  conversion. 

l6H3b.  Of  the  variegated  marbles,  the  Siena  of  the  best  quality  Is  perhaps  the  most 
beautiful.  It  is  obtained  in  several  places  in  King’s  county ; but  the  best,  the  veined  or 
mottled  Siena,  is  found  near  the  Seven  Churches.  It  is  susceptible  of  a high  polish,  and 
exhibits  many  bright  and  distinct  colours.  Marble  of  the  same  charaettr  also  prevails, 
having  a dove  coloured  ground,  varied  or  mottled  with  Siena  colour.  In  the  county  of 
.Armagh,  a Siena,  or  rather  a brownish  red  marble,  is  found,  containing  a great  number  of 
fossil  shells ; several  varieties  of  colour,  from  a very  light  reddish  brown  to  a rather  dark 
red,  are  also  met  with,  more  or  less  marked  with  shells.  At  Pallaskenry  in  the  county  of 
Limerick,  a dark  red  and  mottled  marble  is  abundant,  and  has  been  much  used.  A red 
coloured  marble,  of  a compact  but  slaty  texture,  occurs  in  the  county  of  Cork,  extending 
from  the  city  in  a narrow  seam,  for  a distance  of  several  miles.  It  is  hard  to  work  and  dull 
in  colour;  at  one  time  it  was  extensively  used. 

1683c.  The  serpentine,  or  green  marble,  as  it  is  usually  called,  of  Connemara,  in  county 
Galway,  is  of  a dull  green  colour.  Blocks  are  raised  of  considerable  size,  from  which  slabs 
can  be  obtained,  at  Barnanoraun  quarry,  near  that  at  Recess;  and  at  Letternaphy  quarry, 
near  Clifden  ; the  latter  being  rather  coarse  in  quality;  while  at  Tievebaun  quarry,  near 
Recess,  the  marble  is  dark  green,  very  sound,  and  free  from  shakes  of  any  kind.  Black 
and  white  marble,  and  that  of  a mottled  character,  occur  near  Cork,  in  the  counties 
of  Waterford,  Longford,  and  Kerry;  some  of  the  varieties  are  very  fine;  that  obtained 
near  Mitclielstown  is  well  marked  and  receives  a high  polish.  The  limestone  obtained 
near  the  ileven  Churches  in  King’s  county,  wlien  polished,  produces  a good  marble 
of  an  even  grey  colour.  It  is  strongly  mottled  with  very  numerous  fossil  organic 
I remains.  It  is  easily  worked,  and  raised  from  the  quarries  in  thin  beds.  This  marble,  in  a 
rilj  polished  state,  has  been  used  in  tlie  construction  of  one  of  the  principal  ruins  at  the  Seven 
I ^ Churches;  some  of  the  stones  retain  their  polish  to  this  time,  while  others  exhibit  decay. 
(Wilkinson,  Geology,  §’c.  of  Ireland,  1845).  A fine  i)urple  marble  is  found  at  Lough- 
lougner  in  county  Tipperary,  which  is  said  to  be  beautiful  when  polished.  Some  of  a 
purple  colour,  and  purple  and  white  intermixed  with  yellow  spots,  were  to  be  procured  in 
the  islands  near  Dunkerron  in  the  river  Kenmare. 


1683(f.  Table  of  the  Weights  of  Marbles. 


Name. 

Ceuiity  or  Country. 

Weight  per  cubic 
foot,  avoirdupois,. 

Black  - 

Kilkenny 

lbs.  oz.  dr. 

171  6 0 

'I'iree 

. 

_ 

Hebrides,  Scotland 

- 

172  5 0 

Carrara,  Statuary 

- 

- 

Tuscany 

- 

168  10  5 

„ Ravaccione 

- 

_ 

- - 

- 

169  2 8 

Ipplepen,  Bartons  quarry 

- 

Devonshire 

- 

163  6 0 

Its  tenacity  is  stated  at  6,000  li)s.  per  square  inch,  and  its  crushing  weight  is  also  put  at 
6, CKK)  lbs.  per  square  inch.  (Hunt.)  (1520^) 
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1684.  The  inforinat’ion  we  propose  here  to  lay  before  the  reader  relative  to  the  different  i 
Sj:tecics  of  timber  is  extracted  from  Miller’s  Gardener’s  Dictianary,  Rondeiet’s  Art  de  lidtir/ 
Rees's  Cyclopcedia,  and  Himtei’’s  edition  of  Evelyn’s  Sylva.  To  give  any  tiling  like  the  in- 
formation that  would  satisfy  the  botanist  would  be  out  of  place  in  an  aichitectural  work  ; 
and  we  therefore  confine  our  observations  to  those  which  will  be  useful  to  the  student. 

1685.  Oak.  Of  this  most  valuable  timber  for  building  purposes  Vitruvius  (lib.  iu 
cap.  ix. ) enumerates  five  species,  which  it  would  now  be  difficult  to  identify.  That  some 
species  of  the  Quercus  of  the  botanists  are  more  valuable  for  building  purposes  than  others 
no  doubts  exist.  Evelyn  seems  to  commend  especially  the  Irish  oak,  because  of  its  with-  I 
standing  the  efforts  of  the  worm ; but  it  is  not  easy  to  ascertain  the  particular  species  to 
which  he  alludes  In  the  present  day  the  Sussex  oak  is  esteemed  the  most  valuable;  a 
value,  according  to  some  authors,  derived  from  the  nature  of  the  soil  and  from  good 
management  in  the  culture,  which  is  an  object  of  no  small  importance. 

1686.  Generally,  it  has  been  usual  to  consider  England  as  producing,  without  difference 
in  quality,  but  one  species  of  oak ; but  two  sorts  are  well  known  to  the  English  botanist, 
the  Quercus  Robur  and  the  Quercus  Sessilijlora.  The  former  is  found  throng',  out  the 
temperate  parts  of  Europe,  and  is  that  nmst  common  in  the  southern  parts  of  Enghmd. 
Its  leaves  are  formed  with  ii  regular  sinuosities,  and  their  footstalks  are  short,  occasionally 
almost  without  any  at  all.  It  attains  a very  large  size,  and  the  wood  is  tolerably  straight- 
grained  and  pretty  free  from  knots,  in  many  instances  resembling  the  German  species 
called  wainscot.  It  is  easily  split  for  making  laths  for  plasterers  and  slaters,  and  is  beyoi.d 
doubt  the  best  soit  for  joist,  rafters,  and  other  purposes  where  stiff  and  straight-grained 
timber  is  a desMeratum.  In  the  Quercus  Sessiliflora,  which,  though  found  about  Dulwich 
and  Norwood,  according  to  Miller,  appears  to  be  the  common  oak  of  Durham,  and  perhaps 
of  the  north  of  England,  the  leaves  have  long  footstalks,  frequently  an  inch  in  length; 
and  their  sinuosities  are  not  so  deep,  but  are  more  regular  than  those  of  the  Robur  just 
described.  The  acorns  are  so  close  to  the  branches  as  to  have  scarcely  any  stalks.  The 
wood  is  of  a darker  hue,  and  the  grain  is  so  smooth  that  it  resembles  chesnut.  Than  the 
Robur  it  possesses  more  elasticity,  hardness,  and  weight,  but  in  seasoning  it  is  subject  to 
warp  and  split ; hence  unfit  for  laths,  which  in  the  north  of  England  are  rarely  of  oak. 
There  is  no  reason  for  supposing,  as  has  been  conjectured,  that  the  oak  of  the  Gothic  roofs 
of  the  country  is  of  this  species,  though  we  are  aware  of  the  great  durability  of  the  oak  iu 
the  buildings  in  the  northern  part  of  the  island. 

1687.  The  specific  gravity  of  the  species  first  named,  that  is,  the  Quercus  Robur,  may 
be  taken  at  about  -800,  and  the  weight  of  a cube  foot  50’45  lbs.  That  of  the  last-named 
at  ’875,  and  the  weight  of  a cube  foot  at  about  55 '00  lbs.  Their  cohesive  force  and  tough- 
ness are  proportionable. 

1688.  The  American  species  scarcely  claim  a notice  here,  because  their  use  in 
England  is,  from  every  circumstance,  out  of  the  question.  Of  the  red  oak  of  Canada 
(Quercus  rubra),  the  only  one  of  which  the  use  could  be  contemplated,  we  merely  observe, 
that  it  is  a light,  spongy,  and  far  from  durable  wood,  though,  in  the  country,  in  many 
instances  useful.  Its  growth  is  rapid,  and  it  rises  to  the  height  of  90  or  100  feet. 

1689.  There  is  a species  of  oak  imported  from  Norway,  which  has  received 
the  name  of  clapboard,  and  another  imported  from  Holland,  known  under  the  name  of 
Dutch  wainscot,  though  grown  in  Germany,  whence  it  is  floated  down  the  Rhine  for 
exportation.  The  latter  is  destitute  of  the  white  streaks  which  cross  the  former,  and  is 
thereby  distinguished  from  it.  The  use  of  these  woods  has  latterly  much  diminished  in 
Englatrd.  They  are  both  softer  than  common  oak,  and  the  clapboard  far  inferior  to 
wainscot.  They  are  more  commonly  used  for  frttirrgs  and  fixtures,  whereto  they  are  well 
adajrted.  In  damp  situatiorrs,  oak  decays  gradually  from  its  external  surface  to  the  centre 
of  the  tree  ; the  ring  on  the  outside,  which  it  acquired  in  the  last  year  of  the  growth  of 
the  tree,  decaying  first ; but  if  the  tree  be  not  felled  till  past  its  prime,  its  decay  is  reversed 
by  its  commencement  at  the  centre.  An  oak  rarely  reaches  its  prime  under  the  age  of  an 
hundred  years ; after  that  period,  which  is  that  of  its  greatest  strength,  it  cannot  be  consi- 
dered as  fit  for  building  purposes  ; and,  indeed,  it  may  be  taken  as  a rule,  that  oak  before 
arriving  at  its  maturity  is  stronger  than  that  which  has  passed  it. 

1690.  If  the  architect  has  the  opportunity  of  selecting  the  timber  whilst  In  a state  of  , 
growth,  he  will,  of  course,  choose  healthy,  vigorous,  and  flourishing  trees.  Tiiose  in 
which  the  trunks  are  most  even  are  to  be  preferred.  A mark  of  decay  is  detected  in  any  - 
swelling  above  the  general  surface  of  the  wood.  Dead  branches,  especially  at  the  top  of 
the  tree,  render  it  susiricious,  though  the  root  is  the  best  index  to  its  soundnes.s.  'l  ire 
notion  of  Alberti  (Z>e  Re  A-ldiJicatoria),  of  ising  all  the  timber  in  the  same  building  floin 
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I  the  same  forest,  is  a Ilf  tie  too  fanciful  for  these  clays,  though  we  confess  we  have  some  ml5>- 
j givings  in  impugning  an  authority  which,  in  most  other  respects,  we  are  inclined  to  receive 
1 with  the  highest  veneration. 

I 1691.  In  felling  not  only  the  oak,  hut  all  other  large  trees,  the  great  branches  should  be 
first  cut  off,  so  that  the  tree  may  not  be  injured  or  stiained  in  its  fall ; and  the  trunk, 

■ moreover,  must  be  sawed  as  close  to  the  ground  as  possible.  When  felled,  but  not  before, 

! it  is  to  be  barked,  trimmed  of  its  branches,  and  left  to  season.  Before,  however,  leaving 
^ it  for  this  purpose,  it  is  considered  by  workmen  better  to  square  it,  which,  it  is  thought, 

' prevents  its  tendency  to  split.  If  to  be  employed  for  posts  or  bearing  pieces,  boring  it 

■ has  been  employed  with  success ; but  it  is  needless  to  observe,  that  in  pieces  subject  to 
transverse  strains  sucli  a practice  is  not  to  be  recommended. 

1692  The  pieces  selected  for  building  must  be  chosen  with  the  straightest  grain  ; but 
^ there  are  pieces  which  are  occasionally  employed,  as  for  knees  and  braces,  wherein  a 
' curvilinear  direction  of  the  fibres  of  the  timber  is  extremely  desirable.  It  may,  however, 
be  generally  stated,  that,  in  the  case  of  two  equal-sized  and  seasoned  pieces,  the  heavier  is 
k ‘j  the  piece  to  be  preferred. 

f I 1693.  In  oak,  as  in  all  other  woods,  the  boughs  and  branches  are  never  so  good  as  the 
V j body  of  the  tree ; the  great  are  stronger  than  the  small  limlis,  and  the  wood  of  the  heart 
stronger  than  all.  When  green,  wood  is  not  so  strong  as  when  thoroughly  dry,  which  it 
rarely  is  till  two  or  three  years  after  it  is  felled.  It  is  scarcely  necessary  to  say,  that,  con- 

r'  taining  much  sap,  it  is  not  only  weaker,  but  decays  sooner.  It  is  weakened  by  knots,  at 
' which,  in  practice,  it  is  found  that  fractures  most  frequently  occur  ; and  it  is  important 
i 1 to  the  architect  to  recollect  that  he  should  always  reject  cross-grained  pieces. 

1694.  The  great  use  of  oak  in  this  country  is  more  for  ship-building  purposes  than  for 
architectural,  its  use,  except  in  the  provinces,  being  principally  confined  to  pieces  which 
are  much  liable  to  compression,  or  where  great  stiffness  is  required,  or  in  pieces  like  sills 
^ to  windows  and  door-cases,  where  there  is  much  alternation  of  dryness  and  damp.  So 
early  as  1788,  the  consumption  of  oak  for  ship-building  purposes  was,  in  that  year. 

[upwards  of  50,000  loads. 

i}  1695.  When  of  good  quality,  it  is  more  durable  than  any  other  wood  which  is  procur- 
! able  of  a like  size.  In  a dry  state,  it  is  ascertained  to  have  lasted  nearly  a thousand  years. 

< ' The  open-fibred  porous  oak  of  Lincolnshire,  and  some  other  places,  is  a bad  sort.  The 
i A best  is  that  with  the  closest  grain  and  the  smallest  pores.  The  colour,  as  is  well  known, 
t ' is  a fine  brown ; that  which  partakes  of  a reddish  hue  is  not  so  good  as  the  other.  The 
» j smell  of  it  is  peculiar  ; it  contains  gallic  acid,  and  it  assumes  a black  purple  colour  when 
damp,  by  contact  with  iron.  It  warps  and  twists  much  in  seasoning,  and  shrinks  in  width 
Ipbout  one  thirty-seventh  part. 

II  1696.  Chestnut.  One  of  the  finest  of  the  European  timber  trees,  the  castanea 

111  of  botanists,  was  heretofore  so  common  in  this  country,  that  Fitzstephen,  in  his  description 
I of  London  about  the  time  of  Henry  II.,  mentions  a fine  forest  of  chesnuts  as  growing  on 
(I  n the  northern  side  of  the  city.  It  is  stated  to  have  been  used  in  the  buildings  of  our 
1'  “ancestors,  but  it  is  very  doubtful  if  it  was  so  employed.  Tlie  young  tree  vies  with  the 

ioak  in  durability,  from  the  small  proportion  of  sapwood  it  contains.  Of  its  durability, 
the  roofs  of  Westminster  Hall,  that  of  King’s  College,  Cambridge,  and  that  of  Notre 
Dame,  at  Paris,  are  cited  as  examples,  though  the  fact  of  the  latter  being  of  chesnut  is 

i doubted  by  llondelet,  who  says  tl.at  Buffbn  and  D’Aubenton  thought  it  a species  of  oak, 
which  is  now  well  known  to  be  the  case  in  the  roof  first  named. 

] 1697.  Chestnut,  however,  is  not  to  be  trusted  like  oak.  As  Evelyn  observed,  it  is  often 

[well-looking  outside,  when  decayed  and  rotten  within.  Belidor  says  it  soon  rots  when 
jthe  ends  of  timbers  of  it  are  closed  round  in  a wall. 

I 1698.  It  is,  perhaps,  from  the  circumstance  of  its  colour  so  nearly  resembling  that  of 
ioak,  that  one  timber  has  so  often  been  mistaken  for  the  other.  The  difference,  however, 

I is,  that  the  pores  of  the  sapwood  of  the  oak  are  larger  and  more  thickly  set  and  easily 
distinguished,  whilst  those  in  the  chesnut  retjuire  magnifying  powers  to  be  distinguished. 

I But  a more  decided  difiference  is,  that  the  chesnut  has  no  large  transverse  septa.  It  is  far 
easier  to  work  than  oak,  and  is  not  very  suscejttible  of  swelling  and  shrinkage.  From 
what  has  been  mentioned  above,  it  may  be  inferred  that  the  wood,  though  tough  and  com- 
pact, is,  when  young,  hardest  and  most  flexible,  the  old  wood  being  often  shaky  and  brittle.. 

II  1699.  Water  pipes  of  this  tree  endure  much  longer  than  those  of  elm;  and  for  tubs 
■ and  vessels  to  hold  water,  it  is  superior  to  oak;  for  when  once  thoroughly  seasoned,  it  will 
neither  shrink  nor  swell,  on  which  account  it  is  used  by  the  Italians  for  wine  tuns  and 

1 casks.  It  will  thrive  on  most  soils,  but  rather  delights  in  a rich  loamy  land,  succeeding 
well,  also,  on  that  which  is  gravelly,  clayey,  or  sandy.  jVlixed  soils  are  suitable  to  it,  aiid 
it  is  found  in  the  warmer  mountainous  situations  of  most  parts  of  Europe, 
r . 1700.  From  the  experiments,  the  cohesive  force  of  a square  inch  of  chesnut,  when  dry 

varies  from  9570  to  12,000  lbs.,  and  the  weight  of  a cubic  foot,  when  dry,  is  from 
I 4S  to  .'i.'i  lbs. 
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1701.  Beech  (^Fagns  Sylvatica).  A beautiful  tree,  pjrowing  to  a considerable  height, 
tnd  carrying  a proportionable  trunk.  It  flourishes  most  in  a dry  warm  soil,  and  grows 
moderately  quick.  Tlie  wood  is  hard,  close,  has  a dry  even  grain,  and,  like  tlie  elm, 
bears  the  drift  of  spikes.  The  sorts  of  beech  are  the  brown  or  black,  and  the  white  beech. 
It  is  common  throughout  Europe.  In  the  southern  parts  of  Buckinghamshire,  where  the 
soil  is  chalky,  it  is  particularly  abundant ; and  such  is  the  case  near  Warhleton,  in  Sussex, 
on  the  southern  range  of  chalk  hills,  where  the  beeches  are  very  fine. 

. 1 702.  Constantly  immersed  in  water,  the  beech  is  very  durable ; such  also  Is  the  case 

with  it  when  constantly  dry  ; but  mere  damp  is  injurious  to  it,  and  it  is  very  liable  to  injury 
by  worms,  though  to  these  Duhamel  considers  it  much  less  liable  when  water-seasoned, 
than  when  seasoned  in  the  common  way.  To  render  it  less  liable  to  the  worm,  it  has  been 
recommended  to  fell  it  about  a fortnight  after  Midsummer,  to  cut  it  immediately  into 
planks,  which  are  to  be  placed  in  water  about  ten  days  and  then  dried.  Beech  is  little  used 
in  building,  except  for  piles,  in  which  situation,  if  constantly  wet,  they  are  very  durable. 
From  its  uniform  texture  and  hardness,  it  is  a good  material  for  tools  and  furniture,  and 
of  it,  in  boards  and  planks,  large  quantities  are  brought  to  London.  It  is  without  sensible 
taste  and  smell,  easy  to  work,  and  susceptible  of  a very  smooth  surface.  The  white  sort  is 
the  hardest,  though  the  black  is  tougher,  and,  according  to  Evelyn,  more  durable.  Tha 
weight  of  a cube  foot  varies  from  4 3 to  53  pounds. 

1703.  Walnut  (Juglans,  quasi  Jovis  glans')  is  of  several  sorts.  The  Jnglans  Regia, 
or  common  walnut,  was  formerly  much  cultivated  in  this  island,  as  well  for  the  sake  of 
its  timber  as  of  its  fruit.  On  the  former  account  the  importation  of  mahogany  has  lonp 
since  rendered  its  cultivation  less  common.  It  flourishes  better  in  a thin  limestone  soil, 
than  in  one  that  is  rich  and  deep,  and,  if  raised  for  timber,  should  not  be  transplanted,  but 
remain  in  the  place  where  it  is  sown.  For  furniture,  from  its  rich  brown  colour,  it  is  by 
many  persons  preferred  to  mahogany.  Its  scarcity  renders  its  employment  rare  for 
building  purposes,  though  by  the  ancients  it  was  so  employed.  One  of  its  properties 
is,  that  it  is  less  liable  to  be  affected  by  worms  than  any  other  timber,  cedar  only  excepted ; 
but  from  its  brittle  and  cross-grained  texture,  it  is  not  generally  useful  for  the  main 
timbers  of  a building. 

1 704.  The  heart- wood  Is  of  a greyish  brown  with  dark  brown  pores,  often  veined  with 
darker  shades  of  the  same  colour,  which  are  much  heightened  by  oiling.  The  texture  is 
not  so  uniform  ^..s  that  of  mahogany,  nor  does  it  work  so  easily,  but  it  may  be  brought  to 
a smoother  surface.  The  weight  of  a cubic  foot  is  about  45  pounds. 

1705.  Ceoar  (^Pinus  Cedrus)  is  an  evergreen  cone-bearing  tree,  of  which  though 
several  have  been  grown  in  this  country,  it  is  too  scarce  to  be  employed  in  building.  Its 
durability  is  very  great;  such,  indeed,  that  Pliny  states  cedar  to  have  been  found  in  the 
Temple  of  Apollo  at  Utica,  which  must  have  been  1200  years  old.  Its  colour  is  a light 
rich  yellow  brown,  with  the  annual  rings  distinct.  It  is  resinous,  and  has  a powerful 
smell.  The  taste  is  slightly  bitter,  and  it  is  not  subject  to  worms.  It  is  very  straight  in 
the  grain,  works  easily  and  splits  readily.  Weight  of  a cubic  foot  from  30  to  38  pounds. 

1706.  Fir  (Pinus  Sylvestris).  The  red  or  yellow  fir  is  produced  on  the  hills  of  Scot- 
land ; but  the  forests  of  Russia,  Denmark,  Norway,  Lapland,  and  Sweden  produce  the 
finest  timber  of  this  species.  It  is  imported,  under  the  name  of  red  wood,  in  logs  and  deals. 
From  Norway  the  trees  are  never  more  than  1 8 inches  diameter,  whence  there  is  much  sap- 
wood  in  them ; but  the  heart  is  a stronger  and  more  durable  wood  than  is  had  from  larger 
trees  of  other  countries.  From  Riga  a great  deal  of  timber  is  received  under  the  name 
of  7nasts  and  spars:  the  former  are  usually  70  or  80  feet  in  length, and  from  18  to  25  inches 
diameter ; when  of  less  diameter  they  take  the  latter  name.  Yellow  deals  and  planks  are 
imported  from  Stockholm,  Frederickshall,  Christiana,  and  various  other  parts  of  Sweden, 
Russia,  Norway,  and  Prussia.  Of  the  pine  species  the  red  or  yellow  fir  is  the  most  durable; 
and  it  was  said  by  the  celebrated  Brindley,  that  red  Riga  deal,  or  pine  wood,  would  endure 
as  long  as  oak  in  all  situations.  In  Pontey’s  Forest  Pruncr,  on  the  authority  of  Dr.  Smith, 
an  instance  is  given  of  the  durability  of  natural-grown  Scotch  fir.  It  is  therein  stated, 
that  some  was  known  to  have  been  300  years  in  the  roof  of  an  old  castle,  and  that  it  was 
as  fresh  and  full  of  sap  as  timber  newly  imported  from  Memel,  and  tliat  part  of  it  was 
actually  wrought  up  into  new  furniture.  It  is  to  be  observed,  that  foreign  limber  has 
an  advantage  too  seldom  allowed  to  that  which  is  grown  at  home,  the  former  being  always 
in  some  degree  seasoned  before  it  arrives  in  this  country,  and  therefore  never  used  in  so 
unseasoned  a state  as  is  usually  the  latter  timher. 

1707.  From  its  great  lightness  and  stiffness  it  is  superior  to  any  other  material  for  beams, 
girders,  joists,  ralters,  and  framing  in  general.  In  naval  architecture  it  is  used  for  masts 
and  various  other  parts  of  vessels.  In  joinery,  both  internal  and  external,  it  stands  better,!! 
is  nearly  as  durable  as  oak,  and  is  much  cheaper. 

1708.  There  is  great  variety  in  the  colours  of  the  different  sorts  of  this  fir:  it  is  generally 
of  a red  or  honey  yellow  of  different  degrees  of  brightness,  and  consists  in  section  of  hard 
and  soft  circles  alternately,  one  part  of  each  annual  ring  being  soft  and  light  coltaired,  the 
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B other  harder  and  dark  coloured,  and  possessing  a strong  resinous  taste  and  snieh.  When 
not  abounding  in  resin  it  works  easily.  That  from  abroad  shrinks  in  the  log,  from  season- 
ing, about  one  thirtieth  part  of  its  width. 

\ 1 709.  'I'he  annual  rings  of  the  best  sort  of  this  timber  do  not  exceed  one  tenth  of  an 

inch  in  thickness,  their  dark  parts  are  of  a bright  red  colour.  That  from  Norway  is  the 
finest  of  the  sort,  to  which  the  best  Riga  and  Memel  aie  much  inferior.  'I'he  inferior  timber 
>1  of  this  kind,  which  is  not  so  durable  nor  so  capable  of  bearing  strains,  has  thick  annual 
rings,  and  abounds  with  a soft  resinous  matter,  which  is  clammy  and  chokes  the  saw.  Much 
of  the  timber  of  this  sort  is  from  Sweden,  but  it  is  inferior  in  strength  and  stiffness.  That 
which  is  produced  in  the  colder  climates  is  superior  to  that  which  is  the  product  of  warmer 
i countries,  the  Norway  timber  being  much  harder  than  that  of  Riga.  The  weight  of  a 
( cubic  foot  of  this  fir,  when  seasoned,  varies  from  29  to  40  pounds.  'I'hat  of  English  growth, 
seasoned,  from  28  to  38. 

I ;■  1710.  White  Fir  (Pmus  abies),  commonly  called  the  spruce  of  Norway,  whose 

\ forests  produce  it  in  abundance.  'Fhis  is  the  sort  which  in  deals  and  planks  is  imported 
, ! from  Christiana,  in  which  condition  it  is  more  esteemed  than  any  other  sort.  'I'he  trees 
y | from  which  these  are  generally  obtained  are  of  70  or  80  years’  growth,  and  are  usually  cut 
\ 1 into  three  lengths  of  about  12  feet  each,  which  are  sawn  into  deals  and  planks,  each  length 
H yielding  three  deals  or  planks.  'I’heir  most  usual  thickness  is  3 inches,  and  they  are 
j generally  9 inches  wide.  In  this  country  they  are  sold  by  the  hundred,  which  in  the  case 
of  white  as  well  as  yellow  deals,  contains  120  deals,  be  their  thickness  what  it  may,  reduced 
I to  a standard  one  of  an  inch  and  a half,  a width  of  1 1 inches,  and  a length  of  1 2 feet. 

; What  is  called  whole  deal  is  an  inch  and  a quarter  thick,  and  slit  deal  is  one  half  of  that 
i ,■  thickness.  It  unites  better  by  means  of  glue  than  the  yellow  sort,  is  used  much  for  interior 
C work  in  joinery,  and  is  very  durable  when  in  a dry  state. 

I I 1711.  The  colour  of  the  spruce  fir  is  a yellow  or  rather  brown  white,  the  annual  ring 
k 1 consisting  of  two  parts,  one  hard,  the  other  softer.  The  knots  are  tough,  but  it  is  not  difficult 
to  work.  Besides  the  importation  above  named,  there  is  a considerable  quantity  received 
I from  America.  Of  the  Christiana  fir  a cubic  foot  weighs  from  28  to  32  pounds  when 

■ i seasoned.  That  from  America  about  29  pounds ; and  the  Norway  spruce  grown  in 

Britain  about  34  pounds.  In  seasoning  it  shrinks  about  a seventieth  part,  and  after  being 
purchased  as  dry  deals  at  the  timber  yards,  about  one  ninetieth. 

! 1712.  American  Pines.  The  Finns  Strobus,  or  what  is  called  the  Weymouth  or  white 

i pine,  is  a native  of  North  America,  imported  in  logs  often  more  than  2 feet  square  and 
upwards  of  30  feet  in  length.  It  is  an  useful  timber,  light  and  soft,  stands  the  weather 
tolerably  well,  and  is  much  used  for  masts.  For  joiners’  work  it  is  useful  from  its  clean 
straight  grain.  But  it  should  not  be  used  for  large  timbers,  inasmuch  as  it  is  not  durable, 
, and  is  moreover  very  susceptible  of  the  dry  rot.  Its  colour  is  a brown  yellow,  and  it  has 
i.  jj  a peculiar  odour.  'Fhe  texture  is  very  uniform,  more  so,  indeed,  than  any  other  of  the  pine 
i ''  species,  and  the  annual  rings  are  not  very  distinct.  It  stands  well  enough  when  well 
f:  I seasoned.  A cubic  foot  of  it  weighs  about  29  pounds. 

, ^ 1713.  The  yellow  pine,  or  J^inus  variabilis,  is  imported  into  England,  but  it  is  not 

I much  used ; it  is  the  produce  of  the  pine  forests  from  New  England  to  Georgia. 

■ ■ 1714.  'Fhe  pitch  pine  (resinosa),  remarkable  for  the  quantity  and  fragrance  of  the  resin 

1 j it  produces,  is  a native  of  Canada.  It  is  brittle  when  dry,  and,  though  heavy,  not  durable, 
i.  I It  is  of  a much  redder  hue  than  the  Scotch  pine,  and  from  its  glutinous  property  difficult 
u,  to  plane.  The  weight  of  a cubic  foot  is  41  pounds. 

j 1715.  The  silver  pine  (picea)  is  common  in  the  British  plantations.  This  species  of 
\ timber  is  produced  in  abundance,  and  is  much  used  on  the  Continent  both  for  carpentry 
j and  ship-building.  It  is  light  and  stiff",  and  according  to  Wiebekin,  lasts  longer  in  air 
[ than  in  water.  A cubic  foot  weighs  about  ‘-  6 pounds. 

j 1716.  'I'he  Chester  pine  (pinaster)  is  occasionally  cultivated  in  the  British  plantations. 

I It  is  better  suited  to  water  than  exposure  to  the  air,  and  has  a finer  grain,  but  contains  less 
j resin,  than  the  pine  or  silver  fir.  A cubic  foot  weighs  about  26  pounds. 

^ 1717.  Larch  (Finns  Larix).  A timber  tree  only  lately  to  any  considerable  extent 

, adopted  in  the  plantations  of  Great  Britain,  among  whose  cultivators  the  Duke  of  Athol 
^ has  been  one  of  the  most  ardent  and  successful.  It  grows  straight  and  rapidly,  is  said  to 
[ be  durable  in  all  situations,  and  appears  to  have  been  known  and  appreciated  by  Vitruvius, 
who  regretted  the  ditficulty  of  its  transport  to  Rome,  where,  however,  it  was  occasionally 
, used.  Wiebekin  prefers  it  to  the  pine,  pinaster,  and  fir,  for  the  arches  of  timber  bridges. 

To  flooring  boaids  and  stairs,  where  there  is  much  wear,  it  is  well  suited,  and  when  oiled 
I assumes  a beautiful  colour,  such,  indeed,  that  when  used  for  internal  joinery,  a coat  of 
I varnish  gives  it  a more  beautiful  appearance  than  it  could  receive  from  any  painting.  The 
■ American  larches  do  not  produce  turpentine  ; but  the  timber  has  been  con.sidercd  equal  to 
the  European  sorts.  It  is  of  a honey  yellow  colour,  and  more  difficult  to  woik  than  the 
Riga  or  Mtmel  timber,  though,  when  obtained,  the  surface  is  better.  It  bears  the  driving 
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to  nails  and  bolts,  and  stands  well  if  properly  seasoned.  A cubic  foot  weighs  from  30 
of  40  pounds. 

1718.  Poplar.  The  Populus  of  botanists,  whereof  five  species  are  grown  in  England: 
the  common  white  poplar,  the  black,  the  aspen  or  trembling  poplar,  the  abele  or  great 
white  poplar,  and  that  of  Lombardy.  The  wood  of  this  tree  is  only  fit  for  the  flooring  of 
inferior  rooms  where  there  is  not  much  wear.  Evelyn  attributes  to  this  wood  the  property 
of  burning  “ untowardly,"  rather  mouldering  than  maintaining  any  solid  heat.  Its  colour  is 
a yellow  or  brown  white.  The  annual  rings,  whereof  one  side  is  a little  darker  than  the 
other,  making  each  year’s  growth  visible,  are  of  an  uniform  texture.  The  l)est  sorts  are  the 
I^ombardy,  the  black,  and  the  common  white  poplar.  Of  the  Lombardy  poplar,  the  weight 
of  a cubic  foot  is  about  24  pounds ; of  the  aspen  and  black  poplar,  26  pounds ; and  of  the 
white  poplar,  about  33  pounds. 

1719.  Alder  ( Betnla  alnus).  A tree  delighting  in  wet  ]daces  by  the  banks  of  rivers, 
and  which  furnished  the  material,  says  Vitruvius,  for  the  piles  vvhereon  the  whole  of  the 
buildings  of  Ravenna  stand.  In  a dry  situation  it  is  unfit  for  employment,  on  account  of 
its  early  rot  when  exposed  to  the  weather  or  to  mere  damp,  and  its  susceptibility  of 
engendering  worms.  Evelyn  says  that  it  was  used  for  the  piles  upon  which  the  celebiated 
bridge  of  the  Rialto  at  Venice  was  founded  in  1591 ; but  we  have  no  certain  data  by  which 
Mich  assertion  can  be  maintained.  There  is,  however,  no  doubt  that  it  may  be  advan- 
tageously employed  in  situations  where  it  is  constantly  under  water. 

Its  colour  IS  of  a red  yellow,  of  different  shades,  but  nearly  uniform;  which  latter  quality 
is  exhibited  in  its  texture. 

From  its  softness  it  is  easily  worked,  and  seems  adapted,  therefore,  for  carving.  In  a dry 
state  the  weight  of  a cubic  foot  varies  from  36  to  50  pounds. 

1720.  Elm  (^Ulmus).  In  Great  Britain  five  species  of  this  tree  abound,  whereof 
the  Ulmus  campestris,  common  in  the  woods  and  hedges  of  the  southern  parts  of  England, 
is  a hard  and  durable  wood,  but  is  rarely  used  except  for  coffins.  The  Ulmus  suberusa, 
or  cork-barked  elm,  is  an  inferior  sort,  and  is  very  common  in  Sussex. 

1721.  The  Ulmus  Montana  is  the  most  common  species  in  Europe,  and  particularly  in 
the  northern  counties  of  England.  It  is  more  generally  known  by  the  name  of  the  broad- 
leaved elm  or  wych  hazel.  Without  enumerating  the  other  varieties,  whereof  the  Dutch 
elm  ( Ulmus  major)  is  good  for  nothing,  we  shall  merely  observe,  that  the  Ulmus  glabra, 
common  in  Herefordshire,  Essex,  and  the  north  and  north-eastern  counties  of  England, 
grows  to  the  largest  size  and  is  most  esteemed,  whilst  the  Dutch  elm  is  the  worst.  The  elm 
is  a durable  timber  when  constantly  wet,  as  a proof  whereof  we  have  only  to  mention  that 
it  was  used  for  the  piles  on  which  the  old  London  Bridge  stood.  Indeed,  its  durability 
under  water  is  well  known  ; but  for  the  general  purposes  of  building  it  is  of  little  value, 
and  it  rarely  falls  to  the  lot  of  the  architect  to  be  obliged  to  use  it. 

1722.  The  colour  of  the  heart- wood  is  darker  than  that  of  oak,  and  of  a redder  brown. 
The  sapwood  is  of  yellow  or  brown-white  colour.  It  is  porous,  cross  and  coarse  grained, 
has  a peculiar  smell,  twists  and  warps  very  much  in  drying,  and  shrinks  considerably  in 
breadth  and  length.  Though  difficult  to  work,  it  bears  the  driving  of  bolts  and  nails 
better  than  most  other  sorts  of  timber.  The  weight  of  a cubic  foot,  when  dry,  varies  fiom 
36  to  48,  seasoned  from  37  to  50  pounds.  From  experiment  it  seems  that  in  seasoning 
it  shrinks  one  forty-fourth  part  of  its  width. 

172.3.  Ash  (Fraxhius  excelsior).  This,  the  most  valuable  of  the  genus,  is  common 
throughout  Europe  and  the  northern  parts  of  Asia.  It  grows  rapidly,  and  of  it  the  young 
is  more  valuable  than  the  old  wood.  It  is  much  affected  by  the  difference  of  the  soils  in 
which  it  grows.  It  will  not  endure  when  subject  to  alternations  of  damp  and  moisture, 
though  sufficiently  durable  when  constantly  in  a dry  situation.  Its  pores,  if  cut  in  the 
spring,  are  of  a reddish  colour,  and  it  is  improved  by  water-seasoning.  Evelyn  says,  that 
when  felled  in.  full  sap,  the  worm  soon  takes  to  it;  and  therefore  recommends  its  being 
felled  in  the  months  from  November  to  February.  The  texture  is  compact  and  porous, 
tlie  compact  side  of  the  annual  ring  being  dark  in  colour,  whence  the  annual  rings  art> 
distinct.  The  general  colour  is  brown,  resembling  that  of  oak  ; but  it  is  more  veined, 
and  the  veins  darker  than  those  of  oak.  The  timber  of  the  young  tree  is  a white,  ap- 
proaching brov'^'U,  with  a greenish  hue.  It  has  no  peculiar  taste  or  smell,  is  difficult  to 
work,  and  is  too  flexible  for  use  in  building,  beside  the  important  want  of  the  character  of 
durability.  The  weight  of  a cubic  foot  varies  from  35  to  52  pounds;  and  it  is  to  be 
observed,  when  the  weight  is  much  less  than  45  pounds  the  timber  is  that  of  an  old  tree. 

1724.  Sycamore  (Acer  pseudo-platanus),  usually  called  the  plane  tree  in  the  northern 
part  of  the  island,  is  common  in  Britain  and  on  the  mountains  of  Germany.  It  is  rapid 
in  growth,  and  the  wood  is  durable  when  it  escapes  the  worm,  to  which  it  is  quite  as  liable 
as  beech.  The  use  of  it  in  buildings  is  not  common,  but  for  furniture  it  is  valuable.  The 
colour  is  a brown  white,  yellowish,  and  sometimes  inclining  to  white.  Texture  uniform ; 
annual  rings  indistinct.  It  is  not  so  hard  as  beech,  brittle,  and  generally  easy  to  work. 
A cubic  foot,  when  seasoned,  weighs  from  34  to  42  pounds.  Ware  says  that  there  are  old 
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li()iis(?s  in  tills  co’.intiy  floored  with  sycamore  and  wainscoted  with  poplar.  It  seems  well 
enough  calculated  for  floors. 

1725.  Bikch.  Betuli  alba,  or  common  birch,  is  a species  of  alder,  to  which  article  tlie 
reader  is  referred  (1719).  The  American  birch,  from  Canada,  is  but  little  superi«,'r  to  the 
European  birch.  Tlie  Russian  birch,  on  account  of  its  clean  light  colour  and  silvery 
gr.iin,  has  been  for  many  years  extensively  emiiloyed  for  bedroom  furniture. 

1726.  A description  of  fir  ( fVellingtmia  gigautca)  has  been  lately  introduced  from  our 
colony  of  Victoria,  in  Vancouver’s  Island,  on  the  western  side  of  North  America.  It  is 
scut  in  logs,  deals,  and  planks.  Instead,  however,  of  being  only  14  to  16  inches  square, 
r.iui  60  feet  long  at  the  maximum,  as  in  the  case  of  Baltic  timber,  one  stick  of  this  limber 
has  been  sent  not  less  than  127  feet  long,  and  about  42  inches  square  at  one  third  of  the 
height  measuring  from  the  butt  end,  which  end  was  about  50  inches  square.  It  cor  tamed 
1.J07  cubic  feet  of  timber  ; this  is  not  an  exceptional  size.  A tree  is  reported  to  liave  been 
cut  down  lately,  the  circumference  of  which  was  90  feet,  and  its  height  325  feet ; the  bark 
was  in  some  places  4 feet  thick.  The  tree,  sound  and  solid,  contained  250,000  feet  ol' 
timber.  It  was  supposed  to  be  3,100  years  old.  G.  II.  Burnell  states  the  tenacity  of  this 
timber  to  be  greater  than,  and  its  resistance  to  a crushing  weight  apparently  superior  to, 
Baltic  timber.  When  loaded  in  t!  e centre  to  the  ] oint  of  instantaneous  rupture,  the  Van- 
couver’s island  wood  bore  we  ights  which  were  to  those  borne  by  English  cak  as  13  to  12, 
and  to  those  borne  by  the  Baltic  Hr  as  13  to  8.  Three-inch  cubes  of  the  three  woods  were 
subjected  to  weights  of  45  tons  each,  or  5 tons  (11,2^0  lbs.)  on  the  inch  superficial,  when 
the  permanent  tlasticily  of  oak  was  not  alfected,  that  of  the  fir  only  slightly  so,  whilst  the 
Baltic  timber  was  permanently  and  percejrtibly  compressed. 

1726a.  For  joiner’s  work,  the  straightness,  freedom  from  knots,  deep  warm  colour,  and 
beauty  of  the  grain,  places  this  timber  above  any  other  of  the  fir  or  pine  woods  ; whilst  its 
great jr  hardness  would  in  staircases,  floors,  &c.,  compensate  for  any  slight  increase  in  the 
price  of  labour  for  working  it.  It  has  been  em])loyed  by  Mr.  Burnell  in  the  joiner’s  work 
of  an  office  in  Lincoln’s  Inn  Fields.  It  seems  to  affect  iron  somewhat  as  does  oak. 

1727.  Mahogany  (Swietenia  Mahogoni)  is  a native  of  the  West  Indies  and  the  country 
round  the  Bay  of  Honduras.  The  tree  is  said  to  be  of  rapid  growth;  its  trunk  oft  n 
exceeds  40  feet  in  length  and  6 feet  in  diameter.  Its  Spanish  name  is  caoba.  Spanish 
mahogany  is  imported  from  Cuba,  Jamaica,  Hispaniola,  St.  Domingo,  and  some  other  of 
the  West  India  Islands  and  the  Spanish  Main.  The  best  quality  is  considered  to  come 
from  the  sea-board  on  the  south  part  of  the  island  of  San  Domingo  or  Hayti,  The  logs 
are  from  20  to  26  inches  square,  and  about  10  feet  in  Icngih,  It  is  close  grained,  hard, 
sometimes  strongly  figured,  and  generally  of  a rich  brown  colour,  darker  than  Honduras  t 
but  its  pores  frequently  appear  as  if  chalk  had  been  rubbed  into  them.  It  ttikes  a very  high 
polish  with  hand  labour;  and  French  polishing  brings  out  its  flower  with  great  lustre. 

1727a.  Honduras  mahogany  is  imported  in  logs  of  larger  size  than  the  above,  that  i^, 
from  2 to  4 feet  square,  and  fiom  12  to  18  feet  in  length  ; logs  40  feet  in  length  have  hem 
obtained  ; planks  6 to  7 feet  wide  are  occasionally  imported;  but  5 feet  square  and  15  fiet 
long  are  the  more  ordinary  dimensions.  It  is  so  distinctly  inferior  to  the  Spanish  quality, 
that  no  ordinary  judge  can  possibly  be  mistaken  in  the  normal  samples.  In  weight  it  is 
lighter;  and  it  is  of  a straighter  and  more  0])en  or  spongy  giain,  without  much  flower, 
and  therefore  little  sought  after  by  cabinetmakers.  'I  he  worst  kinds  are  those  most  filled 
with  grey  specks,  from  which  Spanish  mahogany,  except  the  Cuba,  is  comparatively  free. 

17276.  Spanish  mahogany  is  in  this  country  far  too  valuable  to  be  used  in  common 
building.  It  sometimes  sells  for  as  much  as  61.  per  foot  cube,  when  good  fir,  of  nearly 
etpial  value  for  such  purposes,  would  only  cost  ‘2s.  at  the  maximum.  In  Jamaica,  mahogany 
has  been  frequently  employed  for  floors,  joists,  lafters,  shingles,  &c.  ; and  ships  have  been 
built  of  it  ; for  which  last  purpose,  the  circumstance  of  its  allowing  shot  to  be  buried  in  it 
without  splintering,  makes  it  peculiarly  suitable.  Soon  after  its  introduction  into  this 
country  in  1724,  when  a specimen  was  sent  to  Dr.  Gibbons  by  his  brother,  a West  India 
captain,  it  was  employed  for  doors,  as  at  the  Treasury,  by  W.  Kent,  in  1733.  The  better 
qualities  are  reserved  for  small  articles  of  cabinet-work  and  furniture,  tlie  best  being  eo  - 
ployed  in  the  form  of  veneers,  of  which  twenty-one  cuts  are  now  got  out  of  an  inch  thick- 
ness. Solid  work  (or  more  general  purposes,  such  as  handrails  of  stairs,  sashes,  sash-doors, 
and  ordinary  counting-house  and  office  fittings,  &c  , is  worked  out  of  Honduras  mahogany, 
which  is  also  employed  as  the  groundwork  for  veneers  of  the  finer  quality. 

1727c.  It  is  generally  scld  at  per  foot  superficial,  one  inch  thick  ; the  common  qualities 
at  5s.  to  5s.  6d.  per  cubic  foot.  It  holds  with  glue  better  than  any  other  wood.  Of 
Honduras  mahogany,  the  quality  called  ‘common  southern’  weighs  about  26  lbs.  ; 
‘superior  northern  ’ about  42^  lbs. ; ‘ good  northern  ’ about  32  lbs  ; and  ‘ common  northern  ’ 
about  36  lbs.,  per  cubic  foot.  All  these  qualities  are  used  in  shipbuilding;  the  lightest,  for 
furniture.  Spanish  mahogany  woighs  48  lbs.  6 oz.,  the  best  from  50  lbs.  to  54  lbs.  per 
cubic  foot.  All  kinds  of  this  timber  are  said  to  be  very  durable,  and  free  from  the  attack 
of  worms  wl.en  kept  constantly  dry.  They  do  not  w'arp  or  crack  under  the  influence  of 
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the  sun,  but  they  do  not  resist  alternations  of  great  wetness  and  dryness.  They  shrink  but 
little  in  drying,  and  twist  and  warp  less  than  any  other  wood. 

1121  d.  African  mahog&ny  (^Swietenia  or  Khaya  Senegalensis'),  from  Gambia,  is  a more 
recent  importation  ; it  twists  much  more  than  either  of  the  above,  and  is  decidedly  inferior 
to  them  in  all  respects  except  hardness.  Small  quantities  of  mahogany  are  also  received 
from  Jamaica  and  the  other  West  India  islands,  but  they  are  of  a quality  so  inferior  even 
to  the  Honduras  variety',  that  they  are  practically  unknown  to  timber  merchants.  Florida 
cedar  and  other  varieties  are  fre(|uently  made  to  pass  as  mahogany  in  cheap  works. 

1728.  Teak  {Tectona  grundis),  has  of  late  years  formed  a valuable  timber  for  ship- 
building ; and  to  a small  extent  in  house,  and  even  carriage,  joinery.  The  best  varieties 
are  obtained  from  the  ports  of  Rangoon  or  Moulmeln  (called  Moulmein  teak),  and  from 
the  coast  of  Malabar  (called  East  Indian  teak).  It  is  by  no  means  rare  to  meet  with 
sticks  of  perfectly  straight  teak  60  or  70  feet  long,  and  about  24  to  30  indies  square.  The 
wood  is  of  a light  brown  colour,  porous,  very  hard,  tough,  and  when  sound,  of  great  strength 
and  tenacity.  It  derives  much  of  its  value  from  the  aromatic  oily  substance  with  which  it 
is  m^re  or  less  saturated  in  the  fresh  state  ; but  this  does  not  prevent  its  attack  by  insects 
whilst  in  the  forest,  consequently  the  trees  turn  out  to  be  very  defective.  The  wood  works 
well;  takes  a good  polish,  and  though  porous,  it  is  very  durable  in  exposed  situations; 
it  is  considered  that  its  oily  properties  render  it  less  injurious  to  iron  than  oak.  'I'he 
tenacity  of  Moulmein  teak  is  15,000  lbs.  per  superficial  inch.  Some  fine  jilanks  from 
Rangoon  were  nearly  feet  wide. 

1728a.  MoauNG  saul  (^Shorea  robusta),  of  Nepaul,  in  the  East  Indies,  is  in  great  repute 
for  shipbuilding.  It  is  a heavy,  close-grained,  light  brown  wood.  This  timber  is  con- 
sidered to  be  tbe  most  valuable  and  extensively  used  of  all  the  trees  of  India,  but  the  val.*> 
of  it  is  much  diminished  from  the  injudicious  mode  in  which  it  is  squared.  The  saul  or 
sal  timber  brought  to  Calcutta  is  seldom  more  than  30  feet  in  length.  In  strength  and 
tenacity  it  is  considerably  superior  to  the  best  teak,  compared  with  which.  Captain  Baker’s 
experiments  prove  that  its  strength  is  about  as  1121  to  869.  From  Major  H.  Campbell’s 
experiments,  unseasoned  saul  broke  with  a weight  of  1308  ll)s.  ; seasoned  saul  with 
1.319  lbs.;  and  teak  wood  with  1091  lbs.  Considered  as  a building  wood,  it  is  somewhat 
aj)t  to  shrink  unless  very  well  seasoned,  (^Juror's  Reports,  1851). 

17286.  Morra  {Mora  excelsa),  sometimes  called  Uemerara  locust,  is  sent  from  Demerara 
in  South  America.  It  is  a valuable  timber  for  sliipbuilding. 

1728c.  Greenheart  {Lauras  chloroxylon,  or  Nectandra  rodicEi),  imported  from  the  Eng- 
lish colony  of  British  Guiana,  and  Brazil,  ]iossesses  the  reputation  of  immunity  from  the 
attacks  of  marine  boring  worms;  and  for  this  reason  it  is  now  largely  used  in  hydraulic 
works.  Mr.  Burnell  lias  stated  his  conviction  from  what  he  saw,  especially  of  two  logs,  in 
the  West  India  Docks  in  1860,  that  this  timber  does  suffer  from  the  attacks  of  land  insects  ; 
and  he  was  at  that  time  in  possession  of  a piece  of  the  timber  from  Victor  Bay,  Panama, 
which  was  completely  riddled  by  the  Teredo  navnlis.  A writer,  commenting  on  this  state- 
ment, says  that  “ his  experience  proves  that  gre 'iiheart  is  exempt  from  the  therosion  by  the 
teredo,  but  that  a mollusc  is  found  alive  in  it  when  aniving  here  from  the  West  Indies. 
'J'he  worm  is  found  in  sizes  from  the  lymexylon  to  the  tereh,  but  it  is  of  a different  specie.s, 
and  seems  not  to  live  when  this  wotid  is  used  in  such  constructions  as  dock  gates,  in  tliis 
country.”  'I'he  timber  squares  from  18  to  24  inches,  but  usually  arrives  about  16  Indies 
sijuare  and  70  feet  in  length.  It  is  a hard,  heavy,  fine,  but  not  even-grained  wood ; it 
proves  strong  and  durable  in  positions  that  are  alternately  wet  and  dry. 

1728r/.  Among  the  other  useful  hard  woods  are: — I.  'I'he  Peon,  or  Boon  wood,  an 
Indian  wood  of  Travancore,  East  Indies,  formerly  imported  to  some  extent,  from  2 to  4 
feet  in  circumference  and  80  feet  in  length  ; but  latterly  it  has  been  regard,  d with  such  dis- 
favour that  it  is  now  hardly  ever  imported.  II.  'Plie  Kowrie,  a New  Zealand  wood. 
III.  'I'he  Australian  Red  Cedar.  IV.  The  Sabicue,  from  Cuba,  which  was  used  for  the 
steps  of  the  stairs  in  the  Great  Exhibition  building  of  1851,  and  are  now  in  the  Crystal 
Palace  at  Sydenham.  It  makes  excellent  beams  and  planks.  A heavy  specimen  obtained 
of  this  wood  was  “ a portion  of  a large  beam,  which  broke  merely  in  falling  from  a truck  ! ” 
V.  'I'he  Iron  Bark,  of  Van  Diemen’s  Land,  Australia,  is  a very  hard  and  compact  wood, 
with  a specific  gravity  heavier  than  water.  VI.  Borneo  wood,  imported  from  Sarawak, 
was  used  in  1865  for  the  floors  and  staircase  in  a warehouse  in  Gresham  Street  West.  It 
is  of  so  peculiar  a character  that  it  broke  nearly  all  the  saws  used  to  reduce  it  to  battens: 
it  is  light  brown  in  colour,  with  a texture  very  similar  to  teak.  It  may  probably  be  the 
Jiilian,  or  iron  wood  of  that  country,  said  to  be  impervious  to  the  attacks  of  the  white  ant. 
It  has  not  been  known  to  decay  when  immersed  either  in  fresh  or  salt  water.  An  engi- 
neer who  had  resided  in  Borneo  for  five  years,  states  he  had  never  seen  a rotten  piece  of 
Bilian  wood. 

1728c.  Besides  the  weights  of  various  woods  given  in  the  text  (as  marked  *)  the  sub- 
joined list  of  the  weight  per  foot  cube  in  pounds  avoirdupois,  may  be  useful. 
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Table  or  the  Weights  of  Timbers. 


Timber. 

Kondelet. 

Tredgold. 

Others, 

BurneH. 

Ac.icia  - - - 

_ 

47-74 

♦Alder 

- 

- 

. 

- 

39-74 

Almond  tree  - 

. 

. 

. 

- 

66-74 

* 

%■ 

1 

1 

1 

- 

- 

- 

. 

47-52 

52  81 

41*81 

♦Beech  - 

- 

- 

- 

- 

43-63 

53-25 

♦Bireli,  common 

- 

. 

- 

- 

42-55 

Box  - - - 

- 

- 

- 

- 

55  55 

{ 83-00 
i 57-00 

♦Cedar  of  Lebanon  •• 

- 

- 

- 

- 

36-50 

35-06 

Cliesnut,  wild  {Chatiigtiler) 

- 

- 

- 

41-47 

* „ sweet  (^3Iarrouier) 

- 

- 

- 

43-73 

P.7-75 

Cork  . - - 

Cypress,  pyramidal  - 

: 

39-74 

15  00 

1 

Ebony  of  the  Alps  - 

- 

- 

• 

- 

63-72 

*Elm  - 

- 

- 

- 

- 

42-00 

42-06 

„ English  - 

- 

- 

- 

- 

- 

. 

37  31 

„ American 

- 

- 

- 

. 

- 

- 

45-31 

•Eir 

- 

- 

- 

31-92 

„ Christiania,  white  deal 

. 

- 

- 

- 

34-43 

.,  Memel 

- 

- 

- 

- 

37-00 

„ Wellingtonia  gigantea 

- 

- 

- 

- 

- 

. 

42-00 

♦Larch,  English 

- 

. 

. 

- 

33-02 

32  56 

Linden  - 

- 

- 

- 

- 

34-13 

♦Mahogany,  Spanish  - 

- 

. 

- 

. 

66-43 

*t)ak,  common  of  Canada 

- 

. 

- 

51.18 

„ Virginia  red 

- 

. 

- 

. 

35-42 

„ Common 

- 

. 

. 

54-69 

„ American 

- 

. 

. 

- 

44-87 

„ African  - 

- 

. 

- 

. 

. 

51.44 

„ English  - 

- 

\ fre.. 

,h 

- 

69-56  , 
46-43  < 

53-31 

♦Pine,  Northern 

. 

- 

37-17 

; „ Yellow  - 

- 

. 

- 

. 

. 

25-69 

„ Baltic  - 

. 

- 

- 

. 

. 

29  06 

„ Red  - 

. 

. 

. 

. 

41-06 

33-44 

„ Pitch  - 

- 

. 

_ 

- 

- 

45-75 

„ Weymouth  or  Yellow 

. 

- 

. 

40-76 

Plane  - - . 

. 

_ 

. 

37-58 

♦Poplar,  of  Italy 

- 

- 

- 

24-25 

• 

23-93 

Service  tree  (^Cormier') 

. 

. 

. 

5507 

♦Sycamore 

. 

- 

38-88 

37-75 

♦Walnut  - - - 

- 

_ 

. 

41-04 

41-93 

„ American  - 

- 

. 

. 

41-90 

Yew  - - 

_ 

_ 

_ 

47-09 

* Teak,  African 

. 

. 

_ 

_ 

_ 

60-56 

„ Indian  - 

- 

. 

_ 

. 

46*87 

38-12 

„ Moulmein 

. 

- 

. 

. 

. 

. 

32-00  ! 

„ Malabar 

- 

. 

- 

- 

- 

. 

38-00  I 

Morra  - - - 

1 

71-25 

\ 55-75  1 

1 

j 57-80  ! 

Sabicue  - 

i 

\ 59  69 

t 57-31  1 

1 61-60 

i 63-63 

Greenheart 

_ 

_ 

_ 

_ 

69-75 

Iron  wood 

_ 

_ 

_ 

_ 

73-50 

Cowrie  ... 

36  00 

Morung  Saul  - 

- 

- 

- 

- 

- 

3 43-87  to' 
i 45-87 

Indian  Saul  - 

. 

_ 

_ 

. 

52-63 

Iron  Bark 

- 

- 

- 

- 

- 

65-60 
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1728/.  The  chief  woods  employed  in  shipbuilding  and  acknowledged  as  “ first-rate  ” by 
the  authorities  at  Lloyds,  are  eiglit  in  number.  'J'hese  are.  I.  Enelisli  oak;  II.  American 
live  oak;  HI.  African  oak;  IV.  Morung  Saul;  V.  East  Indian  Teak;  VI.  Gieen- 
heart;  VII.  Morra  ; and  Vlll.  Iron  Bark. 

1729.  In  timber  yards,  deals  are  sold  by  the  long  hundred  or  six  score;  thus  the 
“standard”  of  deals  is  reckoned  as  120 — 12  ft.  x 1^  in.  x 11  ins.,  but  varying  lengths  and 
thicknesses  are  imported  (See  par.  23G2  and  2363). 


Karnes. 

No. 

Ft.  long. 

Ins.  tlik. 

Wide. 

Slip.  ins. 

Cube  ft. 

I’etersburg  deals  - 

_ 

120 

12 

u 

11 

1980  of  1" 

165 

„ battens 

- 

120 

12 

7 

- 

175 

Dantzig  deals 

- 

120 

12 

12 

- 

180 

Norway  „ 

. 

120 

12 

3 

9 

3240 

270 

Sweden  „ 

- 

120 

14 

3 

9 

- 

315 

Baltic  deck  deals  - 

- 

- 

40 

3 

Christiania  standard 

120 

1 1 

ii 

i| 

9 

1237^  of  1" 

10.Si 

Drammen 

- 

120 

9 

Ditto  - - - 

- 

120 

13 

9 

1462  of  1" 

121§ 

Quebec,  long 

- 

100 

12 

u 

1 1 

Ditto,  short 

- 

120 

10 

3 

11 

2750  of  1" 

229^ 

London  and  Dublin 

* 

120 

12 

3 

9 

3240  of  1'' 

270 

The  measurements  have  been  reduced  to  one  standard  of  12  ft.  long,  3 in.  thick,  and 
9 in.  wide,  d'wo  of  the  latest  works  for  calculating  deals  according  to  this,  the  Petersburg 
standard  hundred,  are,  J.  Smith,  Companion  to  Hoppus ; Handbook  of  Tables  fir  the 
use  of'  Timber  Mercha?i(s,  ^c.,  l^oadon,  I860  i and  Grandy,  T'imbtr  Importers’,  8fc.  Standard 
Guide,  8 VO.,  London,  1865,  to  whicli  latter  work  we  are  glad  to  refer  the  student,  and 
from  which  we  select  the  following  extracts  : — 

1729u.  “ American  Ports. — At  Quebec,  there  are  three  qualities  of  spruce  deals,  1st,  2nd, 
and  3rd.  Irregular  size  scantlings  are  scarcely  ever  shipped  from  tliis  port,  the  general 
run  being  battens,  7x3;  deals,  9x3;  and  planks,  11  x 3,  7 x 2,  9 x 2,  and  11x2;  general 
lengths  from  8 to  14  feet.  All  under  8 feet  are  classed  as  “ ends.”  Yeilow  pine  battens, 
deal-s,  and  planks  are  shipped  as  1st,  2nd,  and  3rd  qualities.  Battens  are  not  so  valuable 
as  deals  and  planks,  some  of  the  latter  running  11  to  30  inches ; the  finer  qualities  hear  a 
high  rate. 

1729E  St.  Johns  deals  rank  afeer  those  of  Quebec  in  quality.  Battens,  deals,  and 
jilanks  run  from  8 to  26  feet ; all  lengths  under  8 feet  being  classed  as  ends.  All  deals 
are  scarcely  ever  classed  into  1st,  2nd,  and  3rd,  but  taken  by  the  run;  the  sizes  7 x .3, 

9 X 3,  and  11x3,  being  the  highest  in  price.  Irregular  scantlings,  such  as  3 x 3,  4 x 3, 

6 X 3,  5 X 2^,  &c,,  are  less  per  thousand. 

1729c.  Tugivash,  Miramichi,  and  other  Lower  Ports.  Battens,  deals,  and  planks  are 
obtained  as  at  St.  John’s.  The  deal  is  a closer  grain,  but  coarser,  and  hence  not  so  valuable. 
The  lengths  run  from  8 to  14  feet,  all  under  8 feet  being  ‘ends.*  Scarcely  any  irregular 
scantlings  are  shipped  from  these  ports.  The  square  timber  at  the  American  ports  is 
generally  purchased  by  the  cubic  foot. 

1729ci.  Baltic  Ports — Memel.  Battens  and  deals  are  scarce  ; planks  form  the  bulk  of 
the  timber  imported.  They  all  run  from  8 to  20  feet.  They  are  generally  sold  by '/20 
feet  run  of  1 1 x 3,  = 1 Petersburg  standard.  Battens  and  deals  run  7x3  and  9x3. 
Christiania.  Battens  and  deals,  and  Drummen  deals  run  9 x 3,  7 x 3,  or  7 x 2^.  Crown 
Memel.  Square  timber  is  generally  sold  by  the  50  running  feet,  as  1st  middling, 
and  2nd  middling.  But  “undersized”  timber,  that  is,  under  12  inches  square,  is  sold 
by  50  cubic  feet,  or  by  .50  running  feet.  There  are  also  “ short  lengths  of  undersized  ” 
timber.  || 

1729c.  Home  Trade. — At  London,  pine  deals  are  sold  by  the  Petersburg,  and  spruce 
deals  by  the  London,  standard.  Square  timber  is  sold  by  tlie  load,  or  50  cube  feet,  or  by 
the  cube  foot,  calliper  measurement.  At  Liverpool  and  Bristol,  deals  are  sold  by  the 
Petersburg  standard  ; square  timber  by  the  load  or  foot,  striirg  measurement.  At  Glasgow,^ 
deals  are  sold  by  the  cube  foot ; square  timber  by  the  cube  foot,  string  measurement.  At 
Dublin,  deals  are  sold  by  the  London  or  Dublin  standard  of  120,  12x9x3;  square  timber 
by  the  ton  of  40  feet,  string  measurement.”  - a 

1729/  These  timbers  are  used  in  building  for  the  undermentioned  purposes  : — " 1 

Joists  and  main  timbers;  The  largest,  of  Dantzic,  Memel  or  Riga,  fir;  those  of  10  or  12  J 
inches  square,  from  Sweden;  those  of  8 inches  square,  from  Norway.  H 
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Partitions  and  minor  timbers : American  red  wood  or  red  pine,  which  not  being  so 

strong  as  that  from  the  Baltic,  must  he  cut  to  a little  larger  size. 

Sleepers,  Avindow  sills,  and  some  parts  of  the  roof:  Oak. 

Framing  : Norway  and  Cliristiania  white  deals  ; Christiania  yellow  deals  are  sappy;  Swedish 

deals  are  bad,  as  they  warp  much. 

Panelling:  Christiania  AA'hite  pine;  or  American  yellow  pine. 

Best  ordinary  floors : Drammen  and  Christiania  white  deals ; American  pitch  pine ; 

.American  deals  are  bad  for  floors,  as  they  are  a softer  wood. 

Ground  floors  : Stockholm  and  Getle  yellow  deals. 

Warehouse  floors,  and  Staircases:  Archangel  and  Onega  planks,  and  American  pitch  pine. 
Best  floors:  Petersburgh,  Onega,  and  Christiania  battens. 

Interior  finishings  generally  : Baltic  red  and  white  wood,  and  American  red  and  yellow  pine. 

1729ff.  Memel  timber  is  generally  considered  the  most  convenient  for  size,  and  is 
superior  in  strength  to  the  Swedish,  or  Norwegian  ; Riga,  the  best  in  quality  ; Dantzic, 
when  free  from  large  knots,  the  strongest;  and  the  Swedish,  the  toughest,  but  weakest. 
Riga  can  always  be  depended  upon,  and  altliough  the  dearest  in  price,  is  the  cheapest 
in  the  end. 

1730.  We  shall  now  place  before  the  reader,  observations  on  timber  made  by  the  cele- 
brated Evelyn  though  perhaps  at  the  risk  of  repetition  in  what  follows  after  them. 

1731.  “ Lay  up  your  timbers  very  dry,  in  an  airy  place,  yet  out  of  the  wind  or  sun,  and 
not  standing  very  upright,  but  lying  along,  one  piece  upon  another,  interposing  some  short 
blocks  between  them,  to  preserve  them  from  a certain  inouldiness  which  they  usually  con- 
tract while  they  sweat,  and  which  frequently  produces  a kind  of  fungus,  especially  if  there 
be  any  sappy  parts  remaining. 

1732.  “ Some  there  are  yet  who  keep  their  timber  as  moist  as  they  can  by  submerging 
it  in  water,  where  they  let  it  imbibe,  to  hinder  the  cleaving ; and  this  is  good  in  fir,  both 
for  the  better  stripping  and  seasoning  ; yea,  not  only  in  fir,  but  other  timber.  Lay,  there- 
fore, your  boards  a fortnight  in  the  water  (if  running  the  better,  as  at  some  mill-pond 
head);  and  there,  setting  them  upright  in  the  sun  and  wind,  so  as  it  may  freely  pass  through 
them  (especially  during  the  heats  of  summer,  which  is  the  time  of  finishing  buildings), 
turn  them  daily ; and  thus  treated,  even  newly  sawn  boards  will  floor  far  better  than  many 
years’  dry  seasvynmg,  as  they  call  it.  But,  to  prevent  all  possible  accidents,  when  you  lay 
your  floors,  let  the  joints  be  shot,  fitted,  and  tacked  down  only  for  the  first  year,  nailing 
them  for  good  and  all  the  next ; and  by  this  means  they  will  lie  staunch,  close,  and  with- 
out shrinking  in  the  least,  as  if  they  were  all  one  piece.  And  upon  this  occasion  I am  to 
add  an  observation,  which  may  prove  of  no  small  use  to  builders,  that  if  one  take  up  deal 
boards  that  may  have  lain  in  the  floor  a hundred  years,  and  shoot  them  [plane  their  edges] 
again,  they  will  certainly  shrink  (toties  quoties')  without  the  former  method.  Amongst 
wheelwrights  the  water  seasoning  is  of  especial  regard,  and  in  such  esteem  amongst  some, 
that  I am  assured  the  Venetians,  for  their  provision  in  the  arsenal,  lay  their  oak  some 
years  in  water  before  they  employ  it.  Indeed,  the  Turks  not  only  fell  at  all  times  of  the 
year,  without  any  regard  to  the  season,  but  employ  their  timber  green  and  unseasoned  ; 
so  that  though  they  have  excellent  oak,  it  decays  in  a short  time,  by  this  only  neglect. 

1 733.  “ Elm  felled  ever  so  green,  for  sudden  use,  if  plunged  four  or  five  days  in  water 
(especially  salt  Avater),  obtains  an  admirable  seasoning,  and  may  immediately  be  used. 
I the  oftener  insist  on  this  Avater  seasoning,  not  only  as  a remedy  against  the  Avorm,  but 
for  its  efficacy  against  Avarping  and  distortions  of  timber,  Avhether  used  within  or  exposed 
to  the  air.  Some,  again,  commend  burying  in  the  earth  ; others  in  Avheat ; and  there 
be  seasonings  of  the  fire,  as  for  the  scorching  and  hardening  of  piles,  which  are  to  stand 
either  in  the  Avater  or  in  the  earth. 

1734.  “When  Avood  is  charred  it  becomes  incorruptible;  for  Avhich  reason,  when  we 
Avish  to  preserve  piles  from  decay,  they  should  be  charred  on  their  outside.  Oak  posts 
used  in  enclosures  ahvays  decay  about  two  inches  above  and  beloAV  the  surface.  Charring 
that  part  Avould  probably  add  several  years  to  the  duration  of  the  Avood,  for  that  to  most 
timber  it  contributes  its  duration.  Thus  do  all  the  elements  contribute  to  the  art  of 
seasoning. 

1735.  “ Timber  Avhich  is  cleft  is  nothing  so  obnoxious  to  reft  and  cleave  as  Avhat  is 
hewn ; nor  that  Avhich  is  squared  as  what  is  round : and  therefore,  where  use  is  to  be 
made  of  huge  and  massy  columns,  let  them  be  bored  through  from  end  to  end.  It  is  an 
excellent  preservative  from  splitting,  and  not  unphilosophical ; though  to  cure  the  accident 
painter’s  putty  is  recommended ; also  the  rubbing  them  over  Avith  a wax  cloth  is  good  ; 
or  before  it  be  converted  the  smearing  the  timber  over  Avith  cow-dung,  Avhich  prevents  the 
effects  both  of  sun  and  air  upon  it,  if  of  necessity  it  must  lie  exposed.  But,  besides  the 
former  remedies,  I find  this  for  the  closing  of  the  chops  and  clefts  of  green  timber,  to 
anoint  and  supple  it  Avith  the  fat  of  poAvdered  beef  broth  [avc  do  not  quite  agree  Avith  our 
author  here],  with  which  it  must  be  Avell  soaked,  and  the  chasms  filled  Avith  sponges 
dipped  into  it.  This  to  be  tAvice  done  over. 
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1736.  “ We  spake  before  of  squaring  ; and  I would  now  recommend  the  quartering  ol 
such  trees  as  will  allow  useful  and  competent  scantlings  to  be  of  much  more  durableness 
and  effect  for  strength,  than  where  (as  custom  is  and  for  want  of  observation)  whole  beams 
and  timbers  are  applied  in  ships  or  houses,  with  slab  and  all  about  them,  upon  false  suppo- 
sitions of  strength  beyond  these  quarters. 

1737.  “ Timber  that  you  have  occasion  to  lay  in  mortar,  or  which  is  in  any  part  con- 
tiguous  to  lime,  as  doors,  window  cases,  groundsils,  and  the  extremities  of  beams,  &c., 
have  sometimes  been  capped  with  molten  pitch,  as  a marvellous  preserver  of  it  from  the 
burning  and  destructive  effects  of  the  lime ; but  it  has  since  been  found  rather  to  heat  and 
decay  them,  by  hindering  the  transudation  which  those  parts  require ; better  supplied  with 
loam,  or  strewings  of  brick-dust  or  pieces  of  boards ; some  leave  a small  hole  for  the  air. 
Rut  though  lime  be  so  destructive,  whilst  timber  thus  lies  dry,  it  seems  they  mingle  it 
with  hair  to  keep  the  worm  out  of  ships,  which  they  sheathe  for  southern  voyages,  though 
it  is  held  much  to  retard  their  course. 

1 7.38.  “ For  all  uses,  that  timber  is  esteemed  the  best  which  is  the  most  ponderous,  and 
which,  lying  long,  makes  the  deepest  impression  in  the  earth,  or  in  the  water  being  floated  ; 
also  what  is  without  knots,  yet  firm  and  free  from  sap,  which  is  that  fatty,  whiter,  and 
softer  part  called  by  the  ancients  albumen,  which  you  are  diligently  to  hew  away.  ]\Iy 
I^ord  Bacon  (Exper.  6.58.)  recommends  for  trial  of  a sound  or  knotty  piece  of  timber,  to 
cause  one  to  speak  at  one  of  the  extremes  to  his  companion  listening  at  the  other;  for  if  it 
be  knotty,  the  sound,  says  he,  will  come  abrupt.” 

PRESERVATION  OF  TIMBER. 

1 739.  The  preservation  of  timber,  when  employed  in  a building,  is  the  first  and  most  im- 
portant consideration.  Wherever  it  is  exposed  to  the  alternations  of  dryness  and  moisture, 
the  protection  of  its  surface  from  either  of  those  actions  is  the  principal  object,  or,  in  other 
words,  the  application  of  some  substance  or  medium  to  it  which  is  imperviable  to  moisture ; 
hut  all  timber  should  be  perfectly  dry  before  the  use  of  the  medium.  In  Holland  the  ap- 
plication of  a mixture  of  pitch  and  tar,  whereon  are  strewn  pounded  shells,  with  a mixture 
of  sea  sand,  is  general ; and  with  this,  or  small  and  sifted  beaten  scales  from  a blacksmith's 
forge,  to  their  drawbridges,  sluices,  and  gates,  and  other  works,  they  are  admirably  pro- 
tected from  the  effects  of  the  seasons.  Semple,  in  his  work  on  aquatic  building,  recom- 
mends, that  “ after  your  work  is  tried  up,  or  even  put  together,  lay  it  on  the  ground,  with 
stones  or  bricks  under  it  to  about  a foot  high,  and  burn  wood  (which  is  the  best  firing  for 
the  ])urpose)  under  it,  till  you  thoroughly  heat,  and  even  scorch  it  all  over ; then,  whilst  the 
wood  is  hot,  rub  it  over  plentifully  with  linseed  oil  and  tar,  in  equal  parts,  and  well  boiled 
together,  and  let  it  be  kept  boiling  while  you  are  using  it ; and  this  will  immediately 
strike  and  sink  (if  the  wood  be  tolerably  seasoned)  one  inch  or  more  into  the  wood,  close 
all  the  pores,  and  make  it  become  exceeding  hard  and  durable,  either  under  or  over  water.” 
Semple  evidently  supposes  the  wood  to  have  been  previously  well  seasoned. 

1 740.  Chapman  (on  the  preservation  of  timber)  recommends  a mixture  of  suh  sulphate 
of  iron,  which  is  obtained  in  the  refuse  of  cojiperas  pans,  ground  up  with  some  choap  oil, 
and  made  sufficiently  fluid  with  coal-tar  oil,  wherein  pitch  has  been  infused  and  mixed. 

1741.  For  common  purposes,  what  is  called  sanding,  that  is,  the  strewing  upon  thu 
painting  of  timber,  before  the  paint  dries,  particles  of  fine  sand,  is  very  useful  in  the  pre- 
servation of  timber. 

1742.  Against  worms  we  believe  nothing  to  be  more  efficacious  than  the  saturation  of 
timber  with  any  of  the  oils  ; a process  which  destroys  the  insect  if  already  in  the  wood,  with 
that  of  turpentine  especially,  and  prevents  the  liability  to  attack  from  it.  Evelyn  recom- 
mends nitric  acid,  that  is,  sulphur  immersed  in  aquafortis  and  distilled,  as  an  effectual  ap- 
plication. Corrosive  sublimate,  lately  introduced  under  Kyan’s  patent,  has  long  been 
known  as  an  effectual  remedy  against  the  worm.  Its  poisonous  qualities  of  course  destroy 
all  animal  life  with  which  it  comes  in  contact ; and  we  believe  that  our  readers  who  are 
interested  in  preserving  the  timbers  of  their  dwellings  may  use  a solution  of  it  without 
infringing  the  rights  of  the  patentee.  But  the  best  remedy  against  rot  and  worms  is  a 
thorough  introduction  of  air  to  the  timbers  of  a building,  and  their  lying  as  dry  and  as  free 
from  moisture  as  practicable.  Air  holes  from  the  outside  should  be  applied  as  much  as 
possible,  and  the  ends  of  timbers  should  not,  if  it  can  be  avoided,  be  bedded  up  close  all 
round  them.  This  practice  is,  moreover,  advisable  in  another  respect,  that  of  being  able, 
without  injury  to  a building,  to  splice  the  ends  of  the  timbers  should  they  become  decayed, 
without  involving  tlie  rebuilding  of  the  fabric ; a facility  of  no  mean  consideration. 

1743.  The  worm  is  so  destructive  to  timber,  both  in  and  out  of  water,  that  we  shall  not 
apologise  for  closing  this  part  of  our  observations  with  Smeaton’s  remarks  upon  a species  of 
worm  which  he  found  in  Bridlington  piers.  “ This  worm  appears  as  a small  white  soft 
substance,  much  like  a maggot ; so  small  as  not  to  be  seen  distinctly  without  a magnifying 
glass,  and  even  then  a distinction  of  its  parts  is  not  easily  made  out.  It  does  not  attempt 
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to  make  its  way  through  the  wood  longitudinally,  or  along  the  grain,  as  is  the  case  witli 
II,  the  common  ship  worm,  but  directly,  or  obliquely,  inward.  Neither  does  it  appear  to  make 
i its  way  by  means  of  any  hard  tools  or  instruments,  but  rather  by  some  species  of  dissolvent 
I liquor  furnished  by  the  juices  of  the  animal  itself.  'J'he  rate  of  progression  is,  that  a three 
' inch  oak  plank  will  be  destroyed  in  eight  years  by  action  from  the  outside  only.”  For  re- 
j sisting  the  effects  of  these  worms,  Smeaton  recommends  the  piles  to  be  squared,  to  be  fitted 
I os  closely  as  possible  together,  and  to  fill  all  openings  with  tar  and  oakum,  to  make  the 
1 face  smooth,  and  cover  it  with  sheathing. 

1744.  The  destructive  effects  of  tlie  white  ant  are  so  little  known  here,  that  it  is  unne- 
i|  cessary  to  make  further  mention  of  them,  than  that  in  India  they  are  the  most  inveterate 
P i enemies  with  which  timber  has  to  contend.  From  Young’s  Annals  we  extract  the  following 
\ -I  curious  statement  of  experiments  made  upon  inch  and  a half  planks,  from  trees  of  thirty  to 
I forty-five  years’  growth,  after  an  exposure  of  ten  years  to  the  weather. 


Chesnut,  very  sound. 

Abele,  sound. 

Beech,  ditto. 

Walnut,  decayed. 

Sycamore,  considerably  decayed. 
Birch,  worthless. 


Cedar  was  perfectly  sound. 

Larch,  sap  quite  decayed,  but  the  heart, 
sound 

Spruce  fir,  sound. 

Silver  fir,  in  decay. 

Scotch  fir,  much  decayed. 

Pinaster,  in  a perfectly  rotten  state. 

Whence  we  may  be  led  to  some  inference  of  the  value  of  different  sorts  of  timber  in 
resisting  weathtff  ; though  we  must  not  be  altogether  guided  by  the  above  table,  inasmuch 
as  it  is  well  knowm  that  the  soil  on  which  timber  is  grown  much  increases  or  deteriorates 
Its  value,  and  that  split  timber  is  more  durable  and  stronger  than  that  which  is  sawn,  from 
the  circumstance  of  the  fibres,  on  account  of  their  continuity,  resisting  by  means  of 
tlieir  longitudinal  strength  ; whereas  when  severed  by  the  saw,  the  resistance  depends  more 
on  the  lateral  cohesion  of  the  fibres.  Hence  whole  trees  are  invariably  stronger  than  spe- 
cimens, unless  these  be  particularly  well  selected,  and  of  a straight  and  even  grain ; but  in 
practice  the  results  of  experiments  are  on  this  account  the  more  useful. 


DECAY  OF  TIMBER. 

1745.  If  timber,  whatever  its  species,  be  well  seasoned,  and  be  not  exposed  to  alternate 
dryness  and  moisture,  its  durability  is  great,  though  from  time  it  is  known  to  lose  its 
elastic  and  cohesive  powers,  and  to  become  brittle  if  constantly  dry.  On  tliis  account  it 
is  unfit,  after  a certain  period,  to  be  subjected  to  variable  strains : however,  in  a quiescent 
state  it  might  endure  for  centuries.  Dryness  will,  if  carried  to  excess,  produce  this  cate- 
gory. The  mere  moisture  it  absorbs  from  the  air  in  dry  weather  is  not  sufficient  to  impair 
its  durability.  So,  also,  timber  continually  exposed  to  moisture  is  found  to  retain  for  a 
very  long  period  its  pristine  strength.  Heat  with  moisture  is  extremely  injurious  to  it, 
and  is  in  most  cases  productive  of  rot,  whereof  two  kinds  are  the  curse  of  the  builder,  the 
Uwet  and  the  dry  rot,  though  perhaps  there  be  but  little  difference  between  the  two.  They 
appear  to  be  produced  by  the  same  causes,  excepting  that  the  freedom  of  evaporation  de- 
termines the  former,  and  an  imperfect  evaporation  the  latter.  In  both  cases  the  timber  is 
affected  by  a fungus-like  parasite,  beginning  with  a species  of  mildew  ; but  how  this  fungus 
|(  is  generated  is  still  a vexata  qumstio ; all  we  know  is,  that  its  vegetation  is  so  rapid,  that 
nSllI often  before  it  has  arrived  at  its  height,  a building  is  ruined.  From  our  inquiries  on  the 
Continent,  we  believe  the  disease  does  not  occur  to  the  extent  that  it  does  in  this  country  ; a 
fiict  which  we  are  inclined,  perhaps  erroneously,  to  attribute  to  the  use  of  the  timber  of  the 
J country,  instead  of  imported  timber.  Our  opinion  may  be  fanciful,  but  there  are  many 
grounds  on  which  we  think  that  is  not  altogether  the  case.  Our  notion  is,  that  our  im- 
ported timber  is  infected  with  the  seeds  of  decay  long  before  its  arrival  here  (we  speak  of 
fir  more  especially),  and  that  the  comparative  warmth  and  moisture  of  the  climate  bring 
more  effectually  the  causes  of  decay  into  action,  especially  where  the  situation  is  close  and 
confined.  Warmth  is,  doubtless,  known  to  be  a great  agent  in  the  dry  rot,  and  most  espe- 
cially when  moisture  co-operates  with  it,  for  in  warm  cellars  and  other  close  and  confined 
situations,  where  the  vapour  which  feeds  the  disease  is  not  altered  by  a constant  change 
of  air,  the  timbers  are  soon  destroyed,  and  become  perfectly  decomposed, 
i 1746.  The  lime,  and  more  especially  the  damp  brickwork,  which  leceive  the  timbers  of 
la  new  building,  are  great  causes  of  decay  to  the  ends  of  them ; but  we  do  not  think  that 
the  regulations  of  the  19  Car.  II.  cap.  3.,  which  directed  the  builders  after  the  fire  of 
London,  to  bed  the  ends  of  their  girders  and  joists  in  loam  instead  of  mortar,  would,  if 
followed  out  in  the  present  day,  be  at  all  effective  in  preventing  the  decay  incident  to  the 
ends  of  timbers.  Timber,  in  a perfectly  dry  state,  does  not  appear  to  be  injured  by  dry 
lime  ; and  indeed,  lime  is  known  to  be  effectual  in  the  protection  of  wood  against  worms. 
Timber  in  contact  with  masonry  is  constantly  found  to  decay,  when  the  other  parts  of  the 
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beam  have  been  sound.  This  will  be  entirely  obviated  by  inserting  the  wood  in  an  iron  i 
slioe,  or  by  placing  a thin  piece  of  iron  betwixt  the  wood  and  the  stone.  Cases  are  known 
in  which  the  iron  shoe  appeared  to  have  proved  a complete  protection  against  dry  rot  and 
decay  ; a hard  crust  being  formed  on  the  timber  in  contact  with  the  metal.  Tlie  system  ol 
grouting  must  contribute  to  the  early  decay  of  wood  bond;  but  at  Manchester,  where  it 
was  used  very  generally,  it  appeared  to  answer  well,  for  the  high  temperature  kept  up  in 
the  buildings  may  cause  tlie  walls  to  dry  very  soon.  Sea-sand,  used  for  outside  and  in- 
side purposes,  in  a spirit  of  economy,  soon  sliows  the  result  by  inducing  the  appearance  of 
rot  in  timber.  Wood  laid  in  sandy  soil  is  well  preserved,  as  was  found  to  be  the  case  in 
the  specimens  lately  dug  up  at  Birkenhead  from  depths  varying  from  8 feet  to  32  feet ; 
they  were  considered  to  have  been  buried  for  centuries. 

1747.  Nothing  is  more  injurious  to  the  floors  of  a building  than  covering  them  with 
painted  floorcloth,  which  entirely  prevents  the  access  of  atmospheric  air,  whence  the  damp- 
ness of  the  boards  never  evaporates  ; and  it  is  well  known  that  oak  and  fir  posts  have  been 
brought  into  premature  decay  by  painting  them  before  their  moisture  had  evaporated ; 
whilst  in  the  timber  and  pewing  of  old  churches,  which  have  never  been  painted,  we  see 
them  sound  alter  the  lapse  of  centuries.  Semple,  in  his  Treatise  on  Building  in  Wafer, 
notices  an  instance  of  some  field  gates  made  of  the  fir  of  the  place,  part  whereof,  near  the 
mansion,  were  painted,  and  had  become  rotten,  while  those  more  distant  from  the  mansion,  ij 
which  had  never  been  painted,  were  (]uite  sound. 

1747a.  According  to  Baron  Liebig,  tlie  decay  of  wood  takes  place  in  the  three 
following  modes : — I.  The  oxx'gen  in  the  atmosphere  combines  with  the  hydrogen  of 
the  fibre,  and  the  oxygen  unites  with  tlie  portion  of  carbon  of  the  fibre,  and  evapo- 
rates as  carbonic  acid;  this  process  is  called  decomposition.  II.  The  actual  decay 
of  ihe  wood  which  takes  place  when  it  is  brought  in  contact  with  rotting  substances.  .\nd 
III.  The  inner  decomposition  of  the  wood  in  itself,  by  losing  its  carbon  forming  carbonic 
acid  gas,  and  the  fibre  under  the  influence  of  the  latter  is  changed  into  white  dust  ; this  is 
called  putrefaction. 


PREVENTION  OE  DECAV. 

1748.  After  timber  is  felled,  the  best  method  of  preventing  decay  is  the  immediate  re- 
moval of  it  to  a dry  situation,  where  it  should  be  stacked  in  such  a manner  as  to  secure 
a free  circulation  of  air  round  it,  but  without  exposure  to  the  sun  and  wind,  and  it  should 
be  rough  squared  as  soon  as  possible.  When  thoroughly  seasoned  before  cutting  it  into 
scantlings  it  is  less  liable  to  warp  and  twist  in  drying.  The  ground  about  its  place  of  de- 
posit should  be  dry  and  perfectly  drained,  so  that  no  vegetation  may  rise  on  it.  Hence 
a timber  yard  .should  be  strewed  with  ashes,  or  the  scales  fi’om  a foundry  or  forge,  vvhieh 
supply  an  admirable  antidote  to  all  vegetation.  It  is  thought  that  the  more  gradually 
timber  is  seasoned  the  greater  its  durability  ; and  as  a general  rule,  it  may  be  stated,  that 
it  should  not  be  used  till  a period  of  at  least  two  years  from  its  being  felled,  and  for  joiners’ 
work  at  least  four  years.  Much,  however,  is  dependent  on  the  size  of  the  pieces.  By  some, 
water  seasoning  has  been  recommended ; by  others  the  steaming  and  boiling  it ; smoke- 
drying,  charring,  and  scorching  have  also  been  recommended.  The  latter  is,  perhaps,  the 
best  for  piles  and  other  jiieces  that  are  to  stand  in  the  water  or  in  the  ground.  It  was  prac- 
tised by  the  ancients,  and  is  still  in  use  generally  for  the  posts  of  park  paling  and  the  like, 

1749.  In  Norway  the  deal  planks  are  seasoned  hy  laying  them  in  salt  water  for  tliree  or 
four  days,  when  newly  sawed,  and  then  drying  them  in  the  sun,  a process  which  is  con- 
sidered to  be  attended  wiib  advantage  ; but  it  does  not  prevent  their  shrinking.  Mr.  Evelyn 
recommends  the  water  .seasoning  for  fir. 

1 749a.  The  efiectual  seasoning  obtained  by  Davison  and  Symington’s  patent  process  ot 
forcing  heated  air  in  a continued  current  through  timber  under  pressure,  effectually  dries 
it,  and  coagulates  the  albumen.  The  timbers  for  the  flooring  of  the  Coal  Exchange  at 
London  have  been  so  treated,  and  show  no  signs  of  shrinkage.  The  wood  was  taken  in  its 
natural  state,  and  in  less  than  ten  days  it  was  thoroughly  seasoned ; in  some  cases  from  10 
to  48  per  cent  of  moisture  was  taken  out  of  it.  The  air  when  heated  to  about  110°  or  120° 
is  sent  through  the  timber  at  a rate  of  about  48  miles  per  hour  ; the  heat  being  regulated 
according  to  the  quality  of  the  timber.  Honduias  mahogany  exposed  to  a heat  of  300°, 
would  have  the  whole  of  the  moisture  taken  from  it  in  48  hours.  This  process,  however, 
sometimes  splits  the  timber.  Out  of  a hundred  specimens  of  wood  experimented  upon, 
varying  from  one  inch  to  twelve  inches  square,  not  one  of  them  split  : even  some  openings 
which  were  visible  before  the  process  was  applied,  were  found  to  be  clo.ser  after  it.  Perhaps 
9 inches  square  is  the  limit  to  which  the  operation  can  be  successfully  applied. 

1750.  Notwithstanding,  however,  all  care  in  seasoning,  when  timber  is  employed  in  a 
damp  situation  it  soon  decays  ; and  one  of  the  principal  remedies  against  that  is  good 
drainage,  without  which  no  precautions  will  avail.  It  is  most  important  to  take  care  that 
earth  should  not  lie  in  contact  with  the  walls  of  a building,  for  the  damp  is  (juickly  com- 
municated, in  that  case,  by  their  means  to  the  ends  of  timbers;,  and  rot  soon  follows.  No 
expedient  to  guard  against  this  contingency  is  so  good  as  what  are  called  air  drains. 
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1751.  When  the  carcass  of  a building  is  complete,  it  should  be  left  as  long  as  ])ossihle 
to  dry,  and  to  allow  to  the  timbers  what  may  be  called  a second  seasoning.  The  modern 
practice  of  finisliing  buildings  in  the  quickest  possil)le  period,  has  contributed  more  to  dry 
rot  tlian  perhaps  any  other  cause;  and  for  this  the  architect  has  been  blamed  instead  of  hiy 
employer,  whose  object  is  generally  to  realize  letting  or  to  enjoy  occupation  of  them  as 
earlv  as  possible.  After  the  walls  and  timbers  of  a building  are  once  tlioroughly  dry,  all 
means  should  be  employed  to  exclude  an  accession  of  moisture,  and  delay  is  then  jjrejudicial. 

1752  Among  the  many  inventions  to  preserve  wood  from  decay,  those  of  England  have 
proved  the  most  successful.  In  17.‘57  a patent  was  granted  to  Mr.  Emerson  to  prepare 
timber  with  hot  oil.  This  was  followed  by  various  recommendations  early  in  the  present 
century  ; those  of  later  date  consist  of : — I.  Kyan’s  process,  1832,  who  steeped  the  timber 
in  a solution  of  bichloride  of  mercury,  known  as  corrosive  sublimate  {par.  1742.)  It  appears 
to  penetrate  fir  less  than  some  other  woods  (Faraday).  The  wood  thus  treated  becomes  of 
less  specific  gravity,  less  flexibility,  and  more  brittle.  II.  Sir  William  Burnett’s  patent  of 
1836,  was  for  using  the  chloride  of  zinc.  III.  M.  Brfant  in  1837  suggested  sulpliate  of 
iron,  which  was  found  not  to  alter  the  qualities  of  the  timber  as  did  the  corrosive  sublimate. 
IV.  Margary’s  patent,  1837,  is  for  steeping  timber  in  a solution  made  of  one  pound  of 
6ulj)hate  of  copper  with  eiglit  gallons  of  water.  Wood  impregnated  with  sulphate  of 
copper  (blue  vitriol)  will  not  last  longer  in  sea  water  than  any  other  wood.  But  wood  so 
treated  vv'ill  last  longer  in  the  soil  than  if  either  tarred  or  charred.  Its  application  for  tlie 
prevention  of  rot  is  beneficial,  and  it  might  be  used  where  not  exposed  to  the  action 
of  water,  on  account  of  the  solubility  of  the  salts.  The  proportion  of  the  sulphate  sliould 
be  one  pound  to  four  gallons  of  water  ; we  have  also  met  with  the  proportion  of  one  pound 
to  two  gallons;  perhaps  the  strongest  is  tlie  best  {par.  17526.)  V.  Payne,  184 1,  patented 
a system  for  using  two  solutions ; first,  sulphate  of  iron,  which  would  form  an  oxide  of 
iron  in  the  cells ; and  secondly,  carbonate  of  soda : some  very  good  results  were  obtained, 
but  the  process  must  be  done  under  pressure  and  with  the  greatest  care. 

1752a.  VI.  Bethell’s  patent,  1838,  consists  in  the  injection  of  oil  of  tar,  containing  crea- 
sote  and  a crude  solution  of  acetate  of  iron,  co./imonly  called  pyrolignite  of  iron,  after  the 
air  in  the  wood  has  been  extracted.  This  process  is  effective  to  a great  extent,  and  full 
particulars  are  given  by  G.  11.  Burnell  in  his  paper  read  before  the  Society  of  Arts  I860, 
from  which  we  have  been  quoting.  It,  however,  can  only  be  recommended  for  railways 
and  other  large  works  ; the  offensive  smell  and  increased  danger  by  fire  should  deter 
its  use  in  hou.st,  building.  In  the  best  creasoting  works,  the  oil  is  injected  at  a temperature 
of  120°  and  under  a pressure  of  150  lbs.  on  the  square  inch,  so  that  ordinary  fir  timber 
absorbs  10  lbs.  weight  of  the  creasote  per  cubic  foot ; the  wood  should  be  weighed  to 
ascertain  that  it  did  absorb  that  quantity.  For  all  engineering  purposes,  fir  timber  tlius 
treated  is  far  more  durable  than  the  best  oak,  teak,  or  other  liard  woods,  and  the  cost  of 
the  operation  is  very  small.  Timber  which  has  just  been  taken  out  of  water  contains  so 
large  a quantity  that  it  resists  the  entrance  of  the  oil  ; unless  time,  therefore,  be  given  for 
it  to  be  first  dried,  it  would  necessarily  be  badly  prepared. 

17526.  VII.  Dorsett  and  Blythe,  1863,  jjatented  the  injection  of  heated  solutions  of 
sulphate  of  copper  {par.  1752,  I V.  ),  a process  said  to  have  been  adopted  by  French,  Spanish, 
Italian,  and  other  railway  companies.  Amongst  its  advantages,  they  state  that  wood  so 
prepared  is  rendered  to  a great  extent  incombustible;  and  that  for  out-door  purposes  it  has 
a clean  yellowish  surface,  without  odour,  requires  no  painting,  remaining  unchanged 
for  any  length  of  time. 

1752c.  Experience  of  the  English  processes  shows  that  creasoting  is  the  most  generally  successful ; the 
application  of  the  sulphate  of  copper  is  satisfactory  in  many  cases  ; while  the  other  processes,  although 
no  doubt  of  occasional  value,  have  been  practically  abandoned.  They  all  depend  for  their  success  upon 
the  skilful  and  conscientious  manner  in  which  they  are  applied  ; for  as  they  involve  chemical  actions  on 
a large  scale,  their  efficiency  must  depend  upon  the  observation  of  the  minute  practical  precautions 
required  to  exclude  any  disturbing  causes. 

1752(i.  Carbolineum  Avenarius  is  said  (1887)  to  be  an  efficient  preservative  of  wood  against  all  external 
and  internal  injurious  influences,  driving  the  moisture  out  of  it  by  making  it  impervious  to  damp,  and 
is  stated  to  be  a preservative  against  the  attack  of  white  ants  in  hot  climatt  s.  Being  thin  and  liquid  it 
soaks  into  the  wood  readily.  One  gallon  will  cover  from  30  to  50  square  yards. 

1753.  It  is  no  easy  matter  to  cure  the  dry  rot  wfiere  it  has  once  taken  root.  If  it  be 
found  necessary  to  substitute  new  timbers  for  old  oms,  every  particle  of  the  fungus,  known 
as  the  Merulius  lacrymuns,  must  be  removed  from  the  neighbourhood  of  such  new  timbers. 
After  scraping  it  from  the  adjoining  walls  and  timbers,  perhaps  no  better  application  than 
one  of  the  washes  above  mentioned  can  be  employed.  About  300°  of  heat  would  effect 
the  same  pur|)ose,  but  this  is  difficult  in  application.  Coal  tar  has  been  found  useful,  but 
its  odour,  arising  at  a moderate  degree  of  heat,  is  an  objection  to  its  use.  A weak  solution 
of  vitriolic  acid  with  water  will  generally  stop  the  rot  if  it  have  not  gone  too  far.  Pyro- 
ligneous acid  is  recommended  for  preventing  the  spreading  of  the  disease.  The  precautions 
indicated  above  for  the  prevention  of  decay,  although  not  always  successful,  must  be  deemed 
preferable  to  the  application  of  after  remedies. 
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1754.  Iron  is  a metal  founa  in  almost  all  parts  of  the  worla,  and  though  not  mentioned 
by  Homer,  and  hence,  we  may  suppose,  in  his  time  extremely  scarce,  it  is  now  more  ab«m 
dant  than  any  of  the  other  metals,  and  is,  at  the  same  time,  the  most  useful.  Although,  with  \ 
the  exception  of  tin,  it  is  the  lightest  of  all  metals  ; yet  it  is,  when  pure,  very  malleable  and 
extremely  hard.  Its  malleability  is  increased  by  heat,  whereas  most  other  metals,  as  thej 
are  heated,  become  more  brittle.  It  is  the  only  known  substance  whereon  the  loadstone 
acts,  and  its  specific  gravity  to  water  is  as  7632  to  1000. 

1755.  The  iron  manufactured  in  Great  Britain  is  obtained  from  three  species  of  the  ore.' 

Tl;e  Lancashire,  which  is  very  heavy,  fibrous  in  texture,  and  of  a dark  purple  colour  in- 
clining to  black,  and  lodged  in  veins.  The  Bog  ore,  which  has  the  appearance  of  a deep 
yellow  clay,  and  is  found  in  strata  of  from  twelve  to  twenty  inches  in  thickness.  And 
lastly.  Iron  stones,  of  an  irregular  shape,  frequently  in  beds  of  large  extent,  similar  to  other 
stony  masses,  and  often  intersected  with  seams  of  pit  coal.  It  is  principally  from  the  argil 
laceous  ore  or  clay  iron-stone  that  iron  is  extracted  in  this  country.  | 

1 756.  After  raising,  the  ores  are  selected  and  separated  as  much  as  possible  from  hetero- 
geneous substances.  They  are  then  roasted  in  large  heaps  in  the  open  air,  for  the  purpose 
as  well  of  freeing  them  from  the  arsenic  and  sulphur  they  contain  as  to  render  them  friable 
or  easy  of  reduction  to  a powder.  The  roasting  is  performed  by  means  of  bituminous 
coal,  and  the  result  is  a substance  full  of  fissures,  friable,  and  a deprivation  of  all  vitreous 
lustre.  After  this  it  is  transferred  to  the  crushing  mill  for  complete  pulverization, 
whence  it  is  carried  to  the  smelting  furnace  for  conversion  into  iron.  Herein  it  undergoes  ^ 
two  separate  processes : first,  the  reduction  of  the  oxide  to  a metallic  state ; second,  the’ 
separation  of  the  earthy  particles  in  the  form  of  scoria.  These  operations  are  conducted  by 
submitting  the  ore,  ordinarily  mixed  with  certain  fluxes,  to  the  action  of  carbon  at  a very 
high  temperature,  in  what  are  called  blast  furnaces,  which  vary  in  height  from  twelve  to 
sixty  feet,  and  are  of  the  form  of  truncated  cones,  sometimes  however  of  pyramids, 
terminating  usually  in  cylindrical  chimneys,  whose  internal  diameter  is  from  four  to  six 
feet.  The  interior  of  these  furnaces  is  usually  of  a cylindrical  form,  whose  Internal  dia- 
meter is  from  four  to  six  feet.  Their  cavity  is  usually  of  a circular  form,  except  at  the 
crucible  or  hearth,  where  it  becomes  a right  rectangular  prism,  oblong  in  a direction 
perpendicular  to  the  blast  orifices  or  tuyeres  of  the  bellows.  The  sides  of  the  crucible  are 
most  commonly  formed  of  gritstone.  The  boshes,  which  are  in  the  form  of  an  inverted  quad- 
rangular pyramid  approaching  a prismatic  shape,  are  placed  above  the  crucible,  and  above 
them  rises  the  conical  body  of  the  furnace,  which  is  lined  with  fire-bricks,  and,  in  ascending, 
is  contracted  similarly  to  the  narrow  end  of  an  egg,  until  it  terminates  in  the  chimney.  The 
furnace  is  of  course  constructed  in  the  most  solid  manner,  and  strengthened  by  iron  bands 
and  bars.  The  bellows  employed  are  mostly  of  a cylindrical  form,  and  their  pistons  worked 
either  by  water  or  steam.  The  ’blast  holes,  w’hich  are  in  the  upper  part  of  the  crucible,  and 
frequently  ])laced  on  opposite  sides,  but  so  that  the  two  opposite  currents  may  not  impinge 
upon  one  another,  are  two  in  number.  Openings  are  provided  at  the  lower  part  of  the 
crucible  for  the  discharge  of  the  metal  and  scoria,  and  are  kept  stopped  by  clay  and  sand 
upon  the  exterior  when  the  furnace  is  in  operation.  The  reduction  is  commenced  by  gradually 
heating  up  the  furnace  until  capable  of  b^ng  entirely  filled  with  fuel,  and  then,  as  its 
c jiitents  begin  to  sink,  alternate  changes  of  ore,  mingled  w’ith  flux,  and  of  charcoal  and  coke, 
are  added.  The  blast  is  now  let  on,  and  the  metal  in  the  ore,  parting  with  its  oxygen, 
flows  by  degrees,  subsiding  to  the  bottom  of  the  crucible,  covered  with  a melted  slag,  w'hich 
is  occasionally  let  off’ by  removing  the  clay  from  one  or  more,  if  necessary,  apertures  in  the 
crucible ; and  on  the  bottom  of  the  furnace  becoming  filled  with  the  metal,  which  gene- 
rally occurs  after  nine  to  twelve  hours,  the  iron  itself  is  discharged  by  one  of  these  openings 
into  a fosse  of  sand  mixed  with  clay.  When  the  iron  has  flowed  out  the  aperture  is  again 
closed,  and  by  this  method  the  furnace  is  kept  in  constant  action. 

1757.  Limestone  of  the  best  quality  is  employed  as  a flux  to  assist  the  fusion  of  the 
ore,  which  it  accomplishes  by  vitrefying  the  earths  wherewith  it  is  mixed  up  with  the  oxide 
of  iron.  The  iron  when  run  out  from  the  blast  furnace  in  the  state  of  cast  iron  is  far 
from  being  in  a pure  state,  having  a coarse  grain,  and  being  brittle.  In  its  conversion  to 
bar  iron,  it  undergoes  one  of  the  two  following  processes,  as  charcoal  or  coke  may  be  em- 
ployed. In  the  former  case  a furnace  much  resembling  a smith’s  hearth  is  used,  having  a 
sloping  cavity  sunk  from  ten  to  twelve  inches  below  the  blast  pipe.  After  the  cavity  has 
been  filled  with  charcoal  and  scoria,  a pig  of  cast  iron,  well  covered  with  hot  fuel,  is  placed 
opposite  the  blast  pipe.  The  blast  being  introduced,  the  pig  of  iron  lying  in  the  very 
hottest  part  soon  begins  to  melt,  and  runs  down  into  the  cavity  below,  where,  being  out  of 
the  influence  of  the  blast,  it  becomes  solid,  and  is  replaced  in  its  former  position,  and  tiip 
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' r;ivity  is  again  filled  with  cliarcoal.  It  is  there  again  fused,  and  so  on  a third  time,  all 
these  processes  being  accomplished  in  tliree  or  four  hours.  'J'he  iron,  thus  again  solid,  is 
taken  out.  and  very  slightly  hammered,  to  free  it  from  the  attached  scoria  ; after  this  it 
[ is  returned  to  the  furnace,  in  a corner  wliereof  it  is  stacked,  out  of  the  action  of  the  blast, 

; and  well  covered  with  charcoal,  wdiere  it  remains  gradually  to  cool  until  sufficiently  com- 
I pact  to  bear  the  tilt  or  trip  hammer  {to  be  shitiyled,  to  force  out  the  cinders),  which  is  moved 
I , by  machinery,  and  whose  weight  is  from  600  to  1200  lbs.  Thus  it  is  beaten  till  the 
f1  scoriae  are  forced  out,  and  the  jiarticles  of  iron  welded  together,  when  it  is  divided  into 
' several  portions,  which  by  rejjeated  heating  and  hammering  are  drawn  into  bars,  in  which 
state  it  is  ready  for  sale. 

i 1758.  There  are  various  melhods  of  procuring  the  blast;  the  first,  and  most  ancient,  is 
r j by  means  of  bellows;  the  latest,  which  has  been  found  in  the  mining  districts  to  be  a con- 
I jtrivance  of  great  importance,  is  the  placing  a series  of  vanes  attached  to  an  axis,  which, 

I by  machinery,  are  made  to  i*evolve  in  a box  with  great  rapidity.  A pipe  passing  from  the 
I iloutside  of  the  box  to  the  furnace  conveys  the  air  to  it  as  the  vanes  revolve,  a new  portion 
i I continually  entering  by  a hole  at  the  axis.  The  air  thus  driven  through  at  its  natural 
i i temperature  constitutes  a cold  blast  in  contradistinction  to  air  heated  by  artificial  means  or 
t hot  bla  t.  This  latter  system  was  discovered  by  J.  B,  Neilson,  of  Glasgow,  about  the 
' year  1826  ; his  patent  expired  in  184  2.  At  the  present  day  air  is  forced  into  the  furnaces 
I at  a temperature  of  600°,  and  even  of  800°  Fahr.,  although  at  the  commencement  it  was 
rarely  used  above  300°.  The  irons  obtained  from  the  former  process  are  considered  to  be 
tougher  and  stronger  than  those  obtained  from  the  latter  process,  and  present  a closer 
texture  and  a smaller  crystallization  than  the  latter  irons.  Tlie  Blaenavon,  Coed  Talon, 
Lowmoor,  and  Muirkirk  irons  are  amongst  the  most  esteemed  varieties.  Perhaps  it  may 
be  laid  down  as  a general  principle  that  where  pig-iron  is  remelte  1 with  coke  in  the  cupola 
furnace,  for  the  purposes  of  the  ironfounder,  or  refined  with  coke  in  the  conversion  of 
forge  pig  into  bar  iron,  it  is  of  little  consequence  whether  tlie  reduction  of  the  ore  has 
been  effected  with  the  hot  or  the  cold  blast ; but  where  large  castings  have  to  be  run 
directly  from  the  smelting  furnace,  the  quality  of  the  metal  will,  no  doubt,  suffer  from  the 
use  of  the  hot  blast. 

1759.  The  proportion  of  pig  or  cast  iron  from  a given  quantity  of  ore  varies  as  the  dif. 
ference  in  the  metallic  contents  of  different  parcels  of  ore  and  other  circumstances,  but  the. 
quantity  of  bar  obtained  from  pig  iron  is  not  valued  at  more  than  20  per  cent. 

1760.  The  other  process  for  manufacturing  bar  iron,  which  is  that  chiefly  employed  in 
this  country,  is  conducted  in  reverberatory  furnaces,  usually  called  puddli/ip' /urnaces.  The 
aperation  begins  with  the  fusion  of  the  cast  iron  in  refinery  furnaces,  like  the  one  above 
described.  When  the  iron  is  fully  melted,  a lap-hole  is  opened  in  the  crucible,  and  the 
netal  and  slag  flow  out  together  into  a fosse  covered  with  clay  well  mixed  with  water,  by 
vhich  a coating  is  formed  that  prevents  the  metal  from  sticking  to  tne  ground.  The  finer 
netal  forms  a slab  about  ten  feet  long,  three  feet  broad,  and  from  two  to  two  and  a half  inches 
n thickness.  P'or  the  purpose  of  slightly  oxidizing  it,  and  to  make  it  brittle,  it  is  much 
iprinkled  over  with  cold  water.  In  this  part  of  the  process  it  loses  in  weight  from  1 2 
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o 1 7 per  cent.  After  this,  it  is  broken  up  into  pieces,  and  placed  on  the  hearth  of  a rc- 
erlieratory  furnace,  in  portions  heaped  up  to  its  sides  in  piles  which  rise  nearly  to  the 
oof,  leaving  a space  open  in  the  m.iddle  to  give  room  for  puddling  the  metal  as  it  flows 
lown  in  streams.  When  the  heat  of  the  furnace  has  brought  it  to  a pasty  state,  the  tem- 
lerature  is  reduced,  a little  water  being  sometimes  thrown  on  the  melted  mass.  The  semi- 
iquid  metal  is  stirred  up  by  the  workman  with  his  puddle,  during  which  it  swells,  and 
tarts  with  a large  quantity  of  oxide  of  iron,  which  burns  with  a blue  flame,  so  that  the 
nass  appears  ignited.  As  it  reflnes,  the  metal  becomes  less  fusible,  or,  as  the  workmen  say, 
t begins  to  dry.  The  puddling  goes  on  until  the  whole  charge  assumes  the  form  of  an  in- 
oherent  sand,  when  the  temperature  is  gradually  increased  to  give  it  a red  white  heat,  at 
diich  period  the  particles  begin  to  agglutinate,  and  the  charge,  in  technical  language, 
:orks  heavy.  The  refining  is  now  considered  finished,  and  the  metal  has  only  to  be  formed 
ato  halls,  and  condensed  under  the  rolling  cylinder.  From  this  state  it  is  brought  into 
lill  bar  iron.  After  this  last  operation,  several  pieces  are  welded  togetlier,  from  which  it 
cquires  ductility,  uniformity,  and  cohesion.  A lateral  welding  of  four  pieces  together 
ow  follows,  and  the  mass  passes  through  a series  of  cylinders  as  in  the  first  case,  and 
ecomes  English  bar-iron. 

1761.  The  lamination  of  iron  into  sheets  is  by  a refinery  furnace,  with  a charcoal  instead 
fa  coke  fire. 

1762.  Malleable  iron  is  often  obtained  from  the  ores  directly,  by  one  fusion,  if  the  me- 
dlic  oxide  be  not  too  much  mixed  with  foreign  substances.  It  is  a mode  of  working 
luch^more  economical  than  that  above  described,  and  from  the  circumstance  of  its  having 
Ijeen  long  known  and  used  in  Catalonia,  it  is  known  by  the  name  of  the  method  of  the  Cata~ 
vnian  forge.  The  furnace  employed  is  similar  to  the  refiner’s  forge  already  described. 

he  crucible  is  a kind  of  semicircular  or  oblong  basin,  eighteen  inches  in  diameter,  and 
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eight  or  ten  in  depth,  excavated  in  an  area,  or  small  elevation  of  masonry,  eight  or  ten  feet 
long,  by  five  or  six  broad,  and  covered  in  with  a chimney.  The  tuyere  is  placed  five  or  .six 
inches  above  the  basin,  inclining  a little  downwards,  and  the  blast  is  received  from  a water 
blowing  machine.  The  first  step  consists  in  expelling  the  water  combined  with  the  oxide, 
as  well  as  the  sulphur  and  arsenic  when  these  are  present.  This,  as  usual,  is  done  by 
roasting  in  the  open  air,  after  which  it  is  reduced  to  a tolerably  fine  powder,  and  thrown  at 
intervals  by  shoveLs-full  upon  the  charcoal  fire  of  the  forge  hearth,  the  sides  and  bottom  of 
the  basin  being  previously  lined  with  brusques  (coats  of  pounded  charcoal).  It  gradually 
softens  and  unites  into  lumps  more  or  less  coherent,  which  finally  melt  and  accumulate  in 
the  bottom  of  the  crucible  or  basin.  A thin  slag  is  occasionally  let  off'  from  the  u])per 
surface  of  the  melted  metal  in  the  basin  through  holes  which  can  be  closed  and  opened  at 
*he  discretion  of  the  workman.  The  melted  iron  preserves  a pasty  condition  owing  to  the 
heat  communicated  from  above.  When  a mass  sufficiently  great  has  accumulated,  it  is  re- 
.noved,  put  under  the  hammer,  and  forged  at  once.  A lump,  or  bloom,  of  malleable  iron 
is  thus  produced  in  the  space  of  three  or  four  hours.  Four  workmen  are  employed  at  one 
forge,  and  by  being  relieved  every  six  hours,  they  are  enabled  to  make  86  cwf.  of  iron  per 
week.  In  the  Catalonian  forge,  100  lbs.  of  iron  are  obtained  from  300  lbs.  of  ore  (a  mix- 
ture of  sparry  iron,  or  carbonate  and  hematite),  and  310  lbs.  of  charcoal,  being  a produce 
of  33  per  cent. 

1763.  A visit  to  some  of  the  iron  districts  is  necessary  fully  to  understand  the  processes 
we  have  above  shortly  described  ; but  the  founding  of  iron  may  be  well  enough  observ.  d 
in  the  metropolis,  though  not  on  so  large  a scale  as  in  some  of  the  provinces.  A succinct vv.’: 
description,  however,  is  given  under  the  heading  Foundry,  Chap.  111.  Sec.  xi. 

1764.  We  here  subjoin  a summary  of  the  modern  observations  on  iron  (collected  from  ' 
various  authoriiies)  as  given  in  Rankine’s  Civil  Engineering.  'I'he  metallic  products  of  the 
iron  manufacture  are  of  three  kinds:  I.  Malleable  or  wrought  iron;  II.  Cast  iron; 
and  III.  Steel:  both  tlie  latter  being  certain  compounds  of  iron  with  carbon.  Some 
investigators  affirm  that  nitrogen  is  one  of  the  essential  constituents  of  steel,  but  this 
requires  confirmation.  The  strength  and  other  good  qualities  of  these  products  depend 
mainly  on  the  absence  of  impurities,  and  especially  of  certain  substances  whicli  are  known 

to  cause  biittleness  and  weaknes.s,  of  which  the  most  important  are  sulphur,  phosphorus, 
silicon,  calcium,  and  magnesium.  Sulphur,  and  (according  to  Mushet)  calcium,  and 
prol.'ably  also  magnesium,  make  iron  what  is  termed  red  short,  that  is,  brittle  at  high  tern-  9 
peratures.  Phosphorus  and  (according  to  Mushet)  silicon  make  it  cold  short,  that  is, 
brittle  at  low  temperatures.  These  are  both  serious  imperfections,  but  the  latter  is  the 
worst  defect. 

176da.  Wrought  or  malleable  iron  in  its  perfect  condition  is  pure,  or  nearly  pure, 
iron  ; its  strength  is  in  general  greater  or  less  according  to  the  greater  or  less  purity  of  the 
ore  and  fuel  employed  in  its  manufacture.  Malleable  iron  is  distinguished  by  the  jiroiierty 
oi' tcelding.  Two  pieces,  if  raised  nearly  to  a white  heat  and  pressed  or  hammered  firmly 
together,  adhering  so  as  to  form  one  piece.  It  is  essential  that  the  surfaces  to  be  welded 
should  be  perfectly  clean  and  free  from  ox  de  of  iron,  cinder,  and  all  foreign  matter. 
Where  several  bars  are  to  be  faggoted  or  rolled  into  one,  they  require  careful  piling,  so 
as  to  ensure  the  pressure  exerted  by  the  hammer  or  the  rollers  being  transmitted 
through  the  whole  mass  ; otherwise  the  finished  bar  or  piece  may  show  flaws  marking  the 
divisions  between  the  bars  of  the  pile.  Wrought  iron,  although  it  is  at  first  made 
more  compact  and  strong  by  reheating  and  hammering,  or  otherwise  working  it,  soon 
reaches  a maximum  strength,  after  which  all  reheating  and  working  rapidly  makes  it 
weaker.  Good  bar  iron  has  in  general  attained  its  maximum  strength,  and  therefore,  in 
all  operations  of  forging  it,  the  desired  size  and  figure  ought  to  be  given  to  it  with  tlie 
least  possible  amount  of  reheating  and  working,  in  large  forgings,  the  tenacity  is  only 
about  three  fourths  of  that  of  the  bars  from  which  the  forgings  were  made,  and  sometimes 
even  less. 

17645.  It  is  still  a matter  of  dispute  to  what  extent  and  under  what  circumstances 
wrouglit  iron  loses  its  fibrous  structure  and  toughne.ss,  and  becomes  crystalline  and 
brittle.  By  some  authorities  it  is  as.serted  that  all  shocks  and  vibrations  tend  to  produce  il 
that  change ; others  maintain  that  only  sharp  shocks  and  vibrations  do  so ; and  others  u 
that  no  such  change  takes  place  ; but  that  the  same  piece  of  iron  which  shows  a fibrous  ij 
fracture,  gradually  broken  by  a steady  load,  will  show  a crystalline  fracture,  if  suddenly 
broken  by  a tharp  blow.  It  is  certain,  at  all  events,  that  iron,  whether  cast  or  wrought, 
ought  to  be  as  little  as  possible  exposed  to  sharp  blows  and  rattling  vibrations.  Kirkaldy, 
Wrought  Iron  and  Steel,  1863,  p.  52,  and  in  his  concluding  observations  (p.  92),  states  fl 
further,  that  “ the  appearance  of  iron  may  be  changed  from  fibrous  to  crystalline  by  merely 
altering  the  shape  of  the  specimen  so  as  to  render  it  more  liable  to  snap,”  and  that  “ irun  is  ;i 
less  liable  to  snap  the  more  it  is  worked  and  rolled.  In  the  fibrous  fractures  the  threads  u 
are  drawn  out,  and  are  viewed  externally,  whilst  in  the  crystalline  fractures  the  threads  are  i 
flapped  across  in  clusters,  and  are  viewed  externally  or  sectional’y,  In  the  latter  ca.es  iS 
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.he  fracture  of  the  specimen  is  always  at  rlglit  angles  to  the  lengtli  ; in  tlic  former  it  is 
nore  or  less  irregular.” 

1764c.  'YUc  continuity  of  the  fibres  near  the  surface  should  he  as  little  interrupted  as 
)Ossible.  For  example,  projections  formed  out  of  a block  by  turning,  rolling,  and  ham- 
ncrlng,  were  broken  off  by  blows  with  a 6 lb.  hammer,  with  the  first,  fifth,  and  eiglith 
m)lows  respectively  (Rankiue,  Proceedings  of  Insl.  of  Civil  Engineers,  1S43).  In  iron 
,vork  which  is  to  sustain  shocks  and  vibrations  abrupt  variations  of  dimensions  and  angidar 
igures  must  be  avoided  as  much  as  possible,  especially  those  with  reentering  angles;  for 
't  tliose  points  fractures  are  apt  to  commence.  If  two  ])arts  of  a beam  are  to  be  of 
iitferent  thicknesses,  they  should  be  connected  by  means  of  curved  surfaces. 

1764d.  The  fibres  of  wrought  iron  are  always  an  indication  of  its  strength,  but  in  the 
ipplication  of  such  iron  we  are  to  be  cautious.  If  the  iron  be  impure  in  its  element.s,  or 
las  been  badly  worked,  it  may  be  very  fibrous  an:l  also  strong,  but  in  exposing  it  to  a 
welding  heat  it  loses  all  its  fibre,  and  is  converted  into  brittle  gramdated  iron.  Tliis 
lappens  frequently  with  puddled  iron  and  sometimes  with  charcoal  iron.  It  follows, 
herefore.  that  iron  which  does  not  retain  its  fibre  after  receiving  a welding  heat  is  not  to 
le  trusted.  Only  good  cliarcoal  iron  should  be  used  where  strength  is  required,  in  case 
iny  smithing  is  to  be  done  to  the  iron  before  it  is  put  to  use.  Wliere  iron  is  exposed  to 
ical,  the  very  jrurest  and  best  kinds  only  should  be  used : with  constant  heat,  even  of  low 
em|)erature,  wrought  iron,  if  not  very  pure,  becomes  grarmlated.  Very  fibrous  puddled 
ron  may  carry  80,000  lbs.  per  inch  square,  when  newdy  made,  but  it  may  in  a short  time 
)e  converted  into  granular  iron,  and  reduced  to  20,000  lbs.,  and  be  inferior  in  strength  to 
rast  iron.  Where  this  change  in  the  iron  would  be  detrimental  to  the  work  steel  should 
)e  substituted,  as  its  strength  is  not  impaired  by  any  degree  of  heat  beyond  a red  heat. 

1764e.  The  quality  of  iron  for  boiler  plates  must  be  attended  to  from  the  first  stageo 
)f  its  manufacture  from  the  ore,  which  should  be  of  good  qu  ility  : even  then  it  may  be 
ipoiled  in  the  furnace.s.  Above  all  thing.s,  states  Overman,  (whom  we  are  now  quoting), 
lot  blast  ought  to  be  excluded  in  these  cases  ; it  ought  to  be  a criminal  offence  to 
'inploy  hot  blast  iron  for  boiler  plates.  Iron  may  be  fdirous,  and  when  cold  very  tena- 
,*ious;  but  the  test  consists  in  heating  it  red  hot  and  cooling  it  in  cold  water.  If  it  con- 
inues  tenacious  it  may  be  considered  good  ; if  not  it  is  bad,  and  u.ifit  for  boiler  plate. 

1764/'.  Strength  and  toughness  in  bar  iron  are  indicated  by  a fine,  close,  and  uniforiii 
ibrous  structure,  free  from  all  appearance  of  crystallization,  wdth  a clear  bluish  grey 
colour,  and  a silky  linstre  on  a torn  surface  where  the  fibres  are  shown.  Vl.te  iron  of  the 
test  kind  consists  of  alternate  layers  of  fibres  crossing  each  other,  and  ought  to  be  nearly 
af  the  same  tenacity  in  all  directions.  The  breaking  strain  and  contraction  of  area  of 
luddled  steel  platiS.  as  in  iron  plates,  are  greater  in  the  direction  in  which  they  are  rolled; 
whereas  in  cast  steel  they  are  hss.  (Kirkaldy  ) 

1765.  Cast  iron  is  the  product  of  the  process  of  smelting  iron  ores.  The  total  quantity 
)f  carbon  in  pig  iron  ranges  from  2 to  5 ])er  cent,  of  its  weight.  Different  kinds  of  pig 
ron  are  produced  from  the  same  ore  in  the  same  furnace,  under  difil’erent  circumstances  aa 
;o  temperature  and  quantity  of  fuel.  A high  temperature  and  a large  quar.tity  of  fuel 
iroduce  grey  cast  iron,  which  is  further  distinguished  into  Nos.  1,  2,  and  3,'  and  so  on  ; 
No.  1 being  that  produced  at  the  highest  temperature.  A low  temperature  and  a de- 
iciency  of  fuel  produce  white  cast  iron.  Grey  cast  iron  is  of  difierent  shades  of  bluish 
grey  in  colour,  granular  in  texture,  softer  and  more  easily  fusible  than  white  cast  iron, 
which  latter  is  silvery  white,  either  granular  or  crystalline,  comparatively  difficult  to  melt, 
anttle,  and  excessively  hard.  It  appears  that  tlie  differences  between  tliese  kinds  of  irons 
lepend  on  the  proportions  of  carbon  in  them.  Thus  grey  cast  iron  contains  1 per  cent., 
md  sometimes  less,  of  carbon  in  chemical  combination  with  the  iron,  and  from  1 to  3 or 
1 per  cent,  of  carbon  in  the  state  of  plumbago  in  mechanical  mixture;  while  white  cast 
ron  is  a homogeneous  chemical  compound  of  iron  with  from  2 to  4 per  cent,  of  carbon. 
Of  the  different  kinds  of  giey  cast  iren,  No  1 contains  the  greatest  proportion  of  plumbago 
which  renders  iron  comparatively  weak  and  pliable),  No.  2 the  next,  and  so  on. 

1765a.  There  are  two  kinds  of  white  cast  iron,  the  granular  and  the  crystalline.  The  gran- 
ilar  sort  can  be  converted  into  cast  iron  by  fusion  and  slow  cooling.  cast  iron  can 

ae  converted  into  granular  white  cast  iron  by  fusion  and  sudden  cooling.  I his  takes  place 
most  readily  in  the  best  iron.  Crystalline  white  cast  iron  is  harder  and  more  brittle  than 
irranular,  and  is  not  capable  of  conversion  into  gicy  cast  iron  by  fusion  and  slow  cooling. 
It  is  said  to  contain  more  carbon  than  granular  v-hite  cast  iron  ; but  the  exact  dillerence 
jin  their  chemical  composition  is  not  yet  known.  Grey  cast  iron  No.  1 is  the  most  easily 
hisible,  and  produces  the  finest  and  most  accurate  castings  ; but  it  is  deficient  in  hardness 
and  strength. 

17656.  The  order  of  strength  of  cast  iron  among  different  kinds  from  the  same  ore  and 
fuel  is  as  follows;  — Granular  white  cast  iron,  grey  cast  iron  No.  3,  No.  2,  and  No.  1. 
Crystalline  white  cast  iron  is  not  introduced  into  this  classification,  because  its  extreme 
brittleness  makes  it  unfit  for  use  in  engineering  structures.  Granular  white  cast  iron  also, 
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although  .stronger  and  harder  than  grey  cast  iron,  is  too  brittle  to  he  a safe  inaterial  for  the 
entire  mass  of  any  girder,  or  other  large  piece  of  a structure.  It  is  used  to  form  a hard 
and  impenetrable  skin  to  a piece  of  grey  cast  iron  by  the  process  called  ehillmg.  This 
consists  in  lining  the  portion  of  the  mould  where  a hardened  surface  is  requi'en  with 
suitably  shaped  pieces  of  iron.  The  melted  metal,  on  being  run  in,  is  cooUd  and  solidified 
suddenly  where  it  touches  the  cold  iron ; and  for  a certain  depth  from  the  chilled  surface, 
varying  from  about  | to  inch  in  different  kinds  of  iron,  it  takes  the  white  granular  con- 
dition, while  the  remainder  of  the  casting  takes  the  grey  condition.  Even  in  castings 
which  are  not  chilled  by  an  iron  lining  to  the  mould,  the  outermost  layer,  being  cooled 
more  rapidly  than  the  interior,  approaches  more  nearly  to  the  white  condition,  and  forms 
a skin  harder  and  stronger  than  the  rest  of  the  casting.  The  best  kinds  of  cast  iron  for 
large  structures  are  No.  2 and  No.  .3  ; because  being  stronger  titan  No.  1,  and  softer  and 
more  flexible  than  ichite  cast  iron,  they  combine  strength  and  pliability  in  the  manner 
which  is  best  suited  for  safely  bearing  loads  tliat  are  in  motion.  A strong  kind  of  cast 
iron  called  toughened  cast  iron,  is  produced  by  the  process,  invent::d  by  Morries  Stirling,  of 
adding  to  the  cast  iron,  and  melting  amongst  it,  from  one-fourth  to  one-seventli  of  its 
weight  of  wrought  iron  scrap. 

1766.  Soft  grey  cast  iron  is  the  best  sort ; it  yields  easily  to  the  file  when  the  external 
crust  is  removed,  and  is  slightly  malleable  in  a cold  state.  It  is,  however,  more  subject 
to  rust  tlian  the  white  cast  iron,  which  sort  is  also  less  soluble  in  acids.  Grey  cast  iron  has 
a granulated  fracture  with  some  metallic  lustre.  White  cast  iron  in  a recent  fracture  has 
a white  and  radiated  appearance,  indicating  a crystalline  structure. 

1767.  Cast  iron,  when  at  a certain  degree  of  heat,  may  be  cut  like  a piece  of  wood  with 
a common  saw.  This  discovery  was  announced  in  a letter  from  M.  Dunford,  director  of 
the  iron  works  at  Montalaire,  to  M.  d’Arcet,  and  published  in  the  Annalts  de  Chimie. 
The  experiment  was  tried  in  1813  by  a gentleman  of  the  Phdosophic  al  Society  at  Glasgow, 
who  with  the  greatest  ease  cut  a bar  of  cast  iron,  previously  heated  to  a cherry-red,  with  a 
common  carpenter’s  saw,  in  the  course  of  less  than  two  minutes.  The  saw  was  not  in  the 
least  injured  by  the  operation. 

1768.  The  security  afforded  by  iron  for  supporting  weight,  and  against  fire,  has,  of  late 
years,  very  much  increased  the  use  of  it,  and  may  in  many  cases  entirely  sujiersede  tlie 
employment  of  timber.  Again,  it  is  valuable  from  its  being  not  liable  to  sudden  decay,  nor 
soon  destroyed  by  wear  and  tear,  and,  above  all,  from  its  plasticity. 


STEEL. 

1769.  Stee4,  the  hardest  of  the  metals  and  the  strongest  of  known  substances,  is  a 

compound  of  iron  with  from  0*5  to  15  per  cent,  of  its  wiight  of  carbon.  These, 
according  to  most  authorities,  as  noticed  by  Rankme,  are  the  only  esseniial  constituents  of 
stiel.  Impurities  of  different  kinds  affect  steel  injuriously  in  the  same  way  as  with 
iron.  A very  small  part  of  its  weight,  of  silicon  cau-cs  steel  to  cool  and  solidify 

without  bubbling  or  agitation ; a larger  proportion  would  make  tlie  steel  brittle.  Man- 
ganese improves  the  steel  by  increasing  its  toughness,  and  making  it  easier  to  weld  and 
forge. 

1769a.  The  term  steely  iron,  or  semi  steel,  may  be  applied  to  compounds  of  iron  with 
less  than  0 5 per  cent,  of  carbon.  They  are  intermediate  in  hardness  and  other  properdis 
between  steel  and  malleable  iron.  In  general,  such  compounds  are  the  harder  and  the 
stronger,  and  also  the  more  easily  fusible,  the  more  car  bon  they  contain  ; those  sorts  which 
contain  less  carbon,  though  weaker,  are  more  easily  welded  and  forged,  and  from  their 
greater  pliability  are  the  fitter  for  structures  that  are  exposed  to  shocks. 

17695.  Steel  is  distinguished  by  the  property  of  temper ing,  tliat  is  to  say,  it  can  lie 
hardened  by  sudden  coolrng  from  a high  temperature,  and  softened  by  gradual  cooling; 
and  its  degree  of  hardness  or  softness  can  be  regulated  with  precision  by  suitably  fixing 
that  temperature.  The  elevat'on  of  temperature  previous  to  the  annealing  or  gradual 
cooling  is  produced  by  plunging  steel  into  a bath  of  a fusible  metallic  alloy,  ranging  from 
480^  to  560°  Fahr. 

1770.  Steel  is  made  hy  various  processes  which  have  of  late  become  very  numerous. 
Tliey  may  all  be  classed  under  two  heads,  viz.,  adding  carbon  to  malleable  iron,  used  in 
making  steel  for  cutting  tools  and  other  fine  purposes  ; the  other,  abstracting  carbon  from 
cast  iron,  used  for  making  great  masses  of  steel  and  steely  iron  rapidly  and  at  a moderate 
expense.  Among  the  ptoces.ses  are  the  following:  — 

1771.  I.  Blister  steel  is  made  by  cementation,  by  embedding  bars  of  the  purest  wrought  jQ 
iron  in  a layer  of  charcoal  and  subjecting  them  for  several  days  to  a high  temperature.  Each 
bar  absorbs  carbon,  fud  its  surface  becomes  converted  into  steel.  Cementation  may  also  he  * 
peifonned  by  exposing  tne  surface  of  the  iron  to  a current  of  carburetted  hydrogen  gas  at  a n 
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ii<rl«  tcnipcrature.  Cemetitalion  is  also  ajjplied  to  the  surfaces  of  articles  of  malleable  iron 
II  order  to  give  them  a skin  or  coating  of  steel,  and  is  called  catehardening. 

177'i.  II.  Shear  steel  is  made  by  breaking  bars  of  blister  steel  into  lengths,  faggoting 
Iiem,  and  rolling  them  out  at  a welding  heat;  repeating  the  process  until  a near  approach 
o uniCormitv  of  composition  and  texture  has  been  obtained.  It  is  used  for  tools  and 
,’utting  implements. 

1773.  III.  r«.s‘t  .s<ee/ is  made  by  melting  bars  of  blister  steel  with  a small  additional 
jiiantity  of  carbon  (in  the  form  of  coal  tar),  and  some  manganese.  It  is  the  purest,  most 
iiiiform,  and  strongest,  steel,  and  is  used  for  the  fine.st  cutting  implements.  Another  pro- 
:e.ss  requiring  a higher  temperature,  is  to  melt  bars  of  the  purest  malleable  iron  with  man- 
ganese and  with  the  whole  (juantity  of  carbon  required  in  order  to  form  steel.  'I'he 
quality  as  to  hardness  is  regulated  by  the  proportion  of  carbon.  A sort  of  semi  steel  or 
'iteely  iron,  made  by  this  process  and  containing  a small  proportion  of  carbon  only,  is  known 
as  homogeneous  metal. 

1774.  IV.  Steel  made  hy  the  air  blast  is  produced  from  molten  pig  iron  by  Bessemer’s 
process,  wherein  the  molten  pig  iron,  having  been  run  into  a suitable  vessel  or  converter,  has 
jets  of  air  blown  into  it  through  tubes  as  the  liquid  is  poured  in.  The  oxygen  of  the  air 
combines  with  the  silicon  and  the  carbon  of  the  pig  iron,  and  in  so  doing  produces  enough 
of  heat  to  keep  tlie  iron  in  a melted  state  till  it  is  brought  to  the  malleable  condition  ; it  is 
then  run  into  large  ingots,  which  are  hammered  and  rolled  in  the  usual  way.  About  two 
Inurs  suffice  to  convert  cold  iron  into  pure  steel. 

1775.  V.  Puddled  steel  is  made  by  puddling  pig  iron,  and  stopping  the  process  at  the 
ir..stant  when  the  proper  quantity  of  carbon  remains.  The  bloom  is  shingled  and  rolled 
like  bar  iron.  VI.  Granulated  steel,  the  invention  of  Capt.  Uchatius,  is  made  by  running 
melted  pig  iron  into  a cistern  of  water  over  a wheel,  which  dashes  it  about  so  that  it  is 
found  at  the  bottom  of  the  cistern  in  the  form  of  grains  or  lumps  of  about  the  size  of  a hazel 
nut.  These  are  imbedded  in  pulverized  hasmatite  oi  sparry  iron  ore,  and  exposed  to  a heat 
sufficient  to  cause  part  of  the  oxygen  of  the  ore  to  combine  with,  and  extract,  the  carbon 
from  the  superficial  layer  of  each  of  the  lumps  of  iron,  each  of  which  is  reduced  to  the  con- 
dition of  malleable  iron  at  the  surface,  while  its  heart  continues  in  a state  of  ca.st  iron.  A 
small  additional  quantity  of  malleable  iron  is  produced  by  the  reduction  of  the  ore.  The.so 
ingiedienls  being  melted  together  produce  steel. 

1776.  Kirkaldy  observes  that  “ Steel  invariably  presents,  when  fractured  slowly, a silky 
fibrousappearar.ee.  When  fractured  suddenly,  the  apjtearance  is  invariably  granular ; in 
which  case  also  the  fracture  is  always  at  right  angles  to  the  length.  When  the  fracture  is 
fibrous,  the  angle  diverges  always  more  or  less  fiom  9;)°.  The  granular  appearance  pre- 
sented by  steel  suddenly  fractured  is  nearly  free  of  lustre,  and  unlike  the  brill.ant  crystal- 
line appearance  of  iron  suddenly  fractured  : the  two  combined  in  the  same  specimen  aie 

; shown  in  iron  bolts  partly  converted  into  steel.  Steel  which  previously  broke  with  a silky 
i 'I fibrous  appearance  is  changed  into  granular  by  being  hardened.  Steel  is  reduced  in 
il|jj strength  by  being  hardened  in  water,  while  the  stiength  is  vastly  increased  by  being 
y hardened  in  oil.  The  increase  of  strength  is  greater  the  higher  steel  is  heated  (not  being 
i burned)  and  so  treated.” 

J ' 1777.  “ In  a highly  converted  or  hard  steel  the  increase  in  strength  and  in  hardness  is 

f I greater  than  in  a less  converted  or  soft  steel.  Steel  plates  hardened  in  oil  and  joined  to- 
f I gether  with  rivets  are  fully  equal  in  strength  to  an  unjointed  soft  plate;  or  tlie  loss  of 
I j strength  by' riveting  is  more  than  counterbalanced  by  the  increase  in  strength  by  hardening 

I in  oil.  The  most  highly  converted  steel  does  not,  as  some  may  suppose,  jrossess  the  greatest 
density.  In  cast  steel,  the  density  is  much  greater  than  in  puddled  steel,  which  is  even  less 
than  in  some  of  the  sujierior  descriptions  of  wrought  iron.” 

^ 1778.  'I’his  subject  may,  perhaps,  be  considered  of  greater  importance  to  the  architect 

I and  engineer,  if  those  experienced  scientific  men  be  right,  who  predict  that  the  time  is 
I not  far  hence  when  there  will  be  no  such  metals  as  either  wrought  or  cast  iron  ; steel  taking 
I the  place  of  both  for  all  practical  purposes.  As  one  itistance  amottg  tnatty,  it  has  been 
I urged  that  the  ab.sohite  strength  of  any  cast  iron  girtler  may  be  doubled  by  the  judicious  use 
; ■ of  a very  few  pounds  of  steel,  costing  but  a trifle.  {See  1632.) 

Corrosion  and  Preservation  of  Iron. 

( 1779.  Cast  iron  will  often  last  for  a long  time  without  rusting,  if  the  skin  be  not  injured, 

■ which  is  coated  with  a film  of  the  silicate  of  the  j)rotoxide  of  iron,  produced  by  the  action 
of  the  sand  of  tlie  mould  on  the  iron.  Chilled  surfaces  of  castings  are  wiihout  this  pro- 
■|j  tection.  and  therefore  rust  more  rapidly.  The  corrosion  of  iron  is  more  rapid  when  j)artiy 
] wet  and  partly  dry,  than  when  wholly  immersed  in  water  or  wholly  exposed  to  tlie  air.  It 
: is  accelerated  by  impurities  in  water,  and  especially  by  the  presenceof  decomposing  organic 
( matter,  or  of  free  acids.  It  is  also  accelerated  by  trie  contact  of  the  iron  with  any  metal 
!■  wiiich  is  electro-negative  relatively  to  the  iron,  or  in  other  words,  has  less  affinity  for 
: oxygen,  or  with  the  rust  of  iron  itself  If  two  ]iortioi:-s  of  a mass  of  iron  are  in  ditlerei.t 
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conditions,  so  that  one  has  less  affinity  for  oxygen  tlian  the  other,  the  contact  of  the  former 
makes  the  latter  oxidate  more  rapidly.  In  general,  liard  and  crystalline  iron  is  less  oxi- 
dable  than  ductile  and  fibrous  iron.  Cast  iron  and  steel  decompose  rapidly  in  warm  or 
impure  sea  water.  Tlie  purest  and  the  most  malleable  irons  are  the  most  easily  attacked 
hy  sea.  WAtQT,  when  used  alone  ; for  it  is  to  be  observed  that  the  fine  grained,  crystalline, 
white  and  brittle  metal,  which  usually  resists  the  action  of  air  and  water  most  successfully, 
is  also  the  most  easily  attacked  by  tbe  dilute  acids  present  in  the  woods  so  often  used  in 
connection  with  iron  in  ship  building,  or  in  timber  structures  in  sea  water.  The  most 
extreme  care,  and  the  greatest  practical  skill,  are  therefore  required  in  the  selection  of  the 
irons  to  be  used  in  certain  positions.  To  R.  Mallet  we  are  indebted  for  a valuable  com- 
munication  to  the  Institute  of  Civil  Engineers  in  May  1840,  On  the  Corrosion  of  Cast  and 
Wrought  Iron  in  Water,  under  protected  and  unprotected  states  : an  abstract  is  given  in 
the  Civil  Engineer  Journal,  iii.  p.  424,  from  the  Proceedings  of  the  Institute. 

1779a.  In  the  Reports  of  tlie  British  Association,  1843  and  184  9,  Mallet,  On  Corrosim 
of  Iron,  further  states  that  iron  kept  constantly  in  a state  of  vibration  oxidates  loss  rapidly 
than  that  which  is  at  rest.  'J'hus  the  rails  of  a railway  on  which  a constant  traffic  runs, 
do  not  rust  so  quickly  as  those  on  which  there  may  be  no  traffic. 

17796.  Spencer,  Iron,  its  active  and  inactive  states,  read  before  the  Liverpool  Polytechnic 
Society,  stated  that  It  required  a mixture  of  air  and  water,  or  what  is  usually  termed 
dampness,  to  produce  rust  on  iron  — one  without  the  other  would  not  do  it.  Steel  filings 
l)ecame  rusty  in  water,  because  they  absorbed  the  oxygen  in  the  water  ; if  a second  quan- 
tity of  filings  be  put  in,  they  would  not  rust,  as  there  was  no  more  oxygen.  A coating  of 
carbon  etfectually  j^revents  iron  from  oxidation,  and  it  can  protect  it  from  a body  so  strong 
as  even  aqua-fortis  itself.  If  the  aqua-fortis  be  diluted  with  water,  the  protective  power 
no  longer  exists.  The  slightest  scratch  or  abrasion  on  the  surface  of  the  metal  also  pre- 
vented the  action  of  the  ])rotecting  influence.  A piece  of  solid  carbon  also  imparts  a pro- 
tective property  to  iron,  little  short  of  that  given  to  it  by  platinum.” 

1779f.  Sugar  exercises  a material  influence  on  iron  and  other  metals  : Athenaeum,  Sept. 
1853  and  May  1854. 

\119d.  The  iron  wire  suspension  bridges  of  France,  which  have  fallen  within  tbe  last 
few  years,  appear  to  have  done  so  principally  through  the  oxidation  of  the  wires  in  the 
])ortion  passing  into  the  anchoring  wells : this  was  notoriously  the  case  with  the  bridge  at 
Angers.  The  constant  state  of  humidity  prevailing  in  these  wells  must  sooner  or  later 
have  rusted  the  wires,  and  although  the  precaution,  recommended  by  Vicat,  of  surrounding 
the  cables  with  rich  lime  had  been  adopted,  the  vibration  of  the  bridge  had  detached  the 
cables  from  their  supj)osed  protecting  case,  and  the  spaces  between  the  wires  allowed  mois- 
ture from  the  exterior  to  permeate  the  interior  of  the  cable  ; at  Angers  the  cables  were 
thus  almost  entirely  rusted  through.  In  such  places  it  is  better  to  employ  bar  chains. 

1779c.  Before  painting  iron  work  it  is  usual  to  give  it  a coat  of  boiled  linseed  oil,  ap- 
plied hot ; it  forms  a kind  of  varnish,  and  is  an  excellent  preparation,  and  should  be  done 
after  the  blue  shales  are  removed-  Lead  paints,  when  of  good  quality  and  mixed  with 
good  oil  without  spirits,  are  recommended.  As  it  is  diflicult  to  test  both  oils  and  colours, 
others  prefer  iron  oxide  paints,  especially  as  they  are  cheaper.  Tar  paints  are  used  chiifly 
for  iron  work  but  of  sight;  it  is  cheap,  and  is  said  not  to  foul  so  readily  as  lead  or  other 
liner  paints.  A good  rough  paint  is  to  be  made  by  beating  coal  tar  and  mixing  with  it 
finely  sifted  slaked  lime,  say  three-quarters  of  a pound  of  lime  to  a gallon  of  tar,  and  adding 
naphtha  to  render  it  of  a convenient  consistency  for  laying  on;  it  must  not  be  allowed 
to  get  too  hot,  and  is  to  be  used  hot.  Where  sanding  is  possible,  it  adds  to  its  durability. 

1780.  The  following  recommendations  have  been  made  for  preserving  iron.  I.  Boiling 
the  iron  in  coal  tar,  especially  if  the  pieces  have  first  been  heated  to  the  tem|)erature  of 
melting  lead.  11.  Heating  the  pieces  to  the  temperature  of  meliing  lead  and  smearing 
th  ir  surfaces  whilst  hot  with  cold  linseed  oil,  which  dries  and  forms  a varnish.  This  is 
recommended  by  Smeat . n,  and  is  a good  preparation  for  painting  upon. 

i780a.  III.  Painting  with  white  lead  in  oil,  which  must  be  renewed  from  time  to  time. 
Mr,  John  Braithwaite  has  stated  that  his  father  had  used  red  lead  for  fifty  years  with  good 
result;  white  kad  was  of  no  use,  as  tbeacid  used  in  the  pre|iaration  of  it  produced  swelling 
eflects.  He  had  jrlaced  rods  in  a well  200  feet  deep  forty-five  years  sitice,  having  painted 
them  with  pure  red  lead,  and  on  taking  tlnm  up  in  1S6.3  he  found  that  their  weight  was 
precisely  the  same.  Red  lead  and  one-third  litharge  made  into  paint  with  nut  oil  will 
last  longer  than  when  mixed  with  linseed  oil.  Iron  heated  and  covered  with  mineral 
bitumen  or  asphaltum  in  the  solid  state  had  resisted  a moist  atmosphere  for  fifteen  years ; 
the  natural  asphaltum  was  the  best,  the  liquid  asphalte  not  answering  so  well ; with  all 
other  materials  the  rust  had  jienetrated  beneath.  C.  H.  Smith,  in  a communication  to 
the  Builder,  18C4,  p.  318,  brought  forwanl  the  advantages  of  lime  whiting  as  a preserva- 
tive of  iron  from  rust.  In  support  of  the  use  of  lime,  he  notices  that  polished  steel  goods 
may  be  preserved  by  beating  a little  jiowdered  lime  upon  them;  and  that  bricklayers 
always  smear  their  bright  trow'els  even  with  damp  mortar  when  leaving  work. 
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n?Oh.  IV.  Coatinpf  with  a metal,  commonly  called  gahanizing.  Zinc  Is  efficient,  pro- 
vided it  is  not  exposed  to  the  acids  capable  of  dissolviiio;  it;  but  it  is  destroyed  by  sulpluiric 
aci  I in  the  air  of  places  where  much  coal  is  burnt;  and  by  muriatic  acid  in  the  neighbour- 
hood of  tlie  sea.  All  attempts  to  use  galvanized  iron  for  roofs  in  large  towns  or  smoky 
districts  have  failed.  The  use  of  this  material  will  be  noticed  in  the  section  on  Zixc. 
Tinned  iron  does  not  now  answer  so  well  even  as  good  zinc.  It  is  known  that  during  the 
mediaeval  period,  iron  nail-heads,  anchors,  dogs,  and  such  like  articles  were  tinned  over,  no 
doubt  to  prevent  oxidation ; and  tinned  iron  is  gready  used  for  the  covering  of  houses 
in  America.  In  St.  Petersburg  and  in  Moscow  iron  is  mostly  used,  but  it  requires 
painting.  The  coppering  of  iron  has  failed  unless  it  was  done  in  so  expensive  a manner  as 
not  to  ire  practicable  in  any  extended  employment  of  it.  A coating  of  lead,  or  of  lead 
and  antimony,  is  wanted  to  iron,  so  as  to  combine  the  stiffness  and  cheapness  of  iron 
witli  the  durability  of  lead.  Messrs.  Morewoi  d have  recently  intioduced  metal  plates 
covered  with  a uniform  coating  of  lead.  These  plates  are  yupposed  to  possess  all  the 
advantages  of  sheet  lead,  and  they  can  be  rendered  serviceable  at  a considerably  reduced 
cost  (Hunt,  Handbook,  1862).  Enamelled  iron  is  a late  invention,  and  one  tending  to  be 
very  serviceable.  (^Ste  also  par.  2264.  ) 

178Cc.  Professor  Barff’s  recently  (1877)  discovered  method  of  coating  iron  with  mag- 
netic or  black  oxide  is  ellected  by  subjecting  it  to  steam  at  a high  temperature  of  about 
1,200  degrees  of  Fahr.  for  six  or  seven  hours.  It  is  said  that  iron  so  treated  will  re.sist  a 
rasp,  and  bear  any  amount  of  exposure  to  the  weather  without  showing  any  signs  of 
corrosion.  Difficulties  which  have  hitherto  stood  in  the  way  of  the  adequate  working  of 
the  process  have  since  (1882),  we  are  informed,  been  removed,  and  this  preservative  pro- 
cess will  no  doubt  be  largely  adopted,  as  adequate  apparatus  has  been  provided. 


Sect.  VI. 

LEAD. 

^ 1781.  Lead,  the  heaviest  of  the  metals  except  gold  and  quicksilver,  Is  found  in  most 

1 parts  of  the  world.  It  is  of  a bluish  white  when  first  broken,  is  less  ductile,  elastic,  and 
i sonorous  than  any  of  the  other  metals  ; its  specific  gravity  is  from  1 1,.800  to  1 1,479,  and  a 
i cubic  foot,  therefore,  weighs  about  710  lbs.  It  is  soluble  in  all  acids  and  alkaline  solu- 
fl  tions,  fusible  before  ignition,  and  easily  calcined.  Tbe  ore,  wbich  is  easily  reduced  to  the 
1 metallic  .state  by  fusion  with  charcoal,  is  found  mineralised  with  sulphur,  with  a slight 
^mixture  of  silver  and  antimony,  in  diaphanous  prismatical  crystals,  generally  hexagonal, 
i]  white,  yellowish,  or  greenish,  in  Somersetshire,  about  the  Mendip  Hills.  About  Bristol, 

I' and  in  Cumberland,  it  takes  the  form  of  a white,  grey,  or  yellowish  spar,  without  the  least 
metallic  appearance  ; in  some  places  it  is  in  a state  of  white  powder  or  native  ceruse  ; and 
in  Monmouthshire  it  has  been  found  native,  or  in  a metallic  state. 

1782.  Exposure  to  air  and  water  does  not  produce  much  alteration  in  lead,  though  it 
quickly  tarnishes  and  acquires  a white  rust,  by  which  the  internal  paits  are  defended  from 
corrosion.  Pure  water,  however,  does  not  alter  it ; hence  tbe  white  crust  on  the  inside  of 
lead  pipes  through  which  water  Hows  must  probably  be  owing  to  some  saline  particles  in 
jthe  water.  Lead  will  form  an  union  with  mo.st  other  metals;  one  exce})tion,  however,  is 
(iron.  Next  to  tin,  it  is  the  most  fusible  of  metals.  It  is  run  from  the  furnace  into  moulds; 
jthe  main  form  is  called  a sow,  the  smaller  ones  ph/s  : from  these  it  is  run  into  sliects,  pipes,  &c. 

I 178.8.  Sheet  lead  is  of  two  sorts,  cast  and  milled.  The  thicker  .sort  of  the  forimr,  or  the 
1 Common  cast  sheet  lead,  is  manufactured  by  casting  it  on  a long  table  formerly  made  of 
wood  but  now  of  cast  iron,  (with  a rising  edge  all  round  it)  from  16  to  29  feet  in  length, 
land  6 feet  in  width,  which  is  covered  with  tine  pressed  sand  beaten  and  smoothed  down 
Iwith  a strike  and  smoother’s  plane.  The  pig  lead  is  melted  in  a large  vessel,  near  this 
table,  and  is  ladled  into  a pan  of  the  shape  of  a concave  triangular  prism,  whose  length  is 
equal  to  the  width  of  a sheet,  from  which  pan  it  is  poured  on  to  the  table  or  mould, 
between  the  surface  of  the  sand  and  the  strike,  winch  rides  upon  the  edges  of  the  table,  a 
■ space  is  left  which  determines  tbe  thickness  of  the  sheet.  Tbe  strike  bears  away  the 
^superfluous  liquid  lead  before  it  has  time  to  cool,  as  it  moves  by  hand  along  the  edges  of  the 
able  nefore  mentioned.  When  lead  is  required  to  be  cast  thin,  a linen  cloth  is  stretclud 
?n  an  appropriate  table  over  a woollen  one  ; in  which  case  the  heat  of  the  lead,  before 
ipreading  it  on  the  cloth,  must  be  less  than  will  fire  paper,  or  the  cloth  would  be  burnt, 
■Driie  strike  must  for  the  purpose  he  passed  over  it  xvith  considerable  rapidity. 

1784.  In  manufacturing  milled  lead,  it  is  usual  first  to  cast  it  into  sheets  from  8 to  10 
eet  long  according  to  circumstances,  but  the  width  is  regulated  by  the  length  of  the  rollers 
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through  which  it  is  to  be  passed  in  milling;  the  thickness  varies  from  2 to  5 inches.  By 
a mechanical  action  it  is  made  to  pass  through  rollers  whose  distance  from  each  other  is 
gradually  lessened  until  the  sheet  is  reduced  to  the  required  thickness.  For  a long  time 
a great  prejudice  prevailed  against  milled  sheet  lead;  but  it  is  now  generally  considered 
tliat,  for  the  pievention  of  leakage,  milled  is  far  superior  to  cast  lead,  wherein  pin  holes, 
which  have  naturally  formed  themselves  in  tlie  casting,  often  induce  the  most  serious  con- 
sequences. 'J'he  sheets  rolled  out  are  about  30  feet  long  and  6 feet  6 inches  in  width.  The 
lead  from  the  mines  of  Walter  Beaumont,  M.P.,  in  Northumberland,  when  manufactured 
for  the  market  is  known  as  “ W.B.  lead,”  and  is  considered  the  best  in  quality.  Lead  melts 
at  a temperature  of  about  612°  to  630°  Fahr.  The  tenacity  of  sheet  lead  is  3,300  Ihs  ; 
and  the  modulus  of  elasticity  720,000  lbs. 

1785.  In  distilled  water  which  has  been  freed  and  kept  from  the  contact  of  the  air,  lead 
undergoes  no  change;  but  if  the  lead  be  exposed  to  air  and  water,  it  is  oxidized  and  con- 
verted into  a carbonate  with  considerable  rapidity.  This  carbonate  has  the  appearance  of 
shining,  brilliant  scales.  The  presence  of  saline  matter  in  the  water  very  much  retards 
the  oxidation  of  the  lead.  So  small  a quantity  as  a 30,000th  part  of  the  phosphate  of  soda 
or  iodide  of  potassium  in  distilled  water,  prevents  lead  from  being  much  corroded,  the 
small  deposit  which  is  formed  preventing  the  further  corrosion  of  the  metal. 

1785a.  The  danger  of  using  water  from  letiden  pipes  or  cisterns  was  known  even  to 
the  Romans.  The  rarity  of  any  fatal  results  shows  that  the  risk  has  been  much  overiated.  ^ 
This  is  sufficiently  explained  by  the  protecting  power  of  the  insoluble  salts  of  lead,  formed 
by  the  action  of  the  ingredients  of  the  water  on  the  lead,  hindering  the  subsequent  supj)l  esof 
water  from  coining  in  contact  with  the  metal.  Distilled  waters  and  waters  which  are  remark- 
ably pure  dissolve  lead,  and  become  impregnated  with  it.  The  more  impure  the  water  such 
as  Thames  water,  the  more  it  will  form  a protecting  incrustation.  A new  cistern  should  be 
alloAved  to  form  this  coating,  by  the  water  standing  in  it  for  some  time  without  being  re- 
newed. To  expedite  the  action  a little  phosphate  of  soda,  or  i()dide  of  potassium,  or  a few 
drops  of  sulphuric  acid  may  be  added.  The  lid  or  cover  of  cisterns  should  not  be  of  le.id, 
as  the  vapour  condensing  in  it  possesses  all  the  solvent  power  of  di.stilled  water.  Water 
which  has  flowed  over  leaden  roofs,  more  jrarticularly  in  towns,  carries  with  it  from  the 
surface  some  soluble  salt.  The  holes  w’ith  which  lead  is  often  riddled  are  caused  by  tlie 
larva  of  an  insect,  the  Culldium  bajulus,  in  the  stomach  of  which  lead  is  often  found 
(Kirby  and  Spence,  Entomology,  i.  p.  235).  A pipe  conveying  water  impregnated  with 
sidphur  salts,  has  after  a time  been  coated  with  a sul|)hate  or  sulphide,  and  this  sulphide 
being  perfectly  insoluble  in  pure  water,  and  erjually  so  in  water  not  too  excessively  charged 
with  foreign  matters  to  be  potable,  renders  the  leaden  vehicle  perfectly  harmless.  Dr. 
Schwarz,  a chemist  of  Breslau,  has  stated  that  by  passing  a hot  solution  of  sulphide  of 
l)otassium  through  leaden  pipes,  the  face  is  transmuted  from  the  metallic  state  to  that  of 
a sulphide  in  a few  minutes,  at  a cost  too  insignilicant  to  mention.  It  is  said  that  water 
in  the  mines  of  galena,  the  sulphide  of  lead,  can  be  drank  with  impunity. 

1786.  Wetterstedt's  patent  marine  metal  for  rooling  and  other  jiiirposes  is  the  invention 
of  a native  of  Germany,  introduced  into  England  in  1837  by  Messrs.  Y^oung,  Dowson, 
and  Co.,  and  manufactured  by  Messrs.  Joimson,  both  of  Llmehouse.  It  is  composed  of 
lead  and  antimony,  and  is  adapted  to  all  purposes  to  which  lead  is  usually  put.  Its 
advantages  are  its  malleability,  its  great  tenacity,  elasticity  and  durability,  and  resist- 
ance to  acids,  oxidation,  and  the  action  of  the  sun  and  atmosphere.  It  does  not  lose  in 
weiglit.  It  is  manufactured  in  sheets : — I.  9 feet  l>y  3 feel,  at  3 lbs.  and  2 lbs.  per  square  f)Ot; 

1 1.  8 feet  by  2 feet  9 inches  at  H lbs.  and  1 lb.  per  square  foot ; and  I II.  8 feet  by  2 feet  6 
inches,  at  8 ounces  per  square  foot.  No.  I.  sizes  are  employed  for  flats,  large  roofs,  covering 
to  stairs,  and  small  sloping  and  curb  roofs.  No.  II.  sizes  for  verandahs.  No.  III.  for  lining 
damp  walls;  it  sliould  he  fixed  with  wrought  copper  nails.  The  roof  of  the  Royal 
I’olytechnic  Institution  was  covered  with  this  patent  metal  in  1838  ; it  is  still  in  a per-  ^ 
feet  condition.  In  price  it  is  somewhat  under  that  of  lead  per  cwt.,  but  a much  less  weight  ||| 
})er  foot  superficial  than  of  that  material  is  used.  The  patent  metallic  canvas,  is  a combir.ation 
of  WTtterstedt’s  jiatent  metal  No.  I 1 I.,  with  canvas  of  various  substances  and  strength,  as 
calico,  jajianned  cloth,  wooll  n,  &c.,  varying  according  to  the  purjioses  to  which  it  is  to  lie 
a))plied.  By  this  comliination,  sufficient  strength  is  given  to  a metal  weighing  only  eight 
ounces  per  foot  to  enable  it  to  be  used  as  a ])erfectly  waterproof  and  secure  covering.  When  g 
used  to  damp  w'alls,  the  calico  is  placed  outside,  forming  a good  surface  for  papering, 
painting,  &c.  'I'he  cement  with  whicli  the  comliination  is  effected  is  stated  to  be  elastic  ^ 
and  impervious  to  damp,  and  a thorough  disinfectant. 
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COPPER. 

1787.  Copper,  among  the  first  of  the  metals  employed  by  the  early  nations  of  the  world, 
is  neither  scarce  nor  difficult  to  work  and  extract  from  its  ore.  When  pure  it  is  of  a pale 
red  colour  ; a cubic  foot  of  cast  copper  will  weigh  537  lbs.,  in  sheet  549  lbs.,  and  when 
hammered  556  lbs. ; the  weight  of  a bar  1 foot  long  and  1 inch  square  varies  from  3‘63  lbs. 
to  3’81  lbs. ; all  the  we'ghts  depending  upon  the  copper  being  more  or  less  hammered. 
Its  elasticity  and  hardness  are  very  considerable,  and  it  is  so  malleable  that  it  may  be 
hammered  into  fine  leaves.  It  is  also  very  tenacious,  a wire  of  a tenth  of  an  inch  in 
diameter  being  capable  of  sustaining  360  lbs.  The  tenacity  of  cast  copper  is  19,000  ; in 
sheet,  30,000;  in  bolts,  36,000;  and  in  wire,  60  000.  The  modulus  of  elasticity  or 
resistance  to  stretching  being  17,000.000.  The  transverse  elasticity  or  resistance  to 
distortion  is  6,200,000  lbs.  Copper  is  diminished  to  about  two-thirds  by  a temperature 
of  600°  Fahr. 

1788.  The  sixteen  copper  smebiug  works  at  Swansea  and  Neath  are  supplied  with  ore 
from  Cornwall,  Devonshire,  Ireland,  and  from  some  foreign  and  colonial  sources.  There 
arc  six  smelting  establishments  at  Liverpool  and  St.  Helens,  which  obtain  their  ore  from 
thd  Cumberland  mines,  from  Alderley  Edge,  and  such  ores  as  arrive  at  the  port  of  Liver- 
pool. The  single  works  at  Cheadle  produce  a very  fine  copper,  which_is  used  in  the 
manufacture  of  brass  wire;  the  ore  is  selected  carefully  from  different  mines  somewhat 
Avidely  scattered.  The  Mona  smelting  woiks  obtain  the  ores  from  the  Mona  and  Pary’s 
mines  in  Anglesea  and  from  those  in  North  Wales.  The  “ once  famous  ” mines  in  Pary’s 
mountain  formerly  yielded  the  yellow  .sulphuretted  ore  of  copper,  to  an  annual  amount 
of  from  40,000  to  80,000  tons.  This  ore  usually  contains  from  one  and  a half  to  twenty- 
five  per  cent,  of  copper,  and  is  partly  dug  in  w’hat  are  called  'packages^  and  partly  blasted 
by  gunpowder,  and  then  broken  into  small  pieces  previous  to  its  being  roasted.  This 
operation  is  performed  in  kilns,  whose  shape  has  a resemblance  to  lime-kilns,  in  which 
expedients  are  used  for  removing  the  ore  as  it  is  roasted,  and  adding  fresh  ore.  The 
kilns  are  arched  level  with  the  upper  surface  of  the  ore,  and  adjoining  and  communicating 
with  the  kiln  is  the  floor  of  a condensing  chamber  to  receive  the  sulphureous  vapours 
generated  in  the  kiln,  which  fall  down  in  the  form  of  the  finest  flowers  of  sulphur. 
Several  hundred  tons  at  one  time  are  put  into  the  kiln,  and  for  completing  the  operation 
six  months  are  required.  The  ore  is  reduced  to  one  fourth  of  its  previous  quantity  by 
roasting,  and  is  then  washed  and  pressed  to  remove  the  impurities.  The  richer  ores  .arc 
then  dried,  and  removed  for  smelting  and  refining  in  reverberatory  furnaces,  from  which 
it  is  at  length  produced  in  short  bars  or  pigs.  The  water  which  filters  through  the 
fissures  is  often  highly  impregnated  with  sulphate  of  copper,  and  this  water  is  pumped 
up  into  rectangular  pits  about  thirty  feet  long,  twelve  broad,  and  two  deep,  to  mix  with 
that  in  which  the  roasted  ore  has  been  washed  ; and  in  it  are  immersed  pieces  of  iron, 
which,  combining  with  the  .sulphuric  acid,  precipitate  the  copper  in  the  form  of  a red- 
coloured  powder  slightly  oxidated.  The  precipitate  thus  obtained  very  frequently  gives 
above  50  per  cent,  of  pure  copper,  and  is  even  more  profitable  to  the  worker  than  the 
metal  produced  from  the  crude  ore. 

1788a.  In  the  process  of  copper  smelting  the  specimens  produced  are — I.  Calcined  ore, 
or  copper  ore  after  the  extraction  of  the  sulphur.  II.  Coarse  metal,  obtained  by  the 
second  process  of  smelting,  producing  about  40  per  cent,  of  copper.  TIL  Calcined  coarse 
metal,  for  extracting  the  sulphur  from  II.  IV.  Metal  “ brych,”  producing  about  65  per 
cent,  of  copper.  V.  Close  regule,  producing  about  70  per  cent.  VI.  Spongy  regule, 
producing  about  80  per  cent.  VII.  Blister  copper,  producing  about  95  per  cent.  VIII. 
Select  ingot,  the  fine  metal  as  prepared  for  market.  IX.  Tough  ingot,  ready  for  market. 
X.  Tough  cake,  hammered  out  by  hand.  XL  Tough  bar  copper,  as  prepared  for  the 
manufacture  of  wire. 

1789.  Sheet  copper  was  formerly  much  used  for  its  lightness  to  cover  roofs  and  flats; 
but  it  is  almost  superseded  now  by  the  use  of  zinc,  which  is  much  cheaper,  and  at  times 
nearly  as  durable ; and,  moreover,  it  is  not  so  liable  to  be  corrugated  by  the  action 
of  the  sun.  The  low  price  of  copper  (1887)  has  again  brought  it  into  the  market  as  a 
competitor  with  other  metals  for  roofing  purposes.  It  is  only  about  one-fifth  the  weight 
of  lead,  and  not  so  readily  acted  upon  by  fire.  Zinc,  however,  is  only  about  one-third 


618 


THEOEY  OF  ARCHITECTUEE. 


Book  II. 


the  usual  price  of  copper  ; the  cost  of  labour  is  nearly  the  same.  The  durability  of  copper 
may  be  taken  to  be  three  or  four  times  that  of  zinc.  It  requires  to  be  laid  by  skilled 
vrorkmen, 

1789a.  Copper  is  reduced  to  sheet  by  being  passed  through  large  rollers,  by  "which  it 
can  be  rendered  very  thin.  The  thickness  generally  used  is  from  12  to  18  oz.  to  the 
foot  superficial.  Exposed  to  the  air  its  lustre  is  soon  gone;  it  assumes  a tarnish  of  a dull 
brown  colour,  gradually  deepening  by  time  into  one  of  bronze  ; and,  lastly,  it  takes  a green 
rust  or  calx,  called  'patina  by  the  antiquaries,  which,  unlike  the  rust  of  iron,  does  not  in- 
jure and  corrode  the  internal  parts,  confining  itself  to  the  surface,  and  rather  preserving 
than  destroying  the  metal.  Hence  one  of  the  most  important  applications  of  copper  is  in 
cramps  for  stone  work,  especially  when  they  are  exposed  to  the  air,  when  its  cost,  which 
is  about  six  or  eight  times  that  of  iron  fastenings,  can  be  afforded.  Copper  nails  lor 
fastening  slates  in  roofing  are  recommended  in  lieu  of  even  zinc  nails. 


17896.  It  may  be  here  well  to  observe,  that  if  wafer  is  collected  from  roofs  for  culinary 
purposes,  copper  must  not  be  used  about  them,  neither  should  any  reservoirs  for  colleciiiig 
and  holding  it  be  made  of  that  metal,  as  on  the  surface  is  formed  a film  of  verdigris, 
"which  is  poisonous. 


Brass. 


i790.  Alloyed  with  zinc,  it  forms  brass  for  the  handles  of  doors,  shutters,  locks, 
drawers,  and  the  furniture  generally  of  joinery.  The  usual  proportion  is  one  part 
of  zinc  to  three  of  copper;  it  is  then  more  fusible,  and  is  of  a fine  yellow  colour,  || 
less  liable  to  tarnish  from  the  action  of  the  air,  and  so  malleable  and  ductile  that 
it  can  be  beaten  into  very  thin  leaves  and  drawn  into  very  fine  wire.  The  extremes 
of  the  proportions  of  zinc  used  in  it  are  from  12  to  25  per  cent,  of  the  whole. 
Even  with  the’  last,  if  "well  manufactured,  it  is  quite  malleable,  although  zinc  by  itself 
scarcely  yields  to  the  hammer.  The  appearance  of  brass  is  frequently  given  to  other 
metals  by  "w^ashing  them  over  with  a yellow  lacquer  or  varnish.  Cast  brass  weighs 
525  lbs.  per  cubic  foot. 


1790a.  Delta  metal  is  an  alloy,  an  improved  brass,  hard,  durable,  and  strong  as  mild 
steel,  possessing  a beautiful  fine  colour.  When  melted  it  produces  sound  castings  of  fine 
grain  ; it  can  be  forged  and  rolled  hot  and  cold,  and  takes  a very  high  polish.  It  is  being 
used  for  all  kinds  of  machinery,  house,  door,  and  harness  fittings,  stair  plates,  &c.  To 
test  the  action  of  acids  on  wrought  iron,  steel,  and  delta  metal,  rolled  bars  of  each  were 
"immersed  for  six  and  a half  months  in  acid  water ; the  weights  when  put  in  "were  TiSOo 
lbs.,  T2125  lbs.,  and  1‘2787  lbs.  respectively.  After  that  period  they  were  found  to  be 
0 6393  lbs.,  0 6614  lbs.,  and  1-2633  lbs.  respectively  ; showing  a loss  of  46"3,  45"45,  and 
1-2  per  cent,  respectively.  This  Delta  metal  is  said  to  be  now  extensively  used  lor  jj 
underground  machinery  in  mines. 


Bronze  or  Bell-metal, 

1791.  Copper  with  tin  (which  last  melts  at  426°  Fahr.  and  resists  oxidation 
better  than  any  of  the  more  common  metals)  in  the  proportion  of  one-tenth  to  one- 
fifth  of  the  whole  forms  a composition  called  bronze  or  bell-metal,  used  in  the  foundery 
of  statues,  bells,  cannons,  &c.  When  tin  forms  nearly  one-third  of  the  alloy,  a 
beautiful  "white  close-grained  brittle  metal  is  formed,  susceptible  of  a very  high 
polish,  which  is  used  for  the  specula  of  reflecting  telescopes.  Bronze  weighs  513  lbs. 
per  cubic  foot. 


Sect.  VIII. 

■ '•  f 
• . 2;  ; 

ZINC. 

1792.  Zinc  is  found  in  all  quarters  of  the  globe.  In  Great  Britain  it  is  abundant, 
though  therein  never  found  in  a native  state.  It  usually  contains  an  admixture  of  lead 
and  sulpur.  When  purified  from  these,  it  is  of  a light  blue  colour,  between  lead  and  tin, 
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inclininr^  to  Miie,  Tlic  ore,  af^or  bcin'r  liand-drcsscd  to  free  It  from  foreifrn  matter,  is 
first  cidcint’d,  by  wliicli  tl»c  snlptuir  of  the  calamine  and  the  acid  of  the  blende  are  expelled 
■J'he  product  is  then  washed  to  separate  the  liglitcr  matter,  and  the  heavy  part  which  re- 
mains, beiii"  ground  in  a mill,  is  mixed  with  one  e'ghth  of  its  weight  of  charcoal,  or  with 
one  third  of  its  bulk  of  powdered  coal.  This  mixture  is  placed  in  pots,  resembling  oil  jars, 
to  be  smelted.  A tube  jiasses  through  the  bottom  of  each,  the  upper  end  being  terminated 
by  an  open  mouth  near  the  top  of  the  pot,  and  the  lower  end  going  through  tlie  floor  of 
the  furnace  into  water.  By  the  intense  heat  of  a furnace  the  ore  is  reduced,  the  zinc  is 
volatilized,  escaping  through  the  tube  into  the  water,  wherein  it  falls  in  globules,  which 
are  afterwards  melted  and  cast  into  moulds.  Thus  procured,  however,  it  is  not  pure,  as  it 
almost  invariably  contains  iron,  manganese,  arsenic,  and  copper.  In  order  to  free  it  from 
these,  it  is  again  melted  and  stirred  up  with  sulphur  and  fat,  the  former  whereof  combines 
with  the  heterogeneous  metals,  leaving  the  zinc  nearly  pure,  and  the  latter  preventing  the 
metal  from  being  oxidated.  At  the  Vieille  Montagne  Zinc  Company’s  Works,  the  pots 
are  placed  in  the  furnaces  at  six  o’clock  every  morning;  at  six  o’clock  in  the  evening  the 
smelting  is  complete  ; the  metal  is  then  drawn  out  and  run  into  metal  moulds,  after  which 
it  passes  into  the  rolling  house,  and  is  again  melted  and  recast  in  a metal  mould  to  produce 
ingots  of  the  proper  size  and  weight  for  the  required  gauge  of  the  sheets  to  be  rolled  ; this 
second  melting  is  also  desirable  to  obtain  proper  purity. 

Under  rollers  at  a high  temperature,  zinc  may  be  extended  Into  plates  of  gre;tt 
fenuity  and  elasticity,  or  drawn  into  wire.  These  rollers  are  from  2 feet  8 inches  to  6 feet 
in  length,  and  the  original  thickness  of  the  plate  subjected  to  them  is  about  1 inch.  A wire, 
one  tenth  of  an  inch  diameter,  will  support  26  pounds.  If  zinc  be  hammered  at  a temper- 
ature of  809°,  its  malleability  is  much  inci  eased,  and  it  becomes  capable  of  much  bending. 
Its  fracture  is  thin,  fibrous,  and  of  a grain  similar  to  steel.  It  can  be  drawn  into  wire  r^^nth 
of  an  inch  in  diameter,  which  is  nearly  as  tenacious  as  that  of  silver.  The  specific  gravity 
is  somewhat  hclow  7-0,  but  hammering  increases  it  to  7'2.  When  heated,  it  enters  into 
fusion  at  a heat  of  about  680°  or  700°  : at  a higher  temperature  it  evaporates ; and  if 
access  of  air  be  not  permitted,  it  may  be  distilled  over,  by  which  process  it  is  rendered 
purer  than  before,  although  then  not  perfectly  pure.  When  heated  red  hot,  with  access  of 
air  it  takes  fire,  burns  with  an  exceedingly  beautiful  greenish  or  bluish  flame,  and  is  at 
the  same  time  converted  i.ito  the  only  oxide  of  zinc  with  which  we  are  acquainted,  con- 
sisting of  2.3*53  parts  of  oxygen  combined  with  100  of  metal. 

1791.  Zinc,  though  subject  to  oxidize,  has  this  peculiarity,  that  the  oxide  does  not  scale 
off  as  that  of  iron,  but  forms  a permanent  coating  on  the  metal,  impervious  to  the  action 
of  the  atmosphere,  and  rendering  the  use  of  paint  wholly  unnecessary.  Dr.  von  Peten- 
koffer,  however,  has  stated  that  zinc  is  oxidized  to  the  extent  of  130  grains  per  square  foot 
in  twenty-seven  years,  about  two-fifths  of  the  oxide  being  removed  by  the  moisture  of  the 
atmosphere.  Its  expansion  and  contraction  are  greater  than  those  of  any  other  metal  ; thus, 
supposing  1*0030  to  represent  the  expansion,  10019  is  that  of  copper,  and  1*0028 
iHthat  of  lead;  but  the  thi,cker  the  zinc,  the  less  its  contraction  and  expansion.  Tlie  tenacity 
of  zinc  is  from  7,000  to  8,000.  The  weight  of  a cubic  foot  varies  from  424  lbs.  to  4^9  lbs. 
The  tenacity  of  zinc  to  lead  is  as  16*616  to  3*328,  and  to  copperas  16*616  to  22*570;  hence 
a given  substance  of  zinc  is  equal  to  five  times  the  same  substance  in  lead,  and  about  three- 
fourths  of  copptr. 

1795.  On  the  first  introduction  of  zinc  Into  this  country  as  a material,  the  trades  with 
which  it  was  likely  to  interfere  used  every  exertion  to  prevent  its  employment ; and,  indeed, 
the  workmen  who  were  engaged  in  laying  it,  being  chiefly  tinmen,  were  incompetent  to 
the  task  of  so  covering  roofs  as  to  secure  them  from  the  effects  of  the  weather.  Hence,  for 
a considerable  period  after  its  first  employment,  great  reluctance  was  manifested  by  archi- 
tects in  its  introduction.  A demand  for  it  has,  however,  gradually  increased  of  late,  and 
the  comparatively  high  prices  of  lead  and  copper  will  not  entirely  account  for  the  disparity 
of  consumption.  The  Vieille  Montagne  Zinc  Mining  Company,  about  the  year  1861, 
took  steps  to  improve  the  quality  of  the  zinc  for  use  in  this  country,  the  mode  of  laying 
zinc  roofs,  and  for  the  prevention  of  the  usi  of  thin  gauges  of  sheets  which  are  unfit  for 
the  purpose.  Their  zinc  possesses  a reputation  for  its  purity  and  excellence.  The  result 
of  this  care,  and  the  better  understanding  of  the  merits  of  the  material,  has  cau.sed  it  to  be 
now  extensively  used  for  purposes  which  are  noticed  in  the  following  chapter. 

1795a.  A sheet  of  pure  zinc,  as  stated  by  J.  Edmeston  in  his  Report  on  Zinc,  will  be  of 
an  even  colour,  without  black  spots  or  blotches ; it  will  be  very  ductile,  bending  readily 
backwards  and  forwards  in  the  hand  : and  it  will  not  easily  break.  If  impure,  it  will  be  the 
opposite  of  all  this.  If  there  be  any  iron  in  it,  it  will  be  worthless  ; if  it  contain  any  lead, 
it  will  still,  though  to  a less  extent,  contain  the  germs  of  destruction  within  itself. 

l795/>.  Common  zinc  is  destroyed  by  the  sulphuric  acid  in  the  atmosphere  where  much 
coal  is  burned  ; and  by  muriatic  acid  in  tlie  neighbourhood  of  the  sea.  Cement  does  not 
injure  zinc  ; but  lime,  and  calcareous  waters  destroy  it ; and  zinc  pipes  to  flues  over  wood 
fires  are  destroyed  by  them. 
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1796.  Galvanized  Ikon  is  a designation  misapplied  to  that  iron  which  mny  have  re- 
ceived a coating  of  zinc  ; it  slioukl  l.e  called  zinked  iron.  The  metal  is  first  cleaned  per- 
fectly by  the  joint  action  of  dilute  acid  a id  friction,  and  then  plunged  into  a hath 
of  melted  zinc,  covered  with  sal  ammoniac,  and  stirred  until  the  iron  is  sufficientlv  coated 


with  zinc.  No  galvanic  action  whatever  occurs  between  the  metals  ; it  is  simply  a coating, 
'i'his  process,  it  is  stated,  was  invented  in  France  by  Maloin,  in  1742,  but  not  patented 


until  1836  by  Sorel.  The  efficacy  of  the  process  depends  upon  the  skill  employed  in 
removing  every  trace  of  the  scales  of  the  hydrous  oxide  of  iron,  and  in  its  further  treat- 
ment. The  coating  must  not  become  loosened,  or  any  hole  be  made  through  it,  as  inoLv. 
tore  obtaining  access  to  the  iron  will  rapidly  extend,  and  the  scales  of  the  oxide  of  iron 
will  force  up  the  slight  zinc  covering,  when  tlie  iron  will  be  gradually  destroyed,  unless  it 
be  at  once  painted.  When  well  executed  it  may  perhaps  be  durable  for  a lengthened 
jieriod,  but  when  badly  prepared  it  is  not  so  valuable  as  iron  well  painted  (par.  1779Z».).  At 
the  Houses  of  Parliament,  where  the  iron  roofing  plates  were  galvanized,  it  was  found 
necessary  from  1860  to  commence  coating  them  with  paint  or  some  other  material. 

1796a  Tlie  other  process,  which  might  be  properly  called  zinked  tinved  iron,  is  thus  per- 
formed ; — The  sheets  of  iron  are  pickled,  scoured,  and  cleaned,  as  for  ordinary  tinning.  A 
wooden  bath  is  half  filled  with  a solution — the  proportion  of  2 quarts  of  muriate  of  tin 
with  100  quarts  of  water.  Over  the  bottom  of  the  bath  is  S])read  a thin  layer  of  finely 
granulated  zinc,  then  a cleaned  plate,  a.ul  so  on  al’ernately;  the  zinc  and  iron  and  tl'c 
fluid  constitute  a weak  galvanic  battery,  a .d  the  tin  is  deposited  from  the  solution  so  as  to 
coat  the  iron,  in  about  two  hours,  with  a dull  uniform  layer  of  metal.  Tlie  iron  in  this 
state  is  then  passed  through  a bath  containing  fluid  zinc  covered  with  sal  ammoniac  mixed 
with  an  earthy  matter,  to  lessen  the  volatilization  of  the  sal  ammoniac,  which  becomes  as 
fluid  as  treacle.  Two  iron  rollers  are  driven  by  machinery  to  carry  the  plates  throiigli 
the  fluid  at  any  velocity  previously  determined  ; the  plates  thus  take  up  a very  regular  and 
smooth  layer  of  zinc,  which  owing  to  the  jiresence  of  the  tin  beneath,  assumes  its  natural 
crystalline  character.  This  is  said  to  be  the  process  adopted  by  Messrs.  Morewood  and 
Roger.s,  whose  patents  date  in  1846  and  1850.  It  is  asserted  that  iron  thus  prepared 
does  not  warp  or  liuckle  ; that  the  plate  is  not  affected  by  the  heat  of  the  zinc,  wl)ereas 
thin  sheet  iron,  kept  in  molten  zinc  for  a few  minutes,  becomes  so  brittle  that  it  will  not 
bear  folding  or  grooving;  that  the  plate  is  equally  covered  with  zinc,  whereas  by  tlie 
dipping  process  the  lower  half  receives  more  than  the  upper  : and  that  zinc  is  not  con- 
taminated by  iron  as  when  dipped,  the  contamination  increasing  with  each  dipping  until 
the  zinc  in  the  bath  becomes  so  injured  as  to  be  worthless,  it  being  well  known  that  the 
alloy  of  zinc  and  iron  is  more  oxidizable  than  zinc  alone,  or  than  zinc  and  tin.  Professor 
Braude  has  stated  that  in  common  tinned  plate,  the  combination  is  such  that  the  oxidiza- 
tion of  the  iron  is  accelerated  by  the  tin,  so  that  the  iron  is  the  protecting,  and  the  tin  the 
protected,  metal,  but  in  this  case  the  reverse  eflect  ensues,  the  iron  is  the  protected  metal, 
and  the  zinc  the  protector. 

17966.  Time  has  proved  that  galvanized  iron  has  corroded  after  screw  years  in  a roof- 
gutter  ; and  the  slate  of  most  of  the  roofs  to  railway  .sheds  and  stations  and  such  like 
})laces,  jiroves  that  at  least  some  sorts  of  galvanized  iron  will  decay  ; the  difficulty  always 
is  to  ascertain  what  description  of  coating  tlie  iron  has  undergone.  Galvanized  iron  bolts 
do  not  act  upon  oak  either  in  sea  or  in  fresh  water,  when  care  has  been  taken  not  to  remove 
the  zinc  in  driving  them. 

1796c.  Galvanized  iron  is  said  to  be  nearly  the  same  cost  as  zinc,  and  to  be  less  than 
one  quarter  as  liable  to  expansion  or  contraction  : to  be  equally  as  durable  as  lead  ; less 
in  first  cost,  and  not  to  require  boarding  ; to  be  not  quite  one-third  the  price  of  copper, 
and  to  be  equally  as  durable;  and  as  compared  with  plain  iron,  the  cost  is  increased  about 
two-thirds,  but  that  it  increases  the  strength  and  durability  of  the  iron. 

1797.  The  soldering  used  is  composed  of  spirits  of  salts  killed  by  putting  about  threeijji 
ounces  of  zinc  to  a pint  of  spirit ; care  must  be  taken  that  this  solder  soaks  well  between 
the  laps. 


Sect.  IX, 
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1798.  Slate  is  a species  of  argillaceous  stone,  and  is  an  abunaantand  most  useful  mineral. 
I’his  matericil  is  so  soft,  that  the  human  nail  will  slightly  scratch  it,  and  is  of  a hright 
lamellated  texture.  Its  constituent  parts  are  argill,  earth,  silex,  magnesia,  lime,  and  iron  ; 
of  the  two  first  and  the  last  in  considerable  proportion.  The  building  slate  is  the  sc/datus 
tc^u  laris 
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1799.  Mica  slate,  is  a sjiocies  of  <^ikmss,  distingiiisliable  by  containing  little  or  no  felspar, 
so  that  it  consists  cliietly  of(|iiartz  and  mica.  It  lias  a laminated  or  slaty  structure,  with 
the  silkv  lustre  of  mica  ; it  is  a tougli  material  in  directions  jiarallel  to  its  layers,  but  is 
more  perishable  than  gneiss.  In  thin  layers  it  may  be  used  for  rooting  purpose.s.  ChlorlU 
sUi'e  is  also  laminated,  soft,  and  easily  cut,  but  more  opaque  tlian  talc,  and  is  .sometimes 
used  for  roofing  purposes.  It  has  a green  or  greenish  grey  colour  and  silky  lustie. 
Hornblende  slate  is  hard,  tough,  durable,  and  impervious  to  water,  and  is  used  for  Hagstone.s. 
(Jrauwacke  slate  is  a laminated  clay.stone,  containing  sand  and  .sometimes  fragments  of  mica 
and  other  minerals.  It  is  used  for  roofing  and  Hag  stones.  All  these  descriptions  of  slate 
are  inferior  to  the  ordinary  clay  sla*e. 

1800.  Slate  quarries  usually  lie  near  the  surface  ; and,  independent  of  the  splitting  grain, 
along  which  they  can  be  cleft  exceedingly  thin,  they  are  mostly  divided  into  stacks,  by 
breakings,  cracks,  and  Hssures.  Slate  is  separated  from  its  bed,  like  other  stones,  by  means 
of  gunpowder,  and  the  mass  is  then  divided  into  scantlings  by  wedges,  and.  if  necessary, 
sawn  to  its  respective  sizes  by  machinery.  The  blue,  green,  purple,  and  darker  kinds  are 
most  susceptible  of  thin  cleavage,  the  lighter-col  >ured  slates  being  coarser.  The  instru- 
ineats  used  in  quarrying  and  splitting  slates,  are  slate  knives,  axes,  bars,  and  wedges. 

1801.  The  tenacity  of  slate  is  from  9,600  to  12,800.  The  modulus  of  elasticity  varies 
from  13,000,000  to  16,000,000.  The  resistance  to  rupture  is  5000.  The  weight  of  a 
cubic  foot  is  from  175  lbs.  to  181  lbs.  The  transverse  strength  of  Welsli  slate  is  greater 
than  any  other  mineral  product  of  the  stone  kind.  For  such  qualities  as  strength,  space, 
and  cleanliness,  no  other  material  is  so  cheap  as  slate. 

1802.  The  slates  used  about  London  are  brought  chiefly  from  Bangor  in  Cainarvon.sbire. 
The  slate  quarries  of  North  Wales  are  the  most  important  in  this  country.  The  chief  works 
are  situated  as  follows,  and  belong  respectively  to  the  geological  formations  named  ; — 


IVnrhyn,  Bangor  1 Cambrian. 

Llanberis,  Emorwic  J 

Ffestiniog,  Port  Madoc  : Lower  Silurian. 


Llangollen,  Llangollen  : Upper  Silurian, 
Machynlleth,  Aberdovey,  Lower  Silurian, 
Royal  Slate,  Bangor;  Cambrian. 


The  large  quarries  at  Penrhyn  near  Bangor,  belonging  to  Colonel  Pennant,  and  from 
which  the  best  Bangor  slates  aie  obtained,  are  worked  in  succe.ssive  terraces;  the  slate 
is  obtained  in  immense  masses  by  blasting,  therefore  the  waste  is  enormous,  but  being  got 
rid  of  without  difficulty,  the  price  is  kept  moderate.  These  quarries  have  been  variously 
estimated  as  yielding  from  30,0001.  to  40,000Z.  worth  of  slates  per  annum.  Many  smaller 
ones  have  lately  been  opened  near  Bangor,  all  supplying  “ best  Bangor  ” slates,  without 
affecting  the  produce  of  the  well-established  works  at  that  place.  The  Llangollen  quarries 
are  remarkable  for  the  size  of  the  slates  they  can  obtain. 

1803.  The  Delabole  quarries  in  Cornwall  have  been  worked  for  a considerable  period  ; 
these  slates  are  shipped  from  Tintagel  and  Boscastle.  This  grey-blue  slate,  confined  till 
lately  to  the  western  counties,  is  now  obtained  in  I.ondon  ; the  Wellington  College  at 
Sandhurst,  Berkshire,  is  roofed  with  them.  The  Tavistock  slates  from  Devonshire  were 
at  one  period  in  considerable  demand.  One  of  the  most  esteemed  slates  is  of  a pale  blue- 
green,  brought  from  Kendal  in  Westmoreland,  and  called  Westmoreland  slate.  There  are 
quarries  in  the  neiglibourhood  of  Ulverstone,  in  Lancashire;  and  the  Cumberland  sea- 
green  slate  works  are  at  Maryport. 

1804.  The  extended  use  of  this  material  for  paving,  shelving,  cisterns,  &c.,  has  caused 
numerous  companies  to  be  formed  for  the  working  of  old,  and  of  many  new,  quarries, 
chiefly  in  North  and  South  Wales.  Amongst  the  companies  putting  forth  peculiarities  of 
slate,  are  the  Dorothea  West,  Green,  Blue,  and  Red,  Slate  Company',  situate  in  Carnar- 
vonshire, which  supplied  the  pale  green  slates  for  the  Charing  Cross  Rail  ay  Hotel,  tlie 
London  Bridge  Hotel,  and  the  Star  and  Garter  Hotel  at  Richmond.  The  Llanfair  Green 
and  Blue  Slate  Company  is  also  to  be  noticed. 

1805.  The  slates  of  Scotland  are  not  in  much  repute.  The  Balabulisb  quarries  in 
the  north  of  Scotland  are  \ery  extensive,  as  between  five  and  seven  millions  of  roofing 
slates  are  quarried  annually.  The  weight  of  tliis  number  would  be  about  10,000  tons, 
and  the  quantity  of  rubbish  being  generally  five  or  six  times  as  much  as  the  slates,  some 
50,000  or  60,000  tons  of  refuse  have  to  be  disposed  of,  which  in  this  case  are  thrown  directly 
into  the  sea,  securing  an  immense  saving  of  expense. 

1806.  The  more  important  slate  quarries  in  Ireland  are  in  the  southern  division  of  the 
country,  viz.,  Killaloe,  county  Tipperary;  Valentia,  county  Kerry;  Benduff,  near  Glan- 
dore  Harbour,  county  Cork  ; and  near  Ashford  Bridge,  county  Wicklow.  The  chief 
one  is  at  Curraghbally,  situate  about  six  miles  from  Killaloe.  The  colour  of  the  slates  is 
a dull  bluish  grey,  preferred  by  many  to  the  decided  blue  of  the  Bangor  quarries  ; they 
are  greatly  used  in  the  west  of  Ireland,  where  they  have  superseded  the  Welsh  slates.  The 
colour  of  the  Valentia  slates  is  rather  greener  than  those  above  mentioned.  They  are 
generally  thicker  and  more  uneven  on  the  surface,  and  so  are  better  suited  for  the  exposed 
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aspects  of  bnildin<Ts  in  the  western  counties.  '1  Ills  quarry  lias  more  cjqiahillties  for  sawn 
flags  and  slabs,  of  which  a large  amount  is  now  exported  to  England  for  cisterns,  baths 
urinals  &c.  The  Banduff  ipiarry  is  nearly  given  up.  The  slates  liom  Ashford  Bridge  liotli 
in  colour  and  quality  closely  resemble  the  Bangor  slates.  (Wilkinson,  Geulayy,  ^c.  oj 
Ireland,  1845.) 

1807.  A fine  sound  texture  is  the  most  desirable  among  the  properties  of  a slate  ; for  the 
expense  of  slating  being  greatly  increased  by  tlie  boarding  whereon  it  is  placed,  if  the  slate 
absorbs  and  retains  mucli  moisture,  the  boarding  will  soon  become  rotten.  But  a good 
slate  is  very  durable.  Its  goodness  may  readily  be  judgid  by  striking  it  as  a jiiece 
of  pottery  is  struck  ; a sonorous,  clear  bell-like  sound  is  a sign  of  excellence;  but  many 
pieces  of  the  slate  should  be  tried  before  a conclusion  can  be  arrived  at.  It  is  thought  to 
be  a good  sign,  if,  in  hewing,  it  shatters  before  the  edge  of  the  zax.  The  colour,  also,  is 
some  guide,  the  light  blue  sort  imbibing  and  retaining  moisture  in  a far  less  degree  tlian 
the  deep  black-blue  sort.  The  feel  of  a slate  is  some  indication  of  its  goodness:  a good 
one  has  a hard  and  rough  feel,  whilst  an  open  absorbent  slate  feels  smooth  and  greasy.  The 
best  method,  however,  of  testing  the  quality  of  slates  is  by  the  use  of  water,  in  two 
ways.  The  first  is,  to  set  the  pieces  to  be  tried  edgewise  in  a tub  of  water,  the  water 
reacliing  above  half  way  up  the  height  of  the  pieces  : if  they  draw  water,  and  become  wet 
to  the  top  in  six  or  eight  hour.s’  time,  they  are  spongy  and  bad  ; and  as  the  water  reaches 
less  up  them,  so  are  the  pieces  better.  The  other  method  is,  to  weigh  the  pieces  of  slate, 
and  note  their  weights.  Let  them  then  remain  for  twelve  hours  in  water,  and  take  them 
out,  wiping  them  dry.  Those  that  onre-weighing  are  much  heavier  than  they  were  previous 
to  their  immersion  should  be  rejected.  Where  the  character  of’  a slate  quarry  is  not  pre- 
viously known,  experiments  of  these  sorts  should  never  be  omitted. 

1808.  The  following  comparison  of  the  advantages  of  slates  overflies  is  given  by  R. 
Watson,  former  Bishop  of  Llandaff.  That  sort  of  slate,  other  cin  umstances  being  the  same, 
is  esteemed  the  best  which  imbibes  the  le  ist  water  ; for  water  not  only  increases  the 
weight  of  the  covering,  but  in  frosty  weather,  being  converted  into  ice,  swells  and  shivers 
the  slate.  This  effect  of  frost  is  very  sensible  in  tiled  houses,  but  is  scarcely  felt  in  those 
which  are  slated,  for  good  slates  imbibe  but  little  water;  though  tiles,  when  well  glazed, 
are  rendered  in  some  measure  similar  to  slate  in  this  re.spect  The  bishop  took  a piece  of 
Westmoreland  slate  and  a piece  of  common  tile  and  weighed  each  of  them  carefully.  The 
surface  of  each  was  about  thirty  square  inches.  Both  the  pieces  were  immersed  in  water 
about  ten  minutes,  then  taken  out  and  weighed  as  soon  as  they  had  ceased  to  drip.  The 
tile  had  imbibed  about  a seventh  part  of  its  weight  of  water,  and  the  slate  had  not  imbibed 
a t'vo-hundredth  part  of  its  weight ; indeed,  the  wetting  of  the  slate  was  merely  superficial. 
He  placed  both  the  wet  jiieces  before  the  fire;  in  a quarter  of  an  hour  the  slate  was  per- 
fectly dry,  and  of  the  same  weight  as  before  it  was  put  into  the  water  ; but  the  tile  had 
lost  only  about  twelve  grains  it  had  imbibed,  which  was,  as  near  as  could  be  expected,  the 
very  same  quantity  that  had  been  spread  over  its  surface;  for  it  was  the  quantity  which 
had  been  imbibed  by  the  slate,  the  surface  of  which  was  eijual  to  that  of  the  tile.  The 
tile  was  left  to  dry  in  a room  heated  to  sixty  degrees,  and  it  did  not  lose  all  the  water  it 
had  imbibed  in  le.ss  than  six  day.s. 

1809.  Professor  Amsted  states  that  the  best  slates  are  those  which  are  most  crystalline, 
and  which,  when  breathed  upon,  give  out  a faint  argillaceous  odour  ; when  this  was  given 
out  strongly,  then  the  slates  would  readily  decompose. 

1810.  The  largest  slab  of  slate,  perhaps,  ever  as  yet  obtained,  was  the  one  sent  by  the 
I>langollen  Slate  Company  to  the  International  Exhibition  of  1862.  It  was  20  feet  long, 
10  feet  wide,  and  weighed  tons;  the  thickne.ss,  however,  was  not  named.  The  'Welsh 
Slate  Company,  whose  quarries  are  at  Festiniog,  in  Merionethshire,  sent  several  slabs  aver- 
aging 14  feet  by  7 or  8 feet.  All  the  slate  from  this  neighbourhood  possesses  the  remark- 
able quality  of  splitting  with  great  facility,  and  with  wonderful  accuracy  of  surface,  into 
thin  laminae  or  sheets.  Some  of  these  thinly  divided  sheets  are  obtained  5 to  10  feet  long 
from  6 to  1 2 inches  wide,  and  not  more  than  the  sixteenth  of  an  inch  in  thickness.  They 
are  so  clastic  as  to  bend  like  a veneer  of  wood.  (Hunt,  Handbook,  1862.) 
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BRICK  AND  TILE. 

1811.  A brick  is  a factitious  sort  of  stone,  manufactured  from  argillaceous  or  clayey 
earth,  well  tempered  and  squeezed  into  a mould.  When  so  formed,  bricks  are  stacked  to 
dry  in  the  sun,  and  finally  burnt  to  a proper  degree  of  hardness  in  a clamp  or  kiln,  'fhe 
U.SC  of  bricks  is  of  the  highest  antiquity.  They  are  frequently  mentioned  in  the  historicjl 


CUAI’,  II. 


BRICK  AND  TILE. 


523 


jiboc  ks  of  t1>e  Old  Testament  ; but  whether  they  were  merely  sun-dried  or  burnt  in  a kiln 
‘^serins  uncertain.  We  are  inclined  to  doubt  the  burning  of  them  at  a very  remote  period. 
]l  will  immediately  occur  to  the  reader  that  the  making  of  bricks  was  one  of  the  tasks 
imposed  upon  the  Israelites  during  their  servitude  in  Egypt.  Though  the  oldest  remains 
ill  Egypt  are  of  stone,  Pococke  describes  a pyramid  of  unburnt  bricks,  which  are  conijiosed 
of  a black  sandy  earth,  intermixed  with  pebbles  and  shells,  the  sediment  deposited  by  the 
overflowing  of  the  Nile.  This  species  of  bricks  is  still  common  in  Egypt  and  many  other 
parts  of  the  East.  By  the  ancient  Greeks  and  Romans,  both  burnt  and  unburnt  bricks 
were  used  ; the  method  of  making  the  latter  whereof  is  thus  described  by  Vitruvius,  in  the 
third  chapter  of  his  second  book  : “ I shall  first,”  says  that  author,  “ treat  of  bricks,  and 
the  earth  of  which  they  ought  to  be  made.  Gravelly,  pebbly,  and  sandy  clay  are  unfit  for 
that  purpose  ; for  if  made  of  either  of  these  sorts  of  earth,  they  are  not  only  too  pon- 
derous, but  walls  built  of  them,  when  exposed  to  the  rain,  moulder  away,  and  are  soon 
decomposed  ; and  the  straw,  also,  with  which  they  are  mixed,  will  not  sufficiently  bind  the 
earth  together,  because  of  its  rough  quality.  They  should  be  made  of  earth,  of  a red  or 
white  chalky,  or  a strong  sandy  nature.  These  sorts  of  earth  are  ductile  and  cohesive, 
and  not  being  heavy,  bricks  made  of  them  are  more  easily  handled  in  carrying  up  the 
work.  The  proper  seasons  for  brick-making  are  the  spring  and  autumn,  because  they 
then  dry  more  e(|uably.  Those  made  in  the  summer  solstice  are  defective,  because  the 
heat  of  the  sun  soon  imparts  to  their  external  surfices  an  appearance  of  sufficient  dryness, 
whilst  the  internal  parts  of  them  are  in  a very  different  state ; hence,  when  thoroughly  dry, 
they  shrink  and  break  those  parts  which  first  dried  ; and  thus  broken,  their  strength  is  gone. 
Those  are  best  which  have  been  made  at  least  two  years ; for  in  a period  less  than  that, 
they  w'ill  not  dry  thoroughly.  When  plastering  is  laid  and  set  hard  on  bricks  which  are 
not  perfectly  dry,  the  bricks,  which  will  naturally  shrink,  and  consequently  occvq)y  a less 
space  than  the  plastering,  will  thus  leave  the  latter  to  stand  of  itself.  From  its  being 
extremely  thin,  and  not  capable  of  supporting  itself,  it  soon  breaks  to  pieces ; and  in  its 
failure,  involves  sometimes  even  that  of  the  wall.  It  is  not,  therefore,  without  reason  that 
the  inhabitants  of  Utica  allow  no  bricks  to  be  used  in  their  buildings  which  are  not  at 
least  five  years  old,  and  also  approved  by  a magistrate. 

1812.  “ There  are  three  sorts  of  bricks:  the  first  is  that  which  the  Greeks  call  Didoron 
(5i5d)poi/),  being  the  sort  we  use  ; that  is  one  foot  long  and  half  a foot  wide.  The  other 
two  sorts  are  used  in  Grecian  buildings  ; one  is  called  Pentadoron,  the  other  Tetradoron. 
By  the  word  doron,  the  Greeks  mean  a palm,  because  the  word  hdipuv  signifies  a gift  which 
;an  be  borne  in  the  palm  of  the  hand.  That  sort,  therefore,  which  is  five  palms  each  way, 
is  called  Pentadoron ; that  of  four  palms,  Tetradoron.  The  former  of  these  two  sorts  is 
used  in  public  buildings,  the  latter  in  private  ones.  Each  sort  has  half  bricks  made  to  suit 

|jt,  so  that  when  a wall  is  executed,  the  course  on  one  of  the  faces  of  the  wall  shows  sides 
uf  whole  bricks,  the  other  face  of  half  bricks  ; and  being  worked  to  the  line  on  each  face, 
the  bricks  on  each  bed  bond  alternately  over  the  course  below.”  Vitruvius  concludes  the 
;hapter  with  the  mention  of  the  bricks  made  at  Calentum  in  Spain,  at  Marseilles  in  France, 
ind  Pitane  in  Asia,  which  are  specifically  lighter  than  water. 

1813.  It  is  to  be  regretted  that  plastering  with  cement,  a practice  which  is  more  to 
;he  interest  of  the  brickmaker  and  bricklayer  than  to  the  consumer,  has  become  so  prevalent 
n this  country.  These  tradesmen  thus  get  rid  of  their  worst  bricks,  which  are  hidden  by 
1 coat  of  plaster ; the  building  soon  decaying  when  the  heart  of  the  wall  is  bad.  Colour 
leems  to  be  the  objectionable  quality  about  this  material,  the  commonplace  architect 
brgetting  that  form  is  much  more  essential  to  beauty  than  colour.  In  the  times  of  Jones 
ind  Wren,  red  brick  was  beautifully  wrought  into  architectural  forms,  of  which  a few 
examples  still  remain  in  the  metropolis : and  by  Palladio,  bricks  were  occasionally  used  for 
Columns  without  smearing  them  over  with  plaster. 

1814.  In  England,  the  best  earth  for  making  bricks  is  a clayey  loam,  neither  abounding 
vlth  too  much  sand,  which  renders  them  brittle,  nor  with  too  large  a portion  of  argillaceous 
natter,  which  causes  them  to  shrink  and  crack  in  drying.  It  should  be  dug  at  the  least  a 
?ear  before  it  is  wrought,  that  by  exposure  to  the  atmosphere  it  may  part  with  all 
‘Xtraneous  matter  which  it  possessed  when  first  dug.  The  general  practice  is,  however,  to 
lig  it  in  the  autumn,  and  allow  it  to  remain  through  the  winter  to  mellow  and  pulverize, 
)y  which  the  operation  of  tempering  is  greatly  facilitated.  Upon  this  operation  the 
juality  of  the  brick  mainly  depends,  and  great  attention  should  be  bestowed  upon  perfumi- 
ng this  part  of  the  process  in  a proper  manner.  This  branch  of  the  manufacture  was 
orinerly  executed  by  throwing  the  clay  into  shallow  pits,  and  subjecting  it  to  be  troddcni 
)y  men  and  oxen ; a method  which  has  been  advantageously  superseded  by  a clay  or  pug- 
nill,  with  a horse  track. 

1815.  As  soon  as  the  clay  has  been  thoroughly  tempered  by  one  of  the  methods  above 
hained,  it  is  taken  to  the  moulder’s  bench,  where  it  is  cut  by  the  moulder’s  assistant, 
generally  a woman  or  a lad,  into  pieces  rather  larger  than  the  mould,  which  are  passed  on 
o the  moulder,  who  throws  it  with  some  force  into  the  mould,  which  has  been  previously 
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dipped  in  sand.  He  presses  It  down,  so  that  it  may  fill  the  whole  of  the  cavity,  striking 
ofi’tlie  superfluous  clay  with  a fiat  wooden  rule.  The  newly-formed  brick  is  then  turned 
out  of  the  mould  on  to  a thin  board,  somewliat  larger  than  a brick,  and  it  is  removed  by  a 
boy  to  a latticed  wheelbarrow,  and  conveyed,  covered  with  fine  dry  sand,  to  the  hack.  A 
handy  moulder,  working  fifteen  hours,  will  mould  5000  bricks.  In  the  hacks,  which 
are  eight  courses  in  height,  the  bricks  arc  arranged  diago..ally  above  each  other,  with 
a pa.ssage  between  each  for  the  circulation  of  air  round  them.  The  time  required  for 
drying  in  the  hacks  will  of  course  depend  on  the  fineness  of  the  weather  ; it  is  but  a few 
days  if  the  season  be  propitious ; and  they  are  then  turned  and  reset  wider  apart,  after 
wliich,  in  about  six  or  eight  days,  they  arc  ready  for  the  clamp  or  kiln.  If  the  weather  ho 
rainy,  the  bricks  in  the  hack  must  be  covered  with  wheat  or  rye  straw;  and  as  they  ought 
to  be  thoroughly  dry  before  removing  to  the  clamp  or  kiln,  a few  are  genera. ly  selected 
from  difierent  parts,  and  broken,  to  ascertain  if  tiie  operation  of  drying  has  been  well  per- 
formed. The  moisture  arising  from  bricks  when  burning  is  very  injurious  to  their  soundne.ss. 

1816.  The  quantity  of  clay  necessary  to  make  ICOO  bricks  will  be  somewhere  about  54 
cube  feet,  which  allows  about  5 feet  for  shrinkage  in  drying  and  burning;  for  1000  x 8^^  in. 

X 2^  in.  X 4 in.  =49  2 3"  4"'.  The  cost  of  making  1000  bricks,  in  the  neighbourhood  of 
London,  is  nearly  as  follows  ; — || 


Digging,  wheeling,  carting,  &c. 
Moulding,  stacking,  &c. 

Sand,  one-sixth  of  2s.  - 
Straw  for  hacks  - - - 

Barrows,  moulds,  planks,  &c. 
Fuel  9 cwt.  per  1000 


0 1 6 
0 116 
0 0 4 

0 0 9 
0 0 6 
0 10  6 

=£1  5 1 


1817.  In  the  brickfields  about  London,  bricks  are  mostly  burnt  In  what  are  called 
clamps.  These  are  generally  oblong  in  form,  and  their  foundations  are  made  with  the 
driest  of  the  bricks  from  the  hacks,  or  with  common  worthless  bricks,  called  place  bricks. 
The  bricks  for  burning  are  then  arranged,  tier  over  tier,  to  the  height  assigned  to  the 
clamp,  according  to  the  quantity  to  be  burnt,  and  a layer  of  breeze  or  cinders,  two  or  three 
inches  deep,  is  placed  between  each  course  of  bricks,  and  the  whole,  when  built  up,  covered 
with  a thick  stratum  of  breeze.  On  the  western  face  of  the  clamp  a vertical  fireplace  is 
formed,  about  3 feet  in  height,  from  which  flues  are  driven  out  by  arching  the  bricks  over, 
so  as  to  leave  a space  about  one  brick  wide.  The  flues  run  in  a straight  direction  through 
the  clamp,  and  are  filled  with  a mixture  of  coals,  breeze,  and  wood,  closely  pre.ssed  to- 
gether. If  the  bricks  are  required  to  be  burnt  quickly,  the  flues  should  not  be  more  than 
6 feet  apart ; but  if  time  do  not  press,  the  flues  need  not  be  nearer  than  9 feet  to  each  other, 
and  the  clamp  is  allowed  to  burn  slowly.  It  is  possible,  if  required,  to  burn  a clamp  in  a 
period  of  from  20  to  30  days,  according  to  the  dryness  of  the  weather.  The  practice  of 
steej)ing  bricks  in  water  after  they  have  been  burnt,  and  then  again  burning  them,  has 
been  found  to  have  the  effect  of  considerably  improving  their  quality. 

1818.  A new  mode  of  burning  bricks  in  clamps  has  been  patented  by  Robert  White 
at  Erith,  wherein  the  advantages  are  stated  to  be  that,  1st,  nearly  all  the  bricks  are  burnt 
into  stocks,  and  the  yield  of  inferior  bricks  is  reduced  from  35  to  about  10  per  cent,  of  the 
total  make  ; and,  2ndly,  the  bricks  are  so  much  improved  in  colour  and  soundness  as  to  give 
them  a considerable  additional  value  in  the  market  over  common  stocks. 

1819.  The  kiins  which  are  used  for  burning  bricks  are  usually  13  feet  long,  by  10  feet 
6 inches  in  width,  and  12  feet  in  height.  'I'he  walls  are  one  brick  and  a half  thick,  and 
incline  inwards  as  they  rise.  A kiln  is  generally  built  to  contain  20,000  bricks  at  each  burning. 
The  fireplace  consists  of  three  arches,  which  have  holes  at  top  for  distributing  heat  to  the 
bricks.  Tl  ese  are  placed  on  a lattice-like  floor,  and  first  undergo  a gentle  action  of  the  fire  for  > 
two  or  three  days,  in  order  to  dry  them  thoroughly.  As  soon  as  they  thus  become  ready  far  m 
burning,  the  mouth  of  the  fireplace  is  dammed  up  with  what  is  called  a shinlog  (which  consists 
of  pieces  of  brick  piled  against  each  other,  and  closed  with  wet  brick  earth),  leaving  about  it 
sufficient  room  to  introduce  a faggot.  The  kiln  is  then  supplied  with  brushwood,  furze,  j 
heath,  faggots,  &c.,  and  the  fire  is  kindled  and  kept  up  until  the  arches  assume  a white  I 
appearance,  and  flames  appear  through  the  top  of  the  kiln.  The  fire  is  then  slackened,  and 
the  kiln  gradually  cooled.  This  process  of  alternately  raising  and  slacking  the  heat  of  the 
kiln  is  repeated  till  the  bricks  are  thoroughly  burnt,  which  is  usually  accomplished  in  about 
eight  and  forty  hours. 

1820.  The  malm  or  marl  stock,  wliich  is  of  a bright  yellowish  uniform  colour  and 
textu-e,  is  not  always  to  be  had,  especially  in  the  London  districts  ; in  consequence  of  which, 
several  years  ago,  it  was  discovered  that  chalk  mixed  in  certain  portions  with  loam,  and 
treated  in  the  usual  manner,  proved  an  excellent  substitute  for  it.  It  not  only  was  found  ^ 
to  imjirove  the  colour,  but  to  impart  soundness  to  the  brick  ; and  the  practice  is  now 
generally  adopted  about  London,  At  Emsivorth  in  Hampshire,  and  also  at  Southampton, 
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i)ze,  or  sludge,  from  tlic  sea-shore,  containing  much  saline  matter,  is  used  for  a similar 
iirpose:  these  bricks,  however,  have  not  the  rich  brimstone  colour  of  the  London  malm 
lock,  nor  the  regular  stone-coloured  hue  of  the  Ipswich  or  Suffolk  bricks. 

1821.  The  finest  marl  stocks,  which  are  technically  called  firsts,  or  cutters,  are  princi- 
liilly  used  for  arches  of  doorways  and  windows,  quoins,  &c.,  for  which  purposes  they  are 
libbed  and  cut  to  their  proper  dimensions  and  form.  There  is  also  a red  cutting  brick, 

nhose  texture  is  similar  to  the  malm  cutter,  which  must  not  be  confounded  with  the  red 
lock.  The  next  best,  which  are  chiefly  used  for  principal  fronts,  are  called  seconds ; 
liey  are  not  quite  so  uniform  in  colour,  nor  so  bright  as  the  last,  but  are,  nevertheless,  a 
landsome  and  durable  brick. 

1822.  Stocks  are  red  and  grey,  both  sorts  being  equal  in  texture.  The  red  sort  are 
nirnt  in  kilns.  The  grey  stocks  are  less  uniform  in  their  colour  than  seconds,  and  are  of 
•ather  an  inferior  quality.  They  are  used  for  common  fronts,  and  walls. 

1823.  Place  bricks,  ov  pecking s,  sometimes  also  called  sandel,  or  samel  bricks,  are  those 
.vliich,  having  been  outermost  or  furthest  from  the  fire  in  the  clamp,  or  kiln,  have  not 
•eceived  sufficient  heat  to  burn  them  thoroughly.  They  are  consequently  soft,  uneven  in 
exture,  and  of  a red  colour.  These  should  never  be  used  in  a building  where  durability 
s required.  The  name  was  formerly  applied  to  the  second  quality  of  bricks,  and  these 
ire  still  so  called  in.  Ireland,  being  used  for  inside  walls : the  Irish  harder  burnt  brick, 
laving  a semi-glazed  surface,  is  called  firebrick,  and  is  used  for  exterior  work  where 
expense  is  not  an  object ; of  course  it  lasts  much  longer  than  the  other  sorts. 

1824.  Burrs  and  clinkers  are  such  bricks  as  have  been  violently  burnt,  or  masses  of 
several  bricks  run  together  in  the  clamp  or  kiln. 

1825.  Compass  bricks  are  circular  on  the  plan,  and  are  chiefly  employed  for  steyning, 
jr  walling  round  wells. 

1826.  Concave  or  hollow  bricks  are  made  like  common  bricks,  but  hollowed  on  one  side 
in  the  direction  of  their  length,  and  are  adapted  to  the  construction  of  drains  and  water- 
:uur.-es.  Other  hollow  and  pierced  bricks  of  several  shapes  and  sizes  are  supplied  by 
various  manufacturers.  A beaded  brick,  drilled  with  holes,  for  garden  walls,  to  avoid  the 
necessity  of  nailing  in  training  trees,  are  made  at  Stony  Stratford,  in  Northamptonshire. 

1827.  Firebricks,  so  called  from  their  capability  of  resisting  the  most  violent  action  of 
the  fire,  are  of  a dark  red  colour,  and  of  a very  close  texture ; they  are  made  about 
9 inches  long,  4|  inches  broad,  and  1|^  inches  thick.  The  loam  of  which  they  are  made 
is  yellow,  harsh  to  the  touch,  and  contains  a considerable  portion  of  sand.  Their  quality 
renders  them  highly  serviceable  in  furnaces  and  ovens.  The  greater  part  of  those  used 
about  London  was  formerly  brought  from  Iledgerly,  a village  near  Windsor,  whence  they 
obtained  the  name  of  Windsor  bricks.  This  sort  of  brick  is  also  made  in  various  parts 
of  Wales,  whence  they  are  called  Welsh  lumps-,  also  at  Newcastle;  at  Poole  in  Dorset- 
shire ; at  the  Hurlford  works,  near  Glasgow ; and  at  Stourbridge ; the  latter  supplies 
cliiefly  the  London  market,  but  the  material  is  one  of  the  dearest.  Eire  clay,  and  flue 
linings  for  furnaces,  are  extensively  used.  The  Dinas  brick,  manufactured  by  the 
Yuisymudu  Company,  near  Swansea,  stands  a heat  that  will  melt  the  Stourbridge  bi-ick. 

1828.  Paving  bricks  are  for  the  purpose  which  their  name  implies,  and  their  dimensions 
are  the  same  as  those  of  the  foregoing  sort. 

1829.  Butch  clinkers  wA  Flemish  bricks  little  in  quality;  they  are  exceeding’y 
hard,  and  are  used  for  the  paving  of  stables,  yards,  &c.,  though  they  are  by  some  object  d 
to,  as  being  too  hot  for  the  horses’  feet.  The  former  are  6 inches  long,  3 inches  broad, 
and  1 inch  thick,  and  are  often  laid  on  edge  in  various  fanciful  forms,  as  the  herring- 
bone, &c.  The  adamantine  clinker  is  noticed  in  the  next  chapter.  Tebbutt’s  patent 
“ safety”  brick  is  used  for  stables,  yards,  lavatories,  and  such  places,  as  it  gives  a good 
foothold  and  a dry  walking  surface. 

1830.  South  Staffordshire  supplies  a blue  vitrified  sewerage  and  paving  brick  (as  used 
on  Charing-cross  suspension  bridge,  1856,  and  on  Chelsea  now  bridge),  and  a channeled 
stable  brick.  It  is  stated  that  the  Tipton  blue  brick,  when  used  for  facings,  lets  in  the  wet 
most  thoroughly,  either  through  the  brick  or  through  the  mortar  joints,  so  that  walls  of  this 
material  should  be  built  hollow.  The  construction  of  the  wori  was  questioned,  as  9 and 
14  inch  walls  have  been  erected  with  these  bricks  with  success.  As  they  are  scarcely  ab- 
sorbent, mortar  does  not  thoroughly  adhere  to  them  ; this  w^ant  of  adhesion  might  be 
remedied  by  w^ell  soaking  the  bricks  before  using  them.  Blue  bricks  of  various  forms  are 
also  used  for  paving,  copings,  channels,  gutters,  border  tiles,  plinths,  &c. 

1831.  Amongst  the  many  qualities  and  varie’ies  of  bricks  now  in  use  in  the  metropolis, 
the  following  may  be  enumerated  in  addition  to  those  already  mentioned.  The  Cowley, 
Ksspx,  and  Kent  bricks.  From  Cowley  are  sent  stocks,  best  yellow  and  white  cutters, 
yellow  and  white  seconds,  paviours,  pickings,  &c.  The  Aylesford  and  Burham  works, 
near  Maidstone,  on  tlie  river  Medwuy,  formerly  the  property  of  the  late  Thomas  Cubitt, 
produce  gault  bricks  of  good  quality.  Pickwell's  patent  white  brick  is  sound,  has  a 
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uniformity  of  colour,  resists  frost  and  the  action  of  acids  much  longer  than  others.  The? 
are  manufactured  at  Hull. 

1831a.  The  Suffolk  bricks,  called  white  Suffolks,  are  of  two  or  more  qualities,  expressly 
made  for  facings,  and  are  expensive;  the  best  are  rarely  to  bo  obtained  in  London,  being 
sold  in  the  locality  of  their  manufacture.  They  have  a disagreeable  cold  hue,  rendered 
still  more  dull  after  a few  years’  wear  in  the  smoky  atmosphere  even  of  a provincial  town. 
They  .are  not  so  well  burnt  as  those  which  are  somewhat  of  a light  pink  or  salmon  tint. 
These  latter  are  to  be  bought  at  the  kiln  at  about  17s.  per  thousand,  and  by  some  persons 
are  thought  to  make  better  brickwork  than  tliose  which  fetch  60s.  or  more  per  thousand 
in  London.  The  works  supply  superior  white  and  red  (kiluburnt)  Siffolk  facings,  splays, 
door-jambs,  coping  bricks,  stable  clinkers,  &c.;  dark  red  facings,  rubbers,  splays,  pavin" 
bricks,  &c. ; bright  yellow  malm  facings,  and  cutters  of  best  quality.  Mean  quality,  and 
pale  malm  seconds,  pickings,  paviours,  &c.  A dark-coloured  brick  from  Huntingdon  is 
of  a finer  colour,  uniform,  much  smoother  than  ordinary,  and  equal  to  those  made  in  Kent. 

18316.  B cart' s 'patent  bricks  are  made  at  Arsley,  near  Hitchin,  on  the  Great  Northern 
Railway,  of  the  following  qualities,  ranged  according  to  price:— White  rubbers;  band 
made  moulded  solid  brick,  equal  to  the  best  Suffolks ; No.  1 best  selected  white  facing 
brick  (pierced) ; and  ordinary;  these  two  are  of  uniform  colour,  hard  and  well  burnt,  and 
used  extensively  for  facings;  No.  2 mingled,  red  and  pink,  vary  from  the  above  only  in 
colour,  and  are  equal  in  every  respect  to  the  best  made  stock  bricks.  These  bricks  are 
made  from  the  Gault  clay,  one  of  the  subcretaceous  formations  interposed  between  the 
chalk  and  the  wealden  deposits,  or  between  the  chalk  and  the  upper  oolite.  The  composi- 
tion varies,  for  although  it  is  of  a tolerably  uniform  dark  blue  colour,  it  sometimes  contains 
large  quantities  (comparatively)  of  the  hydrous  oxide  of  iron;  and  in  others  it  contains 
much  ( f the  bicarbonate  of  lime,  in  combination.  The  former  burn  in  the  kiln  into  a deep 
red  brick  or  tile  of  rather  inferior  quality  ; the  latter  are  used  for  the  pierced  hard  white 
bricks  above  described.  It  is  stated  that  these  bricks  are  required  to  be  burnt  with  great  ® 
care,  for  if  the  calcination  of  the  lime  should  take  place  under  such  conditions  as  to  leave 
the  lime  in  a caustic  state,  it  will  slack  on  exposure  to  the  weather,  or  when  moisture  is 
applied  to  it.  There  is  some  difference  of  opinion  as  to  whether  mortar  can  be  made  to 
adhere  to  the  smooth  hard  face  of  these  bricks  to  make  sound  and  strong  work. 

1831c.  The  red  bricks  derive  their  colour  from  the  nature  of  the  soil  whereof  they  are 
composed,  which  is  generally  very  pure.  The  best  of  them  are  used  for  cut'ing-bricks, 
and  are  called  red  rubbers.  In  old  buildings  they  are  frequently  found  set  in  lime  putty, 
and  often  carved  into  ornaments  ovmr  arches,  windows,  doorways,  &c.  The  Fareham  reds 
are  noted  bricks.  The  Rowlands  Castle  (Hampshire)  brick,  tile  and  terra-cotta  works 
supply  reds  in  colour  and  appearance  similar  to  Fareham.  They  are  very  hard  and  strong. 
At  a moan  pressure  of  76,867  lbs.,  or  686  cwts.,  they  cracked  slightly,  and  with 
140,617  lbs.,  or  1255  cwts.,  they  cracked  generally;  giving  14F9  and  259’5  tons  per 
square  foot.  The  Thurstonland  brick,  from  near  Huddersfield,  is  made  from  a deep  bed 
of  shale,  producing  w’hen  burnt  a rich  red  colour;  each  brick  undergoes  a pressure  of 
14  tons,  is  well  burnt,  and  being  of  a vitreous  nature  is  impervious  to  atmospheric  and 
other  destructive  influences.  Moulded  bricks  can  be  made.  They  have  been  used  at 
some  of  the  London  Board  Schools,  and  largely  at  Blackburn  and  Sheffield.  The  crush- 
ing st'^ain  is  over  399  tons  per  square  foot,  and  the  brick  contains  65  per  cent,  of  silica. 

1831<7.  Black  bricks  are  obtained  from  Cow  bridge,  in  South  AVales  ; these  were  u.sed  at 
All  Sainis’  Church,  Margaret  Street,  and  cost  £4  per  thousand.  The  Ballingdon  or  Ewell 
deep  black  rubbing  and  building  bricks,  probably  so  rendered  by  manganese,  are  soft 
in  make  and  dead-looking  in  colour.  The  same  factory,  and  Chalfont,  supply  dark,  and 
bright,  red  rubbers  ; with  black  headers,  glazed  and  unglazed.  Red  and  black  bricks  are 
sent  from  Burgess  Hill,  Sussex;  and  from  Maidenhead,  in  Berkshire. 

1831r.  Bricks  are  now  made  glazed  white  and  also  many  other  plain  colours;  others 
with  patterns  on  the  face  as  borders  and  for  decorative  purposes.  The  white  glazed 
bricks  are  used  in  lieu  of  tiles  for  the  reflection  of  light ; others  for  securing  perfect 
cleanliness  of  wall  surface;  and  for  obtaining  quiet  and  neutral  tones  of  colour  lor  the 
walls  of  wards  of  hospitals,  and  uther  similar  purposes. 

1832.  By  .the  17th  Geo.  III.  cap.  42,  all  bricks  made  for  sale  were  directed,  when 
burnt,  to  be  not  less  than  8^  inches  long,  2|  inches  thick,  and  4 inches  wide.  This  statute, 
which  was  enacted  for  the  purpose  of  levying  a duty,  is  now  no  Lmger  in  force,  and  the 
manufacturer  is  at  liberty  to  make  bricks  and  tiles  of  whatever  size  and  form  may  be  best 
suited  to  the  work  for  which  they  are  used.  This  Act  having  been  rescinded,  has  led  to  the 
introduction  of  tTioulded  and  ornamental  bricks  to  a vast  extent,  which  will  probably  be 
still  further  extended  as  brickm iking  machines  become  more  useful  and  certain  in  their 
operations.  Tlie  paten's  for  them  are  now  very  numerous  : some  of  them  are  stated  to 
make  up  to  20,000  per  day,  as  may  be  required.  The  size  of  the  brick,  how’ever,  has  been 
retained,  and  habit  will,  no  doubt,  continue  it  in  favour,  especially  for  repairs. 
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1832fl.  Bricks  laid  in  the  summer  season  slionld  bo  well  saturated  with  water  previous 
to  laying;  and  if  the  work  be  left  for  a day  only,  the  walls  should  be  as  carefully  covered 
up  as  in  the  winter,  for  in  hot  weather  the  mortar  sei.s  too  rapidly,  and  hence  the  necessary 
cohesion  is  destroyed  ; an  evil  much  aggravated  by  the  dust  constantly  hanging  about  the 
bricks,  more  especially  at  that  season  of  the  year.  (See  lOOOtZ.) 

1833.  A valuable  paper,  On  the  Transverse  Strength  of  Brlks,  was  delivered  by  Mr. 
■\V.  Hawkes  at  the  Institute  of  British  Architects,  January,  1861.  He  stated  that  he  had 
always  tested  bricks  by  their  transverse  power  in  preference  to  the  crushing  weight,  which 
was  but  seldom  called  in  question,  as  it  tells  nothing  if  the  bricks  will  resist  from  30  to 
100  tons  dead  weight.  It  would  often  be  useful  to  know  if  in  a 9 inch  wall  we  could  dis- 
tribute a weight,  say  of  13  tons,  over  an  opening  90  inches  wide,  having  only  40  inches 
depth,  supposing  that  the  bricks  be  of  moderate  strength  and  the  mortar  be  as  strong  as 
the  bricks.  The  pressure  and  weights  were  applied  in  each  case  in  the  centre  of  the  brick. 

1833a.  He  experimented  on  Dutch  clinkers  (made  at  Moor,  near  Gouda,  in  South 
Holland,  from  the  slime  deposited  on  the  banks  of  the  river  Yssel;  and  formerly  from 
that  of  Haarlem  Meer ; the  clay  or  slime  is  w^ashed  to  get  rid  of  the  earthy  matter  before 
being  moulded  ; the  colour  is  lightish  yellow  brown)  ; Tipton  blue  bricks;  Birmingham, 
hand  and  machine  made ; Leeds,  ditto;  Bfidgewater;  Colchester;  Oxford;  and  London, 
&c. ; with  tiles  of  various  kinds.  As,  however,  these  experiments  were  made  to  a calcu- 
lated standard  size  of  7 inches  long,  4-6  inches  wdde,  and  3 inches  thick,  the  results  are  not 
generally  useful  for  a work  of  this  description.  But  we  give  the  fow  actual  weights  borne 
hy  certain  bricks.  Thus  the  9 Leicester  bricks  carried  at  the  ordinary  size,  1,462  lbs., 
1,392  lbs.,  1,252  lbs.,  1,132  lbs.,  1,052  lbs.,  1,002  lbs.,  902  lbs.,  and  892  lbs.  The  9 from 
Rugby  carried  1,222  lbs.,  1,022  lbs.,  1,012  lbs.,  862  lbs.,  822  lbs.,  562  lbs.,  422  lbs.,  and 
162  lbs.  The  7 London  bricks  carried  1,142  lbs.,  1,042  lbs.,  952  lbs.,  662  lbs.,  652  lbs., 
122  lbs.,  all  being  stocks',  the  last,  a -place  brick,  carried  270  lbs.  The  7 London 
cricks  (second  set)  carried  970  lbs.,  690  lbs.,  680  lbs.,  400  lbs.,  all  stocks-,  and  650  lbs., 
190  lbs.,  340  lbs.,  all  place ; the  frog  was  not  allowed  for  in  the  calculation. 

18335.  The  following  are  the  ascertained  weights  of  bricks  of  the  sizes  stated  : — 


ins.  ins. 

ins. 

lbs. 

cwts.  per  1000. 

London  stocks  - . - 

- 8|x4i 

x2f 

= 6 81 

= 60| 

Bed  kilu  - - - - 

8f  x4| 

x2^ 

= 700 

= 63 

AVelsh  fire  - - - 

- 9 X 4i 

x2| 

= 7-84 

= 65  to  75 

Paving  - - - - 

- 9 x4l 

xl^ 

= 500 

= 45 

Dutch  clinkers  - - - 

- 6ix3 

X 

= 1-55 

= 14 

Irish  fire  - - - - 

- X 4^ 

X 2| 

= 67 

Worcestershire,  solid,  machine 

made  - 

8'75 

Ditto,  perforated 

- 

- 

6-00 

Staffordshire,  solid,  hand  made 

- 

- 

9-50 

London  stock,  hand  made  - 

- 

- 

6-75 

1833c.  Brickwork  expands  with  great  heat.  Mr.  Hawkes’s  experiments,  already 
oticed,  on  a furnace  chimney,  54  feet  7 inches  in  height,  showed  that  the  result  of  six 
nals  was  an  elongation  of  1’425  inches.  The  great  heat  of  the  furnace  chimney  for 
lelting  iron  is  never  reached  in  house  flues,  but  since  the  introduction  of  hot  air  cockles 
lid  hot  water  furnaces,  particularly  the  high-pressure,  the  heat  of  these  flues  is  increased 
ivefold  compared  with  hues  from  open  fireplaces.  An  iron  bar  might  perhaps  be  heated 
) redness  in  some  of  the  furnace  flues.  In  anedher  chimney,  at  Thames  Bank,  in  a 
eight  of  80  feet,  the  brickwork  showed  an  expansion  at  times  of  | of  an  inch. 


j 1833i.  Burnt  Clay  Ballast.  Thisis  now  extensively  used  for  forming  the  foundations 
r the  new  formed  roads  round  the  metropolis,  and  for  footpaths  in  the  suburban  gardens, 
he  clay  obtained  in  making  the  excavations  for  the  new  houses  is  run  to  a convenient 
cality  adjacent ; a log  of  old  timber  is  fixed  upright  in  the  ground  ; a horizontal  flue 
or  8 feet  long  is  formed  with  bricks  on  edge,  with  an  opening  on  the  top  near  the  log. 
lavings  are  laid  round  the  post  and  in  the  flue,  outside  of  which  pieces  of  timber  are 
led  in  a conical  form  about  8 feet  wide  and  5 feet  high  ; and  then  coated  with  about  half 
ton  of  coal,  w'hich  is  covered  with  the  newly  excavated  clay  to  a convenient  thickness, 
he  shav-ngs  are  then  lighted,  it  the  wind  suit ; and  in  a short  time  the  top  of  the  heap 
Us  in,  lumps  of  coal  are  then  thrown  in,  and  on  them  more  lumps  of  clay.  The  object  to 
i attained  is  to  have  a mass  of  red  hot  fire  in  the  middle  of  the  heap.  For  a heap  of 
jout  100  solid  yards  of  clay,  about  11  loads  of  breeze  or  ashes  and  4 tons  of  slack  or  fine 
al  will  be  needed.  The  heap,  once  fairly  alight,  is  covered  with  clay.  The  tendency  of 
e fire  being  to  burn  upwards,  the  fireman,  with  a long  rake,  drags  the  outer  surface 
•wnwards  every  time  the  burning  heap  is  fed ; this  is  done  by  scattering  the  slack  over 
with  a shovel  to  quicken  the  fire,  and  the  breeze  is  then  laid  on  to  retain  it ; while  a 
3sh  layer  of  clay  is  subsequently  put  on  all  over  the  heap.  When  this  clay  is  nearly 
irnt  through,  the  operation  is  repeated.  When  there  is  a gentle  smoke  all  over  the 
:ip  the  fire  is  going  on  properly ; if  too  little  an  iron  rod  is  pushed  in  to  stir  it  up; 
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if  too  much,  shields  must  be  put  up  to  break  the  wind.  The  general  form  of  the  heap, 
which  is  cone-shaped  at  starting,  becomes  of  a flattened  circular  t'p  in  course  of  being 
wcjrked.  It  should  not  be  made  too  high,  as  that  increases  the  labour  of  wheeling  the 
cliy.  When  all  the  clay  is  used,  such  portions  as  are  not  sufficiently  burnt  are  raked 
off  and  thrown  up  to  the  top  to  the  greater  heat:  the  heap  is  then  trimmed  off  and  left 
to  cool.  When  well  burnt,  the  ballast  may  be  worth  the  trouble  ; when  badly  done,  as  is 
usually  the  case,  it  is  not  much  better  than  rubbish,  in  fact  not  nearly  so  good  as  the  usual 
dry  brick  rubbish  of  which  roads  should  be  made.  When  well  burnt,  ground  fine,  and 
mixed  with  an  equal  portion  of  sand,  and  a less  than  the  ordinary  proportion  of  good  lime, 
it  makes  a mortar  which  will  set  as  hard  as  cement.  The  ballast  may  also  be  sifted 
through  a 65  or  70  wire  sieve,  and  the  fine  stuff,  hard  and  clean,  used  for  mortar  or  for 
the  plasterer  ; the  coarse  and  the  rough  for  concrete,  in  addition  to  gravel.  AVhen  used 
as  core  for  a road,  it  should  be  at  once  covered  with  the  Cowley  or  other  graA’el,  or  the 
clay  beneath  it  rises  up  with  traffic,  and  much  rain  will  soon  render  the  road  as  bad  as 
though  the  soil  had  not  been  covered  ; in  fact  ic  turns  into  mud,  and  the  scamping  builder 
finds  it  pays  to  mix  his  bad  lime  in  the  roadway  dirt,  and  to  use  the  mixture  for  mortar. 

1833c.  Coke  breese  or  breeze  is  akin  to  the  above  in  the  use  now  made  of  it.  It  is  g 
extensively  used  for  mortar;  ground  in  a mill,  in  lieu  of  sand  or  burnt  ballast,  it  is  said 
to  set  harder,  being  cleaner  and  sharper  than  sand,  and  requires  less  lime  or  cement.  It  is 
employed  in  artificial  stonework,  in  concrete,  and  in  paving.  In  ballast  burning  it  burns 
the  clay  harder,  and  is  cheaper  than  small  coal.  For  roads  and  pathways  it  is  clean,  n<  t 
picking  up  in  wet  weather,  and  is  good  for  surface  drainage.  In  some  places  it  may  be 
cheaper  than  sand  or  ballast. 

TILES. 

1834.  Tiles,  which  in  their  constituent  parts  partake  much  of  the  nature  of  bricks, 
are  plates  of  clay  baked  in  a kiln,  and  used  instead  of  slates,  or  other  covering  of  the  roofs 
of  houses.  The  clay  wffiereof  tiles  are  formed  will  always  make  good  bricks,  though  the 
converse  does  not  hold,  from  the  toughness  required  on  account  of  their  being  so  muf'h 
thinner  than  bricks.  The  common  kinds  are  made  of  a blue  clay,  found  in  many  parts 
about  London,  and  mostly  deeper  seated  than  brick  earth.  The  best  season  for  digging 
it  is  in  September  and  October,  and  it  should  then  lie  exposed  during  the  winter.  It  may, 
however,  be  turned  up  in  January,  and  xvorked  in  February;  and,  as  in  brick,  so  in  tile- 
making, the  more  care  bestowed  on  beating  and  tempering  the  clay,  the  better  will  be  the 
tiles.  In  1477,  17th  Edward  IV.,  c.  4,  it  was  enacted  that  clay  should  be  dug  before 
November,  and  be  stirred  and  turned  be'ore  March.  Tiles  ai’e  burnt  in  a kiln  constructed 
on  the  same  principles  as  the  brick-kiln,  but  with  the  addition  of  a cone,  having  an 
opening  at  top  round  the  chamber  of  the  kiln.  They  require  much  care  in  burning.  If 
the  fire  be  too  slack,  they  will  not  burn  sufficiently  hard  ; and  if  too  violent,  they  glaze, 
ami  suffer  in  form. 

1835.  Plain  or  crown  tilesnxQ  such  as  have  a rectangular  form  and  plane  surface.  They 

were  made  10|  inches  long,  6|-  indies  broad,  and  | of  an  inch  thick,  by  the  statute.  They 
are  manufactured  with  two  holes  in  them,  through  which,  by  means  of  oak  pins,  they  hang 
upon  the  laths.  In  using  all  coverings  of  this  species,  one  tile  laps  over  another,  or  is 
placed  over  the  upper  part  of  the  one  immediately  below  ; that  part  of  the  tile  which  then 
appears  uncovered  is  called  the  gauge  of  the  tiling.  Terro-melallic  tiles  for  roofs,  with 
tvto  projections  at  the  back  to  catch  on  the  laths  in  lieu  of  pegs,  are  now  in  use.  Terro- 
metallic  Staffordshire  goods  in  red,  blue,  and  buff  colours  ; also  blue  and  red,  plain, 
capped  and  rolled  ridge  tiles  in  18  inch  lengths.  Broseley  roofing  tiles  in  various  j 
colours  and  patterns.  The  best  pressed  roofing  tiles  are  of  superior  manufacture  and 
quality,  of  very  hard  metal,  impervious  to  moisture,  and  will  not  allow  of  vegetation  ' 
growi  ng  on  them.  The  Kenningtun  and  Naccolt  tile  yards,  Ashford,  Kent,  supply  a ilj 
dark  brown  tile,  about  inches  by  6 inches,  of  which  1,400  go  to  a ton  ; the  timbering 
of  a roof  is  not  more  than  for  slates.  It  was  there  that  the  abbots  of  Battel  manu- 
factured tiles  for  their  own  use  and  for  sale.  On  stripping  old  roofs  these  tiles  have 
been  found  sound  and  were  used  again ; the  heart  of  oak  laths  had  perished  from 
age.  Italian  tiles,  which  w^ere  made  about  1840,  by  Brown,  of  Surbiton,  differ  somewhat  ii 
from  their  first  prototype,  as,  instead  of  being  flat,  they  are  slightly  curved,  fit  easily  one 
into  the  other,  with  a horizontal  indentation  across  the  upper  part,  to  prevent  the  wind 
drifting  the  rain  over  the  tile  head;  they  have  either  wide  or  narrow  vertical  rolls. 
Such  tile-!  are  usefully  employed  in  picturesque  buildings  in  the  country.  Taylor’s  new 
roofing  tiles  have  a plane  surface  and  a slight  turned  up  edge  at  the  sides,  a lump  on  the  : 
surface  near  the  upper  edge  prevents  the  upper  tile  slipping;  a coyer  tile  is  of  a similar  ■ 
size  and  form;  these  tiles  were  used  about  1872  at  the  new  railway  station  in  Liver- 
pool Street.  They  are  rt commended  as  being  half  the  weight  of  ordinary  plain  tiling,  [ 
each  tile  weighing  under  4 lbs.,  and  as  light  as  slating ; they  may  be  laid  to  as  fiat  a || 
pitch  as  slates;  and  that  180  will  cover  a square  of  roofing.  i 

183G.  Ridge  r^gf  and  hi-j)  tiles  are  formed  cylindrically,  to  cover  the  ridges  of  houses. 
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They  should  be  13  in.  Ion?,  and  girt  about  16  inches  on  tlie  outside.  Weight  about  5 lbs. 
R'dge  tdes,  plain,  and  with  cresting,  are  now  introduced  in  red,  blue,  black,  and  green 
Aiire.  Plain,  Hanged,  rolled  top,  and  ornamental  grooved  ridging  tiles,  are  conimonly  seen. 

1837.  Gutter  ///cs  are  about  the  same  weight  and  dmicnsidns  as  ridge  tiles,  though 
littering  in  form,  and  are  tor  the  valleys  of  a roof.  They  are  now  rarely  used,  the.r 
place  having  been  supplied  b}'  lead,  and  lately  by  zinc  in  common  work. 

1838.  Fan  or  FlemUh  tiUs  have  a rectangular  outline,  wi'h  a surface  both  convex  and 

joncave,  thus They  have  no  holes  for  pins,  as  plain  tiles  have,  but  are  hung 
jn  to  the  laths  by  a knot  of  their  own  earth  on  their  underside,  nearest  the  ridge,  formed 
ffhen  making.  They  are  often  glazed,  and  should  be  14^  inches  long  and  10^  inches  broad. 
V\\Q  Bridgewakr  double  roll  tiles  are  shown  in  fig.  6 1 4a.  Three 
jtiibs  are  formed  on  the  back  to  catch  the  lath."  They  lap  over  two 
inches,  and  affl>rd  good  ventilation  for  farm  buildings,  with  good  — :^5s^i6i'; 
protection  from  rain  and  snow.  Phillips’  patent  lock  jaw  roofing  lig.eiia. 

dies,  with  single  grip  and  double  grip,  are  ornamental,  and  stated  to  be  wind,  rain,  and 
jPOw  proof.  The  grip  consists  of  each  tile  locking  on  to  its  neighbour  by  one  or  two 
rounded  grooves  or  beads. 

1839.  The  following  are  the  weights  of  the  undermentioned  sizes  of  tiles  used  for 
various  purposes  ; — 

Paving  tiles  at  per  100. 


9x  9x2^ 

0 

13  2 

9 X 9 X If 

= 

0 

9 2 

9 X 9 X 1 f 

= 

0 

7 3 

9x  9xli 

= 

9 lbs.  each 

12  X 12  X li 

16 

>) 

12x  12x2 

= 

22 

i» 

14  X 14  X 2| 

= 

35  i 

,, 

16x  16x2| 
18  X 18x2| 

= 

44^ 

= 

64| 

>1 

20  X 20  X 2| 

= 

84 

22  x 22  x 2| 

= 

104 

24  X 24  X 3 

.= 

133 

Ige  tiles  18  in.,  5 
about  / 

10  to  14  cwts. 

per  100. 

rolled,  18  to  24  in. 

23  to  29  lbs.  each. 
12  to  18  cwts.  per  100. 


Malt  kiln  tiles 

12  xl2  X 2 =16  lbs.  each. 
Hothouse  flue  tiles 


= 13 
lbs=. 
eacli 


cwts. 
per  1000 


12  X 12 
Plain  tiles 

1 1 j X 6 ~ 

10|x  6|x  f = 2-51=  22i 
11  X 7 X I = 2-90=  26t 
Pan  tiles 

13|x  9|x  i = 5-2.5=  47 
Bridgewater  double  roll  tiles 
16ix  14  x^to|=  8-80 
Paving  tiles,  squares 


6 X 
9f  X 


6 X I 

9|xl 


2-16  = 
5-70  = 


191 

50 


llj^x  Ilf  X 1| 
Ditro,  hexagons 
6 X 6 X I 

6x6x1 


= 12-42=  11 


= 1-63=  14i 


= 1-86^ 


16J 


1839a.  White  glazed  t\\e,s  Dutch  and  English  manufacture  are  used  for  lining  the 
[Walls  of  baths,  larders,  dairies,  butchers’  and  other  shops,  kitchen  ranges,  areas  i'or  re- 
flected light,  and  other  such  like  purposes.  For  walls  of  entrance  lobbies  and  similar 
glazed  tiles  are  stamped  with  a pattern,  giving  a decorative  appearance.  Mathc- 
tiles  are  employed  for  covering  the  vertical  surfaces  on  the  outside  of  walls,  in 
imitation  of  brickwork,  and  to  prevent  wet  being  absorbed. 


places, 

^matical 


18396.  Ornamental  Fa  vements.  The  use  of  hardened  clay  for  pavement  is  of  the  highest 
antiquity.  Our  own  country  furnishes  numerous  examples  of  the  varieties  employed  by 
the  Homans.  The  tiles  are  usually  made  of  the  clay  found  in  the  immediate  neighbour- 
hood in  which  they  have  been  used;  and  ornamented,  sometimes  with  colour,  but  more 
frequently  with  merely  an  impressed  or  raised  design.  During  the  Mediaeval  age,  encaustic 
and  other  tiles  were  largely  employed.  Many  varieties  of  plain  and  ornamental  tiles  are 
now  made  in  the  Potteries,  as  at  Broseley ; also  at  Poole,  in  Dorsetshire.  The  coarser 
binds,  for  streets  and  doorways,  have  a red  or  a buff  colour,  and  are  prepared  from  the 
Staffordshire  clay,  which  is  found  associated  with  coal.  By  mixing  metallic  oxides  with  the 
finer  clays,  blue  and  other  colours  are  produced.  The  manufacture  consists  in  bringing 
the  clay  into  a state  of  fine  powder,  containing  a certain  amount  of  moisture  ; the  mass  is 
then  placed  in  a mould  of  iron  which  it  completely  fills,  when  the  ram  of  an  hydraulic 
press,  exactly  fitting  the  mould,  gives  a pressure  of  from  150  to  200  tons,  compressing  the 
clay  into  a comparatively  very  small  space  ; on  being  removed  from  the  mould  it  is  polished 
or  smoothed  off  on  the  surface,  and  then  it  is  ready  for  being  baked  in  the  kiln.  The 
encaustic  or  variegated  tile  is  composed,  in  the  body,  of  ordinary  red  or  buff  clay  ; it  is' 
pressed  in  a mould  under  a common  screw  press,  the  mould  not  only  producing  the  outer 
of  the  tile,  but  also  certain  impressions  on  the  faceof  the  clay,  about  a quarterof  an 
yinch  in  depth.  It  is  then  taken  out  of  the  mould,  and  allowed  to  acquire  a certain  state 
{"of  dryness.  Devonshiie  or  Cornish  clay,  coloured,  is  then  poured  over  the  whole  surface, 

' I filling  the  impressions,  in  the  state  of  a very  thick  slip  ; when  this  has  been  dried  to  a cer- 
' 1 tain  extent,  the  slip  is  scraped  until  the  face  of  the  common  clay  or  body  is  seen,  the  im- 
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pressed  spaces  only  being  filled  with  the  coloured  matter.  A layer  of  clay  is  also  applied 
to  the  back,  and  is  sometimes  pierced  with  holes  to  prevent  the  bending  of  the  tiles  in  the 
process  of  baking. 

1839(7.  The  Tessera  qxq  manufactured  by  a similar  process.  In  Lambeth,  clay  being 
properly  prepared  and  stained  of  the  desired  colour,  as  black,  red,  blue,  (&c.,  is  made  into 
long  narrow  ribbons,  by  means  of  a squeezing  machine.  These  ribbons  are  cut  into  squares, 
which  are  placed  one  on  another,  15  or  20  high,  previously  oiled  to  prervent  adhesion. 
These  piles  are  then  placed  upon  a frame  sliding  in  t wo  perpendicular  grooves,  with  fine 
steel  wires  stretched  tightly  across,  so  that  by  pressing  the  frame  downw’ards  the  wires 
subdivide  the  slices  into  the  square,  oblong,  triangular,  or  other  shaped  te.^-serte  required; 
these  are  then  dried  and  baked  in  the  ordinary  way.  Messrs.  Minton  manufacture  their 
tesserae  by  pressure  as  for  making  tiles. 

1 839(f.  The  mode  of  forming  tesserae  into  mosaic  facing  slabs  is  as  follows  : — The  tesserae 
are  laid  face  downwards  on  a perfe.-tly  fiat  slate,  in  the  pattern  or  design  required.  The 
size  and  shape  of  the  slab  is  given  by  strips  of  wood  or  slate  fastened  round  the  tesseiae. 
Portland  cement  is  poured  on  the  backs  of  the  tesserae,  aud  two  layers  of  common  red  tiles 
are  added  in  cement;  thus  forming  a fiat  and  strong  slab,  wliich  is  fitted  for  laying  down  as 
pavement.  (Hunt,  Hahdboolc,  1851.)  The  better  tile«,  and  the  larger  tesserae  for  pavements, 
ar»‘  laid  separately  on  a carefully  prepared  foundation  of  fine  concrete,  and  then  set  in  line 
sand.  The  durability  of  a tesselated  pavement  consists  greatly  in  the  solidity  ofthn  founda- 
tion given  to  it.  With  a fioor  subjected  to  vibrations  such  a work  will  go  to  pieces.  The 
encaustic  tiles  with  raised  patterns  should  only  be  used  as  wall  linings,  as  at  Grrauada,  and 
never  for  pavements,  as  is  sometimes  done. 

1839c.  Stonew'Are  is  a dense  and  highly  vitrified  material,  impervious  to  the  action  of 
acids,  and  of  peculiar  strength.  Until  ab  «at  1836,  when  the  duty  was  taken  off,  this 
material  was  chiefly  used  for  common  spirit  bottles,  oil  jars,  t^c.  The  clay  used  is  found 
near  the  coast  in  Devonshire  and  Dorsetshire.  It  is  dug  in  square  lumps  of  about  40  lbs. 
each,  and  transported  in  ships  to  London.  After  being  perfectly  dried  it  is  ground  to  a 
})owder,  mixed  with  water,  and,  after  being  allowed  to  become  of  uniform  consistency,  the 
mass  is  passed  through  pug  mills,  and  taken  to  the  workmen.  For  making  large  articles, 
portions  of  the  burnt  material,  finely  ground,  are  mixed  with  the  new  clay  ; also  some  white 
sand  found  in  the  neighbourhood  of  Woolwich  and  Reigate. 

1839/1  Almost  all  round  articles  are  formed  by  the  potter,  on  wheels  turning  with  the 
required  rapidity.  The  potter's  wheel  was  known  in  Egypt  some  2,500  years  n.c.,  and  it 
remains  practically  the  same.  It  was  worked  by  hand , then  by  the  feet,  keeping  a steadier 
constant  motion  ; larger  articles  caused  the  disc  to  be  attached  to  a large  fiy  wheel,  worked 
by  an  assistant,  who  was  directed  by  the  potter;  lastly  came  the  addition  of  steam  and 
the  conical  drum,  enabling  the  potter  to  regulate  the  speed  required.  For  articles  of 
other  shapes,  the  composition  in  a soft  and  plastic  state  is  laid  in  plaster  of  Paris 
moulds ; the  porous  plaster  gradually  absorbs  the  moisture  from  the  clay,  and  when 
sufficiently  firm  it  is  removed.  Some  thousand  articles  are  frequently  made  from  one 
mould  before  it  is  destroyed.  AVhen  thoroughly  dry,  the  ware  is  placed  in  ovens  or 
kilns,  and  exposed  to  a gradually  increasing  heat,  so  intense  as  to  become,  before  finishing, 
quite  wliite;  salt  is  then  thrown  in,  and,  being  decomposed,  the  fumes  act  chemically  on 
the  surfiice  of  the  ware,  and  fuse  the  particles  together,  giving  the  glaze  so  well  known. 
/Stoneware  differs  from  all  other  kinds  of  glazed  earthenware  in  this  important  respect, 
that  i\iQ  glazing  is  the  actual  material  itself  fused  together;  in  other  kinds  of  ware  it  is 
a composition  in  wdrich  the  article  is  dipped  while  in  what  the  potters  call  the  biscuit,  or 
half-burnt,  state.  (Hunt,  Handbook,  1851.) 

TERRA-COTTA. 

1839^.  Terra-cotta,  that  is,  burnt  earth,  embraces  every  kind  of  pottery,  but  the  term 
has  now  come  to  be  applied  exclusively  to  that  class  of  ware  used  in  building,  and  is 
more  or  less  ornamental  and  of  a h'gher  class  than  the  ordinary,  or  even  the  better  make 
of  bricks,  demanding  more  care  in  the  choice  and  manipulation  of  the  clay,  and  much 
harder  firing,  hence  it  is  more  durable.  The  best  terra-cotta  is  a species  of  stoneware, 
w hich  doe®  not  after  years  of  use  show  signs  of  decay  from  contact  with  acids  and  alkalies. 

1839A.  Terra-cotta,  like  stone,  may  be  good,  bad,  or  indifferent  in  quality,  but  good 
terra-cotta  Avill  hold  its  own  against  good  stone  as  a sound  building  material.  Rad  terra- 
cotta is  that  w’hich  is  impeifectly  burnt,  and  when  it  is  “ slack  burnt,”  as  it  is  termed,  the 
material  will  go  back  to  clay  again.  Flower-pots  are  common  terra-cotta,  and  often  throw 
off  a scale  of  red  earth  each  time  the  plant  is  watered.  A well  bvirnt  sto.-k  brick  is  also 
terra-cotta  ■ and  where  is  the  ordinary  stone  which  is  equally  durable  with  it?  Good 
terra-cotta  is  easily  ti  sted  ; wdien  struck  wiih  steel  it  should  emit  sparks  and  merely 
show  a black  line,  and  ring  like  a bell.  It  should  be  free  from  fire  cracks,  have  true  lines, 
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Is  surfaces  be  not  chipped  or  rubbed  after  burning,  and  each  piece  should  be  properly 
'hambered  with  cross-pieces. 

1839i.  The  clays  best  suited  for  terra-cotta  ai’e  found  in  the  tertiary  beds,  or  those 
iceurring  above  the  chalk,  and  corresponding  with  the  lower  Bagshot  sands  of  the 
London  district.  Also  those  in  the  oolite  and  lias  lormations.  It  is  procurable  at  Tam- 
tt'orth  in  Staffordshire;  Watcombe  in  Dorsetshire;  Poole  in  Dorsetshire;  Everton  in 
Surrey  ; Ruabon  in  North  Walts ; in  Cornwall,  and  in  Northamptonshire.  The  clay 
should  be  as  free  from  iron  and  limestone  as  possible,  and  should  be  cleansed  from  all 
mpurities.  Natural  terra-cotta  c'ay  contains  60  to  65  parts  of  silica  to  about  28  parts 
)f  alumina.  The  Roman  material  consisted  usually  of  the  following  ingredients ; 
Silica,  71A5;  alumina,  2'25  ; protoxide  of  iron,  12;  protoxide  of  manganese,  0 17; 
.ime,  814  ; soda,  16-62;  magnesia,  a trace.  Sand  is  an  essential  ingredient,  and  should 
JO  free  from  iron.  The  chief  materials  constituting  the  paste  are  clay,  sand,  Hint,  glass, 
ind  phosphate  of  lime. 

1839-^:.  All  clays  require  careful  preparation  before  use,  and  their  after  characteristics 
ire  often  as  much  determined  by  this  as  by  anything  ; the  same  clay  being  different  under 
lifferent  treatment.  1st.  Kneading,  or  pugging,  which  consists  of  well  mixing  the  clay 
ind  reducing  it  to  a perfect  consistency  throughout;  this  is  now  done  by  a pug-mill. 
\Iost  clays  are  too  fat,  and  require  an  alloy  to  make  them  more  workable ; their  shrink- 
ng  is  too  great,  and  they  are  liable  to  twist  and  warp  in  drving  and  burning,  so  that 
•ough  stuff'  or  burned  clay  ground  fine  is  added  in  proper  quantities  to  prevent  this,  and 
t gives  the  potter  more  certain  command  over  the  clay.  When  mixed  it  is  raided  in  a 
Iry  state  into  the  mixers,  water  is  added,  and  it  is  then  passed  through  the  pug-mills, 
vhen  it  is  ready  for  use.  Sometimes  the  clay  is  rendered  more  homogeneous  by  being 
truck  continuously  with  an  iron  bar,  to  assimilate  the  parts  and  to  expel  any  air,  which 
>n  being  expanded  by  the  heat  of  the  kiln  would  shatter  the  work.  2nd.  A ball  of  this 
lay  is  supplied  to  the  potcer,  who  proceeds  to  form  the  article  by  hand  ; or  it  is  pressed 
nto  a mould,  which  is  of  plaster,  when  repetitions  are  requirt d.  Care  is  necessary  to 
lave  an  equal  thickness  throughout,  to  prevent  unequal  shrinkage.  This  thickness  is  not 
uuch  more  than  one  inch.  When  required  of  a greater  thickness,  the  blocks  are  formed 
lollow  with  cross  webs  to  strengthen  them.  Wht  n necessary  these  cavities  may  be  filled 
nth  concrete  ; this  filling  also  prevents  the  accumulation  of  moisture,  to  which  the  blocks 
rould  be  liable  were  they  left  open.  3rd.  The  article  so  formed  in  the  rough  is 
cmoved  to  be  dried.  Drying  is  evaporating  the  water,  which  must  be  done  very 
;rddually  and  evenly  or  there  would  be  a liability  to  crack  and  twist.  When  nearly  as 
lard  as  a piece  of  soap  it  is  placed  on  a lathe  and  smoothed  or  polished  with  an  iron 
ool.  If  any  part  is  required  to  be  attached  to  it  the  part  is  moulded,  and  the  clay 
loistened  at  the  point  of  junction,  and  the  two  luted  with  a very  little  soft  clay.  The 
fork  is  now  ready  to  be  burnt.  4th.  Burning  is  a process  of  the  utmost  importance,  as 
n it  depends  the  lasting  qualities  of  the  material.  A chemical  action  goes  on  in  the  firing 
finch  changes  the  whole  nature  of  the  clay;  it  never  admits  of  being  worked  up  again, 
s in  its  original  state.  To  accomplish  burning  successfully  requires  much  experience, 
kill,  and  patience.  It  is  now  removed  to  a kiln  or  reverberatory  furnace,  and  carefully 
acked  in  fire-clay  troughs  called  sfggars,  or  placed  one  over  the  other.  When  the  kiln 
full  the  doorway  is  bricked  up.  and  the  fires  are  lighted  in  the  furnace  holes  around  the 
ilu.  Large  articles  have  to  be  fired  very  slowly  for  four  or  five  days,  then  for  about 
orty-eight  hours  fired  sharply  until  a heat  is  attained  sufficient  to  bake  the  ware,  and  to 
ux  the  ingredients  of  which  the  body  is  formed  into  a vitreous  mass  w'ithout  melting 
le  whole.  The  intensity  usually  necessary  is  stated  to  be  that  at  which  soft  iron 
ould  melt.  The  articles  have  to  be  protected  from  the  coal  flame  by  the  seggars,  or  by 
eing coated  with  paper  and  clay,  or  by  a muffle  throughout  the  kiln,  as  the  flame  is  apt 
) crack  many  clays  openly  exposed  to  it,  and  the  vapour  of  coal  is  sure  to  discolour  the 
are,  generally  tuiming  it  a foxy  red.  A kiln  of  large  goods  takes  about  a week  to  cool. 
1839/.  Of  late  years  terra-cotta  has  been  used  extensively  for  the  facings  and 
ressings  of  a building  in  the  place  of  stone.  It  is  generally  made  of  hollow  blocks, 
^qrmed  with  webs  inside  so  as  to  give  strength  to  the  sides  and  keep  the  work  true  while 
^frying,  whereas  when  required  to  bond  with  brickwork  it  must  be  at  least  4^  inches  thick, 

^ 18397W.  The  following  result  of  experiments  made  by  Mr.  Blashfield  for  Mr.  Charles 
^^liarry,  were  given  in  a paper  by  him  on  Dulwich  College,  read  at  the  Royal  Institute  of 
■ritish  Architects,  session  June,  1868. 

A block  of  Portland  stone  about  6 inches  cube,  bore  a crushing  weight 

equal  to  per  foot  super.  - - 292  tons 

A block  of  Bath  stoxe,  equal  to  per  foot  super.  _ . . _ i(j4  ,, 

A stock  brick  ,,  ,,  - - - - 82  ,, 

A solid  block  of  Terra-cotta,  equal  to  per  foot  super.  - - - 523  „ 

A hollow  block,  slightly  made  and  unfilled  - - - - - 80  ,, 

The  same,  but  filled  with  concrete  163  „ 

A hollow  block,  unfilled,  but  made  with  thicker  walls  - - - 186  „ 
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1839«.  The  shrinJcage  of  terra-cotta  clay  in  burning  is  very  uncertain ; it  is  one-eighth 
to  one-twelflh.  To  obviate  the  risk  of  warping,  large  pieces  should  only  be  used  where 
absolutely  necessary.  Blocks  may  avernge  from  1 to  3 feet  cube  ; never  more  than 
4 feet;  the  block  is  usually  from  12  ins.  to  16  ins.  long,  by  6 ins.  to  15  ins.  high;  4^  ins. 
to  9 ins.  on  the  bed  ; if  hollow,  from  1 to  2 ins.  thick.  Larger  blocks  should  have 
a division  or  web  of  terra-cotta  across  them.  Joints  should  be  joggled,  stopped  ends 
made  solid,  beds  even,  and  samples  should  show  extreme  limit  of  colour  and  evenness. 
In  the  old  Continental  and  English  examples,  brick  dimensions  are  as  much  as  possible 
adhered  to.  Large  blocks  require  corresponding  extension  of  time  to  be  allowed  in  their 
manufacture. 

1839o.  As  regards  economy  it  compares  favourably  with  good  stone,  while  it  is  much 
more  durable,  stronger,  and  cheaper  ; for  the  use  of  the  mould  allows,  where  there  is 
great  repetition  of  parts,  of  most  elaborate  work,  produced  at  a cost  less  than  that  of 
stone  ; as  much  as  one-third  is  saved.  The  cost  of  the  raw  material  of  terra- cotta  is  only 
half  the  cost  of  Portland  cement,  and  not  one-fourth  the  cost  of  good  stone.  Mouldings 
having  a girth  of  tw'o  feet  can  be  bought  at  two  shillings  and  sixpence  per  lineal  foot; 
tracery  for  parapets,  4 inches  thick,  at  three  shillings  per  foot  superficial. 

1839p.  Its  lightness  is  a source  of  economy  in  comparison  with  stone,  by  which  a 
saving  is  effected  in  carriage  and  lifting  ; the  filling  of  the  blocks  can  be  done  on  the  site 
with  the  broken  bricks  lying  about.  In  a district  where  stone  abounds,  the  saving  in 
cost  would  not  be  so  advantageous.  In  London  it  would  be  on  an  average,  say  20  per 
ctnt.  less  than  Bath  stone,  and  40  per  cent,  less  than  Portland  stone.  The  subject  will 
be  further  treated  in  the  next  book. 


Sect.  XI. 

LIME,  SAND,  WATER,  MORTAR,  CONCRETE,  AND  CEMENT. 

1840.  Lime  has  not  been  found  in  a native  state;  it  is  always  united  to  an  acid,  ns  to 
the  carbonic  in  chalk.  By  subjecting  chalk  or  limestone  to  a red  heat  it  is  freed  from  the 
acid,  and  the  lime  is  left  in  a state  of  purity,  and  is  then  called  caustic  or  quicklime,  which 
dissolves  in  680  times  its  weight  of  water.  It  is  not  our  intention  here  to  enter  into  any 
account  of  either  of  the  theories  relative  to  the  formation  of  lime,  facts  being  of  more 
importance  to  the  architect  in  its  employment  than  the  refined  fancies  of  the  scientific 
chemist.  The  calcareous  minerals  are  mostly  distinguished  by  their  effervescing  with, 
and  dissolving  in,  an  acid,  as  also  by  their  being  easily  scratched  or  cut  with  a knife.  In 
respect  of  the  lime  obtained  from  cbilk.  Dr.  Higgins  (in  his  work  on  calcareous  cements, 
Lond.  1780)  says,  “ It  should  be  observed,  that  the  difference  between  chalk  lime  and  the 
lime  obtained  from  the  various  limestones,  chie  'y  consists  in  the  greater  retention  or 
expulsion  of  the  carbonic  acid  gas  contained  in  them.” 

1841.  An  account  of  the  stone  from  which  lime  may  be  obtained  in  the  different  counties 
of  England  would  unnecessarily  extend  this  article ; we  shall,  therefore,  after  observing  tliat 
the  use  of  marble  for  burning  to  lime  would  be  too  expensive,  state  the  varieties  of  lime- 
stone as,  1,  the  compact ; 2,  the  foliated  ; 3,  the  fibrous;  and  4,  the  peastone.  The  compact 
limestones  are  of  various  colours,  in  hues  inclining  to  grey,  yellow,  blue,  red,  and  green, 
and  to  a smoky  sort  of  colour  besides.  It  is  usually  found  massive,  often  compounded  with 
extraneous  fossils,  particularly  shells.  Its  internal  appearance  is  dull,  the  texture  is  com- 
pact, the  fracture  small,  fine,  and  splintery  ; fragments  indeterminately  angular,  more  or 
less  sharp-edged;  semi-hard,  sometimes  soft,  brittle,  and  easily  frangible.  Specific  gravity 
varies  from  2'500  to  2'700,  and  it  is  composed  of  lime,  carbonic  acid,  and  water,  mostly 
with  a portion  of  argyl  and  oxide  of  iron,  and  sometimes  of  inflammable  matter. 

1842.  The  foliated  limestones  are  such  as  calcareous  spar,  statuary  marble,  &c. ; the 
fibrous  limestones,  such  as  sarin  spar;  and  the  peastone,  another  species  of  spar.  It  may 
be  remarked,  that  the  various  sorts  of  marble,  chalk,  and  limestone  may  be  divided  into 
those  which  arc  nearly  pure  carbonate  of  lime,  and  those  containing  in  addition  from  one- 
twentieth  to  one-twelfth  of  clay  and  oxide  of  iron.  “ Though  the  best  limestones  are  not 
such  as  contain  the  greatest  quantity  of  clay,  yet,”  observes  Mr.  Smeaton,  “ none  have 
proved  good  for  water  building,  but  what,  on  examination  of  the  stone,  contained  clay ; and 
though,”  he  continues.  “ I am  very  her  from  laying  down  this  ar  an  absolute  criterion,  yet  I 
have  never  found  any  limestone  containing  clay  in  any  considerable  quantity,  but  what  was 
good  for  water  works,  the  proportion  of  clayey  matter,  being  burnt,  acting  strongly  as  a 
cement ; and  limes  of  this  kind  all  agree  in  one  more  property,  that  of  being  of  a dead 
frosted  surface  on  breaking,  witliout  much  appearance  of  shining  particles.” 

1843.  Among  the  strongest  limes,  such  as  will  set  under  w’ater,  those  most  in  use  in  the 
metropolis  are  called  lym/  stone  limes,  and  are  procured  from  Dorking,  Merstham,  and  the 
vicinity  of  Guildford  in  Surrey.  The  Dorking  and  other  limes  of  that  part  are  burnt  from 
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chalk  formation  so  extremely  hard  that  it  is  quanied  even  for  the  purposes  of  inasoiu  j. 
['hose  of  INIerstham  particularly  are  obtained  fioni  an  indurated  chalk  marl  (clay  and 
halk)  whicli  is  so  hard  tliat  it  i)artakes  of  the  nature  of  stone. 

IS  hki.  'I'he  known  property  of  the  blue  has  formation  for  setting  under  water  renders  it 
n invaluable  material  in  the  hands  of  the  architect.  In  the  neighbourhood  of  Bath  it  is 
ailed  Bath  brown  lime,  and  when  j)repared  for  cementing  with  metallic  cement,  is  said  to 
>e  wind  slaked ; that  is,  after  burning,  it  is  placed  in  roofed  sheds  open  at  the  sides,  and 
he  atmosphere  is  thus  introduced  to  act  upon  it.  The  colour  of  the  lias,  previous  to 
)urning,  is  blue  ; after  it  lias  [lassed  the  kiln,  it  is  of  a ricli  brown  colour. 

18436.  It  is  extremely  difficult  to  give  any  quantitative  analysis  of  the  blue  lias.  Every 
ayer  in  a quarry  will  be  found  to  difler  more  or  less  decidedly  from  those  above  or  below 
t.  The  beds  extracted  for  burning  into  lime  may  lie  said  to  consist  principal'y  of  car- 
lonate  of  lime  (perhaps  as  much  as  9.)  per  cent.)  in  combination  with  silicate  of  alumina, 
,onie  oxide  of  iron,  jiotash.  and  a small  quantity  of  sand,  in  mechanical  mixture  ; but  the 
ngredients  insoluble  in  nitrous  acid,  such  as  silicate  of  alumina  and  sand,  'aiy  in  every 
niHginable  proportion  between  .5  and  18,  or  at  times  20,  })er  cent.  Tlie  best  blue  lias  lime 
s obtained  from  the  beds  of  calcareous  marl  which  contain  about  16  per  cent,  of 
.ilicate  of  alumina  ; such  as  is  brouglit  from  Abertliaw  in  South  Wales,  Watchet  in 
Somersetshire,  and  Barrow,  in  Leicestershire  : the  limes  from  Whitby,  in  Yorkshire,  and 
V.)m  Lyme  Ivegis,  in  Dorsetshire,  are  nearly  etpial  to  them.  d’he  principal  objection  to 
his  lime  as  used  in  London  is  founded  upon  the  large  proportion  of  uuderburnt  or  unburnt 
itone  or  core  left  in  it.  The  weight  of  an  imperial  bushel  of  Aberthaw  lime  of  a supeiior 
piality  is  8.5  lbs. 

18^3c.  The  magnesian  limestone  of  Sunderland  lies  north-west  of  the  red  .sandstone.  In 
;he  vicinity  of  South  Shields,  in  tlie  county  of  Durham,  the  formation  becomes  extensive, 
i.ul  is  to  be  traced  to  the  Tees  below  Winston  Bridge.  The  Whitby  quarry  near  Caller- 
•oats  has  been  described  in  the  4tli  vidume  of  the  Geological  Trausactons.  The  Sunder- 
and  limestone  is  of  a bronze  colour,  and  from  containing  inflammaltle  matter,  does  not 
equire  so  much  fuel  to  convert  it  into  lime.  The  naturally  hydraulic  limestone  of  Arden, 
onnd  near  Glasgow,  in  Scotland,  has  been  largely  used  in  the  local  dock  works,  in  the 
)i  opoi  tion,  for  concrete,  of  one  part  of  ground  lime,  one  part  of  iron  mine  dust,  one  part  of 
land,  and  four  and  a half  parts  of  gravel  and  quarry  chips.  Pure  hydraulic  lime,  as  it  is 
'.'ailed,  manufactured  (in  Flintshire)  from  the  be.st  llalkin  Mountain  limestone,  is  much  used 
i.i  the  dock  woiks  at  Liverpool  and  Birkenhead. 

I84:5(/  llyd  aulic  limes  have  been  thus  classed  ; — If  they  harden  under  water  in  periods 
varying  from  fifteen  to  twenty  days  after  immersio.i,  they  are  slightly  hydraulic  ; if  from 
iix  to  eiglit  day.s,  simply  liydraulic  ; if  from  one  to  four  days,  eminently  hydraulic. 
Hydraulic  works  frequently  burst  from  t\\Q  silking  of  the  lime  which  has  not  been  properly 
prepared  for  its  office.  It  should  be  all  hydrated  before  placing,  and  this  requires  more 
time  than  the  slaking  of  ordinary  lime  ; the  heat  developed  is  much  less  than  in  any  other 
lime. 

1844.  Before  limestone  is  burnt  it  seems  to  possess  no  external  character  by  which  a 
Ijdistinction  can  be  made  between  the  simple  and  the  argillo-fcrruginous  lime.stones  ; what- 
ever the  colour  of  the  former,  they  become  white  when  burnt,  whilst  the  latter  paitake 
more  or  less  of  a slight  ochrey  tint.  Brown  lime  is  the  most  esteemed  for  all  sorts  of  , 
Cements,  whilst  for  common  purposes  the  white  sorts,  which  are  more  abundant,  are  suffi- 
ciently useful.  In  England,  the  limestones  in  colour  generally  incline  to  a red  or  blue, 
and  tho.se  which  are  found  firm,  weighty,  and  unifonn  in  texture  are  to  be  preferred. 
Masses  broken  from  large  rocks  and  beds  on  the  sides  of  hills,  and  those  when  newest  taken 
and  deepest  dug,  are  most  to  be  valued. 

1845.  The  process  of  analysing  limestones  is  so  eminently  useful  to  all  concerned  in 
building,  that  we  cannot  vefrain  from  transcribing  the  method  used  by  Smeaton  in  his  own 
word.s.  “ I took  about  the  quantity  of  five  pennyweights  (or  a guinea’s  weight)  of  the 
limestone  to  be  tried,  bruised  to  a coarse  powder,  upon  which  I poured  common  aquafortis, 
but  not  so  much  at  a time  as  to  occasion  the  effervescence  to  overtop  the  glass  vessel  in 
which  the  limestone  was  put,  and  added  fresh  aquafortis  after  the  effervescence  of  the  former 
quantity  had  ceased,  till  no  fui  ther  ebullition  appeared  by  any  addition  of  the  acid.  'I'his 
(lone,  and  the  whole  being  left  to  settle,  the  liijuor  will  generally  acquire  a tinge  of  some 
tran>parent  colour ; and  if  from  the  solution  little  or  no  sediment  drops,  it  may  be 
accounted  a pure  limestone  (which  is  generally  the  case  with  white  chalk  and  several 
others),  as  containing  no  uncalcareous  matter  in  its  composition.  When  this  is  well 
Svttled,  pour  off  the  water,  and  repeatedly  add  water  in  the  same  way,  stirring  it,  and 
letting  it  settle  till  it  becomes  tasteless.  After  this,  let  the  mud  be  well  stirred  into  the 
Water,  and  without  giving  it  time  to  settle,  pour  off  the  muddy  water  into  another  vessel, 
and  if  tliere  be  any  sand  or  gritty  matter  left  behind  (as  will  fiequently  be  the  case),  this 
collected  by  itself  will  ascertain  the  quantity  and  species  of  sabulous  matter  that  entered 
bto  the  texture  of  the  limestone.  Letting,  now,  the  muddy  liquor  settle,  and  pouring  ofl 
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the  water  till  no  more  can  be  got  without  an  almixture  of  mud,  leave  the  rest  to  dry,  which, 
when  of  the  consistence  of  clay,  or  paste,  is  to  be  made  into  a ball,  and  dried  for  lurther 
examination.” 

I84C.  There  are  many  sorts  of  kilns  for  burning  limestone,  varying  in  form  w'ith  the  fuel 
employed,  and  the  combination  of  the  process  itself  with  some  other,  such,  for  instance,  as 
making  coke,  and  sometimes  bricks.  The  limestone,  however,  is  generally  burnt  in  kilns 
whose  plans  are  circular  and  section  resembling  an  inverted  truncated  cone;  of  late  mare 
fiefjuently  made  spheroidal.  The  heat  is  in  either  case  obtained  from  a fireplace  under 
the  limestone,  which  rests  on  bars,  tliat  can,  when  the  kiln  is  a perpetual  one.  egg-fonned, 
or  a draw  kiln,  be  removed  to  let  out  the  lime  as  it  is  burnt,  wdiose  deficiency,  on  extraction, 
is  supplied  by  fresh  stone  at  the  top  of  the  kiln.  Sod  fiitns  are  sometimes  used  for  lime 
burning.  'I'hese  are  formed  by  excavating  the  earth  in  a conical  form,  and  then  building 
up  the  sides  as  the  earth  may  require.  In  using  tliese  the  limes'one  is  laid  in  with  alternata 
layers  of  fuel  to  the  top  of  the  kiln,  and  the  top  being  covered  with  sods,  so  as  to  prevent 
the  heat  from  escaping,  the  fire  is  lighted  and  the  process  effected  The  lime  is  not  removed 
till  it  is  thoroughly  cool.  'I'liis  mode  is  a tedious  o])e  atio;i,  and,  because  of  the  (juantiiy 
of  fuel  consumed,  far  from  economical.  In  t!ie  conimon  lime-kiln,  the  fire  is  never  suffered 
to  go  down,  but  as  the  well-burnt  lime  is  removed,  fresh  lime  is  supplied.  'I'liere  isa  specie; 
of  kiln  called  a flame-kiln,  in  whicli  the  calcination  is  effected  with  peat.  In  this  kiln  the  ^ 
process  of  burning  bricks  is  carried  on  at  the  same  time.  The  loss  of  limestone  by  burning 
is  about  four-ninths  of  its  weight,  shrinking,  however,  but  little.  Wlien  completely  burnt, 
it  falls  freely,  in  s’aking,  into  powder,  and  then  occupies  about  double  its  previous  bulk. 

1847.  Lime  burners  have  made  the  important  observation,  that  tlie  quantity  of  stone 
calcined  and  the  quantity  of  fuel  expended  depend  on  tlie  quality  of  the  fuel.  Hence  the 
kiln  is  constructed  with  reference  to  the  fuel,  rather  than  to  the  nature  of  the  stone  to  be 
calcined.  Limestone,  taking  an  average  time,  requires  burning  about  sixty  hours  to  reduce 
it  to  lime,  when  the  heat  is  strong  and  well  regulated : but  of  course  no  general  rule  can  he 
laid  down,  as  difl’  rent  species  will  require  different  peri  ds  of  time.  The  principal  object  to 
be  accomplislu  d i.s  the  expulsion  of  the  carbonic  acid  gas  which  enters  into  its  composition. 

1848.  The  lime  generally  most  esteemed  is  that  which  heats  most  in  slaking,  and  slakes 
the  (juickest,  falling  into  a fine  powder.  If  there  be  among  it  coarse  unslakable  lumps 
called  core,  that  will  not  pass  through  the  screen,  either  the  stone  has  not  been  sufficiently 
burnt,  or  it  originally  contained  extraneous  matter;  this  not  only  indicates  defect  in 
qualiiy,  but  that  it  w'ill  be,  as  they  more  or  less  abound,  more  costly  in  use.  Lime  in 
slaking  absorbs  a mean  of  2 "5  times  its  volume;  and  2 25  its  weight  of  water.  The 
hydraulic  limes  absorb  less  water  than  the  pure  limes,  and  only  increase  in  bulk  from  1-75 
to  2 5 times  their  original  volume.  Slaked  lime  is  a hvdrate  of  lime. 

1849.  From  the  experiments  of  Mr.  Sineaton  and  of  Ur.  Higgins,  it  is  sufficiently  proved 
that,  when  chalk  or  stone  lime  is  equally  fresh  when  used,  the  cementitious  properties  of 
both  are  nearly’,  if  not  quite,  equal ; but  from  the  circumstance  of  quicklime  absorhing 
carbonic  acid  more  or  less  in  proportion  as  its  texture  is  solid  or  spongy,  so  it  gradually 
))arts  with  its  cementing  nature,  becoming  at  length  altogether  unfit  for  the  purposes  of 
mortar.  Titus,  though  each  of  the  sorts  may  be  equally  good,  if  properly  burnt  and  quite 
fresh  from  the  kiln,  yet  from  the  chalk  lime  so  much  more  easily  and  rapidly  taking  in  the 
tarbonic  acid  than  stone  lime  does,  it  is  not  so  fit  for  general  use  ; and,  indeed,  now  the 
metropolis  is  so  well  supplied  with  the  harder  chalk  and  stone  limes,  there  is  no  excuse  for 
its  use,  and  it  should  in  sound  building  be  altogether  banished. 

1850.  Tlie  following  table,  from  Smeaton,  contains  a list  of  the  limestones  he  examined 
on  the  occasion  of  building  the  Eddystone  Lighthouse: — 


Species  of  Stone. 

Proj)or- 
tioii  of 
Clay. 

Colour  of  the 
Clay. 

Keduction 
of  Weight 
by  Lurning. 

Colour  of  Brick  made  of 
such  Clay, 

Aberthaw,  on  the  coast  of  Gla-  1 
morganshire  - - J 

3 

53 

I.,cad  colour 

4 to  3 

Grey  stock  brick. 

Watchet,  small  sea-port  in  So-  1 

3 

Do. 

4 to  3 

r Light  colour,  red- 

mersetshire  - - - J 

23 

\ dish  hue. 

Barrow,  Leicestershire 

Do. 

3 to  2 

Grey  stock  brick. 

Long  Bennington,  a village  in 
Lincolnshire  - - J 

25 

Do. 

- 

1 

Dirty  Itlue. 

Sussex  Church,  near  Lewes  in  1 
Sussex  - - - J 

3 

IS 

Ash  colour 

3 to  2 

Ash  colour. 

Dorking,  Surrey 

Berry  ton  grey  lime,  near  Peters-  \ 

iV 

1 

Do. 

Do. 

field,  Hants  - - J 

13 

Guilford,  Surrey 

1% 

Do. 

Sutton,  Lancashire 

Brown 

1 

I 
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1851.  Sand  shoulJ  by  all  means,  if  possible,  be  procured  from  a running  clear  stream,  in 
reference  to  iluit  obtained  from  pits  It  is  cleaner  and  not  so  connected  witli  clayt  y or 
uiddy  partie'es.  About  the  metropolis  it  is  the  practice  to  use  (and  an  admiiable  ma- 
.^rial  it  is)  the  sand  of  the  Thames  procured  from  above  London  Britfge.  Tliis  sand  has 
cquired  a deserved  reputation  among  the  ardiiteets  and  builders  of  the  capital.  It  con- 
ains,  however,  avast  poriion  of  heterogeneoi  s matter,  such  as  calcareous  fossil,  qiiaitzose, 
nd  flint  sands,  particles  of  coal  alluvium,  and  much  iron.  The  sharp  drift  sand  of  the 
’l)am(s,  therefore,  before  mixing  with  the  lime,  should  be  well  screened  ai  d washed. 

1852.  If  pit  sand  only  can  be  procured,  it  should  be  repeatedly  washed  to  free  it  from 
he  earthy  and  clayey  particles  it  contains,  until  it  becomes  bright  in  colour,  and  feels 
ritty  under  the  fingers.  Smeaton  has  stated  that  clay,  even  in  very  small  (luantities,  materially  intei-- 
eres  with  the  liarrlening  of  mortar,  and  disposes  it  to  p lish  in  a few  years.  When  the  arch.t  ct  is  obliged 
0 use  sen  sand,  it  must  he  we  1 washed  in  fresh  water  until  the  salt  is  entirely  removed  ; otherwise  the 
ement  for  which  it  is  used  will  never  dry.  So  small  a qu  ntify  as  .3  per  cent,  of  salt  causes  great  incon- 
eiiiences.  Whenever  the  weather  is  dry,  the  walls  show  an  efflorescence  on  the  inside  or  omside, 
'his,  when  there  is  damp  in  the  atmosphere,  will  collect  n.oismre,  causing  t he  wall  to  look  wet,  and  will 
hiow  off  any  paper  placed  on  ir.  In  one  case,  where  a builder  in  i c.iminately  employed  sea  satul  f.  r 
utside  and  inside  purposes,  the  saline  property  soon  iniro:mced  the  rot  to  all  adjoining  timber.  There 
s still  (1887)  much  ditersity  of  opinion  as  to  the  advisability  of  using  sea  sand.  The  washing  is  ol 
irimary  importance  ; it  is  to  be  best  effected  by  using  an  iron  p pe  of  about  three-quarters  of  an  inclt 
iameter  and  two  feet  long,  joined  on  to  an  india-rubber  pipe  attached  to  the  water  main.  This  pipe 
s to  stand  in  the  ci  ntre  of  the  tub  ; fill  the  tub  with  the  sand,  then  turn  on  the  water,  which  passi'  g to 
he  bottom  of  the  tub,  rises  through  the  sand  causing  any  salt  to  rise  with  it ; if  allowed  to  run,  the  tub 
)vei  flows,  and  the  salt  is  soon  all  carried  off.  The  taud  should  be  washed  as  soon  as  it  is  taken  from  the 
K'ach.  (E.  C.  Morgan.) 

1852a.  It  will  be  well  to  notice  here  that  Professor  Wilson,  of  the  Edinburgh  Labora- 
tory, made  in  1848  a report  on  the  use  of  tea  sand  in  mortar  in  a bouse,  No.  10  liandolpli 
Crescent,  which  w'as  said  to  be  damp  from  the  use  of  it.  On  analysis  he  found  that  the 
mortar  contained  only  1-I0,000th  part  of  its  weight  of  the  chloride  of  magnesium,  a highly 
deliquescent  attracting  substance.  But  he  considered  that  the  setting  of  the  mortar 
mechanically  enveloped  and  locked  up  within  its  m iss  the  substance  in  question  ; and 
further,  that  it  might  clt'emically  combine  with  the  lime  of  the  mortar  to  form  a comix. und 
not  readily  to  be  dissolved  in  water.  It  was  also  thought  that  in  consequence  of  a 
chemical  action  taking  place  between  the  lime  in  the  mi;rtar  and  the  chlorine  derived  from 
the  sea  water  contained  in  the  sand,  chloride  of  calcium  (muriate  of  lime)  wmuld  be  pro- 
duced. and  this  being  a deliquescent  substance,  would  attract  moisture  and  render  the 
walls  damp.  Tlie  amount,  however,  of  chlorine  in  specimens  of  sea  sands,  was  found  to 
vary  from  a 2,174tli  to  a 549th  part  of  their  weights  ; the  mean  amount  was  a 1,204th  pait. 
The  quantity  in  the  mortar  was  so  minute  that  it  could  not  sensibly  produce  the  effects  of 
damp.  The  mechanical  envelopment  of  the  chloride  of  calcium  in  the  mortar  would  also 
sliut  up  this  deliquescent  substance  from  moisture,  and  conduce  to  diyness.  A further  sub- 
stance in  sea  sand,  is  cldoi  ide  of  sodium  (common  salt),  and  if  tlie  chlorine  of  this  be 
transferred  to  the  lime  to  form  chloride  of  calcium,  the  sodium  will  become  converted  into 
carbonate  of  soda.  These  substances  may  co  exist  in  the  mortar,  but  as  soon  as  they  are 
separated  from  it,  and  diffused  through  tlie  stone,  or  brought  to  its  surface,  the  carbonate 
of  soda  will  convert  the  chloride  of  calcium  into  carbonate  of  lime  (chalk)  and  become 
itself  cliloride  of  sodium  (common  salt).  A consideration  of  these  facts  led  the  analyst  to 
attinn  that  the  apprehension  that  chloride  of  calcium,  as  derived  from  sea  sand,  would 
render  the  house  damp,  was  altogether  chimerical.  On  an  analysis  of  some  of  the  pit  sands 
in  the  neighbourhood,  he  found  that  one  of  them  contaiiud  almost  the  same  quantity  of 
chli.rine  as  in  the  sea  sand,  although  no  charge  was  made  against  it.  It  does  nut  admit 
of  doubt,  he  reported,  that,  other  tilings  being  equal,  sea-sand  mortar  will  dry  more  quickly 
and  keep  more  thoroughly  dry  than  will  pit-sand  mortar;  this  sand,  it  must  be  noticed, 
contained  about  13  per  cent,  of  earthy  matter,  and  was  therefore  not  so  pure  as  the  sea 
sand. 

18526.  Although  all  the  professional  publications  of  late  years  have  described  the  bad 
effects  likely  to  result  from  the  use  of  unwashed  pit  sand,  builders  in  the  outskirts  of 
tlie  metropolis  have  taken  to  use  road  sweepings  in  lieu  of  sand,  and  this  even  without 
having  waslied  it  to  free  it  from  those  impurities  not  only  detrimental  to  its  making  good 
mortar,  but  also  to  the  building  itself,  as  it  may  be  the  cau.se  of  introducing  the  dry  rot. 
Lately  we  have  noticed  a case  in  the  professional  journals  where  the  lime,  such  as  it  was, 
was  “mixed  with  a large  proportion  of  garden  mould  and  mud,  the  bricks  being  of  an  in- 
ferior quality  and  insufficient  strength.”  We  have  already  noticed  the  use  of  road  dirt  {par, 
1839r.)  In  another  case ‘‘ the  composition  with  which  the  portions  of  bricks  were  held 
together  consisted  of  soap  lees  with  a few  small  limestones  and  dirt.”  The  interests  of  the 
poorer  classes  should  be  better  protected. 

1852c.  Mttallic  sand  for  cement  was  introduced  about  184.8.  It  was  sold  in  coarse  or 
fine  powder  as  required,  to  be  mixed  up  with  blue  lias  lime  for  joining  bricks  and  stone, 
for  concretes,  for  face  work,  or  for  moulded  work.  1 measure  of  the  sand,  1 of  lime,  and  6 
jof  gravel  were  the  proportions  used  in  the  foundations  of  the  new  Houses  of  Parliament,  and 
;>i  liat  the  great  tunnels  of  the  Birmingham  railway.  It  has  also  been  used  for  malt-house 
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steeping  troughs,  and  floors;  for  the  latter  purpose  it  can  be  polished.  For  exterior 
facings,  as  stucco,  it  was  used  at  57  Coleman  Street;  and  at  the  Alfred  Insurance  Office, 
I.otlibury  ; the  latter  building  has  lately  (1866)  been  pulled  down.  The  marine  turret  at 
Herne  Bay  was  also  coated  wiih  it. 

1853.  Water.  Hr.  Higgins  recommends  the  use  of  lime-water  for  the  composition  of 
mortar.  This,  in  practice,  would  be  irnpossib'e  The  water  used,  however,  for  the  incor- 
poration of  the  lime  with  the  sand  should  be  soft  and  pure.  Mortar  and  concrete  have 
both  been  recommended  to  be  made  up  with  hot  water;  with  the  latter  especially,  Mheii 
it  is  desirable  that  it  should  s.t  immediately:  concrete  thus  made  has  been  found  exceed, 
ingly  hard.  Its  employment  with  mortar  dates  from  before  1520.  It  is  probal)le  that 
water  charged  witli  iron,  as  at  Tunbridge  Wells  ; a solution  of  chalk,  as.  in  Hertfordshire; 
sulphuietted  hydrogen,  as  at  Harrowgate  ; and  salts,  as  at  Epsom  and  elsewhere  ; may  all 
affect  lime  when  coitibined  with  it.  Smeaton  stated  that  he  could  not  discover  any 
difference  in  the  strength  of  n.ortar,  whether  it  were  made  with  sea,  or  with  fresh,  water. 

1854.  In  forming  Mortar  from  lime,  it  must,  when  slaked,  be  passed  through  a sieve 
leaving  only  a fine  powder,  an  operation  usually  performed  witli  a (juartcr  inch  wire  screen 
set  at  a considerable  inclination  to  the  horizon,  against  which  the  lime  is  thrown  with  a 
shovel  after  slaking.  That  which  passes  through  is  fit  for  use  ; the  core  falling  on  that  side 
of  the  screen  against  which  the  lime  is  thrown,  being  entirely  rejected  for  the  purpose  in 
question,  though  it  is  an  excellent  material  for  filling  in  the  sides  of  foundations  under  wood 
floors  where  they  would  otherwise  be  next  the  earth,  and  the  like.  The  sifted  or  screened 
lime  is  next  to  be  added  to  the  sand,  whose  quantity  will  vary  as  the  quality  of  the  lime, 
of  which  we  .shall  presently  speak.  In  making  mortar,  there  is  no  point  so  important,  as 
respects  the  manufacture  it.self,  as  the  well  tempering  and  beating  up  the  lime  with  the 
sa  .d  after  the  water  is  added  to  them.  In  proportion,  too,  as  this  is  effectually  done,  will 
a small  proportion  of  lime  suffice  to  make  a good  mortar.  The  best  mode  of  temp'ering 
mortar  is  bv  means  of  a pug-mill  with  a horse-track  similar  to  the  clay  mills  used  f)i- 
making  bricks.  But  if  such  cannot  be  had,  the  mortar  should  be  turned  over  repeatedly, 
and  beaten  with  wooden  beaters,  until  it  be  thoroughly  mixed.  That  this  process  slu  uid 
be  carefully  performed,  will  appear  of  the  more  importance  w'hen  it  is  considered  that  it 
thereby  admits  a greater  proportion  of  sand,  which  is  not  only  a cheaper  material,  but  the 
presence  of  it  renders  a less  quantity  of  water  necessary,  and  the  mortar  will  consequently 
set  sooner:  the  work,  too,  will  settle  less;  for  as  lime  will  shrink  in  drying,  while  the 
sand  mixed  with  it  continues  to  occupy  the  same  bulk,  it  follows  that  the  thickness  of  the 
mortar  beds  wdll  be  less  variable. 

1855.  Vitruvius  recommends  that  mortar  should  be  beaten  with  wooden  staves  by  a 
number  of  men  before  being  used.  Smeaton  reckoned  it  a fair  day’s  work  for  a labourer 
to  mix  and  beat  up  two  or  three  hods  of  mortar  for  use.  The  pug-mill  does  this  now  in 
two  or  three  minutes.  Pliny  expressly  states  tliat  “ in  ancient  specifications  for  buildings 
it  was  provided  that  no  slaked  lime  less  than  three  years  old  should  be  used  by  the  con- 
tractor.” Covent  Garden  Theatre  was  built  in  1808-9  with  lime  while  still  hot  from 
the  kiln  : when  the  w^alls  were  demolished  a few  years  since,  the  mortar  was  found  to 
be  hard  and  solid.  It  was  so  used  at  Totliill  Fields  i)iison.  At  the  new  Royal  Exchange, 
tlie  lime  was  to  be  thoroughly  and  fresldy  burnt,  to  be  kept  in  an  enclosed  shed,  and  no 
more  mortar  to  be  made  than  was  sufficient  for  each  day’s  consumption. 

1856.  In  most  of  the  public  works  executed  In  Great  Britain  of  late  years,  the  propor- 
tion of  lime  to  sand  is  as  1 to  .3  ; and  when  the  former  is  made  from  good  limestone,  the 
sand  is  by  no  means  too  much  in  proportion.  Dr.  Higgins,  in  his  experiments,  has  gone 
60  far  as  to  recommend  7 parts  of  sand  to  1 of  lime,  which,  for  mortar,  is  perhaps  carrying 
the  point  to  the  extreme.  It  may  be  taken  as  an  axiom,  that  no  more  lime  is  necessary 
than  will  surround  the  jiarticles  of  sand.  C.  H.  Smith  has  stated,  {Builder,  1865,  p.  'll), 
that  if  each  particle  of  sand  be  covered  with  lime  about  the  thickness  of  an  ordinary  coat 
of  paint,  he  should  be  disposed  to  consider  such  an  amount  as  very  near  the  perfection  of 
quantity.  A superabundance  of  lime  or  sand,  no  matter  how  good  it  may  be,  is,  under 
any  circumstances,  objectionable. 

1857.  Various  opinions  have  long  been  entertained  by  chemists  and  others  respecting 
the  effect  of  sand  and  lime  upon  each  other  in  the  formation  of  mortar.  The  general  im- 
pression is,  that  the  slaked  lime  and  sand  in  contact  have  a chemical  affinity  for  each 
other  ; that  the  lime  decomposes  the  surface  of  the  sand,  and  the  atoms  or  molecules  inter- 
penetrate each  other,  forming  a sort  of  silicate  of  lime.  Tliis  is  an  extremely  ingenious 
theory,  says  C.  H.  Smith,  but  it  has  never  been  proved.  It  has  been  stated,  he  also 
adds,  that  the  hardening  of  mortar  arises  from  the  presinee  of  carbon  and  oxygen  formed 
into  carbonic  acid,  which  is  absorbed  by  the  lime  ; but  the  source  from  w hence  the 
carbon  is  obtained  is  at  present  a mystery.  Oxygen  is  abundant  in  the  composition 
of  water  and  atmosphere,  and  that  quicklime  has  an  astonishing  affinity  for  it,  is  evinced  by 
the  practice  of  dusting  steel  goods  with  it  when  not  in  use,  to  prevent  their  rusting ; or  that 
of  placing  a small  lump  of  it  in  any  box  or  case  containing  such  goods.  Bricklayers 


Cn.\r  H- 


LIME.  SAND,  ETC. 


5:57 


smear  their  trowels  with  the  mortar  before  leaving  off’  work  ; and  in  the  P.irentalia,  it  is 
noticed  that  “in  taking  out  cramps  from  stonework  at  least  400  years  old,  wliich  were  so 
bedded  in  mortar  that  all  air  was  perfectly  excluded,  the  iron  appealed  as  fresh  as  from 

the  forge.”  . _ 

18.58.  Various  additions  are  made  to  morfar,  in  order  to  increase  its  hardness  and 
tenacity  ; such  as  coal  and  wood  ashes,  forge  scales,  roasted  iron  ore,  puzzuolana,  and  tlie 
like.  The  property  of  hardening  under  water  or  when  excluded  from  tlie  air,  conferred 
u])on  a paste  of  lime,  is  effected  by  the.  presence  of  certain  foreign  substances,  as  silicon, 
ahimira,  iron,  &c.,  when  their  aggregate  presence  amounts  to  one  tentli  of  the  whole.  Arii- 
ficial  hydraulic  limes  do  not  attain,  even  under  favourable  circumstances,  the  same  degree 
of  liardiiess  and  power  of  resistance  to  compression  as  the  natural  limes  of  the  same  cla.ss. 

1858a.  As  Inirnell,  iu  Limes,  Cements,  §'C.,  1857,  p.  71,  says— “ It  is  often  a matter  of 
importance  to  know  the  power  of  resistance  of  mortars;  but  as  they  differ  within  a very 
larg.*  range,  it  is  not  ea.sy  to  state  it  very  precisely.  The  best  experiments,  however,  show 
tliat  we  may  safely  calculate  upon  a resistance  of  14  lbs.  per  inch  superficial  for  its  colic- 
sive  force;  of  42  lbs.  to  a crushing  force;  and  of  5\  Ihs.  to  a force  tending  to  make  the 
paiticles  slide  upon  one  another.  It  would  not  be  safe  to  expose  new  works  to  greater 
etl’orts  than  those  which  could  be  included  within  the  above  limits.”  In  the  construciion 
of  a wall,  whether  of  brick  or  rough  stone,  it  should  be  clearly  understood  that  there  is  an 
important  distinction  between  mere  drying  and  the  ultimate  process  of  induration.  The 
mortar  may  become  sufficiently  set,  dry,  and  solid,  in  a few  days  or  weeks,  to  enable  the 
wall  to  bear  a very  considerable  weight  and  pressure  ; but  it  does  not  acquire  the  maximum 
degree  of  hardness  till  after  the  lapse  of  many  years  and  even  of  centuries.  All  cements 
and  limes  tend  to  reassiime  a state  of  carbonization  similar  to  that  in  which  they  existed  in 
the  stones  from  whence  they  were  extracted;  they  only  do  so  to  a very  imperfect  degree, 
'I’he  saying  that  lime  at  a hundred  years  is  but  a child,  is  perfectly  true.  Cements  on  the 
contrary  harden  very  rapidly,  but  we  have  no  instances  of  their  acquiring  the  strength  of 
the  original  stone. 

1859.  The  cendre  de  Tournay  is  used  in  the  Low  Countries.  This  is  an  article  procured 
from  the  lime-kilns  bordering  the  Scheldt.  The  lime  of  this  district  contains  a considerable 
portion  of  clay  mixed  with  iron  ; and  the  pit-coal  with  which  it  is  burnt  contains  a large 
quantity  of  an  argillaceous  schist,  impregnated  with  iron.  After  the  lime  is  taken  out  of 
the  kilns,  there  remains  the  cendre,  about  one  fourth  of  which  consists  of  burnt  lime-dust, 
and  three  fourths  of  coal-ashes.  This  material  is  sprinkled  with  water  to  slake  the  lime, 
and  well  mixed  together,  and  put  into  a proper  ves.sel  and  covered  over  with  wet  earth. 
In  this  state  it  is  kept  for  a considerable  time  ; and  when  taken  out,  and  strongly  beaten 
up  for  lialf  an  hour  with  an  iron  pestle  in  a wooden  mortar  or  trough,  it  is  reduced  to  a 
soft  pasty  consistence  ; it  is  then  spread  out  for  several  days  in  a shady  place,  and  the  opera- 
tion of  healing  repeated:  the  oftener  this  is  done  the  better,  except  it  should  become 
unmanageable  from  being  too  much  dried.  In  a few  minutes,  this  cement,  when  aj)plied 
to  brick  or  stone,  adheres  so  firmly  that  water  may  be  immediately  poured  over  it ; and  if 
kept  dry  twenty-four  hours,  it  alterwards  receives  no  injury  even  from  the  most  violent 

I action  of  a flowing  stream. 

II  1859a.  In  London,  a mortar  made  of  lime  with  sea-coal  ashes  from  a smith’s  forge 
!j  mixed  with  the  iron  scales,  and  called  blue  mortar,  is  used  for  covering  parts  of  buildings 
5 much  exposed  to  the  weather;  and  if  prepared  with  similar  labour  and  attention,  it 

might,  in  a great  degree,  possess  the  valuable  properties  of  the  mortar  of  the  Scheldt,  just 
mentioned. 

18596.  Common  ashes  mortar  Is  made  by  mixing  two  bushels  of  newly  slaked  lime  and 
! three  bushels  of  wood  ashes,  which,  when  cold,  must  be  well  beaten,  in  wdiich  state  it  is 
j usually  kept  for  a considerable  time,  and  indeed  it  improves  Ty  keeping  if  beaten  two  or 

(three  times  previous  to  using  it.  This  mixture  is  superior  to  terras  mortar  in  resisting 
the  alternate  effects  of  dryness  and  moisture,  but  not  comparable  with  it  under  water. 

1859c.  Brick  and  tile  and  burnt  day  ballast,  each  well  burnt  and  ground  to  a pow’der, 
combined  with  rich  lime,  possesses  hydraulic  energy.  Pulverised  silica  burned  with  rich 
i lime  produces  hydraulic  lime  of  excellent  quality.  In  some  experiments  made  by  MINI. 

Chatonoy  and  Rivot,  this  lime  hardened  under  water  in  from  three  to  four  days,  and 
, acquired  in  twenty-two  months  a hardness  superior  to  Portland  cement.  The  weight  of 
J the  powdered  lime  never  exceeded  four  times,  and  was  never  less  than  one  half  that  of  the 
h powd.red  silica.  Brick-dust  mortar  used  to  be  considered  in  some  cases  better  than 
\ mortar  made  of  terras,  for  unless  the  terras  w as  always  wet  it  was  not  thought  better  than 
t common  mortar  made  of  lime  and  sand  ; 2 bushels  of  hot  lime,  i.e.,  fresh  slaked  lime,  added 
to  1 bushel  of  brick-dust  made  from  red  stock  bricks,  was  to  be  well  beaten  and  worked  up 
, before  using,  with  but  little  water:  the  longer  it  was  beaten  the  belter  it  became.  The 
;;  dry  brick  rubbish  of  old  wall’ng  broken  down  and  sifted,  was  considered  better  than  sand, 
i Hs  Ifss  sand  is  required,  and  it  might  be  safely  used  in  frosty  weather.  A tract  on  Old 
i Chari.ng  Cross,  mentions  that  it  was  “so  cerawned  with  mortar  made  of  purest  lime, 
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cnlHs  sand,  white  of  eggs,  and  the  strongest  wort,  that  it  defied  all  hammers  and  hatchets 
whatsoever.”  'Hic  mortar  used  in  bishop  Gundulph’s  works  at  Mailing  and  Rochester  is 
described  by  B.  Ferrey  as  consisting  of  a sort  of  tufa  found  only  in  the  cliffs  at  Dover, 
which  appears  to  have  been  exclusively  used  in  his  works. 

1859c/.  Sltg  is  apjjlied  to  the  vitrified  earths  left  in  furnaces,  either  for  glass  or  iron. 
Scoria  are  the  ligliter,  more  porous,  and  less  vitrified  earths  arising  from  tlie  puddling  and 
refining  of  iion.  Tlie  cinders  used  are  the  earthy  residues  derived  from  the  combustion  of 
coal.  When  ground  into  powder,  the  two  former,  which  contain  a large  proi)ortion  of 
tlie  mineral  oxides,  make  very  good  mortars  if  mixed  with  middling  or  perfectly  hydraulic 
limes.  Cinders  appear  to  render  the  rich  limes  moderately  hydraulic  when  properly 
mixed.  They  require  a large  quantity  of  water  to  render  perfect  the  crystallization  of  the 
hydrate  of  lime.  All  these  mortars  may  be  usefully  employed  for  works  out  of  wa'.er. 

1859e.  Tlie  stones  whereof  the  Dutch  terras  is  made  are  found  in  the  neighbourhood  of 
Liege,  and  also,  we  believe,  at  Andernach  on  the  Rhine,  from  the  size  of  a pea  to  that  of  a 
middle-sized  turnip.  From  their  being  brought  down  the  rivers  to  Flolland  the  cement 
has  been  called  Dutch  ; tlie  only  operation  they  undergo  in  that  country  is  the  reduction 
of  them  to  a coarse  powder  by  means  of  mills,  'i  hey  are  beaten  hy  iron-headed  stampers 
on  an  iron  bed  till  they  will  pass  through  a sieve  whose  wires  are  about  one  eighth  of  an 
inch  apart.  This  cement  is  sent  from  Holland  in  casks.  Trass,  trras, or  tarras,  is  a blue- 
black  trap.  It  is  obtained  from  pits  of  extinct  volcanoes,  and  has  nearly  all  tlie  distin- 
guishing elements  of  puzzuolana,  resembling  it  in  composition,  and  in  the  requirements  of 
its  manipulation,  having  to  be  pulverised  and  added  to  rich  lime  to  develope  its  hydraulic  || 
properties. 

1859/.  The  Puzzuolana,  or  terra  Puieolanao^  the  Italians,  which,  as  well  as  the  last-named 
cement,  has  been  almost  if  not  quite  superseded  hy  the  introduction  of  the  Roman  cement, 
is  brought  from  Civita  Vecciiia.  Its  name  is  however  derivtd  from  Fuzzuoli,  where  it  is 
jirincipally  found,  though  produced  in  other  jiarts  of  Italy,  in  the  neighbourhood  of  extinct 
volcanoes.  It  suddenly  hardens  when  mixed  with  one  third  of  its  weight  of  lime  and 
water,  forming  a cement  more  durable  under  water  than  any  other.  Bergman  found  100 
parts  of  it  to  contain  55  to  60  parts  of  siliceous  earth,  20  of  argillaceous,  5 or  6 of  calca- 
reous, and  from  15  to  20  of  iron  ; this  last  constituent  is  considered  to  be  the  cause  of  its 
property  of  hardening  under  water.  The  iron  decomposes  the  water  of  the  mortar,  and 
thus  in  a very  short  time  a new  compound  is  formed.  According  to  Vitruvius,  when  used 
for  buildings  in  the  water,  2 parts  of  puzzuolana  were  mixed  with  1 of  mortar.  Artificial 
puzzuolana  may  be  made  by  slightly  calcining  clay,  and  driving  off  the  water  of  combina- 
tion at  a temperature  of  1,200°. 

1859^.  Subsequently  to  the  use  of  this  material  from  Puzzuoli,  a similar  material  has 
been  found  near  Edinburgh  ; and  in  the  Vivarais,  a site  of  extinct  volcanic  action  in  the 
centre  of  France.  Its  aspect  and  colour,  however,  vary  very  ir.uch  even  in  the  same 
locality.  Berthier  gives  the  following  analysis  of  two  of  these  materials:  — 


Puzzuolana  from 

Terras  from 

Civita  Vecchia. 

Andernach. 

Silica  . - - - 

- 

- *445 

- 

'570 

Alumina  - - - 

- 

- -150 

- 

•120 

Lime  . - - - 

- 

- -088 

- 

'026 

IMagnesia  - 

- 

- '047 

- 

•010 

Oxide  of  Iron  (in  a slight  1 
state  of  magnetism)  j 

- 

- *120 

- 

'050 

Potash  - - - - 

- 

- *014 

- 

'070 

Soda  - . - - 

- 

- 040 

- 

•010 

Water  - - - - 

- 

- -092 

- 

•096 

0-996 

0-952 

1859/j.  In  the  use  of  blue  lias  lime  for  mortar,  workmen  ignorant  of  its  qualities  inva-  .. 
riably  spoil  it.  In  important  works  the  lime  should  be  supplied  in  an  unground  state,  to  " 
prevent  the  core  being  mingled  with  the  good  lime.  In  slaking,  the  lumps  should  be  „ 
broken  into  pieces  of  about  the  size  of  a nutmeg;  then  immersed  upon  a sieve  in  water,  1C 
and  kept  therein  until  air  bubbles  freely  rise  to  the  surface ; the  lime  so  wetted  is  to  be 
left  in  a heap,  and  covered  with  damp  sand,  for  twenty-four  hours.  At  the  expiration  of  ^ 
that  time  it  should  be  screened  and  mixed  with  sand  and  the  least  possible  quantity  ci'  ? 
water.  When  slaked,  it  does  not  sensibly  increase  in  bulk,  unlike  the  ordinary  chalk  or  I 
stone  lime  of  the  neighbourhood  of  London.  The  best  descriptions  of  blue  lias  lime  will  \ 
not  bear  more  than  1^  parts  of  sand  to  1 of  lime.  Wood,  of  Bath,  in  his  work  on  Cottages, 
1788,  has  stated  that  “blue  lias  lime  mixed  with  coal  ashes  in  the  manner  prescribed  by  i 
M.  Loriot,  will  make  the  hardest  cement  I ever  saw,  as  I have  found  by  various  experi-  > 
tnenls ; it  will  hold  water,  resist  frost,  harden  in  a few  hours  in  water,  and  will  bear  a very 


Cjiai*.  II. 


^10  RTA  K,  CO  NC U KT il. 


, K rC.  5*J9 

pood  polish.  Coach  or  carriage  wavs  are  laid  or  pitched  w ith  blue  Has,  which  wears  very 
well,  though  it  will  not  bear  tlie  frost." 

1859/.  A very  useful  hydraulic  mortar  for  executing  sea-walling,  consists  of  1 ])art  of 
chalk  lime,  or  of  Halkin  lime,  with  one  part  of  puzzuolana  from  Civita  Vecchia,  and  1.J 
parts  of  sand;  but  the  value  of  this  mixture  depends  upon  tlie  influence  exercised  by  the 
puzzuolana  on  the  setting  of  the  lime.  A mixture  of  the  natural  calcareous  cements,  or  of 
Portland  cement  witli  sand,  is  another  good  mortar.  The  presence  of  sulphate  of  lime  in 
anv  composition  intended  to  resist  the  action  of  sea  water  would  be  fatal,  as  it  crystallises 
at  a different  rate  of  rapidity,  and  it  is  more  easily  soluble  than  the  carbonate  of  lime. 
French  authorities  lay  particular  stress  on  the  following  qualities  fur  the  formation  of  good 
livdraulic  mortar  : I.  It  is  essential  tliat  the  materials  should  be  perfectly  pulverised  before 
mixing,  so  that  the  combination  may  be  as  perfect  as  possible.  II.  Sufficient  free  lime 
must  be  present  to  allow  tlie  carbonic  acid  in  the  water  to  combine  with  it,  and  form  a 
proteitive  coating  of  carbonate.  III.  Long  soaking  of  the  m iterials  is  advisable,  in  order 
that  the  chemical  comliinatiuns  necessary  for  the  ultimate  stability  of  the  mortar  may  lake 
place  before  it  is  actually  used. 

1859A.  Mr.  Smeaton  discovered,  by  a course  of  experiments,  that  the  scales  (grey  oxide 
of  iron)  that  fly  off'  under  the  forge  hammer  from  r,  d liot  iron,  pulverised,  sifted,  and  mixed 
with  lime,  form  an  admirable  cement,  equal  to  puzzuolana.  lie  found,  in  pursuing  Ids 
experiments,  that  roasted  iron  ore  produced  an  effective  water  cement,  by  using  a greater 
jiroportion  of  it  than  either  terras  or  puzzuolana.  Equal  quantities  of  iron  scales  and 
argillaceous  lime,  with  half  the  quantity  of  each  of  these  of  sand,  produced  a cement  in 
every  resjiect  equal  to  terras  mortar.  If  pure  carbonate  of  lime  be  used,  equal  parts  of 
each  of  the  ingredients  ought  to  be  incorporated.  We  do  not  think  it  necessary  here  to 
give  a.iy  account  either  of  Loriot’s  cement,  or  that  proposed  by  Semple  ; neither  are  to  be 
depended  on  : indeed  the  first,  as  a water  cement,  is  of  inferior  utility,  and  very  little  better 
than  common  mortar  dried  before  the  admission  of  water  upon  it. 

1860.  Grant,  or  liquid  mortar,  is  nothing  more  than  c.;mmon  mortar  mixed  wdth  a suffi- 
cient quantity  of  water  to  make  it  fluid  enough  to  penetrate  the  interstices  and  irregulari- 
ties of  the  interior  of  brick  walls,  which  common  mortar  will  not  reach.  The  mortar 
whereof  it  is  made  will  bear  4 of  sand  to  1 of  lime,  but  it  should  be  thoroughly  beaten.  It 
may  be  kept  a little  longer,  whereby  its  quick  setting  will  be  facilitated. 

1861.  Concrete  is  a compound  of  ballast,  or  stone  chippings,  and  lime  mixed  together. 
It  is  so  called  from  the  speedy  concretion  that  takes  place  between  these  particles.  If, 
\\ow*i'/cr,  galleU  or  small  stone  chippings  are  used,  sand  in  a large  proportion  to  the  lime 
must  he  used.  The  use  of  concrete  was  well  known  at  an  early  period  ; it  is  mentioned 
by  De  Lorme  in  his  work  published  in  1568;  and  it  is  by  no  means,  therefore,  a discovery 
of  modern  days.  Wherever  the  soil  is  soft,  and  unequal  for  the  reception  of  the  founda- 
tions of  a building,  the  introduction  of  concrete  under  them  is  an  almost  infallible  remedy 
against  settlement.  The  Thames  ballast,  commonly  used  for  concrete,  is  a mixture  of  sand 
and  small  stones.  With  this,  and  lime  in  the  proportion  of  never  less  than  4 to  1,  and 
never  properly  exceeding  9 to  1,  of  stone  lime,  or  such  as  is  known  to  set  hard  in  water,  a 
mixture  is  made.  The  lime  is  generally  used  in  powder,  and  the  whole  being  shovelled 
together,  it  is  wheeled  in  barrows  to  a stage  over  the  spot  where  it  is  to  be  used,  and  let 
fall  into  the  trench  dug  out  for  the  reception  of  the  foundation.  The  greater  the  height 
the  concrete  is  made  to  fall,  the  sounder  and  stronger  it  becomes.  It  must  always  be  re- 
collected that  no  more  lime  is  necessary  than  with  the  thinnest  coat  to  surround  the  parti- 
cles of  the  ballast,  and  that  therefore  the  size  of  the  pebbles  or  stones  should  influence  the 
(piantity  of  the  lime.  As  the  ground  is  more  or  less  to  be  trusted,  the  thickness  of  the 
concrete  must  be  regulated  ; when  used  on  the  best  ground,  a foot  in  thickness  will  be 
sufficient ; while  on  the  worst,  as  many  as  four  feet  or  more  may  be  required.  The  upper 
surface  being  levelled,  it  is  usual  to  lay  on  it  a tier  of  Yorkshire  stone  landings,  for  the  re- 
ception of  the  brick-work  or  mason’s  work  ; in  some  cases,  after  carrying  the  wall  a certain 
height,  a second  tier  of  landings  has  been  introduced.  When  the  soil  is  watery,  no  water 
should  be  put  to  the  concrete,  but  the  ballast  and  lime  merely  mixed  and  tumbled  in.  The 
usual  practice  of  making  concrete  as  above  stated,  is  objected  to  by  many  practitioners, 
who  recommend  that  the  French  method  of  making  beton  should  be  followed  in  lieu  of  it. 

1862.  In  forming  concrete,  the  stones  or  pebbles  used  should  never  exceed  the  size  of  a 
hen’s  egg,  of  which  2 jiarts  may  be  combined  with  1 part  of  the  smaller  substances 
used;  this  makes  it  about  equal  to  Thames  ballast.  It  has  been  calculated,  that  as  the 
lime  absorbs  the  water,  and  with  the  sand  fills  up  the  interstices  of  the  larger  material,  if  the 
proportion  of  the  lime  be  about  one  eighth  of  the  ballast,  then  3^  cubic  feet  of  ground  lime, 
and  30  cubic  feet  of  ballast,  with  a sufficient  quantity  of  water  to  effect  the  admixture  ^and 
this  is  generally  rather  less  than  a gallon  to  a cubic  foot  of  ballast,  or  than  equal  measures  of 
water  and  lime),  wdll  be  required  to  make  27 cubic  feet  of  concrete;  that  is,  there  is  a loss 
of  bulk  equal  to  all  the  lime,  and  of  about  10  per  cent,  of  the  ballast.  But  some  experi- 
ments made  in  1857-8,  in  which  the  present  editor  assisted,  showed  that  the  same  measure 


5^0 


THEOEY  OF  AEClinECTURE. 


Rook  II. 


which  gave  a cubic  yard  of  ballast,  held  precisely  the  same  ballast  with  the  addition  of 
one-sixth  in  bulk  of  ground  stone  lime  made  Mitli  it  into  concrete,  besides  about  fourteen 
pails  of  water  ; and  likewise  tended  to  disprove  the  assertion  that  concrete  swells  in 
setting.  This  cubic  yard  of  concrete  weighed  27  cwt.  In  estimating,  allowance  must  be 
made  for  the  loss  of  material. 

1862a.  Expansion  taki-ng  place  in  concrete  made  of  unground  lime,  during  its  slaking, 
has  been  taken  advantage  of  by  Gr.  L.  Taylor  in  the  underpinning  of  some  walls  at 
Chatham,  as  detailed  in  the  Transactions  of  the  Institute  of  British  Architects,  1835. 
Tliis  expansion  has  been  found  to  average  about  | of  an  inch  for  each  foot  in  height,  and 
the  size  thus  gained  the  c mcrete  never  loses.  Care  must  be  taken  when  using  it  for  floors 
and  for  the  spandrel  of  arches,  to  allow  sufficient  space,  and  to  lay  it  in  such  a way  that 
this  increase  may  take  place  without  thrusting  out  the  v'alls,  as  has  occasionally  happened. 
In  old  malthouses  in  the  West  of  England,  with  concrete  floors  5 to  6 inches  thick, 
stone  walls  2 feet  6 inches  to  3 feet  thick  have  bulged  out  3 or  4 inches  on  each  side  by 
the  expansi  n ©f  the  concrete,  as  also  noticed  in  the  Transactions  of  the  above  named 
society,  1854,  p.  74-  When  ground  lime  is  used  the  assertion  that  concrete  swells  is  very 
questionable,  as  s'ated  in  the  previous  paragraph.  The  Metropolitan  Board  of  Works, 
under  the  Met.  Man.  and  Building  Acts  Amend.  Act,  1878,  sec.  16,  requires  the  cement 
“ to  be  Portland  cement,  or  other  cement  of  equ  il  quality,  mixed  with  clean  sharp  sand 
or  grit  in  the  proportions  of  one  of  cement  to  four  of  sand  or  grit.”  Concrete  for  walis 
to  be  “ of  Portland  cement  and  of  clean  Thames  or  pit  ballast,  or  gravel,  or  broken 
brick  or  stone,  or  furnace  clinkers,  with  clean  sand  in  the  following  proportions : viz., 
1 of  Portland  cement,  2 of  clean  sand,  and  3 of  the  coarse  material,  which  is  to  be 
broken  up  sufficiently  small  to  pass  through  a 2-inch  ring.  The  proportions  of  the 
materials  to  be  strictly  observed,  and  to  be  ascertained  by  careful  admeasurement ; and 
the  mixing,  either  by  machine  or  hand,  to  be  most  carefully  done  with  clean  water,  and 
if  mixed  by  hand,  the  material  to  be  turned  over  dry  before  the  water  is  added.” 

18626.  For  water  works  required  to  set  rapidly,  an  excellent  concrete  may  be  made  by 
a mixUire,  the  p)roportions  of  which  were  found  by  Treussart  as  follows: — 30  parts  of 
hydraulic  lime,  very  energetic,  measured  in  bulk,  and  before  being  slaked  ; 30  parts  of 
terras  of  Andernach ; 30  parts  of  sand;  20  parts  of  gravel;  and  40  parts  of  broken 
stone,  a hard  limestone.  These  proportions  diminish  one-fifth  in  volume  after  manipula- 
tion ; the  mortar  is  made  first.  When  the  Italian  puzzuolana  is  used,  the  proportions 
should  be  33  parts  of  lime  as  before;  45  parts  of  puzzuolana;  22  parts  of  sand;  and 
60  parts  of  broken  stone  and  gravel.  The  first  of  these  concretes  should  be  employed 
immediately  it  is  made  ; the  second  requires  to  be  exposed  about  twelve  hours  before  it 
it  is  put  in  place.  When  burnt  clay  or  pounded  bricks  are  used,  30  parts  will  suffice,  but 
this  mortar  must  not  be  used  in  sea  water.  If  only  rich,  instead  of  hydraulic,  limes  be 
used,  the  quantity  of  the  natural  or  artificial  puzzuolanas  must  be  increased,  and  that  of 
the  stones  and  gravel  be  decreased.  (Burnell,  Limes,  ^-c.)  See  par.  1864c. 

1862c.  After  many  experiments,  M.  Kuhlmann  recommends  a cement  composed  of  30 
parts  of  rich  lime,  50  of  sand,  15  of  uncalcined  clay,  and  5 of  powdered  silicate  of  potash, 
as  having  all  the  requisite  hydraulic  properties,  especially  for  cisterns  intended  for  spring 
water.  In  marine  constiuctions  care  should  be  taken  to  add  an  excess  of  silicate  to  those 
pirtions  of  cement  which  are  exposed  to  the  immediate  contact  of  the  sea. 

1862(7.  The  object  to  be  aimed  at  in  making  hydraulic  concrete,  is  to  give  such  a suffi- 
ciency of  mortar  as  wdll  produce  the  aggregation  of  the  whole  mass  of  rough  rubble 
materials.  In  Portland  cement  concrete,  for  instance,  the  proportions  for  the  mortar  may 
be  1 of  cement  to  3 of  sand,  and  this  mortar  may  then  be  mixed  with  6 parts  of  ballast 
or  shingle.  In  blue  lias  lime  concrete,  the  proportions  may  be  1 of  unground  lime  to 
2 or  2\  of  sand,  and  this  mortar  may  be  mixed  with  3 or  4 parts  of  ballast;  and  it  must 
be  understood  in  all  cases  that  the  mortar  must  be  made  first,  and  that  it  then  should  be 
thoroughly  incorporated  with  the  ballast  or  shingle.  This  concrete  as  used  at  the  recent 
extension  of  the  London  Docks  by  Mr.  li^nd*-!,  consisted  of  1 part  of  blue  lias  lime  with 
6 parts  of  gravel  and  sand.  The  proporti  ns  for  the  blocks  of  the  mole  at  Marseilles 
were  3 parts  of  Theil  lime  to  5 parts  of  sand  mixed  up  into  mortar,  and  then  added  to 
2 parts  of  broken  stone.  At  the  Metropolitan  Main  Drainage  works,  the  proportion  of 
1 of  Portland  cement  to  5.|  of  ballast  for  sewers,  and  1 of  cement  to  8 of  ballast  and 
sand  for  backing  walls  and  other  wmrks  except  sewers.  The  usual  proportions  are  1 to  6. 
A report  was  delivered  to  the  Aberdeen  Harbour  Board  on  the  damage  caused  by  the 
chemical  action  of  the  sea-water  on  the  (Portland  ?)  concrete  entrance  works  of  the 
graving  dock.  1 he  surface  had  sofeened  from  the  foundation  up  to  the  bottom  of  the 
ashlar  lining,  three  feet  above  low  water.  The  concrete  behind  four  courses  of  the 
ashlar,  between  high  and  low  water,  was  also  softened,  loosening  the  bond.  The  softened 
concrete  under  the  water  had  been  removed,  and  the  face  of  the  w^all  rebuilt  up  to  low- 
water  level  with  Roman  cement  concrete  in  bags  plastered  with  Roman  cement.  The 
pressure  on  the  foundations  amounts  at  low  water  to  5 lbs.  on  the  square  inch  of  surface, 
and  at  high  water  to  11  lbs.;  this  cause  1 a current  of  sea-water  through  the  porous 
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structure  of  concrete  of  theoretical  velocity  from  loOO  to  2250  feet  per  minute,  whicli 
continually  w.ashed  the  decomposed  cement  into  tlie  dock,  and  brought  new  particles  of 
,’oncrote  and  sea-water  into  contact.  {British  Architect,  July  29,  1887 ; and  Architect, 
March  9,  1888,  p.  16  of  Supplement.)  ^ 

1862<?.  Beton,  or  coucrete,  as  made  in  France,  is  invariably  composed  as  follows:  — 
I.  The  mixture  of  lime  and  sand,  either  by  hand  or  by  a png-mill,  as  for  ordinary  mortar. 
Great  importance  is  attached  to  the  choice  of  the  lime  and  to  the  mode  of  slaking  it;  and 
if  a sufficiently  good  one  cannot  be  obtained,  artificial  puzzuolanas  are  introduced.  The 
mode  of  slaking  is  prescribed  in  the  specification  according  to  the  nature  of  the  lime, 
instead  of  being  left  to  the  choice  of  the  workmen.  II  The  mortar  so  prepared  is  then 
well  mixed  by  rakes  with  broken  stones  or  ballast  in  such  proportions  as  shall  insure  its 
filling  up  the  intervals  between  them;  the  volume  having  been  ascertained  by  immersing 
the  stones  in  a known  quantity  of  water.  These  spaces  are  equal  to  aboiu.  0-38  to  0'46 
of  the  cubical  contents  of  the  vessel;  but  in  practice,  about  one  fourth  more  mortar  is 
added  than  necessary  to  ensure  solidification  of  the  mass,  especially  when  the  heton  is 
intended  to  resist  water  pressure.  Ill,  The  material  is  then  wheeled  to  its  situation,  and 
rammed  down  carefully  until  the  mortar  begins  to  work  up  to  the  surface. 

1862/.  In  an  English  patent,  1859,  No.  2757,  M.  Coignet,  of  Paris,  argues  that  the 
tenacity  of  mortar  is  not  produced,  as  hitherto  supposed,  by  the  formation  of  silicate  of 
lime  and  alumina,  but  by  the  crystallisation  of  lime.  His  concrete,  called  Beton 
Aggloniere,  consists  of  about  180  parts  of  sand,  44  of  lime  produced  by  slaking,  33  of 
Portland  cement,  and  20  of  water,  combined  by  a process  of  two  main  operations : I.  A 
complete  consolidation  of  the  materials  with  little  water;  and  II.,  the  steady  but  not 
violent  compression  of  the  consolidation  in  moulds.  The  cement  is  mixed  wdth  the  sand 
and  lime,  and  sprinkled  whilst  mixing  with  a little  water.  This  mixture  is  thrown  into  a 
machine,  formed  like  an  endless  screw  enclosed  in  a cylinder,  at  the  rate  of  two  shovelfuls 
followed  by  about  a quart  of  water,  until  the  cylinder  is  full.  The  screw,  turned  by  two 
men,  delivers  the  mixture  through  a series  of  holes  in  the  bottom  of  the  cylinder ; but  on 
a large  scale,  a machine  is  used  of  10  to  15  horse-power.  This  mixture,  after  i's  delivery 
from  the  machine,  is  put  by  degrees  into  moulds,  and  each  layer  is  rammed  in  by  work- 
men. He  found  by  experience  that  the  purer  the  lime  the  quicker  was  the  crystallisation  ; 
and  that,  although  pure  hydrate  of  lime  wall  take  carbonic  acid,  silicate  of  lime  and 
alumina  will  not  take  it,  because  silicic  acid  took  the  place  which  carbonic  acid  did  with 
the  pure  lime;  and  frankly  admitted  that  his  first  experiments  in  1855,  in  marine  works, 
had  not  entirely  succeeded,  but  claimed  perfect  success  for  those  at  Marseilles  since  1859, 
and  for  those  executing  (1864)  in  Paris  and  elsewhere. 

1862^.  The  resistance  of  bkon  and  concrete  should  never  be  regarded  as  being  superior 
ilto  those  given  for  limes,  if  the  superstructure  be  commenced  upon  them  immediately.  In 
both  cases  the  resistances  are  found  to  increase  with  comparative  rapidity  during  the  first 
six  or  seven  months. 

CEMENT. 

1863.  Among  those  cements  used  in  England,  also  called  Boman  and  Sheppey 

cement,  was  discovered  in  1796  by  Mr.  James  Parker,  of  Noi’thfleet.  It  was  manufac- 
tured principally  from  stone  found  in  the  Isle  of  Sheppey,  and  at  Harwich,  being 
septaria  from  the  London  clay,  and  properly  classed  among  the  limestones  indigenous  to 
this  country.  It  consists  of  ovate  or  flattish  masses  of  argillaceous  limestone,  arranged 
in  nearly  horizontal  layers,  chiefiy  imbedded  in  the  clay  of  the  cliffs.  It  wms  found  at 
first  on  the  beach,  but  as  it  became  scarcer  it  was  sought  for  by  dredging  out  at  sen. 

; The  substance,  being  coated  with  a calcareous  spar  or  sulphate  of  barytes,  forms  the  basis 
' of  the  cement.  About  1810-15  it  was  found  possible  to  use  this  material  in  the  depth 
of  winter,  but  with  inft  rior  manufacture  this  is  impossible.  In  1840  it  was  stated  that 
“ the  genuine  Sheppey  cement  is  now  almost  only  a name,”  arising  from  the  nodules  first 
found  having  nearly  disappeared  in  consequence  of  the  great  consumption  of  the  cement. 
If  this  cement  be  of  extremely  good  quality,  2 parts  of  sand  to  1 ot  the  cement  may  be 
used.  The  cement  itself  is  a fine  impalpable  powder ; yet  when  we:  ted  it  becomes  coai'se, 
and,  unless  mixed  with  great  care,  it  will  not  take  a good  surface.  AVhen  mixed  wdth 
the  sand  and  water,  it  sets  very  rapidly  ; it  is  necessary,  therefore,  to  avoid  mixing  much 
at  a time,  or  a portion  will  be  lost.  The  colour  of  this  cement,  when  finished,  is  an  un- 
plea‘-ant  dark  brown,  hence  it  has  received  the  name  of  ‘‘  black  cement.”  The  surface 
requires  frequent  colouring  for  appearance.  It  is  impervious  to  water  almost  the  moment 
it  is  used;  hence  it  becomes  highly  serviceable  on  the  backs  of  arches  under  streets,  for 
'the  lining  of  cisterns,  and  for  carrying  up  in  it,  or  coating  with  it,  damp  walls  on  base- 
ment stories.  It  will  not  resist  fire  so  well ; and  it  should  therefore  never  be  employed 
for  setting  grates,  ovens,  coppers,  or  furnaces.  This,  with  many  other  hydraulic  cements, 

ihas  been  eclipsed  by  Portland  cement. 

1834.  Atkinson's  cement  is  a good  material,  preferable  in  colour  to  the  last  named,  but, 
as  we  think,  inferior  in  quality.  It  takes  a much  longer  time  to  set  than  Parker’s  cement, 
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th  »n  wliioh  it  absorbs  more  moisture.  It  answers  well  enough  in  dry  situations.  Vieat 
formed  a factitious  Roman  cement ; but  its  efficacy  was  doubtful,  though  it  had,  for  want 
of  a better  substitute,  been  much  employed  at  Paris.  , 

1864a.  Portland  cement,  the  latest  (about  1843)  of  all  these  cements,  is  made  from 
limestone  and  clay.  The  mud  of  the  river  Medway,  corresponding  to  the  argillo- 
calcareous  stone  of  Roman  cement,  is  mixed  with  chalk  and  ashes  from  former  makings, 
and  calcined  at  a heat  amounting  almost  to  that  of  vitrification.  A larger  quantity  of 
sand  may  be  mixed  with  it  than  with  Roman  cement,  to  which  it  is  superior  in  colour 
and  hardness  of  setting.  The  heaviest,  considered  the  best  in  quality,  weighs  110  lbs. 
to  112  lbs.  per  striked  bushel. 

18645.  The  distinguishing  peculiarities  which  should  render  Portland  cement  a perma- 
ment  substitute  for  Roman  cement  have  been  explained  by  a London  manufacturer  of  both 
materials  (BwiWer,  1863,  p.  761).  It  may  be  condensed  into  the  statement; — That  the  stone 
from  which  Roman  cement  is  made,  though  composed  of  lime  and  the  silicate  of  alumina, 
yet  the  proportion  of  the  latter  preponderates  to  such  an  extent  as  to  prevent  a perfect 
amalgamation  of  the  ingredients  in  burning.  The  result  is  a cement  loose  in  its  texture, 
because  containing  inert  foreign  matter,  which  is  retentive  of  moisture,  and  consequently 
attackable  by  frost  and  vegetable  growth.  In  Portland  cement  the  case  is  otherwise.  The 
dose  of  lime  to  clay  is  in  the  ascertained  correct  proportion  of  two  to  one,  and  with  this 
condition  there  is  the  power  thoroughly  to  combine  the  ingredients  by  burning,  and  thus 
to  give  a density  and  compactness  to  the  product  which,  in  enabling  it  to  resist  water,  frost, 
and  other  decomposing  agencies,  are  the  elements  of  its  durability  and  of  its  superiority 
to  the  natural  cements.  Carelessness,  or  want  of  proper  knowledge  in  its  manufacture  ; an 
improper  mixture  of  the  ingredients  ; an  imperfect  calcination  ; its  bad  manipulation  ; and 
unfair  handling  when  used  as  a cement,  are  all  likely  to  result  in  disastrous  effects  on  being 
used.  When  employed  as  a mortar  or  as  a concrete,  it  has  seldom  been  known  to  fail. 

1864c.  It  is  usual  for  the  manufacturer  to  grind  the  cement  after  burning  it.  It  is 
then  placed  in  w'ell-closed  casks,  which  should  not  exceed  6 cwt.  each,  when  the  cement 
may  be  preserved  for  some  time  ; but  by  contact  with  the  atmosphere  it  is  said  to  abs  »rb 
humidity  and  carbonic  acid,  and  thus  becomes  deteriorated.  It  should  be  ground  very 
fine.  F'or  the  sieve  in  sifting  it,  the  French  engineers  required  185  meshes  to  the  square 
of  4 inches  on  a side.  ' One-third  of  the  volume  of  the  cement  for  the  quantity  of  water 
is  the  best  proportion,  and  the  more  that  the  cement  is  beaten  up,  the  harder  it  becomes. 
The  best  cement  will  harden  in  about  five  or  six  minutes,  and  under  water  in  about  an 
hour;  when  mixed  with  sand  it  takes  aUittle  longer.  When  mixed  with  sea-water,  and 
used  in  sea-water  with  a large  quantity  of  sand,  it  may  take  even  twenty-four  hours 
before  setting.  (See  pars.  18625,  c,  and  d.) 

1864i7.  Tne  resistance  to  rupture  of  pure  cement  after  20  days’  exposure  to  the  air  is 
about  54  lbs.  per  inch  square  ; if  sand  be  added  in  the  proportion  of  ^ to  1 of  cement,  it 
falls  to  37  lbs. ; and  if  it  be  in  equal  proportions,  it  falls  to  27  lbs.  The  permanent  load  in 
any  large  works  should  never  be  more  than  one-sixth  of  that  required  to  produce  rupture: 
and  if  small  materials  be  employed,  only  one-fifteenth  should  be  calculated  upon. 

1864(3.  In  testing  Pordand  cement,  the  Admiralty,  at  the  Chatham  Dockyard  extension 
works,  specified  that  samples  would  be  taken  from  about  one  sack  in  ten,  and  gauged  in 
moulds,  -w'hich,  when  set,  would  be  placed  in  water  and  tested  at  the  end  of  seven  clear 
days.  Each  must  bear  without  breaking  a weight  of  650  ll)s.  upon  the  test-block  of  l^inches 
square  in  section.  In  1878  the  Metropolitan  Board  of  Works  required  the  cement  to  be  I 
of  the  best  quality,  ground  so  fine  that  it  will  pass  through  a sieve  of  fifty  meshes  to  the 
lineal  inch.  It  must  have  a specific  gravity  of  not  less  than  3d,  and  weigh  as  delivered 
114  lbs.  or  more  to  the  imperial  striked  bushel.  When  brought  upon  the  works  it  is  to 
be  put  into  dry  sheds  or  buildings,  which  the  contractor  is  to  provide  for  the  purpose, 
having  wooden  fioors  and  all  necessary  subdivisions.  The  cement  is  to  be  emptied  out 
upon  this  floor,  every  fifty  bu‘hel«  being  kept  separate,  and  is  not  to  be  used  until  it  has 
been  tested  by  samples  taken  out  of  every  tenth  sack.  The  samples  to  be  gauged  neat 
in  moulds,  put  into  water  24  hours  after  the  briquettes  have  been  made,  and  remain  till 
tested,  to  bear  w’ithout  breaking  a weight  of  400  lbs.  per  square  inch  7 d iys,  and  600  lbs. 

28  days  after  they  have  been  made.  The  first  to  be  considered  as  preliminary,  and  the 
second  as  decisive.  Mr.  John  Grant’s,  C.E.,  specification  is  of  a more  extended  character, 
and  includes  the  quality  of  sand.  The  briquettes  with  three  of  sand  to  bear  a weight  of 
150  lbs.  per  square  inch  after  28  days. 

1864/.  With  cement  at  112  lbs.  per  bushel,  a cubic  foot  weighs  87‘13  lbs.,  a cubic  yard 
2,352-6  lbs.,  and  a ton  occupies  a space  of  25‘7  cubic  feet. 

1864^.  With  this  cement,  the  ordinary  proportions  for  walls  may  be  1 to  12  of  gravel  for 
common,  and  1 to  6 of  slag  and  sand  for  facing,  concrete.  A cubic  yard  of  concrete  takes 
about  li  yard,  or  31^  cubic  ft-et,  of  loose  gravel,  exclusive  of  the  cement,  as  made  in  a 
gauge  or  measuring-box.  One-twelfth  of  31|  cubic  feet,  or  a little  more  than  2|  feet  cube, 
goes  to  each  eauge,  and  is  easily  calculated  and  prepared  ; or  218  lbs.  by  weight,  if  the 
cement  weighs  112 lbs.  per  bushel.  For  making  good  solid  concrete,  there  should  be 


Jhap.  II. 


CONCRETE  AND  CEMENT. 


643 


ufficient  sand  to  fill  up  the  interstices  between  the  stones;  one-third  of  the  entire  bulk, 
r one-half  of  the  shingle,  is  required  f.jr  tlie  sand — a point  not  so  ofteniattended  to  as 

should  be.  Plenty  of  water  is  advocated  for  the  mixing;  and  for  making  a good  face 
(rainst  a wood  shutter  it  is  essential  that  the  concrete  should  be  wet. 

^1864A.  Concrete  constructions  are  described  under  Bkicklaying. 

I864i.  Strength  of  mntkls  of  various  compositions,  each  6 inches  deep,  4|  inches 
•ide,  and  3 feet  6 inches  long,  28  days  after  manufacture ; 3 feet  clear  space,  and  loaded 
radiially  in  the  mi(’dle  (see  par.  1903.r)  ; — 

Brown  Portland  stone  broke  wRh  1905  lbs. 

White  ditto „ 1420  „ 

Burnt  clay  ballast  concrete  - - - - - ,,  1413,, 

Coke  breeze  - - - - - - - - „ 1119,, 

Pit  gravel  ballast  - - - - - - - „ 101G„ 

'hese  three  were  composed  of  1 of  cement,  4 of  core,  1 piece  of  hoop  iron  1^  inches  by 
- thick  in  middle. 

'*  Box  ground  Bath  stone  ------  broke  with  476  lbs. 

Corshani  Down  ditto  ------  - ,,  357  ,, 

18f4;'.  A natural  cement  deposit,  of  very  large  extent,  has  been  worked  at  Barrington, 
’ambridgeshi re,  where  it  is  found  from  13  feet  to  21  feet  in  thickness,  immediately  under 
le  surface.  It  is  considei-ed  as  giving  the  material  for  the  best  quality  of  cement  and 
me,  and  it  can  be  manufactured  at  about  half  the  cost  of  the  usual  system  (1887). 

1865.  Hamclins  mastic  cement,  though  patented  of  late  years,  is  an  invention  of  P. 
,oriot,  a century  old  ; the  medium  for  mixing  the  pounded  brick-dust,  limestone,  and  sand, 
i oil  instead  of  water.  It  is  much  more  difficult  to  use  than  the  other  cements,  and  re- 
uires  great  experience  and  care.  A coat  of  it  should  never  exceed  one  quarter  of  an  inch 

I thickness;  hence  it  is  totally  unfit  for  working  mouldings  in  the  solid.  In  the  metro- 
olis  it  is  generally  used  in  a very  thin  coat  over  a rough  coat  of  Roman  cement,  in  which 
ise  it  is  rarely  more  than  an  eighth  of  an  inch  thick.  Thus  used,  it  presents  a 
eautiful  surface,  is  durable,  but  it  requires  to  be  painted  as  oiteu  as  do  the  other 
ements. 

1866.  Keene's  cement  is  obtained  by  soaking  plaster  in  alum  water  after  a first  calci- 
ation  ; it  is  then  kiln-burnt  a second  time  and  ground.  It  is  in  reality  only  a plaster, 

ijnd  is  capable  of  being  worked  to  a very  hard  and  beautiful  surface.  Martin's  patent 
reproof  and  ornamental  cement  is  a plaster  of  somewhat  similar  make,  and  equally  good- 
joking.  It  is  manufactured  in  three  qualities,  coarse,  fine,  and  superfine.  It  is  said  to 
e used  with  greater  facility  by  workmen  than  any  other  cement  yet  produced,  requiring 
nly  about  an  hour  to  set,  which  is  less  by  one-half  the  time  of  other  cements.  It  appears 
D be  chiefly  prepared  at  Derby.  Parian  cement  (Keating's  patent)  is  also  composed  of 
ypsum,  but  mixed  with  borax  (borate  of  soda)  in  powder,  and  the  mixture  calcined  and 
[('round.  A fine  quality  produces  a hard  scagliola  imitation  of  marble.  When  applied 
b old  brick  or  plastered  work,  as  in  repairs,  these  cements  muy  be  papered  or  painted 
,ipon  in  about  18  or  24  hours  after  execution.  But  on  new  work  time  must  be  given  for 
ny  eflfloresceLce,  or  damp,  to  disengage  itself 

II  1866a.  John's  iMtent  feimancnt  stucco  wash,  stucco  cement,  and  stucco  faint,  were 
Introduced  about  1843.  As  a paint  it  is  cheap,  durable,  agreeable  in  colour,  and  finis  es 
lithout  a gloss.  It  gives  out  no  deleterious  exhalations  or  odour  in  drying,  and  it  is 
tated  that  as  the  oil  cannot  evaporate  (?),  but  is  h^ld  in  intimate  and  indissoluble  union 
>ith  the  other  materials,  there  can  be  no  decay,  an  objection  to  which  oil  mastic  is  so 
iable.  It  requires  no  driers  or  turpentine,  and  is  applicable  both  for  outside  and  inside 
york.  The  cement,  which  is  stated  not  to  deteriorate  wiih  age,  is  packed  in  casks,  and 
equires  to  be  mixed  with  3 parts  of  good,  sharp,  clean  sand  to  make  a stucco,  its  appli- 
ation  for  which  is  the  same  as  for  any  other  stucco.  It  adheres  well  to  glass,  iron,  slate 
nd  tiles  in  roofing,  wood,  old  plaster,  or  Roman  cement.  When  stt  it  is  hard,  and  im- 
>ervious  to  wet  and  damp.  One  coat  of  its  own  paint,  which  it  will  take  after  twenty-four 
lours,  is  sufficient.  Mouldings  may  be  ruu  in  it,  and  castings  made. 

18665.  A cement  which  will  withstand  a moist  climate,  is  stated  to  be  composed  of  one 
)ushel  of  lime  with  15  gallons  of  water  and  half  a bushel  of  fine  gravel  sand,  mixed  wita 
lo  lbs.  of  copperas  dissolved  in  hot  water,  and  kept  s:irred  while  bi-ing  incorporated  and 
u use.  Sufficient  should  be  made  for  the  day  during  wdiich  it  is  to  be  used,  as  the  colour 
s not  eas  Iv  matched.  The  Bristol  Purimachos  cement  is  new,  and  is  stated  to  be  an 
iffectual  fire-resisting  marnrial,  uniting  readily  with  a metal,  brick,  stone,  oiTike  surface, 
ind  forming  a permanent  joint,  impervious  to  air,  gas,  smoke,  &c.  It  renews  biirnt-ont 
parts  of  fire-brick  without  any  taking  down  and  rebuilding.  It  repairs  cracked  and 
Ijioled  iron  boilers,  ovens,  stoves,  pipes,  &c.  Used  as  a wash,  it  imparts  a smooth  glazed 
surface  to  the  interior  of  retorts  of  gas  w'orks.  It,  may  for  many  purposes  be  used  instead 
l,)f  white  or  red  lead  in  making  joints  subject  to  the  action  of  fire.  Other  similar  materials 
kvill  be  noticed  s.  v.  Pj.Asri;KEit. 
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18G6c.  Gypsum,  bet.er  known  as  Piaster  of  Paris,  is  a sulpliate  of  lime  It  is  foinulat 
Alst<  n,  in  Cumberlaiul  ; at  Shoto  ver  Hill,  ()xfordsl)ire  ; at  Or--ton,  near  Grantliani  ; in 
Nottiiigham'-hire,  in  Derbyshire,  and  in  Cheshire  ; in  France,  in  tlie  neigliboiirlinoH  of 
Paris,  chiefly  at  Montmartre  ; and  in  the  departments  of  the  Saone.  Loire,  of  the  Rhone, 
and  of  many  otliers  ; and  in  Tuscany,  Savoy,  Spain  and  Switzerland;  in  some  parts  of  the 
British  Colonies  of  North  America,  wherefrom  it  is  exported  principally  to  the  United  States. 
The  stone  is  broken  into  small  blocks,  and  burnt  in  a walled  space  with  openings  in  tlie 
tiled  roof  to  let  out  the  steam.  After  its  water  of  crystallization  is  driven  olf,  it  becomes 
pidverulent  and  like  flour.  On  fresh  water  being  added,  it  combines  with  the  normal 
quantity  of  water,  and  reassumes  the  form  of  a hydrate,  recovering  its  original  density  and 
strength  to  a very  great  degree.  A heat  of  about  200°  centigrade  is  sufficient.  The 
London  manufacturers  adopt  a kind  of  oven  for  burning  the  stone,  which  prevents  tlie 
smoke  from  injuring  the  plaster.  In  France  it  has  been  proposed  to  throw  a jet  of  steam 
beaten  above  400°  Fahr.  over  the  stone,  wdiich  is  broken  very  much  smaller  than  usual ; 
this  jet  takes  up  all  the  wati.r  present,  and  leaves  tlie  ])laster  in  the  state  of  a pure  anliy- 
drons  sulphate  of  lime.  'I'l  e plaster  obtained  from  Paris  is  considered  the  best  of  all  in 
quality,  probably  arising  from  the  fact  that  the  stone  is  the  hardest.  Gypsum  .swells  in 
setting  in  contradistinction  to  the  cements,  which  generally  shrink.  The  specific  gravity  of 
pure  gypsum  may  be  taken  at  2‘3_2  ; and  its  constituent  parts  to  be  sulphuric  acid  46, 
lime  32,  and  water  21.  (See  Guossakv,  s.  v.) 

1867.  The  best  ce/iie«/s  are  obtained  from  the  natural  asphulte,  which  is  found 

in  large  quantities  on  the  shores  of  the  Dead  Sea  ; in  Albania  ; in  'Frininad  ; at  Lobsann, 
and  Bekelhronn,  in  the  department  of  the  Bas  Rhin;  in  the  dtpartment  of  the  Buy  de 
Dbiiie  ; at  Gaugcac  in  that  of  the  Landes,  &c.  The  asphalte  which  is  found  in  inex- 
haustible quantities  at  Pyrimont  Seyssel,  in  the  Jura  Mountains,  in  the  department  of  tlie 
Aire  in  France,  was  introduced  into  England  about  18.38,  under  Claridge’s  patent.  Tlie 
principal  ingredient  in  its  composition  is  a bituminous  limestone,  of  a rich  brown  colour. 
After  it  has  been  reduced  to  a fine  powder,  a certain  portion  of  grit  is  mixed  with  it;  it 
is  tlien  placed  in  cauldrons  heated  by  strong  fires  with  a sufficient  qtiantity  of  tnine-al  tar 
to  prevent  the  asphalte  from  calcining.  The  whole  mass  is  thoroughly  incoriiorated  and 
reduced  to  a mastic,  in  which  state  it  is  run  into  moulds  to  form  blocks,  each  1 foot 
6 Indies  sijuare,  6 inches  in  depth,  and  weighing  125  lbs. 

1867a.  The  mastic  is  of  tliree  qualities,  fine,  gritted,  and  coarse  gritted.  I'lie  first, 
being  without  any  admixture  of  grit,  is  used  for  magazine  flours,  and  as  a Ccinent  lor 
making,  in  special  cases,  very  close  joints  in  brickwork.  II.  The  fine  gritted  is  used  for 
covering  terraces,  roofs  and  arches,  lining  of  tanks,  and  as  a cement  for  brickwork,  and  for 
running  the  joints  of  stones.  III.  The  coarse  gritted  is  used  for  paving  and  flooring,  and 
wliere  great  strength  of  work  is  desirable,  such  as  gun-slied  floors,  tun-room  floors,  a..d 
margins  of  stable  floors;  while  in  gateways  for  iieavy  carriage  traffic,  small  pieces  of 
granite  cliippings  are  introduced.  These  mastics,  and  more  particularly  the  first  two,  being 
ductile  and  readily  yielding  to  any  change  that  may  take  place  on  the  surfaces  upon  which 
they  are  laid,  require  a proper  foundation  to  lie  prepared. 

18675.  Wlien  reipiired  for  use,  an  iron  cauldron  having  been  prepared,  2 lbs.  of  mineral 
tar  are  juit  in  and  then  56  lbs  of  asphalte  broken  into  pieces  of  not  more  than  1 lb.  in 
weight.  Tlie.se  are  mixed  together  until  the  asphalte  becomes  soft.  After  a quarter  of  an 
hour  the  stirring  is  repeated,  and  another  56  lbs.  of  asphalte  added,  and  so  on  until  a propor- 
tion of  112ll.'s.  of  asphalte  to  each  lib.  of  tar,  under  ordinary  circumstances,  fills  the 
cauldron  and  the  whole  is  thoroughly  melted.  When  fit  for  use  the  asphalte  will  emit  jets 
of  light  smoke,  and  freely  drop  from  tlie  stirrer. 

1867c,  It  will  be  well  to  note  that  it  is  stated  asphalte  never  flames,  but  merely  passes 
into  a state  of  fusion.  At  the  fire  at  Hambuig  in  1842,  it  was  remarked  that  when  as- 
plialted  roofs  fell  in,  ‘‘the  asphalte,  in  which  a sort  of  rubble  is  mixed  up,  was  found  to  have 
resisted  the  efifjcts  of  the  heat,  and,  like  a mass  of  dirt,  served  ratlier  to  smother  the  flames 
than  to  give  them  increased  vitality.”  A like  result  is  recorded  of  a fire  that  took  place  at 
the  Bazaar  Bordelais,  at  Bordeaux,  in  1835;  of  another  in  Stangate,  London,  in  1855; 
and  experiments  were  made  by  order  of  the  authorities  of  the  British  Museum  before 
this  material  was  allowed  to  be  applied  to  the  snow  gutters  of  the  dome  of  the  new  Reading 
Room  and  other  roofs,  with  a satisfactory  result.  Notice  is  not  generally  taken  of  the  fact 
that  if  in  works,  asphalte  or  tar  be  used  in  places  where  it  may  be  affected  by  heat,  a 
smell  ari.ses  which  is  very  prejudicial  to  the  comfort  of  the  occupiers  of  the  building. 

I867d.  The  term  asphalte  has  also  been  given  to  several  compositions  formed  by  the 
admixture  of  chalk,  lime,  gas  tar,  and  other  sulistances  for  cheapness.  The  coal  tars,  and 
vegetable  pitch,  although  not  so  good  as  the  bitumen.s,  are  fairly  good  substitutes  in  many 
cases,  as  in  coating  vaults,  or  walls  exposed  to  the  daiujiness  of  earth.  'Fhe  proportions  in 
which  to  mix  powdered  calcareous  stone  must  be  regulated  by  practice,  as  also  the  heat, 
tliat  tlie  stone  be  not  co.iverted  into  quicklime,  perha]is  from  6 to  7 of  the  pitch  in 
volume  to  I of  limestone  will  suffice  ; and  it  is  recommended  to  use  these  in  greatea 
Uiickness  than  the  asphalte,  being  about  half  an  inch  for  the  latter  material. 
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1868.  Glass  is  a combination  of  silex  with  fixed  alkali,  generally  soda.  The  mixture 
vlien  calcined  receives  tl)c  name  of  frit,  which  after  the  removal  of  all  its  impurities,  is 
conveyed  to  the  furnace  and  melted  in  large  pots  or  crucibles  till  the  wliole  mass  becomes 
>eautifully  clear,  and  the  dross  rises  to  the  top.  After  being  formed  into  the  figures  re- 
piired.  it  is  annealed  or  tempered  by  being  placed  in  an  appropriate  furnace.  The  fineues.s 
lepends  on  the  purity  and  proportion  of  the  ingredients.  An  exiremely  fine  cry.stal  glas8 
s obtained  i'rom  16  parts  of  quartz,  8 of  pure  potash,  6 of  calcined  borax,  3 of  Hake  wliite, 
,nd  1 of  nitre.  The  specific  gravity  of  glass  is  about  2600;  of  Frencli  plates,  28^0;  of 
English  flint  glass,  3320.  Glass  is  extremely  elastic,  and  less  dilatable  by  heat  than 
netallic  substances. 

1868a.  Four  pieces  of  the  common  sort  of  glass  being  cut  from  one  strip,  each  piece  was 
i inches  wide,  6 inches  long,  a.id  4 inches  thick.  In  the  trial  of  strength  they  were  caleu- 
ated  out  at  a standard  size,  and  gave  17,208  lbs.,  15,435  lbs.,  14,931  lbs  , and  11,385  lbs.  ; 
he  mean  being  H, 931  lbs.  This  great  difference  is  the  more  singu  ar  from  the  circum- 
tance  of  all  tlie  pieces  being  cut  from  tlie  same  plate.  Tlie  weiglit  of  the  glass  at  a size 
f 9'0  X 4'5  X 3,  all  in  inches,  would  be  11T2  lbs.  Sheet  glass  is  stated  to  l)C.  stronger  than 
lute  or  crown  glass,  but  less  flexible.  The  c oinpressive  strength  of  glass  is  about  12^  tons 
ler  square  inch.  'The  resistance  of  glass  to  a crushing  force  is  about  12  times  its  resistance 
) extension. 

1869.  Pliny  gives  the  following  account  of  the  discovery  of  manu'actu' ing  glass,  which 
.•as  well  known  in  Aristotle’s  time,  350  b.  c.  “A  merchant  vessel,  laden  with  nitre  or 
jssil  alkali,  being  driven  on  the  coast  of  Palestine,  near  the  river  Belus,  tlie  crew  acciden- 
illy  supported  tlie  kettles  on  whicli  they  dried  their  provisions  on  pieces  of  the  fossil 
Ikali ; the  sand  about  it  was  vitrified  by  its  union  with  the  alkali,  and  produced  glass.” 
riiough,  according  to  Bede,  artificers  skilled  in  making  glass  were  brought  into  England 
a 674,  glass  windows  were  not  generally  used  here  till  1180,  and  were  for  a considerable 
ime  e.steemed  marks  of  great  magnificence. 

1870.  The  manufacture  of  window  glass  during  the  last  thirty  years  has  undergone 
ntire  alteration,  esjiecially  since  the  abolition  of  the  excise  duty  in  18-15.  There  are  now 
hree  special  kinds  of  glass  used  for  glazing  j)urposes,  and  several  varieties  of  them  : 

1870a.  1.  Crown  glass,  which  is  blown  into  large  globes  and  opened  out  into  circular 
» |at  tables.  II.  glass,  which  is  blown  into  long  cylinders  or  invffa-,  then  split  down 

nd  flattened.  III.  Plate  glass,  which  is  either  cast  on  iron  tables  for  large  purposig,  and 
^^olished;  or  for  smaller  squares,  blown  into  a cylinder  and  polished 

1871.  Crown  gla--s,  the  commone.st  window  glass,  differs  from  Hint  glass  in  its  containing 

0 lead  or  any  metallic  oxide  except  manganese,  and  sometimes  oxide  <jf  cobalt,  in  minute 
ortions,  for  correcting  the  colour,  and  not  as  a flux.  It  is  compounded  of  sand,  alkali, 
ither  potash  or  soda,  the  vegetable  ashes  that  contain  the  alkali,  and  generally  a small 
“ortion  of  lime.  To  facilitate  fusion,  a small  dose  of  ar.se.ric  is  frequuitly  added.  Zafifre 

r oxide  of  cobalt,  in  the  proportion  of  1 ounce  for  lOCO  pounds,  is  added  to  correct  the 
olonr;  but  when  the  sand,  alkali,  and  lime  are  very  fine,  and  no  other  ingredients  are 

1 sed,  zafifre  is  not  required  Its  manufacture  is  conducted  diderentlv  from  that  of  flint- 

lass  articles,  the  object  being  to  produce  a large  flat  thin  plate,  which  is  afterwards 
y the  glazier’s  diamond  cut  into  the  requisite  shape.  It  is  blown  in  circular  plates,  \aiy- 
.g  fiom  3 feet  6 inches  to  4 and  5 feet  diameter:  the  imocess  is  as  follows: — 'Ihe 

(workman,  having  a sufficient  mass  of  melted  metal  on  his  blowpipe,  rolls  it  on  an  iron 
'late,  and  then,  swinging  it  backwards  and  forwards,  causes  it  by  its  own  gravity  to 
jrm  into  a globe,  which  is  made  and  brought  to  the  required  thinness  by  blowing 
■ ith  a fan  of  breath,  which  persons  accustomed  to  the  work  know  how  to  manage.  The 
ollow  globe  is  then  opened  by  holding  it  to  the  fire,  which  expanding  the  air  confined 
itliin  it  (the  hole  of  the  blowpipe  being  stopped),  bursts  it  at  the  weakest  part,  and  while 

till  soft  it  is  opened  out  into  a flat  plate  by  centrifugal  force  ; and  being  disengaged  front 
he  red.  a tliick  knolt  is  left  in  its  centre.  It  is  then  placed  in  a furnace,  or  in  a certain 
art  of  the  furnace  to  undergo  the  ])rocess  of  annealing.  When  the  table  is  cut  for  use, 
he  centre  part  in  which  the  knob  remains  is  called  hnoh-ylass,  and  is  used  only  for  the 
cry  commonest  purposes.  Tables  are  now  made  of  such  a size  that  squares  may  be  pro- 
ured  38  inches  by  24  inches  as  e,xtra  sizes. 

1871a.  The  qualities  of  crown  glass  in  common  use  are  called  l)est,  seconds,  thirds,  and 
aurths  or  coarse  ; with  two  still  coarser.  The  last  is  of  a very  green  liue,  and  only  used 
or  inferior  buildings.  They  were  sold  by  the  crate,  at  t'  e same  price,  the  difference  being 
lade  up  by  varying  the  number  of  the  tables  contained  in  it.  Thus  a crate  of  best  crown 
lass  contained  twelve  tables  ; of  seconds,  a crate  contained  fifteen;  and  of  thirds,  eighteen 
abies.  They  are  now  sold  (by  Messrs.  Hartley)  in  crates  of  eighteen  tables  of  the  usual 
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tliicknoss  averaging  53  inches  ; and  in  crates  of  twelve  tables  of  extra  tliickness  averagiii{:» 
52  inches.  Flattened  slabs  of  the  same  qualities  are  sold  in  crates  of  thirty-six  slabs  of  the 
usual  thickness,  and  in  crates  of  twenty-foar  slabs  of  extra  tbickne,ss,  eacli  averaging 
24  inches,  inches,  and  21 1 inches.  The  flattened  slab  is  also  made  as  ‘ obscured  ’ glass. 
The  sizes  of  both  qualities  vary  from  ‘ quarries  ’ ; under  9 by  7 ; up  lo,  above  feet,  and 
not  above  5 feet  superficial,  i'aking  the  usual  tiiickmss  of 


Best 

as 

CO 

extra  thickness 

150 

Seconds 

„ 

90 

135 

Thirds 

65 

110 

Fourths 

50 

85 

CC  and  CCC 

43  and  40 

63  and  50  (Adcock). 

!.  Sheet  glass 

has  been 

manufactured  in 

England  with 

great  improvements  since 

1832  to  1838  by  Messrs.  Chance  and  Hartley,  with  the  co-operation  of  M.  Bonteinps,  of 
Paris.  Though  inferior  in  colour,  this  gla.ss  is  in  other  points  generally  superior  to  that  of 
the  foreign  mamifacture.  It  is  composed  of  the  same  or  similar  materials  to  the  above,  in 
well  ascertained  proportions,  and  with  sulphate  of  soda  to  give  whiteness.  In  the  manufac- 
ture of  sheet  glass  a sufficient  quantity  of  the  metal  is  collected  at  the  extremity  of  a blow. ' 
])ipe,  and  then  lengthened  by  swinging  and  blowing,  till  it  acejuires  the  form  of  a hollow 
cylinder,  which  is  then  detached,  the  neck  being  cut  off  with  a thread  of  hot  glass;  and  I 
one  side  of  the  cylinder  is  cut  down  lengthwise  with  a heated  iron  or  diamond.  It  is  then  I 
taken  to  the  flattening  kiln,  where  the  heat  causes  it  gradually  to  open  nearly  flat  on  abed 
called  laryre,  where  it  is  rubbed  down  by  means  of  a block  of  wood  called  a polissfdr,  and 
then  becomes  flattened  sheet.  After  this  operation  it  is  placed  in  the  annealing  oven  to  ^ 
cool  gradually.  This  operation  is  referred  to  by  the  monk  Theophilus,  who  wrote  about 
the  end  of  tlie  twelfth  century  or  later,  as  in  use  in  his  time.  The  method  was  also  em- 
ployed by  the  Venetians  especially  for  coloured  glass,  as  it  secured  uniformity.  But  on  the 
ce.ssation  for  its  demand,  the  employment  of  the  cylinders  was  entirely  superseded  in  France, 
England,  and  the  North  of  Germany,  for  the  rotary  principle. 

1872a.  The  great  advantage  of  sAeet  glass  is  that  of  affording  plates  of  larger  dimensions,  ^ 
and  not  only  of  avoiding  the  waste  arising  from  the  circular  form  of  the  crown  tables,  hut  || 
also  from  tlie  knob  or  bull’s  eye  in  the  centre.  The  surface,  however,  is  much  less  bril-  | 
liant  than  that  of  crown  glass,  and  is  more  wavy  and  undulated.  Messrs.  Chance,  in  ,i 
1838,  introduced  a thicker  (juality  of  sheet  glass,  which  vyas  at  the  same  time  of  a better 
surface,  and  since  then  its  use  has  become  general.  [ 

18725.  In  1840  the  same  firm  introduced  a new  variety  of  window  glass  under  the  name  i 
of  patent  plate,  which  they  obtained  from  a tb.ick  sheet  glass  by  a new  process  of  grinding  |j 
and  polishing.  They  made  plates  of  several  degrees  of  thickness,  and  of  sizes  containing 
from  8 to  12  feet  superficial.  The  surface  of  the  glass  obtained  by  this  process,  though 
not  perfectly  true,  is  very  nearly  so ; and  in  brilliancy  it  is  unsurpassed  even  by  cast  plate. 
For  glazing  sashes  it  has  nearly  superseded  crown  and  sheet  glass.  But  for  squares  of  J 
somewhat  large  dimensions,  it  may  be  calculated  whether  plate  glass  will  not  be  as  cheap  | 
or  cheaper.  ,, 

1872c.  As  will  be  perceived  by  the  above  short  account  of  the  mode  of  manufacture  of  ! 
glass,  its  size  is  almost  only  limited  by  the  strength  of  the  workman.  It  is  chiefly 
sold  in  crates  as  manufactured,  in  sheets  of  not  less  in  width  than  28  inches,  and  not  less 
than  9 feet  superficial  area ; with  a limit  of  width  not  exceeding  45  inches,  and  a limit  of  ;< 
length  not  exceeding  75  inches ; but  these  extremes  of  width  and  length  cannot  be  com-  0; 
bined  in  the  same  sheet.  Thus  in  glass  of  15  ounces  to  the  foot,  the  dimensions  55  by  h 
36  inches,  or  12^  feet  in  area,  is  the  largest  plate.  In  21  ounce  glass,  75  by  45  inches,  or  • 
18  feet  area:  in  26  ounce  glass,  75  by  45  inches,  or  1 7 feet  area:  in  32  ounce  glass,  65  by  ! 
44  inches,  or  15  feet  area  : in  36  ounce  glass,  60  by  42  inches,  or  12^  feet  area  : and  in  41  ■■■'. 
ounce  glass,  55  by  38  inches,  or  11  feet  area.  The  four  first  weights  are  made  in  qualities  d 
of  best,  seconds,  thirds  and  fourths  ; and  the  two  first  have  two  qualities  A and  B for  pic-  . 
tures.  There  is  no  fourth  quality  to  the  two  last  named  weights.  All  these  sorts  are  cut  J 


into  squares  for  glazing. 

\S12d.  Fluted  sheet  gX-ASS.  15  ounce  and  21  ounce  is  usually  supplied  in  crates  not 
above  43  inches  long  ; but  it  is  made  up  to  50  inches  in  length.  Obscured  sheet  ylass  is  it 
supplied  in  all  substances.  i 

1873.  Patent  plate  glass,  already  described  {par.  18725.)  is  made  in  three  qualities, 

B or  best,  C or  second,  and  CC  or  third,  quality.  Each  of  these  are  of  four  kinds,  known 
as  No.  1,  which  is  of  an  average  thickness  of  ^'gth  of  an  inch,  and  is  of  an  average  weight 


of  13  ounces  to  the  foot;  No.  2 is^igth  thick,  and  17  ounces;  No.  3 is  j'gth,  and 


21  ounces;  and  No.  4 is  ^th,  or  24  ounces  to  the  foot.  No.  4 B is  thus  the  very  best 
quality  made  ; the  prices  for  the  size  required  vary  hut  about  one  or  two  pennies  per  foot  , 
in  each  kind;  and  from  threepence  to  sevenpence  in  each  quality.  They  are  manufactured  J" 
in  sizes  from  4 to  13  feet  in  area,  not  above  50  inches  long,  or  36  inches  wide. 

1874.  German  sheet,  or  Belgian  sheet  glass,  as  it  is  sometimes  called,  was  formerly  in 
much  demand  in  England;  and  is  still  used  for  cheapness.  Its  ai'pearance  is  more  wavy 
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and  speckled  tlian  the  English  manufacture.  Crystal  white  sheet  for  glazing  pictures 

a.'.d  prints,  is  iiuported  from  Florence  in  cases  of  100,  200  and  300  feet,  in  first,  second 
iind  third  qualities,  and  appears  superior  to  other  glass  in  whiteness,  but  it  has  the  defect 
of  ‘ sweating.’  Similar  named  glass  for  such  purposes  made  by  Messrs.  Chance,  appears 
to  us  to  be  very  green,  and  therefore  detrimental  to  prints  and  pictures;  but  on  the  other 
hand  it  d >es  not  sweat. 

1875.  Plate  glass  is  so  called  from  its  being  cast  in  large  sheets  or  plates.  Its  consti- 
tuent parts  are  white  sand,  cleansed  w'th  purified  pearl-ashes,  and  borax.  If  the  metal 
should  appear  yellow,  it  is  rendered  pellucid  by  the  addition,  in  equal  small  quantities,  of 
manganese  and  arsenic.  It  is  cast  on  a large  horizontal  table,  and  all  excrescences  are 
pressed  out  by  passing  a large  roller  over  the  metal.  To  polish  it,  it  is  laid  on  a large  hori- 
rontal  block  of  freestone,  perfectly  smooth,  and  then  a smaller  piece  of  glass,  fastened  to  a 
plank  of  wood,  is  passed  over  the  other  till  it  has  received  a due  degree  of  polish.  For  the 
purpose  of  facilitating  the  process,  water  and  sand  are  used,  as  in  the  polishing^  of  marble; 
md  lastly,  Tripoli,  smalt,  emery,  and  putty,  to  give  it  lustre;  but  to  afford  the  finishing 
)olish  the  powder  of  smalt  is  used.  E\cej)t  in  the  very  largest  plates,  the  workmen  polish 
;heir  glass  by  means  of  a plank  having  four  wooden  handles  to  move  it,  and  to  this  plank 
i plate  of  glass  is  cemented. 

1876.  For  the  unsilvered  polished  plate  gla^s  for  mirrors  there  are  two  qualities, 
.•cond  and  best.  The  Paris  factory  supplied  in  1865  two  looking  glasses  for  the 
Mayor’s  room  in  the  Town  Hall  at  Liverpool,  each  15  feet  by  10  feet.  Pulished plate 

s manufactured  for  general  glazing  purposes  up  to  about  80  feet  superficial,  of  t\vo  quali- 
ies,  usual  and  best.  The  usual  thickness  is  a quarter  of  an  inch  ; higher  prices  are 
harged  for  glass  selected  to  be  cut  above  .j^gths.,  ^®gths.,  and  ^ths.  thic  k ; while  for  above 
ths.  thick,  special  prices  are  charged.  The  best  quality  is  declared  to  be  of  the  very 
)urest  colour,  free  from  specks,  and  not  subject  to  dampness  or  sweating. 

1877.  Rough  plate  glass,  cast,  is  used  for  roofing,  in  skylights,  windows,  &c.,  in  plates 
rom  not  above  20  inches  long,  to  above  120  inches  long,  in  thicknesses  of  J,  i,  |,  inch,  1 
nd  flinch  ; but  these  thicknesses  have  certain  limited  lengths.  The  widths  are  the  same 
s for  plate  glass.  This  glass  is  not  ground  or  polished,  but  rough  from  the  table,  and 
howing  the  table  marks  on  its  underside. 

1878.  The  patent  rough  plate  glass,  which  is  also  cast,  must  not  be  confounded  with  the 
hove.  It  is  extensively  used  for  ridge  and  furrow  roofs,  conservatories,  manufactories, 
kylights,  workshops,  and  other  places  where  “obscured”  glass  is  reejuired  to  intercept  the 
ision  without  diminishing  tlie  light.  Blinds  are  unnecessary,  and  when  it  is  used  in  green- 
louses,  no  scorching  of  the  plants  occurs.  The  quality  known  as  |th.  of  an  inch  thick, 
veighing  about  2 lbs  , or  32  ounces  to  the  foot,  is  usually  provided  for  these  purposes,  and 
s no  more,  weight  for  weight,  than  common  crown  glass.  W hen  greater  strength  is  re- 
quired, fgths.  and  ^ inch  thick  is  said  to  be  cheaper  and  of  a finer  quality  than  the  common 
ough  plate  ; but  we  demur  to  this  statement,  as  of  late  years  the  manufacture  appears  to 
liave  decreased  in  strength  from  the  greater  use  of  sand  for  cheapness;  in  moveable  window 
Tames  in  M'^arehoiises,  a lamentable  quantity  of  broken  squares  is  to  be  seen  almost  before 
he  floors  are  occupied. 

1878cz.  This  glass  is  nude  of  two  kinds;  I.  Pla’n,  which  Is  merely  marked  by  the  fine 
rain  of  the  casting  table,  and  is  that  above  noticed;  and  II.  Fluted,  of  two  sorts.  No  1, 
arge  pattern,  having  flutes  to  tl  e inch  ; and  No.  2,  small  pattern,  having  12  flutes  to 
he  inch.  Both  the  plain  and  tl  e fluted  kinds  are  made  gth.  ^^gths.  |ths.  and  A inch  in 
hickness.  The  width  is  about  3 feet,  and  the  length  usually  not  above  70  inches  ; but 
5,  90,  and  100  inchi  s long  are  also  made.  When  a clear  glass  and  much  non-transparency 
re  required.  No.  2 fluted  is  the  best. 

1879.  Quarry  glass  h also  made  in  this  material ; No.  1 being  6 inches  by  4|th  Inches 
•om  point  to  point  ; No  2 being  3 inches  by  Ve  inch.  A St  lined  ornamented  patent  quarry 
ough  plate  is  made  for  churches,  chapels,  schools,  &c.  A patent  diamond  rough  plate  glass 
5 also  manufactured.  A patent  rough  plate,  and  sheet, /?cr/ora^ec/ glass,  polished  or  un- 
olished,  for  ventilation,  can  be  obtained  in  sizes,  which  require  consideration  in  arranging, 
n account  of  the  length  of  the  slits  or  perforations.  It  is  usually  made  in  columns  1.J 
iches  wide,  and  2^  inches  apart;  the  space  between  each  slit  vertically  being  inches, 
-arger  sizes,  or  the  columns  wider  apart,  can  be  obtained  from  various  manufacturers,  or 
3 order. 

1880.  Many  other  applications  of  glass  will  be  noticed  in  the  ensuing  chapter, 
must  here  state  that  the  details  given  in  this  section  are  founded  upon  the  price 

st  issued  by  Messrs.  Hartley,  of  Sunderland,  and  would  state  our  regret  that  the  manu> 
uturers  have  not  deemed  it  advisable  for  their  own  interest';,  to  provide  some  place  in 
.ondon,  and  in  other  large  towns,  where  the  architect  can  call  and  compare  the  qualities  of 
lass  supplied  under  his  specification  with  standards  there  placed.  It  was  comparatively 
♦sy  m former  years  to  judge  of  good  glass  ; now  it  is  almost  impossible. 
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FOUNDATIONS  AND  DRAINS. 

1881.  In  the  previous  chapter,  the  principal  materials  used  in  building  have  been 
enuii.eiated  ; this  chapter  will  explain  how  those  materials  may  be  most  advantageously 
employed  ; but  we  shall  net,  in  the  various  branches  of  practical  building,  again  touch 
on  the  materials  themselves,  which  have  been  already  sufficiently  described.  The  most 
important  of  all  considerations — a due  regard  to  the  foundations  on  which  a building 
is  to  stand — will  be  first  entered  upon.  The  advice  of  Vitruvius  may  still  be  followed. 
In  England,  the  recent  introduction  of  concrete  has  superseded  the  use  of  wood  under 
walls  in  the  earth  ; and  piles  are  now  quite  exploded,  except  sometimes  for  the  piers 
of  bridges  and  other  situations  in  which  they  can  constantly  be  kept  wet. 

1882.  The  best  soils  fur  receiving  the  foundations  of  a building  are  rock,  gravel,  or 
close-pressed  strong  sandy  earth;  “but,”  says  L.  B.  Alberti,  “we  must  never  trust  too 
has'ily  to  any  ground,  though  it  may  resist  the  pick-axe,  for  it  may  be  in  a plain,  and  be 
infirm,  the  consequence  of  which  might  be  the  ruin  of  the  whole  work.  I have  seen  a 
tower  at  Mestre,  a place  belonging  to  the  Venetians,  which,  in  a few  years  after  it  was 
built,  made  its  way  through  the  ground  it  stood  upon  ; this,  as  the  fact  evinced,  was  a 
loose  w'eak  soil,  and  buried  itself  in  earth  up  to  the  very  battlements.  For  this  reason, 
they  are  very  much  to  be  blamed  who,  not  being  provided  by  nature  with  a soil  fit  to 
support  the  weight  of  an  edifice,  and  lighting  upon  the  ruins  or  remains  of  some  old 
strucUire,  do  not  take  the  pains  to  examine  the  goodness  of  the  foundation,  but  incon- 
siderately raise  great  piles  of  building  upon  it,  and  out  of  the  avarice  of  saving  a little 
expense,  throw  away  all  the  money  they  lay  out  in  the  work.  It  is,  therefore,  excellent 
advice,  the  first  thing  you  do,  to  dig  wells,  for  several  reasons,  and  especially  in  order  to  get 
acquainted  with  the  strata  of  the  earth,  whether  sound  enough  to  bear  the  superstreicture, 
or  likely  to  give  way.”  It  is  impor  ant,  previous  to  laying  the  foundations,  to  drain  them 
completely,  if  possible,  not  only  from  the  rain  and  other  water  that  would  lie  about,  but 
from  the  land  water  which  is,  as  it  were,  pent  up  in  the  surrounding  soil.  In  soft,  loose, 
and  boggy  ground,  the  use  of  concrete  will  be  found  very  great ; and  in  these  soils,  more- 
over, the  width  and  depth  it  should  be  thrown  in  should,  as  well  as  the  lower  courses  of  the 
foundation,  be  proportioned  inversely  to  the  badness  of  the  soil.  Clay  of  the  plastic  kind  is 
a bad  foundation,  on  account  of  the  continual  changes,  from  heat  and  moisture,  to  which  it,  is 
subject,  and  which  often  cause  it  so  to  expand  and  contract  as  to  produce  vmry  alarming 
settlements  in  a building.  The  best  remedy  against  this  inconvenience  is  to  tie  the  walls 
together  by  means  of  chain  plates,  buried  in  the  centre  of  the  footings,  and  on  the  top  of 
the  landings  that  rest  on  the  concrete.;  these  plates  to  be,  of  course,  connected  at  the  return- 
ing angles,  so  as  to  encompass  the  whole  building.  In  these  cases,  the  clay  must  be  ex-a- 
vated  to  make  room  for  the  concrete.  This  will  be  found  an  effectual  remedy  in  clay  soils. 

1883.  By  the  Metropolitan  Building  Act,  no  building  can  be  erected  upon  any  site 
which  shall  have  been  filled  up  or  covered  with  impure  matter  enumerat  d in  the  Act ; it 
must  be  removed  first,  and  any  holes,  if  not  used  for  basements,  must  be  filled  in  with  hard 
br’ek  or  dry  rubbish.  Generally,  if  the  soil  be  a sound  gravel,  it  will  want  little  more 
than  ramming  with  heavy  rammers  ; and  if  the  building  be  not  very  heavy,  not  even  that. 

1884.  Where  vaults  and  cellars  are  practised,  the  whole  of  the  soil  must,  of  course,  he 
excavated;  but  where  they  are  not  required,  trenches  are  dug  to  receive  the  walls,  which, 
in  both  cases,  must  be  proportioned  in  strength  to  the  weight  of  the  intended  super-  ll 
structure  and  its  height.  In  general  terms,  we  may  direct  the  depth  of  foundations  to  be 

a sixth  part  of  the  height  of  the  building,  and  the  thickness  of  the  walls  twice  that  of 
those  that  are  raised  upon  them.  Care  must  be  taken  that  that  which  is  to  receive  the 
footings  of  the  walls  be  equable ; otherwise,  w'here  external  and  internal  walls  are  connected 
together,  the  former,  being  the  heaviest,  may  settle  more  than  the  latter,  thereby  causing 
fractures,  which,  though  not,  perhaps,  dangerous,  are  extremely  disagreeable  in  appearance. 
The  lower  courses,  which  are  called  the  footings  of  the  wall,  are  often  laid  dry  ; and.  per- 
haps, at  all  events,  a sparing  use  of  mortar  in  a spot  loaded  with  the  greatest  pressure  should  8* 
be  preferred.  If  the  footings  be  of  stone,  very  particular  attention  should  be  bestowed  on 
placing  the  stone  in  the  courses  in  the  same  direction  or  bed  as  it  lay  in  the  quarry,  to 
prevent  it  splitting.  The  above  mentioned  Act  requires  that  the  foundations  of  the 
walls  of  every  house  or  building  shall  be  formed  of  a bed  of  concrete  not  less  than 
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9 inches  thick,  and  projecting  at  least  4 inches  on  each  side  of  the  lowest  course  of  footings 
Df  such  walls.  If  the  site  bo  upon  a natural  bed  of  gravel,  concrete  is  not  then  required. 

1885.  In  foundations  where,  from  columns  or  small  piers  pressing  upon  particular 
parts,  there  would  be  a liability,  from  uneven  bearing,  to  partial  failure,  it  has  been  the 
practice,  from  a very  early  perio  1,  to 
turn  inverted  arches  (s*e  fig.  615)  to 
;atch  on  their  swinging  the  weight 
to  be  provided  against,  by  which  means 
such  weight  is  equally  distributed 
throughout  the  length  of  the  founda- 
tion. “ Standing  thus,”  says  our  master 
Albf'rti,  “they  (the  columns  or  weights) 
will  be  less  apt  to  force  their  way  into 
the  earth  in  any  one  place,  the  weight 
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being  counterpoised  and  thrown  equally  on  both  sides  on  the  props  of  the  arches.  And 
how  apt  columns  are  to  drive  into  the  ground  by  means  of  the  great  pressure  of  the  weight 
laid  on  them,  is  manifest  from  that  corner  of  the  noble  temple  of  Ve.^pasian  that  stands 
to  the  north- ■w'e^t ; for,  being  desirous  to  leave  the  public  way,  which  was  interrupted  by 
that  angle,  a free  and  op^n  passage  underneath,  they  broke  the  area  of  their  platform, 
ind  turned  an  arch  against  the  wall,  leaving  that  corner  as  a sort  of  pilaster  on  the  other 
side  of  the  passage,  and  fo  tifying  it  as  well  as  possible  with  stout  work,  and  with  the 
assistance  of  a buttress.  A^et  this,  at  last,  by  the  vast  weight  of  so  great  a building,  and 
the  giving  way  of  the  earth,  became  ruinous.”  When  inverted  arches  are  proposed  to 
be  used,  they  should  be  showm  in  the  drawings. 

1885a.  A method  ©f  forming  foundations  has  lately  come  into  vogue  for  bridges  and 
other  hydraulic  constructions  by  the  use  of  cylinders,  or  other  shaped  air-tight  cases.  In 
India  the  system  of  founding  large  masses  of  masonry  on  cylindrical  piers  built  in  the 
interior  of  wooden  curbs,  has  prevailed  for  a long  period.  The  method  of  constructing 
the  piers  is  the  same  as  that  used  in  England  in  sinking  the  steining  for  ordinary  wells ; 
and  when  sunk  the  interior  is  filled  up  with  concrete  or  ruble  masonry.  Some  of  the  iron 
bridges  lately  erected  over  the  river  Thames  and  elsewhere  have  been  placed  on  founda- 
tions formed  by  cast  iron  cylinders  filled  in  with  concrete.  Further  details  must  be 
sought  in  works  devoted  to  Civil  Engineering,  as  the  system  will  seldom  be  applicable  in 
strictly  architectural  constructions, 

1886.  Air-drain.  It  is  most  important,  when  the  walls  are  raised  < n the  foundations, 
ind  brought  up  a little  above  the  level  of  the  earth,  to  take  care  that  the  earth,  most 
especially  if  moist,  should  not  lie  against 
them;  for  if  walls,  before  they  are  dry  and 
[pettled,  imbibe  moisture,  they  rarely  ever 
part  with  it,  and  thence  gradu.illy  impart  ret 
to  the  timbers  throughout  the  house.  It  is. 

If  hen,  most  important  to  have  a second  thin 
wall  outside  the  basement  walls,  so  as  to 
leav’^e  between  it  and  them  a cavity  for  the 
circulation  of  the  air,  such  cavity  being 
technically  called  an  air-drain.  In  moist 
ind  loose  soils  it  is  essential  for  the  dura- 
bility of  the  building,  as  well  as  for  the 
jbealth  of  those  who  are  to  dwell  in  it.  The 
Hggeian  rock  building  composition,  by  W. 

White,  of  Abergavenny,  has  been  largely 
used  for  preventing  damp  passing  through  a 
wall.  A wall  mav  be  built  with  half-bricks 
un  the  flat  and  set  in  this  composition,  filling 
the  middle  joint  of  half  an  inch,  and  an  inch 
or  so  of  each  bed.  This  is  stated  to  be  much 
stronger  than  an  18-ineh  wall  built  in  the 
ordinary  way.  A brii  k flat  with  a brick  on 
'edge,  as  for  cottages,  or  for  economy,  is  quite 
damp-pro  f,  and  equal  in  strength  to  a 1 4-inch 
wall  built  with  mortar  only.  No  skill  is  re- 
quired; an  intelligent  labourer  can  use  it. 

1886a.  It  is  important  that  the  air-drain 
or  dry  area  should  commence  at  least  as  low 
as  the  foundations  of  the  building;  in  very 

wet  sitiiations  it  should  be  provided  with  pipes  to  carry  off  the  superabundant  moisture, 
and  be  independent  of  the  main  drain  of  the  building.  Evi  n when  provided,  the  usual 
precautions  to  prevent  damp  arising  in  tlie  main  walls  must  not  be  neglected.  The  air- 
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drain,  which  should  never  he  less  than  8 inches  wide,  more  if  possible,  is  commonly 
covered  with  a half-brick  arch,  or  with  stone,  slate,  or  tile,  below  the  surface  of  the 
ground.  This  entirely  does  away  with  the  benefit  anticipated  by  its  formation,  because 
the  surface  drainage  descends  and  injures  the  main  wall,  even  when  cemented  above  the 
covering;  this  covering  should  come  some  inches  above  ground.  Unless  care  be  taken  it 
often  degenerates  into  a hole  for  dirt  and  vermin.  A good  arrangement  is  to  make  a dry 
area,  or  a space  wide  enough  to  be  easily  cleared  out,  and  to  which  a cat  or  dog  can 
have  access,  and  to  cover  it  with  stone  with  moveable  gratings  at  convenient  distances; 
the  expense  v'ill  not  be  much  greater,  while  the  result  will  be  very  effective.  The  most 
secure  arrangement,  however,  is  to  form  an  open  arei.  all  round  the  building.  The  want 
of  such  a precaution  in  the  houses  in  the  suburbs  of  towns  renders  a large  majority  of 
those  having  basements  nearly  uninhabitable  from  the  disagreeable  consequences  of  damp 
walls.  (See  also  Jig.  615/^.) 

18865,  Damp  courses.  This  simple  provision  to  prevent  wet,  which  is  likely  to  get 
into  walls,  from  rising  in  them  by  capillary  attraction,  is  too  often  neglected,  especially 
in  cheap  work,  for  the  present  saving  of  a pound  or  two ; but  at  the  ultimate  expenditure 
of  many  pounds.  The  simplest  plan  has  generally  been  to  work  three  courses  of  the 
brickwork  above  the  footings  and  below  the  ground  floor,  in  cement.  Me.ssrs.  Smith  of 
Darnick  state  that  a coating  of  cement,  done  in  a very  substantial  manner,  did  not 
appear  to  have  the  smallest  effect,  as  the  wall  was  as  damp  above  it  as  below.  For  small 
cottages  they  found  an  effective  plan  was  to  Vmild  all  the  parts  of  the  wall  underground 
quite  dry,  and  not  to  use  any  mortar  until  clear  of  the  earth.  This  left  the  walls  quite 
dry  above.  The  next  method  is  to  bed  a course  of  sound  whole  slate  slabs,  \ inch  thick, 
in  cement.  When  the  soil  is  very  damp,  two  or  even  three  courses  of  ordinary  slates 
may  be  laid  in  and  well  bonded,  not  only  in  the  main  walls,  but  in  all  cross  partitions 
and  dwarf  walls.  For  seme  reason,  probably  that  of  the  slates  and  cement  having  se- 
parated or  crushed  with  the  weight  of  the  walls,  allowing  the  damp  to  pass  through,  this 
method  has  fallen  into  disuse.  As  Portland  cement  will  adhere  to  slate,  probably,  in 
solid  works,  if  used  instead  of  Roman  cement,  the  result  would  be  more  satisfactory. 

1886c.  Sheet  zinc  bedded  in  loam  has  been  found  to  decay.  In  extensive  works,  fine- 
gritted  asphalte,  applied  in  a hot  state,  is  introduced  as  a layer,  about  half  an  inch  in 
thickness.  This  material  is  stated,  in  the  Appendix  to  the  Report  of  the  Fine  Arts  Com- 
wissioners,  to  have  kept  out  the  effects  of  damp,  which  would  have  shown  themselves,  as 
the  foundations  of  the  building  referred  to  were  always  in  water  about  20  inches  below 
the  level  of  the  ground  floor.  The  brickwork  s ould  be  dry  and  protected  from  rain 
during  the  operation,  to  prevent  the  asphalte  becoming  honeycombed.  In  buddings 
already  erected,  the  walls  can  be  underpinned  to  introduce  the  material  At  the  New 
Palace  at  AVestminster  the  joints  are  only  halt  filled  with  mortar,  the  asphalte  filling  the 
remainder  when  poured  over  the  bricks.  The  bricks  for  the  next  course,  having  been 
heated  at  a coke  fire,  were  placed  on  the  asphalte  in  its  fluid  state,  and  the  joints  half 
flushed  up.  The  outer  courses,  however,  should  be  first  laid  for  short  distances,  that 
they  may  set  before  the  middle  is  filled  in.  In  rubble  masonry,  it  will  l)e  necessary  to 
fill  up  all  inequalities  on  the  surface  with  fine  concrete ; when  this  has  set  sufficiently, 
the  asphalte  is  to  be  laid  as  described  for  brickwork.  Gas  tar  mixed  with  lime  is  s .id  to 
be  impervious  to  w'et. 

1886cZ.  Two  centuries  ago,  thin  sheet  lead  was  laid  on  the  top  course  of  a wall  to  pre- 
vent damp  coming  down  it  from  the  gmtei's ; of  late  years,  a layer  of  4 lb.  milled  lead 
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has  been  proposed  to  prevent  it  rising;  no  doubt  the  best  and  most  efficacious  remedy,  ^ 
but  the  cost  would  be  gre  iter  than  usually  allowed.  But  the  best  invention,  having 
price  also  in  its  favour,  is  the  damp-proof  course,  formed  of  brown  stoneware,  perforated  111 
throughout  its  entire  width  with  a half  air  space,  which  remains  open  after  the  mortar  ■ 
beds  are  laid,  on  each  side  of  the  slab.  In  an  executed  work,  a course  of  bricks  can  be  - 
cut  out  and  the  stoneware  be  inserted.  This  is  one  of  the  many  building  inventions  of  | 
Mr.  John  Taylor,  junior.  Fig.  6155.  show's  one  for  an  18-inch  wall;  other  sizes  as  well  if 
as  angle  blocks  are  provided.  Each  foot  superficial  is  stated  to  be  equal  to  the  support  - 
of  25  tons  or  600  feet  of  vertical  brickwork.  Jennings  has  patented  earthenware  s'eepcr  | 
blocks,  “ non-conductors  of  damp  and  a cheap  substitute  for  brick  sleeper  walls ; ’’  they 
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ire  also  useful  for  carrying  stone  pving:  figs.  615c.,  615c?.,  and  615c.  describe  them- 
selves. Fig.  615/.  shows  the  section  of  a sleeper- wall  m brickwork,  carrying  stone 
paving  on  one  side  and  timber  joist  on  the  other.  There  are  four  courses  of  brickwork, 
on  which  is  laid  the  timber  sleeper,  4 inches  by  3 inches, 
to  carry  the  joist. 

1886c.  Fig.  6155.  is  also  useful  for  admitting  air  into  the 
space  under  a floor,  and  then  dispenses  with  the  common 
cast-iron  air-hrick  usually  fixed  for  such  a purpose.  Air  grat- 
ings are  of  a larger  size.  The  following  arrangement,  shown  in 
Figs.  &\bg.  and  6155.,  has  been  carried  out  where  it  was  thought 
advisable  to  provide  for  the  admission  of  a large  quantity  of 
fresh  air  at  tunes  into  the  body  of  the  budding.  Funnels  or 
pipes  were  inserted  in  the  side  walls  under  the  floor,  say  1 ft. 

9 in.  diameter.  An  area  protects  the  front,  to  which  a small 
weeping  drain  is  put  to  carry  oif  any  rain  water,  and  is  pro-  Fig.  ei.i/. 

tected  at  the  top  by  a grating  to  prevent  animals  getting  in.  On  the  inside  is  a 
plate  or  slide,  which  can  be  let  down  through  the  floor,  paving,  or  boards  into  a groove, 
to  regulate  the  quantity  of  air  or  to  shut  it 
off.  The  fresh  air  ascends  through  gratings, 
or  by  other  means,  in  the  floor,  into  the  h.all. 

1886/".  A preventive  against  the  rise  of 
damp  in  the  inside  of  the  building  is  to  cover 
the  whole  area  within  the  walls  with  a layer  of 
concrete,  about  4 to  6 inches  thick.  By  a bye- 
law of  the  Metropolitan  Board  of  Works,  the 
site  of  every  house  or  building  shall  be  covered 
with  a layer  of  good  concrete  at  least  6 inches 
thick,  and  smoothed  on  the  upper  surface, 
unless  the  site  thereof  be  gravel,  sand,  or 
natural  virgin  soil.  But  as  concrete,  especially 
if  of  a coarse  character,  is  of  a honey-comb 
character,  even  when  fixed  or  set,  being  full  of 
little  cavities,  there  is  some  danger  in  placing 
it  in  wet  soils,  for  it  will  often  weep,  and  if  cut, 
water  will  be  seen  to  ooze  through  it.  Also, 
when  placed  under  a basement  floor  to  keep 
out  damp,  water  will  invariably  find  its  way 
through  if  there  be  any  pressure,  as  from 
springs.  To  prevent  vapours  rising  from  de- 
composed matter  in  the  soil,  a good  practice, 
even  in  dry  localities,  is  to  cover  the  soil,  before 
the  floor  boards  are  laid,  with  a layer  of  two 
inches  of  unslaked  lime,  which  on  slaking  with  damp 
vegetation  that  may  have  been  left  on  the  surface. 


Section.  Fig.  615A. 
or  damp  air,  will  destroy  any 


SEWERAGE  AND  DRAINAGE. 

1887.  Before  a brick  or  stone  of  any  budding  be  laid,  the  architect  neglects  his  duty 
if  he  has  not  provided  for  perfect  drainage  in  the  lowest  parts  of  the  structure.  This 
should  not  be  by  the  aid  of  a stagnant  tank,  called  a cesspool,  if  it  can  possibly  be 
avoided,  although  there  are  some  localities  where  such  a tank  must  be  formed,  and  then 
the  solid  contents  can  possibly  be  made  useful  for  manuring  purposes,  the  surplus  water 
being  drained  off,  possibly  into  some  running  stream  at  a distance  from  the  building,  whose 
exhalations  shall  not  be  blown  by  any  prevalent  winds  of  the  spot  back  upon  the  place 
W’here  they  were  generated  in  a different  form.  The  durability  of  the  structure  is  quite 
as  much  involved  in  good  drainage  as  is  the  health  of  the  family  whose  dwelling-place 
the  house  is  to  become.  London,  with  its  suburbs,  is  now  probably  the  best  drained 
capital  in  Europe.  The  lines  of  sewers  forming  the  Main  Drainage  scheme  have  relieved 
the  noble  river  of  ne.arly  all  the  sewage  matter  which  had  been  carried  into  it.  Every 
street  and  alley  has  its  public  sewer,  and  nearly  every  heuse  has  its  separate  drai n into 
the  sewer.  No  new  sew’er  can  now  be  made  in  London  without  the  previous  approval  of 
the  Metropolitan  Board  of  Works  ; and  no  drain  can  be  laid  into  a sewer  without  the 
previous  approval  of  the  vestry  or  district  board,  which  has  to  apply  to  the  Metropolitan 
Board  of  Works  for  their  sanction  in  both  cases.  Many  towns  in  England  have  now  their 
Board  of  Health  supervising  the  drainage  of  the  streets  and  houses,  pursuant  to  “The 
Public  Health  Act,  1848,”  and  “ The  Local  Government  Act,  1858.” 

U 1887a.  Sewers  are  provided  for  carrying  away  foul  water  brought  into  them  by  the 
drains.  Ordinary  street  sewers  are  built  of  hard  bricks  set  in  cement,  and  are  now 
generally  egg-shaped  in  section,  being  about  3 feet  3 inches  wide  at  the  top,  and  2 feet 
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9 inches  at  the  bottom,  of  the  sides,  which  are  formed  by  curves  of  a large  radius,  and 
0 feet  high  in  the  clear.  Smaller  sewers  are  2 feet  9 inches  and  2 feet  3 inches  wide,  and 
4 leet  6 inches  clear  height ; and  2 feet  6 inches  wide,  and  4 feet  clear  height.  The 

smaller  end  is  placed  downwards.  The  dif- 
ference of  friction  or  impediment  in  favour  of 
a curved  bottom  is  great,  much  power  of  the 
flow  of  water  being  lost  by  the  use  of  a flator 
flatly  curved  bottom.  This  part  of  th-  sewtr 
is  called  the  invert,  and  is  often  formed  of 
stoneware,  the  core  being  filled  in  with  coarse 
cement ; thus  the  foul  liquid  does  not  perco- 
late through  them  into  the  soil.  The  figure 
(Clot.)  shows  Jennings’  compound  invert 
blocks,  laid  and  jointed  in  Portland  cement; 
the  bricks  at  the  angles  set  in  blue  lias  lime. 
Smaller  sewers  are  now  made  of  large  cir- 
cular glazed  stoneware  pipes,  and  in  a few 
exceptional  instances  of  iron  ; and  even  rock 
Conor  te  tubes,  from  15  inches  to  36  inches 
diami  ter,  are  made  at  Poole.  The  joints  of 
these  pipes  are  made  watertight.  These 
ordinary  sewers  pass  into  larger  ones  called  “main  sewers,”  all  gradually  inclined  from 
the  higher  to  ihe  lower  levels,  joining  one  another  either  with  curves  or  acute  angles,  sc 
that  the  flow  of  one  current  shall  not  impede  that  of  another;  and  they  gradually  become  || 
larger  and  larger,  according  to  the  requirements  of  the  town,  until  they  end  in  one  or  i 
more  outfall  sewers  discharging  into  a river,  or  to  reservoirs  fur  a system  of  irrigation  or  N 
for  other  purpose.  ‘l 

18875.  The  accumulation  of  foul  deposits  in  sewers  is  caused  by  the  want  of  sufficient 
fall  or  sufficient  flushing  with  water,  and  so  occasions  foul  air,  or  gas  as  it  is  wrongly  'j 
called.  Hence  it  is  essential  that  the  sewers  should  be  w'ell  ventilated,  in  order  that  the 
foul  air  shall  not  escape  or  pass  up  the  drains  of  the  houses.  This  ventilation  in  a line  i'j 
of  sewer  is  effected  by  a shaft  carried  up  from  the  crown  of  the  sewer  to  the  surface  of  ■! 
the  street,  where  it  is  finished  by  a grating.  Where  there  are  plenty  of  these  ventilating  '■ 
shafts,  it  is  considered  that  no  nuisance  is  produced  by  the  bad  air  as  a general  rule,  because 
t lie  purer  air  is  supposed  to  be  continually  passing  into  and  out  of  the  sewer  through  them, 
thus  diluting  the  foul  air.  If  a nuisance  from  foul  air  is  complained  of,  it  would  show 
that  sometlnng  was  wrong  with  that  pirt  of  the  sewer,  or  that  another  ventilator  w’as 
wanted  in  the  distance  between  the  two  already  in  position.  Instead  of  these,  it  bas  also 
been  proposed  to  ventilate  sewers  by  means  of  pipes  carried  up  houses  and  ending  above 
tlie  roofs,  but  this  system  is  considered  to  be  inefficient  unless  the  pipes  are  of  large  size. 
The  head  of  a system  of  sewers,  or  the  end  or  head  of  a sewer,  as  to  a court  of  houses, 
requires  both  a flushing  apparatus  to  occasionally  cleanse  the  sewer,  and  a pipe  ventilator 
or  ventilating  shaft  carried  up  to  caimy  off  the  foul  air  which  there  collects.  Other 
systems  have  been  suggested.  Various  attempts  have  been  made  to  create  strong  upcast 
draughts  by  furnace  chimneys,  cowls,  or  other  artificial  means,  but  these  attempts  have 
never  been  more  than  locally — and  then  only  partially — success 'ul. 

1887c,  Whilst  on  the  subject  of  sewerage,  it  may  be  well  to  refer  to  the  new  system  of 
raising  the  sewage  from  a low  to  a higher  level  oy  means  of  Shone’s  hydro-pneumatic 
sewage  ejector.  This  successful  system,  as  carried  out  at  the  Houses  of  Parliament,  is 
described  in  the  Trans(wtions  of  the  Royal  Institute  of  British  Architects,  1887,  iii-,  new 
GQv'ies,  \n  British  Architect  for  January  28,  1887,  p-  69.  The  work  was  performed 
thus:  in  the  bottom  of  the  old  main  brick  sewer,  about  1000  feet  long,  passing  from 
north  to  south  under  the  Houses,  a 12-inch  cast-iron  drain  was  embedded  in  concrete, 
with  a fall  of  about  1 in  212.  This  received  all  the  sewage  of,  and  rain  falling  on,  the 
Houses  and  grounds,  and  was  discharged  into  a receiver  at  the  both  m of  a sewage  man- 
hole. From  the  side  of  the  receiver  a 12-inch  cast-iron  inlet  pipe  is  carried  horizontally 
into  the  adjoining  ejector  chamber,  in  which  are  three  cast  iron  ejectors,  one  being  capable 
of  discharging  480  gallons,  and  the  other  two  335  gallons  each,  per  minute.  The  sewage 
is  conveyed  into  them  by  a 6-inch  cast-iron  pipe.  From  the  bottom  of  each  ejector  a 
6-inch  cast-iron  pipe  passes  vertically  upwmtds  into  a 12-inch  cast-iron  horizontal  outlet 
pipe,  which  is  carried  through  a dam  built  in  the  old  main  sewer,  and  discharges  beyond 
it  int)  the  old  outlet  communicating  with  the  Low  LeA’el  Sewer,  and  above  the  normal 
flow  of  sewage  therein. 

1887c?.  Compressed  air  is  used  for  ejecting  the  sewage,  &c.,  from  the  ejectors  by 
Atkinson’s  differential  gas  engines — four  of  them,  each  of  4 horse-power.  Usually  one 
only  is  employed.  There  is  an  automatic  airangement  for  conducting  the  air,  and  ball 
valves  for  admitting  and  expelling  the  sewage.  The  compressed  air  in  the  ejector  is  dis- 
charged by  a pipe  leading  into  the  A'entilating  shaft  passing  up  the  clock  tower.  The 
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■iraount  of  sewage  ejected  in  dry  weather  is  found  to  average  no  more  than  40  gallons  per 
minute,  so  that  a 6-inch  pipe  would  carry  away  alt  tlie  sewage  produced  in  the  Houses. 
Fresh  air  is  admitted  into  the  subway  and  chamber,  &c.  'J  here  is  also  a 9-inch  main 
branch  drain  under  the  basement  along  'he  west  side  of  the  Houses,  which  is  also  venti- 
lated. The  total  cost  of  the  works,  including  the  four  gas  engines,  the  three  compressed 
iir  receivers,  the  piping,  and  the  three  ejectors,  has  been  a little  over  11,500/. 

Drains. 

1888rt.  Into  the  public  sewers  are  carried  the  drains  from  the  houses.  These  drains 
were  formerly  made  of  brick,  and  called  “gun-barrel  drains”  from  their  circular  shape. 
In  course  of  time  they  got  out  of  order  from  decay,  rats  working  their  way  through,  and 
other  causes,  so  that  foul  matters  soaked  through  into  the  soil,  which  thus  became 
saturated,  and  foul  air  ascended  into  the  house.  Such  drains  have  been  discarded  since 
the  introduction,  about  1845,  of  pipes  into  the  sewerage  and  drainage  system.  These 
pipes  are  made  of  vitrified  stoneware,  and  are  very  different  to  fhe  glazed  or  unglazed 
earthenware  pipes  sometimes  substituted  for  cheapness.  The  sewage  soon  corrodes  this 
dazing,  which  being  removed,  the  half-burnt  earthenware  sucks  in  the  foul  water  ami 
ilecays.  Nor  is  it  nearly  so  strong  as  the  stoneware  pipes  ; these  are  also  supplied 
with  covers  for  occasional  inspection.  Pipes  are  also  made  specially,  3 feet  long  and 
of  a thickness  equal  to  one-tenth  of  the  diameter,  with  Stanford’s  patent  jo’nts,  by 
J.  Cliff  and  Sons,  near  Leeds.  Messrs.  Doulton  manufacture  a patent  self-adjusting 
joint,  securing  several  advantages. 

18885.  The  main  drain  necessary  for  the  service  of  the  largest  house  (we  suppose  the 
case  of  one  in  the  country),  if  the  fall  be  even  but  moderate,  requires  no  large  dimensions. 
When  Ave  see  a small  river  draining  considerable  tracts  of  country,  often  in  section  only 
8,  9,  or  10  feet  superficial,  it  m y easily  be  conceived  that  the  surplus  water  from,  and 
rain  falling  on,  a mansion  is  a quantity,  even  in  pressing  times,  that  exacts  no  large  area 
of  discharge  to  free  the  place  from  damp.  There  are  few  cases  in  which  the.  greatest 
mansion  would  demand  more  than  a 12-inch  or  9-inch  pipe,  w'ith  branches  of  6-inch  and 
4-inch  pipe;  w'hich,  with  o^-inch  lead  pipes  for  soil  pipes,  if  properly  connected  and 
laid,  Avill  suffice  for  all  purposes. 

1888c.  One  object  in  draining  a house,  a mansion,  a village,  or  a town  is  to  make  the 
drains  and  sewers  so  that  the  sewage  in  them  shall  neA’er  stagnate  at  any  part,  but  be 
eo  stantly  flowing  with  a self-cleansing  velocity  ; and  so  that  the  air  in  them  shall  never 
stagnate  at  any  part,  but  be  always  flowing,  by  fresh  air  passing  into  their  lowest  parts, 
and  by  foul  air  discharging  from  their  highest  parts  into  the  stratum  of  the  atmosphere 
above  that  in  which  we  live  and  breathe. 

18C*3t/.  There  are  several  systems  of  draining  a country  mansion.  Near  to  the  main 
outlet  is  fixed  a la>ge  intercepting  trap,  to  be  ventilated.  Into  this  passes,  by  drains  on 
all  sides  of  it,  all  the  water  by  the  rain-water  pipes  from  the  roofs,  the  soil  by  those  from 
the  water  closets,  and  from  the  pantry  and  scullery  sinks,  as  well  as  any  surface  water 
from  trapped  gratings.  The  waste  pipe  from  the  scullery  sink  should,  pcr-viously  to 
^^:is.sing  into  the  drain,  be  connected  with  a grease  trap  (see  Plumhery).  Some  of  the 
rain-water  pipes  mny  act  as  inlets  of  fresh  air  and  also  as  ventilators  to  the  drain  ; Init 
ioccasionally,  and  especially  near  traps,  other  pipes  for  inlets  of  fresh  air  mav  be  provided 
|to  prevent  what  is  called  “ syphoning.”  These  A'entilating  pipes  are  to  be  of  the  saine 
diameter  as  the  drain,  as  required  by  some  authorities,  or  as  the  soil  pipe  as  by  others, 
to  be  carried  up  to  the  top  of  an}'  gable  or  roof  of  the  house,  and  to  some  feet  above  and 
blear  of  the  chimney  pots,  so  as  to  prevent  foul  air  from  passing  down  them  by  down 
draughts  ; the  top  is  sometimes  open,  but  they  usually  have  a cap  or  exhaust  ventilator. 

1888c.  The  rain  or  surface  water  from  houses  in  the  country,  or  on  open  land,  should 
bo  carried  away  into  the  natural  streams  by  glazed  stoneware  or  fireclay  pipes,  embedded 
inconcrete  if  the  soil  require  it,  and  of  diameters  varying  from  3 to  24  inches  or  more, 
laid  with  a proper  fall.  Where  a building  has  to  be  erected  on  soil  which  holds  water, 
the  site  should  be  drained  by  the  use  of  agricultural  pipes,  these  bf'ing  d schtrged  into 
an  open  gully  leading  to  the  main  drain,  to  a stream,  or  otherwise  where  convenient. 

1G88/.  Town  drainage  consists  of  the  comparatively  clean  surface  and  subsoil  water  ; 
and  of  soiled  and  used  water  containing  organic  matters  called  sewage.  The  combination 
:of  these  t'Yo  waters  was  established  in  London  towards  the  end  of  the  last  an  I the  com- 
mencement of  this  century,  at  the  time  that  water  supply  by  pipes  to  houses  became 
general.  This  w^as  discharged  into  the  cesspools,  and  thence  by  overflow  drains  into 
'iitches,  w’atercourses,  and  sewers,  open  and  covered,  and  thence  into  natural  streams  and 
rivers.  The  two  systems  of  drainage  should,  say  many  persons,  be  kept  .<^eparate  by  the 
provision  of  one  set  of  drains  for  receiving  the  clean  water  and  d'seharging  it  into  the 
natural  streams  ; and  of  a second  set  for  receiving  the  dirty  water  ami  sewage  and  con- 
veying  it  by  seif-cleansing  drains,  as  fast  as  it  is  produced,  to  prepared  agricultural  land. 
This  system  was  recommended  by  Mr.  John  Phillips  about  1849;  but  it  has  not  found 
many  advocates,  chiefly  as  it  appeirs  to  fail  from  the  water  in  the  first  portion  being 
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removed  from  the  second  portion,  and  thus  there  is  not  sufficient  to  carry  off  the  sedi* 
mentary  matter,  which  would  be  done  when  the  two  systems  are  combined. 

1888_9'.  position  and  size  of  the  drains  having  been  settled,  the  fall  has  to  La 
arranged.  It  has  been  proved  beyond  a doubt  that  matters  easily  carried  away  by  the 
increased  velocity  gained  by  using  a small  drain,  remain  as  an  obstruction  in  a large 
drain.  A velocity  of  2 feet  per  second  is  the  least  which  will  keep  sewers  clear  of  all 
ordinary  obstructions  ; while  house  drains  and  small  pipes  require  a velocity  of  3 feet 
per  second  to  keep  them  clear  (Hurst).  A fall  of  from  2 inches  or  3 inches  in  10  feet 
will  be  found  quite  sufficient  for  all  practical  purposes.  A fall  of  1 in  30  is  considered 
by  many  to  be  a good  fall,  and  not  always  to  be  obtained.  Pipes  half  full,  wdth  a velocity 
of  3 feet  per  second  require  the  following  falls  : — 4 inch  pipes,  1 in  100  ; 6 inch,  1 in 
150  ; y inch,  1 in  225 ; 12  inch,  1 in  300  ; 15  in«-h,  1 in  350  ; 18  inch,  1 in  450  ; 24  inch, 

1 in  600;  30  inch,  1 in  700.  With  a velocity  of  2 feet  per  second,  4 inch  pipes  require 
a fall  of  1 in  200  ; 6 inch,  1 in  300  ; 9 inch,  1 in  450  ; 12  inch,  1 in  600  ; 15  inch,  1 in 
700  ; 18  inch,  1 in  900  ; 24  inch,  1 in  1200;  30  inch,  1 in  1400  (Sears). 

1888^.  Hence  also  the  advantage  of  jimhing  a drain.  One  person  has  urged  that  his 
ten-roomed  house  and  outbuildings  have  not,  in  the  course  of  many  years,  ever  been 
inconvenienced  by  the  use  of  a 3-inch  drain,  whilst  other  houses  of  similar  size,  having 
6-inch  and  even  9-inch  drains,  have  been  seriously  affected.  Much  depends  on  the  fall, 
and  on  the  careful  lading  of  the  pipes,  and  something  cn  the  quantity  ot  water  used  for 
household  purposes.  Where  a water  closet  is  placed  at  or  near  the  head  of  a drain,  a 
stoppage  of  its  pipe  often  o'^curs ; while  grease  from  the  kitchen  sink  incrusting  in  the 
pipe,  for  want  of  occasional  flushing  with  hot  water,  is  another  frequent  cause.  Sewers 
also  occasionally  require  assistance  by  flushing  them  from  their  head.  One  of  the 
best  arrangements  proposed  is  that  of  an  iron  tilting  ci^tern,  to  hold  about  90  gallons, 
inserted  in  a brick  pit  at  the  head  of  a pipe  sewer.  This  cistern,  with  its  brass  bearngs 
and  plates,  brickwork,  stone  cover,  and  water  tap,  costs  about  nine  pounds,  and  if  one 
were  placed  at  the  head  of  each  pipe  sewer  in  a town,  and  all  were  turned  off  at  the 
same  time,  a material  assistance  in  keeping  the  main  line  also  clear,  would  be  found. 
The  “ self-acting  syphon  flush  tank  ” is  now  much  used  for  such  purposes.  Rogers  Field’s 
patent  consists  of  tvro  concentric  tubes,  the  outer  one  being  closed  at  the  top  and  steadied 
by  radial  ribs  projecting  from  the  inner  tube.  The  annular  space  between  the  tubes 
constitutes  the  ascending  or  shorter  leg,  and  the  inner  tube  the  descending  or  longer  leg, 
of  the  syphon  {BuHder,  1879,  xxxvii.  1,002).  There  is  another  arrangement  patented 
by  him,  combined  with  a grease  intercepter.  (See  Water  Waste  Preventer.)  A some- 
what similar  one  is  put  forward  as  “ Adams’  patent  flushing  syphon.”  Another  by 
Banner,  as  in  The  Sanitarian' s ComjMnion . 

18882'.  The  house  drain  should  be  effectually  cut  off  from  aerial  connection  with  the 
common  sewer,  or  any  other  house  drain  ; also,  the  house  should  be  cut  off  from  aerial 
connection  with  all  soil  and  waste  pipes  ; and  all  these  external  pipes  and  the  house 
drain  should  be  so  formed  and  so  connected  that  they  shall  at  all  times  be  freely  flushed 
with  fresh  air,  and  all  contribute  to  their  mutual  purification.  “ House  drains,”  writes  Mr. 
Honeyman,  “ as  usually  laid  at  present  are  not  ventilated.  A 4-inch  drain,  as  recom- 
mended by  Sir  Robert  Rawlinson  ( Z’ra?2s.  of  Sanit.  Inst.,  vol.  vi.,  p.  72)  and  others, 
cannot  be  ventilated  by  merely  leaving  openings  at  each  end  of  it.  The  friction  in  such 
a pipe  would  neutralise  a considerable  amount  of  energy,  and  there  is  no  energy.  The 
movement  of  the  air  is  sometimes  in  one  direction,  sometimes  in  the  other,  and  the 
quantity  which  gains  admission  is  just  about  sufficient  to  promote  fermentation  and  the 
propagation  of  organisms,  and  to  allow  the  escape  of  abominably  polluted  air  at  either 
end,  or  into  the  house  if  it  have  the  chance.  My  advice  is  to  increase  the  size  of  the 
drain,  to  confine  the  sewage  in  a narrow  channel,  and  to  keep  the  whole  clean.  I am  not 
prepared  to  say  that  even  a well-ventilated  house  drain  would  be  superior  to  one  abso- 
lutely without  ventilation,  from  which  atmospheric  air  is  entirely  excluded  ; but  it 
appears  to  me  to  be  indisputable  that  there  must  be  either  thorough  ventilation  or  none, 
and  that  in  this  case  the  usual  via  media  is  the  very  worst  course  that  can  possibly  ba 
adopted.” 

1888^.  A system  has  lately  (1887)  been  patented  by  Mr.  H.  R.  Newton,  architect, 
whereby  he  shows  the  absolute  necessity  for  the  total  enclosure  of  sewage  from  air  in 
all  ways,  to  prevent  exhalations  arising,  and  to  absolutely  control  the  method  for  their 
suppression.  He  points  out  the  injurious  influence  of  forcing  air  into  fouled  water  in  any 
way,  or  of  allowing  fouled  water  to  have  any  contact  with  air;  drains  and  sewers,  he 
maintains,  should  be  always  full,  instead  of  empty. 

1888^.  Various  arrangements  are  advertised  for  obtaining  access  to  drains  for  inspec- 
tion without  the  necessity  for  breaking  into  them,  or  for  clearing  stoppages.  At  the  end 
of  the  drain  next  the  sewer  (and  perhaps  at  other  places)  should  be  formed  a manhole 
or  “ inspection  ” chamber,  having  a syphon  trap  in  it,  or  between  it  and  the  sewer.  It  may 
be  formed  of  bricks  in  cement,  sometimes  set  on  a concrete  bed,  and  is  usually  3 feet 
6 inches  by  2 feet  6 inches  in  the  clear,  and  finished  with  an  air-tight  cover,  as  by  a 
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Yorkshire  stone  set  in  cement.  The  depth  of  the  drain  determines  the  depth  of  tlie 
chamber,  which  must  be  Jarger  if  very  deep.  At  the  bottom  of  it  is  an  open  cliannel 
about  9 inches  deep,  so  that  it 
glance  whether  the  sewage  is 
In  the  end  next  the  sewer  an 
at  the  drain  between  the  t ap  JI 
ing,  if  necessary.  The  cap  to 
times  be  securely  fixed  and 


1 H 

1 

1 

F 

1 ^ 

can  be  ascertained  at  a 
flowing  properly  or  not. 
eye-hole  is  fixed,  to  get 
and  the  sewer,  for  clean- 
this  6}  e-hole  must  at  all 
sealed. 


Fig.  61 5t. 

A,  Inspection  chamber  at  the  back  of  the  house,  b.  Ditto,  or  manhole,  in  the  front  of  the  house, 
c,  c,  c,  the  drain  running  from  the  sewer  at  the  end  H,  through  B,  wherein  is  shown  a syphon  ti'ap,  with 
a pipe  D through  which  the  drain  can  be  cleansed,  if  necessary.  This  chamber  B is  ventilated  by  a pipe 
No.  I.  to  let  foul  air  out  or  fresh  air  in.  The  pipe  No.  II.  is  a ventilation  pipe  to  the  house  drain,  and  also 
to  a soil  pipe,  No.  III.  E and  p are  trapped  gullies  or  gratings  in  the  yards  or  gardens.  Into  A would 
also  be  carried  the  drain  from  the  grease  trap.  This  figure  is  obtained  from  Catherine  M.  Buckton’s 
Our  Dwellings,  Healthy  and  Unhealthy,  8vo.,  Longmans,  1885,  p.  65. 

1888?n.  Fig.  615^.  is  a plan  and  section  of  the  interior  of  an  ordinary  town  house, 
showing  the  position  of  each  sanitary  apparatus,  as  urged  by  officials  and  by  others.  The 
figure  is  from  Buckton’s  Our 
Dwellings,  1885,  p.  62.  Plan  : 

E,  back  kitchen  ; f,  front 
kitchen ; g,  front  yard  or  area ; 

H,  yard  or  garden  ; d,  steps 
down  to  the  basement ; x,  the 
drain,  taking  the  trapped 
gully  in  garden,  passing 
through  the  inspection 
chamber  h,  which  takes 
the  drain  from  the  water 
closet  soil  pipe,  and  from  a, 
the  grease  trap,  with  its 
vent  pipe  No.  IV.  from  e,  the 
sink  in  the  scullery.  No.  II. 
is  the  vent  pipe  to  the 
house  drain,  and  No.  III.  the 
.vent  pipe  to  the  soil  pipe. 

In  the  front  area,  g,  is  the 
inspection  chamber  r,  through 
which  passes  the  drain  x, 
having  s,  the  trap  to  sepa- 
rate it  from  the  sewer,  and 
into  this  chamber  runs  the 
trapped  gully ; No.  I.  is  the 
vent  pipe  from  it.  Section : a 
and  B are  two  water  closets, 
the  plans  are  given  at  the 
side ; and  as  a sanitary  arran- 
gement there  should  be  a 
lobby,  lighted  and  ventilated, 
between  the  water  closet  and 
the  staircase,  somewhat  as 
shown  on  plan  b ; y,  slop  sink, 
with  syphon  trap  passing  on 

to  the  head  of  a pipe  into  Fig.  f,\ui. 

the  drain.  Ihe  other  letters  apply  to  the  above  description  also. 
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Iron  Drains. 

1888;^.  The  “Newman”  complete  system  of  Cast  Iron  Drainage,  of  which  the  first 
introducers  and  sole  manufacturers  are  the  North  British  Plumbing  Company.  A paper 
is  published  by  them,  On  the  use  of  Cast  Iron  for  House  Drains,  by  W.  D.  Scott 
Moncrietf,  C.E.,  read  at  the  National  Health  Society’s  Exhibition,  1883.  The  advantages 
of  cast  iron  are  put  thus  : 1,  its  superior  strength  and  capacity  to  resist  fracture ; 2,  the 

greater  lengths  in  which  it  can  be  manufactured,  and  the  corresponding  reduction  in  the 

number  of  joints ; 3,  the  greater  facilities  for  making  the  joints  secure  by  means  of  lead 
run  in,  sulphur,  oxi  ised  iron  filings,  red  lead  and  yarn,  &c.  The  points  to  be  considered 
in  adopting  cast  iron  are  : 1,  the  available  means  for  preserving  it ; 2,  the  determination 
of  the  capacity  and  weight  of  the  pipes;  3,  the  character  of  the  connections  best  suittd 
to  the  material;  4,  the  nature  of  the  joints;  5,  the  comparative  cost.  The  preserving  y 
methods  besides  paint  are:  1,  the  coating  with  a preparation  of  tar,  known  as  Dr.  fl 
Angus  Smith’s  composition ; and  2,  the  Bower-Barff  process,  consisting  of  coating  the 
surfaces  of  the  iron  with  magnetic  oxide  after  a very  careful  cleansing,  and  then 
painting  to  protect  the  surface  from  being  injured  too  deeply  at  any  time,  for  if 
scratched,  oxidation  quickly  follows.  They  can  also  be  glazed  inside.  At  each  end  of  I 

the  drain  a manhole  can  be  formed,  so  that  the  drain  could  be  swept  clean  from  end  to  11 

end  by  a sweep’s  machine.  Some  objections  have  been  raised  to  iron  drains,  more  espe- 
cially  that  of  the  iron  cracking,  as  it  is  well  known  iron  rain-water  pipes' will  crack, 
even  when  protected  from  the  atmosphere.  j 

1888o.  The  pipes  in  6 to  9 feet  lengths,  with  inspection  covers,  curved  junctions,  are  to 
be  laid  on  concrete,  or  on  a dwarf  wall,  or  on  iron  bearers,  and  in  a trench  or  subway  under  d 
the  passage,  so  that  the  -whole  length  can  be  open  to  inspection  at  any  time.  Five-inch  d 
pipes  are  usually  adopted,  |ths  of  an  inch  thick,  giving  about  120  lbs.  as  the  weight  of  a 
6 feet  length.  When  the  soil  pipe  is  connected  to  the  iron  soil  drain,  a copper  ferrule  ^ 
should  be  wiped  on  to  the  end  of  the  soil  pipe,  the  latter  being  threaded  and  caulked  as  I 
for  the  ordinary  iron  joint.  The  joints  may  also  be  screw  joints.  The  company  also  q 
furnish  the  necessary  house  drain  terminal,  manhole  covers,  flush  tank  with  annular 
syphon,  rain-water  flushing  head,  grease  trap,  water-waste  preventer  cistern,  mica  non-  j 
return  valve,  soil-pipie  cowl,  improved  valve  closets,  air  ventilator  and  tubes,  Winser’s 
cliannel  pipes  and  bends,  straight  and  taper,  in  lest  enamelled  stoneware  ; white  enamelled  ] 
sinks  for  kitchen  and  scullery;  caulking  sleeve  of  brass,  for  securing  lead  pipes  in  iron 
sockets,  with  oakum  and  lead  ; and  many  others  of  similar  modern  appliances.  [ 

Testing  a Drain. 

1 888/1.  There  are  several  methods  of  ascertaining  if  the  pipes  are  properly  laid,  as 
well  as  for  finding  the  place  of  an  escape  of  smell  into  the  house.  1.  By  the  peppermint 
test,  relying  upon  smell.  This  is  applied  by  pouring  down  the  ventilating  or  other 
accessible  pipe  outside  the  house,  about  two  ounces  of  strong  (essence  of)  peppermint, 
quickly  followed  by  about  two  quarts  of  hot  water,  the  orifice  of  the  pipe  being 
instantly  plugged  up  to  prevent  the  escape  into  the  atmosphere  of  the  scent.  If  per- 
ceived in  any  room,  or  closer,  or  sink,  there  exists  the  evil.  2.  By  the  smoJce  test, 
relying  upon  sight  chiefly,  the  invention  (1883)  of  Mr.  C.  Innes,  C.E.  Straw  may  be 
placed  in  the  dram,  say  at  the  inspection  shaft  (if  there  be  one),  then  saturated  with 
petroleum,  and  lighted,  with  care  on  account  of  the  flare.  Then  the  drain  must  be 
covered  over  so  that  the  smoke  shall  ascend  the  drain,  escaping  at  the  ventilating  pipe,  if 
there  be  no  crack  or  defect  by  which  also  to  escape.  A pinhole  in  an  iron  pipe  has  thus 
been  detected  wFen  the  previous  test  failed  to  point  out  the  exact  spot.  Pain’s  “ smoke 
rockets”  burn  from  ten  to  fifteen  minutes,  and  emit  a dense  volume  of  smoke.  “The 
Banner  patent  drain  grenade  ’ or  “drain  ferret”  is  made  of  thin  glass,  and  cha’'ged 
wdth  powerful  pungent  and  volatile  chemicals.  When  the  grenade  is  dropped  down  any 
pipe  it  breaks,  and  the  effect  prodUv.'ed  by  its  contents  is  distributed  only  as  intended. 
When  drains  to  be  tested  by  the  smell  or  smoke  test  pass  through  a house,  care  || 
must  be  taken  to  close  all  openings  ; and  when  applied  outside,  the  openings  should  be 
closed,  to  prevent  any  smell  entering  from  the  outside. 

1888/.  In  .places  where  the  drain  is  deep  and  has  been  laid  in  clay  with  rubbish 
over,  and  perhaps  finished  by  concrete  with  a coat  of  cement  over,  or  tile,  or  other 
paving,  if  the  ground  be  probed  with  an  iron  or  steel  rod  to  the  bottom  of  the 
trench,  it  has  been  found  that  smoke  was  actually  issuing  f/om  the  drain  ; and  it  also 
showed  the  state  of  the  ground,  the  point  of  the  probe  indicating  the  nature  of  the 
soil  at  the  bottom  of  the  trench.  A third  test  is  the  water  test  to  the  main  drain  of 
a house.  The  pipes  have  to  be  stopped  up  at  both  ends  in  order  to  be  filled  with  water, 
and  some  upright  part  formed,  or  selected,  for  the  purpose  of  observing  if  the 
drain  hold  the  winter,  or  the  reverse.  The  ends  of  the  branches  into  it  having  been 
also  stopped  up,  the  water  may  then  be  turned  on,  and  the  pipes  filled  to  a part  marked 
on  the  upright  pipe.  It  is  then  to  be  carefully  watched  to  ascertain  if  the  water  falls 
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below  the  mark  ; should  it  do  so,  it  at  once  proves  that  there  is  a leak  somewher*^. 
(James  Stewart,  senr.) 

I888r.  Among  other  general  and  special  recommendations  (Woodward,  in  R.I.B.A. 
Transactions,  with  additions),  ai’e  the  I'ollowing: — 

1.  Constant  supervision  during  the  laying  of  drains,  to  secure  good  workmanship 
both  in  the  laying  and  jointing. 

2.  Dra  ns  are  best  laid  when  the  carcase  is  completed  and  the  roof  put  on.  They  are 
not  required  sooner,  and  they  are  then  less  likely  to  be  disturbed.  If  left  for  a later 
time  they  may  probably  be  hurried  over. 

3.  Wtierever  possible,  drains  should  be  laid  outside  the  house.  When  inside,  their 
direction  should  be  indicated  on  the  floor  by  a sufficient  Aviath  of  the  floor  material  being 
laid  so  as  to  be  easily  taken  up  at  any  time  to  obtain  complete  access  to  the  drains. 

4.  All  old  drains  and  cesspools,  and  all  soil  which  has  been  in  contact  with  or  saturated 
by  any  ot  them,  should  be  entirely  removed  from  the  premises. 

5.  Junctions  should  always  be  made  by  a gentle  curve  or  bend  with  the  length  of  the 
pipe,  and  never  at  a right  angle. 

6.  A regular  and  uniform  fall  should  be  secured  ; a too  great  fall  may  rapidly  carry 
away  the  liquid  while  the  soil  remains. 

7.  The  pipes  should,  if  the  soil  ‘be  soft,  be  laid  in  a bed  of  concrete  or  on  well-tempered 
clay  puddle,  and  formed  to  suit  the  curve  of  the  pipe. 

8.  The  joints  of  all  pipes  should  be  well  socketed,  and  the  pipes  should  have  a full 
bearing  on  the  bed,  not  being  allowed  to  bear  only  on  the  joint,  so  that  channels  should 
be  formed  in  the  bed,  or  be  cut  out  for  the  sockets  to  rest  in. 

9.  The  joints  should  be  carefully  cemented  or  clayed  in  all  round;  not  the  least 
particle  of  cement  or  clay  should  remain  on  the  inside  of  the  pipes,  as  on  hardening  it 
forms  an  obstruction  and  the  nucleus  for  stopping  the  drain. 

10.  All  traps  should  be  earthenware  syphon  traps,  Avich  inhts  and  covers,  w'ith  ready 
access  for  cleaning  out.  Grease  traps  for  scullery  sinks  should  be  ready  of  access  fur 
periodically  removing  the  grease,  Avhich  otherAvise  passes  into  the  drain  and  assists  in 
forming  an  obstruction.  These  traps  should  be  ventilated. 

11.  As  flushing  plays  an  important  pait  in  all  systems  of  drainage,  the  waste  water 
from  sinks,  baths,  rain-water  pipes,  &c.,  should  pass  down  the  house  drain.  Lately,  in 
some  systems,  these  have  been  kept  distinct  from  the  soil  drains  ; but  as  very  little  watt  r 
accompanies  the  one  emptying  of  a water  closet  apparatus,  there  is  much  danger  of  soil 
remaining,  an  evil  which  is  avoided  by  the  flushing  obtained  from  the  other  sources. 

12.  At  the  junction  of  pipes  a shaft  or  inspection  chamber  should  be  formed,  Avith  a 
proper  cover,  to  allow  of  access  to  the  pipes,  and  by  which  rods  may  be  passed  up  and 
down  the  drain  in  case  of  a stoppage. 

13.  Before  the  drain  enters  the  sewer,  and  outside  the  house,  a similar  shaft  should  be 
■ffiuilt,  with  a stone  or  iron  cover  well  cemented  down,  and  a syphon  trap  fixed  on  the 

seAver  side  of  the  shaft,  with  a ventilating  pipe  carried  up  well  above  the  roof  of  the  hou^e. 

14.  All  overflows,  wastes,  and  rain-water  pipes  should  discharge  over  an  open  gully 
trap,  and  not  be  connected  direct  into  the  drain.  Where  practicable,  gully  traps  should 
be  fixed  outside  a building. 

15.  Air  inlets  should  be  fixed  as  far  as  possible  from  windows  and  doors. 

16.  If  the  drain  has  but  a slight  fall  the  use  of  a flushing  tank  is  indispiensable. 

1888s.  The  importance  of  sanitary  inspections  may  be  shown  in  the  necessity  of  some 

modifications  to  the  existing  drainage  of  a house.  The  folloAving  remarks  and  suggt  s- 
tions  Avill  be  useful  to  the  iinmst  i gator : — “It  cannot  be  too  strongly  impressed  on  the 
public  mind,  that  to  make  a house  fairly  safe  from  dangerous  inroads  of  seAver  gas  (or 
smell),  as  it  is  termed,  is  not  by  any  mtians  a gigantic  undertaking.  In  the  case  of  a new 
house,  an  architect  of  ordinary  professional  capacity  is  quite  alive  to  the  modern  ideas  of 
sanitation,  and  he  Avill  no  doubt  see  that,  so  far  as  his  client  permits  him,  all  that  is 
proper  to  be  done  is  thoroughly  carried  out.  The  difficulties  become  apparent  when  he 
has  to  deal  with  an  old  house,  the  drains  of  which  he  knows  nothing  about ; but  even 
here  the  task  of  securing  safety  from  poison  from  the  sewer  is  not  such  a very  hard  one. 
Take,  for  example,  an  ordinary  street  house.  The  water  closet  apparatus  is  of  the  old 
kind,  perhaps  set  in  an  apartment  in  the  centre  of  the  house,  without  any  comniunica  ion 
with  the  open  air.  The  sink  waste  is  directly  connected  with  the  drain,  supposed  to  be 
protf-cted  by  an  old  bell-trap,  which  is  of  little  use.  The  ci.-tern  has  the  old  standing 
waste  pipe,  also  directly  connected  with  the  drain,  and  serves  the  sink  as  well  as  the 
water  closets.  The  rain-wmter  pipes  are  also  directly  connec  ed  with  the  drains,  which 
run  under  the  kitchen  floor  of  basement  passage,  and  uninterruptedly  onwards  to  the  old 
irm  flap  trap  (at  the  sewer),  which,  if  it  exists,  or  is  in  right  action,  is  the  only  oppos- 
ing force  to  direct  contact  with  the  main  sewer  in  front. 

1888<.  “ Now  this  is,  apparently,  a very  alarming  state  of  things,  to  be  remedied  only 
(some.  Avould  say)  by  the  removal  of  pipes,  cisterns,  and  apparatus  throughout  the  house, 
involTTirig  perhaps  the  dislocation  of  everything  in  it,  and  the  substitution  of  the  net- 
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work  of  arrangements  of  modern  sanitation.  If  the  client  be  willing  to  carry  out  these 
elaborate  notions,  there  can  be  no  objection  to  his  having  them;  but  for  the  larger  class 
the  following  will,  in  ordinary  cases,  be  sufficient  to  arrest  danger  ; first  supposing  that 
the  water  closets,  sinks,  and  cisterns,  are  in  a proper  state  of  repair,  and  that  the  drains 
or  other  pipes  are  all  clear. 

1888;«.  “ Take  up  the  paving  of  the  front  area  where  the  main  drain  runs  through  to 
the  sewer.  Cut  out  a length  or  so  of  the  drain,  and  build,  in  9 inch  brickv^ork,  a shaft 
3 leet  by  2 feet.  Render  it  inside  in  Portland  cement.  At  the  bottom  let  iu  a half 
drain  pipe,  and  at  the  sewer  side  fix  a syphon  trap.  Connect  with  the  shaft  two  4-inch 
drain  pipes,  one  on  either  side  of  the  shaft;  or  carry  up  a 4-inch  galvanized  iron  pipe  a 
short  distance  to  form  inlets.  If  a rain-water  pipe  be  near  at  hand,  the  joints  may  be 
caulked,  and  it  may  be  connected  with  the  shaft  by  one  of  the  pipes;  carry  it  well  up 
above  the  roof,  and  treat  it  as  the  outlet  ventilator.  If  a rain-water  pipe  is  not  near  at 
hand,  carry  up  from  the  shaft,  and  well  above  the  roof,  a separate  4-inch  galvanized  iron  || 
ventilating  pipe.  Cover  the  shaft  with  a York  stone,  or  iron  cover,  and  the  drain  job  is 
done.  As  regards  the  water  supply,  the  cistern  should  be  well  cleaned  out  periodically,  say 
once  a month,  and  there  will  not  be  much  to  fear  in  that  direction.” — Woodward,  London 
as  it  is  and  as  it  might  he,  read  at  Royal  Institute  of  British  Architects,  and  printed  in 
Transactions,  new  series,  vol.  ii.  p.  46. 


Skct.  II. 

BRICKLAYING  AND  TILING. 

1889.  Bricklaying,  or  the  art  of  building  with  bricks,  or  of  uniting  them  by  cement  or 
mortar  into  various  forms,  includes,  in  the  metropolis,  and  mostly  in  tho  provinces,  the 
business  of  walling,  tiling,  and  paving  with  bricks  or  tiles,  and  sometimes  plastering;  but 
this  last  is  rarely,  if  ever,  undertaken  by  the  London  bricklayer;  though  in  the  country 
tilt-  trades  of  bricklaying  and  plastering  are  usually  united,  and  not  unfrequently  that  of 
masonry  also.  The  materials  used  have  been  described  in  a previous  part  of  the  work,  to 
which  the  reader  is  referred  (1811.  et  seq_.). 

SHORING. 

1889fl.  It  is  ad  visible  that  the  student  should  be  acquainted  with  the  mechanical  prin- 
ciples involved  in  the  construction  of  shores,  and  the  nature  of  the  forces  which  are 
brought  into  play.  G.  H.  Blagrove,  in  Shoring  and  its  Application,  1887,  writes: 

“ Though  the  student  has  to  learn  the  principles  of  Shoring,  the  practising  architect 
has  to  apply  them,  often  in  the  utmost  haste,  to  prevent  the  most  disastrous  conse- 
quences, and  occasionally  surrounded  with  the  most  perplexing  difficulties.  Viollet-le- 
Duc  says:  ‘Nothing  enhances  the  respect  of  workmen  for  the  architect  like  his  being 
ready  to  shore  properly  . . . and  nothing  is  more  satisfying  to  the  eye  than  a 
system  of  shoring  well  combined  and  well  executed.’  ” The  author  divides  his  book 
into  Raking,  Flying  and  Dead  Shoring,  Needling,  Centreing,  Timbering  for  Excavations, 
Underpinning,  and  Straightening  Walls.  In  Raking  Shores  is  explained  the  danger 
of  using  timber  unnecessarily  heavy  for  the  purpose,  and  the  danger  of  the  vertical 
sinking  of  a wall,  causing  the  shores  to  separate  it ; also  the  advantage  of  shoring 
against  the  floors,  and  the  proper  precautions  to  be  taken  for  shoring,  of  a more  per- 
manent and  efficient  kind  than  the  rough  and  ready  shoring  so  often  resorted  to.  In 
the  case  of  Flying  Shores  there  is  the  risk  of  their  sagging,  though  this  may  generally 
be  obviated  by  using  trusses,  p irticnlarly  when  the  flying  shores  are  in  more  than  one  ; 
height.  Little  has  to  be  said  about  “ deed  shores,”  but  the  rough  way  in  which  they  are  | 
often  put  in  is  detrimental  to  the  building.  In  tlie  chapter  on  Needling  the  necessary  | 
precautions  are  carefully  stated,  but  the  proper  calculation  of  the  strength  of  the  needles  ^ 
is  not  urged..  The  dtvicis  which  have  be  n put  in  practice  at  times  to  save  expense, 
viz.,  the  iron  frames  which  enable  the  bressummer  to  be  rolled  in  lengthwise,  the  case 
M'here  the  bressummerhas  to  be  enclosed  in  the  frames,  then  got  in  para  lei  and  rolled  end 
on  to  its  place,  and  where  it  is 'only  put  in  parallel,  are  also  explained.  Two  devices  are  d 
not  noticed  : one  where  the  middle  of  a wall  has  to  be  removed,  but  where  an  arch  can  be 
turned  ; the  arch  form  is  marked  in  chalk  on  both  sides  of  the  wall,  holes  beginning  at 
the  skewbacks  are  successively  cut  to  the  shape  of  the  arch  by  men  w'orking  on  both  » 

sides,  and  the  segments  are  then  built  in  and  wedged  up,  until  the  whole  arch  is  turned  ^ 

without  using  needling,  and,  when  the  cement  has  set,  the  brickwork  below  is  cut  away.  t|| 
The  other  is  executed  thus  : narrow  iron  girders,  not  exceeding  one-fourth  of  the  thickness 
of  the  wall,  are  cut  in,  and  fixed  on  both  sides,  then  Y'ork  stone  is  pinned  in  on  the  top  of 
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them,  connecting  the  two  girders,  which  are  also  bolted  together.  The  brickwork  below 
is  then  removed.  This  system  will  iii  most  cases  supersede  all  others.  Careful  advi  e is 
given  for  shoring  up  defective  arches  and  vaults;  and  a French  plan  of  suppoiting  centre- 
ing on  wood  by  pistons  fitted  into  iron  cylinders  filled  with  sand;  by  this  means  the 
cen'reing  can  be  accurately  slackened  by  letting  out  the  sand.  The  familiar  methods  of 
Timbering  Excavations  are  given.  Where  the  earth  will  not  stand,  sheet  piling  is  re- 
commended, 4 fc.  wide,  but  4 ft.  6 in.  is  generally  considered  to  be  the  least  width  in 
which  men  can  conveniently  excavate.  In  tTnderpinning,  the  author  points  out  the 
difficulties  of  shoring  when  the  defects  have  arisen  from,  the  ground  being  too  soft ; ho 
shows  the  shoring  necessary  for  crushed  piers  and  columns,  and  adverts  to  the  move- 
ments occasioned  by  underpinning,  on  parts  apparently  too  distant  to  be  affected  by 
them.  Descriptions  are  given  of  the  methods  employed  in  straightening  walls,  as  at 
Armagh  Cathedral,  Beverley  Minster,  and  St.  Albans  Abbey.  (G.  Aitchison,in  R.I.B.A. 
Proceedings.  The  Mechanics  of  Shoring,  in  Building  News,  Sept.  14,  1877,  p.  249.) 

1890.  The  tools  used  by  the  bricklayer,  who  has  always  an  attendant  labourer  to  supply 
him  with  bricks,  mortar,  &c.,  are — 1.  A brick  trowel,  for  taking  up  and  spreading  the 
mortar,  and  also  for  cutting  the  bricks  to  any  required  length.  2.  A hammer,  for  cutting 
holes  and  chases  in  brickwork.  3.  lih.e plumb  rule,  being  a thin  rule,  6 or  7 inches  wide, 
with  a line  and  plummet  swinging  in  the  middle  of  it,  in  order  to  ascertain  that  the  walls 
are  carried  up  perpendicularly.  4.  The  which  is  about  10  or  12  feet  long,  with  a 

vertical  rule  attached  to  it,  in  which  a liiip  and  plummet  are  suspended,  the  use  of  which  is 
to  try  the  level  of  the  walls  at  various  stages  of  the  building  as  it  proceeds,  and  particularly 
at  the  window  sills  and  wall  plates.  5.  The  large  square,  for  setting  out  right  angles. 
6.  The  rod,  for  measuring  lengths,  usually  5 or  10  feet  long.  7.  Tho  jointing  rule,  about 
8 or  10  feet  long,  as  one  or  two  bricklayers  are  to  use  it,  and  4 inches  broad,  with  which 
they  run  or  mark  the  centre  of  each  joint  of  the  brickwork.  8.  The  jointer,  which  is  of 
iron,  shaped  like  the  letter  S.  9.  The  compasses,  for  traversing  arches  and  vaults.  10.  The 
raker,  a piece  of  iron  having  two  knees  or  angles,  dividing  it  into  three  parts  at  right  angles 
to  each  other,  the  two  end  parts  being  pointed  and  equally  long,  and  standing  upon  contrary 
sides  of  the  middle  part.  Its  use  is  to  rake  out  decayed  mortar  from  the  joints  of  old  walls 
for  the  purpose  of  replacing  it  with  new  mortar,  or,  as  it  is  called,  pointing  them.  1 1 . The 
hod,  which  is  a wooden  trough  shut  close  across  at  one  extremity  and  open  at  the  other. 
The  sides  consist  of  two  boards  at  right  angles  to  each  other;  from  where  they  meet  a 
handle  projects  at  right  angles  to  their  union.  It  is  used  by  the  labourer  for  conveying 
bricks  and  mortar  to  the  bricklayer ; for  which  purpose,  when  he  has  the  latter  office  to 
perform,  he  strews  dry  sand  on  its  inside,  to  prevent  the  mortar  from  sticking.  12.  The 
line  pins, 'ffh\ch  are  ot  iron,  for  fastening  and  stretching  the  line  at  proper  intervals  of  the 
wall,  that  each  course  may  be  kept  straight  in  the  face  and  level  on  t!ie  bed.  The  pins  have 
a line  attached  to  them  of  60  ft.  to  each  pin.  13.  The  rammer,  used  f >r  trying  the  ground, 
as  well  as  for  beating  it  solid  to  the  utmost  degree  of  compression.  13.  The  iron  crow  and 
pickaxe,  for  breaking  and  cutting  through  walls  or  moving  heavy  weights.  14.  The  grind- 
ing stone,  for  sharpening  axes,  hammers,  and  other  tools.  The  following  ten  articles  relate 
enti  ely  to  the  preparation  and  cutting  of  gauged  arches.  15.  'J'he  ba.nktr,  which  is  a bench 
from  6 to  1 2 ft.  long,  according  to  the  number  of  workmen  who  are  to  work  at  it.  It  is 
2 ft.  6 inches  to  3 ft.  wide,  and  about  2 ft.  8 in.  high.  Its  use  is  for  preparing  the  bricks 
for  rubbed  arches,  and  for  other  gauged  work.  16.  The  camber  slip,  a piece  of  wood, 
usually  about  half  an  inch  thick,  with  at  least  one  curved  edge,  rising  about  1 inch  in 
6 feet,  for  drawing  the  sofite  line  of  straight  arches.  When  the  other  edge  is  curved,  it 
rises  about  half  that  of  the  other,  that  is,  about  half  an  inch  in  6 feet,  for  the  purpose  of 
drawing  the  upper  line  of  the  arch,  so  as  to  prevent  it  becoming  hollow  by  the  settling  of 
the  arch.  The  upper  edge  is  not  always  cambered,  many  preferring  it  straight.  The  slip 
being  sufficiently  long,  it  answers  the  width  of  many  openings  ; and  when  the  bricklayer  has 
drawn  his  arch,  he  delivers  it  to  the  carpenter  to  prepare  the  centre  for  it.  1 7.  The  rubbing 
stone.  This  is  of  a cylindrical  form,  about  20  inches  diameter,  but  may  be  less.  It  is  fixed  at 
one  end  of  the  banker,  upon  a bed  of  mortar.  After  the  bricks  for  the  gauged  work  have 
been  rough-shaped  by  the  axe,  they  are  rubbed  smooth  on  the  rubbing  stone.  The  headers 
and  stretchers,  in  return,  which  are  not  axed,  are  called  rubbed  returns  and  rubbed  headers 
and  stretchers.  18.  The  bedding  stone,  which  is  a straight  piece  of  marble  1 8 or  20  inches  in 
length,  of  any  thickness,  and  about  8 or  10  inches  wide.  It  is  used  to  try  the  rubbed  side  of  a 
brick,  which  must  be  first  squared  to  prove  whether  its  surface  be  straight,  so  as  to  fit  it 
upon  the  leading  skew  hack,  or  leading  end  of  the  arch.  19.  The  square,  for  trying  the 
bedding  of  the  bricks,  and  squaring  the  sofites  across  the  breadth  of  the  bricks.  20.  The 
bevel,  for  drawing  the  sofite  line  on  the  face  of  the  bricks.  21 . The  mould,  for  forming  the 
face  and  back  of  the  brick,  in  order  to  reduce  it  in  thickness  to  its  proper  taper,  one  edge 
of  the  mould  being  brought  close  to  the  bed  of  the  brick  when  squared.  The  mould  has  a 
notch  for  every  course  of  the  arch.  22.  The  scribe,  a spike  or  large  nail,  ground  to  a sharp 
point,  to  mark  the  bricks  on  the  face  and  back  by  the  tapering  edges  of  the  mould,  f jr  the 
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purpose  of  cutting  them.  23.  The  tin  saw,  \\f‘ed  for  cutting  thesofite  lines  about  one  eighth 
of  an  inch  deep,  first  by  the  edge  of  the  level  on  the  face  of  the  brick,  then  by  the  edge  of 
the  square  on  the  bed  of  the  br  ck,  in  order  to  enter  the  brick  axe,  and  to  keep  the  brick 
from  spalting.  The  saw  is  also  used  for  cutting  the  sofite  through  its  breadth  in  thedirec- 
tion  of  the  tapering  lines,  drawn  upon  t :e  face  and  back  edge  of  the  brick;  but  the  cutting 
is  always  made  deeper  on  the  face  and  back  of  the  brick  than  in  the  middle  of  its  thickness, 
for  the  above-mentioned  purpose  of  entering  the  axe.  The  saw  is  also  used  for  cutting  the 
f alse  joints  of  headers  and  stretchers.  24.  The  brick  axe,  for  axing  off  the  sofites  of  bricks 
tn  the  saw  cuttings,  and  the  sides  to  the  lines  drawn  by  the  scribes.  The  bricks  being 
always  rubbed  smooth  after  axing,  the  more  truly  they  are  axed  the  less  labour  will  be 
r»-quisite  in  rubbing  them.  25.  The  templet.  This  is  used  for  taking  the  length  of  the 
stretcher  and  width  of  the  header.  26.  The  chopping  block,  for  reducing  the  bricks  to  their 
intended  size  and  form  by  axing  them.  It  is  made  of  any  piece  of  wood  that  comes  to 
hand,  from  6 to  8 inches  square,  and  generally  supported  upon  two  14-inch  brick  piers,  if  only 
two  men  work  at  it ; but  if  four  men,  the  chopping  block  must  be  lengthened  and  supported 
by  three  piers,  and  so  on  according  to  the  number  employed  at  it.  It  is  about  2 ft.  3 in.  in 
height.  27.  The  jloat-stone,  which  is  used  for  rubbing  curved  work  to  a smooth  surface, 
such  as  the  cylindrical  backs  and  spherical  heads  of  niches,  to  take  out  the  axe  marks.  It 
is,  before  application  to  them,  made  of  a form  reversed  to  the  surface  whereon  it  is  applied, 
so  as  to  coincide  with  it  as  nearly  as  poss  ble  in  finishing. 


Bonding. 

1891.  Before  adverting  to  the  bond,  as  it  is  technically  called,  of  brick  walling,  which  is 
the  form  of  connection  of  the  bricks  with  each  other,  it  musf  be  observed  that  in  working 
walls  not  more  than  4 or  5 feet  should  be  brought  up  at  a time;  for  as,  in  setting,  the 
mortar  shrinks  and  a general  subsidence  takes  place,  the  part  first  brought  up,  if  too  large 
in  quantity,  will  have  come  to  its  bearing  before  the  adjacent  parts  are  brought  up,  and  thus 
fissure>  in  the  work  and  unequal  settlements  will  take  place.  In  carrying  up  any  particular 
part  above  another,  it  should  always  be  regularly  sloped  back  to  receive  the  adjoining  parts 
to  the  right  and  to  the  left.  On  no  account  should  a-y  part  of  a wall  be  carried  higher 
than  one  scaffold,  except  for  some  very  urgent  object. 

1892.  Previous  to  the  re’gn  of  William  and  Mary  (1689-1702),  brick  buildings  in 
England  were  constructed  in  what  is  called  English  bond-,  and  subsequent  to  the  reign  in 
queftion,  when,  in  building  as  in  many  other  cases.  Hutch  fashions  were  introdined, 
much  to  the  injury  of  our  houses'  strength,  the  workmen  have  become  so  infatuated 
with  what  is  called  Flemish  bond,  that  it  is  difficult  to  drive  them  out  of  it.  To  the  intro- 
(. action  of  the  latter  has  been  attributed  (in  many  cases  with  justice)  the  splitting  of 
walls  into  two  thicknesses  ; to  prevent  which,  expedients  have  been  adopted  which  would 
be  altogether  unnecessary  if  a return  to  the  general  use  of  En  dish  bond  could  be  esti- 
blished. 

1893.  In  ch  p.  i.  sect.  ix.  of  this  book  (1503.  et  scq.)  we  have  spoken  generally  on 
walls;  our  observations  here,  therefore,  in  respect  of  them,  will  be  confined  to  brick 
walls  and  then’  bond. 

1894.  English  bond  is  that  disposition  of  bricks  in  a woiH  in  wdiich  (expect  at  the  quoins) 
the  courses  are  alternately  compo'-ed  of  headers  and  stretchers.  Iri  brick  walling,  and  indeed 
in  stone  walling  abso,  a cour-e  means  the  horizontal  layer  of  bricks  or  stones  of  which  the 
wall  is  composed,  being  contained  betw'een  two  faces  parallel  to  the  horizon,  and  terminated 
on  each  side  by  the  vertical  face  of  the  wall.  The  mass 
f..rmed  by  biickor  stones  in  an  arch  are  also  termed  courses,  but 
r ceive  the  name  of  concentric  courses.  The  term  header  is 
applied  to  a brick  or  stone  whose  small  head  or  end  is  seen  in 
the  external  face  of  the  wall;  and  that  of  stretch r to  a 
brick  or  stone  whose  length  is  parallel  to  the  face  of  the  wall. 

English  bond  is  to  be  understood  as  a continuation  either 
of  header  or  stretcher,  continued  throughout  in  the  same 
course  or  horizontal  layer,  and  hence  described  as  consisting 
of  alternate  layers  of  headers  and  stretchers  {jig.  616.),  the 
former  serving  to  bind  the  wall  together  in  a transverse  direc- 
tion or  widrhwise  and  tlius  prevent  its  splitting,  whilst  the 
latter  binds  it  lengthwise,  or  in  a longitudinal  direction.  None 
but  the  English  bond  prevents  the  former  occurrence,  as  work 
executed  in  this  way  when  so  un  lermined  as  to  causo  a fracture, 
separates,  but  rarely  breaks  through  the  solid  brick,  as  if  the 
wall  were  compos'^d  of  one  entire  piece. 

1895.  The  ancient  Roman  brickwork  v/as  executed  on  this 
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rinciple ; its  extraordinary  durability  is  as  much  to  be  attributed  to  that  sort  of  work 
.cin<»’  used  for  bonding  it  together,  as  to  its  extraordinary  thickness. 

1896.  In  this,  as  well  as  Flemish  bond,  to  which  we  shall  presently  come,  it  will  be  ob- 
erved,  that  the  length  of  a brick  being  but  9 inches,  and  its  width  4^  inches,  in  order  to 
reak  tlie  joints  (that  is,  that  one  joint  may  not  come  over  another),  it  becomes  necessary 
ear  the  angles  to  interpose  a quarter  brick  or  bat,  a,  called  a queen  closer,  in  order  to  pre- 
erve  the  continuity  of  the  bond  in  the  heading  course.  The  bond,  however,  may  equally 
e preserved  by  a three-ejuarter  bat  at  the  angle  in  the  stretching  course,  in  which  case 
ills  last  bat  is  called  a king  closer.  In  each  case  an  horizontal  lap  of  two  inches  and  a half  is 
.‘ft  for  the  next  header.  The  figure  above  given  is  that  of  a two-brick  or  18-inch  wall,  but 
he  student  will  have  no  difficulty  in  drawing,  on  due  consideration  of  it,  a diagram  of  the 
ond  for  any  other  thickness  of  wall ; recollecting,  first,  that  each  course  is  formed  either  of 
eaders  or  stretchers.  Secondly,  that  every  brick  in  the  same  course  and  on  the  same 
ice  of  the  wall  must  be  laid  in  the  same  direction,  and  that  in  no  instance  is  a brick  to  be 
laced  with  its  whole  length  against  the  side  of  another,  but  in  such  way  that  the  end  of 
ne  may  reach  to  the  middle  of  the  others  that  lie  contiguous  to  it,  excepting  in  the  outside 
f the  stretching  course,  where  three-quarter  bricks,  or  king  closers,  will  of  course  be  neces- 
iry  at  the  ends,  to  prevent  a continued  upright  joint  in  the  face  of  the  work.  Thirdly, 
lat  a wall  crossing  at  right  angles  with  another  will  have  all  the  bricks  of  the  same  level 
3urse  in  the  same  parallel  direction,  whereby  the  angles  will  be  completely  bonded.  We 
lull  close  these  observations  with  a recommendation  to  the  young  architect,  founded  on 
ur  own  experience,  on  no  account,  in  any  building  where  soundness  of  work  is  a desidera- 
im,  to  permit  any  other  than  English  bond  to  be  executed  under  his  superintendence. 

1897.  Flemish  bond  is  that  wherein  the  same  course  consists  alternately  of  headers  and 
retchers,  which,  in  appearance,  some  may  fancy  superior  to  that  just  described.  Such  is 
ot  our  opinion.  We  think  that  the  semblance  of  strength  has  much  to  do  with  that  of 
eauty  in  architecture.  But  there  is  in  the  sufferance  of  Flemish  bond  a vice  by  which 
rength  is  altogether  lost  sight  of,  which  we  shall  now  describe.  It  was  formerly,  though  now 
artially,  the  practice  to  face  the  front  walls  of  houses  with  guaged  or  rubbed  bricks,  or  with 
; least  a superior  species  of  brick,  as  the  malm  stock  ; in  the  former  cases,  the  bricks  being 
.‘diiced  in  thickness,  and  laid  with  a flat  thin  joint  frequently,  what  the  workmen  call  a. putty 
int,  for  the  external  face,  the  outer  and  inner  work  of  the  same  courses  in  the  same  wall,  not 
orresponding  in  height,  could  not  be  bonded  together  except  where  occasionally  the  courses 
11  even,  where  a header  was  introduced  from  the  outside  to  tie  or  bond  the  front  to  the  in- 
•rnal  work.  Hence,  as  the  work  would  not  admit  of  this,  except  occasionally,  from  the 
ant  of  correspondence  between  the  interior  and  exterior  courses,  the  headers  would  be 
itroduced  only  where  such  correspondence  took  place,  which 
ould  only  occur  in  a height  of  several  courses.  Thus  a wall 
VO  bricks  in  thickness,  if  faced  on  both  sides,  was  very  little 
ideed  better  than  three  thin  walls,  the  two  outer  half  a brick 
lick,  and  the  middle  one  a brick  or  9 inches  thick.  Brick- 
yers  having  little  regard  for  their  character  will,  if  not  pre- 
mted  by  the  architect,  not  only  practise  this  expedient,  but 
ill  also,  unless  vigilantly  watched,  when  a better  sort  of  brick  is 
icd  for  the  facing,  cut  the  headers  in  half  to  effect  a paltry  saving 

the  better  material.  In  walls  of  one  brick  and  a half  in  thick- 
.’ss,  the  strength  of  the  wall  is  not  diminished  by  the  use  of 
lemish  bond  so  much  as  in  those  of  greater  thickness,  as  may 
jj  seen  by  the  diagram  (Jig.  617.).  Many  expedients  have 
pen  invented  to  obviate  the  inconveniences  of  Flemish  bond ; 
it  we  think  it  rather  useful  to  omit  them,  lest  we  should  be 
msidered  as  parties  to  a toleration  of  its  use,  for  the  continu- 
ion  whereof  no  substantial  reason  can  be  assigned.  As  we 
ive  before  observed,  all  that  can  be  alleged  in  its  favour  is  a 
ncy  in  respect  of  its  appearance  : but  were  the  English  mode  executed  with  the  same 
tention  and  neatness  bestowed  on  the  Flemish  method,  we  should  say  it  was  equally 
lautiful ; and  therefore  we  shall  thus  close  our  notice  of  it. 

1898.  The  two  principal  matters  to  be  considered  in  brick  walling  are,  first,  that  the 
all  be  as  strong  as  possible  in  the  direction  of  its  length.  Secondly,  that  it  be  so  con- 
x-ted  in  its  transverse  direction  that  it  should  not  be  capable  of  separating  in  thicknesses, 
o produce  the  first,  independent  of  the  extraneous  aid  of  bond  timbers,  plates,  &c.,  it  is 
ear  that  the  method  which  affords  the  greatest  quantity  of  longitudinal  bond  is  to  be 
referred,  as  in  the  transverse  direction  is  that  which  gives  the  greatest  quantity  of  bond  in 
section  of  the  thickness.  We  will,  to  exemplify  this,  take  a piece  of  walling  4 bricks 

■pig,  4 bricks  high,  and  2 bricks  thick,  of  English  bond  : in  this  will  occur  32  stretchers, 
^4  headers,  and  16  halfheaders  to  break  the  joint,  or  prevent  one  joint  falling  over  another, 
ow,  in  an  equal  piece  of  walling  constructed  in  Flemish  bond,  there  will  occur  only  20 
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stretchers  and  42  headers;  from  which  the  great  superiority  of  English  bond  may  be  at 
once  inferred. 

1899.  Bond  Timber  should  be  used  in  pieces  as  long  as  circumstances  will  admit.  In 
walls  where  the  thickness  will  allow  of  it,  some  prefer  that  the  timber  should  be  laid  in  the 
centre,  so  that  when  it  decays  no  material  damage  is  done.  Also  that  in  case  of  fiie,  the 
bond  timber  is  not  affected  by  it.  If  so  placed,  when  dressings  of  wood  are  required, 
wooden  plugs  must  be  provided  to  which  to  secure  them.  When  a fire  occurs  and  tlie 
bond  is  next  the  inside  face,  it  is  burnt  out,  and  the  strength  of  a thin  wall,  say  9 or 
14  inches  thick,  is  seriously  affected  thereby.  Two  or  three  tiers  in  the  height  of  the  room 
are  usually  employed. 

1899«.  However  useful  timber  may  be  in  bonding  thin  walls  whilst  the  brickwork  is  vet 
green,  it  has  for  some  years  been  entirely  superseded  by  hoop  iron  bond.  This  consists  of 
narrow  and  thin  strips  of  iron  (see  Smithery)  laid  between  two  courses  of  bricks.  The  D 
iron  should  be  tarred  and  sanded,  the  former  as  a preservative  from  rust,  the  latter  to 
afford  a firmer  hold  to  the  mortar.  Some  authorities  go  so  far  as  to  state  that  hoop  iron 
bond,  unless  it  is  set  in  a cement  course,  is  not  so  efficient  as  wood  bond.  A tier  of  bond  is 
placed  in  each  three  feet  of  height,  one  strip  of  iron  to  each  half  brick.  In  extensive  works, 
or  in  special  cases,  two,  three,  or  more,  tiers  are  recommended.  In  addition  to  the  use  of 
concrete  on  clay  soils,  it  may  be  occasionally  useful  to  build  all  the  footings  for  four  or  six 
courses  in  height  of  brickwork  in  cement,  each  course  well  bonded  with  hoop  iron,  laid  both 
longitudinally  and  diagonally;  it  is  perhaps  better  than  a course  of  Yorkshire  stone  (par. 

1 882.)  as  the  bond  is  continuous.  During  the  execution  of  the  works,  the  iron  is  continued 
througli  all  openings  as  xvith  wood  bond  ; the  latter  is  cut  away  when  requisite,  but  the 
former  should  be  turned  down  against  the  brickwork.  The  laps  at  a junction  should  be  care- 
fully made  to  secure  the  continuity  of  the  tie.  An  addition  to  the  plain  band  of  iron  has 
been  introduced,  and  Tyerwans  patent  notched  hoop  iron  bond  has  been  extensively  ein- 
j)loyed.  It  consists  in  forming  a slight  notch  at  intervals  of  1 1|  inches  on  both  sides  al- 
ternately, and  turning  it  up  in  succe.ssion,  in  contrary  directions,  forming  a triangular 
piece,  whereby  a better  key  is  obtained  upon  the  bricks  and  mortar. 

] 900.  Mortar  joints.  The  propriety  of  using  mortar  beds  as  thin  as  possible,  has  been 
inculcated  in  this  work,  and  most  specifications  state  that  four  courses  of  brickwork  formed 
of  the  ordinary  sized  bricks  are  not  to  rise  more  than  11| ; sometimes  12  inches  is  named,  as 
the  joints  should  not  exceed  |ths  of  an  inch.  When  good  mortar  is  used  that  sets  rapidly, 
the  joint  might  be  thicker  than  thus  allowed.  In  Roman  and  most  Eastern  work,  the  joint 
was  usually  1 and  1^  inches  thick,  and  where  the  mortar  has  been  good,  such  buildings  so 
executed  are  sound  after  centuries  of  wear.  “ In  modern  practice,  in  all  masonry  and  bricku  oi  k 
Avhere  strength  is  required  rather  than  ornament,  thick  beds  and  joints  of  good  mortar 
will  be  useful.  Thin  bricks  or  tiles  will  also  be  better  than  thick  bricks,  as  the  material 
will  be  better  burned,  and  consequently  more  enduring.  More  good  mortar  can  also  be 
used,  wl'.ich  in  such  work  gives  strength.”  Such  is  the  practical  opinion  of  R.  Rawlinson 
( Builder,  xxi.  page  152),  who  declares  that  “the  proportion  of  mortar  to  rubble  stonework 
should  be  about  1 to  3,  that  is,  in  4 cid)ic  yards  of  rubble  wall  there  should  not  he  less  than 
1 cubic  yard  of  mortar.  In  brickwoik  (ordinary  bricks)  the  proportion  will  be  1 to  4. 

If  thin  bricks  be  used,  or  if  very  small  stone  be  used  for  rubble- work,  the  proportions  may 
be  as  1 to  1.”  It  has  been  urged  that  the  peculiarity  of  v arly  Norman  masonry,  even  of  tlie 
period  of  bishop  Gundulph,  is  that  of  very  thick  beds  of  mortar.  Mr.  Rawlinson  further 
adds,  “ As  a general  rule,  buildings  whether  of  marble,  limestone,  sandstone,  or  of  brickwork 
alone,  or  of  brick  and  terracotta  combined,  which  are  ornamental  in  character,  must  all 
have  ^/u'«  joints  and  beds.  Thick  beds  and  joints  of  mortar  xvould  destroy  the  harmony  ol 
design  by  deteriorating  the  appearance  of  labour  bestowed  on  the  rich  materials  in  such 
buildings.  ” 

190;'a.  The  fine  joints  of  rubbed  brickwork  are  formed  by  lime  putty,  being  mort.ar 
reduced  to  the  consistency  of  cream  ; the  bricks  are  dipped  into  it  to  take  up  a coating,  and 
then  driven  close  upon  each  other.  Ashlar  work  is  usually  set  in  a putty  formed  of  lime, 
white  lead,  and  a small  quantity  of  very  fine  sand.  . .: 

19C05.  The  surfaces  of  many  of  the  machine-made  bricks  are  so  hard  as  to  prevent  the  | 
mortar  sticking,  unless  first  coated  with  sand.  Many  walls  on  being  pulled  down  have  II 
shown  that  the  mortar  had  had  no  hold  upon  the  bricks ; a key  had  only  been  formed  be- 
tween two  bricks  by  tbe  holes  at  their  ends.  A wall,  though  built  in  first-rate  work, 
was  easily  shaken  to  pieces,  even  after  it  had  been  built  four  or  five  years.  Bricks,  espe- 
cially in  hot  weather,  should  be  soaked  in  water  (par.  1832«.);  and  even  some  of  the 
courses  of  bricks  should  he  sprinkled  with  water,  to  prevent  the  brick  absorbing  all  mois- 
ture from  the  mortar  before  the  lime  has  had  time  to  crystallise.  The  walls,  however, 
take  longer  to  dry  ; as  is  also  the  case  when  grouting  (par.  1860.)  is  employed.  An  in-  _ 
tere->ting  communication  from  Norway  has  been  printed  in  the  Journals  of  January,  1888,  | 
explaining  how  brickwoik  is  carried  on  there  in  the  winter  ; “ such  walls  dry  quicker  than  | 
those  raised  in  summer.”  d'he  description  is  too  long  to  be  here  further  adverted  to.  | 
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1900c.  The  mortar  or  cement  should  be  such  as  will  quickly  set,  to  prevent  the  super- 
incumbent weight  pressing  the  joints  closer,  and  thereby  causing  settlements,  which  even 
with  the  greatest  care,  often  take  place  unequally.  As  o''ten  as  it  is  conjectured,  from  the 
nature  of  the  soil,  or  from  the  foundation  being  partly  new  and  partly  old,  that  the  work 
will  not  come  to  its  bearing  c(|ually,  it  is  better  to  carry  up  the  suspected  parts  separately, 
and  to  leave  at  their  ends  what  are  called  toothings,  by  which  junctions  may  be  made  wlien 
the  weaker  parts  have  come  to  their  regular  sound  bearing. 

\900d.  'I  he  thickness  of  w'alls  has  furnished  the  subject  of  previous  pages  : we  shall 
therefore  only  add,  that  too  mucli  care  cannot  be  bestowed  on  strengthening  all  angles  as 
much  as  possible,  and  well  connecting  the  return  of  one  wall  into  another;  that  piers 
or  pilasters  are  exceedingly  useful  in  strengthening  walls,  inasmuch  as  they  act  by  increas- 
ing the  base  whereon  the  whole  stands;  and,  lastly,  that  in  carrying  up  walls  to  any  con- 
siderable height,  it  is  usual  to  diminish  their  thickness  by  sets  off  as  they  rise.  lu 
houses,  above  the  ground-floor,  the  sets  off  are  usually  made  on  the  inside,  having  the  out- 
side in  one  face  ; but,  if  it  be  possible,  it  is  better  to  set  off  equally  from  both  faces,  because 
of  the  better  balance  afforded. 

1900c.  Joints  in  brickwork  are  finished  on  the  face  in  several  ways.  The  most  common 
are  the  ‘ struck  joint,’  which  is  merely  finishing  the  joint  by  drawing  the  point  of  tlie  trowel 
along  it:  or  ‘jointed,’  as  done  by  a tool  called  a jointer  (par.  1890,  art.  8),  so  as  to  leave 
a line  impressed  on  the  mortar  : or  ‘flush  joint,’  in  which  case  the  joint  is  drawn  at  top 
and  botto  n with  the  trowel  when  the  brick  is  laid,  and  afterwards  w’hen  the  mortar  is  par- 
tially set,  the  middle  of  the  joint  is  flushed  flat  with  the  ‘jointer  ;’  this  is  sometimes  called 
a ‘ high  joint.’ 

1901.  A bricklayer,  with  the  assistance  of  one  labourer,  can,  if  he  be  so  inclined,  lay  in 
one  day  about  lOOO  bricks  in  common  walling;  but  the  trades  unions  now  prevent  him 
from  laying  more  than  about  one-third  that  number.  Occasionally,  for  a bigher  remune- 
ration some  non-union  man  may  be  found  to  lay  near  the  former  number,  and  then  he 
would  complete  a rod  of  brickwork  in  four  days  and  a half,  its  area  being  272^  feet  super- 
ficial of  tlie  thickness  of  one  brick  and  a half.  When,  however,  there  are  many  apertures  or 
other  interruptions  to  his  work,  he  will  be  proportionably  longer  over  it.  The  weight 
of  a rod  of  brickwork  is  about  IS  tons.  Generally  it  may  be  taken  as  consisting  of  from 
4.S00  to  4500  stock  bricks,  allowing  for  waste  according  to  the  quality  of  the  bricks. 
27  l)ushels  of  chalk  lime,  and  3 single  loads  of  drift  sand,  or  18  bushels  of  stone  lime  and 
S.^  single  loads  of  sand.  In  cement,  of  36  bushels,  and  the  same  quantity  of  sharp  sand. 
A rod  of  brickwork  laid  dry  contains  5370  bricks.  A cubic  yard  contains  384  bricks, 
and  requires  about  6^  cubic  feet  of  sand  and  2i  of  lime.  A ton  of  bricks  contains  alroiit 
373  on  an  average.  330  well  burnt  bricks  weigh  generally  about  20  cwt.,  so  that  a cubic 
foot  weighs  about  125  lbs. 

1902.  Brick-nogging  is  a method  of  constructing  a wall  or  partition  with  a row  of  posts 
I or  quarters  3 feet  apart,  whose  intervals  a’e  filled  up  with  occasional  plates  of  wood  rvitli 
* brickwork  between.  It  is  rarely  more  than  the  width  of  a brick  in  thickness,  and  the 

bricks  and  timbers  on  the  f ees  are  flush.  It  should  never  be  used  where  thickness  can  be 
obtained  for  a nine-inch  wall.  A half  brick  nogged  partition  will  require  about  500  bricks; 
a whole  brick-nogged  partition  about  1000  bricks;  and  with  brick  on  edge  about  340. 

1902a.  A half-brick  partition  built  in  mortar  is  now  adopted  in  many  of  the  model 
lodging  houses,  sometimes  with  an  occasional  hoop-iren  bond.  These  are  built  four,  five, 
and  six  stories  in  height,  the  joists  of  the  floors  steadying  them  as  they  are  carried  up.  Of 
course  the  apartments  in  such  places  are  small  in  all  their  dimensions,  being  about  12  feet 
long,  9 feet  wide,  and  from  9 to  9 feet  6 inches  in  heiglit.  A half-brick  wall  of  greater 
dimensions  may  be  built  in  cement,  and  when  the  floor  joists  are  laid  upon  it,  it  becomes 
very  steadv,  strong,  and  little  likely  to  be  injured  by  a fire.  Tliin  slabs  of  stone  have  been 
used  as  partitions  in  small  houses  near  a quarry.  Tiles  in  cement  with  wood  plugs  in- 
serted for  the  dressings,  make  a sound  partition,  and  when  plastered  direct  upon  the  tiles, 
it  takes  up  much  less  room  than  a one-brick  wall. 

1902ft.  Many  varieties  of  hollow  bricks  are  made  for  a similar  purpose.  The  “ patent  bonded 
hollow  bricks  or  rebated  tiles  ” {fig.  6 1 7a.)  of  Hertslet  and 
Co.,  were  employed  in  1846-7,  by  Henry  Roberts  in  the 
model  lodging  house  in  George  Street,  St.  Giles’s ; as  also  in 
the  so-called  Prince  Albert’s^model  houses,  erected  in  Hyde 
Park  in  18.51,  and  removed  to  Kenningtun  Park.  A is  a 
bond  stone  ; B concrete,  C floor  boards,  and  D a tie  rod. 

^Vhen  used  for  partitions,  or  for  roof  and  floor  arches,  these 
hollow  bricks  are  fireproof,  deaden  sound  more  effectually, 
and  are  considerably  ligher,  than  solid  brickwork.  Such 
bricks  as  a lining  to  stone  or  flint  walls,  supersede  the  neces- 
sity for  battening.  They  are  also  well  adapted  for  cottage 
floors.  Hollow  bricks  can  be  made  by  any  good  tile  machine, 
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in  the  same  manner  as  ordinary  drain-pipes.  They  are  more  compressed,  require  less 
drying,  and  are  generally  better  burned  than  ordinary  bricks.  An  interesting  and  complete 
paper  on  the  subject,  with  illustrations  on  the  English  and  French  systems  of  making 
hollow  bricks,  is  given  in  the  Building  News  for  1858. 

1902c.  Hollow  walls,  formed  of  ordinary  stock  bricks,  were  employed  for  two-story  cot- 
tages early  in  this  century.  Three  methods  are  usually  adopted  in  the  construction  of  a 
wall.  I.  All  the  bricks  placed  on  edge,  as  Jig,  6175,  the  stretchers  and  headers  breaking 
joints,  and  the  headers 
forming  the  bond.  I I 

Many  persons  consider  -J — L_ 
that  this  arrangement  — T 
produces  a disagree-  “|  ^ 

able  appearance  on  the  | I | T 
outside  face.  II.  All  I I 

the  bricks  laid  flatways, 
but  the  stretchers  are 
sawn  in  half,  so  as  to 
leave  a space  of  4 1 ins. 
between  them  ; and  in 
laying  the  headers,  as 
fig.  617c.  care  must  be 

taken  only  to  fill  up  pig.  ei7c. 

with  mortar  the  joints 

over  the  half  brick  on  edge,  so  as  to  leave  the  middle  of  the  joint  open.  III.  To 
lay  all  the  bricks  flat  in  the  usual  English  bond,  leaving  a space  of  about  2 inches  be- 
tween each  face,  and  to  make  up  the  thickness  thus  caused,  viz.  1 1 or  111  inches,  by  a 
bat  to  each  header.  This  may  be  varied  by  using  a less  number  of  headers,  and  i)lacing 
two  or  three  stretchers  together,  according  to  the  strength  of  the  work  required.  At 
Southampton,  and  perhaps  elsewhere,  headers  are  not  used,  the  two  faces  being  bonded 
together  by  hoop-iron  cramps  61 7d),  with  forked  ends, -J2ths  by  ^’gth  inch,  tailing 

into  the  frogs  of  thebrick  _ p 

(^/7.  61 7e.),  and  having  a \\  ^ 

bend  in  the  middle  of  its 
length  partly  as  a strut 
to  the  inside,  and  partly 

to  prevent  any  moisture  -...j.  Fig.  6i7e. 

running  along  it  to  the  inside  face.  A cast  iron  cramp  {jig.  617/.)  is  also  made,  linch  by 
tbs  in.  thick.  Jennings  has  adopted  bonding  bricks  of  stoneware  for  hollow  walls. 
Fig.  6l7g.  shows  the  application  of  the  three  sizes;  A is  I3l  inches  long,  to  be  used  in 
garden  walls  and  other  places  where  an  uniform  face  is  not  required  ; B is  1 inches  long. 


Fig.  617i. 


Fig.  617/. 


Fig.  617ff. 


where  but  one  uniform  face  is  required  (the  brick  is  shown  to  a larger  size  in  jig.  611  h.)  the 
end  of  the  bond  brick  being  faced  with  a closure  of  the  same  material  as  the  wall ; and  C 
is  a brick  9 inches  long,  when  both  faces  are  to  be  uniform,  closures  being  used  at  both 
ends  of  it.  A 16  inch  hollow  wall  can  be  built  with  a 9 inch  inside  wall,  a 2 inch  space, 
and  a 41  inch  wall  outside,  and  so  on.  Such  a wall  is  of  very  common  erection  in  North 
America,  and  it  is  found  to  stand  very  well  for  country  villas  of  good  dimensions. 

19026?.  Much  diversity  of  opinion  exists  as  to  whether  the  space  so  left  should  be 
ventilated  by  air  gratings  just  above  the  ground,  and  also  by  others  under  the  coping,  to 
obtain  a current  of  air  and  secure  dryness  if  water  be  blown  through  the  outer  brickwork. 
In  exposed  situations,  especially  on  the  sea-coast,  if  hollow  walls  are  not  built,  either  the 
wall  has  to  be  slated  on  the  outside  ; or  it  has  to  be  battened  on  the  inside,  even  when 
cemented  on  the  outside,  to  prevent  damp  showing  on  the  interior  surface.  Hollow  cement 
blocks  have  lately  been  introduced  in  France,  and  are  said  to  be  cheap,  as  durable 
as  stone,  ventilation  easily  secured,  and  provide  for  the  ready  formation  of  shafts  for  warm 
air  or  for  flues.  The  blocks  have  a resistance  of  430  lbs.  to  the  square  inch,  and  are 
adapted  to  walls  about  20  inches  thick  as  well  as  to  partitions  of  less  width. 

1902e.  Mr.  Taylor  has  adopted  an  arrangement  of  an  interior  face  of  common  bricks 
H,  with  an  exterior /oc/w^  block  of  a better  manufactured  brick  a,  in  the  shape  of  the  letter 
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Fig.  617i. 


L,  leaving  a cavity  of  2 or  more  inches  between 
them,  (fg.  611  i). 

1903.  Groined  arches.  A groin  is  the  angular 
curve  formed  by  the  intersection  of  two  semi  cylin- 
ders or  arches.  The  centering  for  raising  the  more 
simple  groins  that  occur  in  using  brick  arches, 
belongs  to  the  section  Carpentry.  The  turning 
a simple  arch  on  a centre  only  requires  care  to  keep 
the  courses  as  close  as  possible,  and  to  use  very 
little  mortar  on  the  inner  part  of  the  joints.  In 
executing  a brick  groin,  the  difficulty  arises  from 
the  peculiar  mode  of  making  proper  bond,  at  the 
intersection  of  the  two  circles  as  they  gradually  rise 
to  the  crown,  where  they  form  an  exact  point.  At 
the  intersection  of  these  angles,  the  inner  rib  should 
be  perfectly  straight  and  perpendicular  to  a diagonal  line  drawn  on  the  plan.  After  the 
centres  are  set,  the  application  of  the  brick  to  the  ang’e  will  immediately  show  in  what 
direction  it  is  to  be  cut.  With  respect  to  the  sides,  they  are  turned  as  for  common  cylin- 
dric  vaults.  Mr.  George  Tappen,  an  ar- 

chitect  of  great  practical  skill,  introduced  . //v  \ 

a method  of  constructing  groins  rising  from 
octangular  piers,  which  had  the  advantage 
of  not  only  imparting  strength  to  the  angle, 
wliich  in  the  common  groin  is  extremely 
deficient,  but  of  increasing  the  space  for 
the  stowage  or  removal  of  goods,  and  fur- 
ther, of  strengtliening  the  angles  of  the 
groin  in  this  construction  by  carrying  tl;e  < 
band  round  the  diagonals  (Jig.  617k.)  of 
equal  breadth,  and  thus  affording  better 
bond  to  tlie  bricks. 

1903ti.  The  Metropolitan  Building  Act, 

1855,  requires  that  under  a public  way, 
an  arch,  if  it  be  employed,  of  a span  of  not 
more  than  10  feet,  is  to  be  at  least  8|  inches 
thick  ; when  not  exceeding  15  feet,  it  must 
be  13  inches  at  least;  and  beyond  that 
width  the  thickness  requires  special  appro- 

bation.  If  of  iron  construction  or  other  incombustible  material,  it  must  be  built  in  a man 
ner  approved  by  the  district  surveyor.  An  arch  over  a public  way  must  be  formed  in  the 
above  manner,  but  a span  not  exceeding  9 feet  must  he  Scinches  thick  at  least.  A like 
special  approval  is  required  if  the  arch  or  floor  be  of  iron. 


/ 


fireproof  arches,  floors,  and  roofs. 

19036.  Light  arched  flat  floors,  composed  of  bricks  cemented  with  gypsum  or  plaster, 
have  been  in  common  use  in  Roussillon  from  time  immemorial.  Rondelet  is  of  opinion 
that  the  segment  of  a circle  is  a better  form  for  such  arches  than  the  low  semi-ellipse.  He 
describes  apartments  of  18  feet  by  25  feet,  as  used  at  the  War  Office  at  Versailles,  covered 
with  brick  arches  of  which  the  rise  was  only  .j^th  part  of  the  span  and  in  five  stories. 
The  coach-houses  and  stables  of  the  Marshal  de  Belle  Isle  at  Bisy  near  Vernon,  were 
arched  in  an  elliptical  form,  having  a rise  of  |th  of  their  span,  which  was  32  feet  9^  inches. 
They  were  not  finished  until  a year  after  the  walls  and  roof  had  been  completed.  The 
walls  were  built  of  rubble- work  having  chains  of  cut  stone  at  intervals  of  about  16  feet. 
They  were  2 feet  8^  inches  thick,  being  about  equal  to  th  part  of  the  span.  These 
arches  were  formed  of  a double  thickness  of  bricks  laid  flat,  and  in  plaster,  built  in  succes- 
sion, with  the  vertical  joints  broken.  The  haunches  were  filled  up  with  rubble  stone  in 
plaster.  ITie  springing  was  formed  by  notches  in  the  wall,  above  wliich  the  regular  courses 
of  stone  projected  inwards  as  gathering  courses.  Above  all,  a third  course  of  flat  bricks 
was  laid  horizontally,  forming  a pavement.  Rondelet  considers  that  arches  of  small  and  light 
materials  cemented  by  gypsum  become  as  it  were  one  body,  and  exert  little  or  no  lateral 
pressure  upon  the  abutments  excepting  at  first,  because  that  cement  has  a tendency  to 
swell  in  setting.  Rondelet  relates  that  a stone  of  4000  lbs.  or  5000  lbs.  weight  was  dropped 
upon  one  of  these  arches  from  a height  of  4 or  5 feet,  which  made  a large  hole  through  the 
arch,  without  doing  any  further  injury.  If  mortar  be  used  the  parts  must  be  thicker,  and 
the  centering  left,  until  the  work  has  set.  Portland  and  Roman  cement  might  be  better 
than  gypsum  for  work  in  England.  Rondelet  also  states  that  it  is  better  to  use  coved 
arches  springing  from  the  four  walls,  than  a common  arch  .springing  from  two  opposite 
walls  only. 
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1903c.  The  arc/i  brick  floors,  used  in  the  dwellings  for  workmen  at  Birkenllead,  by  the 
architect,  C.  E.  Lang,  were  7 feet  in  span,  worked  in  half- brick  except  at  the  springing 
and  the  skew-backs,  with  a few  three-quarter  and  other  parts  of  bricks  inserted,  so  as  to 
form  a toothing  or  vertical  bond  with  tlie  concrete  with  which  the  spandrels  w’ere  filled. 
The  six  or  seven  courses  at  the  crown  were  wedged  in  with  slate  while  the  mortar  was 
wet,  and  in  no  instance  did  the  least  subsidence  take  place  at  the  crown,  although  subjected 
to  very  severe  trials,  such  as  that  of  men  jumping  from  the  walls  upon  the  arches.  The 
span  of  7 feet  is  perhaps  the  limit  of  a half-brick  arch  turned  in  mortar  with  the  ordinary 
rougli  brick.  Tlie  arches  rise  about  one  incli  to  every  foot  in  span.  Tiles  were  laid  in 
mortar  on  the  concrete,  which  made  the  thickness  of  the  floor  at  the  crown  of  the  arch 
5|  inches.  There  were  altogether  about  1200  arches  of  this  kind  turned,  and  without  the 
slightest  accident.  This  explains  the  usual  method  of  forming  fireproof  floors,  by  turning 
brick  arches  betw'een  iron  girders,  which  are  in  large  spans  tied  togeiher  at  the  springii.g 
by  iron  tie  rods  ; a subject  which  has  been  so  often  considered  and  discussed,  and  nowhere 
more  so  than  at  the  Institute  of  Architects,  as  detailed  in  their  Transactions. 

1903t/.  'YhQ  Dennett  arch.  A fireproof  system,  patented  by  Messrs.  Dennett,  of  Not- 
tingham, and  used  since  about  1855.  They  execute  a groin,  dome,  or  circular  ceiling  cf 
any  length,  width,  or  height,  without  tie  rods  or  intenuediate  supports,  at  much  less  cost 
than  can  be  done  by  any  other  fireproof  material : circular  ceilings  of  36  feet  diameter, 
with  coffers  in  them,  or  any  amount  of  decoration,  can  be  executed  on  the  soffits,  and  the 
upper  surface  can  be  finished  smooth  in  itself,  or  with  stone,  wood,  tiles  cement,  or  asphalte, 
and  a current  of  air  ensured  underneath.  Very  few  iron  girders  are  required.  For  floors, 
although  in  an  arched  shape,  it  is  in  reality  a beam,  as  a complete  floor  can  be  turned  from 
wall  to  wall,  resting  on  a projection  of  brickwork,  and  the  material  be  left  without  any 
abutment.  Its  durability  equals  stone ; and  its  strength  is  equal  to  I rickwork.  The 
floors  are  bad  conductors  of  heat;  leave  no  harbour  for  vermin;  ventilating  pipes  may  be 
laid  in  them,  and  also  flues.  The  material  (a  concrete  of  broken  stone  or  brick  em- 
bedded in  gypsum  calcined  at  a red  heat)  can  be  be  used  for  a sound-proof  construction, 
wlien  laid  in  the  old  method  between  wood  joists,  as  at  St.  Thomas’s  Hospital. 

I903e.  Three  courses  o\' plain  tiles  laid  in  cement  and  well  bonded  have  been  for  many 
years  employed  for  slightly  curved  roofs  to  form  terraces  ; roofs  for  cellars  under  paving;  as 
roofs  over  small  back  buildings,  and  for  similar  purposes.  Where  the  walls  are  w’ell  backed 
up,  tie  rods  may  not  be  necessary.  It  has  been  asserted  that  the  tiles  should  not  be  covered 
with  the  cement.  Portland  or  other  cements  laid  on  brick  arches,  or  on  tile,  or  on  a flat 
concrete  roof  supported  by  iron  joists ; also  asphalted  roofs  ; all  generally  crack  and  let  in 
wet,  especially  where  there  is  any  traffic  on  them,  or  their  foundations  are  not  perfectly  stable. 
At  Austin  and  Seeley’s  artificial  stone  works,  New  Road,  flat  roofs,  floors  and  steps  are 
formed  in  their  material.  The  terrace  roofing  is  formed  of  plain  tiles  in  three  courses, 
rendered  on  the  top  to  the  thickness  in  all  of  about  4 inches,  carried  over  by  arches  slightly 
cambered,  springing  from  small  brick  piers,  and  tied  by  light  iron  rods,  which  form 
their  chord  line.  These  flats  have  an  immense  weight  upon  them,  and  are  cast  in  one 
piece,  as  it  were,  there  being  no  perceptible  joint;  they  are  completely  water-tight,  and  cjn 
be  easily  cleaned. 

1903/.  Light  arches  may  likewise  be  formed  by  placing  thin  iron  plates  between  joisting 
of  iron  or  wood,  bending  them  to  a slight  curve,  and  filling  in  above  them  with  concrete  to 
form  solid  work.  Mallet' s buckled  wrought  iron  plates,  are  usually  made  in  square  or  oblong 
shapes,  h.aving  a slight  convexity  in  the  middle,  and  a flat  rim  round  the  edge,  called  the 
fillet.  These  plates  are  considered  the  best  form  yet  devised  for  the  iron  covering  of  a plat- 
form, and  are  usable  for  the  above  purposes.  They  are  often  placed  so  that  the  convex 
part  is  compressed,  and  the  flat  fillet  stretched ; when  they  give  way  under  an 
excessive  load,  it  is  usually  by  the  crushing  or  crippling  of  the  convex  part.  The  safe  loads 
given  in  the  tables  published  by  the  inventor,  for  a plate  3 feet  square,  J inch  thick,  and 
with  1-75  inch  of  curvature,  are  4*5  tons  for  a steady  load,  and  3 tons  for  a moving  load.  The 
square  form,  supported  and  fastened  at  all  the  four  edges,  is  the  most  favourable  to  strength. 
The  buckled  plates  used  by  Mr.  Page  for  the  platform  of  new  Westminster  bridge  measure 
84  inches  by  36  inches,  with  a curvature  of  Scinches,  and  thickness  of  ^ inch ; they  bear 
17  tons  on  the  centre  without  giving  way  (Rankine,  Civil  Engineering'). 

1903^.  In  India,  where  all  buildings  of  any  importance  have  flat  roofs,  the  long  estab- 
lished practice  is  to  form  them  of  tiles,  mostly  12  inches  square  and  ]l  inches  thick  ; in 
Calcutta  they  are  generally  18  inches  square  and  2 inches  thick.  These  tiles  are  made 
with  great  care  : they  are  burnt  the  same  as  pottery,  and  are  used  both  for  roofing  and  for 
flooring.  In  roofing  a room  of  20  feet  span,  it  is  first  covered  with  teak  beams  12  inches 
deep  by  Scinches  broad,  placed  3 feet  apart,  which  carry  burgahs  or  joists,  3 inches  square, 
fixed  Ifoot  apart,  and  on  these  the  tiles  are  placed  in  two  layers  carefully  jointed  with  each 
other.  Above  them  is  laid  6 inches  of  concrete,  formed  of  broken  bricks  and  lime,  spread 
evenly  and  beaten  down  to  4 inches,  and  beaten  until  the  mass  is  dry  ; finally  it  is  plastered, 
and  rubbed  or  polished.  If  well  made  and  of  good  materials,  it  is  impervious  to  wet,  and 
will  last  as  long  as  the  timber  under  it. 
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1908A.  A floor,  or  even  a flat  roof,  patented  by  Runnett  in  18.58,  is  formed  of  hollow 
bricks,  having  the  two  sides  each  composed  of  two  parellel  inclines,  and  each  about  half 
the  depth  of  the  block,  connected  by  a horizontal  or  nearly  horizontal  plane,  and  the  two 
inclines  on  one  side  are  parallel  with  those  on  the  opposite  side.  Through  these  bricks 
tie  rods  are  passed,  and  secured  at  each  end  to  wall  plates  formed  of  .angle  iron  ; the  whole 
is  then  screwed  up,  when  the  bricks  form  a slight  curved  arch  in  section,  and  from  the  in- 
clined sides  they  over  and  underlap  one  another  and  mutually  give  and  receive  support 
from  the  neighbouring  blocks.  This  invention  has  been  carried  to  21  feet  span  with  a rise 
of  about  2|  inches,  and  about  13  feet  wide.  Other  arches  have  been  constructed  for  the 
purpose  of  testing  its  bearing  powers.  One  of  the  Latter,  15  feet  beween  the  bearing 
M’alls,  and  2 feet  3 inches  wide,  was  loaded  with  4 tons  10  lbs.  (or  267  lbs.  to  the  square 
foot),  and  was  quite  elastic.  The  deflection  was  about  i^jjths  of  .an  inch.  The  bricks  are 
put  together  with  Portland  cement  and  sand.  Each  brick  is  10|  inches  long,  by  9|  inches 
wide,  and  6 inches  thick,  and  weighs  21  lbs.  100  square  feet  comprise  : — 


tons  CAvt.  qrs.  lbs. 

1 45  bricks,  weighing  - - - - - - -17021 

Cement  and  sand  - - - - - - - - 02319 

Angle  iron  and  tension  bars  (bars  being  4 feet  apart)  - 0 2 2 5 

Total  weight  per  square  • - - - - - -112  217 


1903/.  Pots  and  jars  and  hollow  bricks  have  all  been  used  in  arched  work  to  reduce  its 
weight.  Sir  John  Soane  employed  jars  in  the  dome  of  the  Rotunda  at  the  Bank  of 
England,  which  is  about  65  feet  in  diameter.  In  floors  of  arched  work  either  iron  ties 
must  be  used  to  prevent  the  walls  being  forced  out,  or  iron  girders  employed,  thus  subdi- 
viding the  length,  and  the  work  arched  across  the  length,  i.e.  between  each  girder.  The 
Builder  of  1849  records  the  use  of  hollow  bricks  in  the  vaulting  of  St.  George’s  Hall,  at 
Liverpool ; and  Daly’s  Eeviie  Generale  for  the  same  year,  the  use  of  such  bricks  in  walls. 

1903/t.  The  Indians  about  Nagpore  build  their  stone  vaults  in  a peculiar  method,  which 
might  be  followed  with  advantage  in  some  cases  in  this  country.  At  the  springing,  stones 
of  a considerable  depth  are  used,  having  the  intrados  cut  to  the  form  of  the  curve  ; six 
courses  are  laid,  the  upper  one  having  a groove  5 inches  wide  and  2 deep.  Then 
stones  of  a smaller  depth  are  laid,  each  having  a groove  cut  in  one  face,  2 inches  in  depth 
and  4 inches  in  breadth,  with  a corresponding  projection  in  their  other  face,  the  groove 
being  on  the  upper  side  to  receive  the  projection  formed  in  the  next  course.  About  eight 
courses  having  been  laid,  it  then  becomes  necessary  to  prevent  the  work  from  falling  in- 
wards. At  every  10  feet  in  length  two  strong  rods  are  placed  horizontally  across  the 
chasm,  and  the  ends  are  forced  into  the  grooves.  From  these  courses  as  from  a new  base 
similar  grooved  stones  to  those  already  described  are  continued,  the  length  of  each 
“course  contracting  until  the  key  course  is  inserted.  When  this  last  course  is  completed, 
the  rods  are  sawn  across  at  either  end  of  the  finished  vault,  and  the  w'ork  continued.  When 
the  arch  or  vault  is  of  considerable  span,  a series  of  bases  may  be  adopted,  each  at  higher 
points  than  the  other,  until  one  part  is  keyed.  A slight  scaffolding  supports  the  work- 
man, but  no  frame  or  centreing  is  used. 

1903/.  In  view  of  a fire,  and  for  the  preservation  of  property  and  life,  fireproof  floors 
should  be  more  constantly  insisted  upon  to  replace  the  common  wood  floors,  which  (as  has 
been  described)  usually  “consist  of  one  inch  of  boards  and  one  inch  of  plastering  to  separ- 
ate each  story  in  a dwelling.”  Even  these  can  be  improved  by  some  modern  inventions. 
An  American  {Wight)  method  is  by  fixing  flat  interlocking  fireclay  tiles,  carried  by  iron 
clips  screwed  to  the  underside  of  the  joists,  the  underside  of  these  tiles  being  grooved  to 
formed  a key  for  the  plaster.  A space  of  2 inches  is  thus  left  between  the  plaster  and  the 
wooden  joists,  and  as  the  tiles  themselves  will  stand  almost  any  heat  that  can  be  brought 
to  bear  on  them,  the  joists  are  absolutely  protected;  on  the  upper  side  fine  concrete  or 
pugging  might  be  used.  This  system  can  be  affixed  to  existing  floors  by  simply  hacking 
off  the  lath  and  plaster,  and  it  is  probably  quite  new  in  this  country.  (J.  Slater,  Eew 
Inventions,  in  Royal  Inst,  of  British  Architt^jts,  Transactions,  1887.) 

1903wi.  In  the  so-called  “flats”  and  suites  of  offices,  the  floors  are  now  generally 
formed  of  fireproof  construction.  There  are  many  modern  systems.  The  core  or 
material  used  to  fill  in  between  the  wrought-iron  joists,  which  are  placed  2 feet  to  3 feet 
apart,  is  generally  determined  by  local  circumstances,  or  the  patent  of  the  inventor  of  the 
system.  These  are,  metallic  concrete,  coke  breeze,  pit  or  river  ballast,  broken  stone, 
broken  brick,  well-burnt  clay  ballast,  granite  chippings,  pumice,  pots,  &c.,  all  generally 
set  in  cement.  This  preparation  is  covered  by  an  asphaltic,  granitic,  or  metallic  surface, 
i Lastly,  the  upper  surface  is  finished  with  a floor  of  boards  nailed  to  small  wood  joists 
or  sleepers  resting  on  the  concrete  ; blocks  are  also  used  for  fixing  them. 

']  1903j2..  Archibald  D.  Bawnay’s  fireproof  flooring  is  stated  to  be  the  simplest,  cheapest, 

and  strongest  ever  introduced;  suitable  for  all  buildings  to  40  feet  span  without 
columns,  being  composed  only  of  steel  or  iron  joists  embedded  in  a high  class  con- 
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Crete,  finished  flat  on  both  sides,  forming  a solid  block  of  one  thickness,  absolutely  inde- 
structible. 

1903o.  Homan  and  Bodgers'  flat  brick  fireproof  floors.  They  are  constructed  with  hard 
burnt  bricks,  jointed  in  cement,  and  bonded  on  the  upper  face  with  tough  concrete.  The 
depth  of  the  finished  floor  is  6 to  9 inches.  “By  the  method  of  laying,  the  ironwork 
is  protected  from  the  action  office.  The  brick  soffit  forms  a key  for  the  plaster;  no 
laths  or  counterceiling  are  necessary,  but,  where  desired,  wood  blocks  can  be  fixed  in  the 
soffit  to  receive  the  ordinary  lath  and  plastered  ceiling,  then  making  the  most  perfect 
sound-resisting  fireproof  floor  known.  The  concrete  being  tough  instead  of  friable,  the 
boarded  finish  may  be  nailed  down  without  the  use  of  sleeper  joists;  but,  since  serious 
failures  show  that  wood  embedded  in  concrete,  asphalte,  or  pitch,  is  liable  to  decay,  it  is 
recommended  to  use  an  inch  strip  as  a sleeper  fillet,  which  will  also  provide  ventilation 
and  space  for  gas  and  water  pipes.”  The  floor  is  stated  to  have  no  thrust. 

1903^.  Lindsay  and  Co's  patent  system,  wherein  a steel  decking  is  introduced,  and 
also  their  patent  trussed  concrete  flooring.  The  steel  flooring  is  manufactured  of  two 
different  strengths,  varying  from  4 inches  to  14  inches  in  depth,  and  suitable  for  spans  of 
from  15  feet  to  50  feet  clear.  It  is  stated  as  perfectly  and  equally  distributing  the  floor 
loads  to  the  surrounding  walls,  and  as  acting  as  a complete  tie  to  the  building;  not 
affected  by  settlements  of  the  walls  ; and  is  30  per  cent,  lighter  than  ordinary  arched  floors. 
The  trussed  fireproof  flooring  is  laid  with  pumice  concrete,  enclosing  small  joists  joined 
by  steel  truss  rods  twisted  together  every  18  inches;  or  formed  as  an  arch  underneath 
between  girders  to  14  feet  span.  A slab  of  this  concrete,  2 feet  span  and  4^  inches  thick, 
was  loaded  to  22  cwt.  on  the  foot  without  injury.  For  a space  of  30  feet  the  depth  of  the 
decking  is  only  5 in,  to  support  a load  of  1|  cwt.  per  foot  super.  Brick  partitions  can  be 
placed  on  this  decking  and  concrete  in  any  position,  independent  of  walls  or  girders  under- 
neath. This  flooring  has  been  largely  used  in  the  National  Liberal  Club,  by  R.  W.  Edis, 
architect.  The  top  table  is  made  thicker  than  the  sides,  and  the  sectional  strength  is 
thereby  greatly  increased,  and  the  various  sections  are  riveted  together  at  a point  which  is 
very  close  indeed  to  the  neutral  axis.  The  concrete  is  called  “ pumice  concrete,”  as  it  is 
very  light  and  tough ; considered  to  be  a good  material  for  constructing  roofs,  domes,  &c. 

19032’.  The  “ Doulton-Beto  ” patent  fireproof  flooring,  in  principle  consists  of  a series  of 
hollow  blocks  of  stoneware  placed  between  rolled  iron  joists,  making  a flat  ceiling,  which 
may  be  plastered  or  not.  The  iron  girders  are  fixed  in  the  ordinary  way,  but  not  so 
close  together  as  usual.  The  tile  next  to  the  side  of  the  girder  is  specially  shaped  to  set 


against  and  beneath  it,  so  as  to  isolate  it  completely.  The  fig.  617/.  shows  tiles 
made  for  a flat  ceiling,  and  set  in  cement ; if  no  ceiling,  then  the  under  side  is  made 

smooth  to  receive  whitewash,  &c.  The 
tiles  for  ordinary  floors  are  6 inches 
high  and  about  1 foot  thick.  The  floor 
is  stated  to  be  one -third  lighter  than 
concrete  or  brickwork,  A flat  roof  can 
also  be  formed  with  them.  Where  an 
arch  is  desired  between  each  girder, 
another  form  of  springer  [fig.  617w). 
has  been  adopted.  It  has  stood  the 
test  of  upwards  of  6 cwt.  to  the  fwt 
dead  weight  on  material  only,  and  with 
Fig.  617to,  an  arch  of  6 feet  span  and  quite  flat.  On 

an  arch  of  8 feet  span  a cask  of  graphite  weighing  7 cwt.  has  been  rolled  and  rocked,  the 
vibration  doing  no  injury.  A fire  has  been  lighted  beneath,  making  it  red  hot  in  parts, 
and  while  in  that  state  a hose  has  been  turned  on  with  a considerable  pressure  of  water 
without  the  least  eflfect.  It  has  also  been  tested  with  unevenly  distributed  weights,  and 
with  vibration  and  concussion,  all  which  it  has  successfully  withstood.  This  flooring  has 
been  used  throughout  at  the  London  Pavilion,  where  it  was  found  very  advantageous 
from  its  lightness,  the  speed  wdth  which  it  was  constructed,  and  its  cleanliness.  A 
building  of  four  stories  at  Messrs.  Boulton’s  factory  has  been  similarly  constructed  by 
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. :hat  firm ; the  under  side  of  the  flooring  has  not  been  plastered.  {Builder,  Dec.  19,  1885, 
877.  Transactions  of  the  Royal  Institute  of  British  Architects,  1886,  p.  130.) 

, ii  1903r.  Bunnett's  patent  floor  consists  of  hollow  bricks  laid  in  the  form  of  a flat  arch, 
esting  on  angle  irons  tied  together  by  tension  rods.  Each  brick  is  so  arranged  as  to 
eceive  support  from  six  adjoining  bricks.  Measures'  patent  floor  consists  of  iron  joists 
k'ith  iron  fillets  9 inches  apart,  at  right  angles  to  the  joists,  and  resting  on  their  lower 
langes,  and  cement  concrete  filled  in,  embedding  joists  and  fillets.  Hyatt's  patent  dove- 
ailed  corrugated  iron  sheets  are  used  for  fire-resisting  iron  and  concrete  floors,  ceilings, 
nd  partitions,  giving  great  strength  combined  with  lightness.  Partitions  can  be  made  of 
’ortland  cement,  concrete,  and  iron,  only  two  inches  thick,  the  iron  being  completely  pro- 
ected.  The  Wight  fireproofing  Company  of  America  has  introduced  many  novelties  {Builder, 
887,  p.  704).  Porous  terra-cotta  is  made  in  America  by  mixing  sawdust  with  the  clay; 
laving  been  burnt  it  was  perfectly  fireproof,  and  although  spongy,  unless  dipped  in  water 
t was  not  absorbent,  but  was  rather  a dry  material,  besides  being  one  of  the  best  non- 
onductors  of  heat  and  sound.  It  weighed  about  half  that  of  ordinary  brick.  It  was 
sed  to  line  outside  walls  to  keep  them  perfectly  dry ; also  as  fixing  blocks,  because  the 
ails  could  be  driven  into  it  more  easily  than  into  deals.  It  makes  a good  fireproof  roof 
y placing  sheets  of  it  on  the  flanges  of  J_  iron  ; it  came  a little  above  the  edge,  and  the 
lates  or  tiles  could  be  nailed  directly  on  this.  Fireproof  flooring  bricks  were  made  of 
erra-cotta,  and  were  a great  saving  in  strength  of  materials. 

1903s.  A concrete  floor  to  the  various  stories  of  a building  has  often  been  formed,  but 
Sot  always  with  success.  A system  is  explained  in  the  Builder  for  April  3,  1886,  which 
hould  be  well  studied.  Concrete  slabs,  the  largest  of  which  is  21  feet  by  12  feet  6 inches, 
f an  average  thickness  of  13  inches,  sustained  the  great  loads  and  rudely  impactive 
)rces  of  a wholesale  provision  trade,  in  a warehouse  at  Sunderland,  erected  by  Mr. 
'rank  Caws,  whose  description,  though  concise,  is  too  long  to  be  here  inserted. 

1C03<;.  If  properly  mixed,  care  taken  in  laying,  and  thorough  cleansing  of  all  broken 
laterials  used,  then  the  results  may  be  satisfactory.  To  receive  stone  paving  and  for 
ramways,  concrete  is  laid  in  successive  layers  of  cement  and  gravel  in  proper  propor- 
lons,  not  too  moist,  for  the  requisite  thickness,  well  beaten  down  with  iron  beaters.  For 
floor  finish,  a thick  layer  of  about  an  inch  of  the  cement  and  gravel  finished  olf  with  a 
tnoother,  care  being  taken  not  to  work  up  too  fine  a surface.  The  proportions  to  be  used 
re  1 part  of  Portland  cement,  4 of  gravel,  and  6 of  broken  stone,  the  latter  to  pass 
[irough  a 2^-inch  ring.  Concrete  flat  floors  are  cheaper  and  equally  as  strong  as  arched 
oors,  and  should  be  at  least  from  5 to  6 inches  thick.  Such  a floor  will  carry  a safe 
)ad  of  about  5 cwt.  per  superficial  foot.  One  tested  went  further.  It  was  made  of  1 of 
ament,  3 of  gravel,  and  3 of  well-washed  broken  stones  to  pass  a l^-inch  ring,  the 
nishing  layer  being  of  cement  and  gravel.  The  Portland  cement  should  be  tested,  for 
:s  proper  strength  is  of  importance.  (John  Garthw'aite,  of  Liverpool,  1885.) 

1903e«.  For  town  buildings  these  various  patents  afford  the  means  for  obtaining  flat 
oofs,  which  have  many  advantages  for  the  inhabitants,  as  affording  a promenade.  They 
ave  to  be  thoroughly  well  constructed.  Two  of  the  latest  constructions  are  at  the  new 
ity  police  station.  Cloak  Lane,  Cannon  Street,  having  a superficial  area  of  2600  feet, 
)rmed  of  iron  joists,  carrying  concrete  covered  by  a layer  of  one  inch  of  the  finest  Pyri- 
lont-Seyssel  asphalte,  the  skirtings  being  of  the  same  material ; a thin  layer  of  very  fine 
nd  clean  pebbles  from  the  sea  shore  were  applied  to  the  surface  while  hot.  The  other 
)of  is  to  the  Army  and  Navy  Auxiliary  Supply  Association  in  Francis  Street,  Westmin- 
:er,  having  a superfices  of  about  12,000  square  feet,  and  is  of  the  same  construction. 


CONCRETE  BUILDING. 

1903v.  The  Metropolitan  Board  of  Works  have  approved  of  such  structures,  and  have 
ade  the  following  regulations  to  be  observed  in  their  formation : — 

I.  The  concrete  to  be  used  to  be  composed  of  Portland  cement  and  of  clean  Thames 
ballast,  or  gravel,  or  crushed  smiths’  clinkers,  or  brick  burrs,  or  small  broken 
stones,  or  any  hard  and  durable  substance ; and  each  to  be  passed  through  a 
screen  having  a mesh  not  exceeding  2 inches  in  diameter.  Sand  to  be  in,  or 
added  to,  such  materials  in  the  proportion  of  one  to  two.  All  such  materials  to 
be  perfectly  clean,  and  free  from  all  greasy,  loamy,  or  clayey  matter. 

II.  These  materials  and  cement  to  be  mixed  in  the  proportion  of  not  more  than  8 parts 
of  material  as  aforesaid,  by  measure,  to  one  part  by  measure  of  the  best  Portland 
cement. 

III.  In  making  the  concrete,  a box  2 feet  by  4 feet  by  2 feet,  or  other  like  proportions,  is 

to  be  used  for  the  materials  other  than  the  cement,  and  another  box,  capable  of 
holding  one  sack  or  half  a cask  containing  2 bushels,  is  to  be  used  for  the  cement. 
The  cement  and  the  materials  are  to  be  turned  over  at  least  three  times,  and 
thoroughly  mixed  together  with  water. 

IV.  The  walls  of  the  buildings  to  be  carried  up  all  round  in  regular  layers  with  con- 

crete thus  composed,  and  grouted  with  cement  in  the  proportion  of  1 of  cement 
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to  2 of  clean  sharp  sand  after  each  layer,  until  the  walls  are  completed  in  heifjht. 
The  grout  to  be  made  as  mortar  hi'st,  and  then  thinned  with  water  to  tlie 
necessary  consistence. 

V.  The  concrete  to  be  well  and  thoroughly  bound  together,  so  as  to  secure  the  com- 
plete adhesion  of  the  materials  and  work  during  its  progress. 

VI.  The  thickness  of  walls  to  be  equal,  at  the  least,  to  the  thicknesses  for  brickwork 
prescribed  in  the  Building  Act. 

VII.  Suitable  cores  to  be  used  for  flues,  and  also  for  recesses.  Flues  to  be  formed  with 
stoneware  or  fireclay  pipes,  not  less  than  half  an  inch  in  thickness,  unless 
properly  pargeted. 

VIII.  Dcor  and  window  frames  to  be  built  into  the  walls. 

IX.  The  portions  of  the  party  walls  and  chimney  stacks  above  the  roofs  of  buildings  to 
be  rendered  externally  with  Portland  cement. 

X.  The  rules  of  the  Metropolitan  Building  Act,  1855,  as  to  the  use  of  timber  in  walls, 
and  other  rules  of  that  Act,  so  far  as  they  may  be  applicable  to  concrete  buildings, 
are  to  be  obserA^ed. 

l?)03w.  This  concession  was  made  after  many  attempts  to  obtain  it,  by  Philip  Brannon, 
by  Tall,  Drake,  and  others.  Mr.  Wonnacott  read  a paper  in  1871,  On  the  Use  of  Fortlavd 
Cement  Concrete  as  a Building  Material,  which  enters  fully  into  the  merits  and  demerits 
of  this  construction.  It  was  supplemented  by  another  paper,  BemarJcs  on  Concrete 
Building,  by  A.  W.  Blomfleld,  who  summarises  the  whole  thus  : The  chief  advantages 
are,  I.  Cheapness;  II.  Strength  and  durability;  III.  Rapidity  of  construction;  iv. 
Economy  of  space.  The  chief  drawbacks  are ; I.  Its  liability  to  failure,  from  the  use  of 
improper  materials,  or  from  the  want  of  knowledge  and  proper  care,  or  from  the  wilful 
misuse  of  good  materials;  II.  The  limits  which  the  material  and  method  of  constm- 
tion  impose  on  architectural  design  and  decoration. 

1903a?.  J.  Tall  advertises  concrete  construction  for  cottages;  door  and  window  frames. 
Brake  and  Co.,  concrete  building  apparatus  ; dovetailed  self-fixing  building  slabs ; marbla 
and  granite  facing  bricks  ; fireproof  floors,  doors,  staircases,  w^all  tiles,  &c.;  window  heads, 
copings,  terminals,  steps  ; marble  concrete  baths.  W.  H.  Lascelles  has,  panelled  slabs 
and  concrete  backings  screwed  to  stud  work;  walls  built  of  Potter’s  patent  cement  slabs; 
plain  and  moulded  concrete  forms  of  all  A’arieties  in  building  and  ornamentation,  as 
window  sills,  doorjambs,  gables;  concrete  ceilings;  and  chimneypieces.  The  Eureka 
Concrete  Company  has  steps,  sills,  strings,  balusters,  fireproof  floors,  mantelpieces, 
thresholds ; copings  ; a concrete  door  of  four  panels,  hung  in  position  and  fitted  Avith  lock. 
■Faija's  concrete,  hardened  by  his  new  patent  process.  J.  Wright  and,  Co.  have  made  an 
“improA'ed  concrete  lintel,”  having  a curved  upper  surface  and  a T iron  passing  through 
it  lengthways ; with  their  fixing  block  inserted  to  receive  the  sash  or  door  frame.  See 
also  par.  1864e. ; and  Artificial  Stone. 

1903^.  In  1887  Mr.  W.  Simpson  read  a paper  before  the  Royal  Institute  of  British 
Architects  entitled  Mud  Architecture,  relating  many  methods  of  construction  of  similar 
materials  in  ATirious  countries;  further  interesting  references  were  made  in  the  discussion 
and  correspondence  of  that  year. 

1903aa.  Concrete  and  cement  blocks.  Blocks  formed  of  Roman  cement,  puzzuolana, 
lime,  and  sand,  were  soon  suggested  for  such  a purpose.  Those  made  without  the 
cement  were  found  to  be  longer  in  setting,  but  eventually  became  the  strongest.  To  these 
combinations  potsherds  were  added,  as  Pliny  relates  was  in  use  in  the  time  of  the  Romans ; 
increased  toughness  resulted.  The  late  Mr.  Walker,  engineer,  possessed  specimens  of 
Dutch  terras,  which  had  been  used  in  Woolwich  dockyard  in  the  reign  of  George  III. 
These  were  of  very  great  hardness  ; in  fact,  gunpowder  had  to  be  used  in  breaking  up  the 
dock  where  it  had  been  employed.  For  concrete  and  mortar  for  the  riA’er  wall  of  the 
Houses  of  Parliament  he  used  tAvo  measures  of  sand,  1 of  puzzuolana,  and  1 of  lime.  Mr. 
Leo  used  Portland  cement,  Portland  stone  chippings,  sand,  and  shingle,  in  blocks  in  cubes 
of  16  feet  and  upwards,  made  in  moulds,  for  the  breakwater  at  Dover.  Mr.  Blashfield 
had  made  experiments  for  that  work  with  Lancashire  terras  mixed  with  broken  tiles  and 
sand  ; but  it  was  not  deemed  equal  in  hardness  to  the  Portland  cement  concrete  blocks. 

190355.  Atkinson's  or  Mulgrave  cement  Avas  used  by  its  patentee  for  concrete  blocks  of 
shingle,  sand,  and  cement,  used  as  ashlar  stone  in  the  case  of  a house  at  the  corner  of 
Mount  Street,  Grosvenor  Square,  still  standing  in  a substantial  condition.  Concrete  in 
small  blocks,  known  as  Bangers  patent  artificiid  stone,  has  been  used  to  a limited  extent  in 
the  construction  of  domestic  buildings.  It  was  employed  in  the  additions  to  the  College 
of  Surgeons,  Lincoln’s  Inn  Fields,  1835-6;  a guard-house  in  St.  James’s  Park;  the 
Imperial  Assurance  Office,  in  Pall  Mall ; and  in  a row  of  houses  in  the  Western  Road,  at 
Brighton,  partly  in  blocks  and  partly  in  moulds  as  pise  work.  This  process  is  not  con- 
tinued, probably  from  the  mortar  not  being  properly  mixed  in  the  first  instance,  and  the 
concrete  being  exposed  too  soon  to  the  action  of  the  weather,  for  it  dries  unevenly,  and 
cracks  in  all  directions. 
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1903c(?.  Biickvj  Ws  Granitic  Breccia  stone  as  patented  about  1858  to  compete brick- 
ork  in  price,  its  strength  and  duralulity  being  greater,  and  its  bulk  and  weight  con- 
derably  less.  It  was  impermeable  to  wet  and  never  vegetated,  so  that  for  pavements 
id  linings  for  tanks  it  appears  to  have  answered  well ; but  for  some  reason,  not  ascer- 
dned,  the  manufacture  of  it  was  lately  given  up.  It  could  have  been  , manufactured  in 
single  piece,  of  a weight  varying  from  1 cwt.  to  60  tons  or  more;  also  in  slabs  from  5 
et  to  100  feet  superficial ; and  to  any  contour.  Wheehle's  Reading  Abhty  patent  coticrete 
owe,  formed  wdth  Bridgewater  stone  lime,  when  made  into  a brick,  was  found  to  be  equal 
i strength  to  a common  stock.  Some  specimens  never  attained  the  strength  of  concrete 
ccept  in  a case  where  large  gravel  or  flint  was  the  chief  ingredient.  Messrs.  Bodmer's 
xtent  compressed  stone  bricks,  compounded  chiefly  of  1 part  of  hydraulic  lime  and  7 of 
liceous  sand,  well  mixed,  are  subjected  to  great  pressure  in  moulds.  Upon  removal, 
le  bricks  are  piled  up  in  the  open  air,  when  induration  commences,  and  the  material  is 
)iiverted  into  stone.  They  appear  to  be  ready  for  use  after  six  weeks’  to  two  months’ 
iposure,  and  experiments  show  a steady  progressive  increase  in  strength  as  they  advance 
age.  When  eleven  days  old  they  crushed  at  3'77  tons ; at  twenty-two  weeks  from 
4 to  6’95  tons  ; and  at  sixty-three  weeks  a pressure  of  upw’ards  of  8 tons  was  reached 
ithout  effect. 

I'dOZdd.  Coignets  Beton  Agglomere  has  been  employed  in  France  in  the  construction  of 
jf.church  in  the  park  of  Vesinet,  near  St.  Germain,  from  the  designs  of  M.  Boileau,  and 
®to  the  construction  of  which  he  has  also  introduced  cast  and  wrought  iron.  The  beton 
formed  with  all  the  mouldings  of  Gothic  architecture  both  externally  and  internally, 
w’as  built  similar  to  pise  work,  though  it  is  also  applicable  for  blocks,  like  stone,  in 
hich  manner  he  has  lately  executed  some  bridges  of  140  feet  span.  The  very  hard  frosts 
January,  1865,  had  not  appeared  to  have  had  any  effect  on  the  beton  at  the  church,  whi«-h 
IS  being  executed  at  the  time,  and  is  described  in  Builder  ior  November,  1864; 
9WS  are  also  given  in  the  volume  for  1865.  It  is  stated  that  such  structures  cost  only 
•out  one-half  or  perhaps  one-third  of  the  expense  of  a stone  building,  with  greater 
coration. 

lOOZee.  The  system  of  building  with  concrete  blocks  at  Sandown,  Ventnor,  and  other 
aces  in  the  Isle  of  Wight,  is  well  adapted  for  constructing  walls  to  ensure  dryness.  The 
ocks  are  about  18  inches  wide  by  12  inches  high,  and  are  of  two  thicknesses,  those  for 
e outer  wall  being  4 or  5 inches,  and  for  the  inner  about  3 or  3|^  inches  thick.  These 
9 tied  together  by  pieces  of  iron,  leaving  a space  of  about  3 inches  between  them.  This 
'ms  what  looks,  to  those  accustomed  to  the  2 feet  thick  solid  walls  of  Scotch  hous('S,  a 
msy  wall,  but  it  appears  to  be  sufficiently  strong  for  carrying  another  story  over  the 
jOund  floor;  and  with  a few  openings  above  and  below  for  the  admission  of  air  into  the 
ij^iee  between  the  walls,  forms  a structure  which,  in  a sanitary  point  of  view,  may  be 
I asidered  perfect.  Some  would  prefer  to  have  the  inner  wall  of  brickwork. 


1903jf.  Table  of  the  Resistance  to  Thrusting  Stress  of  Nine  2-inch  Cubes  of 
Concrete,  beuded  between  Pine  three-eighths  of  an  inch  Thick.  By 
'D.  Kirkaldy,  for  W.  H.  Lascelles,  May,  1881. 
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Cracked  slightly. 
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sq.  foot. 

Builder,  xl.  p,  649. 

1 

lbs. 

19,162 
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4,790 
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Neat  cement,  made  Dec.  15,  1880. 

: 2 

18,628 

4,657 

299-4 

Ditto. 

3 

16,298 

4,074 

261  9 

Neat  cement,  made  March  8,  1881. 

3 of  cement  to  10  of  ground  material,  made 

4 

12,982 

3,245 

208-6 

5 

12,248 

3,062 

196-9 

Jan.  18,  1881. 
Ditto. 

6 

8,488 

2,122 

136-4 

1 of  cement  to  4 of  ground  material,  made 

7 

8,023 

2,006 

129-0 

Jan.  1,  1881. 
Ditto. 

5,838 

1,459 

93-8 

1 of  cement  to  4 of  ground  material,  made 

1 ^ 

tf 

5,796 

1,449 

93-1 

Jan.  1,  1881. 
Ditto. 

1903_9'^.  The  use  of  concrete  has  extended  from  the  foundations  of  buildings,  backings 
( wharfs,  retaining  walls,  and  abutments  of  arches,  to  the  employment  of  it  for  the 
Iflving  of  vaults  to  produce  a level  surface  ; for  the  substance  of  flreproof  floors;  for 
L base  of  floors,  pavements,  and  roads ; for  the  walls,  floors,  &c.  of  houses,  bridges, 
moles ; and  various  other  purposes. 

i: 
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1904.  Many  ornamental  brick  cornices  may  be  formed  by  but  little  cutting,  and 
changing  the  position  of  the  bricks  employed,  and  several,  indeed,  without  cutting,  by 
chamfering  only.  Of  late  years  the  machines  for  making  bricks  have  permitted  the  ex- 
tensive use  of  moulded  bricks  of  different  forms,  which  have  entirely  superseded  the 
more  artistic  advantages  of  cut  brickwork  to  required  outlines  or  ornamental  details. 

1905.  Niches  may  be  formed  in  brickwork.  They  constitute  the  most  difficult  part  of 
the  bricklayer  s practice.  The  centre  will  be  described  under  the  section  Carpentry.  The 
difficulty  in  forming  them  arises  from  the  thinness  to  which  the  bricks  must  be  reduced 
at  the  inner  circle,  as  they  cannot  extend  beyond  the  thickness  of  one  brick  at  the  crown 
or  top,  it  being  the  usual  as  well  as  much  the  neatest  method  to  make  all  the  courses 
standing. 

1905a.  Flues.  It  has  been  an  established  rule  to  build  flues  14  inches  by  9 inches, 
14  inches  square,  or  larger,  for  kitchen  fireplaces,  because  it  suited  the  size  of  the  bricks 
and  bonding,  contained  a sufficient  amount  of  superficial  area,  and  afforded  a space  for 
a boy  sweeper  to  ascend  them.  Since  then  circular  pipe  flues,  8,  9,  10,  12  inches  diameter, 
or  oblong  pipes  with  rounded  corners,  have  been  adopted  by  many,  the  inside  being 
smooth.  These  are  easily  swept,  and  no  lodgments  of  soot  and  brick  rubbish  take  place. 
An  objection  has  been  made,  if  the  pipes  be  glazed,  that  during  a storm,  or  other  con- 
cussion, the  soot  falls  down  into  the  room  if  the  register  flap  be  not  shut.  These  pipes 
make  good  work  at  the  gatherings.  It  is  almost  an  invariable  rule  to  make  the  flue  tho 
same  size  throughout ; there  is  also  the  theory  that  the  fiue  should  be  made  larger  at  the 
top,  and  also  smaller  at  the  top,  similar  to  a factory  shaft.  Also  that  a tail-boy  is  useless, 
for  the  top  should  only  be  finished  by  a terminal  of  a few  inches,  just  sufficient  to  divide 
the  rushing  currents  and  allow  them  to  pass  between  each  pot.  The  fireplace  should  be 
covered  over  at  the  usual  springing  line  by  a slab  of  stone,  or  concrete,  or  iron  plate, 
with  an  aperture  in  the  centre  of  the  size  of  the  intended  flue.  On  this  the  brickwork  is 
carried  up.  Above  it,  in  the  breast,  has  been  formed  a chamber  with  sloping  sides,  to 
counteract  any  down  draught. 

19055.  A brick  flue  \s  pargeted  inside  to  render  it  smoke  proof,  that  the  velocity  of  the 
draught  should  be  assisted  or  improved,  and  to  prevent  as  far  as  possible  the  lodgment 
and  accumulation  of  soot.  The  parget,  which  is  a mortar  made  of  a mixture  of  lime  and 
cow-dung,  should  be  sparingly  applied,  but  sufficient  to  fill  up  open  joints  and  all  irregu- 
larities in  the  brickwork.  If  applied  thick,  it  shrinks  and  cracks,  and  falls  off,  and 
assists  in  making  a chimney  smoke.  It  is  now  recommended  to  use  the  ordinary  mortar 
for  this  purpose,  the  brickwork  being  kept  as  smooth  inside  as  possible,  by  careful 
pointing,  as  it  has  been  found  more  successful  for  a number  of  years. 

1905c.  Paving.  When  neither  slate,  granite,  Yorkshire  or  other  stone,  flint,  nor  shells, 
are  used  for  paving,  recourse  is  had  to  bricks,  tiles,  and  asphalte.  A yard  superficial  of 
brick  paving  requires  32  to  36  stocks  laid  flat ; 48  to  52  laid  on  edge ; 36  paving  bricks 
laid  flat,  82  on  edge  ; 140  Dutch  clinkers  on  edge  ; 9 twelve-inch  tiles ; and  13  ten-inch 
tiles,  Erick  paving  is  laid  flat  in  sand  ; jointed  in  mortar;  jointed  in  cement ; and  laid 
on  edge,  in  the  same  manner.  Tile  paving  is  generally  laid  in  sand  or  mortar  {par.  22825). 
Besides  the  ordinary  brick,  some  others  have  been  introduced,  especially  for  stables  and 
yards,  such  as  the  Terro-metaUic  grooved  bricks,  and  Towers  and  Williamson’s  Adamantine 
clinker  paving  bricks  for  stables  and  yards  ; it  is  stated  to  be  superior  to  the  old  Butch 
•clinker  in  shape,  colour,  density,  and  wear  {par.  1829).  Tebbutt’s  patent  safety  brick 
for  stables  and  yards,  &c.,  is  considered  to  ensure  perfect  foothold,  drainage,  easy 
cleaning,  saving  in  labour  and  straw,  to  form  a durable  floor,  and  to  have  a good  appear- 
ance. Each  brick  is  5 inches  by  10  inches  by  2^  inches  ; and  the  gutter  brick  is  of  the 
same  size.  Homan’s  Quartz,  Granite  and  Ferrolithic  stone  paving,  for  streets,  public 
buildings,  breweries,  warehouses,  stables,  schools,  &c.  Bennett’s  improved  Granitic 
stone,  for  pavements,  &c.  (1887),  is  said  to  be  fire,  damp,  and  vermin  proof;  the  surface, 
though  hard  and  indestructible,  is  not  slippery,  it  does  not  absorb  moisture,  it  is  laid 
from  1^  to  3 inches  in  thickness,  is  unaffected  by  the  weather,  and  hardens  by  time. 
Macleod’s  Metallic  concrete  is  proof  against  fire,  vermin,  damp  and  frost,  not  slippery, 
and  can  be  used  for  paving,  wall  linings,  roofing,  &c.  It  is  very  hard,  and  has  been  used 
in  stabling,  breweries,  workshops,  &c.,  from  before  1870.  Stuart’s  Granolithic  and 
impenetrable  pavement  (1869),  is  very  largely  employed  in  this  country  and  abroad. 
Wilkes’  patent  metallic  paving  and  EureJca  concrete  is  used  at  the  war  office,  the  fire- 
brigade  stations,  and  police  stations.  W.  B.  Wilkinson  & Co.  patent  a specular  gramitic 
concrete  pavement,  which  is  formed  in  lo-inch  squares  of  Ij  inch  thickne'^s,  groin d 
perfectly  fiat,  presenting  a spotted  appearance  of  red  and  different  shades  of  grey 
colours.  It  may  be  laid  on  ordinary  mortar,  can  be  used  for  outside  purposes,  and  is 
stated  to  cost  less  than  tiles. 

1905rf.  Ordinary  tile  yaving  is  made  of  about  8,  9,  10,  11,  or  12  inch  tiles,  of  a hard 
and  well  burnt  clay.  The  11 -inch  tiles  used  in  the  footpaths,  which  are  each  14  feet 
6 inches  wide,  of  new  Westminster  bridge,  were  made  bvBlashfield,  and  were  laid  diagon- 


:ap.  III. 


BRICKLAYING  AND  TILING. 


573 


,y  {par.  1839).  The  Staffordshire  paving  tiles,  in  blue,  red,  and  buff,  are  very  durable, 
d for  general  purposes  as  effective  as  the  more  expensive  qualities  for  inlaid  purposes. 
1905r.  Floors  and  paths  are  often  finished  with  a face  of  f inch,  1 inch,  or  inch  of 
utland  cement.  They  are  considered  to  be  best  laid  with  the  cement  and  sand  thoroughly 
xed  and  just  wetted  sufficient  so  that  a handful  pressed  by  the  hand  will  not  fall  to 
sees  when  the  hand  is  opened.  This  laid  down,  and  water  brought  through  it  by  the 
nd  float,  stands  well.  Plasterers  do  not  like  to  use  it  so  stiff.  To  repair  any  worn 
ices  the  old  cement  should  be  thoroughly  wetted  before  the  new  work  is  applied. 

1905/.  Here  may  be  mentioned  the  use  of  encaustic  or  inlaid  tiles  for  paving;  of 
)saic  tiles  and  of  tesserce  for  mosaic  work,  whether  for  pavements  or  for  wall  decoration  ; 
e Roman  mosaic  pavement ; the  Venetian  marble  mosaic  tiles  ; Italian  marble  mosaic 
d marble  mosaic  granite.  There  is  also  a patent  wood  mosaic,  made  of  small  blocks  of 
)od,  end  grain,  and  prepared  in  tiles  to  pattern  6 inches  square. 

1905y.  To  clean  dirt  off  tiles,  dilute  muriatic  acid,  i.e.  spirits  of  salts,  may  be  used, 
t it  must  all  be  wiped  off,  and  after  washing,  the  moisture  must  be  wiped  off  with  a 
;an  dry  cloth. 

1905A.  Asphalte  has  now  taken  the  place  of  most  other  sorts  of  manufactured  pave- 
mts  of  the  same  character.  A solid  foundation  is  prepared  by  a bed  of  concrete  of 
draulic  lime  and  gravel,  wdth  a layer  of  finer  concrete  over  it,  to  fill  up  the  vacuities, 
hen  dry,  the  asphalte  is  put  on,  of  a thickness  for  private  purposes  of  about  f ths  of  an 
ch;  for  public  purposes,  from  one  to  two  inches:  it  should  be  applied  as  hot  as 
ssible.  A small  quantity  of  pure  quick  lime  is  added  to  the  asphalte  when  in  ebullition, 
prevent  it  melting  by  tl:e  heat  of  the  sun.  This  material  has  been  much  used  for 
resiling  floors  of  barns,  for  malt-houses,  armouries,  tun  rooms  (sometimes  from  2 to  2^ 
’hes  thick),  dissecting-rooms,  dog-kennels,  exercising  yards,  mills  of  many  kinds, 
anaries,  verandahs,  and  numerous  factories  and  buildings.  For  carriage  traffic,  the 
phalte  is  embedded  with  small  Guernsey  granite  chippings.  This  material  is  not 
itable  for  any  floor  where  oil,  tallow,  or  other  greasy  matter  is  employed.  The 
ilonceau  and  Seyssel  Asphalte  Company  indent  the  surface  into  small  squares, 
fording  a foothold  for  horses  in  a stable ; this  is  also  considered  useful  for  flat  roofs 
d paving  generally.  The  granite  rock  and  Seyssel  asphaltes,  for  floors,  paving,  &c.,  are 
nsidered  a certain  preventive  of  damp  and  vermin.  The  Val  de  Travers  compressed 
d mastic  asphalte,  for  roadways,  &c.,  roofs,  basements,  stables,  warehouses,  breweries, 
servoirs,  slaughter-houses,  markets,  laundries,  lavatories,  &c.  The  Limmer  Asphalte 
iving  Company,  and  the  Societe  Frangaise  des  Asphalte,  are  also  engaged  in  paving  the 
oroughfares  of  London  and  elsewhere.  Wright’s  marble  tar  pavement  for  yards,  play- 
■ounds,  &c.  has  been  used  for  the  platforms  of  the  Windsor  and  the  Waterloo  stations, 
id  in  the  middle  part  of  the  quadrangle  of  Somerset  House. 

Tiling. 

1906.  The  tiler’s  tools  are — the  lathing  hammer,  with  two  gauge  marks  on  it,  one  at 
inches,  the  other  at  7^  inches.  The  lathing  staff,  of  iron,  in  the  form  of  a cross,  to  stay 
e cross  laths  and  clinch  the  nails.  The  tiling  trowel,  to  take  up  the  mortar  and  lay  it 
1 the  tiles;  it  differs  from  the  brick  trowel,  in  being  longer  and  narrower.  The  bosse, 
ade  of  wood,  with  an  iron  hook,  to  hang  on  the  laths  or  on  a ladder,  for  holding  the 
,ortar  and  tiles.  The  striker,  a piece  of  lath  about  10  inches  long,  for  separating  and 
king  away  the  supeifluous  mortar  at  the  feet  of  the  tiles.  The  broom,  to  sweep  the 
ling  after  it  is  struck. 

1907.  Tiling  is  the  operation  of  laying  the  tiles  on  a roof  for  the  covering  of  the  building, 
jid  is  effected  with  either  plain  or  pan  tiles ; the  former  is  the  most  secure  description, 
lain  tiles  are  laid  at  different  gauges  (see  par.  2301).  210  plain  tiles  laid  flat  will  cover 
square  of  tiling,  which  can  be  laid  in  a day  by  a man  and  his  assistant.  As  old  tiles  are 
■ a much  better  consistency  than  those  now  made,  it  may  be  desirable  to  re-use  the  best 
: them  with  new  tiles  to  fill  in ; in  which  case  the  old  ones  are  laid  with  the  best  effect 
I courses,  say  three  or  four  rows  of  new  and  two  of  old  tiles  ; or  laid  in  a diapered 
ittern,  according  to  the  quantity.  Pan  tiles  are  generally  pointed  in  mortar,  which  if  it 
e not  very  strong  will  not  stick ; in  consequence  of  this,  tiled  roofs  require  fresh  pointing 
very  few  years,  especially  in  exposed  situations.  A practice  has  obtained  of  late  years, 
hen  plain  tiles  are  set  in  mortar,  not  to  peg  more  than  about  one  tile  in  ten ; this 
'aould  not  be  permitted,  as  with  the  decay  of  the  mortar  the  tiles  slip  down.  An  ancient 
j>-tom  prevailed,  to  bed  the  tiles  in  hay  or  moss,  and  when  the  roof  is  of  the  full  pitch 
lis  suffices  without  mortar;  they  may  even  then  be  laid  dry.  But  with  any  less  pitch, 
ome  precaution  must  be  used  to  keep  out  drifting  snow,  and  such  wet  as  may  be  blown 
p between  the  tiles  lifted  by  the  force  of  the  wind.  In  lieu  of  oak  peg.s,  extra  large 
at  headed  wrought  nails,  made  of  pure  zinc  or  of  zinc  and  copper,  have  been  used,  and 

has  the  advantage  of  allowing  a tile  to  be  replaced  from  the  inside  of  the  roof,  by 
rtipg  up  the  others  to  place  in  the  tile  and  drop  in  the  nails  in  a few  seconds.  The 
tility  of  the  mortar  is  questioned  in  the  Builder  for  1805. 
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1907a.  Pan  tiling  is  laid  to  a 10  inch  gauge  ; and  180  pan  tiles  will  cover  a square. 
From  the  frequent  repairs  necessary  to  tiled  roofs,  slating  has  become  i,he  most  useful 
covering,  and  is  generally  employed,  except  for  the  most  common  buildings.  See  par. 
2301,  in  Specifications. 

1907^.  Weather  tiles  were  fixed  either  by  nailing  them  to  battens  or  boards,  which 
rotted  after  about  20  years.  Then  nailing  them  to  the  mortar  joints  was  bad,  as  a 
gauge  of  3 inches  was  too  small,  4 inches  being  the  ordinary  gauge  for  tiles.  Mr.  K. 
Nevill  got  blocks  made  1^  inches  thick;  and  generally  for  the  top  story  of  buildings, 
to  run  in  the  inside  of  the  wall  two  carriers  and  stretchers  and  a course  of  headers. 
Thus  a course  was  obtained  for  each  course  of  tiles.  Weather  tiling  ought  to  be  headed 
between  the  two  tiles,  and  if  they  could  get  close  to  the  wall  the  little  space  between  the 
wall  and  the  heading  might  be  filled  with  cement.  The  bricks  might  be  used  on  edge, 
thus  giving  a inch  height,  when  the  tile  could  be  fixed  to  the  joint.  Where  the 
4 inch  gauge  would  not  work,  the  tiler  punched  out  a small  hole  at  the  side  of  the  tile, 
when  this  gauge  was  obtained  and  the  nail  driven  through  the  side  of  the  tile  : 3 inch 
French  nails  were  preferable.  (E.  T.  Hall.) 

1 907c.  The  bricklayer  has  often  to  provide  temporary  coverings  to  buildings  whilst 
his  other  operations  are  being  performed.  The  commonest  method  is  that  of  merely 
nailing  old  boards  laid  weather-board  fashion  to  any  slope  that  may  be  desirable.  The 
next  is  the  use  of  tarpaulins  supported  by  open  boarding,  and  secured  to  posts  or  | 
scaffolding  rigged  up  for  the  purpose ; this  must  be  efficiently  done,  as  in  case  of  high  Q 
winds  the  whole  may  be  carried  away.  Felt  is  also  used  for  temporary  roofs,  for  which  ' 
purpose,  likewise,  Messrs.  Rigg  and  Co.  have  a new  material  composed  of  canvas  covered 
with  a waterproofing  substance  having  vegetable  oil  as  a basis,  and  consequently  not  '| 
liable  to  the  desiccating  action  of  the  rays  of  the  sun.  ; 

1907(^.  As  the  bricklayer  has  to  provide  for  the  removal  of  water  refuse,  so  he  has  to 
provide  for  the  deposit  of  dust,  ashes,  and  rubbish,  by  a dust- bin.  This  was  formerly,  : 
and  is  still  in  many  places,  built  of  brick  with  a wood  cover,  and  is  generally  more  than  a .. 
nuisance.  With  the  modern  arrangements  for  the  periodical  removal  of  dust  by  the  | 
parish  or  other  local  authority,  the  dust-bin  need  be  no  other  than  a galvanised  iron  recep-  i 
tacle  for  such  ashes  or  articles  as  cannot  be  dried  and  burnt  up  in  the  kitchen  or  other 
fire  (see  Specifications).  Burton’s  Combination  Dust-bins  are  of  galvanized  iron,  and  con- . 
structed  of  such  a size  and  shape  as  to  stand  side  by  side,  each  being  removed  and  emptied  ; 
separately.  They  form  two,  four,  six,  or  eight  in  a compartment,  each  being  22  inches  ! 
high,  21  inches  wide,  and  14  inches  from  front  to  back,  or  about  3|  cubic  feet,  a 
sufficient  load  for  one  man.  When  necessary,  they  can  have  a wood  cover  or  be  enclosed  . 
in  wood  or  brick.  An  improved  dust-bin  is  explained  in  Builder,  1885,  xlviii.,  p.  779. 

1907e.  The  difficulty  and  expense  of  removing  this  refuse  has  caused  the  invention  of  . 
a refuse  destructor  on  Fryer  s principle.  One  is  described  lately  as  having  twelve  cells,  each  : 
capable  of  destroying  seven  tons  of  house  refuse  every  twenty-four  hours.  The  smoke 
from  these  will  pass  through  a furnace  heated  to  1500  or  2000  degrees  Fahr.  before 
pasing  into  a shaft  180  feet  high.  The  waste  heat  from  the  furnaces  will  be  utilised  for  a 
30  horse-power  engine  for  grinding  the  clinkers  into  pow'der  for  making  concrete  slabs. 
No  fuel  is  required,  as  the  “ashes  ” provide  it.  Leeds  claims  to  be  the  first  town  to  have  ; 
adopted  this  invention.  Mr.  C.  Jones,  of  Ealing,  added  a muffle  furnace  between  the 
destructor  furnaces  and  the  main  shaft,  which  effectually  destroys  the  offensive  properties 
of  the  gases  and  dust  from  the  furnaces. 

Terra-Cotta. 

1908.  The  more  modern  use  of  this  material  includes  the  Persian  and  Moorish  tiles, 
&c.,  its  use  by  the  Italians  during  the  thirteenth,  fourteenth  and  fifteenth  centuries, 
as  at  the  cities  of  Milan,  Pavia,  Padua,  Yerona,  Pisa,  Bologna,  Brescia,  Perugia,  Venice, 
&c. ; also  in  North  Germany  ; many  places  presenting  examples  of  colour  decoration. 

1908a.  In  England  specimens  of  terra-cotta  and  moulded  brickwork  appear  at  Granby 
Church,  Nottinghamshire,  where  at  the  east  end  is  a window  of  considerable  size,  of  Per- 
pendicular date;  the  whole  of  the  jambs  and  tracery  are  composed  of  contemporary 
moulded  terra-cotta.  Layer  Marney  Hall,  Essex,  dating  1500-25,  supposed  of  foreign 
manufacture;  Wolterton  Manor  House,  Norfolk,  circ.  1500;  the  tomb  of  John  Young  in 
the  Rolls  Chapel,  London,  1516  ; medallions  at  Hampton  Court  Palace,  commenced  1515, 
perhaps  foreign  ; Sutton  Place,  Surrey,  1529  ; Eastbury  Manor  House,  near  Ilford,  1575  ; 
and  other  places.  Generally  it  died  out  Avith  the  Tudor  family.  At  the  end  of  the 
sixteenth  century  nearly  all  pottery  (except  Oriental)  had  been  what  is  termed  fo/7,  and 
although  much  of  it  was  coated  with  a hard  and  durable  enamel  not  easily  injured,  yet 
the  body  could  be  generally  scratched  with  a knife.  In  the  seventeenth  century  stone- 
ware Avas  sought  after,  and  works  for  its  manufacture  were  established  at  Stratford-le- 
Bow.  Elers,  from  Nuremberg,  settled  at  Burslem. 

19085.  The  first  great  advance  Avas  made  by  Coade,  an'^,  later,  Seeley,  of  Lambeth,  who 
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pgan  about  1762  to  make  statues,  bassi-rilievi,  &c.  About  1825  Rossi  made  the 
tatues,  Cdpitals,  antefixse,  and  other  Grecian  ornaments  for  St.  Pancras  Church,  London, 
jr  the  Inwoods ; and  I3ubb  executed  in  terra-cotta  the  frieze  of  the  opera-house  in  the 
layraarket,  as  also  the  pediinental  sculpture  and  statues  of  Cumberland  Terrace,  Regent’s 
’ark.  The  terra-cotta  made  by  Coade  and  Seeley  was  chiefly  from  the  Poole  clay,  com- 
■ined  with  flint  and  sand.  It  has  withstood  heat  and  frost,  and  is  more  perfect  than  the 
tonework  or  cement  work  around  it  of  the  same  date,  which  in  some  cases  has  had  to  be 
tainted  to  preserve  it.  Their  well-tried  ingredients  and  proportions  of  clay  and  siliceous 
laterials,  and  the  degree  of  vitrification,  the  essential  to  the  durability  of  terra-cotta,  were 
dopted  by  Mr.  Pulham.  One  of  the  greatest  revivals  in  pottery  connected  with  architecture 
ook  place  about  1833,  when  Mr.  Wright,  of  Shelton,  obtained  a patent  for  making  inlaid 
iles,  a patent  bought  by  Mr.  Herbert  Minton,  who  improved  upon  it.  The  churches 
t Leverbridge,  and  at  Platt,  in  Lancashire,  by  the  late  Mr.  Edmund  Sharpe,  in  1845, 
,’ere  important  examples  of  the  revival  of  the  use  of  terra-cotta. 

1908c.  At  Buckingham  Palace,  near  the  stables,  were  placed,  about  1836,  several  large 
ases  made  by  Mr.  Blashfield;  these  are  in  perfect  preservation,  while  the  stone  coping 
n which  they  are  placed  is  decayed.  He  also  turned  out  some  of  the  best  work  ever 
lado  in  this  material,  as  at  Dulwich  College,  1866,  and  at  Lady  Marriane  Alford’s  house 
t Knightsbridge.  The  fa^-ade  of  the  Science  Schools,  in  Exhibition  Road,  South  Ken- 
ington,  is  a large  and  florid  example.  The  Natural  History  Museum  at  South  Kensing- 
ou,  by  Mr.  Alfred  Waterhouse,  R.A.,  is  of  terra-cotta  inside  and  outside.  Mr.  R.  W. 
Idis  has  used  it  at  the  Constitutional  Club  in  Northumberland  Avenue ; and  many  other 
iiildings  of  late  years  show  its  use.  Among  those  in  progress  are  the  new  Law  Courts 
t Birmingham,  which  have  been  specially  designed  for  its  use  by  Messrs.  Webb  and  Bell. 

1908(7.  In  works  of  art,  as  in  sculpture,  the  artist  has  only  to  model  in  the  clay,  as  he 
) obliged  to  do  before  he  commences  to  carve  out  the  marble ; the  clay  is  at  once  burned, 
nd  all  the  after  labour  on  the  marble  or  stone  is  saved.  Still  it  is  attended  with  some 
isk,  for  an  accident  may  happen  in  the  burning,  and  then  the  modelling  has  to  be  redone, 
arge  works  should  be  done  in  conjunction  with  the  potter,  who  would  supply  the  proper 
ay,  and  see  that  the  thicknesses  throughout  were  as  even  as  possible.  The  largest  piece 
f sculpture  ever  executed  in  terra-cotta  was  the  group  of  America  at  the  Albert 
lemorial,  executed  in  1876  by  Mr.  John  Bell.  It  consists  of  five  figures,  each  10  feet 
igh,  with  a buffalo  of  like  proportion  ; it  is  now  at  the  Smithsonian  Institute,  Washing- 
m.  Other  similar,  or  ornamental,  work  can  be  finished  up  at  once  in  clay  by  the  artist, 
ad  burned,  and  are  thus  never  repeated,  in  the  sense  of  moulded  work.  Vases,  12 
) 15  feet  circumference,  are  made  as  true  on  the  upper  edge  as  rubbed  stone.  They 
ave  cost  less  than  if  they  had  been  moulded  and  cast  in  compo  or  cement,  and  they 
ive  the  sharpness  of  the  best  carved  stone. 

1908«.  In  1880  it  was  alleged  that  English  architects  had  not  given  to  the  architectural 
■eatraent  of  terra-cotta  the  degree  of  attention  and  experiment  which  it  deserves.  Sir 
. G.  Scott,  in  Gothic  Architecture,  Secular  and  Domestic,  1857,  wrote:  “Terra-cotta 
seras  the  natural  accompaniment  of  brick,  but  it  should  not  bo  used  as  an  artificial 
one.  It  is  the  highest  development  of  brick,  and  should  be  used  as  such.  By  a judi- 
ous  use  of  brick,  moulded  as  well  as  plain,  encaustic  tiles,  and  terra-cotta,  we  might 
jivelop  a variety  of  constructive  decoration  peculiarly  our  own.” 

I 1908/.  A writer  puts  the  use  of  terra-cotta  and  stone  as  follows  : — “It  is  argued  that 
is  improper,  inartistic,  and  uneconomical  to  use  terra-cotta  constructively  so  as  to 
litate  stonework,  but  it  is  eminently  suited  for  surface  decoration  and  architectural 
■namentation,  and  when  so  used  is  capable  of  high  artistic  treatment  at  a moderate 
|St.  Stone  is  a natural  material,  and  when  fixed  every  part  of  it  does  duty  construc- 
> ely.  Terra-cotta  is  an  artificial  substance  ; it  is  but  a shell  or  ca.se,  which  generally  has 
be  filled  up  with  concrete  or  brickwork  in  walling,  or  with  an  iron  core  for  a column, 
with  a girder  for  a lintel,  before  it  can  be  used  constructively.  Terra-cotta  used 
imitate  stonework  is  inartistic,  for  stone  is  worked  with  the  greatest  nicety,  and  fixed 
th  perfect  accuracy.  With  terra-cotta  it  is  not  possible,  at  its  best,  to  secure  perfect 
intings  or  straight  arrises;  there  is  a monotony  of  texture  in  all  its  plain  surfaces,  as 
fll  as  a general  inability  in  the  material  to  acquire  additional  charm  under  the  influence 
the  mellowing  touch  of  time.  It  is  not  economical  to  employ  terra-cotta  in  a way  to 
litate  stone  constructively.  The  rough  stone  is  brought  to  the  works,  squared,  and  fixed, 
le  terra-cotta,  however,  arrives  at  the  works  in  the  form  of  a hollow  body,  to  be  added 
before  it  can  be  worked  in.  Stone  is  easily  corrected  if  it  be  found  inaccurate ; whereas 
: terra-cotta,  chipping,  cutting,  and  rasping  has  to  be  resorted  to,  to  rectify  twisted 
les  and  other  inaccuracies ; or  gaps  in  a building  left  for  a time  until  defective  or 
ficieut  blocks  have  been  manufactured.  As  it  is  sent  to  the  works  so,  probably,  the 
iterial  is  fixed  generally.” 

1908^.  “ Terra-cotta,  as  a superior  sort  of  brick,  has  to  be  designed  accordingly,  and 
ed  in  string  courses,  cornices,  and  such  like  places,  where  ordinary  bricks  so  fixed  are 
‘ ble  to  be  affected  by  the  weather ; and  when  manufactured  in  small  pieces,  for  repeti- 
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tion  work,  it  will  come  more  true,  will  have  a better  appearance  than  when  in  large  blocks, 
and  these  will  fulfill  all  constniidive  requirements  ; while,  as  it  can  be  highly  decorated 
at  a trifling  expense,  it  can  compete  favourably  with  stone  similarly  used.  Without 
doubt,  it  is  best  adapted,  both  as  regards  form  and  colour,  for  a purely  decorative 
material.  It  is  true  there  is  a great  difficulty  in  combining  stone  and  terra-cotta  in  the 
same  building  effectively;  but  brick  and  terra-cotta  go  well  together,  and  when  used 
legitimately  afford  the  happiest  results.  Ancient  examples  show  its  proper  use,  but  not 
that  as  a counterfeiter  of  stone.” — (W.  Henman  in  Briti»h  Architect,  1887,  p.  105). 

1908^.  For  building  purposes  the  great  advantage  of  terra-cotta  is  the  close  and  abso- 
lutely impervious  character  of  the  material.  Whether  the  great  advantage  claimed  for 
it  as  being  impervious  to  the  action  of  a London  atmosphere,  of  the  present  day,  is  well 
founded  or  not,  will  have  to  be  settled  by  the  test  of  time,  but  theoretically  it  should 
stand  better  than  any  stone  under  the  same  conditions. 

1908z.  Another  writer  remarks  as  follows ; “What  are  the  special  characteristics  of 
architectural  treatment  which  terra-cotta  demands  in  order  to  produce  a satisfactory 
architectural  and  artistic  result  with  the  capabilities  and  peculiar  character  of  the 
ma’erial?  There  are  two  points  : 1.  The  size  of  the  pieces  is  limited,  and  the  material, 
while  incapable  of  the  high  finish  and  precision  attainable  in  stone  detail,  and  still  more 
in  marble,  possesses,  before  it  goes  into  the  kiln,  absolute  plasticity;  it  can  be  modelled 
by  the  hand  with  great  ease  and  rapidity,  and  with  much  variety.  Large  projections 
are  unsuitable ; they  cannot  be  carried  out  in  a pure  terra-cotta  style,  or  without 
assistance,  open  or  concealed,  from  other  materials.  Nothing  should  be  attempted  in 
terra-cotta  architecture  which  is  not  capable  of  being  honestly  executed  in  the  material, 
without  the  aid  of  concealed  supports  and  ties.  2.  The  designer  has  before  him  a 
material  capable  of  endless  variety  of  treatment,  and  the  chief  value  of  which  consists 
in  its  artistic  treatment.  If  a considerable  amount  of  repeated  ornament  is  required  to 
be  economically  produced,  it  can  be  obtained  by  a mould  more  easily  than  in  most 
materials;  and  this  continuous  ornament  can  be  produced  by  hand  with  constantly 
varying  detail.  The  architect  or  designer  may,  in  fact,  be  the  actual  worker  of  the 
ornamentation.  With  this,  if  s oneware  be  used,  may  be  a considerable  variety  of 
colour,  which  is  not  only  indestructible,  but  is  susceptible  of  being  cleansed,  an  important 
point  in  the  midst  of  a town  atmosphere. 

1908y.  “ The  first  really  architectural  use  of  terra-cotta  was  in  the  clay  plains  of  North 
Italy,  and  it  is  from  the  productions  of  the  architects  of  this  district  that  much  of  the 
inspiration  of  the  modern  terra-cotta  designer  in  architecture  has  been,  or  should  be, 
drawn.  The  earlier  specimens  are  of  great  simplicity,  consisting  of  the  simple  moulded 
brick  cornice  in  two  or  three  projecting  rolls  one  over  the  other.  Later  came  a gradual 
elaboration  of  ornament,  especially  in  cornices,  in  panels,  and  on  the  face  of  pilasters. 
At  the  Certosa,  at  Pavia,  the  richness  is  carried  in  some  parts  to  its  greatest  possible 
extent,  and  is  a good  example  of  the  constructive  ornamental  details,  but  the  vdiole  is 
too  overloaded.  On  the  other  hand,  in  the  Church  of  the  Carmine,  at  Pavia,  the  crna* 
ment  is  for  the  most  part  confined  to  the  cornices  and  horizontal  strings,  and  is  designed 
so  as  to  bring  out  some  of  the  best  capabilities  of  the  material.  The  cornice  has  a fid 
outline,  and  a slight  projection  as  compared  with  its  vertical  measurement.  The  main 
divisions  of  a Classic  cornice  are  kept  in  view,  while  in  this  is  a reminiscence  of  corona, 
bedmould,  and  frieze ; the  effect  which  cannot  be  got  by  projection  is  sought  by  increased 
depth  and  by  richness  of  surface  ornament.  The  twisted  rope-like  string  below  what 
may  be  called  the  frieze,  is  easily  carved  out  in  a plastic  material ; it  is  easy  to  mould; 
the  same  may  be  said  of  the  ornament  above  it.  Uther  cornices  may  be  found  exhibiting 
a like  treatment. 

1908/r.  “ The  consideration  of  the  difference  which  would  have  to  be  made  in  orna- 
mental detail  in  transferring  it  from  marble  or  stone  to  terra-cotta,  or  painted  and 
glazed  stoneware,  suggests  another  influence  in  the  nature  of  the  material  which  must 
also  affect  the  ornament  executed.  However  well  mixed  and  burned  may  be  the  clay,  the 
shrinkage  and  twisting  in  the  kiln  render  it  impossible  to  trust  terra-cotta  to  give  the 
precise,  clear,  and  sharp  symmetry  of,  say,  Greek  detail.  It  may  be  supposed  that  thej 
manuftcturers  of  the  North  Italian  artists  devised  the  twists  to,  as  it  were,  soften  the 
resulting  twist  of  their  more  immature  material,  as  compared  with  tlie  modern  manufac-' 
ture,  and  also  in  order  to  avoid  the  hard  straight  lines  and  attempts  at  syininetricai 
detail,  and  to  impart  such  a degree  of  irregu’arity  in  line  that  accidental  irregularities  ii 
the  manufacture  would  be  the  less  observable.”  The  writer  in  the  Builder  goes  on  td 
design,  and  to  explain  the  modifications  he  has  made  in,  Greek  details,  to  bring  then 
within  the  proper  scope  of  terra-cotta,  and  concludes  ; ^ 

1908/.  “ Another  point  in  regard  to  the  general  treatment  of  the  walling  of  terra, 
cotta  buildings  is  that  in  many  of  the  Cinque-Cento  terra-cotta  buildings  there  is  hi  ' 
erit  re  absence  of  any  attempt  to  obtain  a completely  homogeneous  wall  surface.  Tii 
surface  is  as  varied  and  broken  up  in  this  respect  as  that  of  a brick  building,  thus  rath 
proving  again  that  it  is  the  material  for  varied  and  picturesque  effect  rather  than  L 


!'uap.  III. 


TERRl-COTTA. 


577 


vmmetrical  finisli  and  neatness.  It  has  an  appearance  of  surface  treatment  about  it, 
v'hich  is  much  more  in  harmony  with  the  feeling  of  the  Renaissance  than  of  Gothic 
rchitecture,  in  wliich  we  look  for  the  appearance  of  great  mass  and  solidity,  rather  than 
f elegant  surface  ornament,  _ This  terra-cotta  may  offer  to  architects  wisliing  to  carry 
■ut  a Classic  type  of  design  With  great  modifications,  a material  admirably  suited  to  the 
ondiiions  of  modern  city  arcliitecture.”  {Builder,  1880,  vol.  xxxix.  p.  195,  230.) 

1908m.  Large  and  fine  works  of  art,  as  busts,  bassi-rilievi,  ornament,  &c.,  have  to  be 
noddled  and  moulded  in  the  usual  way  by  the  artist  or  sculptor.  He  gradually  forms  the 
lay  into  a rough  outline,  hollow,  in  a cellular  way,  propping  his  model  true  until  it  is 
uite  finished  and  dry  and  ready  for  burning.  This  is  an  original  terra-cotta.  The 
rouble  is  great,  but  is  fully  compensated  by  the  result.  No  moiddedcopy  presents  such 
igour,  freshness,  and  grace.  When,  also,  only  one  or  two  pieces  are  required,  as  in 
ecoration,  they  are  formed  by  hand-working  on  the  clay  itself,  as  in  the  case  of  sculpture 
hove  described.  The  more  widely  the  knowledge  of  pottery  is  diffused,  the  more  certain 
he  architectural  potter  is  to  succeed  in  developing  the  use  of  argillaceous  and  vitreous 
iibstances,  in  the  construction  of  monumental  and  sylvan  works  of  art.  It  will  be  a 
ew  branch  of  work  for  the  genius  of  the  architect ; it  will  improve  and  advance  the 
tudy  of  modelling  in  <all  its  ramifications;  and  it  will  give  refinement  and  taste  to  the 
ibom:s  of  the  poorest  brickmaker, 

1908w,  Cornices  of  great  size  have  been  made,  and  even  portions  of  the  shaft  of  a 
olumn  5 feet  long.  Terra-cotta  steps  have  been  advocated,  but  Messrs.  Doulton  have 
efused  to  make  them  ; they  have  lately  patented  a tread  (called  the  Sicilian  tread)  of 
reat  density,  which  may  be  used  also  as  a nosing  to  stone  or  concrete  steps.  At  South 
lensington  a flight  of  steps  after  two  years’  wear  is  still  as  perfect  as  when  first  fixed. 
V^indow  sills,  label  mouldings,  jambs,  water  tables,  copings,  sinks,  fire  hearths  (with 
lassive  rounded  edge  to  serve  as  a fender),  stove  backs,  chimney  shafts,  &c.,  could  be 
lore  elegantly  and  cheaply  wrought  in  clay  than  in  any  other  material. 

1908o,  Of  late  years  terra-cotta  has  been  used  extensively  for  the  facings  and  dressings 
f a building  in  the  place  of  stone  It  is  generally  made  of  hollow  blocks,  formed  with 
•ebs  inside  so  as  to  give  strength  to  the  sides  and  keep  the  work  true  while  drying, 
hereas,  when  required  to  bond  with  brickwork  it  must  be  at  least  4^  inches  thick, 
fhen  extra  strength  is  needed,  these  hollow  spaces  are  filled  with  lime  concrete,  or 
!,onian  cement,  as  Portland  cement  is  liable  to  swell  and  burst  the  terra-cotta.  It  is 
bleto  bear  a very  heavy  crushing  weight.  A block  of  about  1 foot  cube,  without  cross 
•ebs  or  filling,  at  40  tons  splintered  at  the  edges;  and  at  100  tons  it  became  generally 
roken,  but  not  crushed,  as  on  being  tied  with  string  it  remained  in  shape. 

1908^.  The  putting  together  of  the  material  requires  great  care  and  consideration. 
j|he  pieces  may  be  flanged  and  rebated  so  as  to  hold  together  almost  without  the  assist- 
uce  of  mortar.  As  the  outer  surface  should  be  almost  proof  against  any  ordinary  tools, 
terations  cannot  be  made  as  the  work  proceeds,  and  the  design  in  detail  must  be 
atured  before  the  work  be  commenced. 

19085'.  The  disadvantages  in  the  use  of  terra-cotta  are  neither  numerous  nor  insuper- 
jj)le.  Besides  the  difficulty  of  getting  the  blocks  true,  which  is  a matter  mainly  for  the 
Manufacturer,  the  architect  has  to  design  his  work  so  as  to  be  suitable  to  the  material, 
lie  great  difficulty  is  on  the  score  of  the  extra  time  required  to  prepare  the  necessary 
■awings,  one  set  for  the  builder,  and  another  set  made  to  the  shrinkage  scale  for  the 
auufacturer.  These  last  are  now  often  made  by  the  manufiicturer  from  the  full-sized 
•awings  supplied  to  him.  Mr,  Charles  Barry  writes  : Perhaps  the  most  embarrassing 

the  disadvantages  is  the  arrangement  necessary  to  have  the  terra-cotta  blocks  made  and 
ady  on  the  ground  before  the  rest  of  the  work  is  begun,  in  order  to  work  in  where 
anted  as  the  bricklayers  progress.  At  times  this  is  found  impossible,  and  annoying 
lays  in  the  general  work  take  place,  for  which  clients  are  apt  to  blame  their  archi- 
,2t.  The  lesson,  of  course,  to  be  learned  from  this  is  to  carefully  mature  the  design 
the  outset,  instead  of  contenting  ourselves  with  a mere  sketch  of  what  is  intended, 
th  the  hope  and  intention  of  working  in  parts  as  time  goes  on  and  the  work  proceeds.” 
1908r.  In  good  jobs  it  is  recommended  that  the  fixing  should  be  done  by  or  under  the 
pervibion  of  one  or  more  persons  experienced  in  the  material,  and  the  proper  use  of 
itable  cements — Portland  cement  will  split  a block  in  pieces — especially  where  most 
•ength  is  required,  as  considerable  additional  strength  may  be  gained,  which  is  only 
':]uired  by  practice.  An  expert  will  be  more  likely  to  make  it  work  together  for  good 
e and  fit,  by  setting  and  humouring,  as  the  pieces  are  apt  to  be  taken  as'  they  come  ; 
d this  is  especially  necessary  where  small  pieces  are  adopted  for  simplicity  oif  execu- 
n,  cheapness,  and  expedition  ; time  is  an  object  for  large  pieces  to  dry,  burn,  and  cool 
i,iduall^,  all  essential  to  good  work,  and  to  escape  from  twisting,  hair  cracks,  &c. 

T908s.  Terra-cotta  resists  the  action  of  Jire.  It  is  used  as  a protection  to  ironwork, 
>n  columns,  &c.,  and  can  be  treated  artistically.  Heat  which  would  destroy  stone 
Vrely  burns  the  dirt  from  this  material,  giving  it  the  appearance  of  having  just  left 
kiln.  At  a large  fire  at  Messrs.  Doul ton’s  factory  the  stone  sills  of  the  windows 
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and  copings  of  the  walls  v/ere  destroyed,  while  the  dressings  of  the  windows,  which  were 
of  their  terra-cotta,  were  perfectly  sound  and  looking  all  the  brighter  for  the  burning. 

Colours  in  Terra-cotta. 

1098^5.  One  advantage  of  the  material  is  the  delightful  random  variety  of  tone  of 
colour  which  is  often  to  be  obtained.  The  colour  varies,  giving  an  appearance  of  depth 
to  the  work  and  producing  very  pleasing  effects,  at  times.  This  variety  is  generally 
produced  by  the  flash  of  the  Are.  The  natural  colours  are  buff,  red,  and  blue,  more  or 
less  intensified  by  the  amount  of  heat  to  which  they  are  subjected.  Other  colours  can 
be  obtained  by  the  admixture  of  foreign  matter.  The  red  terra-cotta  of  Ruabon  is  made 
from  a natural  red-coloured  clay  when  burnt,  very  hard  and  non-porous,  with  a clean, 
smooth  surface.  The  buff  terra-cotta  is  a good  and  sound  material,  burns  hard,  and 
keeps  its  colour.  The  pink  terra-cotta,  a new  colour,  is  made  from  pure  clays,  and  is 
without  any  stain,  very  hard  and  durable.  By  a little  additional  cost  and  the  operation 
of  a second  firing,  a soft  dull  glaze  can  be  put  on  all  terra-cotta  bricks,  mouldings,  and 
ornaments,  so  that  fa9ades  executed  in  this  way  could  be  washed  cRan  by  water  from  a 
fire  engine. 

19i)824.  The  aid  of  terra-cotta  to  polychromatic  effect  is  capable  of  being  developed  in 
a very  elaborate  manner.  Variety  may  be  obtained  in  the  unglazed  ware  by  what  is 
called  “ slipping,’  or  mixing  two  clays  of  different  tones  together  in  water  to  produce  a 
third  or  intermediate  tone.  In  glazed  terra-cotta  the  material  can  be  pointed  in  a 
great  variety  of  colours,  which  are  then  fixed,  and  at  the  same  time  rendered  more 
brilliant  in  effect.  This  ware  is  formed  by  throwing  salt  into  the  fire  when  the  ware  is 
at  a white  heat,  which  is  decomposed  in  the  form  of  vapour,  the  soda  suspended  in  it 
incorporates  itself  with  the  surface  of  the  ware,  forming  the  glaze.  Various  mineral 
colours  are  used,  and  the  main  colour  is  influenced  by  the  fuel : the  blue  colour  of  the 
ancient  Rhenish  productions  is  considered  to  be  due  to  the  use  of  woad.  It  has  been 
stated  {ArchcBolog  a,  iii.  112,  and  Proceedings,  xi.)  that  at  Gatacre  Old  House,  near 
Rridgenorth,  “a  glazing  seems  to  have  been  applied  to  the  stone  of  which  the  house  is 
built,  by  some  unknown  process,  after  the  building  was  finished,  as  it  covered  the  joints 
as  well  as  the  stones.” 

1908y.  The  intense  heat  to  which  glazed  ware  is  subjected,  and  the  consequent  diffi- 
culty of  keeping  its  true  shape,  makes  its  use  in  this  form  very  difficult.  It  is  compara- 
tively easy  in  all  thrown  ware,  which,  from  its  circular  form,  shrinks  evenly  in  all  its 
parts.  The  liability  in  all  moulded  work  to  warp  and  twist  requires  increasing  care  in 
all  its  preparatory  stages.  That  it  is  not  impossible  may  be  ascertained  from  the  salt- 
glazed  stoneware  in  the  vestibule  of  the  “Palsgrave,”  opposite  the  Law  Courts  in  the 
Strand.  This  greater  risk  seems  to  necessitate  that  “its  use  must  be  in  small  pieces, 
and  in  such  places  where  absolute  flatness  of  surface  is  not  indispensable;  but  under 
these  conditions  it  may  be  applied  with  admirable  effect  to  heighten  mouldings,  or  to 
panel  terra-cotta  pilasters,  or  as  bases  and  capitals,  especially  as  shafts  to  ornamental 
columns,  and  as  bosses.” 

1908w.  The  paper  read  by  the  late  J.  M.  Blashfield  before  the  Northampton  Architec- 
tural Society,  Sept.  6,  1859,  on  Ancient  and  Modern  Pottery,  and  that  by  l\Ir.  James 
Doulton,  read  April,  1886,  at  Carpenters’  Hall,  on  Terra-cotta,  have  also  been  freely 
quoted  from  in  the  above  account. 


Sect.  III. 

MASONKY. 

1909.  Masonry  is  the  science  of  preparing  and  combining  stones  so  as  to  tooth,  indent, 
or  lie  on  each  other,  and  become  masses  of  walling  and  arching  for  the  purposes  of  building. 
The  tools  of  the  mason  vary  as  the  quality  of  the  stone  upon  which  they  are  to  act.  About 
the  metropolis  the  value  of  stone  is  considerable  ; and  it  is  accordingly  cut  into  slips  and 
scantlings  by  a saw  moved  horizontally  backwards  and  forwards  by  a labourer.  In  those 
parts  where  stone  is  abundant  it  is  divided  into  smaller  scantlings  by  means  of  wedges. 
The  principal  tools  of  the  mason  are  the  mallet  and  chisels,  the  latter  being  formed  of  iron, 
except  at  the  steel  end,  and  the  cutting  edge  being  the  vertical  angle.  The  end  of  the 
chisel  struck  by  the  mallet  is  a small  portion  of  a spherical  surface,  and  projects  on  all 
sides  beyond  the  adjoining  pai’t  or  hand- hold,  which  increases  in  magnitude  towards  the 
middle  of  the  tool,  to  the  entering  or  cutting  edge.  The  other  tools  of  the  mason  are  a 
level,  a plumb-rule,  a square,  a bevel,  with  straight  and  circular  rules  of  divers  sorts,  for 
trying  surfaces  in  the  progressive  states  of  the  work. 

1910.  In  London,  the  tools  used  to  work  the  face  of  a stone  are,  successively,  point, 
the  inch  tool,  the  boaster  (the  operation  of  working  with  which  is  called  boasting,  as  that 
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with  llie  point  is  called  pointing),  and  the  broad  tool.  The  use  of  the  point  leaves  thestono 
in  narrow  furrows,  with  rougli  ridges  l)etween  them,  wliich  are  cut  away  by  tlie  iinh  tool, 
and  tlie  whole  made  smooth  l>y  the  boaster.  The  point  is  from  g to  | of  an  inch  broad,  tbe 
boaster  is  2 inches  wide,  and  the  broad  tool  3.^  inches  at  the  cutting  edge,  wliicli  in  use  is 
always  kept  perpendicular  to  the  same  side  of  the  stone.  It  performs  two  sorts  of  opera- 
tions. 'I'hus,  imagine  the  impression  made  by  the  whole  breadth  of  tbe  tool  at  tlie  cutting 
edge,  to  lie  called  a cavity  ; in  one  operation,  the  successive  cavities  follow  one  another  in 
the  same  straight  line,  until  the  breadth  or  length  of  the  stone  is  exhausted  ; successive 
equidistant  parallel  lines  are  then  repeated  in  tlie  same  manner,  until  the  tool  has  passed 
jver  the  whole  surface.  This  operation  produces  a sort  of  fluted  surface,  and  is  called 
itroking.  In  the  other  operation,  each  successive  cavity  is  repeated  in  new  equidistant  lines 
Iiroughout  the  length  or  breadth  of  the  stone  ; tlien  a new  series  of  cavities  is  repeated 
hroughout  the  length  and  breadth  of  the  stone  ; and  thus  until  its  whole  length  or 
)readth  is  gone  through.  This  operation  is  called  tooling.  The  tools  for  working  the  cylin- 
hical  and  conical  jiarts  of  mouldings  are  of  all  sizes,  from  ^ of  an  inch  upwards.  Those 
or  working  convex  mouldings  are  not  less  than  half  an  inch  broad,  except  the  space  be 
00  confined  to  admit  of  such  breadth. 

1911.  A stone  is  taken  out  of  winding  principally  with  points,  and  finished  with  the 
nch  tool.  In  London,  the  squared  stone  used  for  facing  buildings  is  usually  stroked,  tooled, 
ir  rubbed. 

1912.  In  those  parts  of  the  country  where  the  stone  saved  by  the  operation  of  sawing 
5 not  enough  to  compensate  for  the  labour,  the  operation  is  altogether  performed  with  the 
lallet  and  chisel. 

1913.  When  stones,  previous  to  the  operation  of  hewing,  are  very  unshapely,  a stone  axe, 
’(iiUng  axe,  scabhling- hammer,  or  cavil,  is  used  to  bring  the  stone  nearly  to  a shape  ; one  end 
f the  jedding  axe  is  flat,  and  is  used  for  knocking  off  the  most  protuberant  angular  parts, 
hen  less  than  right  angles  ; the  other  end  is  pointed  for  reducing  the  different  surfaces  to 
early  the  intended  form. 

1914.  In  Scotland,  besides  the  above  described  sorts  of  work,  there  are  seme  other  kinds, 
?rmed  drovtd,  broached,  and  striped.  Droving  is  the  same  as  that  called  random  tooling  in 
England,  or  boasting  in  London.  The  chisel  for  broaching  is  called  a punch,  and  is  the 
line  as  that  called  a point  in  England.  Broached  w^ork  is  first  droved  and  then  broached, 

5 the  work  cannot  at  once  be  regularly  done  with  the  punch.  Siriped  work  must  also  be 
rst  droved  and  then  striped.  If  broaching  is  performed  without  droving,  which  is  seme- 
mes done,  it  is  never  so  regular,  and  the  surface  is  fall  of  inequalities.  Of  the  three  kinds 
f surfaces  obtained,  the  droved  is  the  cheapest. 

1915.  It  is,  however,  to  be  observed,  that  the  workmen  will  not  take  the  same  pains  to 
rove  the  face  of  a stone  which  is  to  be  afterwards  broached,  as  in  that  of  which  the 
roving  is  to  remain  the  final  finish.  When  the  surface  of  stone  is  required  to  be  perfectly 
nooth,  it  is  accomplished  by  rubbing  with  sand  or  gritstone,  and  it  is  called  rubbed  work. 

1915a.  Some  useful  practical  remarks  for  obtaining  the  face  to  stone  in  medimval  work, 
given  in  Denison’s  Lectures  on  Church  Building,  1856,  p.  216.  “ The  mode  of  working 

ouldings  depends  a good  deal  upon  the  kind  of  stone  used.  In  that  from  Steetly  near 
r’oiksop,  employed  almost  exclusively  out.side  the  new  church  at  Doncaster,  and  in  the 
ncaster  stone,  used  for  pieces  of  window  tracery  and  mullions  too  large  for  the  blocks 
at  can  be  got  from  Steetly,  and  in  the  Brodsworth  stone,  the  mouldings  are  all  com- 
eted  with  a drag.  I do  not  use  the  word  ‘ finished,’  because  that  means  going  over  the 
ork  to  put  a particular  kind  of  surface  upon  it  after  it  is  really  completed.  On  the  other 
ind,  the  Crookhill  stone,  of  which  all  the  pillars  and  a few  other  paits  are  made,  would 
terly  defy  any  such  small  tooth-comb  work,  as  a drag  ; nothing  under  a chisel  with  a 
■avy  hammer  will  touch  it.  Again,  some  stone  from  Huddlestone  is  too  tough  ana 
eese-like  for  dragging,  and  the  mouldings  in  it  are  comjdeted  by  shaving  them  with  a 
isel,  something  like  wood  carving.  The  efiect  of  that  is  very  good,  because  a chisel  ruii 
Jng  in  that  way  will  always  make  a rather  undulating  surface,  though  smooth  enough  to 
e touch,  even  to  please  the  finger  of  a clerk  of  the  works.  In  some  real  Norman 
ches,  which  had  been  covered  with  plaster  for  centuries,  the  mouldings  showed  that  the 
ag  or  tool  had  never  been  allowed  to  make  the  marks  directly  across  ; generally  they  are 
ilique  and  sometimes  parallel  to  the  direction  of  the  moulding.  Worked  in  this  way,  the 
)iies  will  he  sure  to  show  themselves  distinctly,  and  the  effect  of  the  mortar  staining  the 
mes  for  a little  distance  from  the  joints,  produces  anything  but  a bad  effect.  Tuck- 
■inting,  to  rather  rough  masonry  especially,  i.e.,  making  prominent  joints  in  mortar,  with 
2 edges  cut  quite  straight  and  square,  is  another  char.ee  of  spoiling  work.  After  a few 
ars  tliis  generally  splits  off',’’  and  the  building  may  look  at  last  as  it  should  have  done  at 
St.  The  mortar  should  be  finished  within  the  face  of  the  stone.  The  stone  work  at 
Alban’s  Abbey  is  described  by  Mr.  Neale,  as  finished  by  the  axe  by  the  Normans; 
I'selied  during  the  Transition  period;  bolster  tooled  during  the  Early  English;  claw 
"led  during  the  Decorated,  and  the  mouldings  scraped-,  while  during  the  Perpendicular 
jriod  it  is  finchj  scraped. 
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1 9 1 55.  Grey  granite,  or  moorstone  as  It  is  called  In  Cornwall,  is  got  out  in  blocks  by  split- 
ting it  with  a number  of  wedges  applied  to  notches  pooled  in  the  surface  of  tlie  stone,  about 
four  inches  apart.  The  pool  holes  are  sunk  with  the  point  of  a pick,  much  in  the  same  way 
as  other  hard  quarry  stones  are  split.  The  harder  the  moorstone  the  nearer  it  can  he  split 
to  the  scantling  required.  Generally  speaking,  granite  has  no  planes  of  stratification,  and 
it  works  or  cleaves  equally  well  in  every  direction ; but  in  the  porphyritic  varieties  there  is 
a rough  kind  of  arrangement  of  the  crystals  ; and  in  gneiss  there  is  a species  of  layer, 
formed  by  plates  of  the  mica,  which  is  plainly  discernible.  When  brought  to  near  the  size 
required,  it  is  first  scahbled  by  a hammer  with  a cutting  face  4^  inches  long  by  H inches 
wide,  weighing  22  lbs.  ; then  brought  to  a picked  face  with  a pick  or  pointed  hammer 
weighing  20  lbs.,  formed  by  two  acute  angled  triangles,  joined  base  to  base  by  a parallelo- 
gram between  them  thus  o ^ ; and  if  to  be  finely  wrought  or  fine  picked,  it  is  further 
dressed  with  a similar  pointed  tiammer,  reducing  the  roughness  to  a minimun.  The  finer 
finish  or  fine  axed  face  is  produced  by  a hammer  or  axe  with  a sharp  edge  on  both  sides, 
weighing  9lbs.  ; tor  fine  work  the  “patent  axe”  is  also  used,  which  is  a hammer  formed 
of  several  parallel  blades  screwed  together,  capable  of  being  taken  to  pieces  when  required 
to  be  sharpened.  Polishing  can  then  be  done  by  machinery,  the  granite  being  rubbed 
by  iron  rubbers  with  fine  sand  and  water,  and  finished  with  other  materials. 

1915c.  Aberdeen  red  granite  possesses  the  property  common  to  all  granites,  that  of  a 
distinct  plane  of  cleavage,  which,  though  not  perceptible  to  the  eye,  is  at  once  recognisable 
under  the  hammer  of  tlie  workman,  and  of  course  can  be  wrought  with  much  greater  pre- 
cision and  efiect  with  the  bed,  than  transversely  to  it.  This  bed  bears  no  traceable  relation  ]] 
to  the  natural  joints  of  the  rocks,  which  are  indefinite  in  their  directions ; and  still  less  (j 
so  to  their  stratification.  The  grey  granites  are  but  slightly  affected  with  cleavage,  being 
capable  of  being  blocked  with  tlie  hammer  with  about  equal  facility  in  every  direction. 
The  local  varieties  of  worked  granite  differ  somewhat  from  those  used  in  England,  and  are, 

1.  Hammer-blocked,  as  in  foundations,  plinths,  &c.  II.  Scappled  blocks,  squared  with  the 
heavy  pick,  as  in  docks  and  heavy  engineering  w'orks.  III.  Picked,  a better  finish  than 
No.  II.  IV.  Close  picked,  the  bed  and  arrises  made  fair,  and  the  outer  surfaces  made  as 
fine  as  the  jiick  will  make  them  ; used  in  ashlar  wmrk,  &c.  V.  Single  axed,  a finer  finish 
than  No.  IV.,  and  used  in  quoins,  rebates,  cornices,  &c.,  in  house  building.  And  VI. 
Fine  axed,  the  finest  finish  before  polishing,  given  to  dressed  granite  by  means  of  the 
patent  axe,  used  in  the  best  work  in  house  building,  cemetery  memorials,  and  as  a finish  to 
contrast  with  polished  work. 

WALLINO. 

1916.  In  stone  walling  the  bedding  joints  are  usually  horizontal,  and  this  should  always, 
indeed,  be  so  when  the  top  of  the  wall  is  terminated  horizontally.  In  building  bridges, 
and  in  the  masonry  of  fence  walls  upon  inclined  surfaces,  the  bedding  joints  may  follow  the 
general  direction  of  the  work. 

1916«.  Footings  of  stone  walls  should  be  built  with  stones  as  large  as  may  be,  squared 
and  of  equal  thicknesses  in  the  same  course,  and  care  should  be  had  to  place  the  broadest 
bed  downwards.  The  vertical  joints  of  an  upper  course  are  never  to  be  allowed  to  fall 
over  those  below,  that  is,  they  must  be  made,  as  it  is  called,  to  break  joints.  If  the  walls  of 
the  superstructure  be  thin,  the  stones  composing  the  foundatior:s  may  be  disposed  so  that 
their  length  may  reach  across  eacli  course  from  one  side  of  the  wall  to  the  other.  Wlieii 
the  walls  are  thick,  and  there  is  difficulty  in  procuring  stones  long  enough  to  reach  across 
the  foundations,  every  second  stone  in  the  course  may  be  a whole  stone  in  breadth,  and 
each  interval  may  consist  of  two  stones  of  equal  breadth,  that  is,  placing  header  and 
stretcher  alternately.  If  those  stones  cannot  conveniently  be  had,  from  one  side  of  the 
wall  lay  a header  and  stretcher  alternately,  and  from  the  other  side  another  series  of  stones 
in  the  same  manner,  so  that  the  length  of  each  header  may  be  two  thirds,  and  the  breadth  H 
of  each  stretcher  one  third  of  the  breadtli  of  tlie  wall,  and  so  that  the  back  of  each  header 
may  come  in  contact  with  the  back  of  an  opposite  stretcher,  and  the  side  of  that  header  may  j[ 
come  in  contact  with  the  side  of  the  header  adjoining  the  said  stretcher.  In  foundations  of 
some  breadth,  for  which  stones  cannot  be  procured  of  a length  equal  to  two  thirds 
the  breadth  of  the  foundation,  the  works  should  be  built  so  that  the  upright  joints  of  any 
course  may  fall  on  the  middle  of  the  length  of  the  stones  in  the  course  below,  and  so  that 
the  back  of  each  stone  in  any  course  may  fall  on  the  solid  of  a stone  or  stones  in  the  lower 
course. 

1917.  The  foundation  should  consist  of  .several  courses,  each  decreasing  in  breadth  as  ' 
they  rise  by  sets  oiP  on  each  side  of  .8  or  4 inches  in  ordinary  cases.  The  number  of  courses 
is  necessarily  regulated  by  the  weight  of  the  wall  and  by  the  size  of  the  stones  whereof 
these  foundations  or  footings  are  composed. 

1918.  Walls  are  most  commonly  built  \vith  an  ashlar  facing,  and  backed  with  brick  or 
nibble-work.  In  London,  where  stone  is  dear,  the  backing  is  generally  of  brick-work, 
which  does  not  occur  in  the  north  and  other  parts,  \vhere  stone  is  chea})  and  common. 
Walls  faced  with  ashlar,  and  backed  with  brick  or  uncoursed  rubble,  are  liable  to  becoma 
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convex  on  the  outside  from  the  "renter  number  of  joints,  and,  consequently,  from  the 
Treater  quantity  of  mortar  placed  in  each  joint,  as  the  slirinking  of  the  mortar  will  be  in 
proportion  to  the  quantity  ; and  therefore  such  a wall  is  inferior  to  one  wherein  the  ftcing 
jnd  hacking  are  of  the  same  kind,  and  built  with  equal  care,  even  supposing  both  sides  to 
pe'of  uncoursed  rubl)le,  than  which  there  is  no  worse  description  of  walling.  Where  a wall 
•onsists  of  an  ashlar  facing  outside,  and  the  inside  is  coursed  rubble,  the  courses  at  tho 
pack  should  be  as  high  as  possible,  and  the  beds  should  contain  very  little  mortar.  In 
Scotland,  where  there  is  abundance  of  stone,  and  where  the  ashlar  faces  are  exceedingly 
veil  executed,  they  generally  back  with  uncoursed  rubble  ; in  the  north  of  England,  where 
hey  are  not  quite  so  particular  with  their  ashlar  facings,  they  are  much  more  particular  in 
•oursing  the  backings.  Coursed  rubble  and  brick  backings  admit  of  an  easy  introduction 
of  bond  timber.  In  good  masonry,  however,  wooden  bonds  should  not  be  continued  iu 
length  ; and  they  often  w'eaken  the  masonry  wdien  used  in  great  quantity,  making  the  wall 
lialile  to  bend  where  they  are  inserted.  Indeed,  it  is  better  to  introduce  only  such  small 
pieces,  and  with  the  fibres  of  the  wood  perpendicular  to  the  face  of  the  w'all,  as  are  required 
for  the  fastenings  of  battens  and  dressings. 

1919.  In  ashlar  facing,  the  stones  usually  rise  from  28  to  .80  inches  in  length,  12  inciics 
in  height,  and  8 or  9 inches  in  thickness.  Although  the  upper  and  lower  beds  of  an  ashlar, 
as  well  as  the  vertical  joints,  should  be  at  right  angles  to  the  face  of  the  stone,  and  the 
face  and  vertical  joints  at  right  angles  to  the  beds  in  an  ashlar  facing ; yet,  when  the 
stones  run  nearly  of  the  same  thickness,  it  is  of  some  advantage,  in  respect  of  bond,  that 
the  back  of  the  stone  be  inclined  to  the  face,  and  that  all  the  backs  thus  inclined  should 
run  in  the  same  direction  ; because  a small  degree  of  lap  is  thus  obtained  in  the  setting  of 
the  next  course,  whereas,  if  the  backs  are  parallel  to  the  front,  no  lap  can  take  place  when 
the  stones  run  of  an  equal  depth  in  the  thickness  of  the  wall.  It  is,  moreover,  advan- 
tageous to  select  the  stones  so  that  a thicker  one  and  a thinner  one  may  follow  each  other 
alternately.  The  disposition  of  the  stones  in  the  next  superior  course  should  follow  the 
same  order  as  in  the  inferior  course,  and  every  vertical  joint  should  fall  as  nearly  as  possible 
in  the  middle  of  the  stone  below. 

1920.  In  every  course  of  ashlar  facing  In  which  the  backing  is  brick  or  rubble,  bond,  or, 
as  they  are  called  in  the  country,  through  stones  should  be  introduced,  their  number  being 
proportioned  to  the  length  of  the  course ; every  one  of  which  stones,  if  a superior  course, 
should  fall  in  the  middle  between  every  two  like  stones  in  the  course  below.  And  this 
disposition  should  be  strictly  attended  to  in  all  long  courses.  Some  masons,  in  carrying 
lip  their  work,  to  .show  that  they  have  introduced  a sufficient  number  of  bond  stones  into 
their  work,  choose  their  bond  stones  of  greater  length  than  the  thickness  of  the  wall,  and 
knock  or  cut  off  their  ends  afterwards.  But  this  is  a bad  practice,  as  the  wall  is  liable  to 
he  shaken  by  the  force  used  in  reducing,  by  chiselling  or  otherwise  cutting  away  the  pro- 
jecting part,  and  sometimes  with  the  chance  even  of  splitting  the  bond  stone  itself. 

1921.  In  piers,  wffiere  the  jambs  are  coursed  witli  ashlar  in  front,  every  alternate  jamb 
tone  should  go  through  tlie  wall,  with  its  bed  perfectly  level.  If  tlie  jamb  stones  are  of 
me  entire  height,  as  is  often  the  case  when  architraves  are  wrought  upon  them,  and  also 
-ipon  the  lintel  crowning  them,  of  the  stones  at  the  ends  of  the  courses  of  the  pier  wdiich 
ire  to  adjoin  the  architrave  jamb,  every  alternate  stone  should  be  a bond  stone  ; and  if  the 
Diers  be  very  narrow  between  the  apertures,  no  other  bond  stones  will  be  necessary  in  such 
ohort  courses.  When  the  piers  are  wide,  the  number  of  bond  stones  is  to  be  proportioned 
;o  the  space.  Bond  stones,  too,  must  be  particularly  attended  to  in  long  courses  above  and 
jelow  windows.  They  should  have  their  sides  parallel,  and  of  course  perpendicular  to 
?ach  other,  and  their  horizontal  dimension  in  the  face  of  the  work  should  never  be  less 
kan  the  vertical  one.  The  vertical  joints,  after  receding  about  three  quarters  of  an  inch 
rora  the  face  of  the  work  with  a close  joint,  should  widen  gradually  to  the  back,  so  as  to 
:’orm  hollow  wedge-like  figures  for  the  reception  of  mortar  and  packing.  The  adjoining 
stones  should  have  their  beds  and  vertical  joints  filled  with  oil-putty,  from  the  face  to  about 
:hree-quarters  of  an  inch  inwards,  and  the  remaining  part  of  the  beds  with  well-prepared 
mortar.  Putty  cement  is  very  durable,  and  will  remain  prominent  when  many  stones  are 
n a state  of  dilapidation,  through  the  action  of  the  atmosphere  upon  them.  The  use  of 
he  oil-putty  is  at  first  disagreeable,  from  the  oil  spreading  over  the  surface  of  the  con- 
nguous  stones  ; but  after  a time  this  unpleasant  look  disappears,  and  the  work  seems  as 
though  of  one  piece. 

1922.  All  the  stones  of  an  ashlar  facing  ought  to  be  laid  on  their  natural  beds.  From 
inattention  to  this  circumstance,  the  stones  often  flush  at  the  joints ; and,  indeed,  such 
a position  of  the  lamina  much  sooner  admits  the  destructive  action  of  the  air  to  take 
place.  Methods  of  building  in  cement  and  concrete  blocks,  are  noticed  in  the  previous 
section. 

] 922cr.  Rubble- WORK.  A wall  consisting  of  unhewn  stone  is  called  a rubble  wall,  whether  or 
not  mortar  is  used.  This  species  of  work  is  of  two  kinds,  coursed  and  uncoursed.  In  the  for- 
mer, the  stones  are  gauged  and  dressed  by  the  hammer,  and  thrown  into  different  heaps,  each 
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containing  stones  of  the  same  thickness.  The  masonry  is  then  laid  in  horizontal  courses,  but 
not  always  confined  to  the  same  thickness.  The  uncoursed  rubble  wall  is  formed  by 
laying  the  stones  in  tlie  wall  as  they  c ntie  to  hand,  without  gauging  or  sorting,  being 
prepared  only  by  knocking  off  the  sharp  angles  with  the  thick  end  of  the  scabbling 
hammer. 

19226.  Apparently,  wherever  there  was  any  difficulty  in  obtaining  stone,  the  mediaeval 
builders  employed  the  worst  of  all  methods  of  construction  in  walling,  viz.,  concrete  or 
rubble-work  between  the  two  faces  of  squared  stone.  Jn  the  early  period  of  medieval  art, 
hint  or  rough  rubble,  with  “short  and  long  work”  to  the  quoins,  seems  to  have  been  very 
general;  this  “short  and  long  work  ” was  also  used  in  faced  walls  ; in  both  cases  the  sliort 
work  consists  of  stone  upon  its  bed,  and  alternates  with  the  long  work  or  stone  u])right : 
the  short  work  ought  to  serve  as  bond  throughout  the  walls.  In  the  12th  century 
the  use  of  rubble  in  conjunction  rvith  worked  stone  became  frequent.  The  chief  defect, 
frequently  considered  one  of  the  merits,  of  this  system,  consists  in  the  omission  of  sufficient 
bond  both  in  piers  and  walls ; the  occurrence  of  joints  in  angles  is  too  frequent ; in  fact, 
any  expedient  seemed  better  than  the  trouble  of  making  a back-joint. 

"l922c.  Kentish  Ragstone.  This  material,  now  so  extensively  employed  for  mediaeval 
work  in  the  metropolis  and  suburbs,  is  never  used  internally,  as  it  sweats,  that  is,  the  con- 
densed moisture  from  the  atmosphere  is  not  absorbed,  and  will  show  itself  even  through  two 
coats  of  plastering.  Hassock  stone,  however,  which  is  the  sandstone  separating  the  beds  ol 
the  ragstone,  the  sand  being  sufficiently  agglutinated  to  allow  of  its  being  raised  in  blocks, 
must  never  be  used  externally.  It  is  easily  worked,  and  makes  a good  lining  for  ragstone 
walls,  as  it  does  not  sweat.  It  should  be  roughly  squared,  for  if  not  done,  the  crumbling 
nature  of  the  stone  would  endanger  the  security  of  the  work,  should  it  be  exposed  to  any 
unequal  pressure  : it  must  not  be  ]daced  where  it  would  be  exposed  to  very  great  pressure, 
as  in  arches,  jambs,  &c.  Hassock  may  be  procured  in  London  at  from  6's.  to  Is.  per  cord 
(3  feet  cube),  in  roughly  sejuared  pieces;  while  rough  rag  is  about  5s.  per  ton,  and  rag 
headers  about  1 2s.  6(1.  per  ton. 

1922t/.  Sunk  and  moulded  work  in  so  hard  a material  is  to  be  avoided,  and  so  much 
wrought  surface  would  cause  decay.  In  using  ragstone  ashlar,  it  must  be  laid  upon  its  na- 
tural bed,  otherwise  rapid  decay  will  almost  certainly  follow,  arising  from  the  thinness  of  the 
strata,  for  blocks  of  a large  size  can  seldom  be  entirely  freed  from  hassock ; and  even  wliat 
a])pears  to  the  eye  as  blue  stone,  retains  for  a considerable  distance  inward  the  perishing 
nature  of  its  enveloping  crust.  A block  of  ragstone,  if  the  face  be  worked,  will  present  in 
damp  weather  an  appearance  precisely  similar  to  the  heart  and  sap  of  timber.  In  the  case 
of  copings,  &c.,  where  one  bed  is  exposed,  the  stone  should  be  skiffled  {or  knohlled)  as  much 
as  possible  from  the  upper  side,  so  as  to  expose  only  the  soundest  portion  of  the  stone  to 
the  action  of  the  atmosphere.  In  some  situations,  as  mullions,  door  and  window  jamlis, 
an  unsightly  ajipearance  would  be  produced  by  too  exact  an  attention  to  the  beds  of  the 
stone,  as  the  ashlar  is  generally  too  small  to  range  with  more  than  one  course  of  headers. 
In  these  cases  the  old  masons  seem  to  have  departed  from  their  usual  rule,  and  to  have  set 
the  blocks  on  end,  so  as  to  embrace  two  or  three  courses  ; but  as  the  depth  of  the  block  re- 
quired to  work  an  ordinary  jamb  or  muHion  is  not  very  great,  it  is  not  difficult  to  get  the 
whole  thickness  required  out  of  the  heart  of  the  stone. 

1922e.  Stone  of  the  smaller  layings  are  generally  worked  into  headers;  it  is  common  to 
work  one  side  of  the  stone  to  a rough  face  with  parallel  sides,  without  paying  much  atten- 
tion to  the  beds  and  joints,  which  often  recede  at  an  acute  angle  with  the  face,  so  as  to 
bring  the  stones,  when  laid,  to  a closer  joint.  Such  stones,  however,  mu^t  be  properly 
pinned  in  behind,  and  carefully  bonded  with  the  work  at  back.  Headers  are  generally 
knocked  out  to  six,  seven,  eight,  or  nine  inch  gauge  for  the  height ; the  length  and  tail 
being  determined  by  the  size  of  the  stone  : on  the  face  they  do  not  vary  much  from  the 
square  form.  Formerly  headers  were  set  on  their  natural  bed,  therefore  it  is  not  unusual 
to  find  stones  in  an  old  wall  entirely  gone  from  this  cause. 

1922f.  In  the  Whitelands  bridge  bed,  a very  free  working  stone  of  a bluish  colour  can 
be  got  12  feet  long  with  certainty,  and  the  Horsebridge  bed  yields  a good  stone  to  a 
length  of  15  feet.  The  white  rag,  the  lowest  of  the  beds  in  the  quarry,  tumbles  to  pieces 
on  exposure  to  the  air  (Whichcord,  Kentish  Bag  stone,  1846). 

1922^.  In  its  mechanical  properties,  ragstone  possesses  some  of  the  qualities  of  granite, 
though  in  an  inferior  degree.  In  respect  to  resistance  to  pressure,  it  stands  next  to  granite 
in  the  list  of  British  stones  ; but  when  loaded  for  a transverse  strain,  the  numerous  vents 
to  which  even  the  best  layings  are  liable,  renders  it  untrustworthy  for  lintels,  or  in  a 
suspended  position,  without  much  precaution.  In  the  former  case  of  lintels  and  architraves, 
three  stones,  arch  jointed,  gives  the  requisite  security. 

I922h.  Whinstone,  a material,  in  one  form  or  another,  found  almost  over  all  Scotland, 
makes  a very  durable  arch  for  bridge  work,  when  well  built  with  good  mortar,  the  stone 
being  in  its  nature  weather  proof.  In  the  neighbourhood  of  Edinburgh,  whinstone  arches 
have  been  erected  since  about  1770,  the  greatest  span  being  about  60  feet  The  Messrs. 
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Smith,  of  Darnick,  itated,  in  the  Transactiovs  of  the  Institute  of  British  Architects, 
that  tliey  Iiad  erected  bridges  witli  semi  elliptical  arclies  of  the  spans  of  51  feet,  and  of 
feet,  of  whinstone  faced  with  hewn  stone.  A bridge,  almost  entirelv  of  wliinstone, 
having  an  arch  63^  feet  span,  the  depth  of  the  masonry  being  2^  feet  on  the  average,  was 
erected  in  1833  ; while  another,  76  feet  4 inches  span,  at  Falshope,  was  entirely  of  whin- 
stone,  with  a rise  of  about  18  feet.  It  sunk  about  seven  inches  when  the  centre  was  struck, 
but  no  broken  stone  was  observed.  The  depth  of  the  arch,  requiring  three  breadths  of 
stone  to  make  it  up,  was  3 feet ; their  average  thickness  was  inches  ; but  it  varied  from 
1^  to  6 inches.  The  stones  were  laid  as  close  as  possiitle,  and  in  crossing  the  bond  the 
work  was  made  firm,  but  the  stones  were  not  dressed  straight  upon  the  beds.  Its  cost  was 
3601.  exclusive  of  the  digging  for  the  foundations. 

1922?.  The  most  annoying  part  in  the  building  of  rubble  arches,  is  the  slowness  of  the 
setting  or  drying  of  the  mortar,  as  until  the  mortar  is  able  to  bear  considerable  resist- 
ance the  arch  is  extremely  supple,  and  easily  bent  out  of  its  proper  curve  when  the 
centre  is  struck.  This  bridge  stood  five  wrecks  l)efore  that  measure  was  considered 
advisable.  Cement  would  perhaps  be  best  for  large  rubble  arches,  and  even  if  expensive, 
tlie  whole  cost  would  be  cheaper  than  a bridge  of  hewn  stone.  With  cement,  almost  any 
kind  of  stone,  even  the  refuse  of  a slate  quarry,  migl.t  be  worked  into  an  arch  of  almost 
any  extent. 

}922/e.  Flintwork. — In  the  chalk  districts,  the  houses  of  the  fifteenth  century  are 
frequently  faced  with  flints,  cut  and  trimmed,  and  arranged  with  great  skill  and  effect. 
One  of  the  best  examples  is  a house  in  St.  Andrew’s,  at  Norwich,  next  the  cemetery,  a 
fragment  of  the  decorated  period  of  Gothic  architecture,  in  which  the  flint  work  is  so 
delicately  finished  that  a penknife  can  scarcely  be  inserted  in  the  interstices. 

1922/.  As  flint  itself  is  practically  imperishable,  and  as  flintwork  becomes,  when  per- 
fectly set,  a mass  of  concrete,  it  produces  substantial  work,  if  great  care  be  taken  in  its 
manipulation.  But  flint  walls  frequently  fad,  by  bulging  while  they  are  in  course  of  con- 
struction, and  splitting  when  they  are  old.  On  any  sufficient  natural  cause,  as  the  giving 
way  of  the  foundation,  tiiey  are  riven  into  immense  masses ; hence  a flint  building  gets  out 
of  repair  less  readily  than  a stone  one,  but  if  it  sufier  at  all,  it  is  very  apt  to  become  a 
complete  ruin. 

1922/n.  Flint  walls  intended  for  durability  should  not  be  less  than  two  feet  in  thickness, 
built  slowly  and  solidly,  flushed  up  with  stiff  strong  mortar  compounded  of  quick-setting 
stone  lime  and  coarse  sharp  sand  free  from  loam.  As  flint  is  a non-absorbent,  bricks  and 
tiles  are  often  worked  into  the  middle  of  the  walls  to  assist  in  the  induration  of  the 
mortiir;  but  for  the  sake  of  economy,  lumps  of  hard  chalk,  pebbles,  and  flat-bedded  stones 
are  frequently  used  as  the  principal  components  of  the  core  or  middle  of  the  wall.  The 
work  must  be  kept  as  dry  as  possible  during  its  erection,  as  well  as  subsequently  ; frost  is 
found  soon  to  level  the  work  while  saturated  with  water. 

1922??.  Flint  walls  are  strengthened  by  lacing  courses,  formed  of  bricks  three  or  four 
courses  deep,  not  generally  showing  outside.  At  Cambridge,  Brandon,  and  elsewhere, 
they  do  show,  and  are  used  every  two  or  three  feet.  The  object  is  not  only  to  get  a con- 
tinuous bond,  but  to  bring  the  work  to  a level  bed,  and  again  start  fair.  When  round 
flints  are  split,  and  the  thicker  portion  is  kept,  as  usual,  at  the  face  of  the  wall,  driving  rains 
are  readily  conducted  by  the  inclination  of  the  upper  bed  of  each  course  to  the  middle  of 
the  wall,  and  by  keeping  it  damp  conduce  to  its  decay  ; but  as  flints  are  seldom  split  at 
right  angles  to  their  axis,  they  can  be  so  laid  in  the  work  as  to  be  flush  on  the  face  as  well 
as  level,  and  the  lower  bed  must  be  firmly  pinned  up  with  fragments.  It  is  desirable  that 
cavities  for  drainage,  with  exit  holes  at  tlie  plinth  level,  be  formed  in  the  middle  of  the 
wall  by  building  in  rods  of  wood  or  iron  vertically,  and  drawing  them  up  as  the  work  pro- 
gresses. The  face  is  sometimes  finished  by  inserting  in  the  mortar  joints or  the  sharp 
fractured  bits  of  flint,  when  the  work  is  called  galleted  or  garreted  (^Dictiotiarg  of  Architecture). 


1922o.  Amongst  examples  of  a systematic  parsimony  of  labour  and  material  in 
inedicEval  art,  may  be  no.  iced  the  characteristic  tables  or  courses,  where  each  projection 
is  taken  out  of  a separate  course  of  stone  or  out  of  the  smallest 
stone  adjoining  to  it.  The  base  {fig.  618.)  and  the  capital 
{fig.  6T8a.)  of  a shaft  are  kept  so  small  as  to  be  got  out  of 
single  blocks ; the  astragal  belongs  to  the  capital,  and  not,  as 
in  Roman  work,  to  the  shaft ; the  bell  is  in  one  stone,  the 
abacus  in  another  (y?^.  6l8cf. );  each  order  oi  an  arch  is  an  in- 
dependent range  of  stones  ; the  hoodmould  is  self-existent ; the 
sills  are  not  dished,  and  the  buttresses  are  toothed  rather  than 
bonded.  In  two  cases,  however,  the  use  of  large  stones  pre- 
j..  vailed,  viz.,  in  shafts  of  the  13th  century  (in  XVance,  1160- 

' 1230),  which  are  long  rods  of  stone  6,  4,  or  3 inches  in  diameter 

and  incapable  of  bearing  any  great  weight,  unless  banded  or  bonded  to  the  nearest  wall  or 
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pillar,  and  in  the  springing  stones  of  vaulting,  which  are  worked  with  level  beds.  (See  par, 
‘2002/.)  The  horizontal  cour.ses  at  the  bottom  of  the  arch  are  also  seen  in  the  con- 
struction of  large  horse-shoe  arches.  With  the  13th  century,  also  came  the  decided 
distinction  between  decoration  and  mere  con.struction,  which  employed  .stone  vertically, 
not  only  for  sh.afts  of  columns,  but  for  mullions  and  tracery  of  windows  and  dwarf  walls, 
such  tracery  being  cut  out  of  slabs  and  confined  by  grooves  or  similar  means. 

1923.  Where  walls  or  insulated  ))illars  of  very  small  dimensions  are  to  be  carried  up, 
every  stone  should  be  carefully  bedded  level,  and  be  witliout  concavity  in  the  middle.  If 
the  beds  should  be  concave,  as  soon  as  the  superimposed  weight  comes  to  be  borne  by  the 
pier  or  pillar,  the  joints  will  in  all  probability  begin  to  flush;  and  it  is,  moreover,  better, 
if  it  be  possible,  to  make  every  course  in  the  masonry  of  such  a pier  or  pillar  in  one 
stone. 

COLUMNS. 

1924.  When  large  columns  are  obtained  in  a single  block,  their  effect,  from  that  circum- 
stance alone,  is  very  striking ; but  as  this  is  not  very  often  to  be  accomplished,  the  next 
point  is  to  have  as  few  and  as  small  joints  as  possible;  and  tlie  different  stones,  moreover, 
ought  to  be  selected  with  the  view,  as  much  as  possible,  of  concealing  the  joints,  by  having 
the  blocks  as  much  of  the  same  colour  as  possible.  It  will  immediately,  of  course,  occur 
to  the  reader  that  vertical  joints  in  columns  are  inadmissible,  though  in  many  of  the  great 
edifices  at  Paris  such  do  occur,  much  to  their  detriment. 

1925.  The  .stones  for  an  intended  column  being  procured,  and  the  order  in  which  they 
are  to  be  placed  upon  one  another  having  been  determined,  we  must  correctly  ascertain  the 
exact  diameter  for  the  two  ends  of  each  of  them.  To  effect  this,  draw  an  elevation  of  the 
column  proposed  to  its  full  size,  divide  it  by  lines  parallel  to  the  base  into  as  many  heights 
as  the  column  is  intended  to  contain  stones,  taking  care  tliat  none  of  the  heights  exceed  the 
lengths  the  stones  will  produce;  the  working  of  the  stones  to  the  diameters  thus  obtained 
then  becomes  easy.  The  ends  of  each  stone  must  first  be  wrought  so  as  to  form  exactly 
true  and  parallel  planes.  The  two  beds  of  a stone  being  thus  formed,  find  their  centres, 
and  describe  a circle  on  each  of  them  ; divide  these  circles  into  the  same  number  of  equal 
parts,  which  may,  for  example,  amount  to  six  or  eight ; draw  lines  across  each  end  of  the 
stone,  so  tliat  they  will  pass  through  the  centre  and  through  the  opposite  divisions  of  the 
same  end.  The  extremities  of  these  lines  are  to  regulate  the  progress  of  the  chisel  along 
the  surface  of  the  stone  ; and,  therefore,  when  those  of  one  end  have  been  drawn,  those  of 
the  other  must  be  made  in  the  same  plane  or  opposite  to  them  respectively.  'Hie  cylin- 
drical part  of  the  stonesmust  be  wrought  with  the  assistance  of  a straight-edge  ; but  for  the 
swell  of  a column,  a diminishing  rule,  that  is,  one  made  concave  to  the  line  of  the  column, 
must  be  employed.  'Phis  diminishing  rule  will  also  serve  to  plumb  the  stones  in  setting 
them.  If  it  be  made  the  whole  length  of  the  column,  the  heights  into  which  the  elevation 
of  the  column  is  divided  should  be  marked  upon  it,  so  that  it  may  be  applied  to  give  each 
stone  its  proper  curvature.  But  as  the  use  of  a very  long  diminishing  rule  is  Inconvenient 
wlien  the  stones  are  in  many  and  short  lengths,  rules  or  rods  may  be  employed  correspond- 
ing in  length  to  the  different  height. 

1925a.  'Hie  method  of  setting  the  blocks  or  f nisi r a by  the  ancients,  was  to  dish  out  the 
beds  to  obtain  a truly  fine  joint.  In  the  Barthenon,  an  outer  space  of  7 inches  in  width 
all  round  the  drum,  was  lelt  a perfectly  level  and  smooth  bed  for  actual 
contact.  Tlie  next  space,  of  1 foot  in  width,  was  very  slightly  tooled  or 
scratched  over.  'Hie  next,  9 indies  in  width,  was  made  still  lower  by  being 
^ tooled  over  very  roughly.  'Hie  remaining  jmrtion  round  the  centre  was 

i left  smooth,  but  was  made  as  low  as  the  surface  of  tlie  second  space.  A 

I square  hole,  worked  at  the  quarry,  in  the  centre  of  the  shaft,  was  filled 

S with  a cube  of  hard  wood,  in  which  was  a hole  to  receive  the  half  of  a 

f circular  pin,  also  of  wood,  suggesting  the  idea  that  when  the  marble/r«sba 

j were  set,  they  were  rubbed  against  each  other.  The  first  drum,  at  the 

I temple  of  Hercules  at  Agrigentum,  when  placed  on  the  stylobate,  was 

turned  round  until  it  had  been  well  ground  down.  {Civil  Engineer, 
§c.  vii.  p.  241.)  'Hie  practice  of  late  years,  for  large  columns,  has  been 
to  place  a plate  of  thin  lead  between  the  beds  of  stone,  so  as  to  secure 
an  equal  bearing  and  prevent  the  edges  flushing,  any  space  being  filled 
in  with  putty  or  cement.  At  Baris,  in  many  of  the  porticoes,  the  columns  have  very 

deep  thin  rustics  {Jig.  6185.),  which  would  effectually  prevent  any  broken  edges  from 

being  observed.  'Hie  effect  is  peculiar,  especially  in  strong  sunlight.  'Ihe  height  ot 
the  face  of  the  stone  is  -385  of  a metre  ; the  height  of  the  channel,  including  the 
rounded  airises,  is  '40,  and  the  depth  of  the  cliannel  is  '85. 

19256.  Besides  the  usual  mode  of  drawing  a volute,  described  in  par.  2576,  we  insert 
a method  recommended  by  Mr.  Gwilt  for  adoption.  A general  method  of  inscribing  a 
spiral  in  a rectangular  quadrilateral,  A B C D: — Multiply  the  given  height  by  the  given 


Fig.  6186. 
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breadth,  and  divide  the  product  by  the  sum  of  the  lielght  and  breadth.  Tlien  subtract 

tbe  (juotient  from  tbe  beigbt.  'J  be  re- 
mainder is  tlic  radius  of  the  first  quarter 
revolution  of  the  spiral  ; The  formula  is 
/i-^^J;  = r(  = BE,ftaor  Fa).  Subtract 
tbe  radius  aF  so  found  from  tbe  height 
■ H 15 D and  the  remainder  FD  will  be  the  ra- 
dius of  the  second  quarter  of  the  revolu- 
tion, and  is  to  be  set  from  F to  h.  The 
difference  ah  between  a F^  and  b F will 
form  one  side  of  tbe  quadrilateral  uhcd. 
Subtract  the  radius  F’  h from  the  width 
CD  and  the  remainder  GC  will  give  bd 
the  other  side  of  the  quadrilateral  abed 
(which  points  will  be  the  centres  for  the 
portionsof  the  first  revolution),  andwill  be 
a figure  similar  to,  or  of  the  same  propor- 
tions as,  the  given  quadrilateral  ABCD. 
Then  dG  will  be  the  radius  of  the  third 
quarter  of  the  revolution  and  lie  tlie  ra- 
dius of  the  fourth  quarter.  In  the  quad- 
rilateral or  parallelogram  abed,  draw  the 
diagonals  ud,  be,  and  draw  5H,  cutting  the 
diagonal  ad  in  e,  then  will  e be  a point  Cor 
the  formation  on  the  diagonals  of  another 
parallelogram  efyh,  whose  angles  (as  in 
that  first  made)  will  be  the  centres  for  the  radii  of  the  second  revolution.  By  again 
drawing  11/ to  cut  the  diagonal  ad,  another  parallelogram  may  be  formed,  and  so  on  to 
bring  out  the  spiral.  X is  the  centre  part  to  a larger  scale  {Builder,  xviii.  p,  361). 

1925c.  From  the  nature  of  the  formula  it  is  evident  that  when  /i : 5 is  but  by  a trifle  in 
a greater  ratio  than  1‘61  : 1 the  first  radius  will  be  greater  than  the  breadth  of  the  quadri- 
lateral, and  the  spiral  cannot  be  described  within  the  figure.  Also  that  when  h and  b are 
equal,  the  spiral  vanishes,  for  the  formula  becomes  h — and  the  first  radius  is  equal  to 


half  the  side  of  the  circumscribing  square.  Hence  a circle  is  inscribed.  Also  that  as 
the  height  and  breadth  approach  equality  the  number  of  revolutions  increases.  In  the 
diagram  the  height  is  taken  at  27  equal  parts  and  the  breadth  at  23  of  such  parts.  Upon 
trial  it  will  be  found  that  the  exact  proportion  of  the  height  to  tlie  breadth  to  bring  out  a 
spiral  within  the  given  quadrilateral  lies  between  1*61  : 1 and  1‘62  : 1. 

I92')d.  When  a pier  was  to  stand  upon  the  head  of  a pillar,  the  early  medieval  builders 
avoided  an  error  which  their  ancestors  often  committed.  Instead  of  turning  the  arches  and 
filling  up  the  space  at  the  springing  until  there  was  a clean  base  for  the  pier  (Jig.  6l8d.'), 
they  built  some  courses  of  the  arch-stones  in  single  blocks  exceeding  the  width  of  the 
pillar.  When  these  had  risen  so  high  that  the  base  of  the  pier  would  not  interfere  with  the 


Fig.  618£f.  Westjunsteu  AbbeT. 

arch-stones,  these  horizontal  courses  were  discontinued  (Jig.  618e. ).  A 
modern  folly  6\Sf.)  was  unknown  to  them.  A similar  system  die-  Fig.  6iSA. 
tates  the  construction  of  a corbelled  foundation  for  any  work  standing  free  from  the 
general  thickness  of  the  wall.  In  early  pointed  work  the  intrados  of  an  arch  (as  A in  Jigs. 
6\8g.  and  618A.)  was  plumb  with  the  face  of  the  square  block  B,  forming  part  of  the 
capital ; and  equally  the  front  of  a shaft  over  a capital  is  plumb  with  the  same  square  block. 

1925c.  Joggling.  Lintels  or  flat  arches,  stone  architraves,  chimney  mantels,  and  such 
like,  when  formed  of  small  stones,  are  secured  by  joggling  the  joints  of  adjacent  stones  so 
as  to  form  a continuous  beam,  the  strength  depending  upon  the  solidity  of  the  abutments. 
The  gauged  arches  formed  of  cut  bricks  and  used  as  heads  to  openings,  are  siniilar  in 
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efilct,  but  as  tliey  have  neltlier  joggles  nor  dowels,  they  are  now  sometimes  assisted 
especially  in  uncertain  foundations,  by  placing  under  them  a thin  Hat  bar  of  wrought 
iron,  Rartholomew,  in  bis  Specijiculions,  1840,  gives  some  ancient  specimens  from  Roman 
sepulchres,  tlie  three  lower  courses  being  prevented  from  sliding  by  a wedge-shaped  jon-wle 
formed  on  the  top  bed  of  one  stone,  and  a corresponding  bole  cut  in  the  lower  bed  of 
the  next  stone,  to  receive  it.  Fip.  618/.  is  perhaps  the  earliest  instance  of  a similar 
contrivance,  and  shows  the  oversailing  portions  (French  crosset(es).  It  is  taken  from 

\\\\W//// 

Fig.  618*. 

Diocletian’s  palace  at  Spalato,  a building  often  referred  to  as  exhibiting  the  germs  of 
several  of  the  peculiar  ornaments  afterwards  prevalent  in  the  Romanesque  and  Norman 
styles  of  art  (par.  198).  The  same  principle  is  seen  in  a semicircular  arch  of  eleven 
voussoirs  in  the  lower  story  of  the  reputed  tomb  of  Theodoric  at  Ravenna  ; in  a chimney- 
))iece  at  Conisborough  Castle,  Yorkshire  ; and  at  the  gate  of  the  Alhambra.  Murphy’s 
Batalha,  gives,  in  plate  2,  two  instances  of  the  same  kind  of  construction.  With  double 
set-offs,  an  example  is  found  in  the  upper  part  of  Theodoric’s  tomb.  Fig.  618/;.,  sbowinw 
the  introduction  of  tenons  of  a circular  form,  is  the  transom  of  the  Norman  west  door- 
way of  Rochester  Cathedral.  Fig.  6\Sl.  having  three  tenons  to  each  stone,  is  from  the 
mantel  of  a fireplace  in  Edlingham  Castle,  Northumberland. 

192.5/;  Serlio,  in  his  Opere  d' Architettura,  in  Book  iv,  chap,  v,,  shows  two  excellent 
modes  for  relieving  the  weight  from  a lintel  over  an  opening,  6187a.  and  61 8».  Fiq. 

618o.  is  the  mode  adojited  by  Mylne,  in 
erecting  Blackfriars  Bridge,  where  each 
joggle  consists  of  a cube  foot  of  a hard 
stone.  During  the  repairs  of  this  structure 
in  1833,  the  decayed  or  broken  stones  were 
cut  out,  and  new  blocks  inserted  by  the  in- 
genious arrangement  shown  in  Jig.  618;;. 
A represents  the  new  block  let  in,  in  two 
parts.  B is  Hrst  fixed,  having  a hole  cut  to 
receive  a plug  C,  which  is  placed  in  a hole 
ris-  618m.  Fig.  ei8n.  the  half  D ; on  this  block  being  inserted 

in  place,  the  plug  C drops  half  its  length  into  the  hole  in  B and  secures  the  portion  D. 
Channels  were  also  cut  through  the  blocks,  through  which  wires  were  placed  attached  to 
the  plug  to  insure  its  sliding  into  its  place.  These 
were  cemented  up  subsequently.  In  small  works, 
copper  plugs,  or  dowels  would  be  more  proper  than 
the  large  blocks  sbown  in  Jig.  618o.,  asthey  require 
tbe  removal  of  le.ss  of  the  substance  of  the  arch 
stones  as  necessary  for  admitting  joggles.  Cubes, 
and  dowels,  of  slate  are  now  very  much  employed. 

1925.9.  Another  metliod  much  practised  consists 
in  joining,  by  an  elbow  to  each  voussoir,  a portion 
of  the  neighbouring  horizontal  course  of  the  work. 

This  arrangement  will  be  understood  at  once  by 
reference  to  Jigs.  956  and  937  ; but,  however  good 
it  may  appear  at  first  sight,  it  is  liable  to  split  at 
the  junction  of  the  horizontal  portion  with  the 
radial  parts,  if  any  irregular  settlement  takes  place. 

The  rustic  channels  of  arcades  wrought  in  this 
form  have,  however,  a good  effect. 

1925/t.  From  Viollet  le  Due,  Dictionnaire.,  we 
cbtaiia  the  use  of  the  crossettes  as  exemplified  in  a 
cbimneypiece  (Jig.  6l8q.).  Fig.  618r.  is  the  lintel 
to  the  door  on  the  north  side  of  the  Church  of  St, 

Etienne  at  Beauvais;  and/9.  618s.  that  of  the  Church  of  Villers  Saint  Paul.  Fig  6l8t. 
shows  the  system  described  by  Rondelet,  in  plate  27  of  his  valuable  publication,  for  ob- 
taining the  requisite  proportion  of  strength  in  such  flat  arches,  as  they  are  called.  Who- 
ever may  be  interested  in  the  method  of  supporting  and  tying  together  by  rods  and 
bai  s,  the  stones  of  architraves,  as  formerly  practised  by  the  eminent  architects  of  FraiiT'e, 
must  be  referred  to  the  publications  of  Rondelet,  Patte,  D’Aviler,  Blondel,  and  ethers 
of  that  period;  in  fact,  the  system  is  still  introduced  in  the  modern  publications  on  con- 
struction, in  the  French  school  of  architecture. 


Fig,  618p.  Blackfiuak’s  Bridge.  Fig.  Cl8<j. 
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Fiff.  6182. 
During  the 


1925».  To  tie  in 
asl)h*ruig  to  the  brick 
wall,  cramps  are  used, 
either  of  cast  iron, 
w’lought  iron,  copper, 
or  bronze.  The  two 
latter  are  of  course  the 
best ; the  two  former 
exfoliating  by  air  and 
damp,  and  splitting  the 
stone,  unless  perfectly 


Fig.  GlCr 


restora- 


Fig.  618*. 


tions  at  Cologne  Cathedral,  the  fig.  6i8s. 

cornice  (above  the  55  feet  high  windows)  Is  3 feet  7 inches  high,  and  in  order  to  connect 
the  stones,  iron  hooks  were  put  hot  into  the  holes,  which  w^ere  then  filled  up  and  surrounded 
with  asphalte.  By  this  proceeding  the  iron  is  for  ever  preserved  from  oxidation  ; it  has 
proved  itself  the  best  system,  because  the  applications  of  mortar,  gypsum,  sulphur  and 
lead,  have  all  failed.  On  the  exterior,  bronze  surrounded  with  lead  has  been  used,  which 
has  hitherto  proved  satisfactory.  Cramps  are  also  now  set  in  Portland  cement. 


STAIRS. 

1 926.  Nothing  to  perplex  will  occur  In  carrying  up  stairs  which  are  supported  by  a w all 
at  both  ends,  because  the  inner  ends  of  the  steps  may  either  terminate  in  a solid  netvel,  or 
he  tailed  into  a wall  surrounding  an  open  newel.  Where  elegance  is  not  required,  and 
where  the  newel  does  not  exceed  2 feet  6 inches,  the  ends  of  the  steps  may  be  conveniently 
su])ported  by  a solid  pillar  ; but  when  the  newel  is  thicker,  a thin  wall  surrounding  the 
newel  would  be  cheaper.  In  stairs  to  basement  stories,  where  geometrical  .stairs  are  used 
above,  the  steps  next  to  the  newel  are  generally  supported  upon  a dw'arf  wall. 

1927.  In  geometrical  stairs,  the  outer  end  of  each  step  is  fixed  in  the  w^all,  and  one  of 
the  edges  of  every  step  supported  by  the  edge  of  the  step  below,  and  formed  with  joggled 
joints,  so  that  no  step  can  descend  in  the  inclined  direction  of  the  plane  nor  in  a vertical 
direction  ; the  sally  of  every  joint  forms  an  exterior  obtuse  angle  on  the  lower  part  of  the 
upper  step,  called  a back  rebate,  and  that  on  the  upper  part  of  the  lower  step  cf  course  an 
interior  one,  and  the  joint  formed  of  these  sallies  is  called  & joggle,  which  may  be  level  from 
the  face  of  the  risers  to  about  one  inch  within  the  joint.  Thus  the  plane  of  the  tread  of 
each  step  is  continued  one  inch  within  the  surface  of  each  riser;  the  lower  part  of  the  joint 
is  a narrow  surface,  perpendicular  to  the  inclined  direction  or  soffit  of  the  stair  at  the  end 
next  to  the  newel. 

1928.  With  most  sorts  of  stone  the  thickness  of  every  step  at  the  thinnest  place  need  not 
exceed  2 inches  for  steps  of  4 feet  in  length  ; that  is,  measuring  from  the  interior  angle  of 
every  step  perpendicular  to  the  rake.  The  thickness  of  steps  at  the  interior  angle  sliould 
he  proportioned  to  their  length ; but  allowing  that  the  thickness  of  the  steps  at  each  of 
the  interior  angles  is  sufficient  at  2 inches,  then  will  the  thickness  of  them  at  the  interior 
angles  be  half  the  number  of  inches  that  the  length  of  the  steps  is  in  feet ; for  instance, 
a step  5 feet  long  would  be  2i  inches  at  that  place. 

1929.  The  stone  platforms  of  geometrical  stairs,  that  Is,  the  landings,  half  paces,  and 
quarter  paces,  are  constructed  of  one  or  more  stones,  as  they  can  be  procured  of  sufficiei’.t 
size.  When  the  platform  consists  of  two  or  more  stones,  the  first  of  them  is  laid  on  the 
last  step  that  is  set,  and  one  end  tailed  in  and  wedged  into  the  wall ; the  next  stone  is  joggled 
or  rebated  into  the  one  just  set,  and  the  end  also  fixed  into  the  wall,  as  that  and  th.e  pre- 
ceding steps  also  are ; and  every  stone  in  succession,  till  the  platform  is  completed.  When 
another  flight  of  steps  is  required,  the  last  or  uppermost  platform  becomes  the  spring  stone 
for  the  first  step  of  it,  wdiose  joint  is  to  be  joggled,  as  well  as  that  of  each  succeeding  step, 
similarly  to  those  of  the  first  flight.  The  principle  upon  which  stone  geometrical  stairs 
are  constructed  is,  that  every  body  must  be  supported  by  three  points  placed  out  of  a 
straight  line  ; and  therefore,  that  if  two  edges  of  a body  in  different  directions  be  secured 
to  another  body,  the  two  bodies  will  be  immoveable  in  respect  to  each  other.  This  last 
ca.se  occurs  in  the  geometrical  staircase,  one  end  of  each  stair  stone  being  tailed  into  the 
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wall  so  as  to  be  incapable  of  tilting,  and  another  edge  resting  either  on  the  ground  itself, 
or  on  the  edge  of  the  ])receding  stair  stone  or  platform,  as  the  case  may  be.  The  stones 
which  form  a platform  are  generally  of  the  same  thickness  as  those  forming  the  step.?. 

ON  THE  SCIENTIFIC  OPERATIONS  OF  STONE  CUTTING. 

1 980.  Tlie  operations  by  which  the  forms  of  stones  are  determined,  so  as  to  combine  them 
properly  in  the  various  parts  of  an  edifice,  are  founded  on  strictly  geometrical  principles, 
and  require  the  greatest  care  and  exactness  in  execution.  It  is  only  by  a thorough  know, 
ledge  of  the  nature  of  these  operations  that  the  master  mason  is  able  to  cut  and  carve  the 
])arts  which,  when  joined  together,  compose  the  graceful  arch,  the  light  tracery  of  the 
Gothic  vault,  or  the  graceful  and  magnificent  dome.  The  method  of  simple  walling,  and 
its  general  jirinciples,  have  been  given  in  this  book,  chap.  i.  sect.  x.  In  what  follows  we 
propose  to  confine  ourselves,  1st,  to  the  leading  operations  necessary  to  set  out  the  simple 
arch  or  vault,  and  the  groins  formed  by  it ; 2d,  to  the  forms  produced  by  vaults  with 
plain  and  curved  surfaces  intersecting ; 3d,  and  lastly,  to  dome  vaulting ; giving  such 
cxami)les  as  will  so  initiate  the  student  that  he  mayq  we  trust,  have  little,  if  any,  difficulty 
in  resolving  any  case  that  may  occur,  and  reminding  him  that  if  he  well  understand  the 
section  already  submitted  to  him  on  Descriptive  Geometry,  his  labour  will  be  m.icli 
abridged,  not  only  in  what  immediately  follows,  but  in  that  section  which  treats  hereafter 
on  Carpentry. 

1931.  I.  Of  the  Construction  of  Arches  and  simpi.e  Vaults,  and  the  Groins 
FORMED  Bv  THEIR  INTERSECTION.  Ill  arclies  and  simple  vaults  we  have  to  ascertain  the 
exact  form  of  the  arch  in  all  its  parts,  and  the  direction  of  its  joints;  both  which  points  are 
dependent  on  the  geometrical  properties  of  the  curve  used  for  the  arch. 

1932.  I'o  find  the  joints  of  a fiat  arch  without  using  the  centre  of  the  circle  of  which  the 
arch  is  a part.  Divide  the  arch  AB  {fig.  619.) 
into  as  many  equal  parts  as  there  are  intended 
to  be  arch  stones,  at  the  points  1,  2,  3,  &c.  From 
A,  with  any  convenient  radius,  describe  an  arc 
at  a,  and  from  2,  with  the  same  radius,  describe 
another  arc,  crossing  the  first  at  a,  and  join  al  ; 
then  1 is  the  first  joint  from  A.  To  find  the  joint 
jiassing  through  2 ; with  the  same  radius  as  before,  from  the  joints  1 and  3 as  centres,  de- 
scribe arcs  cutting  each  other  at  h.  and  draw  2h  ; then  2b  is  the  second  joint.  In  tlie  .same 
manner  all  the  other  joints  between  A and  B will  be  found.  To  find  the  sheic  hacks,  or 
abutting  joints  AC  and  DB  ; with  a radius  equal  to  la,  from  the  centre  A describe  an  arc 
at  C ; from  the  centre  1,  with  the  radius  Aa,  describe  an  arc  cutting  the  former  at  C,  and 
draw  the  line  AC,  which  will  be  the  springing  bed  of  the  arch.  In  the  same  manner  the 
joint  BD  may  he  found. 

1933.  The  joints  of  any  arch  may  be  drawn  with  considerable  accuracy  by  setting  off  at 
equal  distances  a point  in  the  curve  on  each  side  of  the  place  for  the  joint,  and  from  these 
points,  as  centi(}s,  with  any  radius,  arcs  to  intersect,  through  who.se  intersections  lines 
being  drawn,  will  give  tlie  directions  of  the  joints. 

19.34.  To  draw  an  elliptical  arch  to  any  two  dimensions  by  circidar  arcs.  Draw  the  straight 
line  AB  {fig.  620.).  Bisect  AB  in  C by  the  perpendicular  D^,  make  CA  and  CB  each 


equal  to  half  the  span  of  the  arch,  and  make  CD  equal  to  the  height,  and  Aj  parallel  and 
equal  to  CD.  In  make  C/d  equal  to  CD.  Divide  A;  and  AC  each  into  two  equal  parts, 
ihrough  1 in  AC  draw  kn,  and  through  1 in  Aj  draw  ID,  cutting  kn  at  n.  Bisect  ?dD 
by  the  perpendicular  Ig,  and  from  g with  the  radius  gn  or  gT)  describe  the  arc  nY)ih.  Draw  | 
gh  parallel  to  AB,  and  join  /«B,  and  produce  7iB  to  meet  the  arc  nWi  in  i.  Join  gi  cutting  | 
AB  in^  and  make  Ce  equal  to  Cf.  Join  ge,  and  produce  it  to  meet  the  arc  wD/t  in  n. 
Iromy  with  the  radius  /'/  describe  the  arc  i\^,  and  from  e with  the  radius  eA  describe  the 
arc  Amn.  Tiien  AmD/B  is  the  arch  required. 

1935.  Aji  elliptical  arch  ADB  {fig.  62\. ')  being  gicen,  to  draio  the  joints  for  a given  number 
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jfarch  stones.  Find  the  centres  c,  /,  //  in  the  same  manner  as  if  the  arcli  were  to  ]>e  drawn  ; 
jrjoiii  (/e  and  produce  it  to  meet  the  arch  ; also  join  (/,  f and  i)rodnce  it  to  meet  tlie  arc  in  i. 

I 'Divide  the  elliptical  curve  ADR  into  as  many  equal  parts  as  the  number  of  arch  stones. 
From  the  centre  e draw  lines  through  the  points  of  division  in  the  curve  between  and 
Inhere  ge  meets  the  curve  and  from  the 
centre  g draw  lines  through  all  the  interme- 
diate points  between  ge  and  gf.  and  lastly 
draw  lines  from/ through  all  the  intermediate 
points  between  i and  R,  and  the  parts  of  the 
lines  thus  drawn  on  the  outside  of  the  curve 
will  be  the  joints  of  the  arch  stones. 

1936.  In  very  large  arches  it  will  be  de- 
sirable to  find  live  centres,  as  in/^.  622.,  and 
these  will  be  obtained  by  finding  two  in- 
termediate points  in  each  half  of  the  curve 
instead  of  one  ; then  bisecting  each  pair  of 
adjacent  points  by  a perpendicular,  we  shall 
have  the  centres  e,  h,  g,  i,  /,  to  be  used  for 
drawing  the  joints  in  the  same  manner  as  in 
the  preceding  figure. 

1937.  The  above  methods  are  sufficient  for  ordinary  purposes;  but  where  strict  accuracy 
is  reejuired,  the  following  method  is  mathematically  true.  Suppose  any  joint,  as  gk,  is 
required  to  be  drawn  (J/g.  623.),  and  that 
the  point  D is  the  middle  of  the  arch  and 
the  point  C the  middle  of  the  springing  line; 
then  with  the  distance  CA  or  CR,  from  the 
point  D describe  an  arc  at  e and  another  at 
f to  cut  AR  at  e and/.  Draw  eg  and  f g ; 
produce  eg  to  i and  fg  to  h,  bisect  hgi  by  the 
straight  line  gk,  which  will  be  the  joint  re- 
quired. In  the  same  manner,  by  drawing 
lines  from  e and/ to  each  point  of  division,  and  bisecting  the  angle,  lines  for  the  other  joints 
may  be  drawm. 

1938.  To  draw  a Gothic  arch  to  any  given  dimensions  (^Jig.  624.).  Draw  the  straight  line 


D 


AB  equal  in  length  to  the  span  of  the  arch.  Bisect  AB  in  C by  the  perpendicular  DI. 
and  draw  AG  and  RH  parallel  to  DI.  Make  CD  equal  to  the  height  of  the  arch,  and  the 
angles  CDG  and  CDH  each  equal  to  half  the  vertical  angle;  make  CF'  equal  to  the  dif- 
ference between’ CD  and  AG  and  join  FA  and  FR.  Divide  AG  and  AF  each  into  the 
same  number  of  equal  parts,  counting  each  from  the  point  A.  Through  the  points 
1,  2,  3,  4 in  AF  draw  la,  15,  Ic,  \d,  and  through  the  points  1, 2,  .3,  4 in  AG  draw  1 D,  2D, 
SD,  4D  cutting  la,  16,  le,  IJ  at  the  points  a,b,c,d,  then  through  the  points  AabcdD  draw 
a curve;  which  will  be  half  of  the  Gothic  arch  required.  (Other  methods,  joar.  1943a.,  etseg.) 

1939.  To  draw  the  joints  of  the  arch  stones  of  a Gothic  arch  {fg.  625.).  Having  formed 
the  angles  CDG  and  CDH  as  before,  make  A?  equal  to  AG  and  draw  DZ  ])erpendicular 
to  DG.  In  DZ  make  Dk  equal  to  AZ  and  join  'k.  Bisect  ik  by  a perpendicular  meeting 
1)/  in  Z.  Produce  !i  to  p.  Divide  the  curve  into  as  many  equal  parts  as  the  arch  stones 
are  to  be  in  number.  Then  i will  be  tlic  centre  of  the  joints  which  pass  through  all  the 
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points  between  A and  v,  and  I will  be  tlie  centre  for  drawing  the  joints  of  the  arch  stones 
which  pass  through  all  the  points  between  ;;  and  1). 

1 940.  Tlie  reason  for  the  foregoing  rule  is  obvious  ; for  the  joints  are  merely  made  to 
radiate  to  the  centres  of  the  arcs  of  circles  whereof  the  arches  themselves  are  formed  ; as 
in  subsections  1934,  1935,  they  were  drawn  to  the  centres  of  the  approximating  circles 
wherefrom  the  elliptical  curves  were  struck. 

1941.  To  describe  a parabolic  curve  for  a pointed  or  Gothic  arch  by  means  of  a series  of 

lines  touching  the  curve,  the  dimensions  of  the 
arch  and  the  angles  it  forms  at  the  crown  being 
given.  Draw  the  straight  line  AB  {fg.  626.) 
and  draw  CD  perpendicular  to  AB.  Make 
CD  equal  to  the  height  of  the  arch,  CA  and 
CB  each  equal  to  half  the  span.  Make  the  a 
angles  CDe  and  CD/  each  equal  to  half  the  " 
vertical  angle.  Divide  Ae  and  eD  each  into  ^ 
the  same  number  of  equal  parts,  and  through  Pig, 

the  corresponding  points  of  division  draw  lines 

which  will  form  one  half  of  the  arch;  the  other  half  DB  may  be  found  in  the  same  manner. 

1942.  'To  draw  the  joints  of  the  arch  stones 
io  the  above  sort  of  arch.  Draw  the  chords 
A D,  DB  for  each  half  of  the  arch  (^fig.  627.)  ; 
divide  the  arch  into  as  many  equal  parts  as 
there  are  to  be  arch  stones.  Let  it  now  be 
reejuired  to  draw  a joint  to  any  point  h : bisect 
A D in  k,  and  join  ek  cutting  the  curve  in  1.  ,n 
DraAv  hg  parallel  to  Ak,  cutting  ek  in  g,  and  in 
el  make  li  equal  to  Ig.  Join  hi  and  draw  hm 
perpendicular  to  hi.  Then  hm  is  the  joint  re- 
quired. In  the  same  manner  all  the  remaining 
joints  will  be  found. 

1943.  To  describe  a rampant  pointed  arch,  whose  span,  perpendicular  height,  and  the  height 

of  the  ramp  are  given.  Draw  the  straight  line  AB  {fig.  627.),  and  make  AB  ecpial  to  t!ie 

span  of  the  arch.  Draw  BC  perpendicular  to 
AB,  and  make  BC  equal  to  the  height  of  the 
ramp.  Bisect  AC  in  D,  and  draw  DE  per- 
pendicular to  AB.  Make  DE  equal  to  the 
height  of  the  arch;  draw  A/ and  Cg  parallel 
to  DE,  and  make  Af  and  Cg  equal  to  about 
two  thirds  of  DE.  Join  /E  and  E^.  Di- 
vide Af  and  /E  each  into  the  same  number 
of  equal  parts,  and  through  each  two  corre- 
sponding points  of  division  draw  a straight 
line.  All  the  lines  thus  drawn  will  give  one 
half  of  the  curve.  The  other  half  may  be  Fig.  628. 

drawn  in  the  same  manner.  To  find  the  joints  of  the  arch-stones  to  this  sort  of  arch,  proceed 
as  for  a plain  arch  in  the  last  example,  as  shown  hy  fig.  629. 


629.  rig.  0230.  Fig.  6296, 


. given  in  par.  1 938,  To  draw  a Gothic  arch  to  any  given  dimen~ 

j following  plan  has  been  put  forward  for  finding  the  curves  of  arches  and  ribs, 
le  undamental  rule  that  the  curves  should  spring  from  the  line  of  the  impost  has  been 
a )an  oned  by  many ; one  centre  was  to  be  taken  a little  above  this  line,  another  a little 
clow  it,  and  so  on.  J he  following  role  furnishes  a principle  which  gives  the  centres  ol 
slU  tliese  curves  with  perfect  certainty  and  perfect  harmony,  at  the  same  time  furnishing 
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wliat  is  a fiirtlier  requisite,  an  independent  |)rojection  for  each  rib.  The  author  insists 
(hat  tliese  curves  were  always  elliptical.  If  the  arch  to  be  drawn  be  less  in  hcii^ht  than 
the  half  width,  let  629a.)  be  the  half  width;  BC  the  heiglit ; join  AC  ; draw  lines 

from  B end  A perpendicular  to  AC,  and  tlie  ])oints  E and  1)  are  those  required.  'I'lien 
KC  will  be  the  smaller  radius,  and  EC  added  to  AD  will  be  the  longer  radius.  Eor 
arches  whose  height  is  greater  than  their  half  width  (Jip.  629b.'),  draw  CF  and  BE  perpen- 
dicular to  AC,  then  EC  will  be  tlie  smaller  radius;  and  EC  added  to  CF  will  be  tlio 
longer  ladius.  The  author  of  this  theory  is  'I'hos.  L’Akcr,  as  read  at  the  Liverpool  Arch. 
Society,  16th  October,  1850,  and  printed  in  the  Civil  Engineer,  \o\.  xiii.  p.  365.  See 
par.  2002d. 

19435.  Although  the  term  arc  en  tiers  point  is  still  used  in  France  for  an  arch  enclosing 
an  equilateral  triangle,  as  it  was  in  the  time  of  De  Lorme,  that  architect,  in  his  work 
entitled  Souvelles  Inventions  pour  hien  hastir,  published  in  1578,  sliowed  that  the  arc  en  tiers 
was  obtained  by  division  of  the  space  into  tliree  equal  portions,  of  which  two  gave 
tlic  radius.  I'he  arc  en  quotre  points  was  obtained  by  division  into  four,  three  of  them 
giving  the  radius.  This  mediaeval  mode  of  determining  some  of  the  shapes  of  pointed 
arches,  was  noticed  by  Professor  Willis  in  his  elucidation  of  Wilars  de  Honecort’s  Sketch-book, 
1859,  p.  138-40.  De  is  disposed  to  call  the  equilateral  arch,  the  arch  of  two  points; 
mentions  arches  of  six  points;  and  instances  cases  with  a radius  of  five-sevenths  and  a 
radius  of  five-eighths,  besides  the  occurrence  of  a centre  placed  to  the  extent  of  half  the 
span  outside  the  springing  point.  The  same  authority  observes  that  the  true  method  was 
forgotten  soon  after  the  disuse  of  medimval  art,  as  Viola  Zanini,  in  his  book  Della  Architet- 
tura,  published  1629,  defines  the  terzo  acuto  as  the  arch  on  an  equilateral  triangle,  ti  e 
quarto  acuto  as  the  arch  on  a square  with  the  diameter  for  radius,  and  (he  quinto  acuto  on 
a pentagon  : these  last  are  res[)ectively  rather  higher  and  lower  tlian  the  true  arch  of  four 
points.  The  term  point  is  heie  used  as  meaning  a division,  and  not  a puncture. 

1943c.  The  Prol'essor  has  also  explained,  p.  141,  that  to 
know  the  extra  length  of  a voussoir  at  the  top  of  an  arch  of 
2,  3,  4,  or  5 points,  the  radius  may  be  prolonged  through 
the  point  P (jig.  629c.)  of  the  arch  to  any  extent  S ; then  PS 
being  divided  into  twenty-four  parts,  a line  from  S may  be 
drawn  parallel  with  the  springing  line  to  T,  and  respectively 
12,  6,  8,  or  9 of  those  parts  in  length  ; which  will  give  a 
point  V,  so  that  PV  will  be  the  line  of  the  central  joint. 

1943c?.  The  construction  of  ogee  arches  is  very  simple;  but 
as  will  presently  be  shown,  the  rule  is  open  to  judicious 
variation.  The  general  principle  is  to  draw  the  line  of  the 
nose  Z,  (Jig.  629d.)  of  the  hoodmould  ; to  take  a point  ujron 
that  line ; to  draw  from  the  springing  a line  through  that  point  to  the  centre  line,  to  accejjt 
the  place  where  the  centre  line  is  cut  as  the  height  of  the  ogee,  and  to  find  in  the  usual 
manner  the  centre  for  the  upper  part  of  the  ogee.  The  following  directions  are  chiefly 
taken  from  Viullet  le  Due,  Diet. 

1943c.  To  draw  an  ogee  arch  of  one  point  (fig-  629d.).  Bisect  the  span  in  D,  draw  the 

centre  line  CD,  describe  the  arc  AG, 
bisect  AG  in  E,  and  through  E from  A 
draw  a line  cutting  the  centre  line  in 
H ; through  H draw  FK  parallel  to  the 
springing  line,  and  through  E from  D 
draw  a line  cutting  FK  at  M,  which 
will  be  the  centre  for  the  upper  pait  of 
the  ogee  arch.  In  some  cases,  as  in  tiie 
figures  629e,  /,  and  A,  the  three  points 
KMN  form  an  equilateral  triangle. 

1643yi  draio  an  ogee  arch  of  two 
points  (fig.  629e. ).  Bisect  the  sj)an  A B, 
diaw  the  centre  line,  and  descril)e 
the  arcs  AGB;  then  divide  GB  into 
five  parts  Gl,  &c.,  and  proceed  as  before. 

1943^.  To  draw  an  ogee  arch  of 
three  points  (fig.  629f ).  Repeat  the 
above  operations,  observing  to  divide 
the  span  AB  into  three  parts,  AE,  EF, 
FB,  and  to  divide  GB  into  four  parts, 
GJ,  &c.  It  will  be  observed  that  in 
A D Jig.  629g.  (from  Pugin),  AB  is  divided 

Fig.  629*  into  three  parts,  and  the  centres  E with 

F serve  to  describe  the  arcs  on  their  own  sides  of  the  centre  line ; that  the  distances  AI, 
II,  and  IB  are  equal,  and  that  EH  is  equal  to  El, 
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1942A.  To  draw  an  ogee  arch  of  four  points  {fig.  629A.). 
centre  line,  fix 
the  four  points, 

and  describe  

the  arcs  AG, 

GB;  then  di- 


Bisect  the  span,  draw  the 
r 


Fig.  (j‘29t. 


vide  GB  into 
four  parts,  and 

proceed  as  above  indicated.  But 
a difference  is  tauglit  by  an  illus- 
tration adduced  by  Viollet  le  Due, 
to  show  another  feature  of  mediae- 
val art.  In  fig.  629L  it  will  be 
observed  that  the  arch  GA  is  di- 
vided into  five  portions,  and  that 
the  line  AH  is  drawn  through  the  second  divi- 
sion. The  line  F2  produced,  cuts  the  horizontal 
line  JH  in  M ; or  2H  may  be  bisected,  and  a 
perpendicular  obtained  meets  in  the  point  M, 
for  the  ogee  line  2H.  A centre  N has  been  as- 
sumed for  the  line  RR  ; and  also  another  centre, 

O,  for  the  line  PP,  both  lines  being  di’awn  each 
way  from  I ; from  which  arrangement  it  results 
that  the  lines  A2lJ,  RIR,and  PIP, are  not  paral- 
lel for  their  whole  lengths.  In  some  cases  the 
line  of  work  muGtbe  the  centre  of  a fillet  or  of  a 
boltel.  It  should  be  noticed  that  some  very 
good  decorated  work  of  t!ie  middle  of  the  Hth  century,  uses  five-eighths  of  the  space 
for  the  radius,  and  finds  the  centre  of  the  ogee  curve  upon  a line  drawn  Irom  that 
central  point  of  radius  at  an  angle  of  45°  vrith  tlie  hori- 
zontal springing  line. 

1943i.  To  draw  a cusped  ogee  arch  {fiq-  6C9A. ).  Proceed 
as  above  described  for  an  arch  of  one  point  as  far  as  the 
construction  of  the  horizontal  line  JK.  Then  from  the  centre 
F through  E draw  a line,  and  thereon  make  lUequal  to  IS, 
being  so  much  of  IF  as  is  intercepted  by  the  centre  line  of 
the  pointed  arch  ; and  then  on  the  horizontal  line  JK  make 
WH  equal  to  IS  : thus  are  obtained  the  two  centres  for  the 
cusp.  But  Viollet  le  Due  appears  to  prefer  another  mode, 
wliicli  very  slightly  differs  in  result.  He  draws  SI  produced 
at  an  angle  of  45°  with  the  base  line;  on  tiiis  he  marks  G'U, 
which  is  the  half  of  a semicircle,  equal  to  GA,  fixing  lU, 
and  continuing  the  process  as  in  the  former  method. 

1944.  II.  Of  the  Construction  of  intersecting 
Vaults  or  Groins.  The  forms  of  vaults  may  be  so  adapted 
to  one  another  that  the  lines  of  intersection  shall  be  in  planes, 
and  these  planes  the  diagonals  of  the  plan  of  tlie  intersecting  part  of  the  vaults  ; if,  however, 
they  be  not  so  adapted,  the  lines  of  intersection  will  I e curved  on  the  plan,  and  these  curves  it 
is  necessary  to  ascertain  in  making  both  the  moulds  and  the  centerings  for  executing  the  work. 

1945.  To  determine  the  form  of  a vault  to  intersect  with  a given  one  in  the  plane  of  the 
diagonal,  and  aho  to  find  the  diagonal  rib  for  the  centering.  Let  the  given  vault  be  EIF 
{fig.  630.)  and  AC  and  B D the  diagonals,  crossing  in/.  Draw  f I perpendicular  to  EF, 
cuttiug  EF  in  c.  In  the  arc  IF  take  any  number  of  noints  ah,  and  draw  ag,  bh  parallel  to 
If,  cutting  EF  in  d,  e,  and  the  diagonal  AC  in  g,  h.  Draw/r,  gg.hr  parallel  to  EF,  cutting 
the  base  GH  at  m,  n,  o.  Make  mp,  nq,  or,  each  respectively  equal  to  cl,  da,  eh.  Draw 
gk,  hi,  perpendicular  to  AC,  and  make /!',  gh,  hi  respectively  equal  to  cl,  da,  eh.  Make 
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fq’,  fh'  each  respectively  equal  to  fg,  fh.  Draw  n'h',  h'l  parallel  to  fV.  Make  g'k'  equal 
to  qk,  h I equal  to  hi ; also  make  7rui',  m'o  each  resjiectively  equal  to  mn,  mo.  Draw  the 
/arcs  pqr,  p q'r,  as  also  1'^/,  I'hT;  then,  through  the  points  thus  found,  draw  the  curves  iqion 
ritlicir  bases  AC  and  GH,  and  that  on  GH  is  the  form  of  the  intersecting  vaults,  and  that 
on  AC  is  the  form  of  the  angle  rih.  If  the  form  of  the  given  arch  be  that  of  a semicircle 
EIF  (fy.  631.),  let  A BCD  be  the  angular  points  of  the  plan,  AC  and  DB  the 
1; diagonals,  cutting  each  other  at  M.  Draw  MK  parallel  to  GD,  or  CH  cutting  GH  in  N. 
*;  Draw  ML  perpendicular  to  AC,  and  make  ML  equal  to  the  radius  of  the  semicircle. 
Ii  Then,  with  the  transverse  axis  AC,  and  semi-conjugate  axis  ML,  describe  a semi-ellipse, 
i which  will  he  one  of  the  angle  ribs,  as  required.  Also  make  NK  equal  to  the  said  radius; 
^ then  with  the  lesser  axis  and  the  semi-greater  axis  NK  describe  the  semi-ellipse  GKH, 
;i  which  is  the  form  of  the  other  vault. 

i 1946.  The  same  method  applies  in  Jig.  632.,  where  the  narrow  opening  is  a semi-circle 


il  and  the  wide  one,  consequently,  a semi-ellipse,  having  its  minor  axis  vertical  and  its  major 
axis  horizontal. 

1947.  When  tico  circular-arched  vaults  of  di  fferent  heights  intersect,  to  determine  the  plan  of 
the.  arrisses  in  which  the  arches  meet.  Let  ABC  {fig.  633.)  be  the  arch  of  the  main  vault, 
I'  and  DEF  that  of  the  lesser  vault ; ACLO  the  plan  of  the  main  vault,  and  DBQF  that  of 
j the  lesser  vault ; and  let  the  two  vaults  intersect  each  other  at  the  points  HKNM.  Also, 
i let  E be  the  middle  point  of  the  lesser  semi-circular  arc  DEF.  Produce  HD  to  v,  and  in 
1 the  arch  DE  take  any  number  of  points  rs,  and  draw  rb,  sa,  El  parallel  to  DIL  Draw 
rt,  su,  Eu  parallel  to  DF,  cutting  Dy  at  the  points  tuv,  and  produce  HC  to  G.  In  CG 
make  Cw,  C.r,  CG  respectively  equal  to  D^,  Dm,  Dm,  and  draw  wz,  xy,  GB  parallel  to  AC, 
cutting  the  semi-circle  ABC  in  the  points  zyB.  From  the  points  Hyz  draw  El,  ya,  zb, 
III  parallel  to  CL.  Then  through  the  points  lab  draw  a curve,  which  will  be  one  half  of  the 
plan  of  the  arris.  The  other  half  will  be  found  in  the  same  manner. 

1^'  1948.  The  method  of  tracing  the  plan  of  the  groins  is  the  same  (see  fig.  634.)  when  the 

vaults  intersect  obliquely. 

1949.  To  find  the  plan  of  the  intersections  of  tivo  arches  of  the  same  height,  and  either  of  the 
mme  or  different  guides.  I^et  the  sections  of  the  two  arches  be  ABC  and  DEF  {fig. 
the  arcs  AB,  BC  being  equal  to  each  other,  and  the  aics  DE,  10  F equal  to  each  other; 
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and  let  H,  K,  N,  INI  he  the  points  where  the  two  arches  Intersect  each  other  on  the  plan. 
Divide  either  of  the  arcs  BC  or  DE  into  parts,  equal  or  unequal  ; as,  for  example,  in  the 
arc  DE  take  any  number  of  points  r,s  at  pleasure,  and  draw  ra,  sb,  El  perpendicular  to  DE. 
Broduce  H D to  v,  and  draw  rt,  sti,  Ey,  parallel  to  DE,  cutting  Uy  in  t,  u,  v.  Produce  HC  to 
G,  and  make  Cw,  C.r  respectively  equal  to  D^,  Dm  ; and  as  the  arches  are  equal  in  height, 
CG  will  he  equal  to  D«.  Draw  ly//,  xz,  GB,  parallel  to  AC,  cutting  the  arc  BC  in  the 
points  i/,  z,  and  touching  it  in  B.  Draw  ya,  zb  and  BI 
parallel  to  II K,  and  through  the  points  Hafcl  draw  . 
the  curve  IIa/;I,  which  will  he  half  the  plan  of  the 
groin  as  required.  The  other  half  IN  and  the  other  groin 
MK  will  he  found  in  the  same  manner. 

1950.  2’o  find  the  plan  o f the  groins  produced  by  the 
intersection  of  a cylindric  and  a conic  vault,  the  angle  of 
position  of  the  axis,  the  diameter  of  the  cylinder,  and  the 
plan  of  the  conic  vault  being  given.  Let  AB  (^fig.  636.) 
he  the  axis  of  the  cylinder,  CD  that  of  the  cone,  C 
being  the  apex,  and  D the  point  through  which  the 
base  passes.  Through  any  point  A in  AB  draw  EE  g 
perpendicular  to  AB,  and  make  AE  and  AF  each  equal 
to  the  radius  of  the  cylinder,  and  draw  EH  and  El 
parallel  to  AB.  Through  D draw  KM  perpendicular 
to  CD,  and  make  DK  and  DM  each  equal  to  half  the 
diameter  of  the  cylinder.  Join  KC  and  MC,  cutting 
EH  and  El  in  the  points  N,  O,  P,  Q.  Divide  the  semi- 
circles FGE  and  KLM  into  parts,  whereof  the  corre- 
sponding ones  are  equal  to  one  another.  From  the 
points  of  division  In  the  semicircle  EGF  draw  lines 
parallel  to  AB  ; and  through  the  corresponding  points 
in  the  semicircle  KLIM  draw  lines  perpendicular  to  the 
diameter  KM,  cutting  KM.  F'rom  the  points  of  section 
draw  lines  to  the  apex  C of  the  cone,  cutting  the  former 
drawn  through  the  points  in  the  semicircumference 
FGE.  Through  each  set  of  corresponding  points  dr.aw 
a curve,  and  the  two  curves  will  represent  the  arrisses  of 
the  groin  on  the  plan.  If  in  an  octagonal  ground  vault 
the  octagonal  range  he  cylinders,  and  the  cross  vaults, 
which  tend  to  the  centre,  diminish  to  a line  of  the 
height  of  the  vault,  the  following  construction  applies  r 
— Let  EFGHI  (fg.  637.)  he  the  exterior  side  of  the 
vault,  which  is  both  equilateral  and  equiangular,  and 
let  JKLMN  he  the  line  of  the  exterior  surface  of  the 
inner  wall;  so  that  the  lines  EJ,  FK,  GL,  HM,  IN, 
which  pass  through  every  two  corresponding  angles, 
may  tend  to  the  centre  O of  the  groin  vault.  Let  the 
sections  of  the  given  ribs  he  PQ,R  and  STU,  so  that 
PR  of  the  rib  PQ,R  may  stand  at  right  angles  to  the 
sides  EF  and  JK  and  the  si(’e  SU  of  the  rib  STU 
on  the  middle  of  the  side  FG.  Divide  the  two  bases 
PR  and  SU  in  the  same  proi)ortion,  and  through 
the  joints  of  division  in  SU  draw  lines  from  the  centre 
O of  the  ground  vault  to  meet  the  curve  S'l'U ; and 
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tliroiigli  tlie  points  of  (livision  in  the  base  PR  of  tlie  cross  rib  Pt^R  draw  lines  parallel 
to  KK,  to  terminate  in  the  line  PK,  and  in  the  semicircle  PQ.R.  I'rom  the  points  where 
these  lines  meet  FK,  draw  perpendiculars  on  one  side  of  FK,  and  make  the  heights  of 
these  j)erpendiculars  respectively  C(jual  to  the  ordinates  of  the  arc  PQ,R  ; and  through  the 
ends  of  these  per})endiculars  draw  a curve  FVK,  which  will  be  the  angle  rib.  From  the 
j)()ints  of  meeting  in  the  line  FK  draw  lines  parallel  to  FG,  and  through  the  points  of 
division  in  SU  draw  lines  to  the  centre  O,  intersecting  the  former  lines  drawn  from  the 
points  of  division  in  FK  ; through  the  corresponding  points  of  intersection  draw  the 
curves  SRL  and  KBU,  which  will  form  the  plan  of  the  angle. 

1931.  In  single  groins  the  centres  are  made  for  the  widest  avenue,  and  are  covered  ovei 
ivith  boards  {Jig.  638.),  so  that  the  top  of  the  boards  may  form  the  surface  required  for 
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turning  the  arcli  upon  the  intersections;  or  the  angles  are  found  by  the  following  practical 
I method.  The  groins  meet  in  the  })oints  I,  C (Jig.  639.),  upon  the  boarding  of  the  two 
groins.  Place  the  straight  edge  of  a hoard  upon  the  point  I,  so  as  to  range  over  the  line 
GH  on  the  plan  Then  set  up  another  straight  edge  upon  the  point  II,  so  as  to  be  vertical, 
■ and  the  straight  vertical  edge  will  meet  the  horizontal  edge  ; then  apply  a third  straight 
edge  to  e.ach  of  the  other  two  straight  edges,  so  that  it  may  also  come  in  contact  with 
the  boarding.  After  this  draw  a line  along  this  third  straight  edge  upon  the  boarding  as 
tar  as  may  be  found  convenient  ; shift  the  moveable  or  third  straight  edge,  and  apply  it  in 
the  same  manner  to  another  adjoining  portion  of  the  surface  of  the  boarding.  Proceed  in 
the  same  manner  until  the  whole  line  he  completed  on  the  surface.  By  this  means,  the 
necessity  of  laying  down  lines  for  the  covering  is  avoided.  The  lines  being  thus  drawn, 
ribs  for  the  cross  vaults  are  fixed  on  the  top  of  the  boarding  ; so  that,  making  j)roper 
allowance  for  the  thickness  of  the  same,  its  surface,  when  fixed,  may  form  the  true  surface 
of  the  other  cross  vault.  The  ribs  fixed  upon  the  boarding  to  form  the  cross  vaults  are 
called  Jack  ribs. 

1952.  The  mode  of  constructing  the  curves  by  lines  is  shown  for  a rectangular  groin  in 
Jig  640.,  in  which  A is  the  plan,  B the  elevation. 

Here,  to  find  the  pliant  moulds  for  forming  the 
groins  on  the  surface  of  the  boarding,  and  working 
the  arch-stones,  describe  a semicircle  on  one  of  its 
sides,  and  divide  it  into  any  convenient  number 
of  equal  parts.  Draw  lines  perpendicular  to  the 
base  or  diameter,  the  semicircle  being  supposed  to  be 

, within  the  piers;  the  ordinates  will  cut  the  diago- 
nals : but  if  it  be  laid  down  on  the  outside,  the  or- 
dinates must  be  produced  until  they  cut  the  diago- 
I nals.  From  the  points  where  the  ordinates  cut  the 
I curve,  draw  lines  parallel  to  the  other  side  of  the 
I groin,  and  produce  the  side  on  which  the  diameter 
of  the  semicircle  is  placed,  and  extend  the  semicir- 
cular arc  with  its  divisions  upon  any  convenient  ])art 
of  the  line  thus  produced.  Through  tlie  points  of 
division  draw  perpendiculars,  so  as  to  Intersect  with 
the  former  parallel  lines  ; then  through  the  points  of 
intersection  draw  the  curve,  as  shown  at  C,  which 
will  be  the  mould  required. 

1953.  Sometimes  several  vaults  meet  in  one  com- 
mon centre,  as  in  Jig.  641.,  which  exhibits  the  plan 
of  an  equiangular  and  e(]uilateral  groined  vault, 

construct'd  of  semicircular  arches.  Fig.  «io. 
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I 954.  AVIlcre  the  j)iers  supporting  groins  {Jig. 
642.)  are  made  octangular,  the  angles  of  the 
groins  should  be  cut  off  or  arched  as  ribs,  by 
which  they  are  rendered  much  stronger  than 
when  they  are  square.  In  stone  groins,  where 
the  arch  is  cut  off,  there  is  no  advantage  in  point 
of  strength,  and  rather  a defect  in  point  of  ap- 
pearance, to  the  groined  angles. 

1955.  Arches  intersecting  a coved  celling  are 
similar  to  groins.  Such  arches  are  called  lunettes, 
'ind  are  generally  ])ractlsed  for  semicircular- 
headed  windows  piercing  the  coves  in  the  ceiling: 
fig.  643.  exhibits  a plan  and  section  of  such  arches. 

1956.  A dome  is  a solid,  which  may  be  con- 
ceived to  be  generated  by  the  figure  of  the  b ise 
diminishing  as  it  rises,  till  it  becomes  a point  at 
the  summit  ; and  when  a dome  has  a polygonal 
base,  the  arches  are  plain  arches,  and  the  con- 
struction is  similar  to  that  of  a groin.  A domed 
ceiling  of  this  kind  upon  a rectangular  plan  is 
shown  in  plan  B {fig-  644.);  the  sections  A A 
being  elliptical  in  the  top,  and  with  lunette  win- 
dows. C shows  the  geometrical  construction. 
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1957.  U'ficn  arches  intersect  an  inclined  ranlt,  and  the  projections  of  the  arrisses  cross 
;ach  other  at  riyht  angles,  and  the  angle  of  elevation  of  one  of  the  seinicircnlar  vertical  rd/s 
of  the  ascending  avenue  or  opening  is  given  to  ohtain  the  geometrical  construction  ; so  that 
the  cross  arches  mag  be  cglindricid  surfaces. 

Draw  the  straight  line  AH  (fg.  645.)  to 
represent  the  axis  of  the  inelined  vault,  and 
draw  Cl)  perpendicular  to  AH.  Produce 
Cl)  to  e and  // ; make  AC  and  AD  each 
f(jiial  to  the  radius  which  forms  the  edges 
oftherihs;  draw  AN  parallel  to  AH,  and 
make  the  angle  NAn  ecpial  to  tlie  inclination 
of  the  axis  represented  by  its  plan  AH.  In 
the  line  ho  take  any  point  p,  and  draw  qr 
parallel  and  ps  perpendicular  to  A N.  Make 
ps  ecjual  to  AC  or  A 1),  and  through  s draw 
iJ  parallel  to  ho.  Draw  pu  perpendicular 
to  \^,  cutting  it  in  u.  Produce  pu  to  v. 

.Set  the  circumference  of  the  inclined  vault 
from  u to  V,  divided  into  the  equal  parts  u,  1 , 

1,‘2;  2,  .9;  .9t>,  at  the  points  1,  2,  3.  Divide 
each  of  the  quadrants  qs,  sr,  into  the  same 
lunnher  of  e<]ual  parts  at  the  points  I,  2,  3, 
and  through  these  points  and  in  uv  draw  1 a, 

'■Jh,  3c  parallel  to  vt,  and  through  the  points 
1,  2,  3,  in  the  cui've  qs,  draw  iJj,  la,  2b,  P.c, 
parallel  to  pu.  Through  all  the  points 
L,  rt,  b,  c draw  the  curve  LaAcr,  and  this  will  be  the  pliable  mould  for  forming  the  angle  or 
groin  over  the  plan,  and  for  working  the  arch  stones.  Draw  DA  parallel  to  Az.  Let 
divide  the  circumference  CED  into  the  two  equal  parts  EC,  ED  ; divide  the  arcs  DE,  EC 
into  the  same  number  of  ecjual  parts  as  uv  at  the  })oints  1 , 2,  3,  and  draw  1 tv,  2x,  Sg,  E 
parallel  to  AH;  also  through  the  points  1,  2,3  in  the  (juadrant  qu  draw  gk,  Dc,  2x,  3g,  vz, 
perj)endlcular  to  3/N  ; then  through  the  points  A,  w,  x,  g,  z,  draw  a curve,  which  will  be  the 
plan  of  the  groin  whereof  the  stretch-out  is  ~Labcv.  In  the  same  manner  the  other  half  of 
the  })lan  will  be  found,  as  also  the  whole  of  the  other  parts. 

19  . 8.  The  form  <f  an  arch  crossing  an  inclined  groined  vault  at  right  angles,  and  the  j>lan 
of  the  diagonal  ribs  being  given  ; to  fnd  the  arch  of  the  level  vault.  Let  AH,  HC  {fy,  646.) 
l)c  the  plan  of  the  axis  of  the  vaults.  Through  any 
point  A in  AH  draw  DF  perpendicular  to  AH,  and 
make  AD  and  AF  each  etjual  to  the  horizontal 
breadth  of  the  vault.  Draw  DG  and  FH  pa- 
rallel to  AH;  draw  also  any  line  LK  parallel  to 
AH,  cutting  BC  in  C,  and  make  the  angle  KIL 
e(|ual  to  the  inclination  of  the  axis  represented  by 
its  plane  AH.  Make  CM  and  CK  equal  to  the 
breadth  of  the  level  vaults;  draw  KG  and  MN 
parallel  to  BC,  and  let  MN  cut  DG  in  N,  and  FH 
in  F.  Draw  the  diagonals  PG  and  NH.  Pro- 
duce GK  to  cut  IL  in  L,  and  NM  to  cut  IL  in  Q. 

In  the  curve  DEF  take  any  number  of  ])oints  a, 
b,  c,  and  draw  ad,  be,  cf  parallel  to  AH,  cutting  DF 
in  the  points  p,  q,  r,  and  the  diagonal  GP  in  d,  e,f 
and  the  diagonal  PIN  in  the  points  d',e',f.  Pro- 
duce HA  to  E,  draw  dl,  em,  fu.  Bo  parallel  to  BC, 
cutting  Q.L  in  the  points  g,  h,  i,  A ; make  gl,  hm,  in, 
ko  equal  respectively  to pti,  qb,  re,  AP2;  then  through 
the  points  I,  in,  n,  o,  draw  the  curve  QoL.  Draw  HR 
perpendicular  to  NH,  and  make  HR  equal  to  KL, 
and  join  NR;  then  will  HR  be  the  line  of  ramp  for  fik 

the  diagonal  rib  over  its  plan  HN.  Perpendicular  to  II  N,  draw  dv,  e'lv,  fg,  HG  cutting 
the  line  of  ramp  RN  in  the  i)oints  s,  t,  u,  v.  IVIake  sv,  tw,  uy,  vG  resjjectively  ecjual 
to  pa,  qb,  rc,  AE.  Then  through  all  the  points  v,  w,  y draw  a curve,  which  will  be  the 
angle  rib  standing  over  HN,  and  which  will  also  serve  for  the  angle  rib  standing  over 
GP.  All  the  groined  vaults  continued  in  the  same  range  may  be  constructed  by  the  same 
moulds. 

1959.  To  make  the  ivorhing  drawings  for  a semtcircnlar  arch  with  a straight  face,  and 
to  describe  the  moulds  for  the  voussoirs.  This  simple  case  rvill  serve  as  a rule  for  those  fol- 
lowing; hence  the  exi)lanation  should  be  perfectly  understood,  as  all  the  other  cases  dill'er 
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from  it  only  according  to  the  different  kinds  of  arches  to  he  constructed  ; such  as  the  hevelleo 
arch,  that  in  a hatterhig  or  sloping  wall,  and  that  on  a circular  wall. 

19(>0.  Dra\;  two  lines  {fig.  G47.)  perpendicular  to  and  crossing  each  other,  as  BA,  CD 
From  the  ])oint  E,  as  a centre,  describe 
the  sofite  curve  ACB,  and  the  extrados 
or  ui)per  curve  FGH.  Divide  each  of 
these  arcs  into  two  equal  parts,  as  the 
dotted  arc  ahc.  Draw  L]M  parallel  to 
AB,  and  make  the  distance  A'  L equal 
to  the  thickness  of  the  wall  wherein  the 
arch  is  to  be  constructed.  Draw  the 
outer  and  inner  lines  of  the  plan  F'K, 

A E,  B'M,  II N parallel  to  CD.  Divide 
the  arc  ACB  into  the  proper  number  of 
equal  parts  for  the  arch  stones  or  vous- 
soirs,  suppose  five,  by  the  joint  lines  1, 

2,  3,  4;  from  the  point  E draw  the 
joints  1 — 5,  2 — 6,  3 — 7,  4 — 8;  then 
from  every  point  where  the  joints  cut 
the  arcs  ACB,  FGH,  &c.  draw  the 
per])endiculars  cutting  tlie  line  K N, 
as  Sd,  cM,  4/,  Ig,  hi,  3k,  21,  mn.  Go, 
p,  aL,  and  5s.  Divide  the  sofite  of 
each  voussoir  Al,  1 — 2,  2 — 3,  &c.  into 
two  equal  ])arts  I,  u,  v,  w,  from  which 
also  let  fall  the  perpendiculars  ^Y,  wX, 
rV,  wT. 

1961.  To  draw  the  moulds  of  the 

snjite  below  NK.  Draw  the  line  OP 
parallel  to  the  line  KN ; prolong  ED 
to  Z and  make  the  distance  QZ  ecpial 
to  ED.  Through  Z draw  IIS  parallel 
to  OP,  and  on  each  side  of  Q.Z  lay  off 
the  distances  C3,  3w,  vA,  Aw,  and  wB 
respectively  on  Q,.r,  xy,  ya,  ah,  and  5P.  Fi^.  G47. 

On  the  other  side  lay  off  C2,  2u,  u\, 

D and  t\  on  Qc,  cd,  de,  ef,  and/0.  Through  the  points  O,  e,  c,  x,  a let  fall  on  RS  the  per])en- 
diculars  OR,  ea',cd',  xc',  ad,  PS,  and  through  the  points  /i  d,  y,  h let  fall  the  jierpendiculars 
from  the  middle  sheetings  fe',  df,  yg',  bh' ; the  distances  of  the  dark  lines  give  the  breadth 
of  the  sofite  of  each  stone  in  the  sofite  curve. 

1962.  I'o  draw  the  moulds  of  the  joints  : lay  off  the  distance  1—5  on  eg,  ch,  xi,  ak,  and 
through  the  points  ghin  draw  the  lines  gq,  hi,  im,  lip,  parallel  to  QZ.  To  find  the  middle 
of  the  joint  divide  the  distances  eg,  ch,  xi,  an,  each  into  two  equal  parts,  as  in  k\  m',  g,  i 
through  which  draw  the  lines  k'l,  m'n',  q'r',  s t parallel  to  QZ. 

1963.  The  elevation  is  a section  of  a hollow  cylinder,  of  which  the  concave  or  interior 
surface  forms  the  intrados  of  the  arch,  and  the  convex  or  exterior  surface  the  extrados,  and 
of  which  the  cutting  plane  of  the  section  is  perpendicular  to  the  common  axis  of  the 
cylinder. 

1 964.  The  angles  of  the  stone  are  found  from  the  angle  which  the  arc  of  this  section 
makes  with  any  joint,  and  the  curving  of  the  sofite  of  the  stone  is  found  by  a ruler  or 
mould,  the  edge  of  which  is  made  to  the  curve.  The  ends  of  the  sofite  are  found  by  its 
developement. 

1965.  When  the  stones  are  shaped  according  to  the  moulds, 
and  joined  together  in  consecutive  order,  the  whole  mass,  thus 
united,  will  form  the  solid  arch  as  recpiired. 

1 966.  These  separate  operations  being  properly  attended 
to,  every  difficulty  will  be  removed,  and  no  confusion  will 
arise  during  the  process,  which  can,  in  any  degree,  tend  to  per- 
plex the  delineator. 

1967.  To  find  the  bevels  and  moulds  fir  the  joints  and  sofites 
of  an  elliptical  arch  cutting  obliquely  through  a straight  wall, 
the  joints  radiating  to  the  centre  of  the  opening.  Draw  the  axis 
EN  of  the  arch  {fg.  648.;,  and  therein  take  any  point  E, 
through  which  draw  AB  perpendicular  to  EN;  make  EA  and 
EB  each  equal  to  half  the  space  of  the  extrados  or  centre 
Tine  of  the  arch  ; also  make  EC  and  ED  each  etpial  to  half 
the  span  of  the  inner  arch.  I’roduce  the  diameter  NE  to  G ; 
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m;ike  KK  equal  to  the  height  of  the  inner  areh  and  f'.G  equal  to  the  height  of  the  omer 
iiieli.  (hi  the  major  axis  All,  and  seini-ininor  axis  EG,  descrilie  the  semi-ellipsis  AG  15, 
which  is  the  extrados  of  the  areh.  Also,  on  Cl)  as  the  major  axis,  and  EF  the  semi-minor 
axis,  describe  the  semi-ellipsis  CFl). 

] 9()8.  Make  the  angle  ABII  eijual  to  the  angle  which  the  wall  makes  with  the  right 
section  of  the  arch,  and  let  BII  cut  the  axis  in  K.  Draw  ML  at  such  a distance  from 
HI  I that  they  may  comprehend  between  them  the  thickness  of  the  wall,  and  let  ML  cut 
the  axis  in  N.  The  intrados  of  the  areh  on  the  one  side  of  the  wall  is  OPR,  and  the 
extrados  is  L(^M  ; they  are  both  ellijises  respectively  of  the  same  height  as  the  intrados 
and  extrados  of  the  right  arch,  hut  ivith  the  axes  OR  and  LM. 

1 9()9.  To  find  the  becel  of  the  antjle  of  the  arch  stones  corresponding  to  the  johd  ab 
tending  to  the  centre  E.  Describe  the  arc  be  from  E with  the  radius  E/i  cutting  AB  in 
c.  Draw  bg  parallel  to  EN  cutting  BII  in  g,  and  draw  cd  parallel,  and  perpendicular, 
to  EN,  and  join  Kf/:  then  EKrf  is  the  angle  or  bevel  required  {fig.  648.) 

1970.  'I'he  sofite  of  the  arch  is  drawn  according  to  the  general  principles  of  developement 

1971.  To  make  the  working  drawings  for  an  arch  hi  a sloping  wall,  as,  for  instance,  an  arch 
in  a terrace  wall.  To  draw  the  elevation;  from  any  convenient  point  o in  the  line  AB 
( fig.  649.),  describe  the  arc  of  the  intrados  ^ 
nVf  and  the  arc  of  the  extrados  AQB:  di-  h] 
vuie  each  of  these  arcs  into  odd  numbers  of 
C(]ual  parts  (for  the  arch  stones  in  this  ex- 
ample f've),  and  draw  the  joints  bg,  ch,  di,  ek. 

I'or  the  plan  of  the  arc  of  the  intrados  draw 
AH  junpendlcular  to  AB,  and  draw  the  line 
of  slope  or  batter  AS.  In  the  arc  of  the  in- 
trados take  any  number  of  points  bed,  cSrc. 
and  draw  the  lines  bb,  cc,  intersecting  AR  in 
the  points  1,  2,  &c.  and  meeting  the  line  of 
batter  AS  in  the  points  be.  Draw  CD  ]>a- 
rallel  to  AB,  and  at  any  convenient  distance 
from  it  draw  aubvew  perpendicular  to  CD, 
intersecting  it  in  the  points  e,  I,  m,  n,  &c.  Find 
the  points  b',  c',  d'  in  the  straight  lines  bv,  mw, 
nx,  such  that  the  distance  of  those  points 
from  the  line  ED  may  be  respectively  equal 
to  the  intervals  16,  Ic,  &c.  between  the  per- 
pendicular AR  and  the  line  of  batter  AS, 
and  draw  the  curve  a'  b'  c' d'  e'  f,  Avhich  will 
he  the  plan  of  the  arc  of  the  intrados.  In 
the  same  manner  the  curve  lLg‘h'ik\'i  may  be 
described  ; which  being  done,  the  plan  of  the 
arc  of  the  extrados  will  be  obtained. 

1972.  To  find  the  moulds  of  the  sofites 
and  beds.  Draw  any  straight  line  HI  in  a 
separate  place,  and  extend  the  arc  of  the  in- 
trados abedef  upon  the  line  HI  from  H to  I; 
divide  it  into  the  same  number  of  parts  that 
the  arc  aVj  of  the  intrados  is  divided  into  (in  this  instance  five),  and  mark  the  points  of  divi-- 
Sion/',  m',  n',  c' . Transfer  the  distances  ea',  lb',  me  between  the  line  CD  and  the  plan  of  the 
arc  of  the  intrados,  to  the  perpendiculars  n"a",  l”h",  rn  'e",  n"d",  c"e",  and  through  the  points 
d'h"c"d"e"f"  draw  a curve,  which  xvill  be  the  developement  of  the  arc  of  the  intrados.  Ih  o- 
duce  the  lines  l"b",  rn'  c",  n'd",  to  v",  w",  x",  and  transfer  the  distances  b'v,  cw,  d'x  from 
the  plan  to  the  sofite  on  the  Vines  b"v",  c 'w",  d"x".  T>va\v  ga ',  hb' , ic",  kd"  perpendi- 
cular  to  HI;  transfer  the  distances  17 'a,  h'h,  i'e  from  the  plan  to  the  sofite  upon  go!',  hb”, 
ic",  and  join  a"v",  h"w”,  x"c",  which  will  complete  the  moulds  of  the  joints. 

1973.  To  make  the  drawings  for  an  oblique  arch  by  an  abridged  method..  The  following 
method  is  said  to  be  abridged,  because,  by  one  very  short  operation  the  moulds  of  the 
sofites  and  joints  are  found  within  the  plan  of  the  arch  ABDC  {fig.  650.).  Divide  AB 
in  E into  two  equal  parts,  and  draw  EF  parallel  to  AG.  From  the  i^olnt  A draw  AG 
perpendicular  to  AC;  prolong  DB  to  G ; divide  AC  into  two  equal  parts  in  the  })oint  H. 
from  H,  as  a centre,  describe  the  arc  AFG,  which  divide  into  voussolrs,  and  draw  the 
joints  from  the  centre  H.  Draw  lines  from  each  sofite  parallel  to  EF,  and  below  the  line 
( I);  the  moulds  for  the  sofites  are  comprised  between  the  parallels  of  the  key,  and  those  of 
the  joints  are  traced  on  the  sides  of  the  plan,  as  follows  : — 

1974.  To  find  the  moulds  of  the  sofites.  Through  the  point  Q draw  QN  parallel  to 
(>I1.  'rofindon  RS  the  ])oint  N,  through  the  ])oint  K draw  KL  also  i)airallel  to  GH.  To 
find  on  (iT  the  point  M,  and  on  RS  tlie  point  L,  draw  the  front  line  of  the  second  sofite 
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MN,  and  tlic  front  line  of  tlie  first  IL.  Tlie 
back  of  tl.is  sheeting  sofite  is  found  by  the  same 
operation  below  tlie  iilan.  The  mould  of  the 
key  is  formed  by  two  lines  RS,  QT,  the 
front  and  back  lines  of  the  ])lan  AR,  Cl);  the 
two  moulds  of  the  sotites  NMTS  and  LI XV 
serve  to  trace  the  two  stones  on  each  side,  ob- 
serving only  that  the  lower  arrisses  of  the  sofite 
on  the  side  AC  become  those  of  the  top  on 
the  side  R 1)  ; or  that  the  under  arriss  of  one 
side  may  be  that  on  the  other  side  by  reversing 
the  mould,  which  will  have  the  same  effect. 

1975.  To  jind  the  moulds  of  the  beds  or  joints. 

Prolong  NQ  to  meet  DG,  to  ffnd  the  point  P, 
uiid  through  it  and  the  point  E draw  the  front 
of  the  second  joint  P2  ; prolong  LM  to  GD  to 
find  O,  through  which  and  the  point  E draw 
the  front  of  the  joint  03.  Proceed  in  the  same 
manner  to  find  the  backs  of  the  other  joints,  which 
are  sufficient  also  to  trace  the  stones  by  reversing 
them.  It  is  not  absolutely  necessary  to  cut  out 
the  moulds  of  the  sofites  and  joints,  but  the 
angles  may  be  taken  by  bevels  and  applied  to 
stones.  The  heads  are  prepared,  as  usual,  with 
the  moulds  of  the  heads  of  the  straight  arc.  It 
must  be  observed,  that  in  this  arch  the  face  or 
front  differs  from  a straight  arch,  being  formed  by  different  sections  of  a cylinder. 

1976.  2b  find  the  numids  for  an  oblique  arch,  whereif  the  front  slopes  and  the  rear  are  per> 
ptndicular  to  the  axis.  Let  A'R'GH  {fig. 

651.)  he  the  plan  of  the  imposts.  From 
the  point  a,  as  a centre,  describe  the  arcs 
ACR,  DR  I,  which  divide  into  five  or  more 
e(jual  parts  for  the  arch  stones.  Draw 
the  joint  lines  from  the  centre,  and  the 
perpendiculars  from  tUe  joints  below  the 
line  A R.  Fron  the  summits  of  the  per- 
pendiculars, draw  lines  parallel  to  A R, 
to  terminate  in  the  perpendicular  DF. 

FYom  the  pcjint  D,  as  a centre,  describe 
arcs  from  the  points  wh.ich  terminate  in 
DF,  to  meet  the  line  of  slope  DE  in  the 
])oints  m,  I,  k,  E.  Draw  the  lines  mr.  Is,  lit, 

EF  parallel  to  AB,  meeting  the  perpendi- 
cular DF  in  the  jioints  rs^F ; transfer  the 
distances  rm,  tk,  uF  from  n to  b\  from  o 
to  c',  from  a'  to  s',  and  tlirough  the  points 
A'b'c'd'e'lV  draw  the  curve.  Find  the 
extrados  or  outer  line  Fifghi  in  a manner 
similar  to  that  in  which  the  inner  curve 
has  been  found.  Draw  the  points  bf',  r.'g', 
d'h,  e'i.  Prolong  AH  and  RG  to  K and 
L,  and  draw  the  lines  b'b,  e'e,  d'd  parallel  to  AK. 

1977.  To  make  the  straight  arches.  Draw  KL  perpendicular  to  A'K,  and  produce  K L to 
f^iiwdg'.  Transfer  the  distances  between  the  points  m,  I,  k,  E,  and  the  line  Q,D  to  the 
ordinates  of  the  lower  arc  from  b to  v,  from  c 

to  w,  from  d to  x,  and  from  e to  g,  and  draw 
the  curve  Kvw.rgL,.  Also  find  the  outer  curve  in 
tlie  same  manner,  and  draw  VT  at  right  angles 
to  AH. 

1 978.  To  find  the  moulds  of  the  sofites.  Draw 
the  line  WX  {fig.  652.)  in  any  convenient  sur- 
face, and  lay  tlie  breadths  of  sofite,  not  from  the 
arc  ABC  as  before,  but  from  those  of  the  right 
arc  'Kvwxglj,  that  is,  transfer  the  distance  Ku, 

U'w,  WX,  xg.  gh  to  the  line  WX  ujion  Wa,  ab,  be, 
cd,  and  (iX.  Through  the  points  \\abcd\,  draw 
the  lines  dy,  ei,  fk,  yl,  hrn,  gz,  perwiidicular  to 
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WX.  Tninsfor  the  distances  1 A,  26',  3c',  4ri',  5e'  upon  the  perpendiculars  to  "WX  ; tliat 
is,  from  a to  e,  from  6 to/,  from  c to  g,  from  d to  A,  and  from  X to  y,  and  join  (/c,  ej\  fg,  gh, 
hy.  Ill  the  same  manner  draw  the  line  yi/dmz,  which  will  complete  the  sofites. 

1979.  To  find  the  moulds  of  the  joints.  Transfer  the  distances  wy,  x5,  y e,  to  the  line 
X W from  a to  a,  from  6 to  from  c to  7,  and  from  d to  5,  and  through  the  points,  a,  7,  6 
draw  tlie  iines  nr,  os,  pt,  5u  perpendicular  to  WX.  Find  the  j)oints  71,  0,  p,  q,  as  also,  r,s,t,u,  as 
in  the  preceding  examples  : then  the  moulds  of  the  joints  will  be  eirn,  fkso,  ptig,  h^uni.  It 
must  be  observed  that  the  boundaries,  or  extrados  and  intrados,  Dill,  ACB  of  the  ring  of 
the  arch,  do  not  stand  in  a plane  iierpendicular  to  the  jilan,  but  are  supposed  to  be  tlie 
lines  which  are  drawn  on  the  wall  itself;  and  this  is  the  reason  why  arcs  are  described 
between  the  perpendiculars  DF  and  the  line  of  slope  DE.  It  must  also  be  observed,  that 
the  voussoirs  of  this  arch  must  be  cut  by  the  moulds  of  the  heads  of  the  straight  arch,  and 
the  moulds  of  the  sotite  must  be  apjilied  on  the  voussoirs  before  the  sofite  is  hollowed. 
Thus,  let  the  first  voussoir  on  the  right  hand  be  cut  by  the  head  mould  on  that  face  of  the 
stone  intended  for  the  sofite  ; apply  the  first  sofite  mould,  and  its  upper  bed  the  first  joint 
mould,  and  on  its  under  bed  the  plan  of  the  impost.  Then  cut  the  two  heads  according 
to  these  moulds,  and  hollow  the  sofite  square  to  its  arrisses,  using  for  this  purpose  the 


curved  bevel. 

1980.  2'o  find  the  moulds  for  executing  a semicircular-headed  arch  in  a mass  of  masonry,  of 
which  one  of  its  faces  is  a battering  plane  upon  an  oblique  plan,  and  the  other  opposite  face  a 
portion  of  a cylindric  surface.  Describe 
the  intrados  and  extrados  of  the  eleva- 
tion ; draw  the  joints  and  describe  the 
plan  a'b'c'd'ef  of  the  intrados  (jig.  653. ), 
and  the  plan  Eg'h  i'k'D  of  the  extrados. 

Draw  Bll  perpendicular  to  AD,  and 
draw  BS',  the  portion  of  the  cylindric 
surface.  From  the  arc  BS’  draw  the 
plan  aTm'n'of  of  the  intrados  upon  the 
line  TU,  and  the  plan  T//7'7's'U  of  the 
extrados  in  the  same  manner  from  the 
arc  BS,  as  the  plan  of  the  plane  face 
was  drawn  from  the  line  of  slope  AS. 

1981.  To  find  the  plan  of  any  joint, 
as  that  for  the  line  or  joint  ch  in  the 
elevation.  Bisect  ch  in  v,  draw  cm',  vw', 
and  hq'  perjrendicular  to  AB,  intersecting 
the  line  VD  in  the  points  quc.  From 
the  points  cvh,  in  the  joint  ch,  draw  cc, 
vv,  hh,  meeting  the  line  AS  in  the  points 
cvh,  and  intersecting  the  line  All  in  tlie 
points  1,  3,  2 by  three  intervals,  Ic,  3v, 

2k . Find  the  places  hvc  of  the  three 
points  hvc  on  the  elevation.  In  the  same  manner  find  the  places  q'w'm'  of  the  three  cor- 
responding points  ; then  will  c'v'h  ' q'w'm'  be  the  plan  of  the  joint  required.  The  plans  of  the 
other  joints  will  be  found  in  the  same  manner. 

1982.  To  find  the  joint  mould  itself.  Draw  the  line  HI  (fig.  654.)  equal  in  length  to  the 
developement  of  the  intrados,  and  let  He 
be  the  developement  of  the  arc  ac  ; draw 
cm"  perpendicular  to  HI.  Draw  any  line 
WX  in  the  plan  parallel  to  VD,  inter- 
secting the  lines  c'?n',  vw',  h'q,  in  the 
points  1,2,  3.  Draw  W X'  in  the  deve- 
lopement or  sofite  parallel  to  HI,  and 
at  the  same  distance  from  HI  that  WX 
is  from  VD  in  the  plan,  and  let  WX  in- 
tersect the  line  c"?7j"  in  1 . Make  the 
distances  1 — 2,  2- — 3 respectively  equal 
to  cv,  vh,  in  the  joint  ch  in  the  elevation, 
and  through  the  points  1,  2,  3,  just  found, 

draw  VW,  h”q",  parallel  to  C'w".  From  the  ])lan  transfer  the  distances  2v',  2iv',  3h',  ?>q''  to  the 
sofite  from  2 to  V,  and  from  2 to  W ; also  from  3h  " and  from  3 to  g the  points  cvp'  will  be 
in  a straight  line,  because  they  conespond  to  the  straight  face  of  the  wall,  and  the  points 
m",  IV,  q"  will  be  in  a curve,  because  they  correspond  to  the  cylindric  surface.  Draw,  there- 
fore, the  straight  line  c"h",  and  draw  the  curve  line  m"wq”,  which  will  be  a portion  of  an 
ellipsis,  differing  in  its  curvature  luit  in  a very  small  degree  from  that  of  a circle  drawn 
through  the  same  three  points.  However,  if  more  exactness  be  required,  we  may  find  as 
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many  iK)iiits  In  the  joints  of  the  surface  of  the  wall  and  in  the  cylindric  surface  as  we  please; 
tiieii  c'  ln'p  'li"  is  the  joint  recpiired,  which  serves  for  the  upj)er  and  under  beds  of  the  two 
stones  tliat  unite  together  in  that  joint. 

Find  all  the  other  joint  moulds  h'T'p'g',  d'n''v''t",  e"o"s"k'\  in  the  same  manner, 
;md  find  the  points  a"f"  in  the  developement.  Through  the  points  a"b"c"d'e'f"  draw  a 
curve  line  by  hand,  or  by  a ruler  bent  to  the  points,  and  this  will  be  the  front  curve  of  the 
so  ite.  Find  the  points  k ’p"  in  the  developement  corresponding  to  the  j)oints  a'  and  /'  on 
tlie  jdan,  and  through  the  points  corresj)onding  to  the  points  a and  f on  the  plan,  and 
the  points  h l"vi”n"o"j->",  draw  another  curve,  which  will  be  tlie  deveiojiement  of  the 
other  side  of  the  sofite.  The  developements  of  each  of  the  parts  of  the  sofite  and  of  the 
two  adjacent  joint  moulds  give  the  three  moulds  for  working  one  stone  and  the  adjacent 
joints  of  the  stone  on  each  side  of  it.  The  angle  which  each  of  these  joints  makes  with  the 
soiite  is  found  by  making  a bevel  with  one  of  its  edges,  circular  for  the  intrados  of  the  arc 
of  the  elevation,  and  the  other  to  coincide  with  the  joint  line  adjacent. 

] 984.  To  find  the  moulds  for  executing  a gateway  in  the  quoin  of  a sloping  wall. 

A BCD  (fig. 655.)  be  the  plan  of  the  angle 


Let 


in  which  the  arch  is  to  be  constructed, 
whereof  AB  is  the  span.  Draw  the  centre 
line  EL,  to  which  draw  the  i)erpendicular 
FG.  Prolong  the  line  CAto  F,  and  DB 
to  G ; then  from  the  point  L,  as  a centre, 
describe  the  sofite  FIIG  and  its  extrados. 
Divide  these  arcs  into  e(]ual  ])arts  for  the 
arch  stones,  and  from  the  divisions  let  fall 
perpendiculars,  and  also  from  the  middle 
of  the  sofites  to  EC,  ED.  From  the  sum- 
mits of  the  perpendiculars  draw  lines  pa- 
rallel to  F G terminated  by  the  lines  of  slope 


a],  a2,  a3,  a4  respectively  at  right  angles 
to  the  lines  on  the  i)lan,  on  dl,  h2,  dS,  64, 
K.5  ; also  on  the  opposite  side -lay  a2,  u4 
on  d2,  64  ; then  on  one  side  draw  the  curve 
A66K,  and  on  the  other,  to  abridge  the 
work,  join  B6,  66,  6K.  Again,  for  the 
outer  curve,  or  extrados,  set  off  cl,  c2,  cG 
on  di,  d2,  N.8.  On  both  sides  draw  the 
curve  IVIcffiO  on  the  one  side,  and  to 
abridge  the  labour,  draw  the  straight  lines 
(),/,  dd,  dN. 

1 985.  To  find  the  moulds  of  the  sofites. 
Draw  the  line  PO  (fig.  656.),  on  which  lay 
the  arc  of  the  sofite  FUG  in  the  usual 


Fifj.  f5-. 


manner, making  the  points  1, 2,  S,  which  correspond  to  the  points  dividing  such  arc  into  cciual 


parts  ; then  on  the  lines  of  the  sofite  lay  the  distances 
FA,  fb,  gb,  Id),  I^K,  on  I’R,  \k,  21,  3ni,  4m,  Q8,  and 
trace  the  front  curve  of  the  sofite  R7j//a«S.  Also  repeat 
the  same  on  the  other  side  where  there  is  only  a straight 
line  drawn  from  one  sofite  curve  to  another. 

1 986.  To  fi)id  the  back  curve  of  the  sofite.  I. ay  the  dis- 
tances eo,  fp,  gq,  hr,  LE  on  PT,  lo,  2t,  3u,  4v,  QU,  and  trace 
the  curve  TotavX]. 

1987.  To  find  the  moulds  of  the  beds  or  joints.  The 
sofite  lines  to  which  the  beds  belong  are  2t  and  4v. 


Draw  the  straight  lines  eb,  fd  parallel  to  Q.U,  respectively  distant  from  2t,  4v  by  the 
breadth  GI  of  the  joint,  and  let  the  Vines  be,  fd  meet  PQ,  in  e and  f;  make  ea  c(|ual 
to  gd,  and  ab  equal  to  dw,  and  join  al,  bt ; make  fc  equal  to  hd,  and  cd  erpial  to  dx,  and 
join  nc,  vd.  To  trace  the  stones  by  moulds,  prepare  the  voussoirs  with  the  head  of  the 
moulds  of  the  straight  arch  FIIG.  The  sofite  should  be  hollowed  in  each  voussoir  by 
its  particular  mould  ; the  rest  is  done  as  usual ; but  it  must  be  observed,  that  if  tlie 
soiite  moulds  are  made  with  straight  lines  in  front  and  near  the  sofite,  it  must  not  be  hol- 
lowed till  the  last.  The  voussoirs  may  be  worked  by  bevels,  preparing  the  stones  by  the 
)>!ans  ACVAI,  BDWO,  as  for  common  imposts.  Although  the  arch  in  each  front  he  not 
absolutely  necessary  here,  we  shall  give  the  method  of  constructing  it.  Let  the  line  mu 
be  drawn  apart,  on  which  lay  the  distances  L5,  L4,  E2,  LA  on  the  lines  ?is,  nq,  no,  urn 
square  to  mm.  Draw  the  pei'iiendiculars  op,  qr,  st,  on  which  lay  the  heights  of  the  joints  of 
the  straight  arch  taken  on  the  line  of  slope  ; that  is,  lay  I2,  on  op,  I4  on  qr,  15  on  st,  and 
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Let 


:lia\v  tlic  line  vt,  which  is  the  slope.  Then  draw  the  curve  mpri,  and  from  the  point  7i  draw 
the  joint  lines  jw  and  rX.  The  centre  of  this  gate  is  represented  (in  the  iipi)er  part  of  the 
diagram)  with  voussoirs,  and  the  keystone  i)laced  hehind  to  show  the  mitre  of  the  centre. 
'I’lie  soUte  moulds  serve  for  curving  the  ends  of  the  stone  where  the  intrados  meets  the 
surface  of  the  two  walls.  It  must,  however,  he  observed,  that,  previous  to  the  ap])lication 
of  the  sotite  mould,  the  concave  surface  of  the  intrados  must  be  formed  by  a mould  with  a 
convex  edge,  and  then  the  solite  mould  or  moulds  of  develojjcment  must  be  bent  into  the 
hollow,  so  that  the  two  parallel  edges  may  coincide  with  the  corresponding  edges  of  the 
stone.  The  angles  which  the  intrados  makes  with  the  joints  are  taken  from  the  elevatio:4 
of  the  face  of  the  arch.  This  elevation  is  no  more  than  a section  of  the  arch  perpendicular 
to  the  axis  of  the  cylinder  which  forms  the  intrados. 

198S.  To  construct  a semicircular-headed  arch  in  a rotind  tower  or  circular  wall. 

AHDC  (^7/.  657.)  be  the  plan  of  the  tower.  Bisect  the 
arc  AH,  and  through  the  point  of  bisection  draw  EF parallel 
to  the  jamb  line  AC  or  Bl).  Through  any  point  a in  EF 
draw  GII  perpendicular  to  EF.  Produce  the  lines  CA  and 
I)H  to  meet  GH  in  the  points  G,  II,  and  GII  will  be  bi- 
sected in  a.  From  a,  as  a centre,  and.  with  the  radius  aG  or 
oil,  describe  the  semicircular  arc  GFII.  Also  describe  the 
arc  of  the  extrados  and  divide  the  arcs  each  into  five  equal 
parts,  and  let  fall  the  perpendiculars  of  the  joint  lines,  and 
those  of  the  middles  of  the  sofite  curves  to  the  inside  circu- 
lar line  CED  of  the  tower.  Having  extended  the  arcs  of 
the  intrados  curve  on  the  line  IK,  and  having  drawn  the 
lines  of  the  sofites  and  those  in  the  middle  of  each  sheet  as 
before  directed,  lay  off  the  distances  between  the  right  line 
GII  and  the  circular  outside  line  A5B,  viz  GA  on  IX  and 
on  KZ,  cd  on  ef,  Yg  on  hi,  on  Im,  ]VIn  on  op,  ah  on  qr  ; 
then  trace  the  front  curve  on  the  sofite  XrZ.  To  find  the 
rear  curve,  lay  GC  on  lY,  cC  on  eS,  &c.,  by  which  the 
rear  curve  will  be  obtained. 

1989.  \Ve  do  not  consider  it  necessary  to  pursue  the 
construction  of  the  moulds,  the  operations  being  very  si- 
milar to  those  already  given  in  the  previous  examples. 

1990.  To  find  the  moulds  for  aji  oblique  semicircular  arch  in  a circular  tower.  The 
construction  of  this  diflers  from  the  preceding  only  in  the  bevel  or  obliquity  of  the  tower; 
hence  it  requires  no  particular  description  ; only 
observing,  that  the  bevel  causes  the  mould  to  be 
longer  on  one  side  than  on  the  other  (see  fig. 

658. ),  as  is  evident  from  the  plan  ; therefore 
the  distances  taken  between  the  right  line  AB 
and  the  circular  line  of  the  tower  CDE,  being 
unequal,  must  be  transposed  each  on  its  particu- 
lar line  of  the  mould  and  joint  to  which  it  cor- 
rvsj)onds  in  the  sofite,  that  is,  the  distance  AC 
must  be  laid  on  FG,  BE  on  III,  and  so  of  the 
rest.  To  work  the  stones,  dress  the  beds,  then 
apply  the  proper  moulds  and  cut  the  head  and 
tall  circular  as  before.  Trace  the  breadth  of  the 
sofite  on  the  upper  bed,  then  hollow  the  sofite, 
and  cut  the  joints  by  the  bevel. 

1991.  To  construct  an  oblique  arch  in  a round 
sloping  tower  intersecting  a semicircidar  arch  within 
it.  This  is  nearly  the  same  as  the  two  preceding 
cases.  On  one  side  draw  the  line  of  slope  (fig. 

659. )  AB,  and  on  the  other  the  arc  CD.  Draw' 
parallels  from  the  divisions  of  the  sofites  and  their 
middles,  as  in  the  figure,  in  order  to  cut  the  line 
of  slope  and  arc.  To  work  for  the  slope,  set  ofl’ 
all  the  retreats  comprised  between  the  perpen- 
diculars AH  and  the  line  of  slope  AB  on  the 
))erpendiculars  of  the  sofite,  square  to  the  front 
line  of  the  tow'er  F 1 9 G,  as  follows  : Transfer 
tlic  retreat  9 — 10  on  1 9 — 20  by  placing  the  com- 
jiasses  so  that  the  line  19 — 20  would  pass 

tlnough  the  centre  of  the  tow'er,  and  the  point  20  fall  on  the  centre  of  the  gate  O 75, 

and  7 8 on  17 — 18,  and  on  21 — 22  in  the  same  manner  (only  terminated  by  the  lines 
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from  the  sofitc  instead  of  the  centre  line  of 
tlie  arch),  set  also  5 — 6 on  15 — 1 6’,  and  on 
‘28—24,  3 — 4 on  13—14  and  on  25— 26,  and 
lastly  1 — 2 on  11  — 12  and  on  27 — 28,  and 
through  these  iioints  trace  the  soHte  28 — 20 
— 1 1.  The  extrados  is  found  in  like  manner, 
and  the  middles  of  the  joints  47,  49,  53  ; which 
done,  draw  the  plan  of  the  joints  14 — 47 — 35, 

18—19—37,  22—51—39,  and  26— 53— 41. 

1 992.  To  find  the  curve  of  the  plan  which 
Icnninntes  the  tails  of  the  inoulds.  Set  the 
jjrojections  'of  the  buttress  of  the  semicircular 
arc  at  right  angles  to  the  inside  line  of  the 
tower  ; viz.  64 — 65  on  74 — 75  ; 62 — 63  on 
72—73  and  on  76—77;  60— 61  on  70—71, 
and  on  78 — 79,  58 — 59  on  68 — 69.  and  on 
80 — 81  ; 56—57  on  66 — 67  and  on  82 — 83; 
then  trace  by  hand  the  curve  83 — 75 — 66. 

The  curves  of  the  extrados  and  joints  are 
found  in  the  same  manner. 

1993.  To  find  the  moulds  of  the  sofite.  Draw  the  line  of  direction 
as  before,  below  which  set  oft'  the  distances  I — 1 1 or 
84—85,  K— 12  on  86— 87,  L— 14  on  88—89,  M— 1 6 
on  90 — 91,  N — 18  on  92 — 93,  O — 20  on  94 — 95,  and 
then  trace  the  front  of  the  sofite  moulds  85 — 95 — 99. 

To  find  the  rear,  set  1 — 66  on  84 — 33,  K — 67  on 
86—36,  L— 69  on  88—100,  M— 71  on  90—98,  N— 

73  on  92 — 97,  O — 75  on  94 — 96,  and  trace  the  rear 
curve  of  the  mould  101 — 96 — 33. 

1 994.  To  find  the  moulds  of  the  joints.  Transfer 
P—1  9 on  31—54,  Q— 37  on  32 — 48,  1—47  on  42—52, 

R — 35  on  43 — 40,  and  through  these  points  trace  the 
front  joint  or  bed  moulds  93 — 54 — 48,  89 — 92 — 40. 

To  find  the  rear,  make  31 — 50  equal  to  PV,  32 — 38 

equal  to  Q.X,  42 — 46  equal  to  IT,  and  43 — 34  equal  to  RS;  which  done,  trace  the 
curve  lines  97 — 50 — 38  and  100 — 46 — 34.  The  two  other  joints  are  found  by  the  same 
method.  We  do  not  consider  it  necessary  further  to  multiply  examples  of  the  kind  here 
given  : the  latter  sort,  especially,  rarely  occur  in  practice  ; and  if  they  should,  all  that  will  be 
necessary  to  master  the  operations  will  be 
the  application  of  a little  thought  and  study. 

1995.  III.  Of  Dome  Vaulting.  In 
whatever  direction  a hemispherical  dome 
is  cut,  the  section  A is  always  the  same. 

B represents  one  half  fig.  661.)  of  the 
same  in  the  plane  of  projection.  The  con- 
struction is  sometimes  such  that  the  plan 
is  only  a semicircle,  as  B,  as  in  the  ter- 
mination of  the  choir  of  a church ; in  which 
case  the  French  call  it  a cul-de-four ; with 
us  it  is  called  a semi-dome. 

1996.  Through  the  extremities  of  the 
joints,  and  through  the  middle  of  each 
sofite  of  the  section  A,  let  fall  on  the  line 

perpendiculars,  whereof  all  the  distances 
dc  from  the  centre  c will  be  the  radii  of  the 
arcs,  which  will  serve  for  the  developement 
of  the  sofites,  of  the  joints,  and  for  the 
construction  of  the  arch  stones.  4'he  me- 
thod which  follows,  though  it  will  not 
perhaps  give  the  sofites  and  joints  strictly 
accurate,  will  do  so  sufficiently  for  all  prac- 
tical purposes.  Upon  the  developement 
C make  SC  equal  to  the  arc  MDGC,  then 
set  out  to  the  right  of  the  points  of  di- 
vision the  parts  S T ecpial  to  st  on  the  plan 
1)  ; then  raise  through  the  points  '1' 
upon  the  line  SC  perpendiculars  equal 
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to  tlie  conespoiulents  e,  t,  d of  the  i)lan  B,  and  draw  the  curve  ESD  through  the  points  so 

foiiiul.  _ . , , 

] <)f)7.  The  solites  are  terminated  by  four  curves,  whereas  tlie  joints  have  two  riglit  sides, 
as  1)1,  HI,  and  1)0,  EO,  and  two  curved  sides,  as  II,  I)E,  and  ()(),  I)E;  the  widtlis 
1)1,  1)0  of  tlie  joints  are  eipial  to  DI,  GE  of  the  .section;  in  one  direction  they  are  curved 
only  one  way,  hut  as  respects  their  soHtes  they  are  .so  in  every  way.  The  lieiglits  of  tlie 
voiissoirs  are  given  by  the  .section  A,  their  bases  on  the  ])Ian  B 'I'lius  G,  1,  in  the  voiissoir 
next  the  keystone,  being  tlie  most  ojiposite  points,  the  base  of  it  on  the  jilan  will  be  comprised 
between  the  two  arcs  dte,  which  answer  to  the  perpendiculars  let  all  from  G and  I.  'I'lie 
liase  of  the  first  voussoir,  according  to  the  first  method,  will  be  eipial  to  the  surface  com- 
prised between  tlie  arc  ao/and  the  arc  dse,  which  answers  to  the  perpendicular  let  fall  from 
the  point  I). 

1998.  EF  and  GII  are  the  diameters  of  the  upper  and  lower  bases  of  a truncated  cone, 
whose  lower  surface  is  hollowed  out  spherically.  After  working  the  voiissoirs,  so  as  to 
make  their  bases  such  as  we  have  just  indicated,  they  must  be  worked  to  solite  moulds  for 
iriviii*’-  them  the  hemispherical  form  of  the  section  ; after  which  the  angles  of  the  moulds 
are  joined  by  arcs  parallel  to  the  arrisses  of  each  stone,  or  by  applying  a general  mould  of 
the  form  of  the  section,  that  is,  circular,  of  the  radius  of  the  dome. 

1999.  For  the  pendentives  formed  in  an  hemispherical  dome.  The  piers  D and  E are 
supposed  those  of  half  the  dome  pierced  by  the  pendentives.  If  we  suppose  the  face  or 
elevation  B {fig.  662. ) to  make 
one  (piarter  of  a revolution 
about  tlie  point  A,  we  obtain 
the  elevations  B and  C. 
l lirough  the  points  of  division 
on  the  elevation  C draw  to  the 
(irc  A I)  right  lines  perpendicu- 
lar to  CA.  On  the  extremi- 
ties of  these  lines  upon  CA, 
and  from  C,  as  centre,  describe 
arcs  in  the  plan  F,  by  which 
the  plan  of  the  projection  on  F 
is  obtained,  whose  intersections 
with  the  riglit  lines  drawn  from 
B will  give  the  joints  and  faces 
for  the  level  beds.  The  lines 
II F,  FE,  ED  are  right  lines. 

Tlie  spaces  GAEF,  FIIIK  are 
pieces  of  cylindrical  vaulting, 
so  that  the  only  difficulty  is  in 
joining  to  each  of  their  vous- 
soirs  their  correspondent  parts 
in  ELMHFE. 

2000.  The  elevation  B gives 
the  height  of  the  vous.soirs  ; 
their  bases,  as  seen  in  the  jireceding  example,  will  be  OPQUNO,  GSTUVKFG.  The 
length  of  the  keystone  will  be  XY,  and  a — A will  be  half  its  width. 

2001.  The  part  F<'4,11  is  the  plan  of  the  springing  stones  of  the  pendentive  in  the  eleva- 
tion A.  The  remaining  parts  of  the  construction  are  sufficiently  shown  by  the  lines  of  the 
diagram,  which  will  be  understood  by  the  student  if  he  has  previously  made  himself 
acijuainted  with  the  previous  portions  of  this  section. 

2002.  We  should  willingly  have  prolonged  this  part  of  our  labours,  if  space  had  per- 
mitted us  to  do  so  without  sacrificing  other  and  important  objects.  If  the  subject  be  one 
in  which  more  than  the  ordinary  practice  of  the  architect  is  called  upon  to  put  into  execu- 
tion, we  refer  him  to  Simonin,  Coupe  des  Pierres,  Pari.s,  1792,  and  Rondelet’s  Art  de  Butir, 
which  we  have  used  with  much  freedom,  and  in  which  many  more  interesting  details  will 
be  found  than  we  have  thought  it  absolutely  necessary  here  to  introduce,  though  we  be- 
lieve we  have  left  no  important  point  in  masonry  untouched.  We  cannot  close  this  section 
without  paying  our  tribute  of  respect  to  the  masons  of  this  country,  who  are  among  the 
most  intelligent  of  the  operative  builders  employed  in  it.  A very  great  portion  of  them 
are  from  the  north  of  the  island,  and  possess  an  astuteness  and  intelligence  which  far  exceeds 
that  of  the  other  classes  of  artisans.  We  must  not,  however,  altogether  do  this  at  the  ex- 
pense of  tho.se  employed  in  carpentry,  which  will  form  the  subject  of  our  next  section, 
among  whom  there  will  be  found  much  skill  and  intelligence,  when  the  architect  takes  the 
proper  means  of  drawing  it  out ; and  we  here  advise  him  never  to  be  ashamed  of  such 
means. 
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20()2o.  IV.  Of  Caissons  in  CvLiNDiuCAr.  and  HE7inspnF.RrcAL  Vaui.tino.  —The 
method  of  setting  out  the  caissons  or  sunken  panels  in  eylindrical  vaults  and  doints,  is  a 
process  required  almost  in  every  building  of  importance,  and  imparls  great  beauty  lo  the 
efleet  of  the  interior  when  jiroperly  introduced : it  is,  indeed,  one  of  tlie  e’ements  in 
composing  them,  and  must  therefore  be  well  u .derstood  before  the  student  can  succeed 
in  developing  his  ideas. 

‘2002b.  In  setting  out  the  ribs  of  cylindrical  vaulting,  the  vertical  ones  are  supposed  as 
falling  on  supports  below  the  springing  ; but  if  such  supports  fall  too  wide  apart,  tlie 
caissons  themselves  will  be  too  wide,  and  the  space  must  be  divided  into  a greater  number ; 
in  which  case,  if  practicable,  an  odd  number  is  to  be  preferred,  taking  care  that  the  caissons 
are  not  too  much  reduced  in  width.  This,  however,  is  only  for  the  purpose  of  ascertaining 
roughly  how  many  caissons  may  be  used  in  the  circuit  of  the  vault;  and  it  is  to  be  remem- 
bered that  they  must  be  of  an  odd  number,  because  a tier  of  caissons  should  always  extend 
along  the  crown  of  the  vault.  Fig.  662a.  is  an  example  of  a cylitidrical  vault  wherein  the 


Fig.  662a.  Fig.  6626. 

number  of  caissons  is  five.  A is  one  half  of  its  transverse  section,  and  B a small  portion  of 
the  longitudinal  section.  The  width  of  the  ribs  between  the  caissons  is  one  third  of  them; 
hence,  if  the  number  of  caissons,  as  in  the  example,  be  five,  the  arch  must  be  divided  into 
twenty-one  parts,  one  of  which  parts  will  be  the  width  of  a rib,  and  three  will  he  given  to 
the  width  of  a caisson.  As  we  have  just  observed,  a cais.son  is  always  placed  in  the  centre; 
we  shall  therefore  have  the  half-arch  + + 3-t-l  = lOi  and  10^  x 2 = 21.  Thu 

vertical  lengths  of  the  sides  of  the  caissons  thus  found  will  regulate  the  horizontal  lengths 
of  their  sides,  inasmuch  as  they  should  be  made  square.  If  the  caissons  in  the  vault  he 
seven  in  number,  as  in  662b.,  the  sofite  or  periphery  must  be  then  divided  into  twenty- 
nine  parts;  if  their  number  be  nine,  into  thirty-seven  parts  ; and  so  on,  increasing  by  eiglit 
each  step  in  the  progression.  The  caissons  may  be  single  or  double  sm.k,  or  more, 
according  to  the  richness  reijuired  ; their  centres  may  be  moreover  decorated  with  Jieurons, 
and  their  margins  moulded  with  open  enrichments.  Wliere  the  apartment  is  very  higlily 
ornamented,  the  ribs  themselves  are  sunk  on  their  face,  and  decorated  with  frets,  guilloches, 
and  the  like,  as  mentioned  for  ceilings  in  Book  iii.,  c.  i.,  s.  xxiv.  Durand,  in  his  Conrs 
d Architecture,  regulates  the  width  of  the  caissons  entirely  by  the  interaxes  of  the  colunin.s  of 
the  building;  but  this  practice  is  inconvenient,  because  the  st-ace  may  in  reality  be  so 
great  as  to  make  the  caissons  extremely  heavy,  which  is,  in  lact,  the  case  in  the  examples 
he  gives. 

2002c.  In  the  case  of  dome  or  hemispherical  vaulting,  the  first  point  for  consideration 
is  the  number  of  caissons  in  each  horizontal  tier  of  them  ; and  the  student  must  recollect 
that  allowing,  as  before,  one  third  of  the  width  of  a caisson  as  the  width  of  a rib,  tlie 
number  of  parts  into  which  the  horizontal  perijdiery  (whereof  e'e'  on  the  plan  A is  one 
quarter,  and  its  projected  representation  at  ee  on  the  section  B)  is  to  be  divided  (Jig.  6’62c.) 
must  be  multiples  of  4,  otherwise  caissons  will  not  fall  centrally  on  the  two  a.xes  of  the 
plan.  Thus, 

A dome  having  16  caissons  in  one  horizontal  tier  must  be  divided  into  64  parts. 

80  ditto. 

96  ditto. 

1 12  ditto. 

128  ditto. 

and  so  on  increasing  by  16  for  each  term  in  the  progression.  In  the  figure,  the  number  of 
caissons  is  sixteen.  The  semi-plan  is  divided  into  thirty  two  parts,  three  whei'eof  are 
given  to  each  caisson,  and  one  and  a half  to  each  half-caisson  on  the  horizontal  axis  of  the 
plan.  From  the  divisions  thus  obtained  lines  are  carried  up  to  the  section  ah,  ab,  cd,  cd. 
Ah  the  projected  representations  of  the  great  circles  of  a sphere  are  ellipses,  if  from  b, 
b,  d,  d,  we  construct  a series  of  semi-ellipses  whose  transverse  diameters  are  equal 


24  ditto 
28  ditto 
32  ditto 
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to tlie  semi-diametiT  of  tlio  spliere, 
jiiul  their  conjuj£ate  axes  detennineil 
from  tlie  points  of  interseetion  h,  h,  d,  d, 
we  sliall  liave  the  vertical  sides  of  the 
caissons.  The  next  part  of  tlie  process 
is  to  ascertain  tlie  ratio  of  dlmimitioii 
in  the  lieiglits  of  tlie  tiers  of  caissons 
as  they  rise  towards  the  vertex,  so  that 
they  may  continue  square  in  ascending. 
Upon  a vertical  line  CC'.  wliose  length 
is  eipial  to  the  developed  length  of  the 
line  of  dome  ef,  or  in  other  words, 
whose  length  is  equal  to  one  quarter  of 
the  length  of  a great  circle  of  the  sphere, 
to  the  right  and  left  of  C set  out  at  g 
and  5'  the  half  width  of  the  caisson  ob- 
tained from  the  plan,  and  make  hg,  hg 
equal  to  one  third  of  the  caisson  for 
the  width  of  the  ribs  on  each  side. 
Draw  lines  to  the  vertex  of  the  de- 
velopment from  hh  and  gg.  A diagonal 
/(/being then  drawn,  the  horizontal  line 
di  will  determine  the  lower  edge  of  the 
next  caisson  upwards.  Proceed  in  this 
way  for  the  next  from  I and  so  on. 
The  heights  of  the  caissons  thus  ob- 
tained, being  transferred  to  the  section 
on  the  quadrant  ef,  will  give  the  pro- 
portionate diminution  thereon  of  the 
caissons  as  they  rise.  They  are  discon- 
tinued, and  the  dome  is  left  plain,  when 
they  liecome  so  small  as  to  lose  their 
effect  from  below,  and  indeed  they 
could  not  beyond  a certain  limit  be 
executed. 


Fig.  6G2e. 


2002d.  V.  Of  Gothic  Vaulting.  — Professor  Willis,  in  his  valuable  essay  On  the 
Vaults  of  the  Middle  Ages,  printed  in  the  Transactions  of  the  Institute  of  British 
Architects,  1842,  states  that  every  rib  should  spring  as  a separate  and  independent  arch, 
and  that  the  elliptic  curves  produced  by  the  method  of  obtaining  the  form  by  ordinates 
from  those  of  the  transverse  ribs,  are  totally  at  variance  with  the  characteristic  forms 
of  the  Gothic  style.  De  Lorme  first  taught  this  method,  and  others  followed  him,  but  it 
was  never  intended  by  them  to  be  applied  to  Gothic  rib-vaulting.  This  author  sliows 
(ch.  viii. ) that  every  rii)  is  perfectly  independent  of  the  other  in  its  curvature  ; each  rib  consists 
of  a single  arc  of  a circle  whose  centre  is  upon  the  impost  level,  and  they  cannot  be  therefore 
connected  by  projections.  They  all  form  pointed  arches  of  diH’erent  proportions,  with  the 
exception  of  the  diagonal  arch,  which  is  very  nearly  a semicircle.  “ This,”  says  Willi.s,  “ may 
have  been  the  genuine  French  method,  but  in  our  English  examples  the  centres  are  com- 
monly placed  without  respect  to  the  impost  level,  and  the  general  forms  of  the  vault  are 
different  from  those  which  are  produced  in  this  manner.”  Derand, writing  later  than  De 
Lorme,  says,  “ that  in  this  style  the  ribs  are  always  made  arcs  of  circles,  elliptical  or  other 
curves  being  inadmissible”  (p.  17  7).  Willis,  later,  however,  allows  certain  ribs  in  a vault 
to  be  ‘‘semi  four-centred  arches,”  the  others  being  arcs  of  circles.  (See  1943a.) 

200?e.  “ In  the  early  stage  of  rd)-vaulting,"  remarks  Professor  Willis,  “ the  ribs  consist  of 
independent  and  separate  voussoirs  down  to  the  level  course  from  which  they  spring.  The 
separate  stones  were  roughly  jointed  at  the  back,  instead  of  being  each  got  out  of  a single 
stone,  as  in  later  structures.  The  back  of  these  ribs  is  concentric  with  the  soflite.  The 
transverse  rib  of  the  north-east  transept  of  Canterbury  Cathedral  consists  of  about  one 
hundred  richly-moulded  stones,  but  the  workmanship  is  exceedingly  rude  ” 

2002/.  “ The  rough  construction  of  the  spandril,  in  the  early  instances,  was  followed  at 
once  by  a more  artificial  structure,  bespeaking  a great  advance  in  the  art  of  masonry  ; 
and  it  remained  with  very  slight  change  to  the  very  latest  period  of  rib-vaulting.  This 
system  is  shown  in  fg.  662d.  The  junction  of  the  solid  mass  L to  N with  the  clearstory 
wall,  is  bounded  by  parallel  vertical  lines  D,  and  this  mass  is  always  built  of  solid 
masonry  bonded  into  the  wall  and  forming  part  of  it ; the  French  name  fur  this  block  of 
masonry  is  tas  de  charge.  It  is  from  the  level  of  N that  the  real  rib  and  panel  work, 
of  the  vault  begins,  for  separate  ribs  are  erected  upon  the  surface  of  this  solid,  and 
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connoctecl  l>y  vaults  of  a light  material.  The  decorative  construction,  however,  of  tlie  vault, 
exhibits  the  rib  and  panel  from  the  abacus  L,  upwards.  The])oint  N is  commonly  at  about 

half  the  vertical  height  of  the  arch,  and  is  not 
necessarily  guided  by  the  impost  of  any  clear- 
story rib  adjoining.  M is  tlie  general  position 
where  the  mouldings  of  the  several  ribs  run  clear 
of  one  another  at  the  divergence  of  the  ribs. 
The  solid  part  LiM  is  built  of  horizontal  courses 
of  masonry,  generally  each  of  a single  stone 
and  its  level  beds  cut  the  curved  mouldings 
obliquely  in  front.” 

Moller,  Memorials,  &c.,  translation 
18.86,  p.  154,  notices  that,  at  Cologne,  the 
lower  ])art  of  the  vaulting  of  the  cathedral  is 
formed  by  horizontal  courses  of  stone  pro- 
jecting from  the  wall,  consequently  the  ac- 
tual  span  of  the  vaulting  is  ])roportionally 
diminished,  while,  on  the  other  hand,  the  abut- 
ment is  in  the  same  degree  strengtliened.  Still 
more  deserving  of  attention  is  the  manner  in 
which  the  essential  parts  are  so  linked  to- 
gether as  to  be  rendered  incapable  of  thrusting  or  giving  Avay,  and  therefo.e  of  necessity 
remaining  in  their  original  position.  Price,  in  his  work  on  Salisbury  Cathedral,  1758, 
p.  25,  quaintly  remarks : “ And  here  I beg  leave  to  make  a conjecture,  that  is,  that  all  the 
si)ringing  stones  of  the  vaultings  vvere  inserted  into  the  walls  at  the  time  of  their  being 
erected,  and  so  left  till  the  whole  cliurch  was  roofed  and  covered  in  ; and  then  being 
defended  from  rains,  &c.,  they  Hxed  their  principal  ril)s  and  groins,  and  turned  over  the 
vaultings,  as  having  the  weight  of  the  superstructure  to  act  instead  of  a buttment.” 

2002A.  “ Above  M,”  continues  Professor  Wdlis,  ‘‘  the  ribs  are  each  budt  separately  of 
voussoirs,  having  tlieir  beds  properly  inclined  to  meet  tlie  axis  of  curvature  of  the  rib.  and 
these  ribs  are  backed  and  united  by  solid  masonry  which  connects  them  with  the  w.ill,  and 
which,  appearing  between  the  rib,  seems  to  be  a poition  of  the  ligl.t  vaulting  surface, 
really  employed  liigher  up.  From  the  upper  surface  N,  each  rib  A is  still  built  as  from  M 
to  N with  voussoirs,  but  iqion  tliese  riiis  rests  the  light  thin  vault  or  panel- work.” 

2002i.  “ It  is  remarkable  that  the  courses  of  the  vaults  are  not  laid  level,  but  are  in 
most  cases  made  to  incline  downwards  upon  the  diagonal  rib.  The  reason  for  it  is  not 
easy  to  explain,  but  it  is  very  common,  especially  in  the  earlier  cxanq.'les.  These  courses, 
in  the  transepts  at  We.stminster  Abbey,  are  of  a light  coloured  stone,  probably  chalk,  in- 
terrupted at  regular  intervals  by  a cour.se  of  a darker  stone;  and  the  ridge,  widcli  has  no 
rib,  is  also  formed  entirely  of  this  darker  stone,  laid  in  a serrated  manner.  These  dark 
courses  are  rather  broader  than  the  light  ones,  and  there  are  four  or  five  courses  of  the 
light  between  each  of  the  dark.  The  surface  of  the  panel  between  each  rib  is  also  made 
slightly  concave  or  domical  (probably  to  preserve  the  effect  of  being  level,  as  seen  from 
below  it),  and  may  tliereiore  have  been  laid  without  any  centreing,  since  each  ccurse  would 
support  itself  'I'liese  peculiarities  may  all  be  found  with  some  variations  in  other  vaults 
of  the  same  age.” 

2C02A.  “ The  architect  of  Leon  cathedral,”  remarks  Mr.  Street  in  his  work  on  Gothic 
Architecture  in  Spain,  p.  110,  “ filled  in  the  whole  of  tlie  vaults  with  a very  light  tufa,  ob- 
tained from  the  mountains  to  the  north  of  Leon  ; so  at  least  I was  assured  hy  the  super- 
intendent of  the  works  at  the  cathedral.  Some  of  the  material  I saw  was  no  doubt  tufa; 
but  some  of  it  seemed  to  me  to  be  an  exceedingly  light  kind  of  concrete.  The  vaulting  of 
Salisbury  Cathedral  is  similarly  constructed.  I do  not  know  whether  at  Beauvais  the  same 
expedient  was  adopted  to  lessen  the  weight.”  Both  at  Beauvais  and  Leon  the  construction 
in  every  part  was  too  light. 

2092/.  Over  the  vaulis  was  commonly  laid  a thick  irregular  course  of  rubblework, 
which  again  is  also  often  covered  with  a kind  of  concrete.  The  vaults  of  the  western 
compartments  of  Westminster,  and  of  the  south  transept  and  tower  of  Hereford,  are  left 
bare  on  the  upper  surface . and  tnese  vaults,  instead  of  being  built  with  small  brick-like 
stones,  are  composed  of  long  thin  slabs,  'i'he  ribs  themselves  are,  in  some  later  examples, 
formed  of  a few  long  bar-sha])cd  voussoirs  instead  of  the  sinall  and  numerous  pieces  of  tlie 
earlier  examples.  Thus,  in  tlie  transept  at  Westminster,  L to  N consists  of  13  or  14  stones; 
but  at  the  we.st  end  of  the  nave  of  6 only. 

2002/n.  Price  notices  (p.  24)  that  at  Salisbury,  “ The  groins  and  principal  ribs  ore  of 
Chilmark  stone,  but  the  sh.ell,  or  vaulting  between  them,  is  of  hewn  stone  and  chalk  mixed, 
m t 'p  of  which  is  laid  a coat  of  mortar  and  rubble  of  a consistence,  probably  ground  in  a 
kind  of  mill,  and  poured  on  hot,  while  the  lime  was  bubbling;  because  by  tliis,  the  whole 
is  so  cemented  together,  as  to  become  all  of  one  entire  substance.  This  composition  is 
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very  reinarknblc,  somewhat  resembling  the  piimice-stonc,  being  porous  and  light,  by  which 
it  contributes  prodigiously  to  the  strength  of  tlie  M-hole,  and  at  tlie  same  time  the  least  in 
weight  of  any  contiivance  that  perhaps  was  ever  used.” 

2bO‘J«.  “ The  early  moulded  ribs  are  formed  as  Jiy.  662/,  from  St.  Saviour’s  Church, 
Southwark,  the  vaulting  or  panel-work 
resting  only  on  their  backs  ; hut  the  ribs 
of  later  date  are  rebated  for  the  reception 
of  this  work,  as  shown  m Ji(/.  662e.” 

2002o.  As  early  as  1225-50,  the  square 
plans  for  vaults  were  superseded  by  oblong 
ones,  which  allowed  the  cross-r/5,  the  t/roin- 

rih,  and  the  wull-rih  to  arrive  at  nearly  one 
level.  In  the  new  system  the  groin-ribs 
were  portions  of  circles,  and  the  cro.ss-ribs 
were  struck  with  the  same  radius;  but 
tliese  vaults  were  soon  considered  to  be 
weak,  and  the  cross- ribs  were  heightened 
while  the  groin-ribs  were  eitlier  stilted  or 
(subsequently)  sharper  pointed. 

2002/).  As  soon  as  media; val  builders 
.idmitted  the  principle  that  the  .strength 
of  arch -stones,  like  tl.at  of  beams,  is  more  dependent  on  tlie  depth  than  on  the  width,  they 
reduced  the  width  as  much  as  they  could  in  order  not  to  require  a large  abacus  to  the 
capital.  The  next  step  was  to  n solve  all  thrusts  upon  tliat  support  into  a foice  acting 
directly  upon  it ; and  consequently  to  endeavour  to  make  the  various  pressures,  which 
the  pillar  has  to  bear,  coml)ine  in  a point  in  a stone  tliat  should  be  fully  as  large  in  plan 
\s  the  abacus,  and  perhaps  rest  upon  others  of  the  same  character. 

2002(/.  The  operation  of  deciding  the  form  and  place  of  this  stone  is  very  simple  after 
die  size  of  the  arch-stones  has  been  determined.  Siqiposing  that  the  work  is,  as  in  a 
•loister,  bounded  by  a wall,  and  with- 
mt  wall-ribs,  there  will  only  be  a 
•ross-rib  and  two  groin-ribs  to  be 
leeded.  A line  AB  ( Jiy.  662g.) 
ihowing  the  face  of  the  wall  is  to  be 
!ut  in  O by  another  line  CD  repre- 
enting  the  centre  of  the  cross-rib  ; 
md  the  plan  of  the  arch-stones  for 
hat  rih  is  to  be  projected  by  the  aid 
if  these  lines.  It  gives  at  the  wall  a 
entre  O,  and  in  its  length  OE  on  the 
eiitral  live  a radius  with  which  a 
eaiicircle  may  be  described  (as  shown 
■ ly  the  dotted  line);  a couple  of  pa- 
allel  lines,  FG  and  HK,  will  now 
how  the  thickness  of  the  cross-rib. 

proceed  with  a groin  rib,  a line 
rom  O must  he  laid  down  at  the 
orrect  angle  made  by  the  groin  with 
he  wall ; and  the  plan  of  the  groin- 
ib  must  be  so  projected  that,  with 
lis  line  for  an  inside  line,  the  front 
f the  arch-stone  shall  touch  the 
imicircle.  A couple  of  parallel  lines 
IN  and  PQ  will  now  show  the  thick- 
ess  of  the  groin-rib ; and  the  plan 
f the  abacus  of  the  pill.ir  may  he 
esigned,  even  so  as  to  allow  of  wall- 
bs  if  they  should  be  intended. 

2002r.  The  use  of  the  semicircle 
not  an  indispensable,  but  is  a na- 
ually  convenient  step,  because  the 

S ^ ]ual  quantities  so  taken  by  it  from 
1 the  spans  of  the  ribs  leaves  undis- 
trbed  in  general  result  all  calcula- 

)ns  founded  upon  lines  drawn  from  Fig.  ceca. 

athematical  points  that  are  taken  as  centres  in  a plan  made  to  a small  scale;  but 
e plans  of  the  groin-ribs  may  be  placed  anywhere  upon  their  respective  ceiitre-Ltnes 

R R 


610 


HIEORY  OF  ARCIUTECTUUE. 


Book  IT. 


so  long  as  the  intersection  or  junction  of  the  neighbouring  lines  of  the  widths  of  the 
ribs  is  secured  at  some  i)oint.  T'his  intersection  is  not  an  absolute  necessity,  but  it  is  the 
means  of  reducing  tlie  size  of  the  abacus  ; and  the  point  of  junction  S is  that  beyond 
which  (working  from  the  wall)  the  two  ribs  will  be  distinct.  Taking  this  point  S as  fixing 
a line  for  the  springing,  the  elevations  of  the  two  arches  are  to  be  drawn  on  the  intersect- 
ing lines;  then  lines  Sll  and  ST  drawn  perpendicular  to  the  spiingings,  will  cut  the  ex- 
trados  of  each  arch  at  points  which  decide  the  level  of  the  top  bed  of  the  horizontal  work. 
The  mass  of  work  between  this  bed  and  the  cajiital  will  be  divided  into  a convenient 
number  of  courses,  and  the  plans  of  the  beds  thus  fixed  are  easily  drawn  from  the  elevations 
of  the  arches;  when  it  will  be  seen  that,  if  the  groin-ribs  are  less  in  depth  than  the  cross- 
ribs,  the  former  will  give  a good  starting-place  for  the  material  which  is  to  form  the 
spandrils  of  the  vaults.  In  a similar  manner,  the  intersections  of  any  number  of  ribs  may 
be  found,  and  the  tertiary  and  secondary  ribs  may  be  successively  suppressed  in  favour  of 

the  primary  principal  ones.  Viollet  le  Due,  Dictinnnalre, 
s.v.  Construction,  p.  96.  Prof.  Willis  gives  the  following 
illustration  662h.)  showing  the  method  of  setting 

out  mouldings  for  vaulting,  belonging  to  the  perpendicular 
period  ; it  is  taken  from  one  of  the  spandrils  of  a complex 
vault  which  formerly  covered  the  extreme  north-western 
compartment  of  the  nave  of  Canterbury  Cathedral,  the 
lower  storey  of  the  so-called  Lanfranc’s  tower.  The  num- 
ber of  ribs  being  seven  required  two  stones  in  eacli  of  its 
ui)per  courses  at  least  ; Jig.  662h.  being  only  a portion  of 
tlie  spandril,  contains  but  four  of  them.  It  also  shows  that 
tile  stone  had  been  scored,  then  rejected,  and  another  set  I 
of  lines  drawn,  and  actually  enqiloyed.  A B,  AC,  are  the  rejected  centres,  and  I)  a portion  of 
tlie  first  outline.  E F,  EG,  Eli,  and  El  are  the  true  lines  drawn,  each  parallel  to  its  own 
rib.  The  average  thickness  of  the  courses  is  about  10  inches. 

•2002.«>-.  The  keystone  or  boss-stove  was  adopted  by  the  medieeval  ai’chitects  as  a necessary 
appendage  to  groin-ribs,  because  the  solidity  of  the  vaulting  dejiends  greatly  upon  the 
pressure  exerted  by  the  key,  whicli  must  consequently  l e heavier  than  any  of  the  arch- 
stones ; it  will  necessarily  be  an  extremely  large  stone,  allowing  a great  part  of  its  mass  to 

be  cut  away  by  the  sculptor  in  order  to  diminish  its 
apparent  heaviness.  This  stone  should  generally  be 
nearly  circular  in  plan  ; for  if  the  ribs  diverge  enough  to 
have  any  large  space  between  them,  a fracture  is  almost 
certain.  1 n cases  of  such  divergence,  it  is  best  to  design 
the  sculpture  so  that  a mass  may  occupy  the  space.  This 
remark,  of  course,  does  not  apply  where  there  are  only 
two  groin-ribs  meeting  at  right  angles  ; but  it  governs  the  j| 
amount  to  which  the  groin-rib  should  be  allowed  to  be 
worked  in  the  key-stone.  No  part  of  the  boss  ouglit  to 
be  sunk  within  a horizontal  line  connecting  the  intrados 
of  one  rib  with  that  of  another  ; and  it  is  generally  desirable  that,  whether  or  not  the  ribs 
be  back -jointed  for  the  filling  of  the  groining,  as  Jig.  662/’.,  the  key-stone  should  have 
a projection  or  tall  sufficient  to  stand  above  the  back  of  the  filling.  “ Every  boss-stone,” 
says  Professor  Willis,  “ had  its  upper  surface  made  horizontal,  on  whicli  were  drawn  the 
lines  from  the  axis  of  the  boss  in  the  direction  of  the  resjiective  ribs.”  The  principles  lure 
indicated  are  illustrated  in  Jig.  662i. 

2002t.  In  the  construction  of  groined  vaulting  it  has  been  considered  best  to  fix  the  key- 
stone on  the  centreing,  before  laying  the  arch-stones,  for  the  sake  of  the  guidance  which  it 
affords  in  tlie  work  ; the  inconveniences  of  working  a boss  in  its  jilace,  and  of  setting  it  it 
already  worked,  were  obviated  in  the  L3th  century  by  leaving  its  breast  smooth,  so  that  a 
wooden  boss,  carved  at  leisure,  miglit  be  fastened  to  it  with  hooks.  In  the  15th  century 
such  a boss  was  not  unfrequently  of  stone  instead  of  wood.  jj 

2002?«.  A striking  feature  of  the  Flamboyant  style  is  the  frequent  use  of  pendents  in  thei 
vaulted  roofs  of  the  period.  These,  however,  are  not  confined  to  the  Continent,  for  thef 
Tudor  period  in  this  country  exhibits  many  splendid  instances  of  their  employment,  notie,| 
perhaps,  more  gorgeous,  or  more  interesting  as  regards  its  construction,  tlian  the  Chapeli 
of  Henry  the  Seventh.  Some  of  the  various  examples  that  exist  have  been  scientifically  in-^ 
vestigated  by  Professor  Willis,  in  his  ]iaper  On  the  Construction  o f the  Vaults  of  the  Middle 
Ages,  already  quoted  ; and  we  therefore  now  proceed  merely  to  indicate  the  principles  upon 
wliich  the  fairy- like  system  of  not  only  suspending  vast  bos.sos  from  the  ceiling  was  con-||( 
ducted,  but  that  by  which  these  bosses  or  pendents  became  in  their  turn  the  springers  for 
supporting  other  vaults  as  in  ttie  beautiful  little  Lady  Chapel  at  Caudebec  in  Normandy, t 
and  many  other  examples.  A plan  is  given  in  tlie  section  on  Piuncipi.es  of  Proportion.  | 
2002y.  This  chapel  is  hexagonal  on  irlan,  about  23  feet  in  span,  or  from  side  to  bidc.ji 
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/'/(/.  6624.  sJiows  the  mode  by  which,  from  the  key-stone  of  an  arch  approaching  a semi- 
circular form,  and  susj)ended  or  elongated  beyond  its  ordinary  depth,  support  is  given  lor 
tlie  sjjringing  of  the  vaults  of  the  ditferent  bays.  On  this  j>ractice  Philibert  l)e  Lorme 
observes,  “ Les  ouvriers  ne  font  seulement  une  clef  au  droict  de  la  croisee  d’ogi\es,  mais 


Aussi  plusieursquand  ils  veulent  rendre  plus  riches  leurs  voutes,  comma  aux  clefs  ou  s’assem- 
blent  les  tiercerons  et  liernes,  et  lieux  oii  ils  ont  mis  quelquefois  des  rempants,  qui  vont 
d’lme  branche  a I’autre,  et  tombent  sur  les  clefs  suspendues,  les  unes  etant  circulaires,  les 
aiitres  en  fa9on  de  soufflet,  avec  des  guymberges,  mouchettes,  claire- voyes,  feuillages,  crestes 
(le  choux  et  pliisieurs  bestions  et  animaux  : qui  etoient  trouves  fort  beaux  du  temps  qu  on 
faisoit  telles  sortes  de  voutes,  pour  lors  appelees  des  ouvriers  (ainsi  que  nous  avons  diet) 
\outes  a la  mode  fran^oise.” 

2002m;.  We  have  shown  above  the  mode  of  suspending  the  pendent  in  a polygonal 
building.  The  Jig.  6621.,  by  a little  consideration,  will  explain  the  mode  of  suspending 
pendents  not  centrically  situate,  as  in  the  case  of  the  ceiling  of  Henry  the  Seventies  Chapel, 
whose  date  runs  coincident  with  the  Flamboyant  period.  The  figure  is  a transverse  section 
and  plan  of  the  vaulting  of  the  building,  in  which  one  of  the  main  arches,  on  which  the  whole 
construction  depends,  springs  just  below  A,  and  reaches  its  summit  at  B.  The  voussoirs  or 
arch-stoties  whereof  it  consists  are  marked  in  their  order.  The  dotted  interval  from  a to  h 
is  not  to  be  considered  as  an  interruption  of  the  formation  of  the  arch  by  the  pendent,  but 
may  be  supposed  an  imaginary  line  passing  through  it,  or  rather  through  the  arch-stone  or 
voassoir  C,  whose  general  form  is  marked  by  the  bounding  letters  edefba;  so  that,  in 
fact,  the  pendent  is  nothing  more,  as  in  the  case  of  the  Lady  Chapel  at  Caudebec,  than  a 
voussoir,  a large  part  whereof  hangs  down  below  the  face  of  ihe  vaulting.  The  voussoirs  are 
out  of  blocks  about  .3  feet  6 inches  deej) ; but  a considerable  portion  of  the  solid  below  the 
soffite  of  the  arch  is  cut  away  to  form  tlie  lobes  of  the  cinquefoils.  The  arch  D serves,  by 
its  connection  with  the  walls,  to  stiffen  and  give  weight  to  the  arch  where  it  would  be  most 
required,  that  is,  towards  the  springing.  The  pendent  or  voussoir  E,  on  the  same  block 
with  C,  being  thus  established  in  its  place,  serves  at,  or  towards  its  foot,  as  a springer  for 
the  ribs  of  a fanwork  tracery  shown  on  the  plan,  whose  ribs  are,  in  fact,  ribs  of  a dome,  and 
in  construction  do  not  differ  from  it.  Their  section  is  shadowed  somewhat  lighter  than  tl.« 
pendent  voussoir.  The  fanwork  round  each  affords  the  means  of  introducing  another 
pendent  at  its  meeting  at  F in  the  plan.  (This  pendent  is  shown  at  F in  the  two  sections 
given  in  Principles  of  Proportion.)  The  vault  is  very  properly  distinguished  by 
Pi  of.  Willis  from  what  he  calls  the  stellar  vault,  which  is  formed  of  ribs  that  may  be,  and 
indeed  frequently  are,  of  different  curvature,  and  the  rays  of  the  star  of  different  lengths  ; 
whereas  the  fan  vault  consists  of  ribs  of  the  same  curvature  and  height,  a .d  the  summit 
of  the  fan  is  bounded  (see  the  Jig.)  by  a horizontal  circular  ril),  instead  of  the  ends  of 
lozenges  forming  the  points  of  the  star.  “ The  effect  of  the  fan  is  that  of  a solid  of  revolu- 
tion, upon  whose  surface  panels  are  sunk  : the  effect  of  the  star  is  that  of  a group  of 
branching  ribs.”  It  is  manifest  that  the  constructive  details  of  these  two  sorts  of  vaulting 
are  vastly  different.  In  the  one,  the  dependence  is  upon  ribs  which  support,  by  rebates  ou 
them,  the  filling-in  panels  ; while  in  the  other  the  jiriuciple  is  similar  to  that  of  dome- 
vaulting. This  will  be  immediately  perceived  by  reference  to  the  plan  G,  in  which  the 
courses  are  marked,  as  also  in  the  part  of  the  section  marked  H.  'I'lie  })lan  I .shows  tlie 
tracery  of  the  soffite  of  tlie  vault.  The  author  above  quoted  observes,  “ The  construction 
ut  these  fan  vaults  is  in  all  examples  so  nearly  the  same,  that  they  seem  to  have  proceeded 
from  the  same  workshop  j and  it  is  remarkable  that,  at  least  as  far  as  I know,  there  are  no 
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Continentiil  exam])les  of  tlicMti ; whereas,  of  the  previous  vaults,  there  arc  quite  as  manv 
or.  the  Continent  as  In  P2ngland.  In  France,  Indeed,  the  Herne”  (ribbed)  “ vaults  are  not 


very  numerous;  they  are  confined  to  small  chapels,  and  their  patterns  are  In  general  sunple. 
But  in  Germany  and  in  the  Netherlands  there  is  an  abundance  of  them,  distingui.shed.  cer- 
tainly, from  ours  by  local  peculiarities,  but  nevertheless  of  similar  mechanical  constructiof, 
and  requiring  the  same  geometrical  methods.” 

2002x.  'I'he  introduction  of  fan  vaulting  seems  to  have  occurred  in  the  beginning  of  the 
1.5th  century.  The  first  instance  wherein  the  span  was  considerable  is  the  Dean’s  Chapel 
attached  to  the  north-west  transept  of  Canterbury  Cathedral.  In  St.  George’s  Chapel 
at  Windsor,  the  aisle  and  central  compartment  only  have  fan  vaults,  the  principal  vault  b 
not  being  fanwork.  The  chief  works  of  this  kind,  of  known  date  (about  1500),  are 
Henry  the  Seventh’s  Chapel  at  Westminster,  King’s  College  Chapel  at  Cambridge,  the  jj| 
central  tower  of  Canterbury,  and  Bath  Abbey  church.  (See  Prin('iim.es  of  Pkofortion  ) 

In  the  church  of  St.  Etienne  du  Mont  at  Paris,  we  find  a remarkable  example  of  the  style 
of  the  renaissance  contending  with  the  expiring  flamboyant  style.  In  short,  the  whole  of  the 
interior  is  a mass  of  interesting  incongruities.  The  church  is  cruciform,  and  at  the  inter- 
section of  the  cross  is  a pendent  key-stone,  most  elaborately  wrought,  and  more  than  13 
feet  deep.  It  is  obvious,  in  respect  of  these  pendents,  that  there  is  no  mechanical  diflerence 
between  their  pendency  and  their  being  insistent,  as  lanterns  arc,  on  domes.  | 
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Skct.  IIIa. 

USE  OF  MARBLE, 

20C2aa.  The  Greek  terra  “ marble,”  to  flash,  gleam,  sparkle,  is  well  applied  to  the 
white  marbles  of  the  Greeks,  which  differed  materially  from  those  of  Carrara,  in  Italy. 
The  Greek  and  Roman  marbles  are  noticed  in  the  Glossary.  The  Byzantine  interiors 
exhibit  fine  examples  of  durable  applied  marble  decoration,  about  one  inch  thick,  show- 
ing no  desire  to  appear  an^^thing  different.  The  walls  were  covered  with  oblong  panels 
in  tiers  of  rich  marbles  opened  out,  framed  with  narrow  white  mouldings  and  brands  of 
different  colour,  continuous  horizontal  lines  of  colour  on  white  being  introduced  between 
these  panels ; the  whole  surmounted  by  a marble  mosaic  frieze,  with  a cornice  displaying 
small,  sharp,  triangular  shadows,  as  at  Constantinople  and  St.  Mark’s  at  Venice.  At 
Palermo  the  panels  were  framed  with  bands  of  mosaic  w^ork. 

2002W.  The  marble  'pavements  of  Greek  temples  were  probably  the  earliest,  and  were 
usually  of  thick,  largo  slabs.  They  perfected  the  tesselated  mosaic  pavements.  The 
Romans  gained  the  knowledge  from  them,  became  proficient,  and  used  them  throughout 
their  extensive  empire.  Although  under  half  an  inch  square,  the  mosaic  is  one  inch 
thick,  made  to  last.  Some  of  the  grandest  pavements  are  the  simplest,  as  those  of  the 
Basilica  Julia  at  Rome,  of  Santa  Sophia,  and  the  one  under  the  central  dome  of  St. 
Mark’s.  That  of  the  Basilica  Julia  has  been  lately  discovered,  and  is  very  perfect  in 
part.  The  plan  is  a rectangle  of  about  two  squares,  the  centre  space  being  divided  into 
three  squares  and  four  broad  bands.  The  squares  consist  of  large  slabs  of  Giallo  antico, 
with  a broad  border  of  Pavonazzetto,  the  bands  being  rectangular  slabs  of  rich  Afrioano 
and  Porta  Santa.  The  central  slab  is  surrounded  for  about  fifty  feet  with  large  slabs  of 
Greek  white  marble. 

2002cc.  The  Opus  Alexandrimim  -psLyements,  as  at  St.  Mark’s  and  at  Westminster  Abbey, 
were  usually  composed  of  few  colours — red  and  green  porphyries  with  white  Palamhino 
for  the  mosaics,  the  bands  being  Greek  white  marble,  and  made  out  of  old  materials : a 
great  variety  of  geometrical  patterns.  Some  of  the  most  beautiful  examples  are  at  Palermo. 
The  Paliimbino  was  a limestone  of  pot-like  texture.  The  great  pavement  in  Siena 
Cathedral,  one  of  the  finest  Italian  Renaissance  works,  consists  of  pictorial  subjects  in 
dark  green  marble  and  mastic  inserted  into  thick  slabs  of  Avhite  marble.  These  have  not 
worn  well,  and  are  kept  covered.  The  filled-in  lace-like  patterns  used  as  borders  round 
the  monuments  at  Sta  Croce,  at  Florence,  are  in  a better  condition,  the  fillings  being  in 
smaller  qu^ntifies.  These  fillings  might  be  of  lead  set  in  a white  ground,  and  would  look 
well.  Black  and  'white  marble  pavements  in  squares  were  introduced  about  the  time  of 
Torregiano,  and  were  largely  used,  as  at  King’s  College  Chapel,  Cambridge,-  the  Beau- 
champ Chapel  at  Warwick  ; and  in  mansions  generally.  The  white  squares  came  from 
Italy,  and  the  black  from  Belgium  ; and  are  still  used  in  that  country. 

2002(?(/.  The  retiring  grey  marbles,  as  Petworth,  Purbeck,  or  Frosterley,  were  used  by 
the  medifeval  builders  in  England,  and  the  colour  was  most  useful  in  contrast  wdth  the 
stone.  The  altars  and  tombs  of  the  Italian  Renaissance  were  executed  in  white  marble, 
with  only  one  colour  introduced  for  the  columns,  pilasters,  frieze,  pediment,  and  panels 
of  the  bnse.  A variety  of  marble  W'ork  of  late  date,  seen  at  Palermo  and  Naples,  consists 
of  inlaid  floral  arabesque,  of  orange,  red,  and  brown  marbles,  with  black  inserted  into 
white.  It  is  gaudy,  being  deficient  in  repose.  Similar  work  is  seen  in  the  monuments  at 
Agra,  in  India. 

2002ee.  English  Alabaster,  if  selected  free  from  earthy  veins  and  used  where  wet  would 
not  run  over  it,  though  only  for  interior  work,  may  be  better  than  many  stones,  and  it 
would  keep  its  colour.  Of  all  building  materials  it  is  about  the  least  porous  or  absorbent. 
It  has  been  used  for  monumental  work  from  a very  early  period,  and  much  delicate  work 
has  been  executed  in  it.  The  inner  arch  moulding  of  the  west  doorway  of  Tutbury  Church, 
:arved  into  birds’  beaks,  of  the  Norman  period,  is  in  ordinary  alabaster,  and  remains  in 
;ood  preservation.  This  material  came  into  general  use  about  the  fourteenth  century  in 
Derbyshire,  and  extensively  so  during  the  Elizabethan  period.  Great  Britain  and  Irela i d 
'see  Marble,  1681  et  seq.)  contain  many  varieties  of  well-known  coloured  marbles,  little 
jsed,  even  at  the  present  day. 

2Q{)2ff.  Memorial  slabs  of  incised  marble  preceded  brasses,  and  were  far  superior  to 
:hem.  The  English  Renaissance  produced  marble  work  in  cliimneyqdeces  equal,  if  not 
superior  to  anything  on  the  Continent.  The  designs  and  the  marbles  were  equally  good. 

20U2y^.  The  marbles  of  Algeria,  Mexico,  and  California,  of  the  same  nature  as 

Oriental  alabaster,  can  be  cut  and  ground  thin  enough  for  window  purposes.  At  Tarragona 
dathedral  and  at  Orvieto  are  examples  of  orange-yellow  Oriental  alabaster.  In  the  east 
.vindows  of  San  Miniato  are  slabs  of  antique  Pavonazzetto,  with  rcd-purple  markings, 
nearly  Uvo  inches  thick  (par.  616). 
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2()^2hh.  Carrara  and  Sicilian  marbles  are  used  for  steps  and  floors,  ’vvall  linings, 
jambs,  lintels,  columns,  capitals  and  bases,  entablatures,  altar  rails,  fonts,  pulpits, 
sepulchral  memorials,  and  many  other  purposes.  If  consistent  details  v,-qvq  used,  it  might 
probably  be  employed  for  public  and  other  buildings  (par.  1677u). 

2002U.  A new  and  beautiful  white  marble,  called  Hegge  marble,  from  near  Brdnd,  in 
■Norw^ay,  is  stated  to  be  a pure  calcium  carbonate,  hard,  with  a few  small  A’eins  or  spots, 
of  nearly  uniform  whiteness,  and  taking  a high  polish.  The  price  in  London  is  about 
one  half  that  of  similar  marbles.  A green  and  a red  marble  are  sent  from  Greece.  Verde 
Antico  and  Verde  di  Corsica  are  composed  of  limestone,  calcareous  spar,  serpentine,  and 
asbestos. 

2002/r/i:.  The  British  Museum,  the  South  Ken- 
sington Museum,  the  University  at  Oxford,  and  the 
Geological  Museum  in  Piccadilly  all  contain  fine 
collections  of  coloured  marbles,  ancient  and  modern 
— some  wrongly  named.  The  most  instructive  col- 
lection is  in  the  museum  of  the  Louvre.  (W. 

Brindley,  A/arWc;  its  uses  as  suggested  by  the  past, 
read  December,  1886,  at  the  Royal  Institute  of  British 
Architects.) 

Mouldings. 

2002W.  A marble  to  stand  exposure  to  the  weather 
should  be  close,  hard,  and  vitreous-lookmg.  Plenty 
could  be  selected.  The  mouldings  used  in  the  palaces 
of  theCses  irs  and  other  important  buildings  in  Rome 
were  usually  very  simple,  and  mostly  consisted  of  flat 
hollows  and  rounds,  with  small  fillets  produced  out 
of  a chamfer  (fig.  662w.).  They  looked  well,  and 
cost  less  than  many  modern  ones,  which  are  designed 
forgetful  of  masons’  methods  of  work.  Mouldings 
needed  to  be  drawn  specially  to  suit  the  colour  of 
the  marble. 

2002mOT.  Marble  linings,  whenever  possible,  should 
be  fixed  hollow  at  the  b ick,  and  a few  small  places 
left  open  in  the  joints  until  the  solid  walls  are  dry  ; 
the  hollow  allowing  the  slab  to  keep  warmer  than  the 
solid  wall,  thus  avoiding  condensation.  Good  -yv'eU 
slaked  lime  mortar  is  the  best  for  bedding.  Cements 
are  to  be  avoided.  Plaster  of  Paris  should  be  mixed 
with  a little  lime  putty,  to  assist  adhesion  and  pre- 
vent swelling.  It  must  be  remembered  that  marbles 
absorb  water  by  capillary  attraction,  and  are  com- 
monly permeable  to  gases.  They  absorb  water  from 
the  mortar,  which  coming  to  the  exterior  surface 
becomes  deposited  at  the  mouths  of  the  pores  and 
gives  the  surface  a brownish  discolouration.  If  the 
interior  surface  be  coated  with  asphaltum  the  dis- 
colouration will  gradually  disappear. 


Polishing. 

2002nn.  As  to  polishing  marble  : properly  polished 
chimney  pieces  of  foreign  manufacture,  and  toilet 
tables,  are  rarely  found,  as  acids  are  used  to  procure 
a rapid  and  cheap,  though  imperfect  and  fugitive, 
result.  At  the  Carrara  quarries  the  marble  is  first 
rubbed  smooth  with  fine  sand,  then  with  pumice- 
stone,  then  with  two  or  three  stones  of  variable  hard- 
ness. finishing  oflf  with  lead,  which  gives  the  last  and 
brightest  polish.  Water  and  friction  do  the  work.  (E.  C.  Robins.)  Marble  steps  should 
never  be  polished,  as  if  properly  done  they  are  very  slippery  and  dangerous.  In  Belgium,  li 
only  the  face  of  the  riser  and  rather  more  than  half  the  nosing,  stopping  just  where 
the  foot  pitches,  is  polished.  This  Irorn  below  has  the  appearance  of  a completely 
polished  stair,  while  at  the  same  time  there  is  no  danger  from  slipping.  (C.  H.  Biodie.) 
Polished  marbles  and  stone  rarely  go  well  together  in  the  same  work;  but  some  marbles — 
greys,  reds,  and  cippolinos — b’ok  well  dull-polished,  and  then  would  go  better  with  stone. 
White  marble  as  used  by  the  Tuscan  carvers  was  not  polished. 

These  full-size  illustrations  {jig.  662m.)  have  been  taken,  by  permission,  from  among' 
the  specimens  of  old  marbles  in  the  collection  of  Mr.  W.  Brindley. 
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CARPENTRY. 

2003.  Carpentry  is  the  science  of  framing  or  letting  into  each  other  an  assemblage  of 
pieces  of  timber,  as  are  those  of  a roof,  floor,  centre,  &c.  It  is  distinguished  from  joinery 
in  being  eflected  solely  by  the  use  of  the  axe,  the  adze,  the  saw,  and  the  chisel,  which  are 
tlie  carpenter’s  tools  ; whereas  joinery  requires  the  use  of  the  plane.  See  2102,  et  seq. 

200-1.  Though  necessarily  of  high  antiquity,  the  very  scanty  information  whicli  Pliny 
and  Vitruvius  liave  left  us  on  the  subject  would  merely  show  that  the  science  was  known 
bv  the  ancients.  The  roofs  of  Egypt  present  us  with  no  more  than  flat  coverings  of  massy 
stone ; a pediment  roof,  therefore,  would  seem  to  have  been  among  the  first  efforts  of  con- 
structive carpentry  ; and  upon  the  pitch  which  this,  then  and  since,  has  received  in  different 
countries,  we  shall  hereafter  have  to  speak.  The  Greeks  appear  to  have  used  carpentry  in 
the  construction  of  tlieir  floors  and  some  other  purposes  ; but  in  a country  abounding  with 
stone  and  marble,  it  is  not  likely  that  wood  was  much  used  in  the  interiors  of  their  build- 
ings, unless  where  lightness,  as  in  doors,  for  instance,  required  its  employment.  With  the 
Romans  it  was  much  more  commonly  used ; and  from  all  that  can  be  gathered,  we  may 
consider  them  as  the  fathers  of  the  science. 

2005.  Among  the  moderns  it  has  been  very  successfully  cultivated  ; and,  with  very  few 
exceptions,  we  may  almost  assert  that  the  works  of  Palladio,  Serlio,  De  Lorme,  Sir 
Christopher  Wren,  Perronet,  and  a few  others,  exhibit  specimens  which  have  scarcely  been 
surpassed  in  later  times,  notwithstanding  the  scientific  form  it  has  assumed  in  the  present  age. 

2006.  To  the  mechanical  principles  of  carpentry  we  have,  in  Chap.  I.  Sect  X.  of  this 
book,  directed  the  attention  of  the  student  ; and  to  the  section  now  under  our  pen  we 
should  have  added  the  words  Descriptive  and  Practical  to  Carpentry,  but  that  mucii  of 
what  could  have  been  said  on  that  head  has  already  been  anticipated  in  the  section  on 
Descriptive  Geometry.  Hence,  in  what  follows,  that  which  comes  under  such  pred  cament 
will  be  only  given  in  particular  cases,  for  the  purpose  of  saving  time  and  trouble  to  the 
reader  in  the  application  of  its  principles  to  them.  We  must,  here,  also  remind  the  reader, 
that  under  the  section  Beams,  &c.,  and  Timber,  have  been  described  the  difl’ereut  sorts  of 
timber  used  for  building  purposes,  their  strengths,  and  the  strains  to  which  they  are 
subject  and  which  they  are  capable  of  resisting ; and  that  therefore  this  section  is  confined 
simply  to  putting  pieces  of  timber  together,  so  as  to  form  the  assemblage  of  timbers  under 
which  we  have  commenced  by  defining  the  science.  To  do  that  properly  requires  great 
skill  and  much  thought.  Considerable  waste,  and  consequent  expense  to  the  architect’s 
employer,  result  from  that  ignorance  which  assigns  to  the  scantlings  of  timber  larger 
dimensions  than  are  absolutely  necessary  for  the  office  of  each  piece  ; insufficient  scantlings 
will  bring  the  architect  into  trouble  and  responsibility  ; and  the  improper  connection  of 
the  pieces  will  be  equally  ruinous  to  his  reputation.  The  principles  of  practical  carpentry 
are,  nevertheless,  simple  ; and  though  to  form  new  combinations  and  hazard  bold  and 
untried  experiments  in  practice  will  require  all  the  skill  and  science  of  a talented  artist,  the 
ordinary  routine  of  carpentering  is  to  be  learnt  by  a little  application  and  a due  exercise 
of  common  sense. 

2007.  After  these  observations,  we  must  introduce  the  student  to  the  first  operation 
which  in  practice  may  arise.  It  is  not  every  where  that  timber  can  be  obtained  in  suf- 
ficient lengths  to  stretch  across  the  void  he  has  to  cover  ; and  it  will  in  such  cases  be 
necessary  for  him  to  know  how  one  piece  of  timber. may  be  .so  joined  to  another,  for  the 
purpose  of  lengthening  it,  that  the  two  pieces,  when  joined,  may  be  as  nearly  as  possible 
equal  in  strength  to  one  whole  piece  of  timber  of  the  same  dimensions  and  length.  This 
operation  is  of  great  service  to  the  builder,  and  is  technically  called  scarfing.  To  perform 
it,  the  joints  are  indented,  and  bolts  are  passed  through  the  pieces  within  the  length  of  the 
indents,  such  bolts  being  confined  above  and  below  by  means  of  nuts  and  screws.  In 
fig.  66.S.  four  ways  are 

exhibited  of  accom-  ; ^ 

plishing  the  object  in  

(luestion.  A and  Bare  „ c 


the  methods  usually 
employed  for  joining 

together  plates,  lintels,  ce.-,. 

and  ties,  in  which  bolts 

are  rarely  necessary  ; but  if  such  a method  is  used  for  scarfing  beams,  bolts  must  be  em- 
ployed. The  stronger  forms,  which  only  should  be  used  for  beams,  shown  in  C and  D,  are 
not  only  in  that  respect  such  as  should,  on  that  account,  be  used  for  beams,  but  are  exe- 
cuted without  loss  of  length  in  the  pieces  of  timber.  The  length  of  the  joints  of  the 
scarfing  may  be  increased  at  jdeasure  ; the  diagrams  are  merely  given  to  show  the  mode 
of  .doing  what  was  rcfjuired.  With  fir,  however,  when  bolts  are  used,  about  four  times 
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the  depth  of  the  timber  is  a usual  length  for  a scarf  Scarfing  requires  great  accuracy 
in  execution  ; for  if  the  Indents  do  not  bear  equally,  the  greater  part  of  the  strength  will 
be  lost : hence  it  is  iinjiroper  to  use  very  conqilicated  forms  for  the  indents. 

2008.  Pieces  of  timber  are  framed  into  and  joined  to  one  another,  by  the  aid  of 
mortices  and  tenons,  and  by  iron  straps  and  bolts  ; and  on  the  proper  placing  of  those 
depends  the  soundness  of  the  work.  If  a piece  of  framing  is  to  stand  perpendicularK , 
as  in  the  case  of  partitions,  without  pressure  from  either  side,  the  mortice  and  tenon 
should  be  in  the  centre  of  the  wood.  Rut  in  the  case  of  framing  floors,  in  which 
the  pressure  is  on  the  ujiper  surface,  and  entirely  on  one  side,  the  mortices  and  tenors 
ought  to  be  nearest  the  side  on  which  the  pressure  is,  by 
which  the  tlmher  will  not  be  so  much  weakened  ; and 
iience  it  is  the  constant  practice  to  cut  the  mortices  and 
tenons  as  in^^s.  66'),  665.  Ry  the  method  shown  in  the 
last-named  figure,  the  tenon  obtains  more  strength  from 
an  additional  bearing  below,  which  is  further  increased  by 
the  inclined  hutment  above,  called  a tusk. 

2009.  The  method  of  framing  wall  plates  together  at  an  angle,  for  the  reception  of  the 
hip  rafter  on  the  dragon  beam,  and  the  angle  ties  for  retaining  the  wall  plates  in  their 
})laces,  is  shown  in  Jig.  666.,  wherein  AR  is  the  mortice  cut  for  the  tenon  of  the  hip  rafter 

I I 


Fig.  t)64. 


? 


u 


Fig.  G67. 


L 


Fig.  G66. 


Fig.  668.  Fig.  669. 

shown  in  fig.  667.  Fig.  668.  is  one  of  the  wall  plate.s,  showing  the  halving  to  receive  the 
other  plate,  and  the  cutting  necessary  for  dovetailing  the  angular  tie.  Fig.  669.  shows  the 
method  of  cutting  the  mortices  and  tenons  of  principal  and  hip 
rafters  ; another  method  being  given  in  fig  670.,  and  to  be  pre- 
ferred where  a greater  resistance  to  thrust  is  sought,  because  by  it 
a double  butting  is  obtained  on  the  tie  beam.  Inasmuch,  how- 
ever, as  in  this  last  case  the  beam  is  cut  across  the  grain  to  re- 
ceive the  rafter,  the  part  left  standing  to  receive  the  heel  of  the 
rafter  may  be  easily  split  away  ; to  obviate  which,  the  socket  may 
be  cut,  as  at  A,  parallel  to  the  grain  of  the  wood,  cd  is  the  iron 
strap  for  securing  the  rafter’s  foot  to  the  tie  beam,  and  keeping  it 
in  its  place.  A plan  of  the  upper  part  of  the  tie  beam  is  given 
at  R,  showing  the  socket  and  mortice  of  the  section  A in  the  last  figure, 
mode  in  which  a principal  rafter  is  strapped  to  a tie-beam,  with  x\\q  joqgling, 

2010.  The  most  approved  method  of  forming 
hutments  (^fig.  671.)  for  the  struts  or  braces,  aa, 
which  are  joggled  into  the  king-post,  is  to 
make  their  ends,  which  act  against  the  joggle, 
perpendicular  to  the  sides  of  the  brace ; they 
will  thus  be  kept  firmly  on  their  hutments, 
and  have  no  tendency  to  slide.  C is  a section 
of  the  king-post  and  tie  beam,  showing  the 
mode  of  wedging  and  tightening  the  strap, 
with  a single  wedge,  in  order  to  draw  the  tie 
beam  close  to  the  king-post.  D is  a section 


C exhibits  the 


I3I 


of  the  same  parts  to  a larger  scale,  and  with 

the  introduction  of  a double  wedge,  which  is  ^ ^ 

easier  to  drive  than  a single  one,  because  there  T 

is  less  action  upon  the  cross  grain  of  the  wood. 

2011.  Straps  in  carpentry  should  be  sparingly  used.  Professor  Robison  has  very 
properly  observed,  that  “ a skilful  carpenter  never  employs  many  straps,  considering  them 
as  auxiliaries  foreign  to  his  art.”  The  most  important  uses  of  them  are,  that  of  suspend- 
ing the  tie  beam  to  the  king-post,  and  of  securing  the  feet  of  the  i'  rincipal  rafters  to  the 
tie  beams  in  roofs. 

2012.  Rolts  are  sometimes  used  for  the  last-named  office,  with  jcus/zcrs  and  beads  and 
screw  nuts,  in  vvhich  case  the  washers,  nuts,  and  heads  should  be  well  painted,  though 
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even  then  they  arc  liable  to  rust.  \Vherev“r  the  iron  work  used  for  securing  a system 
of  framing  is  exjjosed  to  the  humidity  of  the  atmosphere,  it  should  he  rendered 
durable  hy  fre(]uent  ))ainting.  Vrice  { British  Carpenter,  17.59)  observes  thus:  “ 'I'liere  is 
o.ie  ])artieular  that  had  liked  to  have  escaped  my  notice,  concerning  the  placing  of  iron 
s:rai)s  on  any  truss,  thereby  meaniiig  to  help  its  strengtli,  which  is  by  turning  the  end 
sipiare  (as  shown  at  611.).  This  method  embraces  the  timber  in  such  a manner,  to 

make  it  like  a dovetail,  tvhich  cannot  draiv  from  its  place  ; another  observation  is,  to  holt  on 
vour  straps  with  s(juare  holts,  for  this  reason  ; if  you  use  a round  holt,  it  must  follow  the 
ati'fcr,  and  cannot  he  helped  ; by  this  heli)ing  the  auger-hole,  that  is,  taking  off  the  corners 
i)f  the  wood,  you  may  draw  a strap  exceeding  close,  and  at  the  same  time  it  embraces  the 
•Main  of  the  wood  in  a much  firmer  manner  than  a round  pin  can  jjossihly  do.”  The 
example  given  by  Price,  however,  for  turning  scjuare  the  strap,  is  injurious  to  the  rafter, 
which  must  he  partially  cut  to  admit  of  it. 


2019.  The  assemblage  of  timbers  in  a building,  used  for  supporting  the  flooring  boards 
and  ceiling  of  a room,  is,  in  carpentry,  called  naked  flooring,  whereof  there  are  three 
different  sorts,  viz.  single  flooring,  double  flooring,  and  double-framed  flooring.  But  before 
entering  on  the  ])articulars  of  either  of  the  sorts,  we  will  make  some  general  observations 
on  the  construction  of  floors,  which  require  the  architect’s  attention.  First,  the  wall 
plates,  that  is,  the  timbers  which  lie  on  the  walls  to  receive  the  ends  of  the  girders  or  joists, 
should  l)e  sufficiently  strong  and  of  sufficient  length  to  throw  the  weight  upon  the  piers. 
Skconulv,  if  it  can  be  avoided,  girders  should  not  lie  with  their  ends  over  openings,  as 
doors  or  vvlndows  ; hut  when  they  do,  the  strength  of  the  wall  plates  must  he  increased. 
To  avoid  the  occurrence  in  question,  it  was  formerly  very  much  the  practice  in  this 
country,  and  indeed  is  still  partially  so,  to  lay  girders  obliquely  across  rooms,  so  as  to  avoid 
openings  and  chimneys,  the  latter  whereof  must  indeed  he  always  attended  to.  'I'm roly. 
Wall  plates  and  temjilets  must  be  proportionately  larger  as  their  length  and  the  weight  of 
the  floor  increases.  'Phelr  scantlings  will,  in  this  respect,  vary  to  41  by  3 inches,  up  to  ?l  by 
.5  inches.  Fourthly.  'I'he  timbers  should  always  he  kept  rather  higher,  say  half  to  three 
(piarters  of  an  inch  higher,  in  the  middle  than  at  the  sides  of  a room,  when  first  framed,  so 
th  it  the  natural  shrinking  and  the  settlement  which  occurs  in  all  buildings,  may  not  ulti- 
mately ap])car  after  the  building  is  finished.  Lastly,  when  the  ends  of  joists  or  girders  are 
supported  hv  external  walls  whese  height  is  great,  the  middies  of  such  timbers  ought  nut 
at  first  to  rest  upon  any  partition  wall  that  does  not  rise  higher  than  the  floor,  hut  a space 
should,  says  Vitruvius  (Hb.  7.  c.  1.),  he  rather  left  between  them,  though,  when  all  has 
settled,  they  may  he  brought  to  a hearing  upon  it.  Neglect  of  this  precaution  will  induce 
unetpial  settlements,  and,  besides  causing  the  floor  to  he  thrown  out  of  a level,  will  most 
probably  fracture  the  corners  of  the  rooms  below. 

2014.  Single  Flooring  is  con- 
structed with  only  one  series  of  joists 
(as  shown  in  flg.  672.).  In  this  way 
of  framing  a floor,  if  a girder  is  used, 
it  should  he  laid  as  nearly  as  pos- 
sible over  the  centre  of  the  apart- 
ment. A single  floor  containing 
the  same  quantity  of  timber  as  a 
double  floor  is  much  stronger  ; hut 
the  ceiling  of  the  former  is  liable 
to  crack,  and  cannot  he  got  to  so 
good  a surface  when  finished.  Flence,  where  the  hearings  are  long,  it  is  much  better  to 
use  double  flooring. 

201.5.  The  scantlings  of  fir  joists  for  single  flooring  are  exhibited  in  the  subjoined  table, 
and  are  founded  on  our  own  practice.  'Fhe  weight  of  a square  varies  from  11  to  1 8 cwt. 

Length  in  Feet.  Width  in  Inches.  Depth  in  Inches. 

6 2 6 


Fig.  672. 


8 

ol 

7 

10 

4 

12 

ol 

8' 

14 

ol 

“2 

9 

18 

91 

12 

20 

3 

12 

These  scantlings  may  be  varied  if  wanted,  according  to  the  laws  laid  down  in  tli© 
section  Beams,  Pillars,  &t  . ; 1622.  el  serj. 

2016.  In  fg.  672.  AAA  are  the  joists,  and  B the  noor  boards.  The  laths  for  the  ceiling 
are  nailed  to  the  under  side  of  the  joists  A.A.V. 
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2017.  In  most  floors,  on  account  of  the  intervention  of  flues,  chimney  openings,  and  oc- 
casionally other  causes,  it  will  so  happen  that  the  ends  of  the  joists  cannot  have  a bearing 
on  the  wall.  In  such  cases  a piece  of  timber  called  a trimmer  is  framed  into  two  of  the 
nearest  joists  (then  called  trimming  joists)  that  have  a bearing  on  the  wall.  Into  tlu 
trimmer,  which  is  parallel  to  the  wall,  the  ends  of  the  joists  thus  intercepted  from  tailing 
into  tlie  wall  are  mortised.  The  operation  is  called  trimming.  The  scantlings  of  trimmers 
and  trimming  joists  may  be  the  same  as  those  hereafter  given  for  binding  joists  ; or  if  to  the 
width  of  the  common  joists  an  eighth  of  an  inch  be  added  for  each  joist  supported  by  the 
trimmer,  the  depth  being  the  same,  the  scantling  will  generally  be  sufficient. 

2018.  When  the  bearing  of  a single  joist  floor  exceeds  8 feet,  a row  of  strutting  pieces 
should  be  introduced  between  the  joists,  by  which  they  will  he  prevented  from  horizontal 
twisting,  and  the  floor  will  be  stiffened.  If  the  bearing  be  more  than  12  feet,  two  rows  of 
stiffening  pieces  or  struts  should  be  introduced,  and  so  on  for  each  increase  of  4 feet  in 
bearing.  They  should  be  put  in,  in  continued  rows,  and  be  well  fitted.  Beyond  a bearing 
of  1 5 feet  it  is  not  advisable  to  use  single  flooring,  neither  ought  it  in  any  case  to  be  used 
where  it  is  required  to  prevent  the  passage  of  sound. 

2019.  A double  Jloor  consists  in  its  thickness  of  three  tiers  of  timbers,  which  are  called 
binding  joists  (these  perform  the  office  of  girders),  bridging  joists,  and  ceilmg  joists.  From 
an  inspection  jig. 

67.8.  the  construction 
M ill  be  easily  under- 
stood. A A are  the 
binding  joists,  which 
are  the  principal 
support  of  the  floor 
oil  the  upper  side, 
whereon  BB,  the 
bridging  joists  are 
notched  ; which  is 
the  best  method, 

though  sometimes  they  are  framed  between  with  chased  mortices.  The  binders,  of  course, 
run  from  wall  to  wall  ; and  as  for  carrying  the  floor,  the  bridging  joists,  as  their  name  im- 
ports,  are  bridged  on  to  them  ; so  the  lower  tier  of  timbers,  called  the  ceiling  joists,  are  either 
notched  to  them,  or  are  what  is  called  pulley  mortised  into  them  ; tliat  is,  a chase  D is  cut  in 
the  binder  long  enough  to  allow  tenons  of  the  ceiling  joists  C being  obliquely  introduced 
into  them,  and  driven  up  to  their  places.  The  scantlings  of  timbers  used  in  this  method 
are  the  same  as  those  for  double-framed  flooring  of  which,  indeed,  it  is  but  a species. 

2020.  The  double-framed  Jloor  differs  only  from  the  last-named  by  the  binding  joists, 
instead  of  going  from 
wall  to  wall,  being 
framed  into  large 
pieces  of  timber 
called  girders  (as 
shown  in  fg.  674.), 
wherein  A is  the 
girder,  B a binding 
joist,  C a bridging 
joist.  Da  ceiling  joist, 

E the  pulley  mortice 
for  the  ceiling  joist 

D,  and  F is  the  floor.  The  great  aavantages  of  this  sort  of  flooring  are,  that  it  prevents 
the  passage  of  sound  between  the  stories,  and  enables  the  architect  to  make  a solid  ceiling. 

2021.  As  in  a double- framed  floor  the  girders  are  the  chief  supports,  it  is  exceedingly 
important  that  they  should  be  sound  and  free  from  shakes.  The  distances  between  one 
girder  and  another,  or  the  wall,  should  not  exceed  10  feet,  and  their  scantlings  as  n the 


Fig.  G73. 


following  table : — 

Girders  of  the  length  of  10  feet  should  be  9 inches  deep,  7 inches  wide. 


12 

— 

10 

8 

14 

■ — 

11 

9 

16 

— 

12 

10 

18 

— 

12 

11 

20 

— 

13 

11 

22 

— 

14 

12 

24 



1.*: 

IJ 

26 

— 

16 

12 

28 

— 

16 

13 

.80 

— 

16 

14 
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2021a.  Girders  or  beams  whose  bearing  exceeds  24  feet  are  difficult  to  be  procured  of 
sufficient  depth,  in  which  case  an  expedient  is  put  in  requisition  to  strengthen  a less  depth. 
The  principles  it  involves  are  ex[)lained  under  the  head  of  roofs,  namely,  tliose  of  tru.-ship 
them  (20;J1,  et  seif.),  an  operation  that  converts  the  beam  within  its  own  thickiu>ss  into  a 
piece  of  framework,  for  the  purpose  of  preventing  the  bending,  or,  as  it  is  technically  called, 
Its  sap  gin ff,  which  produces  an  injurious  horizontal  thrust  on  the  walls.  'I’hls  operation  is 
represented  in  Jig.  675,  in  two  different  ways.  No.  Ill  represents  the  plan. 





Fig.  075. 


The  l)cam  is  cut  info  two  halves  in  the  direction  of  its  depth  and  length,  between  and  into 
wiiich  tlie  truss  is  inserted,  as  shown.  It  is  better  that  the  truss  posts  A,  and  abutment 
pieces  R,  should  be  of  wrought  iron  ; tlie  struts  C may  be  of  oak,  or  some  stiff’er  wood 
than  the  beam  itself.  In  I.  and  II.,  the  whole,  or  nearly  the  whole  of  the  timber,  is  in  a 
state  of  tension. 

20-'li».  Tliis  operation  is  further  developed  by  trussing  the  beam  heloio  Itself,  an 
arrangement  considered  to  be  safer  and  stronger  than  that  above  described.  No.  IV.  has 
a wrought  iron  tension 

V. 


rod,  with  a stay  in  the 
centre,  which  takes  the 
whole  of  the  tension, 
whilst  the  timber  is  thrown 
e.itirely  into  compression. 

No.  V.  is  the  same  with  IV. 
two  stays.  By  these  sys- 
tems a l)eam,  rafter,  purlin, 

&c.,  which  will  barely  sup- 




port  its  own  weight  safely,  may  be  made  to  carry  a load  of  many  tons  without  sensiide 
deflection.  Tlie  tension  rod  is  useful  in  proportion  to  its  distance  from  the  beam  (evi- 
dently within  certain  limits).  If  it  be  immediately  under,  or  concealed  within  the  under 
edge,  it  becomes  nearly  useless,  especially  in  a cast  iron  beam  with  a wrouglit  iron  rod, 
wliere  the  beam  is  mucli  less  extensible  than  the  rod.  In  such  a case,  the  beam  would 
break  and  fall  before  the  rod  has  been  brought  into  action.  d'he  respective  size  or 
sectional  area  of  the  rod  and  beam  is  regulated  by  the  re.spective  strength  of  the  materials, 
as  it  is  useless  to  apply  a rod  capable  of  sustaining  double  the  tensile  force  that  the  beam 
can  resist  of  crushing  force,  and  vice  versa,’,  it  is  merely  adding  weight  (Warr,  Dgnamics, 
page  259  ).  The  flitch  girder  is  described  in  par.  1629m. 

2021c.  The  resistance  of  beams  of  soft  wood  may  be  considerably  increased  by  strength- 
ening the  centre  of  gravity.  Du  Hamel,  Force  des  Bois,  took  twenty-four  sticks,  cut  from 
young  willows,  of  equal  strength.  Each  stick  was  3 feet  (French)  long,  and  inch  square. 
Six  of  these  broke  in  the  middle  with  an  average  weight  of  566-48  lbs.  In  two  other 
pieces  he  made  a cut  across  it  ^ inch  deep  in  the  centre,  and  filled  it  out  with  a piece  of 
oak;  these  broke  with  an  average  weight  of  594-73  lbs.  'Iwo  more  were  cut  ^ inch 
deep,  and  treated  in  the  same  manner ; they  broke  with  585  lbs.  Five  were  cut  | inch 
deep,  and  broke  with  57  2 78  lbs.  All  the  trials  showed  that  the  piece  of  harder  wood 
increased  the  strengtli  of  the  beam. 

202 Id.  Eaves’s  girder  is  a simple  and  effective  contrivance  for  strengthening  a beam. 
Tlie  jiiece  of  timber  having  been  cut  nearly  from  end  to  end  (^Jig.  675a.),  is  bound  at  each 

termination  with 
J an  iron  strap. 
Blocks  are 


Fig.  675a 


driven  in  the  cut 
so  as  to  separate 

the  severed  pieces  to  several  inches  di.stancc  in  the  middle  of  the  length,  thereby  throwing 
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the  material  farther  above  and  below  the  neutral  axis.  A solid  beam,  40  feet  long,  inches 
deep,  and  inches  wide,  deflected  5\  inches  with  a load  of  1,700  lbs.  When  a similar 
beam  had  been  cut  to  ii'6  inches  of  each  end,  making  the  upper  part  5 inches  deep  and  the 
lower  part  4^  inches,  and  separated  by  blocks  until  tlie  parts  were  as  wide  asunder  as  half 
the  depth  of  the  l>eam,  the  beam  suffered  a less  deflection  by  1|  inch.  A greater  strength 
was  obtained  by  separa'ing  the  parts  to  the  whole  depth  of  the  beam,  \'hen  it  deflected 
inches  less  than  the  solid  beam  ; and  wdien  separated  to  times  the  depth,  it  deflected 
4 inches  less  than  the  solid  beam.  The  greatest  strength  is  obtained  by  giving  a section 
to  the  upper  and  lower  parts  proportional  to  the  pov\er  of  tite  material  to  resist  tension 
and  compression  {Civil  Eiujinter  for  1840,  page  161,  being  a paper  read  at  the  Institute 
of  British  Architects). 

2C2le.  Floors  are  now  largely  made  of  fireproof  materials,  as  referred  to  in  the  section 
Bricklayer.  The  introduction  of  rolled  iion  joists  and  girders  has  enabled  the  architect 
i ) construct  his  floors  of  larger  span,  by  supporting  the  timber  joists  between  them.  By 
UNing  riveted  steel  girders  a saving  is  made  in  the  cost  of  construction. 

2022.  We  now  return  to  the  subject  of  binding  joists,  which  ought  not  to  be  more  than 
6 feet  ajjart.  The  depth,  if  necessary,  for  accommodating  them  to  the  thickness  of  the 
floor,  may  be  varied  from  the  following  table  by  the  rules  given  under  section  Beams,  &c. 
Binding  joists  of  the  length  of 


6 feet  should  be  G inches  deep,  4 inches  wide. 


8 

_ 

7 

_ 

4^ 

16 

_ 

11 

— 

10 

— 

8 



5 

18 

— 

12 

— 

12 

— 

9 

— 

20 

— 

13 

— 

d'he  scantlings  of  bridging  joists  are  similar  to  those  already  given  for  single  flooring, 
d'hese,  as  well  as  ceiling  joists,  whose  scantlings  are  subjoined,  should  not  be  more  than 
12  indies  apart,  and  they  require  to  be  scarcely  thicker  than  is  necessary  to  bear  the  nails 
of  the  laths  fixed  to  them,  for  which  2 inches  is  quite  sufficient. 

Ceiling  joists  ot  the  lengtli  of 

4 feet  should  be  2h  inches  deep,  inch  wide..  I 10  feet  should  be  5 inches  deep,  2 inches  wide. 

6 — 3|  — U 12  5^  _ 2i 

8—4—2  I 


d”he  weight  of  a square  of  framed  flooring  with  counter  flooring  varies  from  22  to  36  cwt. 

2023.  Though,  perhaps,  more  curious  tlian  useful,  we  should  not  perform  our  duty  to 
the  student,  were  we  to  omit  a method  of  constructing  floors  with  short  timbers,  where  long 
( nes  are  not  to  be  procured.  Suppose  it  be  required  to  floor  the  room  ABCD  {Jig.  676.1 


Let  four  joists,  as  in  the  figure,  be  mortised  and  tenoned  at  abed,  as  tliere  shown.  N w 
it  is  evident  that  these  joists  will  mutually  support  each  other,  for  each  is  supported 
at  one  end  by  the  wall,  and  at  the  other  by  tlie  middle  of  the  next  joist.  Fig.  611. 
shows  another  mode  of  accomplishing  the  same  object ; and  many  other  forms  w'ould 
immediately  suggest  themselves  to  the  experienced  architect.  'I’he  expedient  is  of  ancient 
(wigin,  inasmuch  as  our  old  master  (so  we  delight  to  call  him,  notwithstanding  tlie  new 
lights  that  modern  critics  have  found  to  guide  them).  Serlio,  has  described  the  expedient 
without  any  difference.  In  the  fourth  volume  of  Rondelet  t/e  .Safir),  an  author  to 
w horn  we  are  under  infinite  oliligations,  is  described  a floor  executed  at  Amsterdam  for  a 
room  60  feet  square,  of  exceedingly  singular  construction,  inasmuch  as  it  is  without  joists 
at  all.  Each  side  of  tlie  room  is  provided  with  very  strong  vvall  plates,  who.se  angles  are 
secured  with  iron  straps,  and  are  rebated  to  receive  the  flooring,  which  consists  of  three 
thicknesses  of  inch  boards  Of  the.se  thicknesses,  the  first  is  laid  diagonally  across  the 
opening,  its  ends  resting  on  the  rebates  of  the  wall  ]ilates,  ann  rising  about  ‘■2^  inclu.s 
towards  the  centre  of  the  room.  I’lie  next  (second)  thickness  is  laid  diagonally  at  right 
angic.s  to  the  first  thickness,  and  the  two  aie  well  nailed  together.  In  the  third  thickness, 
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the  Ijoards  are  laid  down  parallel  to  one  of  the  sides  of  the  room,  and  form  the  tipper  side 
of  the  floor,  bein';,  however,  well  nailed  to  those  below.  Tlie  whole  of  them  are  grooved 
and  tongued  together,  forming  a solid  floor  4^  inches  thick.  In  this  examjtle  is  an  instance 
well  worthy  the  study  of  the  architect,  as  respects  a scientific  connection  of  parts,  and  the 
gieat  advantage  of  a well-dlsitosed  bond.  '1  he  floor  in  question  is,  in  fact,  a tliin  plate, 
well  supported  round  the  edges,  the  strengths  of  the  plates  biing  directly  as  the  squares  of 
their  thicknesses,  erjually  strong  to  bear  a weight  in  the  middle,  whatever  tluir  hearing; 
tliough  if  the  load  be  uniformly  distributed,  the  strength  will  be  inversely  as  tlie  area  of 
the  s])ace. 

2023a.  The  flooring  of  the  Middle  Ages,  as  used  for  upper  rooms,  were  constructed 
with  large  sipiare  limbers  resting  on  wood  plates,  which  formed  the  cornice  to  tlic 
rooms  ; sometimes  they  had  stone  cornices  under  them.  Occasionally  the  under  sides  of 
the  joists  were  covered  with  boarding,  and  this  was  divided  into  panels  by  small  ribs,  wiilj 
liosses  at  the  intersections,  carved  with  foliage,  or  with  shields  of  arms,  or  other  ornaments. 
An  examj)le  of  the  15th  century  exists  at  Wingham,  in  Kent;  Parker,  Dorn.  Arch.  iii. 

I ‘27.  These  were  usually  coloured  in  distemper.  The  ceiling  of  tlie  nave  and  of  the 
eastern  part  of  St.  Alban’s  Abbey  church  is  a remarkable  example  of  a fine  flat  ceiling  of 
early  date,  as  is  also  that  in  the  tower  of  the  church  at  St.  Cross,  in  Hampshire,  and 
that  of  the  lilirary,  15th  century  (and  foimerly  in  the  chapel)  of  Merton  College,  Oxford. 
In  England,  in  the  13th  century,  the  ceilings  (which  were  of  wood)  w'ere  frequently 
painted  the  same  as  on  the  wainscot,  in  green  and  gold,  and  were  sometimes  also  decorated 
with  historical  subjects  and  with  gilded  bosses. 

2023b.  The  joists  that  came  upon  a beam  were  placed  upon  it,  and,  being  cut,  were 
pinned  into  corresponding  blocks.  If  the  beam  took  two  sets  of  joists,  the  blocks  might 
be  made  long  enough  to  connect  the  ends  of  the  two  sets.  But  by  the  Hth  century  the 
system  of  girders,  binders,  and  joists  was  perfected ; boarding  one  inch  and  a l.alf  thick, 
rebated  on  both  edges,  was  laid  with  the  wider  face  downward,  and  connected  by  rebati  d 
battens,  fixed  upon  stop-moulded  joists,  and  the.se  were  dovetailed  for  lialf  their  depth 
into  moulded  binders,  that  xvere  dovetailed  three-fifths  of  their  depth  into  moulded  girde.s, 
the  backs  of  all  being  flush  for  the  boarding,  which  received  the  mortar  and  tile  floor. 

2023c.  Whetiier  in  oak  or  fir,  this  latier  system  was  apparently  never  enriched  w ith 
painting,  but  moulded  and  carved  ; indeed  the  inevitable  towel  decoration  makes  its 
appearance  in  panels  formed  by  moulded  strutting.  These  panels  are  let  into  r^b  tes  on 
the  back  of  the  struts  and  joists  and  binders,  so  as  to  leave  a space  between  the  panels  and 
the  flush  floor,  receiving  the  plaster  or  the  tiles  tipon  plastering.  Another  effective  practice 
was  to  rebate  the  backs  of  the  joists  sufficiently  deep  to  allow  the  apjrarent  ceiling  to 
consist  of  short  jrieces  of  hoard  that  were  decorated  on  the  two  edges,  laid  close  together, 
forming  a pattern  of  circles,  diamonds,  foils,  &c.,  cut  in  open  work,  with  a ground  formed 
by  laying  a plank  over  the  whole  length  between  the  joists;  over  this  came  the  finished 
one,  or  three  coated  floor.  In  the  15th  and  16’(h  centuries,  pendentives  hanging  by  keys 
to  timber  ceiling-joists,  between  binders,  formed  an  entirely  new  arrangement  of  decoiation, 
which  rivalled  in  its  complexity  of  drops  and  coffers  the  most  elaborate  works  of  Saracenic 
ceilings.  In  the  time  of  Henry  V 1 IT,  the  ceilings  were  commonly  of  plaster,  with  a 
great  variety  of  jiatterns  stamped  in  them.  The  ceiling  of  the  chapel  of  the  Savoy  Palace 
in  the  Strand  is  a rich  example  of  panelling  only. 

2023d.  Some  of  the  timber  houses  built  in  Troyes  at  the  commencement  of  the  15th 
century  afford  good  specimens  of  the  manner  in  which  the  construction  of  the  floors  was 
rendered  oinarneiital.  The  studs  of  the  framing  carry  the  usual  head-piece,  w-hich  is 
moulded;  and  on  this  are  notched  down  the  ceiling  joists,  which  have  their  ends  cut  as 
cantilevers:  upon  these  rests  a hoard,  or  plank,  having  its  edge  moulded,  which  is  kept  m 
place  by  the  chantlates  at  the  feet  of  the  rafters.  At  other  times  the  sill  is  separated  from 
the  joists  ; because  they  rest  upon  stanchions,  upon  which  are  planted  brackets  carrying 
the  ends  of  the  joists:  betw’een  the  ends,  which  are  grooved,  there  is  a piece  of  carved 
woodw’oik,  so  that  the  ends  of  the  joists,  in  conjunction  with  a moulded  plate  resting  upon 
them  and  receiving  the  tie  beams  or  ceiling  joists,  form  a sort  of  corbel-table.  (Fig.  7011.) 

2023e.  Another  method  of  forming  a floor,  with  its  ceiling,  into  decorated  construction,  is 
due  to  the  15th  century.  This  consisted  in  cutting  balks  of  timber  diagonally  and  laying 
them  with  the  angles  downward  close  together.  The  ends  were  notched  into  the  girders 
or  binders,  leaving  flush  backs.  If  not  sightly  enough,  triangular  fillets  were  put  in 
between  them  ; and  the  sharp  angle  might  even  be  taken  from  off'  the  an  is  or  under  edge 
of  the  balks.  Floors  were  also  composed  of  brick  segment  arches  (the  bricks  being  set 
herring-bone)  between  balks  of  timber  laid  with  one  corner  upwards,  so  as  to  form  a 
skew-back  for  the  arches. 

2023/.  For  these  few  remarks  we  are  indebted  to  Viollet  le  Due’s  admirable  Dictionnaire. 
As  the  systems  therein  shown  will  scarcely  be  adopted  in  England  in  general  practice,  the 
student  will  do  well  to  refer  to  the  work  should  he  reejuire  any  illustrations.  Avery 
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suggestive  la*e  example,  riclily  moukled  and  carved,  as  it  existed  before  1843  at  Fontaine- 
bleau, when  it  appears  to  have  been  reused  and  somewhat  altered,  is  given  in  that  work 
among  many  others. 

‘20^3,9.  Timber  pj-oiried  ceilings  a.vQ  to  be  met  with  in  the  choir  and  lady  chapel  at  St. 
Albans’;  in  Wannington  Church,  Northamptonshire,  of  the  Early  English  period  ; in  the 
cloisters  at  Lincoln  and  Gloucester;  in  the  towers  at  Exeter;  in  the  lantern  at  Peter- 
horough  ; the  lantern  at  Ely,  and  the  choir  at  Winchester,  cathedrals  ; in  the  choir  at 
Selby  Abbey  Churcli,  Yoikshire  ; in  tlie  nave  of  Boston  Church,  Lincolnshire,  where  it 
unfortunately  occupies  22  feet  of  height;  the  cha))el  of  St.  Mary’s  College.  Winchester; 
and  the  entire  rooting  of  York  Minster.  The  vaults  spring  from  stone-work  carried  up  as 
high  as  required  to  free  the  ribs  from  the  wall  ; there  is  no  special  mark  of  division  at  tlie 
])oint  where  the  stonework  ceasi  d and  the  woodwork  commenced,  d'he  hoarding  was  let 
into  a groove  in  the  sides  of  the  ribs,  or  laid  on  a rebate  The  eastern  part  of  the  chancel  of 
the  13th  century  church  at  Uffington,  in  Berkshire,  is  evidently  groined  or  prepared  for 
groining  in  this  way,  for  whilst  the  walls  and  buttresses  were  insufficient  to  resist  the 
thrust  of  a vault  even  filled  in  with  chalk,  the  stone  springers  exist.  “There  seems  to  he 
no  good  reason,”  continues  Mr.  Street,  from  whose  lecture  on  Woodwork  we  are  quoting, 
“why  this  kind  of  ceiling  should  be  condemned,  as  it  has  been  by  some  writers,  as  though 
it  were  unreal,  or  in  any  way  a sham.  It  is  nothing  of  tlie  kind,  and  no  attempt  whs 
made  to  make  the  wood  look  like  stone.  'I'he  boarding  was  frequently  feather-edged,  and 
grooved  and  tongned,  and  thus  obviously  of  wood.  {Fig.  180f  ) It  may  be  introduced  in 
buildings  not  calculated  to  resist  the  thrust  of  a stone  vault ; and  it  may  be  carried  far  up 
into  the  roof  and  above  the  top  of  the  walls,  which  in  stone  vaults  is  always,  within  a 
little,  the  limits  of  internal  height  attainable.” 


PARTITIONS. 

2024.  The  framework  of  timber  used  for  dividing  the  internal  parts  of  a house  into 
rooms  is  called  a partition  or  quartered  partition.  It  is  commonly  lathed  and  pla.stered ; 
when  the  spaces  between  the  timbers  or  quarters  are  bricked  up,  it  is  called  a hricknogged 
partition.  The  weight  of  a .square  of  common  partition  is  rarely  less  than  from  13  to 
1 S cwt.  ; hence  it  becomes  necessary  to  take  care  that  partitions  should  not  be  set  upon  the 
floor,  without  taking  due  jirecaution  to  relieve  it  of  the  weight,  either  by  struts,  braces,  or 
the  formation  of  a truss  in  it.  When  a partition  occurs  in  an  upper  story,  under  a strongly 
trussed  roof,  it  may  be  often  advantageously  suspended  from  the  roof,  and  its  weight  thus 
taken  off  from  the  floor  below.  If  it  have  a solid  bearing  throughout  its  length,  it 
requires  nothing  but  struts  between  the  quarters  ; but  these  are  not  absolutely  required. 
The  scantlings  of  the  timbers  of  a quarter  partition  should  vary  according  to  the  extent 
of  bearing.  Where  that  does  not  exceed  20  feet,  4 by  3 inches  will  be  sufficient  ; and  where 
it  is  as  much  as  40  feet,  the  quarters  should  not  be  under  6 by  4 inches,  that  is,  siqiposing 
it  to  bear  only  its  own  weight.  When  it  has  to  bear  more,  the  scantling  must,  of  course, 
be  increased  accordingly. 

2025,  Fig.  678.  represents  a design  for  a trussed  partition,  with  a doorway  in  the  centre 


of  it ; in  which  M is  the  head,  and  A A the  sill  ; dc,  dc  the  doorposts;  the  hitertiCy 
Ad,  Ad  the  braces;  fd,  fd  struts.  Fig.  679,  shows  a method  of  trussing  a partition  in 
which  the  doors  are  at  the  sides.  It  is  obvious  that  additional  strength  may  also  be  gained, 
when  wanted,  by  introducing  a tru.ss  between  the  intertie  and  head  of  a partition.  The 
angle  of  inclination  of  braces  should  be  about  40°  with  the  horizon. 


CARRIAGE  OF  STAIRS. 

2026.  The  framed  timbers  which  support  the  steps  of  a staircase  are  called  the  carriage. 
They  generally  consist  of  two  pieces  inclined  to  the  pitch  of  the  stairs,  called  the  rough 
strings.  When  geometrical  stairs  consist  of  two  alternate  flights  with  a half-pace  between 
them,  the  carriage  of  the  half-pace  is  constructed  with  a beam  parallel  to  the  risers  of  the 
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5te)>s,  whose  joists  are  framed  into  the  beam  for  the  sii})i)ort  of  the  flooring.  'I'liis  beam  is 
called  the  apron  piece,  and  that  wliich  sustains  the  rough  strings  at  the  upper  end  is  called 
the  pitchini;  piece.  The  joists  of  the  half-pace  are  sometimes  turned  into  the  pitci/mg  ])iece, 
and  sometimes  bridge  over  it  ; hut  the  stei)s  of  both  flights  are  always  supported  by  string 
pieces,  as  before.  'I'he  upper  ends  of  the  string  pieces  at  the  landing  rest  upon  an  horizontal 
piece  of  timber,  called,  as  above,  an  apron  i)iece.  'I'he  scantlings  of  the  strings,  ot  course, 
vary  with  the  length  of  the  inclined  part.  'The  depth  given  to  Joists  of  similar  length  will 
he  moi'e  than  suflicient. 


HOOFS. 

2027.  The  first  obvious  consideration  in  constructing  a roof  is  the  slope  to  be  given 
to  it,  which  depends  on  the  climate  against  which  it  is  to  serve  as  a irrotection,  and  on 
the  materials  to  be  employed  in  covering  it.  In  hot  countries,  rain  more  rarely  falls  than 
ill  temperate  ones  ; but  when  it  comes,  it  descends  very  abundantly,  which,  added  to  the 
temperature  of  the  air,  makes  it  unnecessary  to  give  a great  slope  to  the  roof,  from  which 
the  water  immediately  runs,  and  the  air  dries  it  almost  at  the  instant  of  the  rain’s  cessation, 
la  cold  countries  the  rain  is  more  searching,  the  air  is  more  impregnated  with  moisture, 
and  snow  often  lies  for  a long  time  on  a roof;  circumstances  which  require  a greater  pro- 
portional slope  to  be  given  to  it.  Again,  roofs  covered  with  lead,  zinc,  or  copper,  do  not 
recpiire  so  great  a slope  as  those  covered  with  tiles  or  slates.  (See  Roofing,  in  Glossary.) 

202^.  'liiough  among  architects  there  does  not  appear  to  have  been  any  fixed  principle 
bv  which  the  slojic  should  be  determined,  we  find  that  in  different  climates  suitable  slopes 
have  been  adopted  for  similar  materials.  Thus  in  the  southern  parts  of  Europe  we  find  the 
roofs  very  flat ; whilst  as  we  proceed  into  its  northern  parts  the  roof  acquires  a very  con- 
siderable elevation.  We  shall  here  transfer  to  our  pages  the  notice  of  this  subject  in  the 
Kncyclopedie  Methodique,  which  we  consider  extremely  important  and  interesting,  inasmuch 
as  it  shows  that  necessity  was  the  parent  of  beauty  in  the  inclination  of  the  roofs  of  the 
ancients;  and  in  the  times  of  the  middle  ages  it  had  some  influence  even  in  the  production 
and  developement  of  the  lancet  arch. 

2029.  The  researches  and  observations  made  respecting  the  roofs  of  a great  many 
ancient  and  modern  buildings,  situate  in  different  countries,  satisfy  us  that  the  slopes  of  roofs 
which  have  lasted  best  are  always  proportioned  to  the  temperature  of  the  climate.  Before 
entering  into  the  consideration  of  any  law  for  vletermining  the  slope  of  a roof,  it  will  be 
proper  to  comprehend  the  meaning  of  the  word  climate  as  here  introduced,  which  we  shall 
use  in  the  same  way  as  it  is  understood  by  geographers.  According  to  them,  the  climates 
of  the  globe  are  comprised  under  belts  or  bands,  of  unequal  size,  parallel  to  the  equator.  t)f 
them  there  are  twenty-four  between  the  equator  and  the  polar  circle,  each  of  half  an  hour  ; 
that  is,  the  length  of  the  longest  day  of  a place  situated  at  the  beginning  of  the  climate  is 
always  shorter  by  half  an  hour  than  that  of  the  place  situated  at  the  extremity  of  the  same 
climate,  or  at  the  beginning  of  the  succeeding  one,  proceeding  from  the  ecpiator  towards  the 
polar  circle,  'fliis  difference  in  the  length  of  the  day,  caused  by  the  greater  or  less  ob- 
licjuity  of  the  tropic  with  the  horizon,  is  one  reason  of  the  different  degrees  of  temperature 
of  countries  corresponding  to  the  different  climates.  We  are  not,  however,  to  assume  that 
the  temperature  will  be  exactly  the  same  for  all  places  under  the  same  climate,  since  there 
are  many  circumstances  which  tend  to  make  a place  more  or  less  damp,  in  which  cases  the 
slope  of  the  roof  should  rather  have  a relation  to  a more  northern  spot.  In  the  roofs  of 
the  Continent  covered  with  the  hollow  tile,  as  in  the  south  of  France  for  instance,  less  slojie 
is  required  than  with  the  Roman  tiles  (see  the  word  'File  in  Glossary),  which  are  in 
sections  alternately  flat  and  circular;  and  these,  again,  require  less  slope  than  the  common 
[dain  tile  or  slate.  From  the  observations  that  have  been  made,  we  find  that  the  slo[)e  of 

roofs  covered  with  hollow  tile,  f\^\j  thus,  of  the  south  of  France,  should  be  after  the 

rate  of  three  degrees  for  every  climate,  beginning  from  the  equator  and  proceeding  north- 
ward, and  that  when  the  Roman  tile  is  used,  an  addition  of  three  degrees  should  be  made  to 
such  inclination;  an  addition  of  six  degrees,  if  covered  with  slates;  and  of  eight  degrees, 
if  covered  with  plain  tiles.  According  to  this  law,  the  table  which  wiil  be  presently  sub- 
joined has  been  constructed,  and  a comparison  of  it  with  ancient  buildings  gives  a remark- 
dhle  corroboration  of  its  value.  'I'hus,  at  Athens,  situated  about  the  middle  of  the  sixth 
climate,  the  slope  of  a pediment  would  be  about  1 6r,° ; and  that  of  the  Parthenon  is 
actually  about  16°;  that  of  the  temple  of  Erectheus,  15^°;  of  Theseus,  15°.  In  Rome, 
which  IS  about  one  third  of  the  way  up  the  seventh  climate,  the  Roman  tile  requires  an 
inclination  of  22°.  Tiie  actual  slope  of  the  pediment  of  Septimius  Severus  is  23°;  those 
of  the  temples  of  Concord  and  Mars  Ultor,  231°  ; of  Fortuna  Virilis  and  the  Pantheon, 
24° ; and,  of  more  modern  date,  the  slope  of  the  roof  of  St.  Paolo  fuorj  le  mura  was  23'^. 

2030.  We  shall  now  give  the  reader  the  table  above  mentioned.  This  ingenious  theory 
is  taken  exception  to  by  P.  Waterhouse  in  his  Essay  on  Pediiuents,  See.,  ib86. 
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i Citv. 

i 

j Country. 

1 Climate,  longest 

Hollow 

Tiles. 

Roman 

Tiles. 

Slates. 

1 Plafn  Tiles, 

1 

1 

h. 

m. 

deg. 

min. 

deg. 

min. 

deg. 

min. 

deg. 

min.  ! 

1 Carthagena  - 

Spain  - 

- 

i VI. 

14 

42 

16 

12 

19 

12 

22 

12 

24 

12  , 

Palermo 

Italy  - 

- 

— 

14 

48 

16 

48 

19 

48 

22 

48 

24 

48 

Lisbon 

Portugal 

- 

i — • 

14 

50 

17 

00 

20 

00 

23 

00 

25 

00 

'I'oledo 

Spain  - 

- 

— 

14 

58 

17 

48 

20 

48 

23 

48 

25 

48 

Madrid 

Spain  - 

- 

■ — 

15 

00 

18 

CO 

21 

00 

24 

00 

26 

00 

Naples 

Italy 

- 

vn. 

15 

2 

18 

12 

21 

12 

24 

12 

26 

12 

Constant!- 

1 

nople 

Turkey 

- 

I 

15 

4 

18 

24 

21 

24 

24 

24 

26 

24 

Barcelona  - 

Sjjain  - 

- 

— 

15 

8 

18 

48 

21 

48 

24 

48 

26 

48 

Rome  - 

Italy 

- 

— 

15 

10 

19 

00 

22 

00 

25 

00 

27 

00 

I’au  - - 

France 

- 

• — 

15 

20 

20 

00 

23 

00 

26 

00 

28 

00 

Morence 

Italy  - 

- 

— 

15 

22 

20 

12 

23 

12 

26 

12 

28 

12 

' Avignon 

France 

- 

! — 

15 

24 

20 

24 

23 

24 

26 

24 

28 

24 

Genoa  - 

Italy  - 

- 

— 

15 

28 

20 

48 

23 

48 

26 

48 

28 

48 

1 Bologna 

Italy  - 

- 

— 

15 

28 

20 

48 

23 

48 

26 

48 

28 

48 

Bordeaux  - 

I'rance 

- 

— 

15 

30 

21 

00 

24 

00 

27 

00 

29 

00 

Piacenza 

Italy  - 

- 

VIII. 

15 

32 

21 

12 

24 

12 

27 

12 

29 

12 

'J'urin  and 

Venice 

Italy  - 

- 

— 

15 

34 

21 

24 

24 

24 

27 

24 

29 

24 

Milan  - - 

Italy  - 

- 

— 

15 

36 

21 

36 

24 

36 

27 

36 

29 

36 

Lyons  - 

France 

- 

— 

15 

40 

22 

00 

25 

00 

28 

00 

30 

00 

Geneva 

Switzerland 

— 

15 

44 

22 

24 

25 

24 

28 

24 

30 

24 

Dijon  - 

France 

- 

— 

15 

52 

23 

12 

26 

12 

29 

12 

31 

12 

Zurich  - 

Switzerland 

— 

15 

54 

23 

24 

26 

24 

29 

24 

31 

24 

Munich 

Germany 

- 

— 

15 

58 

23 

48 

26 

48 

29 

48 

31 

48 

Vienna 

Germany 

- 

j 

16 

00 

24 

00 

27 

00 

30 

00 

32 

00 

Strasbourg  - 

France 

- 

IX. 

16 

2 

24 

12 

27 

12 

30 

12 

32 

12 

Paris  - - 

France 

- 

— 

16 

6 

24 

36 

27 

36 

30 

36 

32 

36 

Ratisbon 

Germany 

- 

— 

16 

8 

24 

48 

27 

48 

30 

48 

32 

48 

Rheims 

France 

- 

— 

16 

10 

25 

00 

28 

00 

31 

00 

33 

00  1 

Nuremberg  - 

Germany 

- 

— 

16 

12 

25 

12 

28 

12 

31 

12 

33 

12 

Manheim 

Germany 

- 

— 

16 

12 

25 

12 

28 

12 

31 

12 

33 

12 

Havre  - 

France 

- 

— 

16 

12 

25 

12 

28 

12 

31 

12 

33 

12 

Mayence 

Germany 

- 

— 

16 

18 

25 

48 

28 

48 

31 

48 

33 

48 

Frankfort 

(Maine)  - 

Germany 

- 

— 

16 

18 

25 

48 

28 

48 

31 

48 

33 

48 

Cracow 

Poland 

- i 

— 

16 

20 

26 

00 

29 

00 

32 

00 

34 

00 

Valenciennes 

France 

— 

16 

22 

26 

12 

29 

12 

32 

12 

34 

12 

Brussels 

Belgium 

- 

— 

16 

26 

26 

36 

29 

36 

32 

36 

34 

36 

Cologne 

Germany 

— 

16 

28 

26 

48 

29 

48 

32 

48 

34 

48 

Antwerp 

Belgium 

- 

— ■ 

16 

30 

27 

00 

30 

00 

S3 

00 

35 

00 

London 

England 

- 

X. 

16 

34 

27 

24 

30 

24 

33 

24 

35 

24 

The  Hague  - 

Holland 

- 

— 

16 

40 

28 

00 

31 

00 

34 

00 

36 

00 

Warsaw 

Poland 

- 

— 

16 

42 

28 

12 

31 

12 

34 

12 

36 

12 

Berlin  - - 

Germany 

- 

— 

16 

46 

28 

36 

31 

36 

34 

36 

36 

36 

Hamburg  - 

Germany 

- 

— 

16 

58 

29 

48 

32 

48 

35 

48 

37 

48, 

Dresden 

Germany 

- 



17 

00 

30 

00 

33 

00 

36 

00 

38 

00 

Dantzic 

Poland  ' 

- 

XI. 

17 

8 

30 

48 

33 

48 

36 

48 

38 

48 

iMoscow  - 1 

Russia 

- 

— 

17 

22 

32 

12 

35 

12 

38 

12 

40 

12 

Co])enhagen 

Denmark 

- 

— 

17 

28 

32 

48 

35 

48 

38 

48 

40 

48 

Edinburgh  - 

Scotland 

- 

XII. 

17 

32 

33 

12 

36 

12 

39 

12 

41 

12 

Stockholm  - 

Sweden 

- 

XIII. 

18 

30 

39 

00 

42 

00 

45 

00 

47 

00 

Petersburgh 

Russia  - 

- 

XIV. 

18 

44 

40 

24 

43 

24 

46 

21 

48 

24 

Bergen 

Norway 

- 

— 

18 

44 

40 

24 

43 

24 

46 

24 

48 

24  1 

1 

“ '1  here  is  no  article,”  says  Ware  in  his  Body  of  Architecture,  “ in  the  whole  compass 
of  the  architect’s  employment  that  is  more  important  or  more  worthy  of  a distinct  con- 
sideration than  the  roof.  The  great  caution  is,”  continues  our  author  “ that  the  roof  be 
neither  too  massy  nor  too  slight.  Both  extremes  are  to  be  avoided,  for  in  architecture 
every  extreme  is  to  be  shunned,  but  of  the  two  the  overweight  of  roof  is  more  to  be  re- 
garded than  too  much  slightness.  This  part  is  intended  not  only  to  cover  the  building,  but 
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line  drawn  perpendicularly  from 


to  press  upon  the  wain,  and  by  that  btarin"  to  unite  and  hold  all  together.  This  it  wll, 
not  he  massy  enon*;h  to  perform  if  loo  liltle  timber  be  employed,  so  that  the  extreme  is 
to  be  shunned.  But  in  practice  the  great  and  common  error  is  on  tire  other  side  ; and  lie 
will  do  the  most  acceptable  service  to  his  profession,  who  shall  show  how  to  retrench  and 
execute  the  same  roof  with  a smaller  quantity  of  timber  ; be  will  by  this  take  oH  an  un- 
necessary load  from  the  walls,  and  a large  and  useless  expense  to  the  owner.” 

iJOdl.  We  shall  now  proceed  to  a popular  view  of  the  strains  exer  ted  by  the  timbers  of 
roofs,  referring  the  reader  back  to  the  section  on  Beams,  Bm.i.ak.s,  &c.,  for  a more  extended 
and  scientific  view  of  them.  Suppose  (Jig.  680. ),  in  B 

the  simplest  form  of  root;  the  rafters  (shown  by 
dotted  lines)  A B,  CB  to  pitch  upon  the  walls  Aa. 

Cc.  Let  the  rafters  be  supposed  to  be  connected 
together  at  B as  by  a binge,  as  also  similarly  con- 
nected with  the  walls  at  A and  C.  Now  if  the 
efiective  weight  of  the  walls  be  not  sufficient  to  resist 
the  thrusts  of  the  rafters,  as  respects  the  height, 
thickness,  and  situation  of  the  centre  of  gravity  of 
such  H'alls,  taken  as  sol  d masses  and  moveable  on 
the  points  X and  Y,  it  is  manifest  the  rafters  by 
their  own  gravity  will  descend,  and  the  walls  will 
spread  and  I e thrown  out  of  an  upright,  as  in  ab 
and  cd.  and  the  rafters  will  take  the  places  shown  in 
the  figure.  It  has  already  been  shown  (par.  1622 ) 
that  the  hoiizontal  thrust  of  a pair  of  rafters  thus 
meeting  each  other,  is  proportio.ial  to  the  length  of 
the  rafter’s  foot  until  it  intersects  a vertical  line  drawn  from  its  apex.  As  the  roof  there- 
fore becomes  flatter,  the  length  of  the  perpendicular  increases.  Hence,  if  AB  and  BC  be 
the  rafters,  and  their  weights  be  represented  by  iheir  lengths,  the  weight  or  power  of 
thrust  exerted  by  the  rafter  AB  in  the  direction  of  its  length  will  be  represented  by  BO,  and 
the  horizontal  thrust  by  AO  ; AO  being  perpendicular  to  AB.  To  secure,  then,  the  walls  in 
their  perpendicularity,  which  the  thrust  of  the  rafters  tends  to  derange,  a system  of  framing 
becomes  necessary.  Thus,  in  Jig.  681., 
a beam  AC,  which  from  the  office  it 
performs  of  tying  or  confining  the  feet 
of  the  rafters  is  called  a tie  beam,  is  in- 
troduced across  the  opening,  and  into 
this  beam  the  rafters  are  framed.  If 
the  tie  is  introduced  above  the  level  of 
the  walls,  it  is  called  a collar  beam,  as  ac. 

It  is  manifest  that  these  beams  exert 
their  power  in  the  same  way  that  a 
string  would,  that  is,  that  the  principal 
strain  which  they  have  to  perform  is  in 
the  direction  of  their  length,  and  hence,  that  for  such  especial  purpose,  if  they  be  prevented  from 
sagging  OT  bending,  a small  size  or  scantling  will  be  sufficient,  for  we  have  already  seen  that 
the  cohesive  power  of  timber  is  very  great  in  tbe  direction  of  its  length.  To  take  care 
that  the  tie  beam  thus  introduced  p 

should  be  strained  only  in  the  direction 
for  which  it  is  used,  we  are  now  led  to 
another  expedient.  The  beam  by  its 
own  gravity,  especially  in  a large  open- 
ing, would  have  a tendency  to  sag  or 
bend  in  the  middle,  and  the  more  so  if 
its  scantling  be  simply  proportioned 
to  its  office  of  a tie.  To  prevent  this 
li  a fresh  tie  is  introduced  called  a king~ 
post  DB  (Jig.  68  2.),  by  which  the 
jibeam  is  tied  or  slung  up  to  the  apex  of 
the  principal  rafters ; and  this  combination  of  a pair  of  rafters,  a tie  beam  and  a king- 
post, is  called  a truss,  and  is  the  most  important  of  the  assemblages  which  the  car- 
penter produces.  When  the  rafters  are  of  such  length  that  they  would  be  liable  of 
themselves  to  sag  down,  supports  aa  are  intr  oduced  at  the  points  where  such  failures  would 
occur,  and  these  supports  are  called  struts,  because  their  office  is  to  strut  up  the  rafter, 
which  they  should  do  as  nearly  as  the  case  will  admit  in  a direction  perpendicular  to  the 
slope  of  the  rafters. 

2032.  It  is  clear  that  out  of  this  last  case  a fresh  system  of  trusses  may  arise  as  in 
/ig.  683.,  for  from  those  points  procured  by  the  struts  against  the  rafters  new  rods  may 
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be  slung  tor  Increasing  the  stiHiiess 
of  the  tie  beam  ad  infinitum  in  theory, 
but  not  in  practice,  because  the  com- 
pressibility of  tbe  fibres  of  timber  is 
considerable  in  lines  perpendicular 
to  their  direction,  and  the  contraction 
and  expansion  of  metal  places  a limit 
to  its  use.  This  compression  of  tim- 
ber deserves  great  attention  on  the  part  of  the  architect.  We  may  lay  down  as  a rule 
in  respect  to  it  that  the  more  the  weights  or  pressures  act  in  the  direction  of  the  fibres, 
the  less  will  be  the  coinpiession. 

20,33.  To  exemplify  this,  fig.  684.  shows  in  No,  1.  the  principal  rafters  of  a rool 
butting  in  an  ordinary  roof,  against 
the  shoulders  AB,  CU  of  the  king- 
post, whose  fibres,  being  vertical,  are 
compressed  by  the  pressure  against  it, 
on  each  side  of  the  rafters,  whereby 
they  approach  each  other,  causing 
the  whole  figure  of  the  roof  to  suffer 
a change.  For  by  the  action  of  com- 


Fig.  681. 


pression  and  its  consequence  the  kingpost  must  descend,  and  with  it,  consequently,  the  tie 
beam  which  is  slung  up  to  it.  To  remedy  the  inconvenience  in  roofs  constructed  of  fir,  the 
kingpost  is  often  made  of  oak,  which  is  less  compressible,  a practice  which  should  be 
observed  in  all  roofs  of  consequence.  But  cast  iron  kingposts  are  the  best  substitute  where 
the  expense  can  be  justified.  In  No.  2.  the  end  is  accomplished  much  more  economi- 
cally by  housing  the  rafters  in  the  head  of  the  kingpost  at  the  angle  in  which  the  rafters 
meet,  by  which  the  fibres  of  the  rafters  butt  against  each  other,  bringing  the  compression 
nearer  to  that  which  takes  place  in  a post  according  as  the  rafters  are  less  inclined  to  each 
other,  and  the  beam  is  then  literally  suspended  from  the  vertical  planes  of  the  rafters  at 
their  junction. 

20.34.  When  a roof  {fig.  685.)  is  trussed  by  two  upright  suspending  posts,  which  be- 
come necessary  in  increased  spans, 

such  posts,  A B,  CD,  are  called  <7^^eew-  ^ p,  n 

posts,  and  the  piece  between  them, 

BD,  is  called  a collar,  which  acts  as 
a straining  piece  to  prevent  the  heads 
of  the  queen-posts  moving  out  of 

their  places  towards  each  other.  1 1 Pig.  eg.r,. 

will  on  mere  inspection  be  seen  that 

this  roof  has  three  points  of  support,  B,  E,  and  D;  for  by  means  of  the  struts  AE,  EC,  a 
new  suspending  point  is  gained  from  E for  sustaining  the  tie  beam  between  the  points  A 
and  C.  It  is  also  to  be  observed  that  the  collar  or  straining  piece  BD  performs  in  this 
assemblage  an  office  exactly  the  reverse  of  that  which  it  does  in  fig,  681. 

20.35.  The  Mansard  roof,  so  called  from  its  inventor’s  name,  and  with  us  called  a Curb 
roof,  fre(iuently  used  for  the  purpose  of  keeping  down  the  height  of  a building,  and  at 
the  same  time  of  obtaining  sleeping  or  other  rooms  in  it,  is  shown  in  figs.  686  and  687.  It 
may  be  considered  as  primarily 
consisting  of  four  pieces  of  timber 
connected  by  hinges  at  the  points 
ABCDE.  If  these  be  inverted, 
they  will  arrange  themselves  by 
their  gravity  in  such  a manner  that 
when  returned  to  their  first  position 
they  remain  in  a state  of  equili- 
brium, which,  however,  in  practice 
is  but  a tottering  one,  and  requires 
additional  expedients  to  prevent 
the  whole  assemblage  thrusting  out 
the  walls ; and,  moreover,  to  pre- 
vent the  upper  rafters  from  acting 
by  their  thrust  to  displace  the  low'er 
ones.  To  obtain  these  ends  the 
first  object  is  to  introduce  the  tie 
AE  ; and,  secondly,  the  tie  BD.  It  is  to  be  understood  that  means  are  to  be  used,  when 
needed  from  their  length,  to  prevent  these  beams  from  bending,  similar  to  those  already 
directed  in  the  cases  of  simple  trusses.  Fig.  686  is  an  example  selected  from  KraHt, 
{Art.  de  la  Charpente,  fol.  180)),  having  an  arched  ceiling  to  give  additional  height  to 


CflAr.  in. 


CARl’ENTKY. 


627 


soife  lar«?;e  or  iruhlic  room.  This  form  of  roof  lias  been  frequently  adopted  in  the  palaces 
of  France  and  Germany.  Fig.  687  is  a king-post  Mansard  roof,  aUbrding  a wide  space 
over  the  tie  beam  available  as  an  aiiartment.  Fig.  698  is  an  example  of  tlie  principles 
adopted  for  a much  wider  spanned  roof. 


Fi*.  088. 


20.35a.  We  have  thus  far  endeavoured  to  explain  in  the  simplest  way  the  conduct 
to  be  pursued  for  obtaining  stability  in  the  construction  of  a roof ; but  before  we 
proceed  to  the  scantlings  of  the  timbers  to  be  employed,  the  reader  must  be  informed 
that  the  trussis  to  roofing,  with  whose  nature  he  has  now  become  acquainted,  are 
placed  only'  at  certain  intervals  (wbich  should  not  exceed  10  feet)  apart,  and  are 
thus  made  to  bear  the  cotunum  rafters  and  the  weight  of  the  covering,  as  well  as 
to  perform  the  office  of  suspending  the  tie  beam  by  which  the  walls  are  kept 
togetlier.  Hence  the  rafters  so  framed  in  a truss  are  called  principal  rafters;  and 
by  the  means  of  a pjirline  A {Jig.  d 

688. ),  which  lies  horizontally 
throughout  the  roof’s  length  on  the 
principal  rafters,  they  are  made  to 
hear  all  the  superincumbent  load. 

The  purlines  are  in  various  ways 
made  fast  to  the  principal  rafters, 

111(1  upon  it  the  common  rafters 
are  usually  notched  down.  Their 
hearings  are  thus  lessened,  and 
less  scantlings  suffice  for  them. 

'I'hey  are  received  at  their  feet  on  a piece  of  timber  (15  in  the  figure),  which  runs  longitu- 
dinally along  the  sides  of  the 
hiiilding.  This  piece  of  timber 
is  called  a pole  plate,  from  being 
the  uppermost  plate  in  a build- 
ing; at  their  summits  they  abut 
against  a ridge  piece  D.  When 
ii  roof  slopes  each  way,  the  space 
cnclo.sed  between  the  intersection 
of  the  slopes  is  called  a hip  {Jig. 

689. );  and  the  longest  rafters  in  it, 
wliicli  are  those  at  the  angles,  are 
called  hip  rafters,  and  the  shorter  ones  are  named  rafters,  as  A,  A,  A,  &c. 

2036.  We  have,  at  the  beginning  of  this  section  (2007. ),  observed,  that  the  u.se  made  of 
holts  must  be  always  in  a direction  as  nearly  as  possible  counter  to  the  strain  which  the 
jiieces  exert ; the  method,  therefore,  of  introducing  them  will,  on  due  consideration, 
be  sufficiently  obvious. 

Before  proceeding  to  lay  before  the  reader  some  few  examples  of  roofs  suitable  to  dif- 
ferent spans,  as  well  as  of  some  of  magnitude  which  have  been  executed,  it  may  be  as 
well  to  complete  this  portion  of  our  labour,  by  giving  some  information  on  the  scantlings 
of  timber  for  roofing,  in  which  a medium,  founded  on  our  own  practice,  is  introduced 
between  ignorant  overloading,  and  fanciful  theory. 

2037.  For  roofs  whose  spans  are  between  20  and  30  feet,  no  more  than  a truss  with  a 
king-post  and  struts  will  be  necessary,  in  which  case  the  scantlings  hereunder  given  will 
be  sufficient. 


For  a span  of  20  feet,  the  tie  beam  to  be  9 tn.  by  4 in.  ; the  king -post,  4 in.  by  4 in. , 
principal  rafter,  4 in.  by  4 in.  ; struts,  4 in.  by  3 in. 

For  a span  of  25  feet,  the  tie  beam  to  be  10  in.  by  5 in.  ; the  king-posts,  5 in.  by  5 in. ; 

principal  rafter,  5 in.  by  4 in.  ; struts,  5 in.  by  3 in. 

For  a span  of  30  feet,  the  tie  beam  to  be  1 1 in.  by  6 in. ; the  king-post,  6 in.  by  6 in.  , 

principal  rafter,  6 in.  by  4 in. ; struts,  6 in.  by  3 in. 

2038.  For  roofs  whose  spans  are  between  30  and  45  feet,  a truss  with  two  queen-posts 

=tnd  struts  will  be  required,  and  a straining  piece  betiveen  the  queen-posts.  Thus  — > 

For  a span  of  35  feet,  the  tie  beams  to  be  11  in.  by  4 in.  ; queen-posts  4 in.  by  4 in.  ; 

principals,  5 in.  by  4 in.  ; straining  piece,  7 in.  by  4 in.  ; struts,  4 in.  by  2 in. 

For  a span  of  40  feet,  the  tie  beams  to  be  12  in.  by  5 in.  ; queen- po.sts,  5 in.  by  5 in.  ; 

principals,  5 in.  by  5 in.  ; straining  piece,  7 in.  by  5 in.  ; struts,  5 in.  by  21  in. 

For  a span  of  45  feet,  the  tie  beams  to  be  13  in.  by  6 in.  ; queen-posts,  6 in.  by  6 in. ; 
principals,  6 in.  by  5 in.  ; straining  piece,  7 in.  by  6 in.  ; struts,  5 in.  by  3 in. 

2039.  For  roofs  whose  spans  are  between  45  and  60  feet,  two  queen-posts  are  require.^, 
nnd  a straining  piece  between  them  ; struts  from  the  larger  to  the  smaller  queen-posts,  and 
iiruts  again  from  the  latter. 
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For  a span  of  50  feet,  tie  beams,  13  in.  by  8 in.  ; queen-posts,  8 in.  bv  8 in.;  small 
queens,  8 in.  by  4 in. ; principals,  8 in.  by  6 in. ; straining  piece,  9 in  by  6 in.; 
struts,  5 in.  by  3 in. 

For  a span  of  55  feet,  tie  beams,  14  in.  by  9 in.;  queen- posts,  9 in.  by  8 in. ; small 
queens,  9 in.  by  4 in. ; principals,  8 in.  by  7 in.  ; straining-piece,  10  in.  by  6 in. ; 
struts,  5|  in.  by  3 in. 

For  a span  of  60  feet,  tie  beams,  15  in.  by  10  in.  ; queen-posts,  10  in.  by  8 in. ; small 
queens,  1 0 in.  by  4 in. ; principals,  8 in.  by  8 in. ; straining  piece,  1 1 in.  by  6 in. ; 
struts,  6 in.  by  3 in. 

2040.  The  scantlings  of  purlins  are  regelated  principally  by  their  bearing  ; and 
though  we  hare  subjoined  scantlings  for  bearings  of  12  feet,  such  should  be  avoided  by 
not  allowing  the  distances  between  the  trusses  to  exceed  10  feet.  Thus — for  a bearing 
of  6 feet,  the  scantling  should  be  6 by  4 ; for  8 feet,  7 by  5 ; for  10  feet,  8 by  6 ; for 
12  feet,  9 by  7. 

For  common  rafters  the  scantlings  are  as  follow  ; 12  feet  should  be  the  maximum  of 
the  bearing.  For  a bearing  of  8 feet  the  scantling  should  be  4 by  2| ; for  10  feet, 
5 by  2^ ; for  12  feet,  6 by  2^. 

2040a.  To  determine  the  size  of  a rafter  for  a roof  to  support  the  covering  of  slate, 
the  distance  between  the  supports  being  6 feet,  and  the  weight  of  a superficial  foo%  in- 
cluding the  stress  of  the  wind,  being  56  lbs. ; the  deflection  not  to  exceed  — th  of  an  inch 
for  each  foot  in  length  ; the  formula  becomes : — 56  lbs.  x 6 feet  = 336  lbs.,  and 
336  i^s.^y  40x  6 _ j which  take  |ths  for  uniform  load  = 98*44.  If  the  breadth  be  made 


2\  inches,  then  = 
^ 2-5 


39*3,  and  the  cube  root  of  39*3  is  3*4  inches,  the  depth  required 


These  are  the  rules  given  by  Barlow  (page  179),  who,  in  the  several  editions  of  his  work  on 
Strength  of  Materials,  put  the  “ reduced  tabular  value  ” for  Riga  fir,  E = 96,  and  32  times 
FI  became  3072;  and  for  English  oak,  E=105.  In  the  edition  of  1851,  this  has  been 
altered  to  E=  192,  and  16  times  E = 3072  also,  for  fir;  or  for  oak  E = 210.  The  reason 
of  this  change  has  been  explained  in  Beams  and  Pillars,  par.  1630w. 

20405.  Another  element  in  the  calculation  for  timbers  above-named,  is  the  •vv*eights  of 
the  different  materials  used  in  covering  buildings ; these  are  stated  to  be  as  follows. 
(Flat  fireproof  roofs  have  been  considered  s.v.  Bricklayee)  : — 


A square  of  timbering  for  tiled  and  slated  roof 

5-5  to  6 5 lbs. 

boarding  5 thick  - 

99 

In  lbs.  per 

„ and  sheet  iron,  20  W.G. 

6-5 

sq.  ft. 

pantiling  about 

7i  cwts.,  also  put  at 

- 650 

1 

10 

plain  tiling  „ 

14|  „ 

- 1780 

Q 

7 

7 to  20 

stone  slating  „ 

- 2380 

99 

0 

T 

„ 

slating,  a mean  „ 

„ ,, 

— 

5 toll 

„ common  „ 

500  to  900 

i 

„ large  „ 

— „ „ 

1120 

lead  „ 

^ 9)  99 

700 

4V 

6 or  7 

zinc,  15  ounce  „ 

1 » 

— 

1-25  to  163 

>9 

copper  „ 

100 

4V 

sheet  iron,  16  w*.o.,  and  laths  ... 

5 

„ Jjj  thick 



3 

99. 

„ corrugated 

- 

3-4 

and  laths  . - - 

5-5 

99 

99 

cast  iron  plates,  f thick  . - . . 

15 

thatch  about 

— 

99’ 

6-50 

Clarke,  Graphic  Statics,  1880, 


The  weights  of  iron  roof  coverings  are  given  by  G.  S. 
p.  137,  from  Unwin,  Wrought  Iron  Bridges  and  Roofs.  The  column  of  fractions  shows 
what  the  height  of  the  roof,  in  parts  of  the  span,  is  usually  made.  As  the  timbers  em- 
ployed are  of  course  less  in  dimension  as  the  weight  decreases,  it  follows  that  a much  less 
quantity  of  timber  is  requisite  where  the  metals  can  be  employed.  On  fiats  it  will  be 
necessary  to  consider  the  weight  of  the  number  of  persons  who  may  be  probably  stand- 
ing on  it  at  a time.  The  force  of  the  wind  has  been  considered  in  par.  1592a.  When  the 
rise  or  pitch  is  ith  of  the  span,  the  angle  formed  is  18°25";  ^ is  26*^35'' ; ^ is  33°42'’ ; 
\ is  45°;  I is  53°;  f is  56°20";  when  equilateral,  60°  ; a whole  pitch  is  63°30". 

2041.  By  a study  of  the  roofs  which  follow  as  examples,  the  architect  will  be  led  to 
other  expedients  and  modific.ations  of  the  forms  submitted  to  his  notice,  as  circumstances 
may  call  forth  his  ingenuity  and  talents.  We  have,  we  trust,  already  said  enough  to  lead<l 
him  OP.  Where  economy  must  be  consulted, 
the  roof  shown  in  fig.  690  may  be  used  ; it 
is  only  fit  for  a small  building,  and  the  span  of 
such  a one  should  not  exceed  25  feet.  The  left 
end  of  the  collar  beam  exhibits  what  is  called 
the  carpenters  hoast,  but  it  partakes  somewhat 
of  the  rule  joint,  being  worked  out  to  a centre.  C 
But  in  roofs  above  25  feet  span  it  is  not 


Fig- 


well  to  omit  the  king-post  and  tie  beam,  though,  if  particular  strains  are  to  be  provided 
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against,  even  in  such  small  spans  the  struts  should  not  be  omitted,  and  the  form  shown  in 
fig.  691.  should  be  adopted,  which  will  answer  for  spans  at  least  up  to  35  feet.  In  this  and 


other  cases  of  larger  span,  it  is  often  desirable  that  the  common  rafters  should  not  stand 
above  the  principals,  and  then  the  purlines  are  framed  by  mortices  and  tenons  into  the 
principals,  as  shown  at  A,  Jiy.  692.,  wherein  the  line  fjc  shows  the  underside  of  the 
common  rafters  notched  on  to  the  purlines.  This  is  a usual  practice  in  Gotliic  roofs. 

20-12.  From  35  to  43  feet,  the  tie  beam  should  be  suspended  from  at  least  three  points, 
or  it  will  be  unnecessarily  heavy  ; and  this  suspension  of  the  tie  beam,  so  that  it  may  be 
.‘cally  a tie  unsus- 
ceptible of  altera- 
tion in  form,  is  the 
true  cause  of  this 
introduction  of 
king  and  queen 
posts,  as  before  ex- 
plained. Indeed, 
is  a general  rule, 

;t  is  well  that  the 
distance  between 
juch  points  of  sup- 
port for  a tie  beam 
ihould  rot  exceed 

13  to  15  feet,  without  expedients  being  used  to  prevent  intermediate  sagging.  Fig.  693.  is  a 
pieen-post  roof  of  a span  of  43  feet,  over  the  railway  workshops  at  Worcester,  showing  the 
ntroduction  of  skylights.  The  trusses  are  placed  15  feet  apart.  The  principal  rafters  are  8 
ry  8 ; tie  beam,  12  by  8 ; queen-po.st,  8 by  6 ; struts,  4^  by  4^  ; straining  beam,  9 by  8 ; 
•ommon  rafters,  4^  by  2;  purlines,  in  two  flitches  each  (trussed  with  stirrup  pieces  and  iron 
ies),  9 by  3.  The  tie  beams  are  carried  on  iron  shoes.  Fig.  694.  is  a queen-post  truss 
or  a span  of  50  feet,  which  leaves  a considerable  space  free  in  the  middle.  The  tie  beam 
vill  probably  be  scarfed,  which  will  be  best  made  between  a and  b.  The  straining  sill  c, 
(trapped  to  the  tie  beam,  will  add  materially  to  its  strength. 

2043.  For  spans  above  60  feet  we  have  not  given  scantlings  of  timber  in  the  preceding 
ables;  but  such  do  not  greatly  increase  beyond  60  feet  witlt  practicable  spans,  and  enough 

has  been  already  said  to  make  the 
reader  acquainted  with  that  part  of 
the  subject.  Fig.  695.  is  the  truss 
of  the  parish  church  of  Elgin,  de- 
signed by  A.  Simpson,  of  Aberdeen. 
Tlie  trusses  are  placed  6 feet  6 inches 
from  centre  to  centre.  The  tie  beam  is 
in  two  flitches,  each  13  by  5^;  prin- 
cipal rafters.  1 1 inches  deep  at  lower 
end,  8 inches  at  top,  and  6 inches 
thick  ; collar  beam,  7 by  5^  ; king- 
)ost  struts,  5 by  5|  ; struts,  5 by  4^ ; horizontal  rafters,  4l  hy  2|,  placed  13  inches  apart, 
ind  covered  with  inch  grooved  and  tongued  deal,  and  7 lbs.  lead.  This  is  similar  to  the 
Italian  system  intimated  in  Specifications,  par.  2^i85.  The  tie  beams  have  cast  iron  shoes 
It  each  end,  with  abutments  formed  for  the  rafters,  and  secured  with  | inch  diameter 
lolts  with  nuts  and  washers.  The  wrouglit  iron  suspending  rods  are  inch  square,  and 
lave  abutment  pieces  for  the  rafters  and  struts. 

2043a.  Fig.  695a.  is  the  truss  of  a roof  for  a span  of  45  ft.,  with  cast  iron  shoes  as  abut- 
nents  for  the  timbers  acting  as  struts.  The  end  of  the  tie  beam  has  a cast  iron  shoe,  which 
dso  takes  the  foot  of  the  principal  rafter.  The  sole  plate  of  the  shoe  is  prolonged  inwards, 
.0  admit  of  its  being  secured  by  bolts  to  the  tie  beam.  The  head  of  the  principal  rafter  a, 
md  tbe  end  of  the  straining  beam  a 6,  are  inserted  into  a cast  iron  socket,  shown  in  detail 
n^g.  A.  The  suspension  rod  passes  through  the  solid  part  of  the  socket ; it  has  a head 
it  its  upper  end,  and  at  its  lower  end  it  is  screwed  and  secured  by  a nut.  On  the  side  of 
lie  socket  is  cast  a rest,  c,  for  the  side  of  the  purline.  To  avoid  cutting  the  princinal 
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rafters,  the  other  purline  at  B is  also  carried  in  a cast  iron  rest  bolted  to  the  rafter.  'I'ln 
centre  suspending  rod  passes  through  a cast  iron  socket,  which  serves  as  an  abutnieiit  tt 
tlie  main  struts.  Similar  abutments  are  provided  for  the  lower  end  of  the  struts.  Fiy.  695b. 


for  a span  of  45  feet,  has  also  wrought  iron  suspension  rods.  A roof  of  this  description 
.54  feet  span  and  212  feet  long,  is  erected  at  the  passengers  shed  of  the  Croydon  railway 
station.  The  figure  E is  a section  through  a cast  iron  socket  taking  the  heads  of  the  prin- 
cipals, and  through  which  passes  a wrought  iron  king  bolt,  shown  in  position  at  JX 

2044.  In  all  the  cases  given,  the  roof  is  supposed  to  receive  no  support  from  any 
hut  the  external  walls,  and  the  trusses  to  be  in  most  cases  not  more  than  10  feet  apart. 

2045.  The  reader  who  desires  to  become  acquainted  witli  other  examples,  is  recommended,, 

to  tlie  works  by  KraflTt,  Artdela  Charpente,a.x\d  Charpenterie\  Rondelet,  U Art  de  and" 

its  continuation  by  Blouet ; Emy,  Art  de  la  Charpenterie  \ Tredgold.  Carpentry  ; Newland 
Carpenter  s and  Joiner's  Assistant,  to  which  work  we  are  indebted  for  the  above  new  ex- 
am|)les;  and  The  Doctrines  of  Carpentry  Explained — of  a Roofhy  Lieut.-Col.  Waddington, 
in  the  Papers  of  the  Corps  of  Royal  Engineers,  1849,  x.  71-152. 

2046.  Fiy.bOS.  represents  a roof  designed  by  J.  Gibbs.  From  the  centres  of  columns  the 


middle  aisle  is  39  ft.  11  in.  The  roof  is  well  contrived  and  framed;  but  the  timbers  arr 
stronger  than  they  need  have  been.  The  scantlings  are  as  follow  : — A,  principal  rafter, 

13  in.  by  10  at  bottom,  and  1 1 in.  by  10  at  top ; B,  straining  brace,  14  in.  by  10  at  bottom, 
and  11  in.  by  10  at  top  ; C,  king-post,  9 in.  by  9;  D,  strut,  7 in.  by  7^;  E,  queen-post,  8 
in.  by  9^  ; F,  strut,  7 in.  by  7 ; G,  tie-beam,  1 4 in.  by  9| ; H,  post  over  the  column,  M in. 
by  9^  ; I,  brace,  7 in.  by  7 ; K,  brace,  7 in.  by  7 ; L,  post.  8 in.  by  9 ; M,  hammer  beam, 

14  in.  by  9^  ; N,  brace,  8 in.  by  8 ; P,  post  in  the  wall  ; QQQ,  purline  rafters,  4 in.  by  6. 

2047.  Fig.  697.  is  the  section  of  a roof  by  James  Stuart,  about  1785.  The  span  is  51  ft., 

and  as  a variation  from  the  general  forms  of  roofs,  it  is  worth  the  student’s  attention.  The 


scantling  of  the  timbers  are  subjoined.  The  distance  between  the  trusses  is  about  7 ft.  .All 
the  joints  are  well  secured  with  iron  straps.  A A,  tie-beam,  whose  whole  length  is  57  ft., 
51  ft.  clear  between  the  walls.  14  in,  by  12  in  ; B,  an  iron  king-post.  2 in.  square;  CC. 
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qiTPcn  posts,  9 in.  by  12;  DDDD,  struts,  9 in.  by  7 ; E,  straining  beam,  10  in.  by  7;  F, 
straining  piece,  6 in.  by  7 ; GG,  GG,  principal  rafters,  10  in.  by  7;  A/t/</t,  &c.  purline 
rafters  for  boarding  upon  instead  of  rafters ; II,  a camber  beam,  supporting  the  nlatform. 
2U18.  Fig.  698.  e.vhibits  the  roof  of  the  old  Drury  Lane  Theatre,  which  w^  built  in 


1 798.  It  possesses  great  merit,  from  the  simplicity  of  its  composition  and  the  accommo- 
dation afforded  in  the  middle  space  for  the  carpenters  and  painters.  By  dividing  the  breadth 
of  the  building  into  three  parts,  the  roof  was  kept  low,  and  the  scantlings  much  reduced  in 
size.  The  span  is  80  ft.  .8tin.,  the  trusses  were  15  ft.  apart,  and  the  whole  length  of  the 
roof  was  200  ft.  It  was  destroyed  by  tire  on  the  24th  of  February,  1809.  The  scantlings 
of  the  timbers  were  as  follow  : — A,  beams,  12  in.  by  7 ; B,  principal  rafters,  7 in.  thick  ; 
C,  king-posts,  12  in.  by  7 ; D,  struts,  5 in.  by  7 ; E,  purlines,  9 in.  by  5 ; F,  ridge  pieces, 
I i in.  tltick  ; G,  pole  plates,  5 in.  by  5 ; H,  gutter  plates  framed  into  beams,  1 2 in.  by  6 , 
I,  common  rafters,  5 in.  and  4 in.  by  21;  K,  beams,  15  in.  by  1 2 ; L,  posts,  15  in.  by  I 2 . 
M,  principal  braces,  14  in.  by  12;  N,  struts,  8 in.  by  12;  O,  oak  trusses  to  the  middle 
bearing  of  beanis,  5^  in.  by  4^  ; P,  straining  teams,  12  in.  by  12. 

20^9.  The  last  example  we  shall  present  is  of  the  method  in  which  the  external  dome 
of  St.  Paul’s  is  framed  (fig.  699.).  The  internal  dome  Aa  is  of  brickwork,  two  bricks 
thick,  having,  at  every  five  feet,  as  it  rise.s,  a course  | — 
consisting  of  bricks  eighteen  inches  long,  which  serves 
to  bind  the  whole  thickness  together.  This  dome 
was  turned  upon  a centre,  which  rested  upon  the 
projection  at  its  springing,  without  any  support  from 
below,  and  was  afterwards  left  for  the  use  of  the 
))ainter.  It  was  banded  together  with  iron  at  the 
springing.  Exterior  to  the  brick  dome  ( which  has 
I indeed,  nothing  immediately  to  do  with  the  subject) 

^ 1 is  a cone  of  brickwork  BB5,  1 foot  6 inches  in 
thickness,  plastered  and  painted,  part  whereof  is  seen 
from  the  pavement  under  the  cupola  through  the 
opening  a.  On  this  cone  BB5  is  supported  the 
5 p timber  work  which  carries  the  external  dome,  whose 
> * hammer  beams  CC,  DD,  EE,  FF  are  tied  into  the 
|c  I corbels  G,  H,  I,  K with  iron  cramps,  which  are  well 
jH  bedded  into  the  corbels  with  lead,  and  bolted  to  the 
if  if  hammer  beams.  The  stairs  which  lead  to  the  Golden 
i |1  Gallery  on  the  top  of  the  dome  are  carried  between 
M the  trusses  of  the  roof.  The  dome  is  boarded  from 
the  base  upwards,  hence  the  ribs  are  fixed  horizon- 
' tally  at  near  distances  to  each  other.  'I'he  scantling 
I'  of  the  curve  rib  of  the  truss  is  1 0 in.  by  1 1 i at  the 
1)  bottom,  and  6 in.  by  6 at  the  top.  The  sides  of  the 

ji  dome  are  segments  of  circles,  whose  centres  are  not 

jt  marked  in  the  figure  ; and  which,  if  continued,  would 
meet  at  top,  and  form  a pointed  arch.  Above  the  dome  rises  a lantern  of  Portland 
1'  stone,  about  21  feet  in  diameter,  and  64  feet  high,  standing  on  the  cone.  The  whole  of  this 
construction  IS  manifest  from  the  figure,  which  exhibits  the  inner  and  outer  domes  with  the 
cone  between  them.  The  combination  is  altogether  an  admirable  example  of  the  mathe- 
matical  skill  and  judgment  of  Sir  C.  Wren. 
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2050.  The  largest  timber  roof  perhaps  ever  projected,  was  over  a riding  house  at  Moscow, 
in  1790,  for  Paul  I.  Emperor  of  Russia,  the  representation  of  which  may  be  seen  in  KiaHt, 
Recutil  de  Charpente.  The  span  is  235  feet,  and  the  slope  with  the  horizon  about  19^. 
'I'he  external  dimensions  of  the  building  were  1920  feet  long  by  310  feet  wide.  It  was 
lighted  by  a lantern  at  top,  and  had  an  interior  gallery  round  the  building  for  spectatois. 
Cresy,  in  his  Civil  Engineering,  states  that  this  roof  wai  never  erected. 

2051.  We  shall  close  this  part  of  the  section  with  a diagram  {fig.  700.)  of  the  roof  of 


the  basilica  of  S.  Paolo  fuori  le  m ira,  executed  in  the  fifteenth  century.  The  trusses  are 
■louble,  each  consisting  of  two  similar  frames,  nearly  15  inches  apart,  at  intervals  from  eacli 
»)ther  of  about  10  feet  6 inches.  The  principal  rafters  abut  on  a short-king  post  k. 
lietween  the  trusses  a piece  of  timber  S is  placed  and  sustained  by  a strong  key  of  wood 
passing  through  it  and  the  short  king-posts.  This  piece  sustains  the  beams  by  means  of 
another  strong  key  at  a.  The  tie  beams  are  in  two  lengths,  and  scarfed  together,  the 
scarf  being  held  together  by  three  iron  straps.  The  scantlings  of  the  timbers  are  as 
follow  : beams  t,  22.{  in.  full  by  nearly  15  in.  ; principal  rafters  p,  21 1 in.  by  nearly  15  in. ; 
auxiliary  rafters  b,  full  13|  in.  by  full  13^  in. ; straining  beam  c,  near  15  in.  by  full  12^in. ; 
purlines  d,  8i  in.  square  and  5 ft.  7 in.  apart;  common  rafters,  full  5^  in.  by  4^  in.,  ami 
81  in.  apart.  The  roof,  which  is  constructed  of  fir,  is  nearly  78  ft.  6 in.  span,  and  is 
covered  with  the  Roman  tile,  the  exact  dimensions  and  form  whereof  will  be  found,  under 
the  head  Tile,  in  the  Glossary  appended  to  this  work.  The  roof  is  ingeniously  and  well 
contrived,  and,  with  a different  covering,  would  suit  other  climates.  It  was  consumed  bv 
fire  in  tlie  month  of  July,  1823.  (275.) 

Philibert  Delorme,  in  his  work  entitled  “ NouveUes  Inventions  pour  hien  hdtir  a petits 
Frais,”  Paris,  1561,  gives  a mode  of  constructing  domes  without  horizontal  cross  ties,  when 
the  springing  of  each  rib  is  well  secured  at  the  foot.  It  is  a very  simple  method,  and  of 
great  use  in  domes,  even  of  large  diameter,  the  principle  being  that  of  making  the  several 
ribs  in  two  or  more  thicknesses,  which  are  cut  to 
the  curve  in  lengths  not  so  great  as  to  weaken  the 
timber,  and  securing  these  well  together  by  bolts 
or  keys,  and  observing  especially  to  break  the  joints 
of  the  several  thicknesses.  This  method  was  adopted 
in  the  large  Halle  aux  bleds  at  Paris,  which  was 
many  years  since  destroyed  by  fire,  and  has  been  re- 
placed by  an  iron-ribbed  dome.  The  fig.  701.  will 
explain  the  construction;  and,  if  necessary,  an  iron 
hoop  jiassed  round  at  different  heights  will  add  much  to  the  strength. 

2052.  'I'lie  scantlings  of  the  ribs,  as  given  by  Delorme,  are  as  under  ; — 


For  domes  of  24  feet  diameter,  the  ribs  to  be 
36  feet  diameter,  — 

60  feet  diameter,  — 

90  feet  diameter,  — 

108  feet  diameter,  — 


8 in.  deep,  and  1 in.  thick. 
10  in.  deep,  and  11  in.  thick, 
13  in.  deep,  and  2 in.  thick. 
13  in.  deep,  and  2|  in.  thick, 
13  in.  deep,  and  3 in.  thick. 


For  small  spans  of  about  24  to  30  ft.,  the  inch  plank  is  about  4 ft.  long  by  about  8 in.  j| 
wide.  The  feet  of  the  ribs  are  tenoned  into  the  wall  jdates;  the  shoulders  of  the  tenons  1^ 
being  about  one  inch.  'I’he  ties  A,  placed  about  2 feet  distant,  are  4 in  by  1 in.  ; they  are 
sometimes  shown  passing  through  the  planks  pinned  with  keys  1 in.  thick  and  1^  in.  wide, 
and  of  a length  nearly  the  width  of  the  plank  ; this  method  tends  materially  to  weaken  D 
tlie  libs ; that  shown  in  the  cut  is  a better  mode.  The  wall  plates,  10  or  12  inches  wide  |)p 
and  8 or  9 inches  thick,  have  mortices  2 inches  wide,  3 inches  deep  and  6 inches  long, 
sunk  at  2 feet  apart,  to  receive  the  ends  of  the  ribs.  In  a roof  where  the  span  was  6^1  feet,  (■ 
the  scantling  was  increased  to  13  inches  wide  and  inches  thick.  The  ties  were  alter- 
nately double  and  single,  and  were  3 inches  by  l|;  and  each  rib  was  double  tenoned  into  HI 
the  wall  plate.  This  system,  with  many  modifications,  was  extensively  ado])ted  in  the  i 
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construction  of  the  nave  and  side  erections  of  the  bulldinf;  for  the  Exhibition  of  1862  ; and 
also  for  some  of  tlie  passages.  Sec.,  of  the  Horticultural  Society,  where  they  still  exist,  and 
deserve  examination.  It  is  also  adopted  for  temporary  sheds  oflarge  spans. 

2052a.  This  work  by  De  Lorme  deserves  the  study  of  every  one  that  seeks  to  be 
an  architect,  tho  igh  in  these  unfortunate  days  for  tlie  art  the  reward  of  study  and 
nading  is  very  doubtful. 

20525.  Since  the  period  of  De  I.orme,  another  system,  arising  out  of  it,  has  been  exti  n- 
sively  adopted  for  large  buildings.  Colonel  Emy,  having  been  called  upon  in  1819  to 
design  a roof  of  60  feet  span,  succeeded  in  composing  one  in  which,  while  timbers  of  a 
greater  length  might  be  used,  the  necessary  solidity,  with  the  lightness  and  economy  of  the 
system  of  De  I^oime,  might  be  combined.  This  he  carried  out  in  1825  and  - 

workmanship  is  less  than  in  De  Lorine’s  roofs,  as  the 
wood  is  all  in  straight  pieces,  and  is  within  the  power 
of  the  ordinary  carpenter.  An  arch  is  composed  of 
a series  of  long  and  thin  planks,  laid  fl  itways,  the 
flexibility  of  which  permits  them  to  he  easily  and 
(jiiickly  bent  without  the  aid  of  heat ; and  their 
rigidity,  properly  regulated,  maintains  the  form 
given  and  destroys  the  thrust.  Fi^.  701a  is  a ))or- 
tion  of  the  base  of  one  arc,  which  will  illustrate  the 
system.  The  details  are  best  learnt  fioin  Emy’s 
own  work,  as  it  would  require  much  space  to  do 
justice  to  them.  The  vertical  pieces  A are  7|  inches 
thick,  and  placed  about  4 inches  from  the  wall. 

The  three  first  radial  pieces  B are  prolonged  beyond 
the  uprights,  and  enter  reces'-es  in  the  wall  to  steady 
tlie  fames.  Tne  jilates  C,  breaking  joint  well  with 
one  another,  compose  the  arc,  and  are  inch  thick, 

5|'j  indies  broad,  and  about  40  feet  long,  bolted  to- 
gether, tlie  bolts  being  driven  tightly  into  accurately 
made  holes,  and  are  further  firmly  tied  together  by 
iron  straps  ; the  bolts  are  inch  diameter,  and  about 
2 fVet  6 in.  apart ; the  principal  rafters  are  5^  in. 
thick;  the  trusses  are  placed  9 feet  10  in.  apart. 

2052c.  Upon  an  experiment  that  was  made  by 
Emy  to  test  the  strength  and  thrust  of  this  arch, 
he  found  it  necessary  to  add  a supplementary  plate 
to  a part  of  the  extrados,  and  two  plates  to  a part 
of  the  intrados.  The  following  is  the  proportion  of  the  number  of  jilates  and  their  width 
which  he  adopted  as  a rule  : — 


Fig.  701a, 


- 7 plates. 


in. 

3 wide 


1 

1 

nearly  0 


These 


From  the  springing  to  radial  (B)  No.  1 - 

From  radial  No.  1 to  the  tie  placed  between  radials 
Nos.  6 and  7 - 

From  this  tie  to  radial  No.  6 - 

From  radial  No.  9 to  the  king-post 

These  supplementary  plates  were  of  oak,  and  of  the  same  thickness  as  the  others, 
roofs  are  also  given  with  sufficient  detail  in  Newlands*  work  above-mentioned. 

2052</.  Mediaeval  Roofs. — In  the  south  of  France  the  few  Romanesque  roofs  did  not 
difi'er  from  the  common  king-post  roof,  except  in  two  points,  viz.,  that  the  tie-beam  and 
the  king-post  were  stop-chamfered  ; and  the  strain  of  the 
purlines  iqmn  the  principal  rafter  was  counteracted  by  a 
nearly  upright  strut  from  the  tie-beam.  This  system 
left  the  principal  rafter  with  a false  bearing,  if  the  walls 
were  not  extremely  thick  in  proportion  to  the  width  of 
the  apartment  which  they  enclosed.  As  a remedy,  the 
late  Romanesque  builders  tenoned  the  purline  into  the 
principals,  and,  moreover,  laid  it  with  its  wid.r  side  to 
the  rafters,  in  order  that  the  backs  of  the  common 
rafters  should  be  flush  with  those  of  the  principal  rafters 
(similarly  to  Fc/.  692.).  The  next  step  was  to  put 
proper  struts  from  the  foot  of  the  king-post.  At  the 
present  day  the  purline  is  placed  on  edge  for  economy  of 
material. 

2052/.  In  the  north  of  France  there  was  difficulty  in  roofing  over  the  vaulting;  either 
the  mam  walls  had  to  be  carried  as  high  as  the  ridge-rib,  or  else  tl.e  frame  of  the  roof 
had  to  be  snndar  in  principle  to  that  shown  in  Ji<j.  7015.  Experience  proved  that  the 
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latter  scheme  resulted  in  letting  the  principal  rafters  draw  the  tenons  of  the  braces  and  so 
destroy  all  idea  of  a tie  connecting  the  two  walls;  hence  the  mediaeval  builders  were 
obliged  to  raise  the  walls  sufficiently  high  to  allow  the  tie-beams  to  pass  over  the  back 
of  the  ridge-rib,  as  would  be  the  case  at  A.  This  was  expensive,  and,  moreover,  it  was 
scarcely  practicable  where  tlie  walls  were  little  thicker  than  was  necessary  for  the 
backing  to  the  formerets  of  the  vaulting  over  the  arches  of  windows.  It  is  to  these 
facts,  rather  than  to  any  influence  of  climate,  that  may  be  attributed  the  adoption  of 
the  high-pitched  roof,  a system  which  required  neither  great  width  of  footing  nor  large 
scantling  of  timber,  for  the  purlines  were  discarded,  and  the  weight  was  distributed  among 
the  rafters  and  trusses  of  each  bay.  The  details  of  such  a roof  are  simple.  Two  plates  A 
(Jiff.  701c.)  are  placed  with  their  widest  sides  on  the  wall,  and  are  strutted  between  from 
the  feet  of  the  trusses  to  the  centre  of  the  bay.  Upon  these  plates, 
tassels  or  short  hammers  B,  are  cocked  down  at  intervals  between 
the  tie-beams,  which  are  cocked  down  and  dove-tailed,  to  take  not 
only  the  feet  of  the  common  rafters,  but  also  the  nearly  upright  stud 
or  ashlar  rafter  F,  which  serves  to  give  a wider  base  to  the  prin- 
cipal and  to  the  rafter.  All  these  vertical  pieces  are  double- 
tenoned  and  pinned  into  the  other  portions  of  the  work. 

2052g.  The  racking  motion  to  which  large  roofs  are  liable,  soon 
showed  that  this  was  not  the  manner  in  which  to  make  them 
secure.  The  purlines  had  been  discarded,  but  the  need  of  their 
service  remained ; the  necessity  was  obviated  by  erecting  a sort  of 
trussed  partition  under  the  ridge.  If  the  king-post  was  not  car- 
ried by  the  tie-beam,  the  whole  roof  depended  upon  the  strength 
of  the  head  of  the  king-post,  into  which  the  ridge  was  tenoned, 
and  the  manner  in  whicl)  it  was  connected  with  the  ends  of  the 
principal  rafters.  It  therefore  appears  to  be  more  probable  that 
the  king- post  was  supposed  to  be  carried  by  the  tie-beam;  indeed, 
examples  occur  of  trussed  partitions  (Jiff.  lOld.)  to  ridges,  supported  by  king-posts  A, 
which  stand  upon  tie-beams  that  ride  in  queen-stlrrup.s,  B,  where  the  stirrups  are  hung 
from  the  principal  rafters  at  three-quarters  of  the  height  of  the  roof.  Care  has  been  given 

to  this  detail  of  the  practice,  because  it  seems  to  have 
been  entirely  mistaken  by  Viollet  le  Due,  Diet. : for 
example,  the  braces  C,  to  the  collars  D,  are  supposed 
by  him  to  exercise  a favouialtle  effect  in  pre- 
venting the  flexure  of  the  rafter  outwards,  whereas 
tlie  fact  would  seem  to  be  that  the  brace  has  to  hold 
up  the  collar  U and  with  it  the  stirrup  B,  and  witl.’ 
them  the  tie-beam  E, /or  the  collar  is  tenoned  into  the 
hiiiff-post  and  rafter.  That  author  defers  dating  the 
period  of  the  perfection  of  mediaeval  carpentry  (as 
well  as  of  joinery)  until  the  end  of  the  15th  and  the 
beginning  of  the  16th  century. 

205'2h  The  framing  of  cradle  roofs,  with  king-posts 
carried  upon  (not  carrying^  as  Viollet  le  Due  sup- 
poses) the  tie-beams,  became  a practice  that  in 
France  was  general  from  the  latter  part  of  tlie  12th 
until  the  end  of  the  16th  centuiy,  and  which  con- 
tinued the  same  peculiarities  of  construction  that  are 
above  indicated.  The  distinction  between  the  stirrup 
and  the  post  is  less  easy  in  the  truss  shown  vcijig.  701e, 
but  still  it  must  be  reckoned  as  a ))0st;  this  example 
frem  the  prefecture,  formerly  the  episcopal  palace,  at 
Auxerre,  covers  a hall  which  is  30  feet  wide  ; the  trusses  are  placed  13  feet  apart  from  centre 
to  centre.  The  scantlings  are  as  follows ; — King-posts,  5 by  5,  and  principal  rafters  by 
di;  the  common  rafters,  5 by  df.  are  shown  in  Jig.  701/,  and  are  tru.ssed  in  a different 
manner;  tliey  are  placed  nearly  2 feet  apart.  The  roof  appears  to  be  boarded  on  the 

inside  to  the  circular  form,  up 

20521.  Although  Viollet  le  Due  is  of  opinion  that  the  tie-beams  to  the  fine  cradle  roof, 
57  feet  3 inches  span,  constructed  at  the  beginning  of  the  Idth  century,  over  the  great 
hall  of  the  Palais  de  Justice,  at  Rouen  (Jig.  217.  ),  have  been  cut  away,  it  may  not  be  unfair 
to  suggest  that  the  work  might  have  stood  as  well  if,  in  its  construction,  it  had  resembled 
the  older  and  fine  roof  of  the  chateau  at  Sully-sur-Loire,  which  he  so  well  illustrates, 
but  which  want  of  space  prevents  our  also  doing.  The  student  has,  perhaps,  no  cause 
for  regret,  as  its  construction  can  scarcely  be  recommended  for  imitation  in  the  present 
day'.  It  is  about  36  feet  span,  . . , 

2052k.  The  absence  of  a ridge  roll  and  the  position  of  the  ridge-piece  m the  majority 
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of  luediiBval  roofs  deserve  notice.  As  soon  as  tlie  piirllnes  were  discarded,  it  seems  that 
liiiilders  relied  upon  the  kin^-post  to  carry  a ridge-piece  upon  which  rested  the  ends  of 
the  rafters ; these  were  halved  and 
spiked  together  above  it.  Excepting 
in  a few  cases  tlie  ridge-piece  was 
rather  a piirline  at  the  top  of  the  roof 
than  an  abutment.  Much  of  the  bolt 
,.nd  strap  work  applied  in  the  visible 
rallies  of  roofs  is  not  always  the  most 
judicious  as  regards  the  conversion  of 
construction  into  decoration.  Eor 
example,  if  it  were  calculated  that  a 
tie-beam  would  sag,  instead  of  in- 
creasing its  scantling,  or  of  trussing 
it,  the  medireval  carpenter  would  very 
probably  hang  it  up  to  his  truss,  as 
in  jiffs.  I0\g.  and  701/t.  At  a later 
period  (say  the  Htli  century)  with 
some  spikes.  Fig.  70 Lk.  illustrates 
ihe  method  of  forming  the  junction  of 
post,  beam,  and  strut  in  a roof;  and 
Jig.  701/.  that  of  beams  and  posts  in 

the  timber  framing  of  houses.  Fig.  70ie.  Ftg.  70i/. 

20521.  It  will  be  at  once  perceived,  by  fg.  701c.,  that  the  hammer- beam  13 B'  takes  the 
place  of  the  tie-beam,  the  middle  part  of  which  may  have  been  cut  away.  The  tinted  por- 
tion shows  the  foot  of  the  rafters  in  a cradle  roof ; and  the  lighter  portion  the  position  and 
form  of  the  hammer-beam,  the  outer  end  of  which  is  tenoned  and  jiinned  on  to  the  wall 


Fig.  701g.  Fig.  70lh.  Fig.  701t.  Fig.  70U-. 

plates  A,  and  the  inner  end  supported  by  a curved  brace  C,  which  starts 
from  the  bottom  of  the  wall  piece  D,  the  whole  being  pinned  together  at 

the  ends.  Sometimes  a cmbel  receives  tlie  foot  of  the  wall  piece  and  brace. 

Tims  the  whole  length  of  the  haininer  l»eam  may  be  said  to  have  a solid 
bearing  equal  to  supporting  the  roof  rising  above  it,  by  the  ashlar  rafter 
or  strut  E,  and  at  the  same  time  forming  a part  of  that  structure.  When 
the  whole  is  put  together  securely,  it  has  been  considered  almost  impossible  for  hammer- 
beam  roofs  to  spread,  as  from  the  stiffening  aetion  of  the  braces,  it  would  require  a veiy 

heavy  force  to  push  out  the  walls.  But  “ the  absence  of  that  curved  brace  which  dis- 

tinguishes the  Westminster  example,  makes  these  ro.-fs  much  more  likely  to  exert  a 
thrust  upon  the  walls,  and,  accordingly,  it  is  notorious  that  in  very  many  cases  this  has 
occurred.  In  the  fine  example  at  Croxton,  the  strain  was  so  great  as  absolutely  to  break 
short  off  the  perfectly  sound  lieart  of  oak  pin«,  nearly  an  inch  in  diameter,  with  which  it 
was  held  together ; and  it  is  to  be  feared  that  many  of  the  finest  of  these  examples  are 
similarly  in  a dangerous  condition.”  So  writes  Mr.  Street,  in  his  English  Woudtvork,  read 
at  the  Institute  of  British  Architects  in  1865,  a paper  which  should  not  be  neglected  by 
the  .student.  'I'he  principle  of  the  construction  of  t>  cse  roofs  has  perhaps  not  yet  been 
satisfactorily  elucidated. 

2052m.  Tne  timber  roofs  in  England  may  be  divided  into  five  classes:  — !.  K.oofs  with 
tie-beams ; 1 1.  Roofs  with  trussed  rafters,  or  single  framed  roofs  ; III.  Roofs  with  braces 
with  or  without  collars;  IV.  Roofs  framed  with  hammer  beams;  and  V.  Aisle  roofs. 
The  first  are  more  general  and  better  treated  in  France.  The  others  are  more  peculiar  to 
England,  in  which  country  elaborate  examples  of  these  forms  are  to  be  found,  especially 
on  the  hammer-beam  system. 

2052n.  Pitch. — These  roofs  are  for  the  most  part  acutely  pitched,  though  this  was  by 
no  means  their  invariable  characteristic.  An  angle  of  90'-’  was  perhaps  the  ordinary  eleva- 
tion of  Norman  roofs,  and  in  the  early  Enirlish  period,  though  generally  acutely  pointed, 
roofs  are  nevertheless  found  of  an  equilateral  pitch  or  angle  of  60°,  though  this  is  of  rare 
occurrence.  In  this  and  the  succeeding  .style,  examples  are  found  of  so  low  a pitch  as  to 
equal  the  flattest  specimens  of  the  perpendicular  iieriod.  The  roof,  of  the  decorated 
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style,  over  the  larger  south  aisle  of  St,  Mar. in’s  Church,  Leicester,  has  a span  of  21  feet, 
with  a rise  of  only  4 feet.  (See  par.  2040b. ). 

2052o.  I.  The  tit-ham  bears  the  whole  weight  of  a low  pitched  roof.  The  roof  over 
the  south  chapel  of  Kiddington  Church,  Oxfordshire,  is  of  rather  a steeper  pitch  than  that 
at  Leicester,  The  under  side  of  the  beam  is  well  moulded,  and  is  connected  with  the 
wall-pieces  by  moulded  curved  braces  forming  a very  obtusely  pointed  arch  ; the  purlines 
rest  directly  on  the  beam,  and  the  ridge  is  supported  on  it  I v a post,  and  by  short 
curved  braces,  the  whole  of  the  space  above  the  tie-beam  being  fi.Ied  up  so  as  to  give  it 
the  appearance  of  a solid  triangular  shaped  beam.  'I'he  naves  of  Raunds  and  of  Hioliatn 
Ferrers  Ciiuiches,  Northamptonshire,  the  latter  of  decorated  date,  and  of  Wimmington 
Church,  Bedfordshire,  present  good  and  differing  examples.  The  tie-beam  is  rarely  left 
perfectly  horizontal  ; the  collar- beams  and  even  the  hammer-beams  will  be  found  to  incline 
upwards.  Tie-beams  were  sometimes  employed  quite  independently  of  the  ether  timbers, 
being  simply  laid  across  the  building  from  wall  to  wall,  notched  down,  and  pinned  to  the 
wall  plates.  'I'liey  were  never  entirely  discarded,  as  tliey  are  to  be  met  with  in  eacli  of  the 
four  usually  accepted  divisions  of  the  style.  At  Southfleet  Church,  Kent,  the  tie-heam  is 
beautifully  moulded  ; whereas,  at  Northfleet,  it  is  left  in  almost  its  natural  roughness, 
while  the  roof  it^elf,  which  is  one  of  the  trussed  rafter  kind,  is  panelled,  and  has  moulded 
ribs  with  carved  bosses  at  the  intersections. 

2052/>.  An  example  of  a strongly  cambered  tie-heam,  with  an  ornamented  king-post,  is  sceh 
in  Swardestone  Church,  Norfolk,  and  it  is  by  no  means  uncommon  in  the  counties  of  Kent 

and  Sussex.  The  tie-beam 
of  the  roof  over  the  aisle  of 
Novth  V\'alsham  Church, 
Norfolk  701/n.),  passes 
through  the  nave  wall,  the 
end  forming  a corbel  for  the 
wall  pieces  of  the  nave  roof 
This  roof  also  presents  a 
practice  which  became  al- 
most universal  in  roofs  of 
later  date,  viz.,  an  interme- 
diate truss  between  the  tie- 
beams,  in  consequence  of 
the  extreme  width  between 
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the  main  trusses,  to  support  the  ridge  and  purlines,  by  the  adoption  of  double  rafteis 
on  each  side,  strongly  united  and  framed  together,  springing  from  a small  hammer- 

beam  over  the  apex  of  the  arches.  In 
roofs  of  high  pitch,  various  endea- 
vours were  made  to  retain  the  arched 
shape  in  conjunction  with  the  tie- 
beam.  At  Fulham  Church,  Norfolk, 
and  Morton  Church,  Leicestershire, 
the  beam  divides  the  arch  into  two. 
with  a bad  result. 

2052q.  II.  Sitigle-frawed  roofs  some- 
times have  only  diagonal  braces  con- 
necting the  rafters.  These  occur  gene- 
rally where  the  span  is  small,  as  over  a 
porch.  In  wider  spans,  even  without 
tie-beams,  each  pair  of  rafters  w;  s 
framed  with  a collar-beam,  and  was 
stiffened  by  braces  crossing  at  tim.'s 
above  the  collar,  and  at  others  the 
braces  being  tenoned  into  its  under  side ; 
when  the  latter  was  the  case,  a second 
collar  was  genera’ly  introduced  above  tite  first.  Such  roofs  were  very  frequently  boarded 
underneath,  forming  thus  a polygonal  Itarrel  vault,  and  moulded  ribs  were  applied,  divid- 
ing the  boarding  into  panels,  with  carved  bosses  at  the  intersections.  The  above  details 
will  be  found  combined  in  tlie  examples  of  the  decorated  period  from  the  nave  of  Wim- 
botsham  Church.  Norfolk  {fig.  701k  ).  Tlie  angle  of  the  roof  is  78°.  Tlie  span  is  21  feet 
9 inches  ; the  rafters  and  collars  are  4:^  inches  hy  4 inches.  The  former  are  placed  1 foot 
9 inches  apart  between  the  centres.  The  nave  roof  of  Reedham  Church,  Norfolk,  31  feet 
span,  is  framed  on  the  same  principle.  The  hall  at  Sully-sur- Loire  is  a fine  example. 

2052r.  ill.  Roofs  constructed  with  braces  may  be  divided, into  two  classes;  I.  Those 
with  collar-beams  and  braces;  and  II.  Those  without  collar-beams.  An  exanqde  of  the 
former  is  seen  in  the  roof  of  the  nave  at  Fulham  Church  {fig.  701o.),  which  is  formed  at 
an  angle  of  1.05°,  with  a sjian  of  20  feet  5 inches.  Wall  pieces  A,  arc  used,  pinned  into 
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the  underside  of  the  principal  rafters,  descending  low  down  on  the  wall;  the  arched  brace 
springs  directly  from  this  to  the  collar-beam,  uniting  them  both  with  the  principal.  It  is 
held  that  it  would  be  impossible  for  this  roof  to  spread  until  it  bad  broken  tlie  curved 
braces.  The  va- 
rious timbers  are 
all  effectively 
moulded.  The 
princi|)al  rafters, 
l‘j  inches  by  10 
inches;  common 
rafters,  6 inches 
by  inches ; 

collar-beam,  14 
inches  by  8^ 
inches ; ridge 
piece,  8 inches 
by  8 inches ; 
pnrline,  8 inches 
i>y  inches ; 

wall  piece,  10 

inches  by  8^  inches.  Width  between  centres  of  trusses,  6 feet  2 inches ; and  depth  of  cornice 
3 feel  2 inches.  Of  class  II.  is  the  roof  over  the  nave  of  Starston  Church,  Norfolk  (Jiff. 
lOlp  ).  The  angle  formed  is  100°.  At  the  apex  of  the  roof  is  a strut  li,  about  9 inches 

square,  which  hangs  down  2 feet ; its  four  sides  are  morticed,  two  to  receive  the  ends  of 

the  braces  where  they  are  pinned,  thus  preventing  the  possibility  of  its  dropping  ; and  the 
other  two  on  the  opposite  sides,  to  receive  the  arched  ridge  braces,  as  shown  at  C.  This  ar- 
rangement tends  to  prevent  the  roof  either  spreading  outwards,  or  rocking  from  east  to  west. 
The  span  is  21  feet  10  in.  The  principal  rafters  arc  10  in.  by  9 in.  ; common  rafters,  6 in. 

by  4 in.  ; wall  piece,  10  in.  by  7^  in.;  purline,  6^  in.  by  in.  ; and  cornice,  1 1 in.  by  10  in. 

20.'32.?.  IV.  i7ammer-/>c«»n  rort/i- are  always  double-fiamed  roofs,  the  rafters  being  sup- 
ported by  a skeleton  framing  of  purlines  and  ridge,  resting  on,  or  framed  into,  the  principal 
trusses.  Among  the  many  varieties  of  this  description  of  roof  may  be  noticed: — (1)  Those 
with  collar-beams  and  no  struts,  the  collars,  principals,  and  hammer-beams  being  united 
with  curved  braces;  (2)  Those  in  which  the  collar-beam  is  omitted,  the  curved  braces 
being  carried  up  almost  to  the  ridge,  and  framed  at  the  apex  of  the  arch  into  a strut,  which 
receives  also  the  upper  ends  of  the  principals ; (.3)  Those  with  no  collars  or  struts,  the 
whole  of  the  truss  being  connected  together  and  stiffened  with  curved  braces  only  ; in  this 
instance  the  arched  braces  are  formed  of  three 
pieces  of  timber,  one  on  either  side  of  the 
roof,  tenoned  into  the  hammer-beam  and  prin- 
cipal, and  reaching  up  as  far  as  the  purline, 
the  centre  piece  forming  the  apex  of  the  arch, 
r being  tenoned  into  each  principal,  itself  acting 
n as  a brace,  and  to  a certain  extent  as  a collar 
" beam;  and  (4)  Those  having  hammer-beams, 

I collars,  and  struts,  connected  together  with 
^ curved  braces.  (See  par.  2052/.) 

2052f.  An  example  of  the  first  sort  is  the 
roof  of  Capel  St.  Mary’s  Church,  Suffolk 
(fiff.  70lq.).  The  angle  formed  is  87°,  and 
it  is  very  seldom  that  a hammer-beam  roof 
has  a steeper  pitch.  The  span  is  18  feet  3 
inches.  The  principal  rafter  is  10  inches  by 
8 inches;  common  rafter,  6 inches  by  3 inches;  hammer-beam,  10  inchcsby  8 inches  ; collar- 
beam,  10  inches  by  8 inches  ; purlins,  6 inches  by  5 inches;  ridge  piece,  6 inches  by  6 inches. 
The  trusses  are  6 feet  apart  from  centre  to  centre.  The  second  sort  is  shown  in ^ff.  70lr., 
the  nave  roof  of  Trunch  Church,  Norfolk.  The  intermediate  trusses  are  the  same,  except 
that  instead  of  the  long  wall-piece  and  brace,  the  wall-piece  is  stopped  at  the  crown  of  the 
arch  of  the  clearstory  window,  and  a very  depressed  brace  connects  it  with  the  hammvr- 
beam.  The^  spandrils  are  filled  in  with  perforated  tracery.  The  span  is  19  feet.  The  prin- 
cipal rafter  is  10  inches  by  9 inches;  common  rafter,  6 inches  by  4 inches;  hammer-beam, 
10  inches  by  10  inches;  purline,  8 inches  by  5 inches  ; ridge  piece,  10  inches  by  10  inches. 
The  trusses  are  5 feet  6 inches  apart.  The  third  sort  is  shown  in  ^’ff.  701s.,  from  the  nave  of 
Wymondham  Church,  Norfolk.  The  hammer-beams  project  rather  more  than  a quarter 
the  v.’idth  of  the  nave,  and  are  carved  into  figures;  the  intermediate  trusses  have  also 
similar  figures,  but  made  subordinate  to  those  of  the  main  trusses.  At  the  intersections  of 
the  purlines  and  ridge  braces  arc  large  carved  flowers  standing  out  in  bold  relief.  Of  the 
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fourfli  sort,  tlie  most  noted  examples  are  those  of  Westminster  Hall,  68  feet  span  {fig, 

196. ) ; Hampton  Court,  40  feet  span  ; Eltl  ain 
Palace,  36  feet  3 inches;  Beddington  Hall; 
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South  Wraxhall,  19  feet  9 inches;  Croydon,  37  feet  9 inches,  &c.  It  will  be  well  to 
notice,  what  is  not  usually  known,  or  shown,  in  the  sections  of  the  We.stminster  roof,  that 
the  main  purlines  over  the  strut,  are  upheld  with  the  collar-beam  by  an  intermediate  rafter 
of  great  strength.  IVIr.  S.  Smirke  has  observed 
{Archaologia,  xxvi.  page  417-18),  that  “this  roof  is 
the  common  collar-beam  roof,  and  of  extremely  simple 
construction ; the  whole  ])ressure  is  carried  by  the 
straight  lines  of  the  principal  rafter,  and  (curved)  brace, 
above  alluded  to,  directly  into  the  solid  wall,  where 
it  ought  to  be.”  The  examples  of  lesser  importance, 
as  regards  span,  are  not  all  of  the  same  elegance  as 
that  of  Westminster,  which,  at  the  same  time  that 
it  is  the  largest  and  best,  is  also  the  earliest  (1397) 
of  the  series.  Some  examples  present  double  hammer- 
beams,  forming  a sort  of  corbellirg  over  up  to  the 
ridge  or  to  the  collar-beam.  Fig.  701/.,  from  Knap- 
ton  Church,  Norfolk,  is  32  feet  span,  and  is  a fair 
specimen  of  such  roofs.  The  wall  is  2 feet  10  inches 
in  thickness.  For  all  these  examples,  Aveare  indebted 
to  the  excellent  publication  by  Brandon,  Mediocvul 
Roofs,  to  which  work  we  must  refer  the  reader  for  de- 
tails of  decoration  and  painting,  as  the  above  figures 
the  principles  of  construction  displayed  in  such  roofs. 

2052m.  In  fig.  701m,  we  give  the  modern  roof,  of  31  feet  2 inches  span,  over  the  nave  of 
Bickerstaffe  Church,  Yorkshire,  designed  by  Sydney  Smirke,  II.  A.,  as  a good  specimen  of 
tlie  adaptation  of  modern  science  to  mediajval  structures.  The  collar- beam  is  double,  each 
9 in.  by  3 in.,  through  which  the  king-post  is  tenoned  and  strapped.  The  purlines  are  7 in. 
by  4 in. ; the  brace,  9 in.  by  7 in. ; and  the  corbels  are  1 1 in.  wide,  being  also  tailed  in  1 1 in. 

2052m.  V.  Aisle,  or  Lean-to,  roofs,  may  be  described  as 
usually  consisting  of  strong  timbers,  answering  the  pur- 
pose of  principal  rafters,  laid  at  each  end  on  plates,  the 
lower  plate  resting  on  the  external  wall,  the  upper  one 
either  supported  on  corbels  projecting  from  the  nave 
wall,  or  inserted  therein.  Wall-pieces  are  tenoned  into 
the  upper  and  lower  extremities  of  the  principals,  and 
curved  braces  springing  from  the  feet  of  these  meet  in  | 
the  centre  of  the  principal,  forming  a perfect  arch,  having  i 
the  spandrils  generally  filled  in  with  tracery.  A purline 
is  usually  framed  into  the  principal,  and  on  this  and  the 
plates  the  common  rafters  are  supported  (see  also^^. 
701o.).  In  aisle  roofs  the  whole  of  the  timbers,  even  to  || 
the  common  rafters,  were  frequently  found  more  richly  It 
moulded  than  those  of  the  nave,  possibly  from  being  H 
nearer  the  eye  of  the  spectator. 

2053.  The  following  instructions  relative  to  the  lines  necessary  to  be  found  in  the  framing 
of  roofs  are  from  Price’s  British  Carpenter',  and  although  published  nearly  100  years,  few 
subsequent  works  on  this  subject  give  more  complete  information.  Let  abed  (Jig.  702.) 


are  only  here  introduced  to  show 
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be  a plan  to  bo  inclosed  witli 
a liipped  roof,  wltose  liei^>:ht 
or  slope  is  Cb.  Divide  the 
|)Ian  lengtlnvise  into  two 
equal  parts  by  the  line  ef, 
which  produce  indefinitely 
at  both  ends.  IVIake  ag 
ccjual  ea,  and  dk  e(jual  to 
(If;  and  through  k and 
])arallel  to  ah  or  cd,  draw 
lines  indefinitely  7no,  Ip. 

With  tl>e  distance  dc  or  Cc, 
cither  of*  which  is  equal  to 
the  length  of  the  common 
rafters,  set  off  qe,  as  also  from 
h to  p,  from  i to  o,  and  from 
fio  n ; from  k to  m,  and  from 
g to  1.  Make  ts  equal  to  Cb, 
and  ab  equal  to  (d,  which 

points  join  ; then  either  aC  or  as  represents  the  length  of  the  hip  rafter,  and  joining  the 
several  lines  aqh,  hpoc,  end,  and  dnda,  they  will  be  the  skirts  of  the  roof. 

2054.  To  find  the  back  of  the  hip.  Join  qe,  and  from  r as  a centre  describe  an  arc 
touching  the  hip  as.  and  cutting  at  in  u.  Then  join  gti  and  ue,  and  gue  is  the  back  of  the 
hip  rafter  re(iuired. 

2055.  Fig.  703.  represents,  in  abed,  the  plan  of  a building  whose  sides  are  bevel  to  each 
other.  Having  drawn  the 
central  line  ef  indefinitely, 
bisect  the  angle  rag  by  the 
line  ae,  meeting  ef  in  e. 
b'rom  e make  eg  equal  to  re, 
and  rg  perpendicular  to  ea  ; 
then,  if  e a be  made  equal 
to  ea,  ra  or  aq,  it  will  be  the 
length  of  the  hip  rafter  from 
the  angle  a.  'J'hrough  e 
and  f,  perpendicular  to  the 
sides  db,  ca,  draw  the  lines 
np,  mq  indefinitely ; and  from 
a,  as  a centre  with  the  radius 
aq,  describe  an  arc  of  a cir- 
cle, cutting  7nq  in  q,  and  er 
(perpendicular  to  ha')  pro- 
duced in  1.  By  the  same 
kind  of  operation  oc  will  be 
found,  as  also  the  other  parts  of  the  skirts  of  the  roof.  The  lines  nt,  tfv,  and  vp  are  intro- 
duced merely  to  show  the  trouble  that  occurs  when  the  beams  are  laid  bevel.  The  angle  of 
the  back  of  the  hip  rafter,  rwg,  is  found  as  before,  by  means  of  u as  a centre,  and  an  arc  of  a 
circle  touching  aq.  The  backs  of  the  other  hips  may  be  found  in  tbe  same  manner. 

2056.  Fig.  704.,  from  Price’s  Carpentry,  is  the  plan  of  a house  with  the  method  of  placing 
the  timbers  for  the  roof  with  the  upper  part  of  the  elevation  above,  which,  after  a perusal  of 
the  preceding  pages,  cannot  fail  of  being  understood.  The  plan  F is  to  be  prepared  for  a 
roof,  either  with  hips  and  vallies,  or  with  hips  only.  The  open  spaces  at  G and  H are 
over  the  staircases  : in  case  they  cannot  be  lighted  from  the  sides,  they  may  be  left  to  be 
finished  at  discretion.  The  chimney  flues  are  shown  at  IKLMNO.  Then,  having  laid 
down  the  places  of  the  openings,  place  the  timbers  so  as  to  lie  on  the  piers,  and  as  far  as 
possible  from  the  flues  ; and  let  tliem  be  so  connected  together  as  to  embrace  every  part  of 
the  plan,  and  not  liable  to  be  separated  by  tbe  weight  and  thrust  of  the  roof.  P is  a 
trussed  timber  partition,  to  discharge  the  weight  of  the  roof  over  a salon  below. 

2057.  Q,  is  the  upper  part  of  the  front,  and  11  a pediment,  over  the  small  break,  whose 
height  gives  that  of  the  blank  pedestal  or  parapet  S.  Suj)pose  T to  represent  one  half  of 
the  roof  coming  to  a point  or  ridge,  so  as  to  span  the  whole  at  once,  “ which,”  as  Price 
truly  observes,  “was  the  good  old  way,  as  we  are  shown  by  Serlio,  Palladio,”  &c.,  or 
suppose  the  roof  to  be  as  the  other  side  U shows  it,  so  as  to  have  a flat  or  sky-light  over  the 
lobby  F,  its  balustrade  being  W ; or  we  may  suppose  X to  represent  the  roof  as  spanning  the 
whole  at  three  times.  If  X be  used,  the  valley  and  hip  should  be  framed  as  at  Y ; if  as  T, 
the  principal  rafters  must  be  framed  as  at  Z,  in  order  to  bring  part  of  the  weight  of  the  roof 
and  covering  on  the  partition  walls.  The  remainder  needs  not  further  explanation. 
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RltS  FOR  GROINS,  ETC. 

f]058.  We  shall  now  proceed  to  the  method  of  forming  the  rihs  for  groined  aiclies 
niches,  &c.  The  method  of  finding  the  shape  of  these  is  the  same, 
whether  for  sustaining  plastering  or  supporting  the  boarding  of 
centres  for  brick  or  stone  work,  except  that,  for  plaster,  the  inner 
edge  of  the  rib  is  cut  to  the  form,  and,  in  centering,  the  outer 
edge.  Groins,  as  we  have  already  seen,  may  be  of  equal  or  un- 
equal height,  and  in  either  case  the  angle  rib  may  be  straight 
or  curved ; and  these  conditions  produce  the  varieties  we  are 
about  to  consider. 

t2059.  2'o  describe  the  parts  of  a groin  where  the  arches  are  cir- 
cnlar  and  of  unequal  height,  commonly  called  Welsh  (rROiNS.  We 
here  suppose  the  groin  to  be  right-angled.  Let  AB  (^fig.  705.  ) 
be  the  width  of  the  greater  arch.  Draw  BD  at  right  angles  to 
AB,  and  in  the  straight  line  BD  make  CD  equal  to  the  width 
of  the  lesser  arch.  Draw  DF  and  CE  perpendicular  to  BD  and 
EF  parallel  to  BD.  On  AB  describe  the  semicircle  'RghiA,  and 
on  EF  describe  the  semicircle  E^roF.  Produce  AB  to  p,  and 
FJC  to  m,  cutting  Ap  in  y.  I'hrough  the  centre  x of  the  semi- 
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circle  E<//a  P draw  ts  perpendicular  to  BD,  cutting  the  circumference  of  the  semicircle  in  s. 
Draw  .7;  parallel  to  Bl).  From  the  centre  y,  with  the  distance  yp,  describe  the  (juadrant 
pm.  Draw  7ui  parallel  to  AB,  cutting  the  semicircle  described  upon  AB  in  the  point  i. 
In  the  arc  B/  take  any  number  of  intermediate  points  y,  h,  and  through  the  points  yin 
iraw  it,  hu,  yv,  parallel  to  BC.  Also  through  the  points  yhi  draw  yk,  hi,  iin  parallel  to 
A.B,  cutting  FE  produced  in  A- and /.  From  the  centre  y describe  the  arcs  kn,  lo,  cut- 
ting AB  produced  in  mo.  Draw  nq,  or,  parallel  to  BD,  cutting  the  lesser  semicircular 
arc  in  the  i)oints  q,  r.  Through  the  points  q,  r,  s draw  qv,  ru,  st  jjarallel  to  AB;  then 
through  the  points  tuv  draw  the  curve  tuvc,  which  will  be  the  plan  of  the  intersection 
of  the  two  cylinders.  The  other  end  of  the  figure  exhibits  the  construction  of  the  framing 
of  carpentry,  and  the  method  in  which  the  ribs  are  disposed. 

2050.  To  describe  the  sides  of  a groin  when  the  arches  are  of  equal  height  and  designed 
to  meet  in  the  plane  of  the  diagonals.  Let  af  and  al  (Jiy.  705.) 
be  the  axes  of  the  two  vaults,  meeting  each  other  in  a,  perpen- 
dicular to  af.  Draw  AB  cutting  af  in  w,  and  perpendicular  to 
il,  draw  BG  cutting  al  in  h.  Make  wA  and  wli  each  equal  to 
half  the  width  of  the  greatest  vault,  and  make  AB  and  AG  each 
equal  to  half  the  width  of  the  lesser  vault.  Draw  AH  and  BE 
parallel  to  af,  and  draw  BIl  and  DF  parallel  to  al,  forming  the 
parallelogram  DEHF\  Draw  the  diagonals  HD,  FE.  On  the 
base  .\B  describe  the  curve  BcdefA,  according  to  the  given  height 
rfof  the  required  form,  which  must  serve  to  regulate  the  form 
of  the  other  ribs.  'I'h rough  any  points  cde  in  the  arc  BcdefA 
draw  the  straight  lines  cq,  dr,  es  cutting  the  diagonal  HD  at  q,  r,  s. 

Draw  qli,  ri,  sk  parallel  to  al  cutting  the  chord  BG  at  the  points 
X,  y,  z,  A.  iNIake  xh,  yi,  zk,  bl  each  respectively  equal  to  tc,  ud, 
ve,  wf  and  through  the  points  Ghihl  to  B,  draw  the  curve 
GhUtlB.  Draw  qm,  ru,  so,  ap  perpendicular  to  HD.  Make 
qm,  ni,  so,  ap  respectively  e(jual  to  tc,  ud,  ve,  vf  and  through  the 
jioints  D,  m,  n,  0,  p,  H draw  a curve,  which  will  be  the  angle  rib 
of  the  groin  to  stand  over  HD  ; and  if  the  groined  vault  be  right- 
angled,  all  the  diagonals  will  be  equal,  and  consequently  all  the 
diagonal  ribs  may  be  made  by  a single  mould. 

2061.  The  upper  part  of  the  above  figure  shows  the  method  of  placing  the  ribs  In  the  con. 
struction  of  a groined  celling  for  plaster. 

Every  pair  of  opposite  piers  is  spanned 
by  a principal  rib  to  fix  the  joists  of  the 
ceiling  to. 

2062.  The  preceding  method  is  not 
always  adopted,  and  another  is  sometimes 
employed  in  which  the  diagonal  ribs  are 
filled  in  with  short  ribs  of  the  same  curva- 
ture (see  fy.  707.)  as  those  of  the  arches 
over  the  piers. 

2063.  The  manner  of  finding  the  sec- 
tion of  an  aperture  of  a given  height  cut- 
ting a given  arch  at  right  angles  of  a 
greater  height  than  the  aperture  is  repre- 
sented in  fiy.  708. 

2064.  When  the  angle  ribs  for  a square 
dome  are  to  be  found,  the  process  is  the 
same  as  for  a groin  formed  by  equal  arches 
crossing  each  other  at  right  angles,  the 
joints  for  the  laths  being  inserted  as  in 
fiy.  707.  ; but  the  general  construction  for 
the  angle  ribs  of  a polygonal  dome  of  any  number  of 
sides  is  the  same  as  to  determine  the  angle  rib  for  a 
cove,  which  will  afterwards  be  given. 

2055.  When  a circular-headed  window  is  above  the 
level  of  a plane  gallery  ceiling,  in  a church  for  example, 
the  cylindrical  form  of  the  window  is  continued  till  it 
intersects  the  plane  of  the  ceiling.  To  find  the  form 
of  the  curb  or  pieces  of  wood  employed  for  completing 
the  arris,  let  dp  (fy.  709.)  be  the  breadth  of  the  window 
in  the  plane  of  the  ceiling.  Bisect  dp  in  h,  and  draw  A4 
perpendicular  to  dp.  Make  A4  equal  to  the  distance  the 
curb  extends  from  the  w'all.  Produce  4//  to  B.  Make 
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AR  equal  to  the  height  of  the  window  above  tlie  celling,  and  through  the  three  points 
d,  R, />  describe  the  semicircle  ARC  for  the  head  of  the  window.  Divide  AR  into  any 
number  of  equal  parts,  as  4 at  the  points  k.  I,  v ; and  A4  into  the  same  number  of  etjual 
})arts  at  the  points  1 , 2,  3.  Through  the  points  klv  draw  the  lines  et,  fu,  gw  parallel  to  dp,  and 
through  the  points  1,  2,  3 draw  the  lines  mg,  nr,  os.  Make  Im,  2m,  3o  respectively  equal 
to  ke.  If,  vg  ; as  also  1 q,  2r,  3s  equal  to  kt, 
la,  vw ; that  is,  equal  to  ke.  If,  vg.  Then 
througli  the  points  drnuoA,  and  also 
through  pqrs4,  draw  a curve  which  will 
form  the  curb  required.  In  the  section  X 
of  the  figure,  AC  shows  the  ceiling  line, 
whereof  the  length  is  equal  to  A4,  and 
A R is  the  perpendicular  height  of  the 
window;  hence  RC  is  the  slope. 

2056.  The  construction  of  a niche, 
which  is  a portion  of  a spherical  surface, 
and  stands  on  a plan  formed  by  the  seg- 
ment of  a circle,  is  simple  enough  ; for 
the  ribs  of  a niche  are  all  of  the  same 
curvature  as  the  plan,  and  fixed  {fg. 

710. ) in  planes  passing  through  an  axis 
corresponding  to  the  centre-  of  the  sphere 
and  ))erj)endicular  to  the  plane  of  the 
wall.  If  the  ])lan  of  the  niche  be  a 
semicircle  {fg.  711.)  the  ribs  may  be  disposed  in  vertical  planes. 

2067.  In  the  construction  of  a niche  where  the  ribs  are  disposed  in  planes  perpendicular 
t<'  the  horizon  or  plan,  and  perpendicular  to  the  face  of  the  wall,  if  the  niches  be  spherical 
all  their  ribs  are  sections  of  the  sphere,  and  are  portions  of  the  circumferences  of  different 
circles.  If  we  complete  the  whole 
circle  of  tlie  plan  (fg.T\2.),  and  pro- 
duce the  plan  of  any  rib  to  the  opposite 
side  of  the  circumference,  we  shall 
have  the  diameter  of  the  circle  for 
that  rib,  and,  consequently,  the  radius 
to  describe  it. 

2068.  Of  forming  the  hoards  to 

cover  domes,  groins,  ^c.  The  prin- 
cii)les  of  determining  the  develope- 
ment  of  the  surface  of  any  regular 
solid  have  already  been  given  in 
considerable  detail.  In  this  place  we 
have  to  apj)ly  them  practically  to 
carpentry.  The  boards  may  be  ap- 
l)lied  eitlier  in  the  form  of  gores  or  in 
portions  of  conic  surfaces  ; the  latter  .,2, 

is  generally  the  more  economical  method. 

2069.  2o  describe  a gore  that  shall  be  the  form  of  a hoard  fo^  o,  dome  circular  on  the  plan. 
DraAv  the  plan  of  the  dome  ARU  {fig.  713.),  and  its  diameter  RD  and  Ae  a radius  ])er- 
pendicular  thereto.  If  the  sections  of  the  dome  about  to  be  described  be  semicircular, 
then  the  curve  of  the  vertical  section  will  coincide  with  that  of  the  plan.  Let  us  suppose 
the  quadrant  A R to  be  half  of  the  vertical  section,  which  may 
be  conceived  to  be  raised  on  the  line  Ae  as  its  base,  so  as  to  be 
in  a vertical  plane,  then  the  arc  AR  will  come  into  the  sur- 
face of  the  dome.  Make  Ai  equal  to  half  the  width  of  a board 
and  join  ei.  Divide  the  arc  AR  into  any  number  of  equal  parts, 
and  through  the  points  of  division  draw  the  lines  li,  2j,  8k,  41, 
cutting  Ae  in  the  points  efgh  and  ei  in  the  points  ijkl.  Produce 
the  line  eA  to  s,  and  apply  the  arcs  Al,  12,  23,  34  to  Am,  mo,  oq 
in  the  straight  line  As.  Through  the  points  mnoq  draw  the 
straight  lines  tn,  up,  vr,  and  make  mn,  op,  qr,  as  also  mt,  ou,  qv, 
respectively  e(}ual  to  ei,  fj,  gk\  then  through  the  points  inpr  to 
s,  and  also  through  the  points  xtuv  to  s,  draw  two  curves  from 
the  points  x and  i so  as  to  meet  each  other  in  s ; and  the  curves 
thus  drawn  will  include  one  of  the  gores  of  the  dome,  which  will 
be  a mould  for  drawing  the  boards  for  covering  the  surface. 

2070.  In  polygoiiid  domes  the  curves  of  the  gore  will  bound 
the  ends  of  the  boards ; as,  for  example,  in  the  octagonal  dome 
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(/?9.  714.),  the  pla>.\  being  ABCDEFGII.  I.et  i be  tbe  centre  of  the  circle  in  wbicli  the 
inscribed.  Draw  the  lialf  diagonal  lA,  jB,  iC  perpendicular  to  any  side 
AB  of  tlie  ])lan.  Draw  the  straight  line  i/i,  cutting  AB  in  /i.  I.et  hhn'A  be  tlie  outline  of 
one  of  the  ribs  of  the  dome,  which  is  here  supposed  to  be  the  quadrant  of  a circle.  Divide 
the  arc  /(Z  into  any  number  of  e(iual  parts  from  h at  the  points  Imn,  and  through  these 
points  draw  lx,  my,  nz,  cutting  Be  at  the  points  xtjz,  and  ih  at  the  points  1,  2,  3.  Extend 
the  arcs  hi,  Im,  inn,  on  the  line  hn,  from 
/(  to  0,  from  c to  p,  from  p to  q,  and 
through  the  points  opq  draw  the  straight 
lines  / K,  sv,  tic  perpendicular  to  Am.  Alake 
3K,  jn\  qic,  as  also  or,  ps,  qt,  respectively 
eipial  to  l.r,  2y,  3z ; then  through  the 
points  Arst  draw  a curve,  and  through 
the  points  nviv  draw  another  curve, 
meeting  the  former  one  in  the  point  n. 

Thus  will  be  formed  the  gore  or  cover- 
ing of  one  side  of  the  octagonal  dome. 

2071.  When  the  plan  of  the  base  is 
a rectangle,  as  Jig.  715.,  draw  the  plan 
A BCD  and  the  diagonals  AC  and  BD, 
cutting  each  other  in  E.  T'hrough  E 
draw  El  perpendicular  to  AB  cutting 

AB  in  F,  and  through  E draw  EJ  per-  Fig.  715. 

pendicular  to  BC,  cutting  BC  in  G.  Let  the  height  of  the  dome  be  equal  to  half  its 
breadth,  and  the  section  over  the  straight  line  EF  a quadrant  of  a circle;  then  from  the 
centre  E describe  the  arc  FH,  its  base  l)eing  EF,  and  with  the  straight  line  EG  as  half 
the  major  axis  of  an  ellipsis,  and  EFthe  minor  axis,  describe  the  quadrant  GF  of  an  ellipsis. 
Produce  El’  to  I,  and  EG  to  J.  Divide  the  arc  of  a quadrant  FH  from  F into  any 
number  of  equal  parts,  and  extend  the  parts  on  the  line  FI  to  him,  through  which  draw 
tlie  lines  kq,  Ir,  ms,  &c.  perpendicular  to  FI.  Through  the  points  I,  2,  3,  &c.  draw  wt,  xu, 
yv,  kc.,  cutting  AE  at  w,x,y,  and  FE  at  t,u,v.  Make  k'n,  I' o',  m'p,  also  kq,  Ir,  ms,  respec- 
tively equal  to  tw,  ux,  vy,  and  through  the  points  nop  draw  a curve,  also  through  the 
points  7rs  draw  another  curve  meeting  the  former  in  I;  then  these  two  curves  with  the 
line  AB  will  form  the  gore 


or  boundary  of  the  build 
ing  of  two  sides  of  the 
dome.  Also  in  the  ellip- 
lical  arc  GF,  take  any 
lumher  of  points  1,  2,  3, 
ind  draw  the  lines  \ w',  2x', 
y,  parallel  to  BC,  cutting 
EC  in  the  points  w'x’y', 
md  GE  in  tbe  points  t',  u. 

Extend  the  arcs  Gl, 

2,  23  from  GA',  It'V,  I'm', 
ipon  the  straight  line  GJ, 
ind  through  the  points 
'■'I'm'  draw  the  lines  nq, 

I'r',  p's'.  Make  k'n,  I o', 

np,  also  A'7',  r/,  m s' respectively  equal  to  t'w',  ux',v'y,  and  through  the  points  Bm'o'p* 
Iraw  the  curve  BJ,  and  through  the  points  Cq'r’s'  draw  the  curve  CJ  ; then  BJ  C will  be 
be  gore  required,  to  which  the  boards  for  the  other  two  sides  of 
he  dome  must  be  formed. 

2072.  A general  method  of  describing  the  board  or  half  gore 
f any  polygonal  or  circular  dome  is  shown  in  Jig.  716.  Let 
3E  be  half  either  of  the  breadth  of  a board  or  of  one  of  the 
ides  of  a polygon,  EF  the  perpendicular  drawn  from  the  centre. 

)raw  the  straight  line  AB  parallel  to  EF,  and  draw  EA  and 
’B  perpendicular  to  EF;  then  upon  the  base  AB  describe  the 
ib  .\C  of  the  vertical  section  of  the  dome.  Divide  the  curve 
tC  into  the  equidistant  arcs  Al,  12,  23,  and  through  the  points 
f division  draw  the  lines  \g,  2h,  3i  perpendicular  to  AB  cutting 

F at  ghi  and  DF  at  him.  Produce  FE  to  V and  extend  the  arcs 
ll,  12,  23  upon  the  straight  line  iiV  from  E successively  to 
le  points  opq.  Through  the  points  opq  draw  the  lines  or,  ps, 

' parallel  to  ED.  Make  or,  ps,  qt  respectively  equal  to  gk, 

',  hn  ; then  through  the  points  r st  draw  a curve,  and  DEV  will 
2 the  half  arc  or  half  mould  of  the  boarding. 
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2073.  To  cover  a hemispherical  dome  hi/  hoards  moulded  to  portions  of  conic  surfaces.  i)r;iw 
a vertical  section  of  the  dome  ABC  {Jig.  717.)  and  divide  tlie  circumference  into  equal  arcs 
Cd,  de,  ef.  Through  the  centre  E draw  EB  perpendicular  to  AC.  Draw  the  chords  CV/, 
de,  ef  and  produce  all  these  chords  till  they  meet  the  line  EB,  which  they  will  produced  in  a 
convenient  space;  but  those  chords  that  are  next  to  the  bottom  AC  will  require  a distance 
too  remote  from  AC  ; and  for  the  present  confining  our  attention  to  those  chords  which,  when 
produced,  would  meet  (he  line  EB  at  a convenient  distance  from  AC,  let  ef  meet  (he  axis 
EB  jiroduced  in  g,  and  from  the  point  g as  a centre  with  the  distances ge  and  ^/describe  the 
arcs  eh  and  fi.  'I'lien  efih  is  the  form  of  the  board,  so  that  its  breadth  is 
everywhere  compiehended  between  the  two  concentric  circles  eh  and  fi^  and 
when  the  boards  are  bent  their  edges  fall  on  horizontal  planes. 

2074.  We  will  here  shortly  repeat  a method  which  has  previously  been 
given  of  describing  an  arc  of  a circle  independent  of  its  centre,  as  connected 
with  this  part  of  the  subject,  and  useful  in  cutting  out  the  boards  of  a dome 
w'here  the  centre  is  inaccessible  or  too  distant  for  convenience.  Let  A B 
{Jig.  718.)  be  the  chord  of  the  arc  and  CD  its  height  in  the  middle.  In  this 
case  AB  will  be  bisected  at  C by  the  perpendicular  CD.  Draw  the  half  chord 
AD,  and  perpendicular  thereto  draw  AE,  and  through  the  point  D draw 
EF  parallel  to  AB;  also  draw  AG  and  BH  perpendicular  to  the  chord  AB 
cutting  EF  in  the  points  G and  H.  Divide  AC  and  ED  each  into  the  same 
number  of  equal  parts,  and  draw  lines  through  the  corresponding  ])oints  of 
division;  these  lines  will  converge,  and  if  produced  with  the  lines  EA  and 
I'B,  would  all  meet  in  one  point.  Divide  AG  into  the  same  number  of 
ecjual  parts  as  the  lines  AC,  ED,  and  from  the  points  of  division  draw  lines 
to  the  point  D to  intersect  the  former.  A curve  drawn  through  the  jioints 
of  intersection  will  form  the  arc  of  a circle.  I'he  other  part  DB  is  found  in 
the  same  manner  ; and  this  is  a convenient  method,  because  any  jiortion  of  a 
circle  may  be  described  within  the  width  of  a board. 

2075.  To  find  the  relation  between  the  height  and  the  chord  of  the  arc. 
he.  {fg.  719.)  be  the  middle  points  of  the  boards 
in  the  arc,  and  from  a draw  a line  parallel  to  the 
base  to  meet  the  opposite  curve ; also  from  these 
points  draw  lines  to  the  opposite  extremity  of  the 
l)ase ; then  each  parallel  is  the  base,  as  fa,  and  the 
distances  eg  intersected  between  it,  and  the  point 
where  the  oblique  line  from  its  extremity  cuts  the 
middle  vertical  is  the  height  of  the  segment. 

2076.  Tt  is,  however,  more  convenient  to  describe 
the  curvature  of  the  board  by  a continued  motion, 
w'hich  may  be  done  as  follows.  Let  AB  {fig.  720.) 
be  the  chord  of  the  arc.  Bisect  AB  at  C by  the 
perpendicular  CD,  and  make  CD  equal  to  the  height 

of  the  segment.  Draw  DE  parallel  to  AB,  and  make  DE  a little  larger  than 
AD;  then  form  an  instrument  ADE  with  laths  or  slips  of  wood,  and  make  it 
fast  by  a cross  slip  of  wood  GH.  By  moving  the  whole  instrument,  so  that  the 
two  edges  DA  and  DE  may  slide  on  two  pins  A and  D,  the  angular  point  D of 
the  instrument  will  describe  the  segment  of  a circle,  and  if  the  pin  be  taken  out 
of  A and  put  in  the  point  B,  the  other  portion  DB  of  the  segment  ADB  will  be 
described  in  the  same  manner. 

2077.  The  covering  of  an  elliptical 
dome  is  formed  by  considering  each 
part  a portion  of  the  surface  of  a cone. 

ABC  {fig.l2\.)‘\s  a vertical  section 
through  the  greater  axis  of  the  base ; 
the  other  vertical  section  through  the 
axis  at  right  angles  being  a semicircle  ; 
the  joints  of  the  boards  therefore  fall  in 
the  circumference  of  vertical  circles.  "‘-it' 

2078.  In  the  same  manner  the  cover-  I'i^. 

ing  of  an  annular  vault  whose  section  is  semicircular  is  found,  being  on  the  same  principle: 
as  now  shown  for  a horizontal  dome,  which  will  be  evident  from  an  inspection  of  fig.  722. 

BRACKETING. 

2079.  The  pieces  of  wood  which  sustain  the  laths  of  cornices,  coves,  and  the  like,  nr^ 
called  brackets,  and  they  take  in  form  the  general  outlines  as  nearly  as  possible  of  the  form 
to  which  they  are  to  be  finished. 
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20S0.  A cornice  hrnchet  o f any  form  being  given,  to  make  another  similar  one,  or  one  that 
thall  have  the  same  proportions  in  all  its  parts.  lA't 
.MtCDEE  (Jig^  723.)  be  the  given  bracket.  Draw 
lines  from  the  angular  points  CDE,  and  let  Ah  be  the 
projection  of  the  required  bracket.  The  lines  AC,  AD, 

AE,  being  drawn,  draw  be  parallel  to  the  edge  BC,  cut- 
ting AC  in  c;  draw  cd  parallel  to  CD,  cutting  AD 
in  3.  Draw  de  parallel  to  DE,  cutting  AE  in  e,  and 
draw  ef  parallel  to  EF,  cutting  AF  in  /.  Then  Abcdef 
is  the  bracket  required. 

2081.  To  form  an  angle  bracket  to  support  the  plastering 
of  a moulded  cornice.  Let  fig.  724.  X be  the  plan  of  the 
bracket.  Draw  the  straight  line  AE  equal  to  the  pro- 
jection ab  of  the  bracket  on  the  plan  X,  and  Aa  per- 
pendicular to  AE,  to  which  make  it  equal.  Join  E'r, 
and  on  AE  describe  the  given  form  AFGHIKLE  of  the 
bracket  which  stands  perpendicular  to  the  line  of  con- 
course of  the  wall  and  the  ceiling.  From  the  angular 
points  FGHIKL,  draw  the  lines  Fa,  Gb,  Ic,  He,  Kd, 
hd,  cutting  AE  in  the  points  BCD,  and  aE  in  the  points 
a,  h,c,  d.  Dr.iw  af,  bg,  ci,  dk,  perpendicular  to  «E.  Make 
af.  bg.  ch,  ci,  dk,  ell,  each  respectively  equal  to  AF,  BG, 

CII,  CI,  DL,  DK.  Join  fg,  gh,  hi,  ik,  kl,  IE.  Then 
afghiklE  is  the  angle  bracket 
reipiircd. 

2082.  An  angle  bracket 
for  a cove  (fig.  725.)  may  be 
described  in  exactly  the  same 
inanner. 

2088.  When  cove  brackets 
have  different  projections,  the 

method  of  describing  the  angle  one  Is  .shown  in  fig.  726.  Let 
AB.  BC  be  the  wall  lines.  Draw  any  line  GD  perpen- 
dicular to  AB  and  HF  perpendicular  to  BC.  IMake  GD 
equal  to  the  projection  of  the  bracket  from  the  wall  repre- 
sented by  the  line  AB,  and  make  II F equal  to  the  ]iro- 
jection  of  the  bracket  from  the  wail  represented  by  BC, 

Tlien,  as  one  of  the  brackets  must  be  given,  we  shall  sup- 
pose the  bracket  GAD  described  upon  GD.  Draw  DPI 
parallel  to  AB,  and  P’E  parallel  to  BC,  and  join  BE.  In 
the  curve  AD  take  any  number  of  points  Q.,  S,  and  draw  QP, 

SR  cutting  GD  in  P,  R and  BE  in  p,  r.  P’rom  the  points 
p,  r draw  the  lines  pq,  rs  parallel  to  BC,  cutting  PJ F in 
the  points/),  r.  Draw  pq,  rs  perpendicular  to  BE.  Make 
pq,  rs  also  pq,  rs  respectively  equal  to  I’Q,  RS,  Sec.  Ba 
and  HC  equal  to  GA,  then  through  the  points  aqs,  &c. 
draw  a curve  which  forms  the  bracket  for  the  angle.  Also 
through  the  points  C,  q,  s draw  another  curve,  and  this 
will  form  the  cove  bracket. 

2084.  The  angle  bracket  of  a cornice  or  cove  m.'iy  be 
formed  by  the  method  shown  in  X and  Y (fig.  727.), 
whether  the  angle  of  the  room  or  apartment  be  acute  or 
obtuse,  external  or  internal.  Let  ABC  be  the  angle. 

Bisect  it  by  the  line  BE.  Draw  GF  perpendicular  to 
BC,  and  make  GF  equal  to  the  projection  of  the  bracket, 

GC  equal  to  its  height,  and  I’C  the  curve  of  the  given 
bracket  or  rib.  In  the  curve  FC,  take  any  number  of 
points  PQ,  and  parallel  to  BC  draw  the  lines  Vr,  Qs,  cut- 
ting BE  in  the  points  r,  s,  and  GP'  in  the  points  R,  S. 

Draw  rp,  sq  perpendicular  to  BE,  and  make  the  ordinates 
rp,  sq  respectively  equal  to  RP,  SQ,  and  through  all  the 
points  pq,  draw  a curve,  which  will  be  the  bracket  as 
required. 

2085.  When  the  angle  is  a right  angle.  It  may  be  drawn 
as  at  fig.  728.,  which  is  an  ornamental  bracket  for  the  string 
of  a stair,  and  traced  in  the  same  manner  as  tliat  on  a right- 
angled  triangle. 


\ 


Fig.  726. 


Fig  727 
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2086.  In  coved  ceilings,  the  coves  meeting  at  an  angle  are  of 
plan  of  the  angle  is  a curve  to  construct  the  brackets.  I.et 
ABC  {fig.  729.)  represent  the  angle  formed  by  the  walls  of  the 
room,  and  let  ^defg  be  the  plan  of  the  bracket  in  the  angle 
of  a curvilinear  form.  Draw  HIM,  and  thereon  describe  the 
bracket  II OFQ,  intended  for  that  side,  and  in  the  curve  HOQ 
take  any  number  of  points  NOP,  and  draw  the  lines  NR,  OS, 
T'T  perpendicular  to  AB,  cutting  it  in  the  points  R,  S,  T. 
Let  I\IQ  be  the  height  of  the  bracket,  and  draw  Q,A  perpendi- 
cular to  BA,  and  through  the  points  NOPQ  draw  the  straight 
lines  Nc/,  Oe,  Vf,  cutting  HIM  at  IKLM.  Draw  Inn  j)erpenai- 
cular  to  BC.  Alake  hr.  Its,  ht,  ha  respectively  ecjual  to  HR, 
IIS,  HT,  HA,  and  draw  rn,  so,  tp,  aq  perpendicular  to  BC  ; 
also  from  the  points  defy  draw  the  lines  dn,  eo,  fp,  gq,  and 
through  the  points  hnopq  draw  a curve,  which  will  form  the 
other  bracket  required. 

2087.  ^Vhether  brackets  occur  in  external  or  Internal  angles, 
tlie  method  of  describing  them  is  the  same,  and  when  the 
brackets  from  the  two  adjacent  walls  have  the  same  projection, 
one  of  them  must  be  given  to  find  the  angle  bracket.  When 
the  brackets  from  these  walls  have  unequal  but  given  projections, 
then  the  form  of  one  of  the  brackets  must  be  given  in  form  to 
find  the  angle  bracket. 

2088.  To  form  a bracket  for  a moulded  cornice.  On  the  draw- 
ing of  such  cornice,  draw  straight  lines,  so  as  to  leave  sufficient 
thickness  for  the  lath  and  plaster,  which  should  in  no  case  be 
less  than  three-fourths  of  an  inch.  Thus  the  general  form  of 
the  bracketinsc  will  be  obtained. 


different  breadths,  and  the 


? 


Fig.  7 <!9. 


DOMES. 

2089.  We  have,  in  a foregone  page,  mentioned  a method  of  constructing  domes  \vlth 


ribs  in  thicknesses.  We  here  present  to 
the  reader  two  designs  for  dome-framing, 
wherein  there  is  a cavity  of  framed  work 
between  the  inner  and  outer  domes  ; with 
moderate  spans,  however,  simple  framing 
is  all  that  is  re(juired.  Fig.  780.  A is  a 
design  for  a domical  roof.  B exhibits  the 
method  of  framing  the  curb  for  it  to 
stand  upon,  the  section  of  the  curb  being 
shown  upon  fig.  A.  The  design  here 
given  is  nearly  the  same  as  that  used  for 
the  dome  of  the  Pantheon  in  Oxford 
Street,  which  was  destroyed  by  fire.  C is 
another  design  for  a domical  roof,  which  is 
narrow  at  the  bottom  part  of  the  framing, 
for  the  purpose  of  gaining  room  within 
the  dome. 

PENDENTIVES. 

2090.  If  a hemisphere,  or  other  portion 
of  a sphere,  be  intersected  {fig.  731.)  by 


cylindrlc.al  or  cylindroidal  arches,  vaults 
aa  are  formed,  winch  are  called  pendentives. 
The  termination  of  the.se  at  top  will  be 
a circle,  whereon  may  be  placed  a dome, 
or  an  upright  drum  story,  which,  if  ne- 
cessary, may  be  terminated  by  a dome. 
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The  reader  will  immediately  perceive  that  many  varieties  may  be  formed.  Our  object 
here  is  merely  to  show  how  the  carpenter  is  to  proceed  in  making  his  cradling,  as  it  is 
called,  when  ])endentives  are  to  be  formed  in  wood. 

2091.  To  cove  the  ceiling  of  a square  room  with  conical  pendentives.  Let  ABC  {fg.  732.) 
be  half  the  plan  of  the  room,  and  UFE  the  half  i)lan  of  the  curb,  at  whose  top  the  ribs 
are  all  fixed.  The  hyperbolical  arches  agb,  bhc  on  each  of  the  four  sides  are  of  ecpial 
height.  The  straight  ribs  bf  ik,  Ini,  &c.  are  shown  on  the  plan  by  FB,  I K,  LiM,  &c. 
The  method  of  finding  the  hyperbolical  curves  agb,  bhc  will  be  explained  in  the  following 
figure. 


2092.  To  find  the  springing  lines  of  the  preeeding  pendentives,  the  section  in  one  of  the  verti- 
cal diagonal  planes  being  given.  Bisect  the  diagonal  LK  (^fig.  733.)  at  the  point  N by  the 
perpendicular  NW,  which  make  equal  to  the  height  of  the  cone,  and  draw  the  sides  I>W 
and  KW.  Bisect  the  side  MK  of  the  square  at  a,  and  on  N,  with  the  radius  Na,  describe 
an  arc  a A,  cutting  the  diagonal  LK  at  A.  Then  take  any  points  B,  C,  D,  between  A and 
K,  and  with  the  several  radii  NB,  NC,  ND,  describe  the  arcs  B6,  Cc,  and  Drf,  cutting 
KM  at  the  points  d,  c,  and  b.  From  the  points  A,  B,  C,  and  D,  draw  AE,  BF,  CG,  and 
DH  perpendicular  to  the  diagonal  KL,  cutting  the  side  WK  of  the  section  of  the  cone  at 
E,  F,  G,  H.  At  the  points  abed  erect  perpendiculars  ae,  bf  eg,  and  dh  to  the  side  ML, 
making  each  equal  to  their  corresponding  distances  AE,  BF,  CG,  and  DH,  which  will  be 
one  half  of  the  curve  for  that  side  from  which  the  other  may  be  traced.  The  dark  parts  show 
the  feet  of  the  ribs. 

2093.  Fig.  734.  shows  the  method  of 
coving  a s(]uare  rooiu  with  spherical  penden- 
tives, which  a few  words  will  sufficiently 
describe.  CD,  DE  are  two  sides  of  the  plan; 

AFB  is  half  the  plan  of  the  curb.  In  the 
elevation  above  is  shown  the  method  of  fixing 
the  ribs  (which,  in  projection,  are  portions  of 
ellipses)  on  two  sides  of  the  plan,  ab  is  the 
elevation  of  the  curb  AFB  ; cfd  and  dge  are 
ribs  on  each  side  of  the  plan  supporting  the 
vertical  ribs  that  form  the  spherical  surface, 
which  vertical  ribs  support  the  curb  afb.  On 
afb  may,  if  necessary,  be  placed  a lantern  or 
skylight ; or,  if  light  be  not  wanted,  a flat 
ceiling  or  a dome  may  be  placed.  Tliis  pen- 
dentive  is  to  be  finished  with  plaster ; hence 
the  ribs  must  not  be  farther  apart  than  about 
] 2 inches. 

2094.  For  finding  (^fig.  735.)  the  Intersec- 
tion of  the  ribs  of  a spandrel  dome,  whose 
section  is  the  segment  of  a circle,  and  whose 
plan  is  a square  ABCD.  Let  DEFB  be  the 
section  on  the  plane  of  the  diagonal.  First  plan  one  quarter  of  the  ribs,  as  at  UC,  TN, 
SL,  RI,  and  Q.G,  this  last  being  parallel  to  DC  or  AB,  the  sides  of  the  square;  on  V, 
with  the  radii  VG,  VI,  VL,  VN,  and  VC,  describe  the  arcs  GP^,  Iti,  L«/,  Nrn,  &c.  cut- 
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ting  the  base  DB  of  the  angular  rib 
in  g,  i,  I,  and  ?i.  Draw  gh,  ik,  hn,  and 
7to,  each  perpendicular  to  DB,  cutting 
the  diagonal  rib  at  7t,  k,  m,  and  o.  Then 
snaking  the  distances  GH,  IK,  I.IM, 
and  NO  equal  to  the  corresponding 
distances  gh,  ik,  Im,  and  no,  through 
the  points  H,  K,  M,  O draw  a curve 
which  will  be  the  under  edge  of  that 
for  the  bottom  of  the  ribs  Q.G,  RJ, 
SL,  TN,  and  UC,  shown  complete  on 
each  side  of  the  square  plan.  If  each 
of  the  circular  segments  on  each  side 
of  the  square  plan  be  turned  up  at 
right  angles  to  the  plan  A BCD,  the 
ribs  will  then  stand  in  their  true 
position. 


2095.  We  shall  in  this  work  confine 

ourselves  to  the  simplest  forms  of  tim- 
ber bridges,  which,  as  well  as  those  of  "•">*• 

stone,  will  be  found  fully  treated  of  in  the  Encyclopeedia  of  Engineering,  by  Mr.  Cresy, 
which  forms  one  of  the  series.  As  they  mostly  depend  on  the  principle  of  the  truss,  where 
the  span  is  large,  and  this  combination  of  timbers  we  have  already  explained  ; so  in  stone 
bridges  the  principle  of  construction  of  the  arch  is  the  chief  matter  for  consideration,  and 
to  that  a large  portion  of  this  work  has  been  devoted  ; hence,  on  the  part  of  the  architect, 
we  do  not  resign  his  pretension  to  employment  in  such  works,  for  which,  indeed,  as  respects 
design,  his  general  education  fits  him  better  than  that  of  the  engineer. 

2096.  Tlie  bridge  over  the  Brenta,  near  Bassano,  by  Palladio,  is  an  example  of  a wooden 
bridge  {fg.  736.),  which  is  not  only  elegant  as  a composition,  but  one  which  is  economical 


and  might  be  employed  with  advantage  xvhere  it  is  desirable  that  the  piers  should  occupy 
a small  space,  and  the  river  is  not  subject  to  great  floods.  The  same  great  architect,  in  his 
celebrated  Treatise  on  Architecture,  has  given  several  designs  for  timber  bridges,  the  princi- 
ples of  whose  construction  have  only  been  carried  out  further  in  many  modern  instances 
He  was  the  earliest  to  adopt  a species 
of  construction  by  which  numerous  piers 
were  rendered  unnecessary,  and  thus  to 
avoid  the  consequences  of  the  shock  of 
heavy  bodies  against  the  piers  in  the 
time  of  floods.  Of  this  sort  was  the 
bridge  he  threw  over  the  rapid  torrent 
of  the  Cismone  (^g.  737.)  whose  span 

was  1 08  feet.  Fig.  737. 

2097.  Palladio  has  given  a design 
for  a timber  bridge  (,^fig.  738.)  which  is 
remarkable  as  having  been  the  earliest 
that  has  come  to  our  knowledge,  wherein 
the  arrangement  is  in  what  may  be 
called  framed  voussoirs,  like  the  arch 
stones  of  a bridge,  a principle  in  later 
days  carried  out  to  a great  extent,  and 
with  success,  in  iron  as  well  as  timber 

bridges.  Fig.  738. 
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2098.  We  shall  conclude  our  section  on  practical  carpentry  with  a method  of  con- 
structing timber  bridges  proposed  by  Price  in  his  Treatise  on  Carpentri/,  and  one  not 
dissimilar  in  principle  to  the  method  of  Philibert  de  Lorme,  before  mentioned.  The 
bridge  (Jiff.  739.)  is  sup- 

posed  to  consist  of  two 
principal  ribs  ik.  The 
width  of  the  place  is 
spanned  at  once  by  an 
arch  rising  one  sixth  part 
of  its  extent.  Its  curve 
is  divided  into  five  parts, 

“ wiiich,”  says  Price,  “ I 
purpose  to  be  of  good  sea- 
soned English  oak  plank, 
of  3 inches  thick  and  12 
broad.  Their  joint  or 
meeting  tends  to  tlie  centre 
of  tlie  arch.  Within  this 
rib  is  another,  cut  out  of 
plank  as  before,  of  3 ij]||||'a 

inches  thick  and  9 broad,  i||!j| 

in  such  sort  as  to  break 
the  joints  of  the  other.  j|||i  j 

In  each  of  these  ribs  are  ill  r 

made  four  mortices,  of  4 l||| 

inches  broad  and  3 high, 
and  in  the  middle  of  the 
said  9-inch  plank.  These 
mortices  are  best  set  out  with  a templet,  on  which  the  said  mortices  have  been  truly 
divided  and  adjusted.  Lastly,  put  each  principal  rib  up  in  its  place,  driving  loose  keys 
into  some  of  the  mortices  to  hold  the  said  two  thicknesses  together  ; while  other  help  is 
ready  to  drive  in  the  joists,  which  should  have  a shoulder  inward,  and  a mortice  in  them 
outward ; through  which  keys  being  drove  keep  the  whole  together.  On  these  joists  lay 
your  planks,  gravel,  &c.  ; so  is  your  bridge  compleat,  and  suitable  to  a river,  &c.  of  36'  feet 
wide.” 

2099.  “ In  case  the  river,  &c.  be  40  or  50  feet  wide,  the  stufF  should  be  larger  and  more 
particularly  framed,  as  is  shown  in  part  of  the  plan  enlarged,  as  I.  These  planks  ought  to 
be  4 inches  thick  and  16  wide;  and  the  inner  ones,  that  break  the  joints,  4 inches  thick 
and  12  broad;  in  each  of  these  are  six  mortices,  four  of  which  are  4 indies  wide  and  2 
high  ; through  these  are  drove  keys  which  keep  the  ribs  the  better  together;  tlie  other  two 
mortices  are  6 inches  wide  and  4 high ; into  these  are  framed  the  joists  of  6 inches  by  12  ; 
the  tenons  of  these  joists  are  morticed  to  receive  the  posts,  which  serve  as  keys,  as  shown 
in  the  section  K,  and  the  small  keys  as  in  L ; all  which  inspection  will  explain.  That  of 
M is  a method  whereby  to  make  a good  butment  in  case  the  ground  be  not  solid,  and  is 

Si  by  driving  two  piles  perpendicularly  and  two  sloping,  the  heads  of  both  being  cut  olF  so 
as  to  be  embraced  by  the  sill  or  resting  plate,  which  will  appear  by  the  pricked  lines 
h ) drawn  from  the  plan  I and  the  letters  of  reference.”  Price  concludes:  “ All  that  1 con- 
i' ceive  necessary  to  be  said  further  is,  that  the  whole  being  performed  without  iron,  it  is 
5 f therefore  capable  of  being  painted  on  every  part,  by  which  means  the  timber  may  be  j)re- 
1 1 served ; for  though  in  some  respects  iron  is  indispensably  necessary,  yet,  if  in  such  cases 
I,*  where  things  are  or  may  be  often  moved,  the  iron  will  rust  and  scale,  so  as  that  the  parts 
‘ ; will  become  loose  in  process  of  time,  which,  as  I said  before,  if  made  of  sound  timber,  will 
;j  ?*  always  keep  tight  and  firm  together.  It  may  not  be  amiss  to  observe,  that  whereas  some 
'■  may  imagine  this  arch  of  timber  is  liable  to  give  way,  when  a weight  comes  on  any  jrar- 
li  I ticular  part,  and  rise  where  there  is  no  weight,  such  objectors  may  be  satisfied  that  no  part 
can  yield  or  give  way  till  the  said  six  keys  are  broke  short  off’  at  once,  which  no  weight 
^ ;t  can  possibly  do.” 


i ; 
t \ 

! Sect.  V. 

I \ JOINERY. 

I 2100.  Joinery  is  that  part  of  the  science  of  architecture  which  consists  in  framing  or 
I joining  together  wood  for  the  external  and  internal  finishings  of  houses,  such  as  the  linings 
^1  of  walls  and  rough  timbers,  the  putting  together  of  doors,  windows,  stairs,  and  the  like. 
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It  requires,  therefore,  more  accurate  and  nicer  workmanship  than  carpentry,  being  of 
a decorative  nature  and  near  the  eye.  Hence  the  surfaces  must  be  smooth  and  nicely 
wrought,  and  the  joints  must  be  made  with  great  precision.  The  smoothing  of  the  m’oocI 
is  called  planing,  and  the  wood  used  is  called  stvff,  which  consists  of  rectangular  prisms 
roughly  brought  into  shape  by  the  saw,  such  prisms  being  called  battens,  boards,  and  planks, 
according  to  their  breadth  and  thickness. 

2101.  We  shall  give  but  a succinct  account  of  the  joiner’s  tools;  an  acquaintance  with 
their  forms  and  uses  being  sooner  learnt  by  mere  inspection  over  a joiner’s  bench  than 
by  the  most  elaborate  description. 

TOOLS. 

2102.  The  first  is  the  bench,  whose  medium  height  is  about  2 feet  8 inches,  its  length 
about  10  or  12  feet,  and  its  width  about  2 feet  6 inches.  One  side  is  provided  with  a 
vertical  board,  called  the  side  board,  pierced  with  holes  ranged  at  different  heights  in 
diagonal  directions,  which  admit  of  pins  for  holding  up  the  object  to  be  planed,  Avhich  is 
sujjported  at  the  other  end  of  it  by  a screw  and  screw  check,  together  called  the  bench  screw, 
acting  like  a vice.  The  planes  used  by  the  joiner  are  the  jack  plane,  which  is  used  for 
taking  off  the  roughest  and  most  prominent  parts  of  the  stuff,  and  reducing  it  nearly  to  its 
intended  form.  Its  stock,  that  is,  the  wooden  part,  is  about  17  inches  long,  3 inches  high, 
and  3*  inches  broad.  The  trying  plane,  whose  use  is  nearly  the  same  as  that  last  descril)ed, 
but  used  after  it,  the  operation  being  performed  with  it  by  taking  the  shaving  the  whole 
length  of  the  stuff,  wdilch  is  called  trying  up,  whereas  with  the  jack  plane  the  w'orkinan 
stops  at  every  arm’s  length.  The  long  plane,  which  is  used  when  a piece  of  stuff  is  to  be 
tried  up  very  straight.  It  is  longer  and  broader  than  the  trying  plane,  its  length  being 
26  inches,  its  breadth  3|  inches,  and  depth  3|  inches.  The  jointer,  which  is  still  longer, 
being  2 feet  6 inches  long,  and  is  principally  used  for  obtaining  very  straight  edges,  an 
operation  commonly  called  shooting.  With  this  the  shaving  is  taken  the  whole  length  in 
finishing  the  joint  or  edge.  The  smoothing  plane,  which,  as  its  name  imports,  is  the  last 
employed  for  giving  the  utmost  degree  of  smoothness  to  the  surface  of  the  wood,  and  is 
chiefly  used  for  cleaning  off  finished  work.  It  is  only  7|  inches  long,  3 inches  broad,  and 
2|  inches  in  depth.  The  foregoing  are  technically  called  be?ich  planes. 

2103.  The  co?npass  plane  which  in  size  and  shape  is  similar  to  the  smoothing  plane, 
except  that  its  under  surface  or  sole  is  convex,  its  use  being  to  form  a concave  cylindrical 
surface.  Compass  planes  are  therefore  of  various  sizes  as  occasion  may  require.  The 
forkstaff  plane  resembles  the  smoothing  plane  in  size  and  shape,  except  that  the  sole  is  ])art 
of  a concave  cylindric  surface,  whose  axis  is  parallel  to  the  length  of  the  plane.  The  for)n 
is  obviously  connected  with  its  application,  and,  like  the  last  named,  it  is  of  course  of 
various  sizes.  The  straight  block  is  employed  for  shooting  short  joints  and  mitres,  instead 
of  the  jointer,  which  would  be  unwieldy:  its  length  is  12  inches,  its  breadth  3^  inches, 
and  depth  2\  inches. 

2104.  There  is  a species  of  planes  called  rebate  planes,  the  first  whereof  is  simply  called 

the  rebate  plane,  being,  as  its  name  imports,  chiefly  used  for  making  rebates,  which  are 
receding  planes  formed  for  the  reception  of  some  other  board  or  body,  so  that  its  edge  may 
coincide  with  that  side  of  the  rebate  next  to  the  edge  of  the  rebated  piece.  The  length  of 
the  rebate  plane  is  about  inches,  its  depth  about  3|  inches,  and  its  thickness  varies  ac- 
cording to  the  width  of  the  rebate  to  be  made,  say  from  If  to  t inch.  Rebate  planes  vary 
from  bench  planes  in  having  no  tote  or  handle  rising  out  of  the  stock,  and  from  their 
having  no  orifice  for  the  discharge  of  the  shavings,  which  are  discharged  on  one  side  or 
other  according  to  the  use  of  the  plane.  Of  the  sinking  rebating  planes  there  are  two 
sorts,  the  fillister  &i\6.  the  sash  fillister,  whereof,  referring  the  reader  to  the  tool 

itself,  a sight  of  which  he  can  have  no  difficulty  in  procuring,  the  first  is  for  sinking  the 
edge  of  the  stuff  next  to  the  workman,  and  the  other  for  sinking  the  opposite  edge,  whence 
it  is  manifest  that  these  planes  have  their  cutting  edges  on  the  under  side.  Without 
enumerating  many  other  sorts  which  are  in  use,  we  shall  mention  merely  the  plough,  a 
plane  used  for  sinking  a cavity  in  a surface  not  close  to  the  edge  of  it,  so  as  to  leave  an 
excavation  or  hollow,  consisting  of  three  straight  surfaces  forming  two  internal  right 
angles  with  each  other,  and  the  two  vertical  sides  two  external  right  angles  with  the  upiier 
surface  of  the  stuff.  The  channel  thus  cut  is  called  a groove,  and  the  operation  is  called 
grooving  or  plowing.  This  species  will  vary  according  to  the  width  from  the  edge  ; but  it 
is  generally  about  7^  inches  long,  3|  inches  deep. 

2105.  Moulding  planes  are  for  forming  mouldings,  which,  of  course,  will  vary  according 
to  the  designs  of  the  architect.  They  are  generally  about  9|  inches  long,  and  3^  inches 
deep.  When  mouldings  are  very  complex,  they  are  generally  wrought  by  hand  ; but  when 
a plane  is  formed  for  them  they  are  said  to  be  stuck,  and  the  operation  is  called  sticking. 

2106.  The  bead  plane  is  used  very  frequently  in  joinery,  its  use  being  for  sticking 
mouldings  whose  section  is  semicircular;  when  the  bead  is  stuck  on  the  edge  of  a piece 
of  stuff  to  form  a semi-cyllndric  surface  to  the  whole  thickness,  the  edge  is  said  to  he 
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beaded  or  rounded.  When  a bead  Is  stuck  so  that  it  does  not  on  the  section  merely  fall  in 
with  its  square  returns,  but  leaves  a space  thus,  between  the  junctions  at  the 

sides,  it  Is  said  to  be  qvhhed.  The  heads  or  jilanes  vary  from  very  small  sizes  up  to  tlie 
j inch  and  I bead.  They  may  however  be  larger,  and  are  sometimes  stuck  double  and 
triple.  The  snipebill  plane  is  one  for  forming  the  (pilrk,  whereof  we  have  s])oken  ; but  we 
:lo  not  think  a detailed  description  of  it  necessary,  more  than  we  do  of  those  which  are 
made  for  striking  hollotvs  and  rotinds. 

2107.  The  stock  and  hit  is  the  next  tool  to  be  mentioned.  Its  use  Is  for  boring  wood, 
iiul  the  iron,  which  varies  as  the  size  of  the  bore  required,  is  made  in  a curve  on  its  edge  »>f 
’ontrary  flexure  so  as  to  dlscliarge  the  wood  taken  out.  It  fits  into  what  is  called  the  .stock, 
which  has  a double  curved  arm  working  on  spindles,  the  end  opposite  to  the  bit  being 
jressed  bv  the  body,  whose  weight  against  the  whole  instrument  is  the  power  whereby 
the  operation  is  performed.  The  bit  is  also  called  a pin,  or  gouye  bit.  It  is  an  important 
tool,  and  much  used.  (See  Auger  in  Glossary.) 

2108.  Countersinks  are  bits  for  widening  the  upper  part  of  a Iiole  in  Avood  or  iron  for 
the  head  of  a screw  or  pin,  and  are  formed  with  a conical  head.  Rimers  are  bits  for  widen- 
ing holes,  and  are  of  pyramidal  form  whose  vertical  angle  is  about  8l  degrees.  The  holo 
iis  first  pierced  by  means  of  a drill  or  punch,  and  the  rimer  then  cuts  or  scrapes  off'  the  in- 
terior surface  of  the  hole,  as  it  sinks  downwards,  by  pressing  on  the  head  of  the  stock. 
According  to  the  metal  on  which  they  are  to  be  used  they  are  diff'erently  formed. 

2109.  The  taper  shell  bit  is  conical  both  within  and  without.  Its  horizontal  section  is  a 
crescent,  the  cutting  edge  being  the  meeting  of  the  interior  and  exterior  conic  surfaces.  Its 
ise  is  for  widening  holes  in  wood.  Besides  the  above  bits,  there  are  some  which  are  pro- 
,ided  with  a screw-driver  for  sinking  small  screws  into  wood  Avith  more  rapidity  than  the 
inassisted  hand  Avill  accomplish. 

2110.  The  b7'ad  awl,  the  smallest  boring  tool,  the  gimlet,  and  the  screw  driver,  are  so  well 
mown,  that  it  Avould  be  waste  of  space  to  do  more  than  mention  them,  the  commones:  of 
nstriiments  in  the  science  of  construction. 

2111.  The  variety  of  chisels  is  great.  They  are  Avell  knoAvn  to  be  edge  tools  for  cutting 
vood  by  pressure  on  it,  or  by  percussion  Avith  a mallet  on  its  handle.  The  firmer  chisel  is 
itool  u.sed  by  the  carpenter  as  Avell  as  the  joiner  for  cutting  aAvay  superfluous  Avood  by 
hin  chips.  Those  are  best  Avhich  are  made  of  cast  steel.  If  much  su])erfluous  wood  is  to 
>e  cut  aAvay,  a strong  chisel,  Avith  an  iron  back  and  steel  face,  is  first  used  Avith  the  aid  of 
he  mallet,  and  then  a slighter  one  Avith  a very  fine  edge.  The  first  is  the  firmer  first 
nentioned,  and  the  last  is  called  a paring  chisel,  in  the  use  Avhereof  the  force  employed 

Ps  from  the  shoulder  or  hand.  , 

y 2112.  The  mortice  chisel,  Avhose  use  is  for  cutting  out  rectangular  prismatic  cavities  in 
tuff  is  made  of  considerable  strength.  The  cavity  it  so  cuts  out  is  called  a inortice,  and 
he  piece  Avhich  fits  into  it  a tenon,  Avhence  the  name  of  the  tool.  This  chisel  is  one  acted 
»n  only  by  the  percussion  of  the  mallet. 

2113.  The  gouge  is  used  for  cutting  concave  forms  in  stuff.  It  Is,  in  fact,  a chisel 
rhose  iron  is  convex. 

I 2114.  The  drawing  knife  Is  an  oblique-ended  chisel,  or  old  knife,  for  draAvIng  in  the 
■ lids  of  tenons  by  making  a deep  incision  Avith  the  sharp  edge,  guided  by  that  of  the  tongue 
f a square,  for  Avhich  purpose  a small  part  is  cut  out  in  the  form  of  a triangular  prism, 
fhe  use  of  this  excavation  is  to  enter  the  saAv  and  keep  it  close  to  the  shoulder,  and  thus 
nake  the  end  of  the  rail  quite  smooth,  for  by  this  means  the  saAv  Avill  not  get  out  of  its 
ourse. 

2115.  There  are  many  species  of  thesaif?,  which  is  a thin  plate  of  steel,  Avhose  edge  is  in- 
lented  Avith  teeth  for  cutting  by  reciprocally  changing  the  direction  of  its  motion.  The 
arieties  are  — the  ripping  saw,  Avhich  is  used  for  dividing  or  splitting  Avood  in  the  direction 
f the  fibres ; its  teeth  are  large,  the  measure  being  usually  to  the  number  of  eight  in 
. inches,  such  teeth  standing  perpendicularly  to  the  line  Avhich  ranges  Avith  the  points  : 
he  length  of  the  plate  or  blade  of  this  saAv  is  about  28  inches.  The  half  ripper  is  used 
Iso  for  dividing  wood  in  the  direction  of  the  fibres : the  plate  of  this  saAv  is  as  long  as  of 
hat  last  described,  but  it  has  only  three  teeth  in  an  inch.  The  hand  saw,  Avhose  plate  is 
6 inches  long,  contains  fifteen  teeth  in  4 inches  ; it  is  used  for  cross  cutting,  as  in  the  direc- 
ion  of  the  fibres;  for  Avhich  purposes  the  teeth  recline  more  than  in  the  tAvo  former  sravs. 
The  pimel  saw  has  about  six  teeth  in  an  inch,  the  length  of  its  plate  being  the  same  as  the 
ist ; but  in  this  and  the  hand  saw  thinner  than  in  the  ripping  saAv  ; it  is  used  for  cutting 
cry  thin  Avood,  either  Avith  or  across  the  fibres.  The  teno7i  saw  is  most  used  for  cutting 
i’ood  transverse  to  the  fibres,  as  the  shoulders  of  tenons.  The  plate  of  a tenon  saAv  is  from 
4 to  1 9 inches  long,  having  eight  to  ten  teeth  in  an  inch.  This  saAv  not  being  intended  to 
at  through  the  Avhole  breadth  of  the  Avood,  and  the  plate  being  too  thin  to  make  a 
traight  kerf,  or  to  keep  it  from  buckling,  it  has  a thick  piece  of  iron  fixed  on  the  edge 
pposite  to  the  teeth,  called  the  back.  From  the  opening  for  the  fingers  through  the 
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Iiandle  of  this  and  the  foregoing  saws  being  enclosed  all  round,  it  is  called  a double  handle. 
The  sash  saw  is  used  for  forming  the  tenons  of  saslies  ; its  plate  is  1 1 inches  in  length,  havlnf» 
about  thirteen  teeth  to  the  inch.  It  is  sometimes  backed  with  iron,  but  more  frequently 
with  brass.  The  dovetail  saw  is  used  for  cutting  the  dovetails  of  drawers  and  the  like  ; its 
plate  is  backed  with  brass,  it  contains  fifteen  teeth  in  about  one  inch,  and  is  about  9 Inches 
long.  The  handles  of  this  and  the  last  saw  are  only  single.  The  compass  saw,  for  cutting 
wood  into  curved  surfaces,  is  narrow,  thicker  on  the  cutting  edge  as  the  teeth  have  no  set 
and  is  without  a back  ; the  plate,  near  the  handle,  is  about  an  inch  broad,  and  about  a 
quarter  of  an  inch  at  the  other  extremity,  having  about  five  teeth  to  the  inch  ; the  handle 
is  single.  The  keyhole,  or  turning  saw,  in  its  plate  resembles  the  compass  .saw,  but  the 
handle  is  long,  and  perforated  from  end  to  end  for  inserting  the  plate  at  any  distance  with- 
in the  handle  ; there  is  a pad  in  the  lower  part  of  the  handle,  through  which  is  inserted 
a screw  for  fastening  the  plate  therein.  As  its  name  implies,  it  is  used  for  turning  out 
quick  curves,  as  keyholes,  and  is  therefore  frequently  called  a keyholp  saw. 

2116.  The  teeth  of  all  saws,  except  turning  and  keyhole  saws,  are  bent  alternately  on 
the  contrary  sides  of  the  plate,  so  that  all  the  teeth  on  the  same  side  are  alike  bent  through, 
out  the  length  of  the  plate,  for  the  purposes  of  clearing  the  sides  of  the  cut  made  in  ths 
wood  by  it.  The  saw  is  a tool  of  great  importance  in  every  case  where  wood  is  to  be 
divided,  for  by  its  means  it  can  be  divided  into  slips  or  scantlings  with  no  more  waste  than 
a small  slice  of  the  wood,  whose  breadth  is  equal  to  the  depth  of  the  piece  to  be  cut 
through,  and  the  thickness  of  it  equal  to  no  more  than  the  distance  of  the  teeth  between 
their  extreme  points  on  the  alternate  sides  of  the  saw  measured  on  a line  perpendicular  to 
them  ; whereas,  by  any  other  means,  such  as  the  axe  for  instance,  large  pieces  of  tiinlier 
could  only  be  reduced  in  size  by  cutting  away  the  superfluous  stuff,  which  would  be  no  less 
a waste  of  labour  than  of  the  material  used ; and  even  then  it  would  have  to  be  reduced 
to  a plane  surface. 

2117.  Joiners  use  the  hatchet,  whxch  is  a small  axe,  for  cutting  away  the  superfluous 
wood  from  the  edge  of  a piece  of  stuff  when  the  part  to  be  cut  away  is  too  small  to  he 
sawed. 

2118.  The  square  consists  of  two  rectangular  prismatic  pieces  of  wood,  or  one  of  wocmI, 
and  the  other,  which  is  the  thinnest,  of.  metal,  fixed  together,  each  at  one  of  their  extremi- 
ties, so  as  to  form  a right  angle  both  internally  and  externally  ; the  interior  right  angle  is 
therefore  called  the  inner  square,  and  the  exterior  one  the  outer  square.  Squares  are,  for 
different  applications,  made  of  different  dimensions.  Some  are  employed  in  trying  up 
wood,  and  some  for  setting  out  work  ; the  former  is  called  a trying  square,  and  the  latter  a 
setting  out  square.  To  prove  a square  it  is  only  necessary  to  reverse  the  blade  after  having 
drawn  a line  on  the  surface  to  which  it  is  applied  : if  the  line  of  the  blade  on  reversal 
do  not  coincide  with  that  first  drawn,  the  square  is  incorrect. 

2119.  The  bevel  consists,  like  the  square,  of  a blade  and  handle;  but  the  tongue  is 
moveable  on  a joint,  so  that  it  may  be  set  to  any  angle.  When  it  is  required  to  try  up 
many  pieces  of  stuff  to  a particular  angle,  an  immoveable  bevel  ought  to  be  made  for  the 
purpose  ; for  unless  very  great  care  be  taken  in  laying  down  the  moveable  bevel,  it  will  be 
likely  to  shift. 

21 20.  The  gauge  is  an  instrument  used  for  drawing  or  marking  a line  on  a piece  of  stuff 
to  a width  parallel  to  the  edge.  It  consists  generally  of  a square  piece  with  a mortice  in  it, 
through  which  runs  a sliding  bar  at  right  angles,  called  the  stem,  furnished  with  a sharp 
point  or  tooth  at  one  extremity,  projecting  a little  from  the  surface  ; so  that  when  the  side 
of  the  gauge  next  to  the  end  which  has  the  point  is  applied  upon  the  vertical  surface  of 
th.e  wood,  with  the  toothed  side  of  the  stem  upon  the  horizontal  surface,  and  pushed  and 
drawn  alternately  by  the  workman  from  and  towards  him,  the  tooth  makes  an  incision  from 
the  surface  into  the  wood  at  a parallel  distance  from  the  upper  edge  of  the  vertical  side  on 
the  right  hand.  This  line  marks  precisely  the  intersection  of  the  plane  which  divides  the 
superfluous  stuff  from  that  which  is  to  be  used.  When  it  is  required  to  cut  a mortice  in  a 
piece  of  wood,  the  gauge  has  two  teeth  in  it,  and  is  called  a mortice  gauge,  one  tooth  being 
stationary  at  the  end  of  the  stem,  and  the  other  moveable  in  a mortice  between  the  fixed 
tooth  and  the  head  ; so  that  the  distances  of  the  teeth  from  each  other,  and  of  each  from  the 
head,  may  be  set  at  pleasure,  as  the  thickness  of  the  tenon  may  require. 

2121.  The  side  hook  is  a rectangular  prismatic  piece  of  wood,  with  a projecting  knob 
at  the  ends  of  its  opposite  sides.  The  use  of  the  side  hook  is  to  hold  a board  fast,  its  fibres 
being  in  the  direction  of  the  length  of  the  bench,  while  the  workman  is  cutting  across  the 
fibres  with  a saw  or  grooving  plane,  or  in  traversing  the  wood,  which  is  planing  it  in  a 
direction  perpendicular  to  the  fibres. 

2122.  The  mitre  box  consists  of  three  boards,  two,  called  the  sides,  being  fixed  at  right 
angles  to  a third,  called  the  bottom.  The  bottom  and  top  of  the  sides  are  all  parallel ; the 
sides  of  equal  height,  and  cut  with  a saw  in  two  directions  of  straight  surfaces  at  right 
angles  to  each  other  and  to  the  bottom,  forming  an  angle  of  45  degrees  with  the  sides. 
The  mitre  box  is  used  for  cutting  a piece  of  tried  up  stuff  to  an  angle  of  45  degrees  " dh^'f  . 
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tHof  its  surfaces  ; or  at  least  to  one  of  tlie  arrisses,  and  perpendicular  to  the  other  two  sides, 

; Voi  at  least  to  one  of  them,  ohli()uely  to  the  fibres. 

S 2\‘23.  The  straicjht  edge  is  a slip  of  wood  made  perfectly  straight  on  the  edge,  in  order  to 
I make  otlier  edges  straight,  or  to  plane  the  face  of  a board  straiglit.  It  is  made  of  different 
■ lengths,  according  to  the  rerpiired  magnitude  of  the  work.  Its  use  is  obvious,  as  its  ap])li- 
^ nation  will  show  whether  there  is  a coincidence  between  the  straight  edge  and  the  surface 

I VO  which  it  is  applied,  \\  hen  joiners  wish  to  ascertain  whether  the  whole  surface  of  a 
piece  of  wood  lies  in  the  same  plane,  they  use  two  slips,  each  straightened  on  one  edge,  with 
tlie  opposite  edge  parallel,  and  both  pieces  of  the  same  breadth  between  the  ])arallel  edges; 
whence  each  piece  has  two  straight  edges  or  two  parallel  planes.  To  find,  therefore, 
whether  a board  is  twisted,  one  of  the  slips  is  placed  across  one  end  and  the  other  across 
tlie  other  end  of  the  board,  with  one  of  the  straight  edges  of  each  upon  the  surface.  The 
joiner  then  looks  in  a longitudinal  direction  over  the  upper  edges  of  the  two  slips,  until  his 
eye  and  the  said  two  edges  are  in  one  plane  ; or  otherwise  the  intersection  of  the  plane 
passing  through  the  eye  and  the  upper  edge  of  the  nearest  slip  will  intersect  the  upper  edge 
of  tlie  farthest  slip.  If  it  happen  as  in  the  former  case,  the  ends  of  the  wood  under  the 
slips  are  in  the  same  plane ; but  should  it  happen  as  in  the  latter,  they  are  not.  In  the 
last  case,  the  surface  is  said  to  tv  hid ; and  when  the  surface  is  so  reduced  as  for  every  two 
lines  to  be  in  one  plane,  it  is  said  to  be  out  of  winding,  which  is  the  same  as  to  say  it  is  a 
perfect  plane.  I'rom  the  use  of  these  slips,  they  are  denominated  winding  sticks. 

2124.  The  mitre  square,  an  instrument  so  called  because  it  bisects  the  right  angle  or 
mitres  the  square,  is  an  immoveable  bevel,  for  the  purpose  of  striking  an  angle  of  4.5  degrees 
with  one  side  or  edge  of  a piece  of  stuff'  upon  the  adjoining  side  or  edge  of  the  said  piece 
of  stuff’.  It  consists  of  a broad  thin  board,  let  or  tongued  into  a piece  on  the  edge  called 
the  fence  or  handle,  which  projects  equally  on  each  side  of  the  blade,  whereof  one  of  the 
edges  is  made  to  contain  an  angle  of  45  degrees  with  the  nearest  edge  of  the  handle,  or  of 
that  in  which  the  blade  is  inserted.  The  inside  of  the  handle  is  called  the  guide.  The 
handle  may  i>e  about  an  inch  thick,  2 inches  broad  : the  blade  about  to  \ of  an  inch  thick', 
and  about  7 or  eight  inches  broad.  The  arris  of  a piece  of  stuff  is  the  edge  formed  by 
two  planes. 


MACHINERT. 

2124a.  In  many  of  the  operations  of  the  joiner,  where  numerous  copies  of  the  same 
thing  have  to  be  produced,  accuracy  is  ensured  by  introducing  the  principle  of  the  guide, 
either  to  direct  the  tool  over  the  work,  or  the  work  over  the  tool.  The  mitre  box, 
shoot  blocks,  and  the  various  kinds  of  fences  and  stops,  are  examples.  The  principle  of  the 
guide  is  also  applied  to  simple  sawing  and  planing,  and  to  grooving,  tonguing,  morticing, 
tenoning,  and  shaping.  'I’he  circular  saw  was  introduced  about  the  end  of  the  last  century 
into  England,  and  attempts  to  construct  a planing  machine  were  made  about  1776  and  1791 
(G.  L.  jMolesworth,  On  the  Conversion  of  H^oodbg  Machinery,  read  at  the  Institute  of  Civil 
Engineers,  November  17,  1857).  When  Sir  S.  Bentham  was  in  Russia  previous  to  1790, 
he  had  made  considerable  progress  in  contriving  machinery  for  shaping  wood,  such  as  all 
the  parts  of  a highly  finished  sash  window  ; another  for  preparing  all  the  parts  of  a wheel, 
so  that  the  joiner  or  wheelwright  in  that  case  had  only  to  put  the  several  pieces  together. 
In  1802  Bramah  patented  machinery  for  producing  straight,  parallel,  and  curvilinear  sur- 
^ faces  on  wood.  In  1807  Brunei’s  famous  l)lock  machinery  was  set  in  motion  in  Ports- 
■ W mouth  dockyard.  Thomson’s  machinery  for  sawing,  gauging,  grooving,  and  tonguing 
[ floor  boards  was  in  operation  in  1826  ; and,  in  1827,  Muir  of  Glasgow  patented  a machine 
'fj  for  working  floor  boards,  which  has  since  served  as  a model  for  others.  This  machine  has 
approached  perfection  in  that  of  MacDowall  of  Johnstone.  A rack  circular  saw^  bench, 
tiji  for  round  or  square  timber,  quickly  converts  a log  or  balk  into  square  timber. 

' 21246.  For  the  ordinaiy  workshop,  wdiere  the  trade  is  limited  and  much  varied,  the 
l.j  simpler  American  machines  are  more  suitable.  Tlie  saw  bench  occupies  little  space  and 
I ■ can  be  applied  in  plain  and  bevel  sawing,  and  ripjiing,  mitring,  teno.iing,  rebating,  &c.  It 
is  only  3 feet  2 inches  long,  2 feet  2 inches  wide,  and  3 feet  6k  indies  higli  ; the  saw  is 
8 inches  in  diameter  and  makes  15^  revolutions  for  each  turn  of  the  handle.  A crank 
may  be  acted  on  by  a treadle  when  the  stuff  is  thin,  but  in  ordinary  cases  the  machii.e 
IJ  requires  two  operators.  We  cannot  satisfactorily  descr.be  the  details,  without  illustrations, 
S'  of  the  many  operations  which  this  handy  bench  aids  in  performing  wdtli  accuracy  and 
; dispatch.  In  Furness’s  patent  wood  working  machine  for  planing,  moulding,  morticing, 
sawing,  squaring,  tenoning,  boring,  rebating,  and  grooving,  the  stuff  is  operated  up  n by 
I cutters,  held  by  horizontal  arms  fixed  to  a vertical  shaft,  in  which  it  resembles  the  Bramah’s 
i machine  of  1802,  but  it  is  much  simpler  and  less  expensive.  Worssam’s  “ general  joiner  ” 
I for  the  same  purposes  will,  it  is  said,  with  a 2 horse- power,  do  the  work  of  at  least  fifteen 
■ skilled  joiners.  Perin’s  patent  French  band  saw  blades  are  made  from  -j'gth  of  an  inch  to 
i 8 inches  in  width  and  up  to  50  feet  in  length. 

2124c.  In  machines  with  revolving  cutters  the  general  opinion  is,  that  the  greater  the 
ipeed  of  tiie  cutting  tool  the  better  will  be  the  quality  of  the  work.  The  practical  limit, 
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however,  appears  to  he  between  2,500  and  .S,500  revolutions  per  minute.  A higher 
velocity  heats  tlie  hearings,  destroys  the  balance,  and  causes  injurious  vibrations.  To  pro- 
duce a good  re'ult  the  travel  of  the  work  should  be  very  slow  relatively  to  llie  travel  of  the 
cutters.  In  some  of  the  planing  machines  the  cutters  revolve  with  a velocity  of  7.000 
feet  per  minute,  while  the  work  advances  at  the  rate  of  only  30  feet,  but  as  a general  rule 
tlie  work  travels  about  ^’^th  of  an  inch  for  e.ich  stroke  of  the  cutters.  To  withstand 
this  high  velocity  the  framing  of  the  machine  requires  to  be  perfectly  constructed, 
tlie  bearings  made  of  a hard  alloy,  and  precautions  taken  for  obviating  the  wear  of  them. 
Newlands’  work  gives  illustrations  and  detailed  descriptions  of  some  of  the  machinery. 

2124d.  Mention  must  be  made  of  Jordan’s  patent  wood  and  stone  carving  machine,  invented  "about 
1843,  and  woiked  by  Pratt  in  1845  to  1850  on  a large  scale.  It  rouglied  out  tbe  material  aciording  to 
the  design,  leaving  but  little  labour  to  be  received  from  the  iiands  of  the  carver.  Moulded  work  has  also 
been  obtained  by  applying  red-hot  iron  moulds  to  the  wood,  and  so  charring  off  the  superfluous  wood. 
Tills  system  is  probably  cheap,  tmt  tbe  work  is  flat  and  spiritless.  Carved  panels  for  doors,  consistingof 
a thin  veneer  of  wood  on  a layer  of  pulp,  the  whole  pressed  iu  moulds,  is  put  forward  by  the  Decorative 
"Wood  Company,  and  has  a good  appearance. 

2124e.  The  introduction  from  New  York,  Sweden,  and  other  places,  of  prepared  flooring,  ready-made 
doors  and  machine  worked  mouldings,  out  of  well  seasoned  pine,  is  of  great  ad\anta{,e  for  cheap  houses 
iu  the  neighbourhood  of  large  centres  of  population. 

2125.  In  joiners’  worK  executed  during  the  13th,  14th,  and  15lh  centuries,  the  wood  has 
neither  warped,  split,  nor  shrunk  in  the  tenons  and  at  other  joints.  Tins  excellence  is 
ascrilred  to  the  practice  of  seasoning  the  wood  for  at  least  six  years  after  it  was  sawn,  by 
first  leaving  it  in  damp  places  or  even  in  water,  and  then  stacking  it  in  open  piles  under 
cover,  when  it  was  often  turned  and  sometimes  smoked;  after  such  treatment  the  wood, 
wlien  worked,  has  a tendency  to  acquire  the  appearance  of  Florentine  bronze. 

2125a.  As  very  old  timber  is  likely  to  show  shakes  ana  to  be  worm-eaten,  the  medimval 
joiners  felled  oak  from  two  to  three  hundred  years  old;  i.e  , timber  whicli,  at  a yard  from 

tbe  ground,  measured  from  66  or  72  to  120  or  126 
inches  in  girt  without  the  albumen,  and  commenced 
its  conversion  by  marking  it  with  one  diameter  cross- 
ing another  at  right  angles.  The  cuts  on  tliese  lines 
liaving  been  made,  the  quarters  were  sawn  in  vari- 
ous ways,  regard  being  had,  as  much  as  possible, 
to  the  texture  of  the  wood.  An  unseasoned  log  of 
oak  splits  as  shown  at  A,  fig.  739a.  because  the  inner 
concentric  circles  are  harder  and  more  compact  than 
the  outer  ones  ; therefore  the  latter,  being  the  most 
extensive  in  surface  as  well  as  the  most  porous,  con- 
tain a greater  quantity  of  moisture,  and  shrink  more 
than  the  inner  ones  in  drying,  thus  causing  splits  or 
shakes  leading  to  the  centre.  If  timber  be  converted 
without  regard  to  this  result  of  dryness,  the  stuff  will 
not  only  split,  hut  will  he  so  affected  by  changes  of 
weather  as  to  twist.  If  the  cuts  be  made  in  lines 
converging,  or  even  tending  to  the  centre,  the  stuff  may  shrink  in  width  but  will  neither 
split  nor  warp.  Although  oak  is  formed  like  other  exogenous  trees  by  a succession  of 
layers,  these  are  united  and  solidified  in  this  particular  wood  by  the  medullary  rays  which 
form  a sort  of  natural  dowel. 

21255.  The  best  method  of  converting  oak  for  the  use  of  the  joiner  is  shown  at  ^,fig.  739a., 
in  wl'.icb  there  is  no  waste,  as  the  triangular  portions  form  feather-edged  laths  for  tiling 
and  other  purposes.  The  next  best  method  is  that  at  C ; that  at  D is  inferior  ; but  the 
most  economical  method,  where  thickness  is  required,  as  for  planks  or  for  moulded  work, 
is  that  marked  E.  The  resemblance  to  a watered  silk,  which  is  sometimes  called  tlie 
feather,  or  flower,  or  curl,  or  pattern,  of  wainscot,  is  due  to  the  medullary  rays,  which 
show  most  wlien  the  saw  follows  the  chink-grain  as  in  B ; in  C and  D the  silky  appear- 
ance does  not  exist,  as  most  of  the  rays  are  cut  across;  very  slight  examination  will  show 
which  course  lias  been  followed,  especially  in  the  case  of  the  quarter-grain  stuff' produced 
by  the  method  E.  It  is  probable  that  the  cross-cuts  will  follow  the  line  of  a layer,  called 
the  felt-grain,  in  the  plan  marked  B,  which  is  that  adopted  in  Flolland  on  timber  furnished 
in  great  part  from  Champagne  (whe.tce,  simply,  the  superiority  of  Dutch  wainscot),  and 
in  ail  cases  of  split  oak  for  lathing  and  for  park  paling.  ( Viollet-le-Dnc). 

2125c-  'I'he  wood  principally  used  for  joinery  is  of  three  sorts,  pine,  and  white  and 
yellow  deal  ; the  two  first  for  panelling,  and  the  last  for  framing.  Of  late  years  much 
American  wood  has  been  used,  both  for  panels  and  frames.  It  works  easily,  is  soft,  free 
from  knots,  but  more  liable  to  warp  than  white  deal.  But  joinery  is  not  of  course  limited 
to  the  use  of  a yiarticular  sort  of  wood.  When  the  exporter  cuts  a log,  the  first  thing  done  is 
to  get  one  good  deal  or  more  for  the  London  market;  the  residue  is  tlien  converted  to 
sujiply  other  markets.  Many  deals  3 inches  thick  are  sent  to  F'rance.  perhaps  as  large  a 
proportion  as  those  of  2 inch  and  1|  inch,  hut  they  are  not  of  so  good  a description  as 
those  sent  to  London.  France  is  the  great  mart  for  all  deals  that  will  not  suit  the  London 


JOINERY. 


G.55 


CHAf.  III. 

market.  The  following  are  the  modes  which  liave  been  and  are  at  jircsent  practised  to 
obtain  deals  for  hutli  n.arkets.  In  1^9b.  (the  mode  practised  until  the  French  market 
improved),  are  obtained  an  Eng- 
lish deal,  A,  9 In.  by  S in  , and 
two  battens,  R,  7 in.  by  in., 
making  62  feet  superficial.  In 
T.'iPc.,  tlie  old  mode  of  cutting, 
gave  two  English  deals,  C,  9 in. 
by  2^  in.,  and  two  English  bat- 
tens, D,  7 in.  by  2^  in.,  making 
80  feet  superficial.  In  739</.,  the 
present  mode  of  cutting,  gives  two 
English  deals,  E,  9 in.  by  3 in.,  and  two  French  deals,  F,  9 in.  by  1 j in.,  making  7Cj 
feet  superficial.  This  communication  has  been  obligingly  furnished  by  Mr.  T.  A.  Britten, 
as  obtained  at  the  Docks. 

2125d.  Glue  is  a material  extensively  used  in  joinery  ; see  Glossary. 


ng.  7396. 


Fig.  739c; 


Fig.  739d. 


MOULDINGS. 

2126.  ^Vhen  the  edge  of  a piece  of  wood  is  reduced  to  a cylindrical  form,  it  is  said  to  be 
rounded,  which  is  tlie  simplest  kind  of  moulded  work.  (Fig.  740.)  When  a portion  of  the 
arris  is  made  semicylindrical,  so  that  the  surface  of  the  cylindrical  part  is  flush  both  with 
the  face  and  the  edge  of  the  wood,  with  a groove  or  sinking  made  in  the  face  only,  the 
cylindrical  part  is  called  ahead,  and  the  sinking  a quirk ; the  whole  combination  (Jig.  741.) 
being  called  a quirked  lead. 

2127.  If  a quirk  is  also  formed  on  the  other  or  returning  face,  so  as  to  make  the  rounded 
part  at  the  angle  three  fourths  of  a cylinder,  the  moulding  (see  Jig.  742.)  is  called  a bead 
and  double  quirk. 


Fig.  740.  Fig.  741. 


Fig.  742. 


Fig.  744.  Fig.  745. 


2128.  If  two  semicylindrical  mouldings  both  rise  from  a plane  parallel  to  the  face,  and 
one  comes  close  to  the  edge  of  the  piece  and  the  other  has  a quirk  on  the  furtlier  side,  and 
its  surface  flush  with  the  face  of  the  wood,  as  in  Jig.  743.,  the  cumbir.ation  is  called  a double 
bead  or  double  bead  and  quirk,  wherein  the  head  next  to  the  edge  of  the  stuflf  is  much  smaller 
than  the  other. 

2129.  Mouldings  are  usually  separated  from  one  another,  and  often  terminated  by  two 
narrow  planes  at  right  angles  (Jig.  744.)  to  each  other  : these  are  called  Jillets,  and  show 
two  sides  of  a rectangular  prism.  Tiie  different  pieces  of  the  combination  of  mouldings 
are  called  members.  A semicylindrical  moulding,  rising  from  a plane  parallel  to  the  face, 
and  terminated  on  the  edge  by  a fillet  (Jig.  745.),  is  called  a torus.  In  the  figure  there  are 
two  semicylindrical  mouldings,  whence  that  is  called  a double  torus.  The  reader  mu.'t 
observe  that  the  distinction  between  torus  mouldings  and  beads  in  joinery  is,  that  the  outer 
edge  of  the  former  always  terminates  with  a fillet,  whether  the  torus  be  single  or  double; 
whereas  a bead  never  has  a fillet  on  the  outer  edge.  A repetition  of  equal  semicylindrical 
mouldings,  springing  from  a plane  or  cylindrical  surface,  is  called  reeds.  In  joinery, 


the  cima  recta,  and  cima  reversa,  are  called  respectively  the  ogee  and  ogee 

reverse.  The  ovolo  ^ , so  named  from  its  egg-like  form,  and  the  quarter  round,  the 


fourth  part  of  a cylindrical  surface,  are  the  remaining  of  the  principal  mouldings  used  in 
joinery.  V*'^hen  the  margin  of  any  framing  terminates  on  the  edges  next  to  the  panel,  with 
one  or  more  mouldings,  which  both  advance  before  and  retire  from  the  face  of  the  framing 
to  the  panelling,  the  mouldings  thus  introduced  are  called  holection  mouldings.  Their 
combination  is  shown  further  on.  (See  Jig.  759.)  Greek,  Roman,  and  Italian  mouldings 
are  also  shown  in  2531.  and  2532.;  and  mediseval  mouldings  are  treated  in  Practice  of 
Architecture. 


DOORS. 

2130.  We  shall  now  more  particularly  address  ourselves  to  the  subject  of  doors  and  their 
mouldings.  The  mo-,t  inferior  sort  of  door  used  in  building  is  the  common  ledged  door,  in 
which  five  or  six  or  seven  vertical  boards  are  held  together  usually  by  three  horizontal 
pieces  called  ledges,  to  which  the  vertical  ones  are  nailed.  Sometimes  there  is  an  outer 
framing,  consisting  of  the  top  rail  and  the  two  outside  stiles,  but  still  having  ledges  as 
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l)efoie;  tliese  are  called  framed  and  ltdged  doors.  A door,  properly  made,  is  formed  by 
framing  and  fitting  pieces  of  stuff  togellier  <>f  tlie  same  thickness;  those  wliich  are 
liorizontal  ifg.  746.)  AA.\A  being  called  rail  and  those  wliicb  are  vertical  BBBB  beiii" 
called  aides.  These  form  a skeleton  into  which  paneU,  usually  of  a less  thickness,  are 
fitted.  And  tliis,  indeed,  is  the  general  practice  in  all  systems  of  framed  joinery.  In 
doors,  the  upper  rails  are  called  top  rails;  the  next  in  descending, rails; 
the  next,  which  are  usually  wider  than  the  two  first,  are  called  the  lock  or 
middle  rads  ; and  the  lowest,  froin  their  situation,  are  called  lutfom  rails.  'I’lie 
stiles  on  the  flanks  are  called  outside  stiles,  and  those  in  the  middle  are  called 
middle  stiles.  The  panels  are  also  named  from  their  situations  on  the  door; 
thus  CC,  being  the  uppermost,  are  called /r/eze  panels;  the  next  DD'are 
called  middle  panels,  and  EE  bottom  panels.  The  rails  and  stiles  are  wedged 
together,  being  previously  morticed  and  tenoned  into  each  other.  'I'he  student 
should,  however,  to  obtain  a clear  comprehension  of  the  method  adopted,  see 
a door  put  together  at  the  bench.  The  varieties  and  forms  of  doors  are 
dependent  upon  the  will  of  the  architect,  from  whom  the  design  of  the  whole  emanates ; 
it  will  be,  therefore,  here  sufficient  to  mention  the  three  sorts,  viz.  the  common  door,  just 
described  ; the  jib  door,  which  is  made  with  the  same  finishings  and  api)carance  as  the 
room  in  which  it  is  placed,  so  as  not  to  have  the  appearance  of  a door;  and,  \sisi\y,  folding 
floors,  which  open  from  the  centre  of  the  doorway,  and  are  used  for  making  a wider  com- 
murdcation  between  two  apartments  than  a common  door  will  permit,  or,  in  other  words, 
to  lay  two  rooms  into  one. 

2130a.  A patent  safety  and  escape  door,  applicable  for  all  positions,  has  been  produced  to 
supply  the  demand  of  the  autliorities  that  all  doors  in  public  buildings  be  made  to  open 
outwards.  This  invention  consists  of  a door  within  a door,  one  opening  inward,  the  other 
outward;  the  inner  door  being  so  constructed  that  on  a rush  it  yiehis  to  the  pressure. 
Sufficient  fittings  are  provided  to  afford  security  as  well.  Messrs  Chubb  have  piodnced  a 
door,  having  a superimposed  spring  panel  on  the  inside  of  the  door,  in  which  the  lock  is 
embedded.  While  a smart  knock,  or  even  a slight  pressure,  on  this  panel  causes  the  double 
doors  to  fly  open  outward,  it  is  impossible  to  open  the  door  from  the  outside  without  a key. 

2131.  Though  the  panelling  of  framed  work  is  generally  sunk  witnin  the  face  of  the 
framing,  it  is  for  outside  work  sometimes  made  flush.  In  the  best  flush  woik,  the  panels 
are  surrounded  with  a bead  formed  on  the  edge  of  the  framing,  and  the  work  is  called 
bead  and  flush.  In  the  commoner  kind  of  flush  framing,  the  bead  is  nm  *»nly  on  the  two 
edges  of  the  panel  in  the  direction  of  the  fibres,  and  is  called  bead  and  butt. 

2132.  The  different  denominations  of  framed  doors,  according  to  tlieir  mouldings  and 
panels  and  framed  work  in  general,  are  shown  in  section  of  panel  and  frame.  Fig.  747. 
represents  the  commonest  door  ; it  is  technically  described,  first  mentioning  the  numl  er 
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of  panels  intended  in  it,  as  a door  square  and  flat  panel  both  sides.  The  number  of  panels 
will  not  be  repeated  in  the  following  explanations  of  the  figures.  (See  Specifications,) 

2134.  Fig.  748.  represents  the  rail  and  panel  of  a door,  with  a quirked  ovoio  and  a 
fillet  on  one  side,  but  having  no  mouldings  on  the  other.  The  panel  flat  on  both  sides,  it 
is  described  as  a door  with  quirked  ovoio,  fillet  and  flat  with  square  hack. 

2135.  Fig.  749.  only  differs  from  the  last  in  having  a bead  instead  of  a fillet,  and  is 
described  as  quirked  ovoio,  head  and  flat  panel  with  square  hack. 

2136.  Fig.  750.,  with  an  additional  fillet  on  the  framing,  is  described  as  quirked  ovoio, 
head  filet  and  flat  panel  with  square  hack.  The  back,  in  the  foregoing  and  following  cases, 
is  described  as  square,  because  of  its  having  no  mouldings  on  the  framing,  and  of  the  panel 
being  a straight  surface  on  one  side  of  the  door. 

2137.  In  fig.  751.  the  framing  is  formed  with  a quirked  ogee,  and  a quirked  bead  on  one 
side  and  square  on  the  other,  the  surface  of  the  panel  being  straight  on  both  sides,  and  the 
door  is  de.scribed  as  quirked  ogee,  quirked  bead  and  flat  panel  with  square  back. 

2138.  Fig.  752.  only  differs  from  the  last  in  the  bead  being  raised  above  the  lower  part 
of  the  ogee  and  a fillet  It  is  de.scribed  as  quirked  ogee,  cocked  bead  and  flat  panel  with 
square  buck. 
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2139  P'tg  described  as  a door  with  cove,  cocked  bead,  flat  panel  and  square  hack, 

1 


Fig.  l')b. 

2140  Fiy.  734.  is  a combination  by  which  much  strength  is  imparted  to  the  door,  and 
t is  tlieretbre  much  used  for  external  doors.  Jt  is,  however,  often  used  in  the  interior  of 
louses,  and  is  described,  quirked  ovolo,  head  fillet  and  raised  panel  on  front  and  square  back. 
[t  is  from  the  raising  of  the  panel  that  the  additional  strength  is  acquired. 

2141.  Fig.  755.  resembles  the  last  in  general  appearance,  the  did’erence  being  in  the 
)volo  on  the  raised  panel.  It  is  described,  quirked  ovolo,  head  and  raised  panel,  with  ovo'o  on 
■he  raised  panel  and  square  back.  When  an  external  door  has  raised  panels,  they  are  always 
jlact'd  towards  the  exterior. 


Fig.  7jG.  Fig.  757. 

2142.  In  fig.  756.  there  are  more  mouldings  than  in  the  last  on  the  raised  panel.  It  is 
described,  quirked  ogee,  raised  panel  with  ovolo  and  fillet  on  the  rising  and  astragal  on  the  fiat 
of  panel  in  front  and  square  back. 

2143.  Fig.  757.  is  described,  quirked  ovolo,  bead  fillet  and  fiat  panel  on  both  sides.  This 
description  of  doors  is  used  where  a handsome  appearance  is  to  be  equally  preserved 
on  both  sides  of  the  door,  as  between  rooms,  or  between  halls  or  principal  passages  and 
rooms.  . 

2144.  Fig.  756.  is  a combination  used,  as  all  bead  butt  and  bead  flush  work  is,  where 
strength  is  required.  The  form  here  given  is  described,  bead  and  fiush  front  and  quirked 
ogee,  raised  panel  with  ovolo  on  the  rising,  grooved  on  fiat  panel  on  back. 

2145.  The  series  of  mouldings  are,  as  we  have  before  mentioned,  called  bolection  mould- 
ings (fig.  759.),  and  are  laid  in  after  the  door  is  framed  square  and  put  together.  They 
project  beyond  the  framing  on  each  side.  When  bradded  on  through  the  sides  of  the 
quirks,  the  heads  of  the 
brads  will  be  entirely  con- 
cealed ; but  it  is  to  be  ob- 
served that,  in  driving  the 
brads,  they  must  not  be 
directed  towards  the  panels, 
but  into  the  solid  of  the 
framing.  The  form  of  these 
bolection  mouldings  is  of 
course  varied  according  to 
the  pleasure  of  the  architect. 

2l45a.  Mediceml  Doors,  of 
a simple  sort,  were  formed 
of  planks  placed  uprlglit,  grooved  or  featber-tongued  at  the  edges,  and  generally  secured 

u i: 
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together  by  plain  band-hinges,  or  more  or  less  ornamented,  or  with  scroll  work.  These 
planks  are  further  nailed  to  a skeleton  framing.  Fig.  159a.  gives  a sketch  of  the  back 
of  the  door  at  Bidborough  Church,  Kent,  with  its  planking  at  A ; and^  B is  a section  ot 
the  same  at  Staplehurst  Church,  Kent;  the  place  for  the  nails  is  only  indicated.  These 
examples  were  supplied  to  the  Diciiunnry  of  Architecture  by  Professor  I.ewis.  I.iHrger 
doors  were  made  up  of  frames  and  rails,  strutted  or  braced,  on  the  same  principle  as 
the  modern  ledged  doors  and  coach-house  gates.  Viollet  le  Due’s  Dictionnaire  has  many 
examples  of  this  mode  of  framing,  all  the  timbers  being  stop-chamfered,  and  the  planks 
bolted  through  the  braces. 

2lA5b.  The  head  of  a door  enriched  with  panelling;  the  door,  with  the  planks  carved 


Fig.  759C. 


Fig  759d. 


with  panelling,  running  ornament,  and  niches  with  figures  ; an  early  English  door,  with 

two  foliated  band  hinges;  of  the 
same  period  with  three  hinges; 
of  the  decorated  period,  the 
panelled  and  enriched  headed 
door  at  Holbeach  Church,  Lin- 
colnshire,  of  which  the  con- 
Fig.  7596.  sti  uction  (a  framing  of  .square 

panels,  A A)  Is  shown  \n  fig.  159b.,  rising  from  a plain  plank  14^  inches  high  ; with  other 
examples,  are  all  given  in  Brandon,  Analysis,  etc.  together  witli  one  of  the  perpendicular 
period,  wherein  the  face  has  panelled  planks,  and  square  panel  framing  at  back. 

iU45c.  The  framework  is  sometimes  placed  externally  and  ornamented,  as  in  fig.  159c., 
from  the  west  door  of  the  Church  of  San  Pietro;  and  fig.  759c/-,  from  a door  in  a courtyard 
opposite  that  of  Sta.  IMaria  Antica,  both  at  Verona.  The  sizes  are  9^  inches  and  12 
inches  respectively,  from  centre  to  centre  of  panels.  These 
cuts  are  taken  from  the  jilates  of  the  Dictiou'iry.  The 
very  elaborate  moulded  and 
carved  door  from  the  Norman 
portion  (12th  century)  of  the 
Palazzo  Reale,  at  Palermo,  is 
given  in  the  illustrations  of  the 
Dictionary  of  Architecture,  from 
careful  measurements  by  the 
late  J. M.  Lockyer.  Inthedoors 
of  cedar  or  deal,  but  covered 
with  paint,  at  the  chapels  of  St. 

Martin  and  St.  Giles  at  Notre 
Dame  le  Puy  (cir.  1043-53.), 
the  subjects,  inscription?,  and  borders  are  all  obtained  simply  by  sinking  the  ground 
!-lCths  of  an  inch.  Gates  of  the  same  description  are  said  to  exist  in  the  churches  of 

Chamalieies  and  Lavoute-Chilhac  in  the  same  dis- 
trict. The  wood  doors,  having  iron  plates  beaten  up 
into  a pattern  secured  with  large  brass  nails,  at 
Huesca  Cathedral,  date  about  1400-1405,  the 
eia  of  the  erection  of  the  west  entrance.  (^Street.) 


SHUTTERS. 

2146.  Shutters,  which  are  the  doors  of  window 
openings,  are  framed  upon  the  same  princijtles  as 
doors  themselves ; but  their  backs  are  very  often  flush. 
In  the  better  sort  of  buildings  they  are  folded  into 
rece.sses  called  boxings,  whereof  we  shall  give  a figure 
b.dow  as  an  example  of  the  ordinary  method;  but  as 
the  extent  and  diflPerent  forms  of  windows  vary,  the 
ingenuity  of  the  architect  will  be  often  required  to 
contrive  his  shutters  within  a very  small  space.  Into 
minutiae  we  cannot  enter  in  a work  of  this  nature  ; 
however,  in  all  their  shapes,  they  are  dependent  on 
the  leading  jtrinciples  given. 

2147.  Fig.  160.  is  a plan  of  the  shutters,  architrave, 
sash-frame,  and  part  of  the  sash  of  common  shutters, 
'riie  cavity  which  forms  the  boxing  into  which  the 
sashes  fold  is  formed  by  the  ground  B (upon  which 
the  architrave  A is  nailed),  the  back  lining  F of  the 
boxing,  and  the  inside  lining  G of  the  sash-frame, 
wliereof  H is  the  inside  bead.  L is  the  outside  lining 
of  the  sash-frame,  M the  back  lining  of  it,  and  K the 
jmrting  bead,  so  cailed  from  parting  the  uj^per  and 
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'lower  sash.  The  vacant  space  J,  between  the  pulley  piece  I and  Af,  is  a cavity  which  con- 
1 taiaj  tlie  wei^lits  tor  balancing;  the  sashes  ; N shows  the  plan  of  one  of  them.  The  shutter?, 
when  stretched  out  in  their  ditlerent  folds,  are  supposed  to  cover  one  half  of  the  window, 
iiiuther  series  beinj;  supposed  to  be  ))laced  on  the  other  side  of  it.  'VUeJ'iont  shutter  CCC 
s hung  by  hinges  at  a to  the  inside  lining  G of  the  sash-frame.  The  inner  shutters  DDI> 
ind  EE  are  called  the  back  flaps,  tlie  former  of  which  is  hinged  on  to  the  front  shutter  at  6, 
ind  the  latter  is  hinged  on  to  DDD  at  c.  It  will  be  immediately  seen  that  these  ihiee 
vill  thus  altogether  turn  u[)on  the  hinges  at  a,  and  cover,  in  one  straight  line,  from  both 
ides,  the  whole  of  tlie  light  of  the  window.  When  the  boxes  are  scanty,  the  hinge,  called 
I back  flap  hinpe,  may  be  placed  as  shown  in  X attached  to  the  figure. 

2148.  In  ordinary  cases,  this  example  will  sufficiently  exhibit  the  method  to  be  adopted. 
tVhen  it  is  not  applicable,  the  architect  must  apply  himself  to  the  work  pro  re  natd,  in 
rhich,  with  very  little  attention,  he  will  not  find  insurmountable  difficulty. 

2148a.  The  boxings  of  a window  are  further  described  in  the  Glossary  and  Addendum, 
fesides  the  lifting  shutters  commonly  used  in  houses  of  a lower  rate,  which  in  their  con- 
struction is  simply  a repetition  of  the  sash-frame,  we  must  notice 
briefly  the  many  revolving  shutters  for  inside  and  outside  pur- 
pose.s,  whether  of  iron,  steel,  or  wood,  laths.  The  latter  were 
first  made  at  Ipswich,  some  twenty  }fears  since, and  were  wound 
up  and  down  by  a winch  and  upright  rod  working  a toothed 
wheel.  They  were  soon  afterwards  made  of  iron,  also  worked 
by  machinery.  Within  the  last  few  years,  iheir  great  conve- 
nience has  led  to  many  improvements,  and  the  greater  use  of 
wood  ; instead  of  machinery,  counterbalance  weights  were  in- 
troduced. Later,  they  were  “ constructed  of  laths  of  wood 
rebated  together,  having  numerous  mortices,  through  which 
pass  a series  of  tempered  steel  bands,  causing  the  shutter  to  be 
setf-coiling.'\  Iron  laths  were  also  used.  I.ately, 
they  “ are  made  of  steel,  in  one  sheet,  without 
either  chains,  links  or  rivets,  or  pins ; the  steel 
being  corrugated  transversely  gives  them  the  ap- 
pearance of  laths,  and  enables  them  to  be  coiled 
into  a small  sjiace.”  We  avail  ourselves  of  some 
illustrations  issued  by  Clark  and  Co.,  showing 
the  adaptability  of  this  shutter  to  various  places,  as  win- 
dows, sho])s,  doors,  fireplaces,  &c.  Fig.  760a.  shows  the  head 
and  loot  of  an  ordinary  house  window.  At  A,  it  is  fitted  with 
the  shutter  inside,  and  to  ])ull  down.  At  B,  it  is  fitted  also 
in-side,  and  to  lift  up,  the  coil  being  placed  in  a boxing  forming 
a step  on  the  floor.  When  tlie  position  of  the  joists  admit  of 
so  doing,  the  coil  may  be  placed  in  the  flooring,  as  at  C ; and 
occasionally  it  may  be  more  convenient  to  })lace  it  even  under 
the  ceiling,  at  D.  Fig.  760b.  is  the  plan  of  a window  frame, 
showing  the  groove,  a,  for  the  shutter,  which  is  1 inch  deep  by 
^tl'iS  wide. 

21486.  A great  improvement  in  securing  the  common  shop 
shutters  without  a shutter-bar  is  one  of  the  early  inventions 
'.reduced  hy  Jennings;  these  shutter  shoes  are  so  much  aJvenised  with  illustrations  that 
rther  notice  of  them  herein  is  needless. 

HINGEING. 

2149.  A very  essential  consideration  in  the  neatness  and  beauty  of  joiners’  work,  is  the 

i ination  of  the  joints  on  which  are  placed  the  hinges  of  doors  and  shutters.  They  ought 

i be  so  continued  as  to  preserve  the  uniformity  of  the  door  or  shutter  on  both  sides,  and 
' much  as  possible  to  be  close  enough  to  exclude  a rush  of  air  between  the  edges  of  the 

dies  to  be  hinged  together,  which,  in  this  cold  climate,  is  essential.  In  these  joints,  both 
^les  of  one  of  the  bodies  is  usually  beaded,  to  conceal  the  open  space,  which  would 
lerwise  he  seen  ; and  for  preserving  the  appearance  of  the  work,  the  hinges  are  made  of 
;h  a curvature  towards  the  eye,  as  to  seem,  when  painted,  a part  ot  the  bead  itself  on 
It  side  where  the  knuckle  is  placed,  so  that  when  hung  the  whole  may  appear  to  be  one 
id. 

2150.  The  section  of  a door  style,  and  part  of  the  hanging  E 
; /e  at  the  joint,  are  represented  in  A and  H {flg.  761.), 

erein  the  centre  of  the  bead  on  each  side  is  in  the  line  of  t 
' straight  part  of  the  joint  from  the  opposite  side.  In  this  , 
lire,  C is  the  centre  of  the  bead,  AG  part  of  the  joint  in 
me  with  its  edge.  Joining  AC,  draw  AB  perpendicular 
T('to.  The  other  part  BII  is  perpendicular  to  EF,  which 
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is  the  face  of  the  door  or  hanging  style.  This  is  a joint  suitable  for  many  purposes,  aud‘ 
may  be  made  with  common  hinges.  If  crooked,  it  will  assist  in  excluding"  the  curroiu  ot 
air,  a point  of  no  mean  importance. 

2151.  In  Jig.  762.  A and  B exhibit  a plane  joint,  beaded  similarly  on  both  sides.  In 
this  case,  the  plane  of  the  joint  is  a tangent  to  the  cylindrical  surfaces  of  the  two  beads* 
and  as  tlie  margin  on  each  side  is  alike,  no  check  to  the  rush  of  cold  air  is  afforded.  Tlie 
hinge,  moreover,  is  such  that  it  cannot  be  made  in  the  usual  manner,  but  must  be  formed: 
as  at  C. 


Fis.  7G2.  Fig.  763.  Fig.  764. 


2152.  Fig.  763.  A and  B represent  a hinging  wherein  the  plane  of  the  joint  from  one 
side  is  directed  to  the  axis  of  the  bead  on  the  other.  The  principle  in  it  is  the  same  as 
that  in  Jig.  761.,  and  it  may  therefore  be  hinged  with  common  hinges,  as  shown  in  C,  in 
which  tlie  two  parts  are  conjoined.  The  methods  shown  in  this  and  Jig.  761.  are  useful  in. 
cases  wherein  a part  of  the  margin  is  concealed  on  one  side  of  the  door. 

2153.  Fig.lG'i.  A and  B exhibit  the  beads  of  similar  size  on  each  side,  and  exactly 
opposite  to  each  other,  the  joint  being  broken  by  indenting  a part  terminated  by  a plane 
directed  to  the  axis  of  the  two  opposite  beads.  The  hinges  are  required  merely  of  the 
common  form,  the  arrangement  is  strong,  and  the  apartment  rendered  comfortable  by  their 
use.  In  C the  parts  are  shown  as  hinged  together. 

2154.  In  Jig.  765.  the  beads  are  on  both  sides,  but  not  on  the  .same  piece,  as  in  the  last 
figure.  The  appearance  is  uniform,  but  the  bead,  which  projects  the  whole  of  its  thickness. 
Is  weakened.  The  junction  is  seen  in  the  representation  at  C. 


Fig.  765. 


Fig.  767. 


2155.  Fig.  766.  is  a method  that  has  been  adopted' for  concealing  the  hinges  of  shutters. 
A is  the  inner  bead  of  the  sash-frame,  B the  inside  lining,  C the  style  of  the  shutter.  For 
the  form  of  the  joint,  let  af  be  the  face  of  the  shutter,  perpendicular  to  ar  the  face  of  the 
inside  lining.  Let  the  angle  a r be  bisected  by  the  straight  line  aa,  and  in  the  centre 
take  c.  Draw  dd  perpendicular  to  aa,  cutting  it  in  c,  which  is  the  centre  of  the  hinge. 
From  c,  as  a centre,  describe  the  arc  am,  wliich  must  be  hollowed  out  from  the  inside 
lining  of  the  sash  through  the  height  of  the  shutter.  In  order  to  make  room  for  the  open- 
ing and  shutting  of  the  hinge,  the  internal  riglit  angle  of  the  shutter  must  be  cut  out  of  it- 
edge  to  the  breadth  of  the  hinges.  The  toils  of  the  hinge  are  here  for  the  purpose  ol 
strengthening  them,  represented  of  different  lengths. 

2156.  In  fig.  767.  the  hinges,  which  are  for  a door,  are  concealed,  as  the  door  allows  il 
in  the  thickness  of  the  wood,  the  ends  of  the  hinges  being  of  equal  lengths. 

2157.  Fig.  768.  shows  the  common  method 
of  hingeing  shutters,  a mode  wherein  the  whole 
thickness  of  the  hinge  is  let  into  the  thickness 
of  the  shutter,  the  inside  lining  being  assumed 
as  too  thin  to  afford  sufficient  hold  for  the 
screws  employed  to  fasten  them. 

2158.  Fig.  769.  exhibits  the  hanging  of  a 

door  with  the  centres  concealed.  Let  ad  be 
tlie  side  of  the  jamb  in  contact  with  the  edge  of  Fig. 

tlie  door  ; bisect  it  in  5,  and  draw  5c  perpendicular  to  ad,  make  5c  equal  to  ha  or  hd,  ant 
join  ac  and  cd ; from  c,  as  a centre,  describe  the  arc  aed,  which  will  show  the  portion  t 
be  hollowed  out  of  the  jamb.  Tlie  centres  are  fixed  to  the  upper  and  under  parts  of  tlii 
door,  and  the  former  is  to  be  so  constructed  as  to  allow  its  being  taken  out  of  tl.e  socke 
to  unhang  the  door  when  required. 

2159.  Shutters  are  usually  hung  in  the  way  represented  in  fg.  770.,  wherein  the  centr 
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; f the  knuckle  of  the  lilufrc 
exactly  opposite  to  the 
BjcrpencUcular  part  of  the 
i>l)ate.  The  dotted  lines  ex- 
ibit  the  flap  when  folded 
ack. 

2160.  When  the  axis  of 

he  knuckle  cannot  be  dis-  ^ , j . • 

.osed  so  as  to  fall  opposite  to  the  joint,  the  hinge  is  to  be  placed  as  shown  in  fuj.  , 7 1. 
riius,nft  being  the  distance  of  the  edge  of  the  flap  from  that 
)f  the  shutter,  bisect  it  in  r,  which  will  be  the  point  opposite 
I vhereto  the  centre  of  the  hinge  is  to  be  placed.  This  ar- 
kngement  is  necessary,  both  when  the  shutters  are  not 
;qnare  at  the  ends,  and  when  the  boxing  is  restricted  in 
':pace;  the  principle  being  to  place  the  centre  of  the  knuckle 
, )f  the  hinge  at  half  the  distance  of  the  edge  of  the  flap  from 
the  rebate  on  the  edp  of  the  shutter.  In  Jig.  772.  the 
wo  parts  are  shown  hinged  together. 

2161.  When  a door  has  attached  to  it  any  projection,  and, 
ivhen  open,  it  is  requisite  to  bring  it  parallel  to  its  place 
ivheii  shut,  the  knuckle  of  the  hinge  {fg.  77S.)  must  project 
It  least  as  far  as  the  projection  in  question.  An  inspection 
af  the  diagram,  v/herein  the  dotted  lines  show  the  situation 
of  the  door  when  folded  back,  will  sufficiently  convey  the 
mode  of  conducting  this  expedient. 

2162.  Fig.  774.  is  the  representation  of  what  is  called  a 
nik  joint,  which  is  used  when  the  piece  to  be  hung  is  not 
required  to  open  to  more  than  a right  angle.  In  this  case, 
the  centre  of  the  hinge  is  necessarily  in  the  centre  of  the  arc. 

In  fig.  115.  the  expedient  shows  the  method  turned  to  a 
right  angle. 

2166.  The  various  methods 
of  hingeing  to  suit  every  pos- 
sible case  would  occupy  a very 
large  space,  w'ere  we  to  enter 

into  them;  and  even  after  " 

exhausting  all  the  cases  that  we  may  have  imagined,  others  would 


arise  to  which  no  example  given  might  be  applicable  ; we  there- 
fore leave  this  portion  of  the  subject  of  joinery,  under  an  impres- 
sion that  the  principles  have  been  sufficiently  developed  to  enable 
the  student  to  pursue  from  them  the  application  to  any  case  that  Fig. 

he  may  be  called  upon  to  put  in  practice. 


Fig.  773. 


SASH-FRAAIES  AND  SASHES. 


2164.  In  fg.  760.  the  connection  between  tbe  shutters  and  sash-frame  has  been  fully 
explained ; we  may  now,  therefore,  proceed  to  the  detail  of  a common  sash-frame  wdtll 
its  sashes,  supposing  them  to  be  hung  so  as  to  be  balanced  by  weights,  suspended  by  sash- 
lines running  over  pulleys,  capable  of  balancing  those  of  the  sashes  themselves.  On  the 
case  of  French  sashes,  which  open  like  doors,  we  do  not  think  it  necessary  to  dilate. 
Theij  are,  in  fact,  nothing  more  than  glazed  doors;  and  the  principal  object  for  attainment 
in  their  construction,  is  to  prevent  the  rain  from  penetrating  into  the  apartments  they 
serve,  as  well  where  they  meet  in  the  middle  as  at  their  sills,  which  is  a subject  requiring 
much  care  and  attention. 

2165.  In  Jig.  116.  is  shown  the  construction  of  a sash-frame,  and  the  method  of  putting 
together  the  several  parts,  wherein  11  is  the  elevation  of  the  frame,  of  which  A BCD  is  the 
outer  edge.  The  thinner  lines  at  EF,  GH,  FG,  are  grooves  whose  distances  from  the  edges 
of  the  sash-frame  LM  and  KI  are  equal  to  the  depth  of  the  boxing,  together  with  three- 
eighths  of  an  inch  more  that  is  allowed  for  margin  between  the  face  of  the  shutter,  when,  in 
the  boxing,  and  the  edges  ML  and  KI  of  the  sash-frame  next  to  the  bead.  S is  a horizon- 

f (r  tal  section  of  the  sides,  whereon  is  shown  also  the  plan  of  the  sill.  T is  a vertical  section  of 
fi  tbe  sill  and  top,  in  which  is  shown  the  elevation  of  the  pully  style  m and  n,  and  the  pullies  let 
(I  into  the  pully  piece.  U is  the  horizontal  section  of  the  sides,  showing  also  a plan  of  the 
l|  bead  of  the  sash-frame.  V the  elevation  of  the  outer  side  of  the  sash-frame  ; the  outside 
;>i  lining  being  removed  for  the  purpose  of  showing  the  work  within  the  sash-frame.  In  this 
■ fg\%  the  parting  strip  fastened  by  a pin  ; ed  one  of  the  weights  connected  to  the  sash  by 
" means  of  a line  going  over  the  pulley  c,  the  other  end  being  fixed  to  the  edge  of  the  sash! 
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Tlie  weight  de  is  made  equal  to 
one  half  the  weight  of  the  sash. 
W is  the  head  of  the  sash-frame 
before  put  together,  and  X shows 
the  edge  of  W.  Y is  the  edge 
of  the  bottom,  exhibiting  the 
manner  of  putting  the  styles  in 
it,  and  Z is  the  plan  of  Y.  Fig. 
111.,  Nos.  1.  and  2.,  are  sections 
of  the  sills  of  sash-frames,  with 
sections  of  the  under  rail  of  the 
sash,  showing  the  best  method  of 
constructing  them,  in  order  to 
prevent  rain  from  driving  under 
the  sash-rail.  In  each  of  these, 
A is  the  section  of  the  bottom 
rail,  B a section  of  the  bead 
tongued  into  the  sill,  C a section 
of  the  sill.  Fig.  118.  exhibits  sec- 
tions of  the  meeting  rails  of  the 
upper  and  lower  sashes,  with  side 
elevations  of  the  upright  bars  ; 
C is  the  rebate  for  the  glass,  D 
a square,  E and  F an  astragal 
and  hollow  moulding,  G a fillet. 
The  smaller  letters  mark  the 
same  parts  of  the  under  sash. 
Fig.  119.  is  the  section  of  an 
ujjriglit  bar  with  the  plans  of  two 
horizontal  bars,  showing  the 
franking  or  manner  in  which 
they  are  put  together  to  keep  the 
upright  bars  as  strong  as  possible. 
The  thickness  of  the  tenon  in 


general  is  about  one  sixteenth  of  an  inch  to  the 
edge  of  the  hollow  of  the  astragal,  and  close  to 
the  rebate  on  the  other  side,  hh  is  a dowel  to 
keep  the  horizontal  bars  still  firmer  together. 

In  this  diagram  the  letters  refer  to  the  same  parts 
as  in  the  preceding  figure  ; and  it  is  also  to 
be  observed,  that  no  rebate  is  made  for  the  glass 
on  the  inside  meeting  rail,  a groove  being  made 
to  answer  that  purpose.  Fig.  780.  exhibits  four 
sections  of  sash  bars.  But  their  forms,  as  in  the 
case  of  mouldings,  generally  depends  on  the  taste 
of  the  architect. 

2161a.  Several  patents  have  been  taken  out,  of 
late  years,  for  hanging  sashes  so  that  they  may 
be  removed  from  the  frames  for  cleaning  or  re- 
pairing without  taking  down  the  inside  beads, 
an  operation  which  always  residts  in  at  least  Fig.  779.  fik.  7so. 

damaging  them  in  a few  years.  They  are  not  always  satisfactory.  Gurman’s  sas/i  pocket  and 
fittings,  and  Gribbons’  sash  mountings,  were  introduced  about  18.58.  Other  inventions 
I)ave  been  made  for  hanging  them  so  that  the  upper  and  lower  sashes  shall  open  with  the 
same  action.  William  M'Adam’s  “ Imperisliable  material  applied  to  sash  and  other 
pulleys,  economical  sash  weights,  and  improved  methods  of  hanging  windows,”  comprises 
a material  for  pulleys  of  vitrified  stoneware,  proof  against  the  action  of  the  weather. 
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For  window  weights  he  substitutes  a cheap  material  manufactured  out  of  various  kinds  of 
refuse  ; and  suggests  an  improvement  in  the  mode  of  hanging  windows  whereby  one  weight 
can  be  made  to  answer  the  same  purposes  as  two  applied  in  the  usual  way.  II.  Adams 
has  a patent  anti-accident  reversible  and  sliding  window,  for  cleaning,  ventilation,  &c , 
whereby  the  outside  of  the  sashes  can  be  safely  revolved,  or  reclined  into  the  room  for 
cleaning,  &c„  thus  removing  all  danger  to  the  cleaner.  MeaJtin  has  a new  patent  standard 
sliding  sash,  for  cleaning.  For  sash  lines,  see  par.  2260. 

21656.  The  French  casement  window,  or  sash  door  as  it  is  called  when  it  opens  down 
to  the  ground,  is  a fe.iture  commonly  introduced  even  in  English  town  houses.  Its  most 
ordinary  form  for  small  apertures  is  that  of  two  leaves  opening  inwards  or  outwards,  meeting 
in  the  cent'-e  of  tlie  opening;  one  leaf  being  secured  to  the  frame  by  a bolt  at  top  and  bottom, 
and  the  other,  when  closed,  is  fastened  to  the  first  by  a handle,  fixed  on  the  second 
leaf  and  turning  over  a staple  fixed  on  the  first.  When  the  casement  is  high,  this 
second  leaf  may  require  a bolt  also  at  top  and  bottom  to  pre- 
vent the  wind  bending  it  (wlien  inwards),  and  so  admitting 
cold  air  and  wet.  When  placed  towards  an  exposed  quarter 
A 


Fig.  7800. 


Fig.  7806. 


Fig.  780C. 


and  subject  to  driving  rains,  it  becomes  necessary  to  take  extra  precautions  to  prevent  the 
wet  being  blown  through  the  joints  at  the  bottom  and  the  sides.  To  eflect  this  object,  the 
stiles,  rails,  and  frames  are  beaded  and  sunk  in  various  manners  ; some  are  shown  in 
figs.  780rt.  and  7806.,  sills  and  bottom  rails.  For  the  latter,  a water  barls  no\v  much  used. 

2165c.  The  next  improvement  is  perhaps  that  of  affixing  to  the  leaf  wdiicli  is  first  opened 
an  upright  bar,  which  turns,  and  on  being  closed,  fits  against  the  other  leaf,  and  by  a hook 
- _ ^ at  top  and  bottom  effectually  fastens  botli 


leaves.  A similar  method  is  shown  in 
Jig.  780c„  adopted  at  Pisa,  as  given  in  the 
Papers  of  the  Royal  Engineers,  x.  187. 
The  upright  square  reeded  bar  D,  is 
moved  to  or  from  the  sasli,  as  the  win- 
dow is  required  to  be  opened  or  shut  ; 
the  top  and  bottom  of  the  bar  being 
rounded,  as  shown  at  E,  so  as  to  slide 
into  two  segmental  plates  F,  secured 


to  the  sill  and  lintel.  1 is  a plan  of  the  two  case- 
ments, and  2 a plan  of  the  head  and  sill. 

2165rf.  The  best  arrangement  is  that  of  the 
Espagnolette  bolt,  which  is  made  of  brass,  and  acts 
in  the  same  manner  as  that  of  the  bar  above  men- 
tioned. 7’here  are  several  other  contrivances  of 
a similar  kind  to  effect  the  oliject,  but  the  above 


Fig  nod. 
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are  those  in  most  general  use.  There  Is  also  a late  invention  for  forming  the  holt  into  a 
plate,  and  setting  it  in  a groove  in  tlie  edye  of  the  meeting  stile,  a corresponding  groove 
being  formed  in  the  other  stile  to  receive  its  half  of  the  jilate  when  moved  forward  by 
the  handle  in  closing  the  casement.  Tliis,  at  the  same  time,  forms  a weather  bar.  (See 
j)ur.  02.59.  ) 

21G5e.  The,/?/;.  780a.  is  a section  of  an  ordinary  arrangement  in  France  for  a casement. 

A is  the  ))lan,  taken  across  the  middle  of  the  height,  near  the  handle  ; and  B tlie  ])lan  of 
the  hooks  at  toji  and  bottom  of  the  rod,  working  into  a staple  fixed  in  the  head  and  in  the 
sill,  v/ith  the  movement  of  the  rod  by  its  handle.  'J'he  roond  and  hollow  joint  in  the  middle 
of  the  casement  necessitates  the  two  leaves  being  closed  together  and  pressed  into  the  frame 
when  shutting  the  leaves,  thus  securing  all  the  joints  from  admitting  air  or  water. 

2\G5f.  Fig.  ISOd.  is  a plan  of  the  elaborate  but  usual  French  casement,  as  lately  put  up 
to  the  stone-fronted  houses  in  the  Rue  de  l:i  V’^ictoire,  at  Paris.  It  is  given  by  Dalv,  in 
the  Recue  Gcnerale  de  V Architntui'e  of  1858.  A shows  the  casements  when  shut;  B the 
shutters  closed  in  the  boxings  ; and  b h the  shutters  when  opened  out.  C the  perslenuef  or 
outside  blinds  shut  against  the  stone  reveals  ; the  ordinary  mode  is  for  them  to  shut  on 
the  face  of  the  wall,  which  spoils  the  architecture  of  the  fac^ade  ; c c the  same  when  closed* 

H the  espagnolette  bolt ; E the  outside  architrave  ; and  F the  inside  architrave. 

GROUNDS. 

2166.  Grounds  are  formed  of  ])ieces  of  wood  forming  skeleton  frames,  and  attached 

to  wa'ls,  around  windows,  doors,  or  other  ojienings,  for  the  facility  of  fixing  archi-  S 
traves  or  other  mouldings  upon  them.  For  doorways  the  fiont  and  back  grounds 
were  connected  by  a third,  specified  as  dovetailed  backing.  They  are  disused  in 
common  work,  the  grounds  being  the  wrought  woodwork  carrying  the  mouldings, 
forming  a single  or  double  faced  architrave,  and  having  the  jamb  space  filled  by  a 
single  or  a double  rebated  and  beaded  jamb  lining.  The  grounds  served  as  screeds  for  the 
))lastering,  for  which  purpose  the  edge  was  chamfered,  rebated,  or  grooved.  Grounds  or 
narrow  grounds  were  those  to  which  the  bases  and  surbases  of  rooms  were  fastened  ; slips 
of  wood  now  receive  the  skirtings  of  rooms.  All  these  appliances  were  secured  to  wood 
Ir'cks,  which  theiu'clves  have  given  way  to  plugs  or  wedges.  Wright  and  Co’s  patent  iin- 
provcQ  fixing  blocks  for  linings  to  v\alls,  and  floors,  are  substitutes  for  wood  as  a fixing. 
They  take  and  retain  nails  equal  to  wood  ; they  do  not  shrink,  split,  or  decay,  or  be- 
come loo.se  ; whilst  the  crushing  weight  is  fully  equal  to  good  average  brick  or  stone, 
d'liev  are  built  into  reveals  as  bricks,  without  destroying  the  bund.  When  required  for 
skirtings,  for  boarding,  and  such  like,  the  brick  is  made  | inch  wider,  offering  for 
the  plastering  a belter  key  than  that  obtained  when  using  the  wood  ground.  They  are 
uselul  also  in  other  cases.  In  all  cases  the  grounds  ought  to  be  fixed  vertical  on  the  lace 
and  edge,  and  be  fixed  firm  and  solid  in  every  part;  for  otherwise  the  inside  work  cannot 
be  w^ell  finished,  as  in  plastered  rooms  the  plaster  is  worked  to  them. 

2167.  In  fixing  window  ground.s,  the  sash-frame  must  be  first  carefully  placed  so  as  to 
stand  perfectly  vertical ; and  then  the  face  of  the  ground  must  stand  quite  parallel  to  ths 
face  of  the  sash-frame,  and  project  about  three  quariei's  of  an  inch  from  the  face  of  the 
naked  brickwork,  .so  as  to  leave  a sufficient  space  for  the  thickne.ssof  the  plaster.  The  edge 
of  the  ground  should  be  in  the  same  plane  with  the  edge  of  the  sasli-frame,  or,  as  the  work- 
men term  it,  “out  of  winding.”  'I'he  edge  of  the  architrave,  when  finished,  in  ordinary 
cases,  will  stand  about  three-eighths  of  an  inch  within  the  inner  edge  of  the  sash-frame,  so 
that  a perpendicular  line  down  to  the  middle  of  the  grounds  would  stand  exactly  opposite 
to  a perpendicular  line  down  to  tli^^  middle  of  the  sash-frame. 

FLOORS  OR  ILOOR  BOARDS. 

2168.  In  the  laying  of  floors,  the  fir.st  care  to  be  taken  is  that  they  be  perfectly  level, 
which,  owing  to  the  nature  of  the  materials  whereof  they  are  constructed,  is  a difficult  task. 
The  chief  sorts  of  floors  may  be  divided  into  those  wdiich  are  folded,  i\\ai  is,  wdien  the  boards 
are  laid  in  divisions,  wdiose  side  vertical  joints  are  not  continuous,  but  in  hays  of  three,  four, 
five,  or  more  boards  in  a bay  or  fold ; and  those  which  are  straight  johit,  in  wdiich  the  s.  ie 
joints  of  the  boards  are  continuous  throughout  their  direction. 

As  soon  as  the  wdndows  are  fixed,  the  floors  of  a building  may  be  laid.  The  boards 
are  to  be  placed  on  their  best  face,  and  put  to  season  till  the  sap  is  quite  exhausted,  wdien 
they  may  be  planed  smooth,  and  their  edges  shot  and  squared.  The  opposite  edges  are 
brought  to  a breadth  by  drawdng  a line  on  the  face  parallel  to  the  other  edge  wdth  a 
flooring  guage,  after  wdiich  the  common  guage  is  used  to  bring  them  to  a thickness,  and 
they  are  rebated  dowm  on  the  back  to  the  lines  drawn  by  the  guage. 

2169.  The  next  operation  is,  to  try  the  joints,  which,  if  not  level,  must  be  brought  so, 
either  h\  furring  up  if  they  be  hollow,  or  by  adzing  dowm  if  they  are  convex,  the  former 
being  more  generally  the  case. 


JOINEKY. 


GG5 


CiiA^.  III. 


2170.  The  boards  used  for  flooring  are  battens,  or  deals  of  greater  breadth,  whose  quali- 
ties are  of  three  sorts.  The  best  is  that  free  from  knots,  shakes,  sap-wood,  or  cross-grained 
stuff,  selected  so  as  to  match  well  with  one  another.  The  second  best  is  free  of  shakesand 
sapwood,  and  in  it  only  small  sound  knots  are  permitted.  The  third,  or  most  common 
sort,  are  such  as  are  left  after  taking  away  the  best  and  second  best. 

2171.  The  joints  of  flooring-boards  are  either  quite  square,  ploughed  and  tongued,  re- 
bated, or  dowelled  ; and  in  fixing  them  they  are  nailed  on  one  or  both  edges,  when  the 
joints  are  plain  and  square  without  dowels.  When  they  are  dowelled,  they  may  bo 
nailed  on  one  or  both  sides;  but  in  the  best  dowelled  work  the  outer  edge  only  is  nuiled, 
by  driving  the  brad  through  the  edge  of  the  board  obliquely,  without  piercing  its  surface, 
whicli,  when  the  work  is  cleaned  off,  appears  without  blemish. 

2172.  In  laying  the  floor-boards,  they  are  sometimes  laid  one  after  the  other,  or  one  is 
first  laid,  then  the  fourth,  at,  an  interval  of  something  less  than  the  united  breadth  of  tlie 
second  and  third  together.  The  two  intermediate  boards  are  then  laid  in  their  places  with 
one  edge  on  the  edge  of  the  first  board  and  the  other  upon  that  of  the  fourth  board,  the 
two  middle  edges  resting  against  each  other,  rising  to  a ridge  at  the  joint.  In  order  to 
force  these  boards  into  their  places,  tw'o  or  three  workmen  jump  upon  the  ridge  till  they 
have  brought  the  under  sides  of  the  boards  close  to  the  joints  ; they  are  then  fixed  in  their 
places  with  brads.  This  method  is  that  first  mentioned  under  this  head,  and  in  it  the 
boards  are  said  to  be  folded.  We  have  here  mentioned  only  two  boards,  but  four  boards 
are  most  commonly  folded  at  a time,  and  the  mode  is  always  resorted  to  when  a suspicion 
exists  that  the  boards  are  not  sufficiently  seasoned,  or  they  are  known  not  to  be  so.  The 
headings  of  these  folds  are  either  square,  splayed,  or  ploughed  and  tongued.  If  a heading 
ocpurs  in  the  length  of  the  floor,  it  should  be  invariably  made  to  fall  over  a joist,  and  one 
heading  should  not  meet  another. 

2173.  In  dowelled  floors,  the  dowels  should  be  placed  over  the  middle  of  the  interjoist 
rather  than  over  the  joists,  so  that  the  edge  of  one  board  may  be  prevented  from  passing 
that  of  the  other.  When  the  boards  are  only  bradded  upon  one  edge,  the  brads  are  con- 
cealed by  driving  them  in  a slanting  direction  through  the  outer  edge  of  every  successive 
board,  without  piercing  the  upper  surface.  In  adzing  the  under  sides  of  floor-boards  over 
each  joist,  great  care  should  be  taken  to  chip  away  the  stuff  straight,  and  also  to  avoid 
taking  away  more  of  the  stuff  than  is  necessary,  in  which  case  the  soundness  of  the  floor 
will  not  be  compromised. 

2173a.  The  practice  of  joining  the  edges  of  hoards  by  means  of  rebates,  or  of  tongued 
grooves,  does  not  appear  to  have  existed  before  the  loth  century.  Previously  to  that 
period,  the  use  of  ledges  dovetailed  to  the  whole  or  part  of  their  depth  into  chases,  of 
dovetailed  wooden  cramps,  or  of  wood  or  iro’i  pins  or  dowels,  was  general.  In  the  cathe- 
dral at  Messina  the 
boarding  under  the 
tiling  is  in  two 
thicknesses  that  cross 
eacli  other;  and,  in 
the  cradle  roofs,  it 

■was  usual  to  groove  and  tongue  the  wainscoting,  and  also  to  cover  those  joints  -with 
moulded  fillets,  as  shown  in  the  examples  in 780e.  The  thickness  of  this  wainscoting, 
which  was  oak  split,  not  sawn,  was  only  three-eighths  of  an  inch  (barely  more  or  less), 
and  it  was  frequently  put  together  in  the  manner  sho-wm  in  fig.  780/‘. 

21736.  The  nailing  of  floors  is  not  satisfactory  in  appearance.  S.  Putney  has  designed 
the  Pavodilos  solid  wood  flooring  to  remedy  the  disadvantages  of  an  ordinary  nailed  floor, 
and  to  obviate  the  necessity  for  a parquet  floor  over  it.  By  a mode  of  interlocking 
throughout  the  sides  of  each  board,  a perfectly  smooth,  air-tight,  and  dust-proof  surface 
is  obtained,  free  from  nail  holes  and  indentations  {fig.  780^).  This  floor  is.  laid  upon 
the  joists  direct,  and  edge-nailed  to  it  in  the  shoulder.  Another  method  is  adopted  by 


S.  Jennings,  the  boards  being  solid,  rabbeted,  and  tongued,  and  edge-nailed,  forming 
dust-proof  joints,  with  a fair  surface  {fig.  7806). 

2173c.  Woodblock  flooring.  A -w'arm,  solid,  durable,  non-sUppery  floor,  fre.e  from  foul 
av,  vermin,  and  damp,  being  laid  on  a concrete  bed,  is  that  invented  about  1856  by  Mr. 
W.  White,  F.R.I  BA..,  and  called  ucoodblock  flooring.  It  consists  of  oblong  blocks,  placed- 
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diagonally  on  concrete,  being  prepared  from  first  or  second  yellow  deals,  which  are 
Burnetized  and  seasoned.  This  invention  has  produced  other  systems.  }V.  Duffys 
patent  immoveable  acme,  being  pinned  at  the  end  and  sides.  Lowe's  improved  system, 
the  blocks  being  secured  to  the  bed  of  concrete  by  a composition.  iS.  Jenvmgs's  prepared 
paraffined  flooring,  which  has  been  laid  in  several  large  hospitals  and  infirmaries,  for  3< 
which  places  it  appears  well  suited,  as  also  in  houses.  Geary's  patent  premier  system, 
W'herein  the  blocks  are  keyed  down  and  cannot  get  loose.  In  Giary  and  Walker's  im- 
proved patent  Invincible  system,  each  block  forming  the  flooring  is  firmly  keyed  to  the  sub- 
structure by  means  of  metal  keys  dovetailed  into  the  under  side  of  the  blocks;  the  other 
end  of  the  keys  being  embedded  in  a matrix,  acting  not  only  as  a damp-proof  course  and 
against  dry  rot,  but  also  as  a floating  to  the  concrete  foundation  in  place  of  the  usual 
Cement  surface.  Another  is  Nightingale  and  Co.'s  bevelled  principle  of  woodblock  floor- 
ing. Ebner's  patent  hydrofuge  floor  is  formed  of,  fir^t,  a cement  bed  in  which  are  set 
small  iron  channels  ; second,  a bed  of  mastic  which  runs  into  the  channels  and  into 
grooves  formed  in  the  bottom  of  the  woed  bl-.cks  or  parquet;  it  is  considered  to  be 
a fireproof,  damp-proof,  noiseless,  and  warm  floor. 

21 73^^.  It  is  stated  that  in  Western  Australia  both  the  woods  called  Jarrah  and  Karri 
are  used  for  paving,  and  from  exhaustive  tests  it  is  considered  that  Karri  is  the  superior 
wood  for  most  purposes,  and  paving  in  particular.  This  refers  to  paving  for  roadways, 
a subject  of  high  importance,  and  upon  which  opinions  are  much  divided.  It,  however, 
does  not  come  within  the  province  of  the  joiner,  and  scarcely  within  the  scope  of  this 
work.  The  engineer  to  the  Corporation  of  the  City  of  London  reported  (1888)  that  about 
forty  years  since  many  of  the  principal  thoroughfares  of  the  City  were  paved  with  wood, 

. . . most  of  which  proved  unsatisfactory;  in  1853  only  eight  streets  remained  so  paved. 
Since  1873  (December)  the  granite  in  nearly  the  whole  of  the  main  thoroughfares  in  the 
City  has  been  replaced  by  either  asphalte  or  wood,  but  mainly  asphalte.  Of  the  latter 
there  are  now  23,579  lineal  yards,  or  about  13  miles;  and  of  the  former,  10,898  lineal 
yards,  or  about  6 miles.  The  parishes  in  the  metropolis  differ  in  their  opinions,  some 
entirely  condemning  wood  for  asphalte,  others  using  wood  only,  and  one,  at  least, 
keeping  to  granite  as  cheapest  in  all  ways. 

2l73e.  Parquetry,  ^'C.  Floors  of  principal  rooms  of  the  better  class  of  houses  are 
now  being  finished  with  parquetry.  It  is  composed  of  different  pieces  of  some  four  or 
five  coloured  and  hard  woods,  arranged  in  regular  geometrical  figures,  for  the  whole  of  a 
room,  corridor,  or  gallery ; or  applied  as  borders  round  carpets,  lo  treads  and  risers  of 
stairs  and  landings  ; and  even  as  dadoes,  panellings,  friezes,  &c.  Parquetry  is  kept  clean 
by  sweeping  and  periodical  waxing.  It  is  usually  made  solid,  one  inch  thick,  grooved, 
tongued,  and  keyed  at  the  back  and  corners.  When  the  woods  are  applied  only  as  a 
veneer,  they  are  liable  to  warp  and  separate  by  heat.  Turpin's  thin  parquet  floor  is 
~ in.  thick,  prepared  on  deal  back  laminations  to  wear  equal  to  inch  solid  parquet;  it 
can  be  used  for  veneering  an  old  existing  deal  floor,  and  is  susceptible  of  removal  at 
pleasure. 

21 73/.  Wood  carpet  parquetry  is  three-eighths  of  an  inch  thick,  firmly  nailed  down  w'th 
small  barbed  wire  brads  onto  the  top  of  the  old  floor;  it  is  stated  to  be  of  a durable 
nature  and  texture,  bearing  constant  traffic.  It  may  likewise  be  used  for  wainscotings, 
and  walls  and  ceilings.  Ebner’s  parquetry  is  attached  firmly  to  basement  floors  without 
any  under  flooring,  as  above  explained.  “ Wood  tapestry  (Howard’s  patent)  for  cover- 
ing walls,  ceilings,  and  other  surfaces  with  real  wmod  at  a less  cost  than  painting  and 
graining,”  dates  from  about  1865. 

21739'.  Marquetry,  or  the  inlaying  of  coloured  woods,  became  very  general  at  the  latter 
end  of  the  16th  century.  Oak  was  inlaid  wnth  ebony  ornaments  in  the  panels  and  stiles 
of  wainscoting;  and  the  framing  of  doors,  windows,  and  shutters  was  sometimes  mude  of 
dark-coloured  w'oods,  the  panels  being  of  light  colours,  inlaid  with  ornaments,  profiles  of 
heads,  &c.  This  process  is  applied  greatly  to  furniture,  where  it  is  imitated  by  paint.  A 
new  method  has  been  introduced,  of  applying  a printed  pattern  to  the  prepared  wood,  as  | 

in  the  Tunbridge  ware,  and  then  varnishing  it  as  usual.  “ Ornamental  pyrographic  w'ood-  | 

wmrk,”  for  panels  and  in  cabinet  work,  being  a process  for  burning-in  ornament  upon  I 

wood,  is  now  in  operation. 

FRAMING. 

2174.  In/^.  781 . are  shown  several  methods  for  framing  angles  in  dadoes,  skirtings, 
troughs,  and  other  objects,  w'hereof  A exhibits  the  method  of  mitring  a dado  on  exterior 
angles  in  an  apartment.  In  fixing  this  together,  brads  may  be  driven  from  each  side.  B 
is  a method  of  framing  used  for  troughs  or  other  rectangular  wooden  vessels.  C is  a 
method  of  putting  a dado  or  skirting  together  at  any  interior  angle  of  a room.  This  mode 
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is  also  employed  for  water- trunks,  or  troughs.  In  I)  is 
shown  the  manner  of  fixing  and  finishing  two  pieces  of 
framing  togetlier,  with  a bead  at  their  meeting,  by  wliich 
the  joint  is  concealed.  It  is  used  only  in  common  finish- 
ings. In  those  of  a better  sort  the  angle  is  kept  entire, 
and  only  a three-eighth  bead  used  at  the  joint.  It  is  of 
great  importance  in  all  joiner’s  work  to  preserve  the 
sharpness  of  the  angles  of  the  work,  and  many  prefer 
to  employ  the  method  shown  in  F,  without  any  bead  at 
the  joint.  In  this  the  joint  is  made  as  close  as  jmssible, 
and  is  well  glued  togetlier.  If  additional  strength  be  re- 
quired, blockings  may  be  glued  in  the  interior  angle, 
which  w'ill  make  it  quite  firm.  The  method,  by  a simple 
mitre  at  E,  is  not  so  good  as  at  A,  because  it  has  no  abut- 
ment. 

2175.  When  It  is  required  to  glue  up  large  work,  those 
edges  whicii  are  to  receive  the  glue  should  be  well  warmed 
at  a fire,  and  then,  while  warm,  and  the  glue  as  hot  as 
possible,  they  should  be  united,  inasmuch  as  glue  never 
holds  well  when  it  is  chilled  or  cold. 

2175a.  In  studying  mediaeval  framing,  much  attention  Fig.  78i. 

should  be  given  to  the  modes  in  which  the  junction  of  pieces  was  effected  ; there  are  two 
which  are  chiefly  important.  Tlie  first  is  a characteristic  in  the  Avork  of  the  carpenter  as  well 
as  of  the  joiner,  viz.,  the  shoulder,  either  solid  or  applied  10\k.  and  701/.).  In  the 

first  case,  it  is  not  economical  of  material,  which  was  a great  point  of  consideration  ; and 
therefore  it  is  rarely  seen  except  on  short  pieces,  such  as  the  posts  of  doorways  : but  as  an 
applied  means  of  strength  it  is  almost  as  common  in  good  work  as  a corbel  in  masonry.  The 
second  is  the  use  of  the  mortice  and  tenon  with  trenails  ; and  the  extreme  care  which  was 
given  to  this  part  of  the  Avork  is  scarcely  to  he  expected  in  these  days  of  speed  and  cheap- 
ness. It  may  be  predicted  that  no  truly  mediaeval  work  wdll  now  be  ever  reproduced  except 
in  the  fancy-work  of  the  cabinet-maker  and  the  smith. 

21755.  Another  peculiarity  is  the  use  of  stops  to  all  chamfers  and  mouldings  at  points 
of  junction  of  framing : it  is  not  until  the  last  phase  of  pointed  art,  that  the  stop  of  the 
moulding  of  a stile  is  worked  in  the  rail,  or  that  the  corner  of  a panel  is  rounded  : it  is  only 
in  the  dawn  of  the  renaissance  that  the  four -pan  el  quirk  ogee  front  and  square  hack  can  be 
portion  of  a specification  for  a door ; for  a mitre-joint  is  eminently  not  a feature  of  me- 
diaeval joinery.  The  juxtaposition,  even  accidentally,  of  two  stop-cliamfered  edges,  suggests 
a means  of  enriching  work,  whether  in  open  or  close  panels.  The  avoidance  of  work 
against  the  grain,  and  of  large  hollows,  is  also  mentioned  as  a characteristic  of  joiner’s 
work  in  pointed  art ; but  this  disappears  in  the  course  of  the  15th  century.  J’he 
mediaeval  joiner,  depending  sometimes  upon  halving  his  work  together,  more  frequently 
thought  time  less  valuable  than  material,  and  did  not  repent  a profusion  of  morticing  and 
tenoning,  to  which  he  added  the  trouble  of  fastening  with  wooden  trenails  or  iron  pins. 
As  large  an  amount  of  rebating  and  of  grooving,  however,  was  done  in  framing  by  the  joiner 
as  could  be  expected  by  those  who  were  accustomed  to  the  back-jointed  and  the  grooved 
work  of  the  mason. 

2175r.  Perhaps  the  most  defective  part  of  the  joinery  of  the  middle  ages  is  that  which 
consisted  in  planting  one  thickness  upon  another.  The  contrivances  in  glueing  and  dove- 
tailing were  not  of  themselves  sufficient ; and  recourse  as  obliged  to  be  had  to  nails. 
The  absence  of  screws  and  nails,  except  where  nail  heads  could  be  made  decoration,  is 
another  characteristic  of  mediaeval  joinery.  It  was  not  until  the  beginning  of  the  Hth 
century  that  the  transition  from  planted  work  to  panel  work  can  be  said  to  have  appeared 
in  any  strength.  At  the  end  of  tliat  century,  an  architect  might  have  specified  a door  as 
nine-panelled,  headed  three  edges,  chamfered  bottom,  ujid  raised  panel  both  sides  ; but  his  Iteads 
would  have  been  stuck  in  the  solid,  and  not  applied  : during  the  whole  of  the  Hth  century 
planted  work  was  commonly  introduced,  as  in  screens,  closets,  and  shutters,  where  perhaps 
a sham  buttress  serves  to  conceal  the  wide  joint  made  by  the  work  in  consequence  of  the 
inaccurate  finish  of  the  hingeing.  A curious  method,  which  must  have  been  laborious 
before  the  introduction  of  the  plane,  of  attaching  the  planted  work,  consisted  in  running  in 
the  ground  a chase  wide  enough  to  take  the  whole  breadth  of  the  planted  stuff,  and  then 
to  run  a couple  of  grooves  in  that  chase  ; of  course  the  back  of  tne  planted  stuff  had  to  be 
worked  to  match,  with  two  tongues  to  enter  the  grooves. 

21756/.  The  size  of  the  materials  was  restricted.  Three  inch  stuff  for  the  thickness  of 
rails  and  stiles,  with  a not  much  wider  face  ; inch  and  a half  stuff’  for  mouldings  to  be 
planted;  panels  not  more  than  eight  inches  wide,  and  three-quarters  of  an  inch  thick; 
may  be  quoted  as  usual  dimensions  for  joiner’s  work.  The  observance  of  this  restriction 
constitutes  an  essential  characteristic  of  mediaeval  work. 


668 


THEORY  OF  ARCHITECTURE, 


Rook  II, 


Treads. 

inches. 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 


Eisei's. 

iuclie.s. 

9 

8^ 

8 

H 

7 

6 

H 

5 

■ih 


STAIRS. 

2176.  Sfairs  and  their  handrails  arc  among  tlie  most  important  objects  of  tlie  joiner’s 
slsill.  Tlie  choice  of  situation,  sufficiency  of  light,  and  easy  ascent,  are  matters  for  the 
exercise  of  the  arcl)iteci’s  best  talent. 

2177.  There  are  some  leading  princi))les  wliich  are  common  to  all  staircases,  of  what- 
soever materials  they  may  be  constructed.  Tlius  it  is  a maxim  that  a broad  step  should 
be  of  less  height  than  one  which  is  narrower  ; and  the  reason  is  sufficiently  obvious,  becausf 
in  striding,  what  a man  loses  in  breadth  he  can  more  easily  apply  in  raising  himself  hy  Ids 
feet.  Now,  as  in  common  practice  it  is  found  that  the  convenient  rise  of  a step  12  inches 
in  widtii  is  5^  inches,  it  may  be  assumed  as  some  guide  for  the  regulation  of  other  dimen- 
sions. Thus  12x5^  = 66,  which  would  be  a constant  numerator  for  the  proportion.  Suppose, 
for  instance,  a step  10  inches  in  breadth,  then  ^^  = 63  inches  would  be  the  height ; and  this 
agrees  very  nearly  with  the  common  practice.  The  breadth  of  steps  in  the  commonest  stair- 
case may  be  taken  at  10  indies  at  a medium.  In  the  best  staircases  tlie  breadth  of  the  step 
should  not  be  less  than  12  inches,  neither  should  it  be  more  than  18  inches.  (See  2814.) 

2178.  Having  adjusted  the  proportions  of  the  steps,  the  next  consideration  is  to  ascertain 

the  number  of  risers  which  will  be  necessary  to  pass  from  one  floor  to  another.  If  the 

height  divided  by  the  rise  of  each  step  should  not  give  an  exact  number  of  risers,  it  is  better 

to  add  one  rather  than  diminish  the  number. 

2178a.  An  easy  mode  of  proportioning  steps  and  risers  may  be  obtained  by  the  annexed 
method.  Set  down  two  sets  of  numbers,  each  in  arithmetical  progres'^ion  ; the  first  set 
showing  tlie  width  of  the  steps,  ascending  by  inches,  the  other  showing 
the  hciglit  of  the  riser,  descending  by  halt-inches.  It  will  readily  be  seen 
that  each  of  tiiese  steps  and  risers  are  such  as  may  suitably  pair  together. 

( Newland,  Carpenter's  and  Joiner's  Assistant,  1860,  p.  197.)  It  is  seldom, 
however,  that  the  proportion  of  the  step  and  riser  is  exactly  a matter  of 
choice — the  space  allotted  to  the  stairs  usually  determines  this  proportion  ; 
but  the  above  will  be  found  a useful  standard.  In  first-class  buildings 
the  number  of  steps  is  con->idered  in  the  plan,  which  it  is  the  business 
of  the  architect  to  arrange  in  accordance  with  the  style  of  the  edifice. 

2179.  The  width  of  the  better  sorts  of  staircases  should  not  be  less  than 
4 feet,  to  allow  of  two  persons  freely  passing  each  other  ; but  the  want  of 
space  in  town  houses  often  obliges  the  architect  to  submit  to  less  in  what 
is  called  the  going  of  the  stair, 

2180.  The  parts  of  every  step  In  a staircase  are  one  parallel  to  the  horizon,  which  is 

called  the  tread  of  the  ^tej),  terminated  on  the  edge  by  a moulded  or  rounded  nosing,  and 
the  other  perpendicular  to  the  horizon,  which  is  called  the  riser  of  the  step.  Where  great 
traffic  exists,  the  treads  of  stairs  wear  down  at  the  nosing.  This  is  often  protected  by  a 
brass  edging,  and  by  lining  it  with  lead.  Hawksley’s  /reads  have  come  largely  into 

use,  not  only  at  railway  stations,  but  in  warehouses  and  other  buildings  where  there  is 
much  traffic  on  the  stairs  tand  landings. 

2180a.  A curious  instance  of  economy  of 
material  is  given  in  Jig.  78  la.,  which  shows  the 
mode  of  getting  six  steps  out  of  round  timber 
30  inches  in  diameter,  being  a saving  of  about 
ten  per  cent,  upon  the  attemjit  to  cut  up  sijuare 
timber.  Such  solid  steps  were  housed  into  tlie 
carriage;  A showing  the  under  side  of  it  in  re- 
lation to  the  step  R.  In  straight  flights  the 
system  of  carrying  solid  newels  from  bottom  to 
top  of  the  staircase  is  one  which  has  since  been 
repeati  d successfully  in  iron  construction.  The 
ingenuity  of  the  mediasval  joiner  in  this  subject 
is  seen  best  treated  in  Viollet  le  Due’s  dic- 
tionary. (See  par.  2185.) 

2181.  Stairs  have  many  varieties  of  struc- 
ture, dependent  on  the  character,  situation, 
and  destination  of  the  building.  We  shall  now, 
therefore,  describe  the  method  of  carrying  up 
dog-legged,  bracket,  and  geometrical  stairs. 

2182.  A Dog-legged  Staircase  is  one  which  has  no  opening  or  well-hole,  and  in  which 
the  rail  and  balusters  of  the  progressive  and  returning  flights  fall  in  the  same  vertical 
planes.  The  steps  in  it  are  fixed  to  strings,  newel,  and  carriages,  the  ends  of  the  steps  of 
the  inferior  kind  terminating  only  upon  the  side  of  the  string  without  any  housing.  Y and 
Z in  fg.  782,  are  the  plan  and  elevation  of  a staircase  of  this  kind ; AB  is  the  lower  newel 
whereof  the  part  BC  is  turned.  On  the  plan,  a is  the  seat  of  this  newel.  DE  and  FG  in 
Y are  the  lower  and  upper  string  boards  framed  into  newels,  KE  is  a joist  framed  into  the 
trimmer  I.  The  lines  on  the  plan  represent  the  faces  of  the  steps  in  the  elevation  without 
the  nosings.  BIO  and  FQ  are  called  the  upper  and  lower  ramps,  the  methcri  ot  drawing 
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which  is  as  I'ollows  : — In  the  iijipcr  ramp,  for  cx- 
jnni)le,  produce  the  toj>  of  the  rail  II M to  R;  draw 
MN  vertical,  and  produce  the  straight  part  ON  of 
the  pitch  of  the  rail  to  meet  it  in  N,  making  NO 
equal  to  NM.  Draw  OP  at  a right  angle  to  ON. 

From  P,  as  a centre,  describe  the  arc  MO,  and  then 
the  other  contrary  curve,  wliich  will  complete  the 
ramp  required.  The  rod  RS  is  in  the  fixing  of 
all  staircases  a necessary  instrument;  for  infixing 
the  steps  and  other  work  by  a common  measuring 
rule,  bit  by  bit,  the  chances  are  that  an  excess  or 
defect  will  occur,  to  make  the  staircase  faulty  ; 
which  cannot  be  the  case  if  the  story  rod  is  apirlied 
to  every  riser,  and  such  riser  be  regulated  thereby. 

218.‘k  A Bracket  Staircase  is  one  wliich  has 
an  opening  or  w’ell,  with  strings  and  newels,  and  is 
supported  by  landings  and  carriages.  The  brackets 
are  mitred  to  the  end  of  each  riser,  and  fixed  to 
the  string  board,  which  is  usually  moulded  like  an 
architrave.  In  this  sort  of  staircase  the  same  me- 
thods are  to  be  observed  in  respect  of  dimensions 
and  laying  off  the  plan  and  section  as  in  a dog- 
legged staircase.  Nothing  is  to  be  done  without 
the  story  rod  just  described,  which  must  be  con- 
stantly applied  in  making  and  setting  up  the  stairs. 

The  method  of  forming  the  ramps  and  knees  has 
been  touched  upon  in  the  preceding  article,  and  the 
few  particulars  we  intend  to  give  respecting  scrolls 
and  handrailing  will  be  reserved  for  a subsequent 
page.  In  bracket  stairs  the  internal  angle  of  the 
steps  is  open  to  the  end,  and  not  closed  by  the  string,  as  in  common  dog-legged  stairs ; 
the  neatness  also  of  the  \vorkmanship  is  as  much  attended  to  as  in  geometrical  stairs. 
The  balusters  should  be  nicely  dovetailed  into  the  ends  of  the  steps  by  twos,  and  the 
face  of  each  front  baluster  is  to  be  in  a plane  with  the  front  face  of  the  riser,  and  all  the 
balusters  being  equally  divided,  the  face  of  the  middle  one  must  of  course  stand  in  the 
middle  of  the  fkce  of  the  riser  of  the  preceding  step.  The  treads  and  risers  are  previously 
all  glued  up  and  blocked  together,  and  when  put  in  their  places  the  under  side  of  the 
step  is  nailed  or  screwed  into  the  under  edge  of  the  riser,  and  then  rough  bracketed  to  the 
strings,  as  in  a dog-legged  staircase,  in  which  the  pitching  pieces  and  rough  strings  are 
similar. 

2184.  A Geometrical  Staircase  is  one  whose  opening  Is  down  Its  centre,  or,  as  it 
Is  called,  an  open  newel,  in  which  each  step  is  supported  by  one  end  being  fixed  in  the  w'all 
or  partition,  the  other  end  of  every  step  in  the  ascent  having  an  auxiliary  support  from 
that  immediately  below  it,  beginning  from  the  lowest  one,  which,  of  course,  rests  on  the  floor. 
The  steps  of  a geometrical  staircase  should,  when  flxed,  have  a light  and  clean  appearance, 
and,  for  strength’s  sake,  the  treads  and  risers,  when  placed  in  position,  should  not  be  less 
than  1^  inch  thick,  supposing  the  going  of  the  stair  or  length  of  the  step  to  be  4 feet.  For 
every  6 inches  in  length  of  the  step  an  eighth  of  an  inch  should  be  added.  The  risers 
should  be  dovetailed  into  the  cover,  and  in  putting  up  the  steps,  the  treads  are  screwed  up 
from  below  to  the  under  edges  of  the  risers.  The  holes  for  sinking  the  heads  of  the  screws 
ought  to  be  bored  with  a centre  bit  and  fitted  closely  in  with  wood  well  matched,  so  that 
the  screws  may  be  entirely  concealed,  and  appear  as  a uniform  surface  without  blemish. 
Brackets  are  mitred  to  the  risers  and  the  nosings  are  continued  round  ; but  this  practice 
induces  an  apparent  defect,  from  the  brackets,  instead  of  giving  support,  being  them- 
selves unsupported,  and  actually  depending  on  the  steps,  being  indeed  of  no  other  use 
than  merely  tying  together  the  risers  and  treads  of  the  internal  angles  of  the  steps ; and 
from  the  internal  angles  being  hollow,  except  at  the  ends,  wdilch  terminate  by  the  wall  at 
one  extremity,  and  by  the  bracket  at  the  other,  there  is  an  appearance  of  incomplete  finish. 
The  cavetto  or  hollow  is  carried  all  round  the  front  of  the  slip,  returned  at  the  end,  and 
again  at  the  end  of  the  bracket,  thence  along  the  inside  of  it,  and  then  along  the  internal 
angle  at  the  back  of  the  riser. 

2185.  The  ancient  mode,  how’ever,  w'as  the  hest,  in  which  the  wooden  w'as  an  imitation 
of  the  method  of  constructing  geometrical  stairs  in  stone,  wfliich  wdll  be  found  under 
Masonry,  in  the  previous  Section  III.;  that  is  to  say,  the  making  of  the  steps  themselves  solid, 
and  in  section  of  the  form  of  a bracket  throughout  their  length.  This  is  a more  expen- 
sive method,  but  it  is  a solid  and  good  one,  and  is  still  practised  on  the  Continent,  espe- 
cially in  France,  (^See  also  par.  2180a.  ) 
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2186.  In  fig.  783.  X is  the  plan  and  Y the  elevation,  or  rather  section,  of  a goonietrica) 
staircase.  AB  in  X is  what  is  called  tlie  cur -tail  step  (curved  like  the  tail  of  a cur  dog) 

which  must  be  the  first  step  fixed.  CCC  are  — 

the  figers  supported  from  below  by  rough 
carriages,  and  partly  from  the  string  board 
DIIEF  in  Y.  'Ihe  ends  next  the  wall  are 
sometimes  housed  into  a notch  board,  and  the 
steps  then  are  made  of  thick  wood  and  no 
carriages  used.  GGG  are  winders  fixed  to 
bearers  and  pitching  piece.s,  when  carriages 
are  used  to  support  the  flyers.  The  winders 
are  sometimes  made  of  strong  stuflP  firmly 
wedged  into  the  wall, 
the  steps  screwed  to- 
gether, and  the  other 
ends  of  the  steps  fixed 
to  the  string  DEHF. 

In  all  cases  of  wooden 
geometrical  stairs  their 
strength  may  be  greatly 
augmented  by  a flat  bar 
of  wrought  iron  coin- 
ciding with  the  under 
, side  and  screwed  to  the 
I”  string  immediately  be- 
low  the  steps.  H I K 
in  Y is  the  wall  line  of 


Fig.  7S3. 

the  sofite  of  the  winding  part  of  the  stairs,  and  LMN  part  of  the 
rail  supported  by  two  balusters  upon  every  step.  Where  the  space 
Fig.  784.  of  the  going  of  the  stairs  is  confined,  the  French  have  long  since 

introduced,  as  in  fig.  784.,  the  practice  of  placing  the  balusters  outside  the  steps,  which 
affords  more  room  for  persons  ascending  and  descending. 


HANDRAILS  AND  CUR-TAIL  STF.P. 

2187.  The  upper  part  of  the  fence  formed  by  capping  the  balusters  of  stairs  Is  called  the 
handrail,  whose  use,  as  its  name  imports,  is  for  a support  to  the  hand  in  the  ascent  and 
descent  of  stairs.  The  hand,  for  support  to  the  body,  should  glide  easily  over  it  without 
any  strain,  whence  it  is  evident,  that  to  be  properly  formed,  it  must  necessarily  follow  the 
general  line  of  the  steps,  and  be  quite  smooth  and  free  from  inequalities.  It  must  be  ob- 
vious to  the  reader  who  has  thus  far  followed  us  throughout  the  different  previous  portions 
of  our  labours,  that  the  chief  principle  of  handrailing  will  be  dependent  on  the  methods  of 
finding  sections  of  cylinders,  cylindroids,  or  prisms,  according  to  three  given  points  in 
or  out  of  the  surface,  or,  in  other  words,  the  section  made  by  a plane  through  three  given 
points  in  space.  The  cylinder,  cylindroid,  and  prism  are  hollow,  and  of  the  same  thick- 
ness as  the  breadth  of  the  rail,  or  the  horizontal  dimension  of  its  section ; and  their  bases, 
their  planes  or  projections  on  the  floor.  Thus  is  formed  the  handrail  of  a staircase  of  a por- 
tion of  a cylinder,  cylindroid,  or  prism  whose  base  is  the  plane  of  the  stair,  for  over  this  the 
handrail  must  stand,  and  is  therefore  contained  between  the  vertical  surface  of  the  cylinder, 
cylindroid,  or  jirism.  As  the  handrail  is  prepared  in  portions  each  whereof  stands  over  a qua- 
drant of  the  circle,  ellipse,  or  prism  of  the  base  which  forms  the  plane,  such  a portion  may  be 
supposed  to  be  contained  between  two  parallel  planes,  so  that  the  portion  of  the  handrail  may 
be  thus  supposed  to  be  contained  between  the  cylindrical,  cylindroidal,  or  prismatic  surfaces 
and  the  two  parallel  planes.  The  parts  to  be  joined  together  for  forming  the  rail  must 
be  so  prepared  that  in  their  place  all  the  sections  made  by  a vertical  plane  passing  through 
the  imaginary  solid  may  be  rectangular  : this  is  denominated  squaring  the  rail,  and  is 
all  that  can  be  done  by  geometrical  rules.  But  handrails  not  being  usually  made  of 
these  portions  of  hollow  cylinders  or  cylindroids,  but  of  plank  or  thicknesses  of  wood,  our 
attention  is  naturally  drawn  to  the  consideration  of  the  mode  in  which  portions  of  them 
may  be  formed  from  planks  of  sufficient  thickness.  The  faces  of  the  planks  being  planes, 
they  may  be  supposed  to  be  contained  between  two  parallel  planes,  that  is,  the  two  faces 
of  the  plank.  Such  figures,  therefore,  are  to  be  drawn  on  the  sides  of  the  plank  as  to  leave 
the  surfaces  formed  between  the  opposite  figures,  portions  of  the  cylindrical,  cylindroidal, 
or  other  surfaces  required,  when  the  superfluous  parts  are  cut  away.  A mould  made  in  the 
form  of  these  figures,  which  is  no  more  than  a section  of  them,  is  called  the  face  mould. 

2188.  The  vertical,  cylindrical,  or  cylindroidal  surfaces  being  adjusted,  the  upper  and 
lower  surfaces  must  be  next  formed  ; and  this  is  accomplished  by  b.nding  another  mould 
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round  the  cylindrical  or  cylindroidal  surfaces,  generally  to  the  convex  side,  and  drawing 
lines  on  the  surface  round  the  edge  of  such  mould.  The  superfluous  wood  is  then  cut 
away  from  top  to  bottom,  so  that  if  the  piece  were  set  in  its  place,  and  a straight-edge 
applied  on  the  surfaces  so  formed,  and  parallel  to  the  horizon  directed  to  the  axis  of  the 
wcil-hole,  it  would  coincide  with  the  surface.  The  mould  so  applied  on  the  convex  side 
for  forming  the  top  and  bottom  of  the  piece,  is  called  t\\e  falling  mould.  For  the  purpose 
of  (inding  these  moulds  it  is  necessary  to  lay  down  the  plan  of  the  steps  and  rail ; next,  the 
falling  mould,  which  is  regulated  by  tlie  heights  of  the  steps  ; and  lastly,  the  face  mould, 
tj'hich  is  regulated  by  the  tailing  mould,  and  furnishes  the  three  heights  alluded  to. 

2189.  Fig.  785.  exliibits  two  of  the  most  usual  forms  of  handrails,  llie  upper  part, 
A and  B of  the  flgure,  are  sections  of  the  rail  and  mitre  cap  of  a dog  legged  staircase. 
Vertical  lines  are  let  fall  from  the  section  of  the  rail  A,  to  the  mitre  in  B ; from  thence, 
in  arcs  of  circles,  to  the  straight  line  passing  througli  the  centre  of  the  cap  at  right 
angles  to  the  former  straight  lines  ; then  perpendiculars  are  set  off  and  made  equal  in 
length  to  those  in  A. 

A curve  being  traced 
through  the  points 
gives  the  form  of  the 
cap.  C is  called  a toad's 
hack  rail,  and  is  used 
for  a superior  descrip- 
tion of  staircases. 

2190.  F/5r.786.  shows 

the  method  of  drawing 
the  SCI  oil  for  terminat-  / 
ing  the  handrail  at  the  / , 
bottom  of  a geometrical  — 
staircase.  Let  A B be 
the  given  breadth  ; \ 

draw  AE  perpendicu- 

1 lar  to  AB,  and  divide  it 
into  eleven  equal  parts, 
and  make  AE  equal  to 
one  of  them.  Join  B E, 
bisect  A B in  C and  B E 
in  F.  Make  CD  equal 
to  CF  and  draw  DG 
perpendicular  to  A B. 

From  F,  with  the  radius 
FE  or  FB,  describe  an  Fig.  785.  Fig.  7S6. 

arc  cutting  DGat  G.  Draw  GH  perpendicular  to  BE  cutting  BE  at  O.  Draw  the  diagonals 
DOK  and  lOL  perpendicular  to  DDK.  Draw  IK  parallel  to  B.A  ; KL  parallel  to  ID, 
and  so  on  to  meet  the  diagonals.  From  D as  a centre,  with  the  distance  DB,  describe  the 
arc  BG.  From  I as  a centre,  with  the  distance  IG,  describe  the  arc  GE.  From  K as  a 


Fig.  787. 
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centre,  with  the  distance  KE,  describe  the  arc  EH.  From  L as  a centre,  with  the  distance 
LH,  describe  the  arc  HP.  Proceed  in  the  same  manner  and  complete  the  remaining 
three  quarters,  which  will  finish  the  outside  of  the  scroll.  Make  BR  equal  to  the  breadth 
of  the  rail  j namely,  about  two  inches  and  a quarter.  Then  with  the  centre  D and  distance 
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DR  describe  the  arc  RS,  witli  the  centre  I and  distance  IS  describe  the  are  ST,  and 
witli  the  centre  K and  distance  K T describe  the  arc  TU,  and  tlie  scroll  will  be  completed. 

2191.  JTiff.  787.  gives  the  construction  of  the  cur-tail  step,  or  that  which  lies  under  tlie 
scroll,  abed  is  the  veneer  that  covers  the  riser  ; efgh,  the  nosing  of  the  cover  or  horizontal 
part  of  the  step  ; ikl  tlie  face  of  tlie  string  board,  and  7nno  the  projection  of  the  nosing, 

2192.  In  fig.  788  is  shown  the  cover  board  for  the  cur-tail  step,  abed  and  efgh  in  dotted 

lines  represent  the  plan  of  the  scroll  ; opqrs,  the  nosing  of  the  cur-tail  step  ; t,  u,  v,  s,  the-  I 
nosings  and  ends  of  the  risers.  The  circle  1,  2,  8,  is  described  from  the  centre  of  the  11 
scroll,  and  divided  into  equal  paits  equal  to  the  distances  of  the  balusters  from  centre  to  || 
centre,  and  lines  are  drawn  to  the  centre  of  the  scroll  in  order  to  ascertain  the  middle  of  f 
the  balusters,  by  giving  a regular  gradation  to  the  spaces.  The  whole  of  the  spiral  lines  |! 
in  this  and  the  previous  figure  are  drawn  from  the  same  centres  as  the  scroll.  ‘ j 

BENCHES.  I 

2192a.  “ It  must  be  confessed,”  says  Denison,  in  his  Lectures  on  Church  Building,  1856,  | 

page  242,  “ that  our  ancestors  did  not  offer  much  temptation  to  people  to  come  to  church 
by  the  comforts  they  provided  for  them  when  they  got  there.  Nothing,  indeed,  can  be 
better  for  sitting  in  than  some  of  the  old  stalls,  such  as  tho.se  in  King’s  College  Chapel, 
where  the  back  has  a slope  of  one  to  four  ; but  most  of  the  common  old  church  seats  are  ' 
frightfully  uncomfortable — the  back  of  the  seat  ought  to  be  inclined,  especially  when  it  ju| 
rises  as  high  as  the  shoulders.  It  is  not  of  so  much  consequence  when  the  seat  backs  are  i 
low,  but  even  in  them  it  is  better  to  have  a little  inclination,  about  one  in  eight ; and  abore 
all  things,  the  top  rail  ought  not  to  juoject.  The  seats  ought  never  to  be  less  than  13 
inches  wide  with  a sloping  back,  or  14  inches  with  an  upright  one,  and  they  will  he  all  the 
better  if  they  are  an  inch  or  two  more.  Nothing  under  2 feet  10  inches  at  the  very  least 
will  allow  proper  room  for  sitting,  standing,  and  kneeling,  especially  if  there  are  any 
divisions  under  the  seats  to  prevent  people  from  kicking  their  neighbours’  hats,  or  ajipro- 
priating  their  hassocks.  Where  it  is  necessary  to  save  room  in  every  pos.sible  way,  it  is 
not  a bad  plan  to  make  the  division  under  the  seat  only  come  down  to  3 or  4 inches  from 
the  floor;  and  never  in  any  case  ought  there  to  be  (what  there  often  is)  a thick  rail  or  bar 
of  wood  lying  along  the  floor  and  taking  off  an  inch  or  more  from  the  sjiace  for  the  feet. 

'file  hook  hoards  are  best  not  sloping,  which  is  of  no  use,  but  flat  and  narrow,  just  wide 
enough  to  lay  a book  upon  shut,  and  to  put  the  arms  upon  in  kneeling.  As  regards  the 
difficulty  of  finding  a good  place  and  proper  height  for  the  pulpit  and  reading  desk,  I i 
know  of  no  better  advice  to  give  upon  the  subject  than  to  try  various  places  before  you 
finally  fix  upon  any  one,  unless  the  construction  of  the  church  is  such  that  there  is  one 
place  marked  out  by  nature  (as  we  may  say)  as  the  proper  one.” 

21925.  Examples  of  benches  and  bench  ends  are  represented  in  so  many  publ'cations  ■ 
that  it  is  deemed  unnecessary  to  give  any  illustration.  Some  cappings  to  benches,  and  < 
edges  to  divisions,  are  shown  in  the  section  Wood  Mouldings  in  Book  III.  Those  shown 
in  Brandon’s  Analysis,  and  Bury’s  Woodwork,  give  the  following  dimensions:  — 


Name  of  Church. 

Ileighr. 

Width. 

Seat. 

Opening. 

Comberton,  Cambridge  - 

2.  9 

3.  4 

1.  0 

1.  6 

Bentley,  Suffolk  - - - 

2.  5 

2.  10 

0.  ii.V 

1.  6 

Great  VV^altham,  Essex,  1420  - 

3.  1 

2.  6 

1.  2 

1.  1 

Bishops  Lydeard,  Somerset  - 

2.  10| 

/2.  31,  \ 
12.  7iJ 

0.  11 

f 1.  0 
(1.  4 

f end 
\l.  4 

Westonzoyland,  Somerset 

3.  3 

2.  9^ 

— 

1.  7 

Atherington,  Devon 

3.  9 

— 

0.  lU 

— 

Ickleton,  Cambridge 

2.  H 

— 

0.  loi 

— 

1.  10 

Stalls,  Bridgewater,  Somerset  - 

— 

0.  11^ 

centre  to 
centre 

1 sitting 
/ 2.  3 

„ Wantage,  Berks  - 

3.  5 I 

— 

1.  4k 

1.  10 

The  rides  of  the  Incorporated  Society  for  Promoting  the  Building  of  Churches  state,  ' . 
that  “ the  distance  from  the  back  of  one  seat  to  that  of  the  next  must  depend  in  great 
measure  on  the  height  of  the  backs.  Where  the  funds  and  space  will  admit,  convenience 
will  be  best  consulted  by  adopting  a clear  width  of  3 feet ; hut  a width  of  not  le.ss  than 
2 feet  8 inches  from  centre  to  centre  will  be  allowed  if  the  back  of  the  seat  is  not  more  |j 
than  2 feet  8 inches  in  height.  If  a greater  height  he  adopted,  the  distance  from  back  to  r 
back  must  he  increased  one  inch  at  least  for  every  additional  inch  in  height;  but  under 
no  circumstances  must  it  exceed  3 feet.  There  must  not  be  any  projecting  capping  on  the  | 
top  of  the  hacks.  Facilities  for  kneeling  in  all  cases  to  be  provided.  The  width  of  the  | 
seat  boards  for  adults  to  be  not  less  than  13  inches.  2U  inches  in  length  must  he  allowed  | 
for  each  adult,  and  14  inches  for  a child.  Children’s  seats  must  be  at  least  26  inches  from  | 
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back  to  front,  and  must  have  l)acks.”  Her  IVIajesty’s  Commissioners  for  building  r.e\* 
cbiirclies  allow  20  inches  by  f}4  indies  for  each  sitting;  free  seats  20  inches  by  27  indies, 
and  H inches  for  children.  Benches  for  fiee  sittings  are  to  he  .S  feet,  4 <eet  6 indies,  or 
6 feet  long.  'I'he  allowance  made  for  each  sitting  in  St.  Paul’s  Cathedral  is,  as  nearly  as 
[lossible,  20  inches  by  33  inches.  From  4 to  .5  square  feet  of  Hoor  is  not  too  much  space  to 
be  calculated  for  each  person,  allowing  for  gangways,  communion  table,  8:c. 

2192c.  Cloisters,  porches,  canopies,  over-doors,  stall-woik,  lych-gate.s,  windows,  staircases, 
Lvll-wheels  and  carriages,  lutter  or  louvre  boards,  fencing,  screens,  jinlpits,  desks,  lecterns, 
dusts,  table.s,  cum  mu/tis  uliis,  are  amongst  the  many  other  productions  of  the  joiner,  being 
far  too  numerous  to  be  descrilied  in  detail  herein. 


FORMATION  OF  BOIUES  BY  JOINING  THEM  WITH  GLUE. 

219.'!.  The  way  in  which  bodies  are  glued  up  together  for  different  purposes  will  be 
given  below,  and  with  them  will  close  this  section. 

2194.  Fiff.  789.  shows  at  A a section  of  two  boards  glued  up  edge  to  edge.  At  B the 
face  of  the  same  is  seen.  C shows  the  section  of  two  boards  glued  edge  to  edge,  each 
piece  being  grooved,  and  a tongue  inserted  at  their  junction.  By  similar  means  a board  may 
be  increased  to  any  width,  be  the  pieces  whereof  it  is  composed  ever  so  narrow.  D shows 
two  boards  fixed  at  right  angles,  the  edge  of  one  being  glued  on  the  side  of  the  other.  A 
block  for  the  purpose  of  strengthening  the  joint  is  fitted  and  glued  to  the  interior  side. 

n A 


Fig.  789  Fig.  790. 

2195.  Fig.  790.  A is  a section  of  two  boards  to  be  joined  at  an  oblique  angle.  They 
are  mitred  and  glued  together  with  a block  at  the  angle.  B shows  the  inner  sides  of 
the  boards  so  fixed.  It  is  by  repeating  this  operation  that  columns  are  glued  up. 

2196.  Fig.  191.  A is  the  section  of  an  architrave.  The  moulding  is  usually,  if  not 
always,  glued  to  the  board  ; the  vertical  line  therefore,  showing  the  extreme  boundary  of 
the  moulded  part,  is  the  sec- 
tion of  the  piece  to  be  glued, 

B is  the  face  of  the  archi- 
trave, C and  D a section 
and  front  of  it  before  it  is 
moulded,  E a section  of  it 
with  the  button  and  nail  to 
show  the  way  in  which  the 
two  parts  are  glued  together, 
and  F shows  the  back  of  the 
architrave  with  the  buttons 
which  are  used  for  the  pur- 
pose of  bringing  the  two  sur- 
faces to  be  glued  together  in  contact,  till  after  they  are  set  and  fully  held  together,  being 
knocked  off  when  the  glue  has  become  hard,  and  then  the  moulding  shown  at  A and  B is 
stuck. 

2197.  Fig.  792.  ex- 
hibits the  method  of 
gluing  up  a solid  niche 
in  wood  where  A is 
the  elevation.  The 
work  is  performed  in 
the  same  way  as  if  it 
were  stone  or  brick, 
except  that  the  joints 
are  all  parallel  to  the 
idane  of  the  base,  be- 
cause of  the  difficulty 
of  making  a joint  with 
curved  surfaces,  which 
would  necessarily  be 
the  case  if  they  all 
tended  to  the  centre  of 
the  sjihere.  B and  C 
are  the  two  bottom 
courses,  where  the  vertical  joints  are  maue  to  break,  as  seen  in  the  elevation  A. 

2198.  In  Jig.  193.  is  exhibited  the  mode  in  which  veneers  are  glued  together  for  the 
purpose  of  forming  cylindrical  surfaces.  Brackets  with  their  faces  upwards  are  nailed  to 
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a hoar'l.  Their  ends  are  perpendicular,  and  a cavity  is  left  between  them  sufTicient  to 
leceive  the  veneers  and  wedges.  In  A the  tliin  part  in  the  form  of  an  arc  shows  the 
veneers  as  in  the  state  of  glueing,  the  wedges  being  on  the  convex  side.  B is  a section  of  the 
l)oard  and  bracket.  Tlie  work  when  putting  together  should  be  dry  and  warm,  and  the 
^lue  should  be  hot.  When  this  last  has  set  hard,  the  wedges  must  be  slackened,  and  the 
•veneers,  which  now  form  a solid,  taken  out. 

2199^  Fig.  19^.  is  a strong  method  of  forming  a concave  surface  by  laying  the  veneer 
upon  a cylinder,  and  backing  it  with  blocks  in  the  form  of  bricks,  which  are  glued  to  tlie 
convex  -side  of  the  veneers  and  to  each  other.  The  fibres  of  the  blocks  are  to  be  as  nearly 
as  ])ossible  parallel  to  the  fibres  of  the  veneers.  A is  the  section  of  the  cylinder  veneer 
and  blocks,  and  B shows  tlie  convex  side  of  the  blocks. 

2200.  Fig.  795.  is  another  mode  of  glueing  veneers  together  with  cross  pieces  screwed 
to  a cylinder,  the  veneers  being  placed  between  the  former  and  the  latter. 


2201.  In  fig.  796.  is  shown  the  method  of  glueing  up  columns  in  pieces,  which  here  arc 
eight  in  number,  each  being  glued  to  the  other  after  the  manner  fig.  790.  The  work- 
man  should  he  careful  to  keep  the  joints  out  of  the  flutes,  when  the  columns  are  to  be 
fluted,  by  which  the  substance  will  be  more  likely  to  prevent  the  joints  giving  way.  A is 
a section  of  the  column  at  top,  and  B at  the  bottom.  After  glueing  together,  the  octagons 
and  mitres  should  be  correctly  laid  down  for  the  true  formation  of  the  joints.  In  B are 
shown  two  bevels,  one 
for  trying  the  mitres, 
and  tlie  other  for  try- 
ing the  work  when  put 
together. 

2202.  Fig.  797.  is 
the  mode  of  glueing  up 
the  base  of  a column. 

It  is  formed  in  three 
courses,  the  pieces  in 
e.ach  of  which  are  made 
to  break  joint  over 
one  another.  'I'he 
horizontal  joints  of  the 
courses  must  be  so 
adjusted  as  to  fall  at 
the  junction  of  two 
mouldings,  forming  a 

re-entering  angle.  After  the  glue  is  set  quite  hard, 
the  rough  base  is  sent  to  the  turner,  by  whom  it  is 
reduced  into  the  required  profile.  The  fibres  of  the 
wood  should  lie  horizontally,  in  which  direction  the  work 
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will  stand  much  better  than  when  they  are  vertical.  A is  the  plan  of  the  base  inverted, 
and  R is  the  elevation. 

2‘203.  The  formation  of  a modern  Ionic  capital  is  given  in  Jig.  798.,  wherein  A is  the 
plan  inverted,  showing  the  method  of  placing  the  blocks ; and  B is  the  elevation. 

2204.  Fig.  799.  is  the  method  of  glueing  up  for  the  leaves  of  the  Corinthian  capital,  A i> 
the  plan  inverted,  and  B is  the  elevation.  The  abacus  is  glued  up  in  the  same  mannei 
as  in  the  preceding  example. 


Fi^'.  800.  Fig.  SOI.  Fig.  S05i. 


2205.  Fig.  800.  exhibits  the  mode  of  forming  a cylindrical  surface  without  veneers,  by 
moans  of  equidistant  parallel  grooves,  A is  the  elevation,  and  B the  plan. 

2206.  Fig.  801.  exhibits  the  method  of  covering  a conic  body.  It  is,  in  fact,  no  more 
than  covering  the  frustum  of  a cone,  and  is  accomplished  by  two  concentric  arcs  terminated 
at  the  ends  by  the  radii.  The  radius  of  the  one  arc 
is  the  whole  slant  side  of  the  cone,  that  of  the  other 
is  the  slant  side  of  the  part  cut  off.  In  this  case, 
the  grooves  are  directed  to  the  centre,  and  filled  in 
with  slips  of  wood  glued  as  before.  The  plan  is 
shown  by  the  cirele  ABC.  The  arc  HI  must  be 
equal  to  the  circumference  ABC. 

2207.  Fig.  802.  shows  the  same  thing  for  a 
smaller  segment. 

‘ji|  2208.  Fig.  803.  shows  the  manner  of  glueing  up 
■’a  globe  or  sphere  by  the  same  method.  A is  the 
face  of  the  piece ; B the  edge  showing  the  depth 
3f  the  grooves ; C shows  the  mould  for  forming 
the  piece  to  the  true  curvature ; and  D the  faces 
>f  two  pieces  put  together. 
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Sect.  VI. 

SLATING. 

2209.  An  account  of  the  materials  used  by  the  slater  has  been  detailed  in  Chap.  II. 
Sect.  IX.  The  tools  used  by  this  artificer  are  the  scantle,  which  is  a gauge  by  which 
slates  are  regulated  to  their  proper  length  ; the  trowel ; the  hammer ; the  zax,  an  instru- 
ment for  cutting  the  slates  ; a small  handpick;  and  a hod  and  a hoard  for  mortar.  The 
rao?  is  an  instrument  made  of  tempered  iron,  about  16  inches  long  and  2 inches  wiOe, 
like  a large  knife  bent  a little  at  one  end,  with  a wooden  handle  at  the  other,  and 
haring  a projecting  piece  of  iron  on  its  back,  drawn  to  a sharp  point,  to  make  holes  in 
the  slates  for  the  nails,  the  other  side  being  used  to  chip  and  cut  the  slates  to  their  re- 
quired size,  as  when  brought  from  the  quarry  they  are  not  sufficiently  square  and  cleaned 
for  the  slaters  use.  The  places  for  the  nail  holes  are  marked  usually  on  the  slate  where 
they  have  to  be  punched,  with  a gauge,  and  then  the  iron  of  the  zax  is  struck  through  the 
slate.  Each  slate  has  two  holes  ; large  slates  require  three.  A better  mode  of  obtaining 
the  place  for  the  holes  is  to  mark  a plank  with  two  small  pieces  of  wood  across  it,  at  the 
distance  required  ; the  position  is  thus  shown  at  once. 

2210.  Slatingis  laid  in  inclined  courses,  beginning  from  the  eaves  and  working  upwards, 
the  courses  nearest  the  ridge  of  the  roof  being  less  in  width  than  those  below.  The  lap  Q 
of  one  slate  over  another  is  called  its  bond,  and  it  is  the  distance  between  the  nail  of  the 
under  slate  and  the  lower  end  of  the  upper  slate.  The  bed  of  a slate  is  its  under  side, 
and  the  upper  side  is  called  its  back.  The  part  of  each  course  which  is  exposed  to  the 
weather  is  called  its  gauge,  bare,  or  margin.  The  slates  are  nailed  to  close  or  open  board- 
ing, lying  on  the  back  of  the  rafters,  with  nails,  which  should  be  of  copper  or  zinc  If 
iron  nails  are  used  they  should  be  well  painted.  The  operation  of  cutting  or  paring  the 
side  and  bottom  edges  of  the  slates  is  called  trimming  them  ; but  the  head  of  the  slate  is 
never  cut.  In  that  part  the  holes  wei’e  formerly  pierced  by  which  the  nails  pass  to  the 
boarding.  This  boarding  (_or  sarking,  as  it  is  called  in  the  north  of  Great  Britain)  is 
usually  I inch  to  inches  thick,  rough,  of  equal  thickness,  and  well  secured  to  the 
common  rafters.  A good  practice  obtains  of  bedding  slates  in  mortar,  on  boarding,  which 
gives  them  a sound  bearing,  especially  if  the  roof  will  have  to  stand  much  wear  from 
persons  passing  along  the  gutters,  or  over  the  ridge,  for  repairs  or  other  purposes. 

2210fl.  Another  method  of  forming  a roof,  as  lately  employed  by  some  architects,  con- 
sists in  slating  on  boards  fixed  to  purlin-rafters,  without  any  common  rafters,  as  shown 
in  figs.  6d5a.  and  697.  The  purlins  are  placed  somewhat  closer  than  when  rafters  are 
used;  the  boards  are  1^  inches  tliick,  usually  placed  diagonally.  It  makes  very  sound 
work,  and  saves  height,  where  that  may  be  an  object.  Another  method,  as  noticed  in 
par.  2285c/.,  is  to  nail  the  boarding  on  to  common  rafters  laid  as  purlins,  as  shown  in 
figs.  695  and  696. 

22105.  The  common  method  of  slating  is  to  nail  the  slates  to  laths  or  battens,  as  in 
tiling,  but  a house  so  done  is  more  liable  to  be  affected  with  the  various  changes  from 
heat  to  cold  than  by  the  other  system.  These  laths  are  cut  to  boards  of  20,  25,  30  or  36. 
Thus  a board  12x9  x 3,  cut  3 deep  and  4 flat,  equals  1 board  20.  If  cut  4 deep  and 
4 flat,  equals  1 board  25.  If  cut  4 deep  and  5 flat,  equals  1 board  30.  If  cut  5 deep 
and  5 flat,  equals  I board  36.  Slating  laid  on  battens,  at  places  on  the  sea  coast,  and  as 
usual  in  work  in  Ireland,  is  either  wholly  “ rendered  ” with  lime  and  hair  on  the  under 
side,  or  only  the  under  edges  and  laths  are  thiis  secured.  Without  this  precaution  the 
slates  rattle,  and  the  driving  winds  get  under  them,  tending  to  strip  the  roofs.  Render- 
ing properly  done,  lasts  as  long  as  the  slates  exist  in  a perfect  state. 

22i0c.  Open  or  ventilated  slating,  which  is  nearly  equally  as  waterproof  as  the  usual 
method  of  slating,  will  save  one  third  of  the  quantity  per  square.  jj 

2210c7.  Felt.  Slate  is  also  laid  on  felt,  on  ^-inch  boarding.  Croggon’s  patent  nsphalte\\ 
roofing  felt  is  impervious  to  rain,  snow,  and  frost,  and  is  a non-conductor.  From  its  anti- 
corrosive properties,  it  is  of  service  when  placed  between  iron  and  wood  and  between 
metals.  It  is  manufactured  of  any  required  length,  by  32  inches  wide.  There  is  some 
risk  of  dry  rot  occurring,  however,  by  using  it  thus  ; the  better  plan  is  to  lay  the  felt  on 
boards,  and  then  to  batten  for  the  slates  over  the  felt,  so  as  to  leave  an  air  space  between 
the  felt  and  the  slates.  Its  general  weight  is  about  42  lbs.  per  square.  Patent  aspbaltic| 
roofing  felt  is  about  thick  ; slaters’  or  sarking  felt  is  about  |^in.  thick,  as  is  also 
inodorous  felt.  Fibrous  asphalte  or  foundation  felt  is  suggested  for  preventing  damp 
rising  when  placed  above  the  footings  of  a wall;  bu-t  it  has  some  disadvantages.  Non-” 
conducting  dry  hair  felt,  in  sheets  34  inches  by  20  inches,  is  also  obtainable  in  long  lengths. 
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Roofing  felt  is  specially  prepared  for  hot  climates.  Non-condiicting  felt  is  formed 
entirely  of  hair,  and  is  used  for  covering  boilers,  steam  pipes,  &c.,  for  the  purpose  of  pre- 
venting the  radiation  of  heat.  When  applied  to  boilers,  a cement  of  2 parts  of  white 
lead,  parts  of  red  lead,  4 parts  of  whiting,  is  mixed  with  boiled  linseed  oil ; after 
being  spread  over  the  felt,  the  whole  is  patted  down  on  the  boiler,  and  in  a short  time 
the  felt  firmly  adheres.  No  cement  is  needed  for  steam-pipes,  the  felt  being  wrapped 
round  and  secured  by  twine.  Sheets  of  this  felt  are  made  32  inches  by  20  inches  ; and 
of  the  followiig  weights:— No.  1,  16  oz.;  No.  2,  24  oz. ; No  3,  32  oz. ; No  4,  40  oz. ; 
No.  5,  48  oz.  This  dry  hair  or  inodorous  felt  is  also  useful  for  deadening  sound,  by 
cutting  it  into  2 or  2^  inch  strips,  and  laying  it  on  the  joists  under  the  floor  boards  ; also 
as  lining  to  walls  and  floors;  and  for  lining  iron  houses  to  equalise  the  temperature. 

22 10c.  Felt  is  also  applied  for  forming  roofs  of  temporary  buildings.  It  has  been 
suggested  for  permanent  buildings,  but  to  that  employment  of  it  we  must  withhold  our 
approval.  The  rafters  may  be  about  2 inches  by  1 finches,  placed  20  to  24  inches  apart, 
laid  at  a pitch  of  2 or  3 inches  to  the  foot,  and  covered  with  ^-inch  boarding.  The  felt 
is  to  be  stretched  tight,  overlapping  1 inch  at  the  joints,  nailed  with  two-penny  fine 
clout  nails,  fii>t  heated  and  cooled  in  grease,  about  1^  inches  apart ; copper  nails  are 
preferable.  The  whole  roof  is  then  to  have  a good  coating  of  hot  coal  tar  and  lime,  in  the 
proportion  of  2 gallons  of  the  former  to  6 pounds  of  the  latter,  well  boiled  together, 
put  on  with  a common  tar  mop,  and  while  it  is  soft  some  coarse  sharp  sand  sifted  over 
it.  The  gutters  are  made  of  two  folds,  cemented  together  with  the  boiling  mixture. 
The  coating  to  the  roof  must  be  renewed  every  fourth  or  fifth  year,  according  to  the 
climate.  The  felt  is  found  to  last  better,  if  it  be  not  made  to  adhere  by  any  mixture  to 
the  boarding. 

2210/.  Felt  for  sheds,  or  occasional  purposes,  maybe  put  up  without  boarding ; the 
rafters  in  this  case  would  not  exceed  3 inches  by  1|-  inches,  placed  at  a distance  of 
30  inches  apart.  To  prevent  the  felt  bagging,  battens,  or  slighter  rafters,  of  about  2 inches 
by  1 inch,  are  placed  between  the  others.  To  such  roofs  the  felt  must  be  laid  from  eaves 
to  eaves,  nailing  through  the  overlap  into  the  main  rafter.  The  pitch  of  this  roof  should 
be  about  6 inches  to  the  foot.  The  “ ventilated  ” slating  will  bear  an  economical  contrast, 
provided  the  smaller  size  of  slates  be  used,  and  is  more  durable. 

2-210^.  Another  modern  material  for  roofing  is  Willesden  paper  and  canvas.  Two-ply 
paper  is  used  for  underlining  slates,  tiles,  leaky  roofs  ; for  interior  lining;  fixing  against 
damp  walls,  under  floors,  and  for  interior  decorations.  It  is  waterproof,  and  does  not 
smell.  100  square  feet  of  it  equals  16^  lbs.  The  1-ply  paper  is  used  for  underlining,  flxing 
\ - against  damp  walls,  waterproof  wrapping,  packing,  stencil  paper,  &c.  The  canvas  is 
water-repellant  and  rot-proof.  The  scrim  is  waterproof,  and  useful  for  shading  green- 
I 't  houses,  ferneries,  &c.,  and  for  fixing  to  damp  walls  to  protect  ornamental  wall-papers. 

2210^.  Slating  is  sometimes  laid  lozengewise,  but  it  is  much  less  durable  than  when 
[ laid  in  the  usual  method.  It  is  introduced  for  the  sake  of  ornamental  effect.  The  ends 
P ’ of  the  slates  are  als  j rounded,  or  cut  angleways  to  a point,  or  the  angles  only  cut  off;  oi, 

I ’i  if  the  slates  be  of  a small  size,  they  are  set  angleways  over  courses  with  square  ends>. 

i'’  .}j  These  are  all  shown  in  an  excellent  article  in  Viollet-le-Duc’s  Dictionnaire,  s.v.  Ardoise, 

• Slating  is  also  made  to  have  a decorative  effect  by  forming  zigzag  patterns  with  red 
i coloured  slates  among  blue  slates  ; or  a few  courses  of  the  one  above  a larger  number  of 
‘ the  other. 

2210f.  James  Wyatt,  R.A,,  arranged  a system  for  forming  roofs  with  slate  slabs 
y\  without  boarding  or  battens.  In  this  the  slates  were  all  reduced  to  widths  equal  to  the 
distance  between  centre  and  centre  of  the  rafters.  On  the  backs  of  these  last  they  are 
) s screwed  by  two  or  three  strong  inch-and-half  screws  at  each  of  their  ends.  Over  the 
it  junctions  of  the  slates,  on  the  backs  of  the  rafters,  fillets  of  slates  about  two  and  a half 
b ! or  three  inches  wide,  bedded  in  putty,  are  screwed  down,  to  prevent  the  entrance  of  rain. 

L i The  handsome  regular  appearance  of  this  sort  of  slating  gained  it.  at  first  much  ctlebrity; 

but  it  was  soon  abandoned,  on  account  of  the  disorder  it  is  liable  to  sustain  from  the 
J fC  slightest  partial  settlement  of  the  building,  as  well  as  from  the  constant  dislodgment  of 
,i  ■ the  putty,  upon  which  greatly  depended  its  being  impervious  to  rain. 

2211.  Subjoined  is  a succinct  account  of  the  different  sorts  of  slates  brought  to  the 
^ London  market,  and  enumerated  in  the  order  of  their  goodness  and  value. 

^ 2211a.  Westmoreland  slates.  These  are  from  3 feet  6 inches  to  1 foot  in  length,  and 

from  2 feet  6 inches  to  1 foot  in  breadth.  They  should  be  nailed  with  not  less  than  six- 
^ penny  and  eight-penny  copper  or  zinc  nails  (iron  nails  should  never  be  used) ; and  a ton 
j:  in  weight  of  sized  slates  will  usually  cover  at  out  two  squarts  and  a quarter.  The  weight 
I of  the  coarsest  Westmoreland  is  to  that  of  common  tiling  as  36  to  54. 
j 22115.  Welsh  rags  are  next  in  goodness,  and  are  nearly  of  the  same  sizes  as  those  last 
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mentioned ; but  a ton  of  these  will  cover  only  from  one  square  and  a quarter  to  one 
square  and  three-quarters.  Permanent  green,  Eureka  unfading  green,  Whitland  Abbey 
green,  Westmoreland  green,  best  blue  Bangor,  best  red  Bangor,  Eureka  red.  Old  vein 
Portmadoc,  are  among  those  now  supplied. 

2211c.  Tablb  of  the  Names  and  usual  Sizes  of  Slates, 


with  the  squares  a thousand  (1200)  will  cover  according  to  their  size,  and  the  gauge  at 
which  they  are  laid,  as  stated  in  various  works. 


Name. 

Size. 

Inches. 

Cover 

about 

Squares. 

Cover 

about 

Squares. 

W*:ight  per 
1200. 

Weight  per 
1200. 

1 wts. 

Cwts. 

1st  quality. 

2nd  quality. 

Queens 

( 

32,  34,  36 

1 

\ 

X 16,  17,  18 

/ 

Princesses  - 

- 

30x  15 

- 

115 

Ditto  - 

- 

_ 

28x  14 

14^ 

. 

97 

Ditto  - 

- 

- 

•24x  14 

12f 

\2\ 

70 

90 

Empress  - 

- 

- 

26x  16 

- 

95 

Ditto,  smab  - 

- 

_ 

26x  14 

- 

- 

90 

Duchesses  - 

- 

- 

*21x  12 

11 

10 

60 

80 

Ditto,  small - 

- 

_ 

*22  X 12 

. 

55 

Marchionesses  - 

- 

- 

22x  12 

9 

55 

70 

Ditto  - 

- 

- 

*22x  11 

9 

8 

150  \ 
\47ii 

60 

Countesses- 

- 

- 

♦20  X 10 

n 

7 

40 

51 

Ditto  - 

- 

- 

20  X 12 

50 

Ditto,  small 

- 

- 

*18  X 10 

- 

_ 

36 

Viscountesses 

- 

. 

18  X 10 

6f 

36 

47 

Ditto  - 

- 

- 

*18  X 9 

6 

33  cr  31 

40 

Ladies,  wide 

. 

- 

*16  X 10 

- 

30 

42 

Ditto  - 

- 

- 

lOx  9 

- 

28 

Ditto  - 

*16  X 8 

25 

33 

L 

14  X 12 

- 

- 

33 

41 

Small  Ladies 

_ 

*14  X 8 

33 

3.^ 

22 

26 

Ditto  - 

_ 

_ 

14x  7 

4 

H 

19  or  20 

22 

Doubles 

. 

13  X 10 

4 

25 

31 

Ditto  - 

- 

- 

*13x  7 

_ 

16  IS 

21 

Ditto,  small 

- 

- 

*12x  6 

13-11 

1 1 

Ditto  - 

r 

12x  8 

- 

- 

22 

\ 

11  X 5^ 

- 

2^ 

18 

12 

Singles 

- 

- 

- 

- 

1 

Headers 

- 

_ 

*12  X 6 

_ 

. 

14 

Ditto  - 

- 

- 

*14  X 12 

. 

_ 

33 

Ditto  - 

- 

- 

*13x  10 

- 

- 

26 

* Denotes  best  Welsh  rooting  sizes. 


During  last  century,  when  building  works  were  executed  with  more  regard  to  durability, 
a thousand  duchesses  were  said  to  cover  9 squares ; countesses,  6 squares ; ladies,  3 
squares ; and  doubles,  2 to  2^  squares. 

2211c?.  Slates  are  now  split  so  thin,  that  in  specifications  it  is  desirable  to  state  the 
weight  per  square  of  the  slating  required.  The  scientific  journals  noticed  (1865)  that  at 
the  Rhiwboyfdir  Slate  Company’s  quarries,  sheets  of  slate  8 feet  long  and  ^nd  part  of 
an  inch  were  obtained,  the  width  being  generally  16  inches.  The  grain  must,  of  course, 
be  very  fine  to  permit  of  so  thin  a cleavage. 

2211c.  The  strength  of  slate  1 inch  thick  is  considered  equal  to  that  of  Portland  stone 
5 inches  thick.  A foot  superficial  weighs  from  1 1^  to  14  lbs.  Slates  of  the  usual  thick- 
ness will  not  bear  much  heat  before  cracking:  tlie  thicker  the  slate  the  more  readily  dotS 
it  crack  with  heat ; and  they  will  fly  at  once  if  cold  water  be  poured  suddenly  upon  them 
when  in  a heated  state. 

2211/.  The  Tavistock  slates  were  sold  by  the  thousand  of  ten  hundred,  w'hich  quantity 
covered  about  three  squares  and  forty  feet. 

2211^.  Horsham  slate,  obtained  in  Sussex,  is  a limestone,  and  is  found  to  have  no  limit 
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to  its  durability;  but  being  very  heavy,  proper  preparation  is  needed  for  it,  as  timbers  of 
uiU'-h  greater  scantling  than  usual  are  required. 

221  lA.  French  slates,  formerly  used  in  London  to  some  extent,  are  very  light,  and 
must  therefore  only  be  used  on  boards;  otherwise  the  wind  would  act  upon  them.  In 
France  they  are  bedded  in  plaster  on  the  boarding. 

22 Hi.  The  ridge,  hips,  and  valleys  of  a slated  roof  were  formerly  always  covered  with 
lead.  The  valleys  are  still  usually  so  formed,  but  slate  has  been  introduced  for  the  two 
former.  The  pieces  require  to  bo  cut  truly 
spiare,  screwed  to  the  boarding,  and  the 
joints  and  heads  secured  with  putty  or  white 
leatl.  For  hips  and  ridges,  slate  roll  ribbing 
is  often  employed  {fig.  803a.).  Shorter  slates, 

A,  are  first  nailed  to  each  side  of  the  ridge- 
piece,  C,  or  of  the  hip  rafter,  to  form  the 
siiddle,  and  then  the  slate  roll  B is  put  on 
and  secured  by  screws  through  the  top.  This 
roll  is  made  also  with  rebated  joints,  but  it 
is  obviated  by  the  roll  b eaking  joint  with  the 
saddle.  The  roll,  as  shown  in  the  figure,  is 
sometimes  attached  to  one  side  of  the  saddle, 
which  must  be  made  according  to  the  pitch 
of  the  roof.  The  3-inch  diameter  roll  has 
a 7-inch  width  of  saddle,  or  wing,  on  each  side  ; the  2^-inch  a 6-inch;  and  the  2-inch  a 
5.j-inch  saddle.  There  are  175,  225,  and  320  feet  in  a ton  of  the  ribbing  ; and  400,  560, 
and  700  feet  of  the  ribbing. 

221 IX;.  The  edges  of  the  slates  next  a wall,  either  at  the  head  or  sides  of  a roof,  have  to 
be  protected.  This,  in  the  best  work,  is  effected  by  lead  flishings  {par.  2214..).  In  the 
former  case,  it  is  laid  on  the  head  of  the  slate  for  about  5 to  7 inches,  and  then  turned  up 
against  the  wall  for  about  the  same  height,  and  secured  by  holdfasts ; it  may  also  be  either 
turned  over  into  a course  of  bricks,  and  the  brickwork  continued  up,  or  the  turned  up  edge 
IS  protected  by  a lapping  of  lead  inserted  in  the  brickwork.  Tnis  lapping,  in  commoner 
.work,  is  replaced  by  cement.  At  the  edge  of  the  roof  against  a wnll,  lead  is  likewise 
placed  in  a similar  manner ; but  as  the  lapping  cannot  be  laid  in  a straight  joint,  it  is  cut  in 
I zigzag  form,  called  “stepping,”  to  each  course  of  bricks.  Of  late  years  this  lead  flashing  is 
leutirely  replaced  by  filleiing  of  lime  and  hair  plaster ; of  gauged  stuff,  being  lime  and 
-;ement  mixed ; or  of  cement  and  sand.  But  as  these  materials  crack  and  fall  away  in  a 
fewye.irs,  the  filleting  has  to  be  looked  to  periodically  or  whenever  damp  makes  its  ap- 
pearance. Zinc  also  takes  its  place,  but  is  not  so  effective,  as  it  is  more  difficult  to  dress 
it  to  the  surface  of  the  slates. 

2211/.  In  exposed  situations,  where  filleting  cannot  be  trusted,  and  lead  is  too  expensive, 
rarious  contrivances  have  been  made  for  preventing  the  entrance  of  wet.  One  of  these 
insists  in  forming  a small  gutter  between  two  rafters,  lining  it  with  lead,  tnrning  one 
>ide  of  the  lead  under  the  slates,  and  turning  up  the  other  side  against  the  wall,  and 
cementing  over  it.  Another  good  method  is  to  cement  a row  of  tiles  against  the  wall  above 
he  slates,  and  when  dry  to  cover  the  tiles  and  wall  with  cement,  tucking  it  well  into  all 
•he  crevices. 

22\lm.  The  mediaeval  method  of  easing  the  line  of  tiling  at  the  foot  of  the  framing 
leserves  some  notice ; thus,  as  shown  in  Jig.  701e.,  it  appears  that  the  use  of  chantlates.  A, 
U'rees  the  tie-beams,  tassels,  and  other  timber,  except  plates,  from  all  contact  with  the 
nasonry;  and.  as  a matter  of  course,  from  any  consequent  tendency  to  rot.  This  method 
leems  more  advantageous  than  that  of  beam-filling,  which  is  altogether  prevalent  at  the 
present  time,  in  order  to  keep  out  draughts,  but  it  requires  care  in  closing  the  work. 
Tiling  has  been  already  described  in  the  section  Bricklaying. 

2211w.  In  many  churches  with  open  roofs,  the  solid  rafters,  without  any  under  panelling 
>r  boarding,  may  be  seen  covered  with  rough  slabs  of  boarding,  having  large  fissures 
hrough  which  the  lead  is  visible.  Grreat  inconvenience  is  often  felt  in  roofs  so  constructed, 
luring  the  autumn  and  winter  months,  when,  upon  sudden  alteration  of  temperature  , 
iondensation  takes  place  under  the  lead,  and  the  drops  of  water  fall  in  almost  a shower. 

I his  defect  has  been  the  cause  fur  ceiling  many  open  roofs.  A space  of  two  inches  left 
letween  the  inner  boarding  and  the  outer  covering  has  been  found  to  be  sufficient  to 
ibviate  this  discomfort.  FeltQpar.  2210t/.)is  also  sometimes  used,  to  assist  in  remedying 
he  evil. 

221  lo.  In  Pembrokeshire,  slate  is  used  for  everything.  For  posts  and  rails  of  the  same 
> icantling  as  if  for  wood.  The  walls  of  buildings  are  of  square  blocks,  rough  casted.  A 
! ange  of  stabling  might  be  erected  of  rough  blocks,  with  the  do  >r  and  window-frames  of 
|vorked  slate.  A prejudice  exists  against  the  use  of  squared  blocks  without  plastering 
P hem,  on  the  ground  that  they  admit  damp.  It  was  found  that  if  there  was  the  smallest 
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perforation  in  the  slate,  or  if,  as  was  often  tlie  case  from  the  want  of  absorption,  the 
joints  were  not  perfectly  close,  the  damp  is  driven  through.  The  defect,  might,  perhaps, 
be  obviated  by  laying  every  block  with  the  b d slightly  inclining  oiitwards. 

221  Ijp.  Slabs  of  slate,  sawn,  self-faced,  and  planed  are  now  extensively  manufactured  at 
all  the  large  quarries.  They  are  usually  in  1 , 1 1-,  1 1 2,  2|,  and  3 inch  thicknesses. 

A quarter  of  an  inch  is  required  for  each  face  planed  from  the  rough,  and  they  are  sanded 
in  addition  afterwards.  The  best  quality  Bangor  slabs  can  be  obtained  in  sizes  varying 
from  4 to  6 feet  long,  or  from  2 to  3 feet  wide ; and  from  6 to  8 feet  long,  or  from  3 to 
3 feet  6 inches  wide.  The  second  quality  slabs,  quarry  planed,  are  under  6 feet  long  or 
3 feet  wide. 

221  Ij.  The  purposes  for  which  slate  slabs  are  now  used  are  multifarious.  Amongst 
them  are:  cisterns  (Plumbery)  from  | inch  to  2 inches  thick;  sinks  of  inch  slate,  4 
inches  deep  inside,  either  bolted  together  as  cisterns,  or  with  flush  ends,  planed  both  sides, 
and  screwed ; troughs  ; Alters  ; baths,  2 feet  wide,  2 feet  high,  4 feet  9 inches  at  bottom  and 
5 feet  9 inches  at  top,  all  outside  dimensions,  of  plain  slate,  sanded  inside,  or  enamelled 
self-colour  inside,  or  enamelled  Siena  marble  inside,  and  so  on ; urinal  back  and  divisions, 
plain  or  enamelled,  fitted  with  angular  earthenw’are  basins,  flat  back  basin,  hollow  back 
cradle  basin,  square  basin,  or  with  slate  apron  only ; linings  to  damp  walls ; panels  of  doors ; 
table  tops;  billiard  tables  ; shelving  to  dairies  and  pantries  ; fittings  for  wine  bins,  with 
permanent  or  with  movable  shelves  and  ledges  ; steps  ; and  landings. 

221  Ir.  Enamelled  slate. — Slate,  as  just  shown,  has  a surface  of  paint  put  upon  it,  for 
utility  as  well  as  appearance.  This  can  be  either  plain,  or  marbles  and  granites  can  be 
represented  to  great  perfection.  Several  coats  of  paint  are  applied,  and  polished,  and 
dried  in  a kiln  at  a great  heat.  The  Kingston  Enamelled  Slate  Company  base  their 
reputation  on  all  their  enamel  work  being  imperishable.  First,  the  slate  has  to  be  finely 
surfaced  to  receive  the  body  colour,  after  which  it  is  placed  in  a proper  stove  and  burnt 
or  baked  in  three  times,  the  process  being  repeated  each  time,  and  rubbed  down  with 
pumice  between  each,  then  a coat  of  enamel  is  placed  thereon  ; finally,  it  is  subjected  to 
a high  polish  obtained  by  hand  friction.  It  is  claimed  that  by  this  process  a near 
resemblance  to  marble  and  granite  is  gained ; that  the  depth  of  body  of  enamel 
procured  renders  it  imperishable;  and  that  it  has  an  extremely  high  polish  of  the  surface 
when  finished.  Cheap  work  is  not  lasting. 

221  Is.  Thatching  is  an  admirable  covering  for  securing  warmth  in  winter,  and  coolness 
in  summer;  but  it  is  subject  to  injury  by  birds,  and  to  risk  from  fire.  It  was  much  used 
for  churches  in  Norfolk  and  Suffolk  {fig.  7Q\n.').  The  thatcher  requires  a common 
stable  fork,  to  toss  up  the  straw  together  before  being  made  into  bundles ; a thatchirsfork, 
to  carry  the  straw  from  the  heap  up  to  the  roof ; a thatcher  s rake,  to  comb  down  the  straw 
straight  and  smooth  ; a knife,  or  eaves'  knife,  to  cut  and  trim  the  straw  to  a straight  line ; 
a knife  to  point  the  twigs ; a half  glove  of  leather,  to  protect  the  hand  when  driving  in  the 
smaller  twigs  or  spars ; a long  flat  needle ; a pair  of  leathern  gaiters  to  come  up  above  the 
knees,  used  when  kneeling  on  the  rafters  ; and  a gritstone  to  sharpen  the  knives.  Wheat 
straw  lasts  from  15  to  20  years;  and  oat  straw  about  8 years.  Reed  thatching,  as  done 
in  the  West  of  England,  is  the  truss  after  the  ears  have  been  cut  off,  leaving  the  clean, 
sound  pipe  straw,  of  which  a thickness  of  3 inches  is  laid  on  the  common  thatching  with 
spars  only.  The  materials  required  are  straw  or  reeds,  laths,  nails,  withes  and  rods.  A 
load  of  straw,  laid  on  about  12  to  16  inches  in  thickness,  will  do  a square  and  a half; 
a bundle  of  oak  laths,  1|-  inches  wide,  and  from  ^ to  gths  thick,  nailed  about  8 inches 
apart,  1 square;  a hundred  of  withes,  3 squares;  a pound  of  rope  yarn,  1 square;  100 
of  rods.  3 squares  ; and  2|  hundred  of  nails,  1 square.  The  fish-house  at  Meare,  Somer- 
setshire, of  about  the  middle  of  the  14th  century,  still  retains  its  thatched  roof.  Probably 
thatched  roofs  were  ornamented  by  a species  of  cresting,  for  in  some  parts  of  the  country 
the  withes  or  willow  twigs  that  bind  the  thatch  are  sometimes  arranged  on  the  tops  of 
ricks  and  cottages  in  an  interlacing  manner,  terminating  wdth  a spike  with  a rudely 
formed  cock.  Viollet-le-Duc  alludes  to  the  custom  of  forming  the  ridge  in  mud,  inj 
which  plants  and  grasses  were  inserted  to  prevent  the  earth  being  dissolved  and  washed 
away  by  the  rain. 
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val2.  Tlic  plumber  has  but  few  working  toolc,  for  the  facili:y  with  which  the  met  il  in 
wliich  he  works  is  wrought  does  not  render  a vaiiety  necessary.  Tlie  principal  are — a bea\y 
iron  hammer,  w’ith  a short  but  thick  liandle.  Two  or  three  different  sized  wooden  mateU, 
and  a dressing  and  flatting  tool,  which  is  made  of  beech  wood,  usually  about  18  inches  long 
and  2^  inches  square,  planed  smooth  on  one  side,  and  rounded  on  tlie  otlier  or  upi-er  side. 
It  is  tapered  and  rounded  at  one  of  its  ends  for  convenient  grasping  by  the  workman.  Its 
use  is  to  stretch  and  fla.ten  the  sheet  Lad,  and  dress  it  into  the  shape  retjuired  for  the 
various  purposes  whereto  it  is  to  be  applied,  by  the  use  of  its  flat  and  round  sides  as 
wanted.  The  jack  and  trying  jdanes  similar  to  those  used  by  carpenters,  for  planing 
stiaight  the  edges  of  tlieir  sheet  lead  when  a regular  and  correct  line  is  re(|uisite.  They 
also  use  a line  and  roller  called  a chalk  line,  for  lining  otit  the  lead  into  different  widths. 
Their  cutting  tools  are  chisels  and  gouges,  of  different  sizes,  and  cutting  knives.  The  latter 
are  for  cutting  the  sheet  had  into  strips  and  pieces  to  the  division  marked  by  the  clialk 
line.  They  use  also  flies  of  different  s zes  for  making  cistern  heads  to  pipes,  for  pumpwork, 
&c.  For  the  purposes  of  soldering,,  they  have  a variety  of  different  sized  grazing  irons, 
which  are  commonly  about  J2  inches  long,  tapered  at  both  ends,  the  handle  end  being 
turned  quite  round  to  allow  of  its  being  held  flrmly  in  the  hand  whilst  in  use.  'I  he 
opposite  end  is  spherical,  or  more  usually  spindle-shajied,  and  proportioned  to  tlie  different 
situations  for  which  they  are  required.  The  grazing  iron  is  heated  to  redness  when  in  use. 
The  iron  ladles  are  of  three  or  four  sizes,  and  used  for  the  purpose  of  melting  lead  or  solder. 
The  plumber’s  measuring  rule  is  2 feet  long,  in  three  parts,  each  of  8 inches.  Two  of  the 
Kgs  are  of  box- wood,  and  the  third  of  steel,  which  is  attaclied  to  one  of  the  box  legs  by  a 
))ivot  wliceon  it  turns,  and  shuts  into  ihe  other  legs  in  a groc-ve.  The  steel  leg  is  useful 
for  passing  into  places  which  the  plumber  has  to  examine,  into  which  anything  thicker 
would  not  easily  enter,  and  it  is  often  used  also  for  removing  oxide  or  other  extraneous 
matter  from  the  surface  of  the  heated  metal.  The  plumber  moreover  is  provided  with 
centre  hits  of  all  sizes,  and  a stock  to  work  them  in,  for  perforating  lead  or  wood  where  pipes 
are  to  be  inserted,  as  well  as  witli  compasses,  for  striking  out  circular  portions  of  lead 
Scales  and  weights  are  also  in  constant  requisition,  as  nothing  done  by  the  plumber  if 
chargeable  till  the  lead  is  weighed. 

2213.  The  method  most  commonly  adopted  in  laying  sheet  lead  for  terraces  or  flats,  is 
to  place  it  on  a surface  as  even  as  possible,  either  of  boarding  or  plastering.  If  boards  are 
employed,  they  should  be  sufficiently  thick  to  prevent  warping  or  twi.sting,  wl)ich,  if  it 
occur  soon,  causes  the  lead  to  crack  or  to  become  unsightly.  As  sheets  of  lead  are  not  more 
than  about  6 feet  in  width,  when  the  area  to  be  covered  with  them  is  large,  joints  become 
necessary,  which  are  contrived  in  various  ways  to  ])revent  the  wet  from  penetrating.  To 
do  this,  the  best  method  is  that  of  forming  rolls,  which  are  pieces  of  wood  about  2 inches 
square  extending  in  the  direction  of  the  joint,  planed  and  rounded  on  their  upper  side. 
These  being  fastened  under  the  joints  of  the  lead  between  the  edges  of  the  two  sheets 
which  meet  together,  one  is  dressed  up  over  the  roll  on  the  inside,  and  the  other  over  both 
of  them  on  the  outside,  whereby  all  entry  of  the  water  is  prevented.  No  fastening  is  re- 
quired other  than  the  adherence  of  the  lead  by  close  hammering  together  and  down  on  the 
flat:  indeed,  any  fastening  would  be  injurious,  as  by  it  the  lead  would  not  have  free  play 
in  its  expansion  and  contraction  from  heat  and  cold.  When  rolls  are  used,  the  rule  should 
be  specially  enforced  of  turning  the  open  sides  or  laps  from  tlie  south-west,  west,  or  south, 
wherever  practicable,  so  as  to  ensure  the  lap  from  being  forced  uj)  iiy  the  wind,  and  thereby 
the  water  consequently  blown  in.  If  rolls  are  not  employed,  which  from  their  projection 
are  in  some  cases  found  inconvenient,  seams  are  substituted  for  them  ; but  they  are  by  no 
means  equal  to  the  roll  either  for  neatness  or  security.  They  are  formed  by  merely 
bending  up  the  two  edges  of  the  lead,  and  then  over  one  another,  and  then  dressing  them 
down  close  to  the  flat  throughout  their  length.  Though  some  solder  the  joints,  it  is  a bad 
practice,  and  no  good  plum’oer  will  do  it,  for  the  same  reason  as  that  just  gi\en  in  respect 
of  fastenings  in  flats.  A lead  flat,  as  well  as  a gutter,  should  be  laid  with  a fall  to  keep  it 
dry.  A quarter  of  an  inch  in  a foot  is  sufficient  inclination  for  lead,  if  the  sheets  be  20  ieet 
long,  so  that  in  this  case  they  will  be  5 inches  at  one  end  higher  than  at  the  other.  This 
giving  a current,  as  it  is  called,  is  usually  provided  for  by  the  carpenter  previous  to  laying 
the  lead. 

22H.  Round  the  extreme  edges  of  flats  and  gutters  where  lead  is  u.sed,  are  fixed  pieces 
of  milled  lead  which  are  called  flashings.  When  the  lead  work  is  bounded  by  a wall  of 
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brick  or  stone  work,  the  flashings  are  passed  on  one  edge  into  and  between  a joint  of  tlie 
work,  and  tlie  edges  of  the  flat  or  gutter  being  bent  up,  the  other  edge  of  the  flasliing  is 
dressed  over  it.  If  there  be  no  joint  into  which  the  flashing  can  be  inserted,  it  is  fastened 
on  that  side  with  wall  hooks  (pur.  221 Drips  in  flats  and  gutters  are  used  when  tlie 
length  of  the  gutter  or  flat  is  greater  than  the  lengttrof  the  slieet  ot  lead,  or  sometimes  for 
convenience,  or  to  avoid  joining  lead  by  soldering  it.  Some  architects  place  them  everv 
6'  or  8 feet,  which  however  good  in  a box  or  parallel  gutter,  it  raises  an  ordinary  gutter 
too  much,  and  causes  great  width  of  lead  at  the  head.  They  are  formed  by  raising  one  part 
above  another,  and  dressing  the  lead  round,  as  has  been  described  for  rolls.  No  sheet 
sliould  be  laid  in  greater  length  than  10  or  12  feet  without  a drip,  to  allow  of  expansion 
and  contraction.  Small  cisterns  are  often  sunk  in  gutters  to  collect  the  water  before  |)assing 
off  into  the  head  of  the  down  pipe.  The  cistern  has  usually  over  it  a perforated  lead  rose, 
to  prevent  dirt,  leaves,  &c.  passing  down  witli  the  water. 

221.5.  The  work  of  the  plumber  is  estimated  by  its  weight  and  the  time  employed  in 
fixing  it. 

2215a.  The  thickness  of  sheet  lead  varies  from  5 to  12  lbs.  in  weight  to  the  superficial 
foot,  and  is  used  in  covering  large  buildings,  in  flats  or  slopes,  for  gutters,  the  hips,  ridges, 
and  valleys  of  roofs,  the  lining  of  cisterns,  &c.  'J'hus  7ll).  lead  is  commonly  used  for 
roofs,  flats,  and  gutters ; it  is  the  least  thickness  in  which  hossing  can  be  properly  done. 
8lb  lead  is  a better  (juality  for  all  these  purposes.  6lb.  lead  is  used  for  hips  and  ridges; 
tliis  is  the  thinnest  quality  for  such  purposes.  5lb.  lead  is  used  for  flashings.  It  is  said 
that  1611).  lead  was  used  on  the  earlier  mediaeval  churches.  The  following  thickne.sses, 
obtained  from  Hurst,  Surveyors'  H indbouk,  may  be  compared  with  the  Birmingham  Wire 
Gauge  given  in  par.  2254,  Sect.  x. 


Table  I.  of  the  Thickness  and  Weight  of  Lead,  per  Superficial  Foot. 


Thickness  . _ - 

or  Decimal  of  an  Inch  - 

15 

•0625 

I 

B 

•125 

T5 

•1875 

•25 

5 

TB 

•5125 

3 

S 

•575 

7 

16 

•4375 

2^ 

Pounds  - - - - 

5-708 

7-417 

11-125 

14-853 

18-542 

22-250 

25-958 

29  667 

Thickness  - - - 

or  Dec'Mial  of  an  Inch  - 

•562.5 

s 

B 

•CP25 

•6875 

3 

4 

•13 

13 

15 

•8125 

1 

■875 

ii 

•9575 

Inch. 

1-0 

Pounds  - - - - j8.8\‘375 

57  -083 

40  792  44-500 

48  208 

51-917 

55-625 

59  •333 

Table  II.  of  the  Weight  and  Thickness  of  Lead,  per  Foot  Superficial. 


Wci<;ht  ill 
I’oumts. 

Tliickness 
in  inches. 

Weight  in 
I’uuiuls. 

Thickness 
in  indies. 

Weight  in 
Pouniis. 

Thick'  ess 
in  indies. 

1 

0 017 

6 

0 101 

11 

0 186 

2 

0-034 

7 

0-1  18 

12 

0 203 

3 

0-0.51 

8 

0-135 

4 

0 068 

9 

0-1.52 

5 

1 

0-0  5 

10 

0 169 

22156.  Lead  is  generally  cast  about  7 feet  wide  and  about  3.S  feet  in  length,  but  its 
width  and  length  depend  upon  the  margin  which  is  cut  off  after  ca.sting,  as  tlie  scum,  &c., 
is  driven  to  those  parts.  This  may  reduce  it  about  6 inches  in  width  and  18  to  24  inches 
in  length.  Lead  is  now  cast  to  the  above-named  weights,  and  also  “bare,”  according  to 
the  directions  of  the  contractor.  The  architect,  to  do  justice  to  his  employer,  sliould  care- 
fully ascertain  for  him.self  the  weight  and  size  of  the  sheet  of  lead  from  which  the  piece  is 
cut.  It  is  usually  marked  or  painted  upon  it.  A small  piece  is  not  a true  test  either  for 
weight  or  gauge,  and  the  edge  is  sometimes  cut  on  a bias.  The  best  direction  is  that  it 
should  weigh  over  the  weiglit  specified. 

2216.  A hundred  weight  of  sheet  lead  will  usually  cover  on  a platform,  roof,  gutter,  &c. 
at  4 lbs.  = 28  ft.  ; 5 lbs.  = 22  ft.  5 ins. ; 6 lbs  = 18  ft.  8 ins. ; 7 lbs.  = 1 6 ft. ; 8 lbs.  = 14  fi. ; 
9 lbs  = 12  ft., 6 ins.  ; and  12  lbs.  = 9 ft.  Old  lead  weighed  for  recasting  has  generally  a 
deduction  made  of  6 lbs.  per  cwt.  for  waste,  &c. 

2217.  Lead  is  used  to  fasten  iron  cramps,  posts,  and  bars  into  masonry  by  filling  up  the 
cavities  between  them.  Sheets  of  thin  lead  are  sometimes  placed  between  the  drums  of 
ooiumns  (par.  1925o.),  as  well  as  in  the  bed  joints  of  wrought  stone  arches,  to  distribute 
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the  pressure  between  the  stones.  Lead  work  treated  ornamentally  for  ridges,  and  hips 
of  roofs,  knobs,  vanes,  &c.,  as  during  the  mediaeval  period,  is  superseded  in  the  present 
day  by  cast  and  wrought  iron,  and  by  zinc  work.  {Builder,  1856,  p.  410.)  The  skill  of 
the  plumber  is  brought  to  action  in,  among  oilier  things,  eaves  and  other  gutters,  flash- 
ings and  valleys,  hips  to  flats  or  platforms,  hatches,  windows,  and  domes;  also  rain- 
water pipes,  waste  and  soil  pipes,  water-closets,  baths,  cisterns  for  hot  and  cold  water, 
basins  or  lavatories,  cabinet  stands,  sinks,  urinals,  pumps,  the  hydraulic  nm,  siphon 
and  other  traps,  &c.  Many  of  these  will  be  found  treated  herein,  and  more  in  detail  in 
Buchan,  VlumHng,  8vo.,  1876.  This  section  includes  many  articles  which  should  per- 
haps have  come  under  Bbicklayeh  and  Founder,  but  would  have  caused  repetition. 

WATER  SUPPLY. 

2218.  Water  is  obtained  by  various  means.  1 he  aqueducts  of  the  Romans  have  been 
previously  described.  In  England,  the  chief  means  of  supply,  according  to  locality,  is  (1) 
by  pumps  from  springs  and  wells;  (2)  by  water  companies;  and  (3)  by  the  hydraulic  ram. 

2218«.  Modern  sanitation  has  put  down  surface  wells  in  towns  and  cities.  It  has 
been  found  that  the  quantity  of  saline  and  organic  matter  in  two  gallons  of  water  from 
certain  wells  in  London  ranged  from  26  63  grains  to  129*73;  while  that  of  the  New 
River  w'ater  had  but  17T6  grains.  Solid  matter  in  these  wells  ranged  from  50  to 
100  grains,  and  some  to  130.  As  most  of  these  waters  w'ere  bright  and  sparkling,  and 
had  a cool  and  agreeable  taste,  they  were  much  sought  after  for  drinking  purposes  ; but 
the  coolness  and  briskness  are  dangerous,  for  they  are  both  derived  from  organic  dec^y. 
According  to  Ur.  Letheby,  the  dead  and  decomposing  matters  accumulated  in  the  soil  are 
partially  changed  by  a wonderful  power  of  oxidation,  and  thus  converted  into  carbonic 
acid  and  nitre.  This,  although  frequently  drunk  without  any  apparent  injury  to  health, 
yet  the  products  of  such  corruption  admitted  into  the  human  body  must  cause  insidious 
mischief,  while,  if  the  impurities  of  the  soil  pass  unchanged  into  the  water,  quick  and 
certain  injury  must  result. 

22185.  As  the  plumber  flnds  and  fixes  the  jMmps  for  the  supply  of  water  to  a dwell- 
ing in  some  localities,  a description  of  the  three  sorts  commonly  used,  namely,  the 
lifting,  the  common,  and  the  force  'pump,  will  be  here  given. 

2218c.  Fig.  801.  is  a diagram  of  a lifting  pump.  ABCD  is  a short  cylinder  sub- 
merged in  the  well  or  other  reservoir,  whence  the  water  is  to  be  raised.  In  this 
cylinder  a valve  is  placed  at  x,  above  which  the  pipe  or  tube  CE 
is  carried  upw'ards  as  high  as  is  requisite  for  the  delivery  of  the 
water.  In  the  cylinder  AD  a water-tight  piston,  cd,  moves 
vertically,  being  worked  by  rod  or  framework,  ni,  n ; to  this 
piston  is  fixed  a valve  at  v,  opening  upwards.  On  the  descent  of 
the  piston  the  pressure  against  the  water  opens  the  valve  v,  and 
the  cylinder  between  the  two  valves  is  fil  ed  with  the  water.  When 
the  piston  is  then  raised,  the  water  between  the  valves  being 
pressed  upwards  against  the  valve  x,  opens  it,  and  is  driven  into 
the  tube  OE,  from  which,  on  the  renewed  descent  of  the  piston,  its 
return  is  intercepted  by  the  valve  x.  The  water  follows  the 
piston  in  its  ascent  by  the  hydrostatic  pressure  of  the  water  on  the 
Dservoir  outside  the  cylinder ; and  on  the  next  descent  of  the 
piston  the  water  will  again  pa<^s  through  the  valve  y,  and  will  be 
driven  through  the  valve  x on  its  next  ascent.  In  raising  the 
piston  a force  is  required  sufficient  to  support  the  entire  column 
of  ivater  from  the  valve  v to  the  surface  of  the  w’ater  in  the  tube 
Chi.  To  estimate  this,  the  weight  of  a column  of  w.iter  is  taken, 
whose  base  is  equal  to  the  area  of  a section  of  the  piston,  and 
whose  height  is  equal  to  that  of  the  surface  of  the  water  above 
the  valve  v in  the  tube  CE.  Hence,  after  each  stroke  of  the  pump, 
the  pressure  on  the  piston  and  the  force  necessary  to  raise  it  will  Fig.  8,4. 

be  increased  by  the  weight  of  a column  of  water  whose  base  is  the  horizontal  section  of 
the  piston,  and  its  height  equal  to  the  increase  which  the  elevation  of  the  column  in  CE 
receives  from  the  water  driven  through  the  valve  x.  W\V  is  the  level  of  the  water  in 
the  well. 

2218(7.  The  common  household  pump,  or,  as  it  is  usually  called,  suction  pump 
{fig.  805.),  is  nothing  more  than  a large  syringe  connected  with  a tube  whose  lower 
extremity  is  plunged  in  the  well  from  which  the  water  is  to  be  raised  into  the  cistern 
WN,  and  delivered  by  its  gravity  at  the  nozzle  e.  The  tube  SO  is  called  a suction  pipe ; 
its  end  in  the  well  is  at  0,  which,  for  the  purpose  of  preventing  the  ascent  of  solid 
impurities,  that  might  choke  the  pipe  and  impede  its  action,  is  pierced  with  holes  like  a 
strainer.  At  the  upper  end  of  this  suction  pipe  is  placed  the  valve  x in  the  flange 
Cl),  opening  upwards.  At  this  place  the  tube  is  connected  with  another,  BC,  which 
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acts  as  a great  syringe,  and  in  which  works  a piston  ciZ,  worked  by  the  piston  rod  ab, 
having  a valve  at  v,  also  opening  upwards.  The  piston  is  worked  alternately  upwards 
and  downwards  in  common  pumps  by  a lever  called  the  brake, 
but  it  may  be  worked  in  many  ways.  In  the  figure,  W is 
the  level  of  the  water. 


At  the  commencement  of  pumping, 
as  soon  as  the  syringe  ABCD  exhausts  the  air  by  the  upward 
and  downward  action  of  the  piston  cd,  t'he  pressure  of  the 
air  in  SO  being  diminished  and  rendered  less  than  that  on  the 
surface,  the  water  in  the  well  will  rise  in  SO  by  the  atmospheric 
pressure.  The  valve  x should  on  no  account  be  more  than  28  feet 
above  the  level  of  the  water  in  the  well.  The  cistern  MN  at  the 
top  is  placed  for  the  purpose  of  affording  an  unintermittent  dis- 
charge of  the  water  by  holding  more  than  the  whole  accumu- 
lation of  water,  which  is  contrived  to  be  greater  than  the  spout  or 
nozzle  will  discharge. 

22l8e.  The  forcing  pump  {fig.  805a.)  is  a combination  of  the 
common  suction  and  lifting  pumps.  CEFD  is  a suction  pipe  de- 
scending into  the  well,  and  at  its  top  is  the  valve  V,  opening 
upwards.  The  pump  barrel,  ABCD,  has  a solid  piston  cd,  whose 
rod  is  ab,  without  any  valve.  From  the  side  of  the  barrel,  just 
above  the  suction  valve  V,  a curved  pipe  proceeds,  communicating 
with  an  upright  cylinder  or  force  pipe,  GH,  carried  to  su-h 
height  as  the  water  is  intended  to  be  raised.  At  the  bottom  of 
this  cylinder  is  placed  the  valve  V',  opening  upwards.  At  the 
commencement  of  working,  the  suction  pipe  CDEF  and  the 
chamber  between  the  piston  and  valves  are  filled  with  air.  When 
the  piston  descends  to  the  valve  V,  the  air  enclosed  in  the  latter 
chamber  becomes  condensed,  and  opening,  therefore,  the  valve  N', 
a part  of  it  escapes  through  it.  On  raising  the  piston  the  air  below 
it  becomes  partially  exhausted,  and  that  in  ttie  suction  pipe, 
opening  the  valve  V by  its  greater  pressure,  expands  into  the  upper  chamber,  A part 
of  this  is  expelled  when  the  piston  next  descends,  by  means  of  the  valve  V'.  This 
action  is  similar  to  that  of  an  air  pump  r-r  exhausting  syringe. 
When  by  the  repetition  of  this  action  the  air  is  sufficiently 
exhausted,  the  atmospheric  pressure  upon  the  water  in  the  well 
causes  the  water  to  rise  therefrom  through  the  suction  pipe 
and  the  valve  V,  into  the  chamber  between  the  piston  and  the 
valves.  AVhen  the  piston  next  descends  it  presses  on  the  sur- 
face of  the  water,  and  the  valve  V closing  prevents  the  return 
of  the  water  into  the  suction  pipe,  while  the  pressure  of  the 
piston,  being  transmitted  by  the  water  to  the  valve  V',  orens 
it,  and  as  the  piston  descends,  the  water  passes  into  the  force 
pipe  GH,  and  so  on.  By  repeating  the  action  the  quantity  of 
water  in  the  force  pipe  increases,  receiving  equal  additions  at 
each  descent  of  the  piston.  This  force  pipe  may  be  perpen- 
dicular, oblique,  or  horizontal;  for  in  each  case  the  water  will 
be  propelled  through  it.  A column  of  water  suspended  34  feet 
in  height  in  the  force  pipe  will  press  on  the  base  of  the  piston 
with  a force  of  about  15  lbs.  for  each  square  inch;  and  the 
pressure  at  other  heights  will  be  proportional  to  this.  Thus  the 
force  necessary  to  urge  the  piston  downwards  may  always  be 


Fig.  805. 


Fig.  8'’5a. 


calculated.  The  valve  V'  is  closed  in  drawing  up  the  piston,  and  it  then  relieves  the  piston 
from  the  weight  of  the  incumbent  column.  If  the  valve  V is  opened,  the  piston  is  subject 
to  the  same  pressure  as  in  the  suction  pump  805.),  and  this  is  equal  to  the  weight  of  a 
column  of  water  raised  above  the  level  of  the  water  in  the  well.  When  the  he'ght  of  the 
force  pipe  is  equal  to  the  length  of  the  suction  pipe,  the  piston  will  be  pressed  upwards 
and  downwards  with  equal  forces;  but  when  the  height  of  the  force  pipe  is  greater  or 
less  than  the  length  of  the  suction  pipe,  the  downward  pressure  must  be  greater  or  less, 
in  the  same  proportion,  than  the  force  which  draws  the  piston  up. 

2218/’.  The  supply  of  water  by  the  force  pipe  through  the  valve  V'  is  evidently  inter- 
mittent. being  suspended  during  the  ascent  of  the  piston  ; hence  the  flow  from  the  point 
of  discharge  will  be  subject  to  the  same  intermission  if  means  be  not  taken  to  counteract 
such  effect.  • A cistern  at  the  top  of  the  force  pipe,  as  already  shown  for  the  suction 
pump,  would  answer  the  purpose;  but  it  is  found  more  convenient  to  use  an  apparatus 
cilled  -AW  air  vessel  {fig.  8055.),  in  which  immediately  above  the  valve  V' a short  tube 
communicates  with  a strong  close  vessel  MN,  of  sufficient  capacity,  through  the  top 
whereof  the  force  pipe  GH  passes,  and  descends  to  near  the  bottom.  When  the  pump 
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is  in  action  the  water  is  forced  into  this  air  vessel  MN,  and  when  its  surface,  as  at 
rises  above  the  mouth  H of  the  force  pipe,  the  air  in  t'lie  vessel  MN  is  coiiHned  above  the 
water;  and  as  the  water  is  gradually  forced  in,  the  air,  being  compressed,  nets  with 
increased  elastic  force  on  the  surface  of  the  water.  Tliis  pressure 
forces  a column  of  water  up  the  pipe  HG,  and  maintains  it  at  an 
elevation  proportional  to  the  elastic  force  of  the  condensed  air. 

When  the  air  in  the  vessel  MN  is  reduced  to  half  its  original 
bulk,  it  will  act  on  the  surface  of  the  water  ww  with  double  the . 
atmospheric  pressure ; meanwhile,  the  water  in  the  force  pipe 
beirg  subject  to  merely  once  the  atmospheric  pressure,  there  is 
an  unresisted  f >rce  upwards  equal  to  the  atmospheric  pressure 
which  sustains  the  column  of  water  in  the  tube,  and  a column 
34  feet  high  will  thus  be  sustained.  If  the  air  is  reduced  to 
one-third  of  its  original  bulk,  the  height  of  the  column  sus- 
tains 1 will  be  68  feet,  and  so  on.  If  the  force  pipe  G were  made 
to  terminate  in  a ball  pierced  with  small  holes,  so  as  to  form 
a jet  d'eaii,  the  elastic  pressure  of  the  air  on  the  surface  would 
cause  the  water  to  spout  from  the  hobs. 

221 8y.  In  the  formation  of  all  pumps  the  parts  should  be  nicely  fitted,  and  as  air-tight 
as  possible,  otherwise,  in  using  them,  much  of  the  power  employed  will  be  lost.  All  ex- 
pedients which  tend  to  this  great  desideratum  are  of  value.  The  joint  CD,  Jigs.  S05  and 
805rt,  is  especially  liable  to  leak  if  not  well  fitted.  The  variety  of  pumps  now  made  is 
very  great,  although  they  are  all  formed  on  the  principles  first  explained.  The  architect 
had  best  select  the  manufacturer,  and  learn  of  him  the  make  and  powers  of  the  article 
required  for  the  proposed  purpose.  Nearly  one  hundred  varieties  are  shown  in  Messrs. 
Tylor  and  Sons’  illustrated  Catalogue  for  1885,  14th  edition.  They  consist  of  a pumping 
apparatus  for  public  thoroughfares,  with  cast  iron  cased  well-engine  frames,  with  fly 
wheel  and  with  one  or  two  handles  ; pillar  well-engine  frame  and  single  or  double 
cranks;  the  same  with  wheel  and  pinion  to  decrease  labour;  rotary  action,  fixed  on 
plank  ; horse  wheel  frame,  for  horse  power,  and  others  applied  to  steam  power ; pumps 
for  artesian  wells  ; lift-pump;  vibrating  standard  lift-pump;  and  rotary  action  lift-pump, 
all  on  planks,  &c. 

2218A.  The  Piilsometer  is  a patent  pump,  of  great  service  for  foundation  and  sinking 
work  of  all  kinds,  and  for  general  pumping  work  ; skilled  attention  is  stated  not  to  be 
required,  and  it  will  pump  thick  gritty  water.  Norton’s  Abyssinian  and  artesian  tube 
w’elis  and  pumps  are  of  much  service  for  large  and  pure  water  supplies  from  shallow  or 
rf|i  deep  sources  ; they  are  also  called  driven  tube  wells. 

I j;  2218e.  The  Aqueous  Works  and  Diamond  Rock  Boring  Company,  Limited,  by  their 
iji  method  of  using  black  diamonds  (or  carbonate),  are  able  to  bore  through  hard  strata,  such 
jV  as  granite ; they  drive  a tube  for  a well  say  25  feet  deep  ; or  to  a depth  say  of  1144  feet, 
having  a bore  hole  inch  diameter;  or  in  the  case  of  minerals  even  to  a depth  of  1906 
feet,  as  at  Battle  in  Sussex. 

™ 2218/t.  As  to  water  supplied  by  a company,  it  will  only  be  needful  to  refer  to  the 

quantity,  and  to  the  two  systems : I.  the  ordinary  pressure  ; and  II.  the  non-intermittent 

I or  constant  supply.  A Parliamentary  return  issued  about  Midsummer,  1866,  states  that 
the  New  River  Company  supply  was  equal  to  209’5  gallons  per  house  per  day;  or, 
taking  each  tenement  to  hold  five  persons,  it  was  equal  to  41-9  gallons  per  individual  per 
III  day.  The  daily  supply  of  water  to  the  metropolis  in  1865  by  all  the  companies  was 
^ nearly  93  millions  of  gallons,  or  at  the  rate  of  rather  more  than  200  gallons  per  house,  or 
i;p  over  30  gallons  per  head.  In  1887  the  metropolis  was  supplied  by  eight  companies. 
Ill'  The  East  London  supplies  a populaiion  of  1,180,000  persons;  the  New  River  Company, 
t 1,125,000;  the  Southwark  and  Vauxhall,  800,000;  the  Lambeth,  West  Middlesex, 
|f  f Gr.md  Junction,  and  Kent,  500,000  each;  and  the  Chelsea,  260,000.  The  daily  lotal 
il*  supplied  is  179,600,000  gallons,  for  a population  of  5,3‘50,000,  being  an  average  of  rather 
Sj  over  33  gallons  per  head,,  and  ranging  over  725,912  houses. 

22187.  It  may  be  useful  to  note  that  the  non-intermittent  system,  or  constant  supply, 

1 1-  has  been  adopted  at  Manchester,  Nottingham,  Derby,  Durham,  Leeds,  Dundee,  Glasgow, 

! Jt  Ipswich,  Chatham  near  Rochester,  Wolverhampton,  Bristol,  &c. ; the  two  last  are  de- 
scribed  in  Cresy’s  Encyclopvsdia  of  Civil  Engineering.  At  all  these  places  the  result 
[ appears  to  be  satisfactory  in  every  way,  both  to  the  water  companies  and  to  the  con- 
sumers.  At  Hitchin  the  average  daily  consumption  was  235  gallons  per  house;  at 
[j  Croydon,  at  one  time  500  ; Whitehaven,  250,  or  50  per  person  ; York  about  200 ; Exeter, 
^ 120  ; while  at  Bristol,  Rugby,  Sandgate,  and  Barnard  Castle,  the  waste  was  so  great 

P the  supply  became  inadequate.  Nottingham  had  only  20  gallons  per  person,  and 
|j  Durham  20  to  25.  In  America,  New  York  has  90  gallons  per  person ; Boston  not  less 
t than  55.  In  1884  it  was  stated  that,  taking  the  dailj^  consumption  of  water  in  London 
I at  29  gallons  per  head,  in  Paris  it  was  less,  \»hile  at  Berlin  it  was  but  20.  At  Detroit, 
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Midiigan.it  was  100;  while  at  Chicago  and  Washington  it  was  119  and  155  gallons 
respectively.  ^ 

2219.  llie  third  mode  of  obtaining  a supply  of  water  is  by  the  hydraulic  ram.  It  is 
more  available  m the  country  on  account  of  the  noise  caused  by  the  continual  clicking  of 
the  valve.  It  is  a simple  self-acting  machine  for  raising  water  into  a cistern  or  tank 
where  a fdll  of  water  can  be  secured  fiom  a stream,  or  other  source.  Once  set  in  motion’ 
it  will  continue  to  work  as  long  as  it  is  supplied  with  water,  or  until  the  wearing  of  the 
iron  valve  disables  it.  A fall  of  only  5 feet  to  the  ram  will  enable  it  to  supply  a tank 
60  feet  higher  than  the  source  and  2,000  yards  distant.  Much  of  our  present  information 
on  the  subject  of  supply  of  water  was  known  to  the  Komans,  and  is  carefully  described 
by  V^itruvius  in  Book  YlII.  of  his  work. 


iig  806. 


Water  Closets. 

2220.  It  is  unnecessary  to  describe  at  length  the  machinery  of  a water  closet.  The 
principle  on  which  the  usual  apparatus  is  formed  is  that  of  a head  of  water  in  a cistern 
placed  above  it,  which  by  means  of  a lever  attached  to  a valve  in  the  cistern  allows  a 
body  of  water  to  rush  down  and  wash  the  basin,  whose  valve,  or  pan,  is  opened  for  the 

discharge  of  the  soil  at  the  same  moment  that  the 
water  is  let  down  from  the  cistern  (par.  2222a.  de- 
scribes the  cistern).  Bramah's  patent  was  among  the 
first ; Underhay’s  among  the  latest,  which  does  away 
with  wires  and  cranks,  the  supply  pipe  being  con- 
stantly filled  with  water.  The  student  will  obtain  by 
the  inspection  of  a closet  a far  better  notion  than  words 
or  diagrams  will  convey.  The  apparatus  of  a water 
closet  has  also  been  made  self-acting,  either  by  opening 
the  door  of  the  closet,  or  by  lifting  or  depressing  the 
seat  of  the  apparatus.  For  the  more  modern  flush 
clcsets  it  is  generally  necessary  to  pull  a chain,  which 
allows  a certain  quantity  of  water  to  flow  from  the 
cistern  by  a valve,  or  from  a water- waste  preventer 
(par.  2223/.),  into  the  pan,  and  so  wash  out  the  fuul  water. 

2220a.  Notwithstanding  the  many  forms  of  water  closet  apparatus,  nearly  all  of  them 
may  be  classed  under  four  heads.  I.  The  old  pa7i  apparatus  (Fig.  806.),  where  the  water 

is  retained  in  a pan,  which  is  dis- 
charged on  drawu'ng  up  a handle,  into 
and  through  a “ container,”  and  t hence 
by  a short  pipe  into  a trap,  called  from 
its  shape  a D trap.  This  form  was 
considered  to  be  so  objectionable  from 
the  occasional  deposit  in  the  container, 
that  under  par.  69  of  the  Bye-laws 
as  to  New  Streets  and  Buildings, 
issued  by  the  Local  Government 
Board,  “ he  shall  not  construct  or  fix 

J under  such  pan,  basin,  or  receptacle, 

^ any  container  or  any  other  similar 
fitting ; ” and  “ he  shall  not  construct 
or  fix  in  or  in  connection  with  the 
water  closet  apparatus  any  trap  of  the 
kind  known  as  a D trap.”  The 
“ Banner  system  ” has  introduced  an 
ordinary  pan  closet  improved,  and  also 
a patent  closet  with  a pan,  both  with- 
out traps. 

22205.  II.  The  valve  apparatus 
{fig.  806a.),  is  now  generally  fixed  in 
the  houses  of  the  better  classes.  On  lifting  the  handle  a valve  or  flap  is  let  down  into 
the  pipe,  when  the  soil  descends  through  it  at  once  into  a syphon  trap.  The  water 
is,  however,  only  kept  in  the  basin  by  the  closeness  of  the  fit  of  the  valve  and  its 
seating,  or  bottom  of  the  basin.  Any  slight  corrosion,  grit,  hair,  soapy  slops,  or  paper, 
not  washed  through,  causes  the  valve  to  fail  to  close  properly  ; the  water  then  escapes, 
the  basin  is  left  in  a state  unfit  for  use,  and  smells  arise  which  the  valve  is  intended  to 
prevent.  Hayward  Tyler  and  Co.  make  valve  closets  with  copper  bellows  or  brass 
regulators.  Adams’s  improved  elastic  valve  closet,  with  brass  or  bellows  regulator. 
Warner’s  patent  valve  closets.  Stidder’s  improved  valve  closet,  with  patent  overflow  trap 
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and  ventilating  juncl  ion  combined;  also  his  patent  Siamese  trapless  closet;  and  Ir's 
patent  London  side  outlet  valve  closet.  Banner’s  Nestor,  Elastic,  Simplex,  Safeti/,  and 
Twin  ba.\in  valve  closets.  Buchan’s  (Edinburgh)  patent  sanitary  cioset,  “whereby 
no  sewer  smell  can  pass  into  the  room,  even  when  the  handle  is  pulled  up.  When  the 
closet  valve  i.s  lifted,  the  water  falls  in  full  volume  direct  into  the  soil  pipe,  pressing  all 
the  gas  before  it,  and  causing  a syphonage  that  sends  the  whole  contents  in  one  body  to 
the  drain.  There  being  no  trap  under  the  valve,  the  soil  pipes  are  scoured  and  kept  clean.” 

2220c.  III.  This  class  comprises  the  hopper  vrAtev  cioset,  or  flushing 
bnsin  t/<7-  8066  ),  whicli  i.s  simply  a basin  or  pan  finished  with  a syphon 
trap  at  the  bottom,  without  any  further  apparatus  than  that  which  ailmits 
the  water  to  flush  or  wash  it  out.  These  pans  require  the  addition 
of  a pail  or  two  of  water  poured  down  occasionally  to  help  the  clearing 
of  dirt  and  paper.  They  are  popular  for  servants’  closets  and  for  cot- 
tage and  common  use,  but  require  occasional  cleaning  out.  One  of 
the  most  simple  pans  is  that  called  by  Messrs.  Doulton  the  enamelled 
stoneware  closet  pan,  figiire  d,  which,  with  pan  and  syphon  trap  complete,  is  sold  at 
3s.  9ti.  each.  This  class  includes  Adams’s  hopper  pattern  closet,  with  flushing  appa- 
ratus; Warner’s  patent  cottage  basin  and  trap  ; Stidder’s  household  closet;  and  others. 

2220i.  IV.  includes  a series  of  more  modern  contri- 
vances, invented  for  the  purpose  of  obviating  certain  defects 
in  the  others.  They  are  called  the  wash-out  basin  or 
closet  {fig.  806c.)  ; but  many  still  retain  the  chief  defect 
in  the  carrying  down  of  the  discharge  into  another  recep- 
tacle, or  trap,  below,  or  at  the  side,  only  partially  out  of 
sight,  and  not  always  with  a sufficient  flushing  power  each 
time  it  is  used,  especially  where  only  a small  “preventer” 
is  allowed.  Among  the  many  patetits  of  these  closet  pans, 
are  Bostell’s  Excelsior;  Woodward’s  Excelsior;  Winn’s 
complete  sanitary  closet ; Twyford’s  National ; Sharpe’s 
patent  pan  basin ; Winn’s  free  flushing  basin  and  trap ; 

Woodwaid  and  Rowley’s  wash-out  closet ; Adams’s  wash- 
out, pattern  closet,  with  flushing  apparatus ; Stidder’s  Tor- 
rent water  closet ; Banner’s  patent  wash-out  closet  {fig.  806c.),  &c. 

2220c.  The  Merits  and  Demerits  of  Various  Kinds  of  Water  Closets  in  General  Use,  by 
D.  Emptage,  is  printed  in  the  Sanitary  Record  of  October  lo,  1883,  p.  187.  The  figures 
above  of  these  closets  are  obtained  from  Dr.  Corfield’s  Laws  of  Health,  8vo.,  1887. 

2220/’.  A protest  has  been  often  made  against  the  continuation  of  the  general  mode  of 
fitting  up  a water  closet  with  a seat,  lid,  and  riser,  cr  enclosure,  which  too  often  proves 
to  be  all  fair  without  but  foul  within.  Probably  not  one  of  them  when  taken-dowm  but 
would  disclose  a state  of  things,  as  regards  cleanliness,  as  foul  as  any  drain;  espe- 
R j cially  so,  when  the  closet  has  been  used  for  disposing  of  bedroom  slops  in  contravention  of 
all  orders.  The  lead  safe  gathers  the  overflow  which  will  occur,  as  the  servant  cannot 
1^  I hold  up  the  handle  at  the  same  time  as  she  empties  the  pail ; and  unless  it  has  a fall  to 
j|jthe  waste  pipe  (if  there  be  one),  it  lies  there  to  dry  up  and  annoy  the  house  with  the  foul 
K smell.  Often  this  waste  pipe  passes  into  the  trap  or  into  the  soil  pipe,  making  matters 
worse.  Hence  the  admirable  arrangement  put  forward  by  Doulton  and  Co.,  in  the  Lam- 
u-ibeth  Combination  closet,  which  has  the  ba.sin  and  trap  made  in  one  piece  of  stoneware 
decorated,  so  that  the  customary  riser  is  unnecessary ; it  stands  on  a finished  wood  or 
tiled  floor;  the  seat  being  made  to  lift  up,  it  forms  a slop  sink.  The  Desideratum  closet ; 
Gildea’s  closet,  are  others.  Twyford’s  special  water  closet  basins,  which  comprise  the 
Unites,  t\\Q  National side  outlet  closet  and  trap;  while  the  Alliance  front  ovN\g.\, 
closet  and  trap  is  a variation  of  the  former  one.  The  Crown  sanitary  closet  basin  and 
trap  is  a cheap  and  simple  apparatus.  The  Farnley  sanitary  closets  comprise  the  Trinal, 
Universal,  National,  and  Simplex,  each  in  one  piece,  with  or  without  trap  and  ventilator. 
Warner’s  improved  London  open  water  closets,  combining  in  an  elegant  form  a water 
closet,  slop  sink,  and  urinal,  well  trapped  above  the  floor  line.  Shanks’s  patent  Tubal 
Citizen  water  closet  with  hinged  seat,  &c.  Shanks  and  Co.’s  patent  system  of  combined 
closets  and  cisterns,  where  the  closet  is  in  one  piece  of  enamelled  stoneware,  having  a 
very  large  inlet  horn  made  with  the  closet.  On  it  is  seated  a single  or  double  valve 
cistern,  having  a correspondingly  large  outlet  valve,  which  from  its  size  gives  a flush 
compensating  for  the  lack  of  the  usual  height,  and  washes  out  and  replenishes  the  basin 
fully.  Banner’s  Holhorn  combination  water  closet.  All  these  require  an  inch-and-a- 
quarter  pipe  from  the  cistern,  or  two  gallon  syphon  cistern  or  water-waste  preventer,  for 
flushing  purposes. 
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2220^.  Traps  to  water  closet  pans  consist  of  the  old-fashioned  and  now  condemned 

0 trap  {fig.  806c?.),  with  its  dip  pipe  near  one  side  of  it;  the  trap;  and  the  (/)  or 
syphon  trap.  These  two  last  are  now  generally  used.  Hellye r 
makes  a patent  cast  lead  V dip  trap,  or  “ anti*D  ” trap  as  it 
was  termed,  of  about  8 lb.  sheet  lead.  It  is  as  self-cleansing 
as  all  syphons,  and  leaves  no  corners  for  lodgment  of  dirt. 
This  has  an  air  pipe  on  the  top  of  the  “out-go”  portion  of 
the  trap,  which  may  be  a useful  addition. 

2220A.  The  traps  themselves  must  be  ventilated  to  prevent 
syphonage  ; tliey  may  be  unsi-aled  by  the  momentum  of  any 
discharge  passing  through  the  trap  itself,  and  by  the  pas- 
sage of  a considerable  quantity  of  w'ater  through  a pipe  with  which  the  trap  is  connected. 
The  passage  of  this  water  causes  a momentary  vacuum,  by  means  of  which  the  water  is 
sucked  out  of  the  trap. 

2220?.  The  question  has  been  raised,  why  should  the  water  closet  be  trapped  if  the  soil 
pipe  be  kept  ventilated  and  trapped?  There  must  always  be  some  portion  of  the  refuse 
matter  adhering  to  the  inside  of  the  pipe,  even  if  there  be  good  and  constant  flushing ; 
hence  the  advisability  of  trapping  it. 

2220;'.  The  importance  of  good  stench  traps  to  drains  is  not  to  be  overrated.  The  usual  B 
iron  hell  traj),  as  supplied  to  a sink,  or  let  into  a pavement,  is  sufficient  as  long  as  the  bell 
remains  perfect.  Tye  and  Andrews  manufacture  a good  new  patent  sink  trap-,  Cottam ^ 
has  also  a cast  iron  trap  or  “ effluvium  interc  ptor.”  Beard  and  Dent  have  patented  a 
cast  lead  pipe  trap  of  2 and  d inches  diameter,  and  claim  for  it  that  it  is  of  pure  and  solid 
lead,  without  solder  or  seam  of  any  kind  ; as  clear  inside  and  out  as  any  pipe  made  by 
hydraulic  pressure ; of  a perfectly  regular  substance  throughout ; and  that,  being  com- 
posed of  one  metal,  it  is  not  subject  to  expansion,  nor  liable  to  be  affected  by  the  gases, 
which  tend  to  destroy  the  ordinary  trap.  Jennings’s  “Du  Bois”  drawn  lead  traps  and 
bends  are  made  by  hydraulic  pressure,  in  the  same  manner  as  ordinary  lead  pipes,  from 

1 j to  inches  diameter;  the  inside  becomes  accessible  for  cleaning  by  a screw  tap  at 
the  bottom  of  the  bend.  A11  these  traps  only  continue  effective  as  long  as  water  re- 
mains either  in  the  cup  or  at  the  syphon  bend,  a fact  which  is  either  not  known  to,  or 
forgotten  by,  very  many  housekeepers,  who  complain  of  the  bad  smells  from  the  drains  in 
summer  time,  or  after  some  days  of  dry  weather.  Many  of  such  syphons  are  now  manu- 
factured for  various  purposes  in  glazed  stoneware,  which  are  readily  cleaned.  Stiff  has 
several  “ sewer  air  excluding  traps,”  as  the  Interceptor  trap,  and  the  Weaver  ventilating 
trap.  Buchan's  patent  stoneware  dram  trap  is  one  of  the  most  useful  of  the  sort.  He 

adopted  first  a trap  with  a slope  down  into  the  syphon, 
but  found  that  a fall  was  better;  hence  the  fig.  806c., 
having  a fall  of  2 inches  for  a 4 inch  trap,  2^  inches 
for  6 inches  fuBy,  and  4 inches  for  9 inches  fully. 
Doulton  and  Co.’s  safety  sanitary  trap  (Henman’s 
patent,  1885)  is  for  connecting  a water  closet  pan 
with  the  soil  pipe  ; no  untrapped  joint  within  a build- 
ing. Adams’s  special  disconnecting  traps.  Smeaton, 
Son  and  Co.’s  interceptor  trap.  Banner’s  main  drain 
traps,  as  the  Kxcello,  and  the  Cents.  Holding’s  air 
shaft  or  disconnecting  trap,  with  inlet  at  top  and 
Fig.  806e.  inlet  for  easy  access  to  drain  for  clearing  stoppages; 

his  soil  pipe  intercepting  trap;  and  his  “disconnector”  for  6-inch  and  4-inch  stoneware 
drains.  Davies’s  disconnecting  receiver  and  trap  for  house  drains  is  stated  to  give:  1. 
Thorough  disconnection  from  the  sewer.  2.  Thorough  ventilation  of  drains.  3.  Simplicity  I 
in  planning  house  drains.  4.  Easy  access  to  drains  and  traps  in  case  of  stoppage.  5. 
Convenience  of  fixing  in  any  position,  irrespective  of  sewer.  6.  A barrier  against  rats 
coming  up  from  the  sewer.  It  is  made  by  .J.  C.  Edwards,  of  Ruabon. 

2220k.  Gully  traps,  for  taking  off  water  from  yards  and  from  rain-Wrter  pipes,  are 
P”ovided  of  stoneware  as  well  as  of  iron.  Such  as  Bolding  and  Son’s  simplex  gully  trap, 
for  various  purposes;  salt  glazed  and  galvanized  iron  grates,  square  and  round,  some  with  ^ 
raking  inlets.  Bellman’s  patent  gully  receives  and  disconnects  one  rain-water  pipe  and 
three  waste  pipes;  it  avoids  splashing,  ventilates  the  pipes  and  drain,. forms  a gully  or  jj 
drain  from  a yard  or  path,  and  is  easy  of  access  for  cleaning  out;  the  ordinary  “O  or  cO 
trap  can  be  used  with  it,  and  placed  at  any  angle  to  meet  the  drain.  Adams’s  patent  jj 
street  gully  and  yard  traps.  Banner’s  gully  trap. 

2220?.  A scouring  trap  is  a late  invention ; it  appears  to  possess  some  advantages  in 
affording  a good  scouring  wash-out  and  dip  to  the  drain.  Davies’s  receiver,  &c.,  above 
described,  is  for  a somewhat  similar  purpose. 
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22'lOm.  When  drain  traps  are  left  for  some  time  they  should  be  flushed  out  and  loft 
full  of  fresh  water,  into  which  should  be  placed  some  ordinary  calcium  chloride,  a by- 
product of  a chemical  process,  and  very  cheap.  This  is  exceedingly  hydroscopic, 
having  a great  affinity  for  water.  Thus  the  traps  would  remain  full  of  water  for  any 
length  of  time.  (Prof.  Babcock  of  Cornell  University,  U.S.A.) 

2'1'lOn.  A grease  trap  to  catch  the  melted  fat,  &c.,  from  the  kitchen  sinks,  is  considered 
a desirable  addition,  as  it  tends  to  prevent  the  grease  from  passing  into  and  stopping  tlio 
drain.  There  are  several  varieties,  chiefly  of  stoneware.  Those  readily  cleaned  out  by 
hand  are  perhaps  the  best;  buckets,  used  in  some,  can  scarcely  be  considered  satisfactory. 
Emptying  the  usual  grease  trap  is  one  of  those  many  works  in  connection  with  a house- 
hold that  almost  amounts  to  emptying  a cesspool,  as  it  is  usually  left  and  becomes  foul; 
this  trap  is  to  be  avoided  if  possible.  It  is  recommended  to  be  ventilated  {fig.  807c.). 
The  best  of  the  number  is  the  patent  of  Mr.  Farrow,  the  first  one  introduced  as  a special 
fi.xturc.  Ilellyer’s,  Buchan’s,  Stiff’s,  Boulton’s,  with  others,  are  to  be  procured.  Ono 
has  been  devised  by  Mr.  J.  Honeyman,  architect,  consisting  of  a shallow  box  encased 
with  cold  water,  and  covered  with  a movable  grating  resting  about  half  an  inch  or  more 
below  the  level  to  which  the  water  would  rise.  The  cold  water  would  be  frequently 
replaced  from  the  service  to  the  sink.  The  greasy  water  would  adhere  to  the  sides,  and 
be  forced  up  through  the  grating  for  removal,  and  the  box,  bemg  in  sight,  wjuld  be 
cleaned  out  as  required.  Smeaton,  Son  & Co.’s  grease  trap  ; Adams’s  grease  trap  only  ; 
and  his  combination  grease  trap  and  flush  tank;  Durrans’  patent  glazed  stoneware  gully 
and  fat  trap,  by  J.  C.  Edwards  of  Ruabon,  is  a cast  iron  box  dropping  into  the  water, 
and  removable  for  cleansing  purposes,  giving  free  access  to  the  drain  pipe. 

2220c.  The  self-cleaning  Trough  closet,  as  Adams’s  patent,  is  largely  used  in  schools, 
factories,  barracks,  workhouses,  and  other  such  institutions  where  a number  of  persons 
are  collected  or  employed.  It  is  automatic,  having  a Field’s  self-acting  flushing  cistern. 
About  five  or  more  closets,  or  stalls,  are  formed  over  the  stoneware  trough  that  com- 
municates with  the  drain.  The  trough  is  also  made  of  iron,  and  is  also  arranged  to  be 
discharged  on  laud  and  disposed  of  by  irrigation.  These  troughs  require  occasional 
inspection  and  good  water  supply. 

2220p.  Reference  has  been  made  (pars.  1887^.  and  1888A.)  to  flushing  requirements. 
To  these  may  be  added,  Adams’s  patent  automatic  flush  tank,  “giving  an  instant  start 
with  drop  by  drop  supply”  ; his  patent  improved  automatic  flushing  sj^phon  ; his  syphon 
cistern  for  closet,  urinal,  &c. ; his  flushing  valves  and  penstocks  for  drains  and  sewers  ; 
Stidder’s  patent  syphon  water  flusher ; Boulton  and  Co.’s  automatic  flush  tank ; and 
ethers  by  Jennings  and  Co. 

2221.  Urinals  are  made  of  slate  for  public  use,  of  various  forms  and  arrangements.  A 
water  supply  from  a self-acting  flushing  cistern,  holding  from  10  to  20  gallons,  arranged 
for  a discharge  according  to  use  ; about  every  quarter  of  an  hour  is  considered  sufficient 

ii  to  free  a much  frequented  urinal  from  all  nuisance.  Sometimes  water  is  turned  on  for  a 
A time  at  several  hours  of  the  day.  White  pottery  urinals  for  private  use  are  of  all  varieties 
^aud  shapes.  The  overflow  pipe  supplied  to  some  is  not  always  a desirable  addition. 
I Boulton  and  Co.’s  improved  urinal  and  lavatory;  Adams’s  patent  lavatory  ranges  for 
I schools,  &c. ; and  urinal  and  closet  erections.  Jenning’s  urinal  erections  for  two  or  more 
^persoEs.  iStidder’s  school  lavatory  and  slop  sink,  as  used  in  the  London  and  other 
i*  Board  schools.  Mounted  lavatories  for  domestic  use,  by  Warner  and  other  manufac^-. 
t Ttturers  above  mentioned. 

2222.  The  use  of  Earth  closets  as  one  of  the  safeguards  against  smells  from  sewers  haa 
T made  no  headway  for  large  populations,  and  is  beset  with  practical  difficulties.  In  the 
I Midland  and  Lancashire  towns  the  pail  or  ttib  system  has  been  much  more  largely  intro- 
iduced  as  a substitute  for  the  water  closet,  and  it  has,  from  a landlord’s  point  of  view, 
pmany  attractions.  The  flrst  cost,  as  compared  with  that  of  a water  closet,  is  small,  and 
I the  landlord  is,  in  most  towns,  relieved  afterwards  of  all  future  cost  and  maintenance. 
'Whereas  in  the  case  of  water  closets  in  cottage  property  there  is  undoubtedly  great  diffi- 
Ijtculty  in  keeping  them  in  good  working  order,  especially  during  frosts.  There  are,  how- 
jiever,  many  objections  to  the  pail  system,  especially  that  it  appears  to  be  a costly  appendage 

to  the  water-carriage  S3'Stem,  inasmuch  as  the  remaining  liquid  refuse  has  still  to  be 
I dealt  with  by  the  modern  systems  of  precipitation  or  irrigation,  at  practically  the  same 
! I cost  as  would  have  been  the  case  if  the  water-carriage  system  had  been  adopted  in  its 
s entirety  by  the  mun'cipal  authorities. 

I I 2222a.  The  deposits  are  at  once  deodorised  by  a small  quantity  of  coal  ashes  or  earth, 

^ which  absorbs  the  ammonia  and  other  fertilising  properties,  for  removal  to  the  garden 
I or  field.  It  may  be  considered  more  serviceable  where  there  is  a deficient  water  supply 
r | 0r  a want  of  proper  drainage,  and  in  country,  rather  than  in  town,  localities.  Monies 
patent  was  the  first  invented.  Morrell’s  patent  cinder  sifting  ash  closet,  and  Heap's 
patent  dry  closet,  are  other  inventions.  The  earth  may,  with  proper  drying,  be  used 
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over  and  over  again  for  years.  Ashes,  fine  and  dry,  may  be  used,  to  obtain  wliich  there 
is  the  modern  automatic  cinder  sifter.  They  are  not  considered  preferable  to  the  water- 
carriage  system,  where  obtainable. 

Tanks  and  Filters, 

2222i.  Having  obtained  the  source  of  a water-supply,  a tank  for  a collection  for  a farm, 
or  a cistern  for  the  supply  of  a house,  are  requisite.  The  former  may  also  be  required  to 
retain  the  rain  water  from  the  wood,  lead,  or  zinc  gutters  of  the  buildings  ; W’ater  from 
copper  gutters  is  poisonous.  The  tank  is  usually  formed  of  brick  or  stone  built  in 
cement,  and  cemented  inside,  and  when  of  a small  size  it  is  domed  over,  with  a man-hole 
for  access.  If  of  large  size,  iron  girders  supporting  slate  or  stone  slabs  will  form  a fiat 
covering  to  it.  These  should  be  well  jointed  to  prevent  dirt  falling  in.  Paiming  the 
cement  with  a solution  of  silicate  of  potash  is  said  to  prevent  the  soft  rain  water 
becoming  hard  in  a new  tank.  Such  a system  as  the  following  would  be  lound  very 
serviceable  on  many  farms  having  clay  lands. 

2222c.  In  Venice,  the  rain  water  is  collected  from  the  rcofs  and  led  into  the  court- 
yard, where  it  undergoes  a regular  system  of  filtration  before  it  reaches  the  tank,  whence 
it  is  raised  by  buckets.  The  construction  to  effect  this  consists  of  —I.  A water-tight 
enclosure.  II.  A well  of  dry  brickwork  in  the  centre  of,  HI.  A wall  of  sand,  filling  up 
the  remainder  of  the  enclosure  round  the  well,  and  serving  partially  as  a reservoir,  and 
jiartially  as  a filter;  care  being  taken  that  no  water  enters  the  well  but  what  pas-es 
through  the  sand.  The  system  is  shotvn  in  the  Allgemeine  Bauzeitung  for  1836,  pi.  o56; 
and  in  the  Transactions  of  the  Institute  of  British  Architects,  1842,  p.  187. 

2222cZ.  Another  and  more  simple  method  is  described  in  the  Buildmg  News,  1862, 
p.  127.  A large  hole  is  dug  about  9 feet  deep;  the  sides  are  supported  by  an  oaken 
framework  of  a square  truncated  pyramid,  the  wide  base  being  turned  upward.  A 
coating  of  compact  clay,  1 foot  thick,  is  applied  on  the  frame  with  great  care,  to  stop  the 
progress  of  the  roots  of  plants,  as  also  to  prevent  the  pressure  of  the  water.  A large 
circular  stone,  partly  hollowed  out  like  the  bottom  of  a kettle,  is  placed  therein  with  the 
cavity  upwards,  and  on  this  as  a foundation  a cylinder  of  well  baked  bricks  is  constructed, 
having  no  insterstices  except  a number  of  holes  in  the  bottom  row.  The  large  vacant 
space  left  beiween  the  sides  of  the  pyramid  and  the  cylinder  is  filled  with  well  scoured 
sea  sand.  At  the  four  corners  of  the  pyramid  a stone  trough  is  placed,  covered  with  a 
stone  lid  pierced  with  holes;  they  communicate  with  each  other  by  means  of  a small 
channel  made  of  bricks  resting  on  the  sand,  and  the  whole  is  then  paved  over.  The  rain 
water  is  led  from  the  roof  to  these  four  sink  stones,  and,  penetrating  into  the  sand  through 
the  channels,  filters  down  and  passes  into  the  filter  itself  by  the  small  holes  lefr,  in  the 
bottom  row  of  bricks.  These  cisterns  get  filled  about  five  times  a year,  and  the  distribu- 
tion of  water  is  at  the  rate  of  about  312  gallons  per  head. 

2222<?.  The  average  annual  rainfall  is  31  inches.  Where  rain  water  has  to  be  depended 
upon,  a separator  has  been  invented  by  Roberts,  which  “prevents  the  first  portion  of  the 
rainfall  passing  into  the  storage  tank.  It  cants  and  stores  the  water  when  the  roof  has 
been  w.ished  by  the  first  rain.” 

2222/.  The  Rivers  Pollution  Commissioners  put  the  several  waters  derived  from  various 
sources  in  the  following  order,  having  regard  to  their  hardness  ; — I.  Rain  water  (softest). 

II.  Upland  surface  water.  III.  Suiface  water  from  cultivated  land.  IV.  Polluted  river 
writer.  V.  Spring  water.  VI.  Deep  well  water.  VII.  Shallow  well  water  (hardest). 
They  consider  water  at  or  below  six  degrees  of  hardness  to  be  soft,  and  above  that 
number  of  degrees  to  be  hard. 

2222^.  Filters  are  used  for  purifying  water  for  towns,  or  purposes  for  which  large 
quantities  are  required.  They  are  usually  formed  in  England  of  several  layers  of  sand 
and  gravel,  gradually  increasing  in  the  volume  of  its  particles  in  descending  ; and  in  the 
lowest  course  of  gravel  perforated  tiles  are  laid,  through  which  the  water  flows  into  the 
reservoirs.  The  water  is  supplied  on  the  top,  so  as  to  stand  at  a depth  of  from  4 to  6 feet  ' 
over  the  sand  and  other  filtering  media.  At  the  Lambeth  Water  Works  these  media  f 
consist  of:  I.  A layer  of  sand  3 feet  thick.  II.  A layer  of  clean  sea-shells  6 inches  thick.  | 

III.  Fine  gravel  6 inches  thick.  IV.  Coarser  gravel  6 inches  thick.  V.  Very  coarse  |i 
screened  and  washed  ballast  6 inches  thick  ; and  VI.  Pierced  tiles  covering  the  drains.  I 
At  the  Southwark  Water  Works  the  filtering  media  are  rather  thicker.  At  Hull  the  sand  1 
is  2 feet  thick,  and  the  gravel  16  inches  thick.  At  York  the  sand  is  4 feet  thick,  and  jj 
the  gravel  4 feet  thick.  At  Paisley  the  sand  is  2 feet  thick,  and  the  gravel  only  6 inches ; *1 
but  the  upper  part  of  the  sand  is  mixed  with  animal  charcoal.  Local  conditions  must  | 
regulate  the  proportion  of  these  materials,  fi  r the  thickness  of  the  sand  must  be  increc.sed  II 
according  to  the  impurity  of  the  water.  When  the  water  is  at  all  turbid,  it  is  advisable 
to  make  settling  reservoirs  by  the  side  of  the  filtering  basins,  to  collect  the  impurities 
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in  the  fiist  insitanoe.  The  usual  yield  of  filtered  water  from  a basin  established  under 
tlie  preceding  conditions,  is  about  80  to  100  gallons  per  foot  superficial  per  day. 

2222. %.  Dr.  Clarke’s  approved  process  for  softening  water  is  stated  to  Le  by  adding  an 
equal  quantity  of  lime  in  solution  to  the  pure  lime  of  the  bicarbonate  contained  in  fho 
water.  The  solution  of  lime  combines  with  one-half  of  the  carbonic  acid  and  forms  chalk, 
at  the  same  time  reducing  the  bicarbonate  to  chalk  also.  Chalk  being  iusoluble,  setths 
to  the  bottom.  The  Consumers’  Economic  Water  Softening  and  Purifying  Company 
(Limited)  has  been  formed  for  the  use  of  Atkins’s  patents,  to  adopt  the  recommendations 
of  the  lioyal  Commission  on  the  Pollution  of  llivt-rs  ; and  though  several  towns  of  small 
or  moderate  size  had  carried  out  those  recommendations  by  adopting  one  or  other  of  the 
systems  then  available,  it  w'as  considered  impracticable  for  any  large  town  to  do  so.  At 
the  Southampton  Water  Works,  the  largest  works  of  this  sort  are  now  (1888)  completed, 
and  many  other  towns  are  contemplating  the  introduction  of  the  system. 

2222e.  In  some  places  both  the  chemical  and  mechanical  impurities  maybe  eliminated 
from  water  by  dividing  the  tank  by  a cross  W'all  of  a filteiing  stone.  Such  a stone  will 
filter  about  60  gallons  per  foot  superhcial  per  day.  Chemically,  this  could  be  effected  by 
causing  the  water  to  pass  through  a diaphragm  or  cross  wall,  composed  of  two  slabs  of 
filtering  stone,  placed  at  a small  distance  from  one  another,  and  filled  in  with  animal 
charcoal  or  with  magnetic  oxide  of  iron.  The  latter  material  appears  to  be  the  best  for 
such  water  as  is  collected  from  roofs,  because  it  parts  with  its  oxygen  with  great  rapidity 
to  the  rain  water,  and  is  susceptible  of  rapid  revivification  ; it  is  also  cheaper  than  char- 
coal. A double  wall  thus  formed  ought  to  pass  100  gallons  per  foot  superficial  per  day. 
A few  drops  of  permanganate  of  potash,  put  into  water  tasting  and  smelling  of  decaying 
organic  matter,  will  render  it  in  a few  minutes  clear  and  sweet.  A small  quantity  of 
alum  tends  to  lender  water  very  pure,  by  freeing  it  from  matters  held  in  suspension, 
fiansome’s  patent  siliceous  stone  is  the  best  material  of  the  kind  ordinarily  obtainable  in 
Eng’ai.d.  Filters  of  porous  sandstone,  as  made  at  Halifax,  are  recommended  as  effective 
ami  durable.  A paper  on  the  subject  of  filtration,  read  at  tlie  Institute  of  British 
Architects,  I80O-0I,  by  Mr.  G-.  K.  Burnell,  and  given  in  the  Builder,  ix.  401,  deserves 
attention.  Household  filters,  whether  for  occasional  use  or  fur  a system  of  domestic 
filtration  of  water  as  it  fiows  from  the  cistern,  is  now  often  a subject  of  consideration  for 
a tenant  and  landlord.  Among  these  are  Lipscombe’s;  Maignen’s  patent  Filtre  Bapidc, 
with  his  patent  process  for  softening  water  by  means  of  the  patent  Anii-calcaire  \ the 
patent  Porous  Carbon  Company’s  material ; Halliday’s  patent  high-pressure  self-cleansing 
filter,  which  can  he  attached  to  the  main  (jr  supply  pipe;  the  Chamberland-Pasieur  filter; 
Compound  charcoal  filter;  Atkins’s  patent  cistern  fitter,  a pure  charcoal  block  filter; 
the  Queen,  which  can  be  fixed  to  any  tap;  the  patent  Moulded  carbon  block  and 
loose  charcoal  thorough  self-cleansing  rapid  water  filter  ; the  Grant  revolving  ball  water 
filter,  also  attached  to  the  tap  on  a main  or  service  pipe,  and  is  rapid  and  self- cleaning  ; 
aud  others. 

Cistern  and  Supply  for  daily  use. 

2223.  The  amount  of  w’ater  used  varies  very  much  in  different  communities,  but  wdiere 
the  allowance  is  scanty  disease  of  various  kinds  is  encouraged  by  the  absence  of  attention 
to  the  cleanliness  of  persons  and  of  things,  the  want  of  sufficient  water  to  flush  the 
drains,  &c.  About  10  gallons  a head  per  day  are  required  for  domestic  purposes,  includ- 
ing bathing,  and  about  as  much  more  for  flushing  purposes  ; the  average  amount  required 
for  trade  purposes  is  generally  roughly  put  down  at  an  average  of  20  to  SO  gallons  a head 
per  day.  Many  towns  have  a less  supply.  Where  there  are  large  public  baths,  or  manu- 
I'actories  requiring  much  water,  or  even  a large  number  of  animals,  30  gallons  or  more 
are  requiied.  Ejme  had  probably  from  about  170  gallons  to  300  gallons  per  head  per  day, 
but  authorities  vary.  An  imperial  gallon  per  man  per  day  appears  to  be  the  allowance 
on  ho^rd  a vessel.  In  stables,  each  horse  should  be  provided  with  16  ga  Ions,  four  of 
which  is  consumed  with  his  food.  Each  four-wheeled  carriage  takes  about  16  gallons. 
Each  tw'o-wheeled  carria-:t:e  about  9 gallons.  To  wash  a paved  court  or  passage,  a gallon 
of  water  may  he  provided  for  each  superficial  yard.  The  available  rainfall  from  roofs  in 
England  is  estimated  at  18  inches  per  annum  ; and  if  the  source  of  supply  be  only  rain- 
fall, a tank  capable  of  liolding  4 months’  collection  should  be  provided.  (Hurst,  Surreyors* 
Handbook.)  One  cube  foot  of  cistern  will  hold  nearly  6j  gallons  of  water  ; and  a cube  foot  of 
■water  weighs  62’32l  lbs.;  a gallon  weighs  10  lbs.  ; a cylinder  inch,  •02842  lbs.  ; and  a 
cylinder  foot,  49-1  lbs. ; 35  cubic  feet  of  water  equal  1 ton.  The  supply  for  each  man,  woman, 
and  child  in  a house  is  reckoned  at  15  gallons  prer  day,  though  it  is  considered  no  one 
really  uses  much  more  than  6 gallons,  or  about  12  gallons,  as  calculated  by  Sir  W. 
Clay,  by  a family  in  London. 

2223^0  The  ci-dern  for  a house  was  originally  placed  outside,  and  made  entirely  of  lead, 
the  front  of.it  being  frequently  decorated  woth  devices,  either  ca.st  with  it,  or  secured  by 
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falcing,  i.e.,  the  soldering  on  of  embossed  figures.  Lead  cisterns  are  still  in  use,  butthfv 
are  cased  with  wood,  and  placed  were  most  wanted  for  the  supply.  No  cistern  should  be 
^ ''egetation  in  the  water  sometimes  ensues.  (I785fl) 

22236.  A cistern  is  usually  made  of  li  or  2 inch  memel  fir,  lined  with  6 lb.  lead.  A 
cover  should  alirays  be  provided.  This  metal  lining  is  now  much  superseded  by  one  of 
zmc,  on  account  of  the  deleterious  elFects  arising  by  the  action  of  pure  water  on  the  lead* 
but  zinc  can  only  be  trusted  as  a temporary  resource.  Slate  is  a better  material  for  all 
collections  of  water  or  other  liquids  in  general  use.  Care  must  be  taken  that  a porous 
quality  be  not  supplied  ; and  it  should  not  be  placed  where  mild  damp  air  will  meet  it 
and  condense^  on  its^  cold  surface,  and  so  run  down  in  drops.  As  it  is  very  unyielding 
to  the  expansion  of  ice,  its  position  in  the  house  in  that  respect  is  an  important  consider- 
ation^ and  in  case  the  joints  become  leaky  from  that  or  any  other  cause.  Cisterns  are 
supplied  with  water  by  a main  service  or  feed  pipe  sufficiently  large  to  allow  of  its  filling 
during  the  time  the  water  is  turned  on.  The  flow  of  water  is  regulated  by  a hall  cock. 
1 he  water  supply  to  each  bath,  water  closet,  &c.,  is  suggested  to  be  controlled  by  a stop- 
cock of  a bore  equal  to  the  pipe.  Rail  cocks  to  be  supplied  with  a stop  cock  to  each,  in 
case  of  repair.  The  cistern  to  have  a proper  standing  waste  for  cleansing  purposes  only 
as  w'ell  as  the  ordinary  half  or  three-quarter  warning  pipe,  which  must  be  provided' 
according  to  some  water  companies’  rules.  Thofig.  615/t.  shows  a system  of  water  supply’ 
where  c is  the  cistern  in  the  roof  Z,  which  is  often  placed  over,  but  quite  separated 
n^om,  the  water  closet  A.  water  pipe,  cased  ; y,  slop  sink,  having  a tap  from  the  main  n. 
A,  flashing  tank;  the  cistern  c,  in  R,  also  supplies  the  syphon  flushing  cistern  in  the 
servants  water  closet  d.  The  dotted  line  o shows  the  line  of  water  pipe  from  the  cistern 
c in  the  garden, _ supplying  the  kitchen  boiler. 

2223c.  The  cistern  to  supply  a water  closet  should  properly  be  distinct  from  that  for 
domestic  purooses;  and  when  the  former  is  placed  in  a confined  spot,  necessitating  small- 
ness of  dimensions,  one  of  an  upright  form  is  essential 
to  provide  the  head  of  water  for  flushing  the  basin. 
Fig.  806/.  shows  an  apparatus  fltted  to  a lead  cistern 

for  supplying  water 
to  the  pan.  A,  the 


Fig. sora. 


ball  valve  pulled  down  by  the  wire  R,  and  thus  lifting,  by  the  wire  C.  the  valve  R, 
which  admits  the  water  into  the  lead  service-box  E,  soldered  into  the  bottom,  F, 
of  the  cistern.  The  air-pipe  G lets  out  the  air  from  the  box  forced  into  it  by  the 
pressure  of  the  water  rushing  through  the  down  pipe  H.  A waste  pipe  for  emptying 
the  cistern,  or  for  carrying  off  the  surplus  water  when  being  over  filled,  must  always 
be  provided.  When  a cistern  supplies  the  house,  a service  pipe  is  required  fioiii 
it,  the  outlet  having  a rose.  For  a slate  cistern,  a brass  flange  (Jig.  807.),  fitted  v itii 
screws  and  nuts,  is  soldered  to  the  lead  service-box,  and  then  secured  to  the  slate. 

A “ round  closet  valve  with  union,  fly-nut,”  and  air-pipe  ( fig.  807a.)  is  occasionally  used  in 
lieu  of  the  above  contrivances ; or  a spindle  valve  with  union,  fly-nut  and  air-pipe. 

2223rZ.  Iron  tanks  and  cisterns  made  of  plate  iron  riveted,  plain  or  galvanized,  are 
formed  to  any  shape  or  size ; as  also  of  a small  size  in  stoneware.  A question  has 
arisen  as  to  zinc  and  zinc-coated  iron  fur  cisterns.  Soft  water,  such  as  rain  water,  dis- 
solves zinc  more  easily  than  hard  water.  Water  containing  carbonic  acid  is  specially  able 
to  dissolve  it.  The  French  Government  have  prohibited  the  use  of  galvanized  iron  tanks 
on  board  men-of-war.  Professor  Heaton  analysed  spring  water,  with  a further  analysis 
a fter  it  had  passed  through  half  a mile  of  galvanized  iron  pipe,  and  found  it  had  taken  up 
G 41  grains  of  zinc  carbonate  per  gallon.  Rr.  Venable  states  that  where  spring  water 
passed  through  200  yards  of  such  pipes  it  took  up  4 29  grains  of  zinc  carbonate  per  gallon 
(.John  Smeaton).  To  stop  leaks  in  iron  cisterns,  mix  litharge  and  red  lead;  if  to  dry 
quickly,  gold  size  mixed  with  boiled  linseed  oil.  Extra  hard  carriage  varnish  is  useful 
for  inside  purposes  only,  well  rubbed  into  the  crack.  ^ , 

2223c.  AVith  the  constant  supply  system,  now  being  generally  introduced,  service  cis-  ^ 
terns  are  said  to  be  unnecessary;  but  it  will  be  advisable  to  have  one,  and  especially  near 
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any  oflfice  requiring  a good  supply  of  water,  as  tlic  service  is  occasionally  cut  olf  for  two 
or  three  days  during  repairs  or  cleaning  of  the  mains.  Some  lower-class  houses  are 
said  to  have  a 6-inch  zinc-lined  trough  instead  of  the  usual  cistern  ; hence  frequent 
stoppage  of  drains  occur  from  want  of  flushing  power,  as  depth  of  water  is  essential  for  it. 

Water-waste  Vrceenter. 

In  some  towns  the  water  company  insists  upon  a small  cistern  being  placed  in 
the  winter  closet,  or  to  a urinal,  to  prevent  waste  of  water,  as  it  is  stated.  There  are 
various  patents,  worked  by  a syphon  or  other  action.  They  are  each  regulated  for  a sup- 
ply or  flush  of  about  a couple  of  gallons  of  water  at  a time.  Such  are  Purnell's  syphon  ; 
Winn’s  ; t\iQ  Peckhayn  (No.  2)  improved  pneumatic  syphon  cistern  for  fixing  in  a 
cistern,  hns  no  valves,  rubbers,  washers,  &c.,  the  action  is  noiseless,  and  the  connection 
is  by  an  air  pipe  of  3^  inch  bore,  worked  by  a push  knob  ; the  Tnvicta ; the  Peerless ; the 
Syphon]  the  Double  valve]  the  York]  Trott’s  patent;  Crapper’s  syphon ; Bolding  and  Son’s 
syphon,  their  Simplex  after-flush,  which  is  not  syphon  action,  is  a simple  apparatus; 
the  registered  double  syphon  ; Tylor  and  Sons’  improved  patent  model  waste-not  cistern 
valve,  for  fixing  in  a cistern  under  water  ; Smeaton’s  new  water-waste  preventing  valve  ; 
Hinnpherson’s  syphon  cistern ; Bean’s  direct-acting  valveless  cistern;  Bostell’s  cistern. 
Most  of  the  patents  are  noisy  in  action,  and  all  are  of  questionable  utility  for  the  purpose, 
often  getting  out  of  order  and  wasting  water  rather  than  preserving  it,  besides  preventing 
that  useful  flush  of  water  which  aids  in  keeping  the  drains  clear. 

Pipes. 

222Sy.  The  pipes  used  for  the  purposes  of  building  are  proportioned  to  their  uses. 
Those,  for  instance,  called  soil  pipes,  for  carrying  away  the  soil  from  a water  closet,  or 
those  for  conveying  water  from  roofs,  called  rain-water  pipes,  and  those  occasionally 
from  sinks,  are,  of  course,  of  larger  diameter  than  those  called  service  pipes,  which 
are  merely,  as  their  name  implies,  for  laying  on  water  to  a house,  those  of  somewhat 
larger  diameter  being  called  main  service  or  supply  pipes:  the  service  pass  from  the 
mains  to  the  cistern. 

2223A.  From  the  cisterns  pipes  are  required  to  convey  the  water  to  the  several  places  it 
is  desiiued  to  supply.  Those  of  lead  are  either  cast  round  or  soldered.  In  casting,  a 
mould  is  made  of  brass,  wherein  down  the  middle  a core  of  iron  is  loosely  supported,  at 
such  a distance  from  the  mould  all  round  as  is  equal  to  the  contemplated  thickness  of  the 
pipe.  When  this  is  set  the  core  is  removed,  and  the  cylinder  opened  so  as  to  withdraw 
the  pipe,  which  is  much  thicker  than  is  needed,  and  must  be  lengthened,  while  its 
substance  is  reduced,  by  drawing  it  through  a succession  of  holes  in  steel  plates,  diminish- 
ing gradually  in  diameter,  similarly  to  the  method  employed  in  drawing  iron  rods.  This 
machinery  became  gradually  improved  in  its  construction,  so  that  it  was  of  rare  occur- 
rence to  meet  with  an  imperfect  pipe.  Lately  the  manufacture  of  lead  pipes  has  been 
further  improved  by  casting  them  under  hydraulic  power.  A quantity  of  lead  is  placed 
in  a box,  and  forced  through  the  mould  at  a certain  rate,  which  gives  the  metal  time  to 
cool,  SO  that  it  is  pressed  out  gradually  in  a complete  state,  and  wound  round  a wheel 

8 ready  for  use,  its  length  being  made  within  the  limits  of  carriage.  When  pipes  are  made 
by  soldering,  a core  of  wood  is  provided,  round  which  the  sheet  lead  is  rolled,  and  the 
r edges  are  brought  together  and  joined  with  solder.  A solid  drawn  lead  pipe  with  a 
distinct  inside  lining  of  block  tin  ^^gth  of  an  inch  thick  was  made,  but  it  was  found 
^ expensive,  and  the  labour  involved  in  fixing  it  prevented  its  ready  adoption  ; also  a solid 

'51  drawn  square  or  rectangular  fall  pipe;  both  by  Hanson,  Hale  & Co.,  of  Huddersfield, 

'll  Hellyer  has  made  a square  drawn  lead  pipe  for  outside  of  houses.  Glass  lined  pipes  are 
II  later.  Gla>s  pipes  for  conveying  distilled  water  are  used  in  laboratories. 

2223L  Concussion  in  water  pipes  is  caused  by  the  weight  of  water  being  shut  off 
and  stopped  in  its  flow  while  turning  off  the  end  tap  suddenly.  If  it  be  turned  slowly 
j!  this  does  not  take  place.  The  noise  may  be  obviated  by  continuing  the  pipe  (or  a 
■ji  smaller  one)  over  the  tap,  and  inserting  the  end  into  the  'pipe.  Either  the  water  re- 
bounds  into  the  supply  or  the  curved  piece  of  pipe  contains  air,  which  serves  as  a buffer. 

' f The  same  arrangement  answers  for  gas  pipes  where  the  last  jet  sometimes  has  a quivering 
fi  flame;  or  the  pipe  (in  either  case)  can  be  carried  into  another  pipe  near  to  it,  so  as 
' P to  obtain  a circuit. 

t;  I Soil  Pipes. 

r \ 2223^.  The  most  important  point  in  connection  with  the  water  closet  is 

L jj!  the  soil  pipe.  Great  care  is  necessary  in  fixing  it.  It  should  be  hung  on  tacks  of 
V lead  at  least  one  pound  heavier  than  that  from  which  the  pipe  is  made,  at  least  nine 
' inches  long,  10  take  three  courses  of  bricks,  and  three  tacks  to  each  ten  feet  length  of  soil 
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pipe.  Often  in  tlie  C'lurse  of  three  or  four  yea’^s  the  soil  pipes  start  crawling  down, 
owing  to  the  fixings  being  scamped.  It  should  not  be  nailed  too  ch  sOy.  Pipes  Irom  alop 
sinks  are  often  branched  into  the  soil  pipe,  and  require  the 
same  treatment,  also  care  to  prevent  syphonage.  Its  trap 
should  I'.e  as  close  to  the  fixture  as  possible,  so  as  to  avoid 
a length  of  pipe,  which  might  become  f ul  on  the  near  side 
of  the  trap,  and  so  become  a nuisance  of  itself.  Banner’s 
soil  pipe  traps  are  either  for  the  soil  pipe  at  the  end,  or  the 
soil  pipe  in  the  centre,  each  trap  having  a fresh 
air  or  rain-w'ater  pipe  inlet,  and  an. inspection 
hole.  Doulton  and  Co.  manufacture  vertical 
soil  pipes,  or  patent  safety  house  drainage  pipes, 


GROUND  LIME 


Fig.  80/6. 

being  incorrodible,  with  junction  pieces,  fastened  to  the  walls  by  ornament, al 
iron  bands,  readily  adapting  themselves  to  any  settlement  of  the  brick- 
work ; and  are  made  in  lengths  of  3 feet,  and  of  4 in.  and  6 in.  diameter. 

2223^.  The  wastes  from  a bath,  a lavatory,  a pantry,  or  a wmsh-up  s'nk 
(as  partly  shown  in  fig.  require  special  treatment.  The  discliarco 

from  a sink  should  be  under  the  grating  of  an  intercepting  trap,  not 
upon  it,  as  is  sometimes  done.  Under  the  fixture,  and  as  near  to  it  as 
possible,  should  be  a syphon  trap  of  good  construction,  soldered,  if  to  a 
sink,  with  only  a taper  piece  to  take  its  grating  or  washer.  Tlie  waste 
from  a bath,  &c.,  is  sometimes  carried  through  the  w'all  into  the  open  head 
of  a rain-water  pipe,  or  other  contrivance,  and  so  to  a grating  the  end 
being  left  open ; a syphon  trap  under  the  fixture  is  usef.d, 
though  not  often  put  A 2 or  2^  inch  lead  pipe  may  not  be 
found  too  large.  Safes  are  provided  under  the  old  water 
closet  apparatus,  and  under  a bath,  for  w'hich  4 lb.  lead  is 
enough.  The  wmste  pipes  from  these  should  also  be  carried 
outside,  the  end  provided  with  a mica  or  brass  flap  valve  to 
prevent  an  in-draught. 

2223w.  The  fresh  air  inlet  pipe  is  considered  by  many  as 
preferable  if  kept  smaller  than  the  ventilating  pipe.  The  soil  pipe,  if  it  have 
considerable  fall,  must  have  a provision  made  for  the  partial  vacuum  which 
the  column  of  water  in  descending  tends  to  create  causing  syphonage  of  the 
traps.  This  pipe  being  open  at  the  top  is  not  sufficient  to  remedy  the  evil ; a 
separate  vertical  ventilating  pipe  is  the  only  effectual  remedy,  into  which, 
from  all  the  horizontal  branches,  are  secured  ventilating  branches.  This  vertical  pipe 
may  be  about  3 inches  in  diameter,  with  2 inch  or  2^  inch  branches  at  least,  carried  from 
the  soil  pipe  into  the  other  vertical  pipe.  The  fig.  807<?.  shows  how  the  trap  under 
a water  closet  may  be  ventilated,  where  closets  are  placed  one  above  another  to  prevent 
syphon-^ge.  A is  the  soil  pipe  ; B the  ventilating  pipe,  or  ventilating  pipe  from  the 
grease  or  other  trap;  and  P,  ventilating  pipe  from  branch  pipe  to  soil  pipe.  The 
separate  air  shaft  to  the  "D  trap  might  perhaps  be  better  dispensed  with  by  carr}’ing 
the  small  pipe  through  the  wall  to  the  open  air,  and  using  a mica  valve;  thus  fresh 
air  would  be  constantly  brought  in.  Mica  valves  are  considered  by  some  to  decay. 
(E.  T.  Hall.) 

2223;^.  Solder  is  a mixture  of  two  parts  of  lead  with  one  part  of  tin.  In  soldering,  por- 
tions of  the  lead  must  first  be  scraped,  and  when  finished  they  are  then  done  over  with  a 
black  paint.  This  solder  is  used  also  for  tin  plates  and  zinc  work.  There  is  a new 
process  for  connecting  lead  pipes  without  solder,  called  a cold  metal  double  cone  mechani- 
cal lead  pipe  joint.  By  means  of  a small  piece  of  a double  coned  full-bore  tube,  assisted 
by  a tubular  hexagonal-headed  screw  and  nut,  the  joint  is  firmly  and  securely  made,  and 
easily  taken  apart  when  required.  A new  system  of  jointing,  which  is  readily  applicable 
to  every  kind  of  joint  required  for  lead  pipes,  is  adopted  at  Manchester,  whereby  the 
joints  are  not  merely  soldered,  but  w’elded.  A lining  pipe  is  used  somewhat  similar  to  the 
above  mentioned  process.  A clean  bore  is  obtained,  no  lodgment  of  solder  inside,  and  a 
sightly  external  finish  instead  of  the  ugly  bulb  by  the  common  method.  Stidder  patents 
a closet  arm  joint  with  india-rubber  cones. 


Fig.  807c. 
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2223o.  Tablk  I.  of  tub  Weight  of  Lead  Pipes  peb  Foot  Lineal,  as  now 
USUALLY  Made. 


Thickness  of  metal 

in  parts  of  an 

inch. 

[Hurst.  I 

Core  in 

Inches. 

1 

H! 

3 
1 i 

i 

4 

5 

1(5 

3 

8 

_3_ 

lbs. 

•243 

•607 

1-092 

1 699 

2-427 

3 277 

•303 

•728 

■ 1-273 

1 942 

2-730 

3-641 

_5_ 

•364 

•850 

1 456 

2-184 

3-034 

4 004 

3 

•425 

•971 

1 638 

2-427 

3-337 

4 369 

•485 

1-092 

1-820 

2-670 

3-640 

4 733 

1 

3 

•546 

1-214 

2-013 

2 913 

3 944 

5-097 

9 

•607 

1-335 

2 184 

3-155 

4-248 

5 460 

•667 

1 520 

2-366  - 

3-398 

4-551 

5-825 

11 

)) 

•728 

1-578 

2-548 

3-641 

4-853 

6-189 

3 

4 

5) 

•789 

1-699 

2-731 

3-873 

5 157 

6-553 

13  * 

•851 

1-820 

2 913 

4-126 

5-461 

6 917 

7 

g 

•910 

1-942 

3 095 

4-368 

5 764 

7-281 

15. 

) J 

•971 

2 063 

3-276 

4-611 

6-067 

7-646 

"l 

1-032 

2-184 

3-457 

4-854 

6-371 

8-009 

H 

1-274 

2-670 

4-186 

5-825 

7-585 

9-466 

H 

M 

1-517 

3-155 

4-915 

6 796 

8-796 

10-923 

i| 

1-760 

3611 

5-642 

7-768 

10-013 

12-375 

2 

2-001 

4-127 

6-372 

8-734 

11-223 

13-833 

01 

2-245 

4-607 

7 096 

9-707 

12-436 

15  290 

2h 

2-4P9 

5-100 

7-829 

10  683 

13  654 

16-762 

2f 

2-729 

5-583 

8-554 

11-650 

14  869 

18-204 

3 

2-971 

6-066 

• 9-286 

12-492 

16-080 

19  660 

Table  II.  of  the  Weight  of  Lead  Pipes  in  their  Lengths,  as  variously  Cast. 


Bore  in  Inches. 

Length  in  feet. 

Weight  of  length  in  pound 

s of  various  makers. 

Common. 
Per  foot. 

Middling. 
Per  foot. 

strong. 
Per  foot. 

2 

15 

15 

16 

1 07 

17 

22 

o" 

22 

26 

0 

1 

15 

17 

. 

- 

20 

- 

- 

24 

f 

15 

24 

24 

1-6 

28 

27 

28 

1-8 

32 

36 

30 

2-0 

1 

15 

30 

30 

2-0 

42 

40 

2 6 

50 

46 

42 

2-8 

12 

36 

36 

3-0 

42 

44 

3-7 

52 

53 

4-4 

1.^ 

12 

48 

48 

4-0 

56 

56 

4-7 

64 

70 

66 

5-6 

If 

12 

76 

- 

- 

84 

- 

- 

96 

2 

10 

60 

56 

5-0 

70 

6-0 

83 

7-0 

10 

- 

70  ! 

7-0 

86 

8-6 

100 

10-0 

2223^.  Earthenware  pipes^  like  iron  mains,  are  employed  underground.  At  the  begin- 
ning of  this  century,  machinery  was  invented  for  iorrmug  stone  pipes,  which  were  used  for 
some  time,  but  did  not  supersede  those  in  use  formed  of  timber.  Near  Lincoln  have  been 
found  circular  earthe  i ware  tiles,  6 inches  diameter  and  22  inches  long,  set  in  a thick  casing 
of  cement,  so  as  to  exclude  air  entirely,  and  to  strengthen  and  protect  the  piping,  which 
conveyed  the  water  for  about  a mile  and  a half.  It  is  always  necessary  to  have  some 
outlets  for  letting  off  the  air  which  accumulates  in  any  length  of  such  tubing.  When 
water  is  first  allowed  to  enter  a long  length  of  new  piping,  a quantity  of  very  fi.ne  sand  or 
dust  should  be  put  into  it  to  fill  up  any  cracks  or  spaces  left  in  the  joints.  This  is  also 
recommended  to  be  done  for  new  iron  boilers,  iron  water  tanks,  &c.,  as  it  tends  to  make 
the  joints  watertight.  A well-made  stoneware  pipe  of  4 inches  diameter  will  bear  a pres- 
sure of  from  75  to  100  lbs.  per  square  inch. 

2223g.  Iron  water  pipes  for  the  service  of  a house  are  objectionable  in  case  of  their  ' 
bursting  in  winter,  but  this  is  remedied  by  placing  a stop-cock  at  the  entrance  of  the  pipe 
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into  a house,  to  shut  off  the  supply  for  repairs,  or  in  anticipation  of  a frost.  Some  wrought 
iron  pipes  are  lined  and  coated  with  hydraulic  mortar ; others  are  in  the  interior. 

These  latter  have  been  found,  both  for  gas  and  water  purposes,  absolutely  incorrodible; 
in  the  former  case  preventing  thegreatloss  from  leakage,  and  in  the  latter  case  convening 
the  w'ater  in  perfect  purity.  For  a high  service  hot  water  supply,  a galvanized  wrought 
iron  hot  water  cistern,  with  man  hole  screwed  down,  is  supplied.  It  is  usually  2 feet 

6 inches  long,  2 fett  wide,  and  18  inches  deep.  Cast  iron  pipes  are  naturally  very  porous  ; 
so  much  so,  that  water  when  very  forcibly  compressed,  as  by  an  hydraulic  machine,  will 
make  its  way  through  the  thick  cast  iron  cylinder  in  a sort  of  perspiration  on  the  exter  -al 
surface.  Oxidation,  to  a certain  extent,  .will  close  the  pores  of  the  metal,  and  prevent  this 
escape  of  water  or  of  gas  ; and  it  is  recommended  that  all  new  gas  pipes  be  prove  ! with  a 
solution  of  sal  ammoniac,  which  being  forced  into  the  body  of  the  metal  effectually 
oxidises  it,  and  to  a great  extent  cures  the  evil.  Patent  welded  wrought  iron  tubes  and 
fittings,  and  malleable  iron  fittings,  are  made  for  gas,  or  low  pressure  steam,  and  cast  iron 
pipes  for  water,  of  fi’om  ^ to  4 incli  bores  : such  pipes  aie  also  made  for  high  pressure  steam 
or  water,  and  proved  to  a pressure  of  200  lbs.  per  square  inch.  The  ordinary  gas  pipe 
is  proved  to  7o  lbs.  on  the  square  inch. 

2223r.  Gutta  Percka.  On  account  of  the  injurious  effects  of  water  on  lead  cisterns  and 
piping,  this  material  has  been  recommended  as  a substitute  for  it  in  both  cases,  since  its 
general  introduction  about  1849.  But  it  is  uncertain  whether  the  material  can  be  guaran- 
teed as  a lining;  and  some  soils  appear  to  affect  it  when  buried  underground.  It  is  also 
attacked  by  a fungus.  Experiments  made  at  the  Birmingham  Watt-r  Works,  on  the 
strength  of  gutta  percha,  showed,  that  tubes  made  f inch  diameter  and  ^ inch  thick, 
attached  to  the  iron  main,  and  subjected  for  twm  months  to  a pressure  of  200  feet  head  of 
water,  were  not  in  the  slightest  degree  deteriorated.  They  were  afterwards  subjected  to  a 
j>roof  of  337  lbs.  per  square  inch.  The  material  being  slightly  elastic,  the  tubes  expanded, 
but  recovered  their  former  size  on  the  pressure  being  withdrawn.  At  Stirling,  inch 
tubing  bore  a pressure  of  about  450  feet,  without  the  slightest  injury,  whilst  the  same  pres- 
sure upon  strong  leather  hose  scattered  the  rivets  in  all  directions.  A vulccmistd  fihra  is 
a new  substitute  for  leather,  rubber,  gutta  percha,  &c.,  for  packing  hot  or  cold  water 
taps,  valves,  washers,  &c. 

2223s.  Pipes  to  cisterns  are  supplied  with  ball  cocks  and  valves,  both  round  way  and 
square  way,  of  various  forms  and  sizes,  too  numerous  to  be  here  described.  The  “ Brock- 
ley  ” patent  ball  valve,  of  Wood  Brothers  of  Brockley,  is  an  improvement  consisting  of 
the  usual  ball  turning  on  a pivot  fixed  to  the  screw.  “The  spherical  form  of  the  seating, 
and  the  cup  into  which  it  works,  have  been  designed  to  prevent  the  collection  of  gric. 
The  rubber  envelope  at  the  end  of  the  seating  fitting  into  the  opening  through  which  the 
water  flows  is  specially  made,  and  is  durable  as  there  is  no  cutting  edge  to  destioy  it; 
they  only  require  to  be  stretched  on.”  For  sinks,  or  the  usual  supply  taps,  bib-cocks 
having  a “ T key,”  or  a “ spanner”  or  other  key,  are  required  ; these  are  of  different 
makes,  and  often  produce  a recoil.  “ Screw-downs  ” or  “ valves  ” are  used  wdiere  the  high 
pressure  system  is  adopted,  the  “ T key  ” then  screws  down  the  valve.  A “ stop-cock” 
or  “valve”  is  used  to  shut  off  the  water  in  a length  of  pipe,  as  the  service  from  the  main 
pipe,  as  above  noticed,  and  likewise  for  reducing  the  pressure  of  the  water  on  the  “ screw- 
down  ” valves  in  a constant  service.  This  system  is  described  in  Cresy,  Encyclopccdia, 
pages  1655-57.  Stidder’s  patent  hydraulic  ball  valve  is  intended  to  resist  the  highest 
possible  pressure ; the  greater  the  pressure  the  more  secure  from  leakage. 

2223^.  Lavatories  are  fitted  up  with  an  apparatus  for  supplying  the  basin  wdth  hot  and 
cold  water,  and  for  taking  off  the  waste.  Baths  are  supplied  from  a boiler  either  placed 
Jit  the  back  of  a kitchen  range,  or  set  in  the  fireplace  of  the  bath  room,  or  of  an  adjoining 
chamber.  They  are  also  heated  by  a gas  boiler  called  “ Geiser,”  or  other  name,  fixed 
close  to  or  on  the  bath,  having  a flow  and  return  pipe;  or  by  ranges  of  lights  under  the 
bath  itself.  A five-feet  bath  is  said  to  be  heated  to  in  half  an  hour  by  gas,  at  a 
small  cost.  A bath  generally  contains  about  60  gallons  of  water,  and  requires  about  20 
gallons  of  boiling  water  to  heat  it.  Ewart’s  lightning  geyser  gives  a hot  bath  in  five 
minutes.  Shanks’s  new  instantaneous  gas  W'ater  heater.  Doulton  and  Co.’s  Lambeth 
patent  water  heater. 

2223m.  The  bath  itself  is  sometimes  formed  of  marble,  cast  iron  enamelled,  opalized 
glass,  glazed  earthenware,  and  glazed  po  celain  tiles  (Rufford’s),  the  w'eight  of  which  is 

7 cwt.  The  Farnley  porcelain  bath,  of  fireclay  and  enamelled,  is  reduced  in  weight  to 
4.J  cwt. ; they  are  made  of  four  shapes,  from  60  inches  to  74  inches  in  length.  Zinc,  lead, 
copper,  galvanized  iron,  and  slate  all  require  a coating  of  light-coloured  paint,  so  as  to 
render  easily  apparent  any  w'ant  of  puiity  of  the  water.  A patent  stamped  tinned  steel 
bath  is  designed  to  obviate  the  disadvantages  of  cast  iron ; it  does  not  chill  the  water, 
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and  is  light  and  dumble.  If  not  painted,  all  metal  baths  require  considerable  friction 
to  appear  clean.  The  difficulty  of  making  a bath  with  joints  that  shall  not  leak  is 
self-evident.  Tn  lor’s  pattern-book  gives  several  descriptions  of  their  baths  (par.  2228«.). 
Shanks  and  Co.  have  approved  baths  and  fittings. 

2223 V.  With  water  raised  to  a high  level  g eat  power  is  gained  for  various  purposes, 
domestic  and  otherwise.  The  hydraulic  lift,  lately  introduced  into  banks  and  hotels,  is 
the  saving  of  niucli  trouble  and  time.  The  general  details  for  hotels  were  described  by 
J.  Wliichcord,  in  a paper  read  at  the  Institute  of  British  Architects,  in  1864.  Waygood 
and  Co.  are  manufacturers  of  the  more  modern  lifts,  cranes,  and  hoisting  machinery  of 
all  descriptions  by  hydraulic  and  hand  power.  The  American  Elevator  Company  are 
makers  of  the  “Standard”  hydraulic  elevators  fixed  in  various  public  edifices,  hotels, &c. 
A small  lift,  to  be  worked  by  hand,  is  readily  arranged  for  raising  a scuttle  of  coals,  or 
other  package,  from  the  bottom  to  the  top  of  a building.  Other  manufacturers  are  Clark, 
bunnelt  and  Co. ; the  Hydraulic  Engineering  Company,  Limited  (of  Chester) ; Goddard 
and  Stewart;  S.  Chatwood,  1878,  balanced  hydraulic  lifts;  and  Attwood  and  Co.’s 
lifts  and  hoists  for  goods  and  passengers,  worked  by  gas,  steam,  hydraulic,  or  hand  : 
makers  of  the  ABC  self-sustaining  lift  for  houses,  clubs,  &c.  Water  applied  to  a 
turbine  is  capable  of  producing  a small  motive  power,  useful  for  organ  blowing,  turn- 
ing a fan  to  effect  ventilation,  and  other  such  purposes,  without  wasting  the  water  so 
employed. 

2223w.  It  will  be  useful  to  note  the  non-comfressihility  of  water.  It  is  often  necessary, 
before  re-melting  cast  iron,  to  reduce  the  large  masses  into  smaller  pieces.  This  by  the 
ordinary  method  is  both  troublesome  and  difficult.  A simple  and  ingenious  mode  of  pro- 
ducing the  required  fracture  has  been  recently  employed  in  France.  It  consists  in  drilling 
a hole  in  the  mass  of  cast  iron  for  about  one-third  of  its  thickness,  and  filling  the  hole  with 
Mater,  then  closing  it  with  a steel  plug,  fitting  very  accurately,  and  letting  the  ram  of  a 
pile-driver  faU  on  the  plug.  The  first  blow  separates  the  cast  iron  into  two  pieces. 


COPPER 

2224.  Many  of  the  uses  to  which  copper  is  put  have  already  been  noticed  in  the  para- 
grapns  1787  to  1791.  The  nave  of  Chartres  Cathedral  was  roofed  in  1836-41  with  iron 
ribs  covered  with  copper  plates;  in  1853  the  latter  had  so  much  oxidised  as  to  require 
removal.  It  is  said  that  if  strips  of  the  best  zinc,  about  8 inches  by  2 inches,  be  screw-ed 
on  each  course  of  copper,  galvanic  action  would  prevent  the  oxidation  of  the  latter  material. 
Iron  cramps  encased  and  brazed  in  copper,  or  gun-metal  cramps,  in  lieu  of  iron  merely, 
the  exfoliation  of  which  bursts  and  demolishes  stonework,  is  a precaution  now  generally 
adopted  in  good  work.  In  the  Indies,  copper  gutters  decay  after  twenty  years’  use,  not 
lasting  longer  than  shingles,  the  heat  and  moisture  of  the  climate  converting  the  metal 
into  red  oxide  of  copper ; iron  nails  decay  there  very  fast  from  the  same  cause. 

2224a.  Table  I.  of  Thickness  of  Copper  Sheets 


Number  of  wire  gauge 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Weight  of  one  foot  ) 
super,  in  pounds  - / 

14-5 

13  9 

1275 

11-6 

lOT 

9-4 

8-7 

7 9 

7-2 

6 5 

Number  of  wire  gauge 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Weight  of  one  foot) 
super,  in  pounds  - / 

5-8 

5-08 

4-34 

3-6 

3-27 

2-9 

2-52 

2-15 

1 97 

1-78 

Number  of  wire  gauge 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

Weight  of  one  foot ) 
super,  in  pounds  - / 

1-62 

1-45 

1-3 

1*16 

1-04 

0-92 

0 83 

0*74 

0 64 
Moles 

0-58 

worth. 

No.  1 is  equal  to  Y7;ths  of  an  inch  thick;  No.  4 = |^;  No.  7 = y^o>‘ 

and  No.  22  = i-  Nos.  22  to  28,  or  18  to  12  ounces  per  foot  superficial,  were  used  formerly 
tor  gutters.  As  the  plates  of  copper  are  made  of  a uniform  size,  4 feet  long  by  2 feet 
wide,  the  weight  determines  the  thickness  : thus,  70  lb.  plates  are  y^tlis  thick;  46|  lbs.= 
23  1bs.  = i;  IH  lbs.  = 3^^;  6 lbs.  = of  an  inch. 
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2224b.  Table  II.  of  the  Weight  of  a lineal  Foot  of  Round  and  Square  Copper, 

IN  Founds, 


Inches  - 

- 

i 

3 

S 

5 

B 

3 

4 

7 

H 

: 1 

U 

If 

1 3 

H 

1 * 

Square  -w 

- 

•24 

•54 

•96 

1-50 

2-16 

2-94 

3-84 

4-86 

6-CO 

7-27 

8-65 

10-1.5 

Round  - 

- 

•188 

•424 

•755 

1-17 

1-69 

2-31 

3-02 

3-82 

4-71 

5-71 

6-79 

7-94 

Inches  - 

- 

If 

2 

-s 

2f 

H 

2| 

2^ 

21 

3 

Squai  e - 

- 

1L77 

13-52 

15-3S 

17  36 

19-47 

21-69 

24-03 

•26-5;) 

29-08 

31-79 

34-61 

Round 

1 

- 

9-21 

10-61 

12-08 

13-64 

15-29 

17-03 

18-87 

20-81 

22-84 

24-9 -2 

27-18 

' The  table  given  in  Hurst’s  Handbook,  page  82,  is  a slight  increase  on  the  above;  from 
that  work,  page  85,  the  following  table  has  been  derived. 

2224c.  Table  III.  of  the  Weight  of  Copper,  per  superficial  Foot,  in  Poundc. 


Thickness  - - - 

15 

1 

9 

3 

15 

5 1 

15 

i 

7 

16 

1 

5 

Weight  - - - - 

2-891 

5-781 

8-672 

11-563 

14-453 

1 17-344 

20-234 

23-125 

Thickness  - 

15 

5 

S 

1 1 
15 

3 

1 

15 

7 

B 

15 

18 

1 

Weight  - - - . 

26-016 

28-906 

31-797 

34-688 

1 

37-578 

40-469 

43  359 

46-250 

2224d.  Solder  for  copper,  iron,  and  brass,  is  composed  of  an  alloy  of  zinc  and  copper; 
for  pewter  an  alloy  of  tin,  lead,  and  bismuth.  Copper  is  a metal  too  soft  to  use  very 
much  in  decoration,  but  it  goes  well  with  brass,  in  inlay,  incrustation,  or  bands.  A 
tinned  copper  bowl  where  the  ground  is  cut  away  and  the  pattern  left  is  a good  example 
of  work. 


2224c.  Wetterstedt's  patent  metal  should  be  laid  by  a good  plumber.  The  flats  are  formed 
with  rolls  and  drips  similar  in  every  respect  to  lead,  but  the  latter  should  be  formed  with 
a gradual  descent.  The  rolls  need  not  lie  more  than  1 to  inch  diameter,  tapered  at  the 
ends,  and  brought  close  up  to  the  edge  of  the  drip.  Circular  and  sloping  roofs  may  he 
laid  either  with  rolls  or  welts,  the  ends  of  the  sheets  being  joined  by  a welt  or  overlap  of 
6 inches.  The  metal  should  be  laid  free,  and  nails  avoided  as  much  as  possible,  but  if 
used  they  should  be  of  wrought  copper.  Soldering  is  to  be  avoided,  but  to  secure  the 
metal  as  against  an  upright  face,  a solder  dot  over  a screw  is  the  best  means  to  adopt. 

2224/.  Muntz's  metal  is  used  as  a coating  for  iron  vessels  under  water;  to  prevent  gal- 
vanic action  a band  of  vitreous  sheathing  is  attached  for  some  distance  below  and  above 
the  water  line.  This  sheathing  consists  of  small  plates  of  iron  covered  with  a preparation 
of  glass,  and  is  intended  to  be  an  anti-fouling  as  well  as  a protective  agent. 


ZINC. 

2224g.  The  common  sheets  in  general  use  are  12,  14,  16,  18,  and  20  ounces  to  the  foot 
superficial;  and  as  1 8 thicknesses  of  16  ounces  to  the  foot  are  lialf  an  inch  thick,  the 
following  show  the  thicknesses  of  the  different  weights:  — 

Plates  or  sheets  of  10  ounces  to  the  foot  are  0 017.86  inch  thick. 

12  — 0-02083  „ 

14  — 002430  „ 

16  — 0 02777  „ = 3*5  of  an  inch. 

18  — 003125  „ 

20  — 0-03472  „ 

It  is  employed  for  water-cisterns  and  baths,  rain-water  pipes — in  short,  for  almost  all 
purposes  where  lead  has  been  hitherto  employed.  Latterly  it  has  been  formed  into  s;ish- 
bars  for  skylights  and  ornamental  sashes ; for  which  purposes,  strength  excepted,  it  is 
superior  to  iron,  as  not  being  liable  to  rust,  and  loosen  the  putty  and  glass.  It  is,  in  every 
respect,  equal  to  copper,  and  not  more  than  one-third  the  cost  of  it.  The  discovery  of  the 
electro  process  was  said  to  have  introduced  the  application  of  zinc  to  cast  and  wrought 
iron,  so  as  to  prevent  its  oxidation  or  rust,  but  such  has  not  been  the  case  (see  galvanized 
and  zinked  Ikon). 
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2224A.  Al’out  IRGL  the  Vieille  Montague  Zinc  Mining  Company  took  steps  to  itui)rove 
me  mode  of  laying  zinc  rojfs,  and  to  prevent  the  use  of  thin  gauges  of  .siuet  zlr.c,  which 
are  unfit  for  the  purpose.  This  Company  recoiniuencl  that  for  ro.)fs  aiui  flats  on  hoaids 
no  ga'ige  thinner  than  No  1:5  be  used;  a medium  tliickness,  No.  11,  for  roofs,  flats,  and 
gutters;  for  l)est  woik  and  for  ri)ofs  without  hoards.  Nos  15  or  16.  'I'lie  Comjjany  is 
I reparing  thicker  zinc,  Nos.  17  and  18,  principally  for  gutters.  Steel  cut  gauges  notched 
for  roofing  numbers  only,  are  supplied  whereby  to  test  the  thiekness.  The  weight  of 
No.  18  gnuge  is  1 9 oz.  10  drs.  ; No.  H is  21  oz.  ISdrs;  No.  15  is  24  oz. ; and  No.  16  is 
26 oz  3 drs.,  per  .square  foot. 

2224<.  Good  zinc,  properly  laid,  has  been  proved  by  long  experience  In  France,  Felgium, 
Germany,  and  Italy,  to  be  a secure,  durable,  and  economical  covering.  No  detrimentrJ 
effects  from  a.'.y  particular  climate  are  to  be  feared,  so  that  care  be  taken  to  adojit  the 
pro|>er  mode  of  laying,  and  to  select  the  proper  gauges,  of  the  best  quality  of  zinc.  Even 
good  zinc  badly  laid  will  prove  a failure.  Screws  or  embossed  holes  on  the  surface  of  good 
zinc  work  are  not  reijuired.  As  the  prescribed  mode  for  laying  zinc,  illustrated  by  dia- 
grams, can  be  obtained  on  application  to  the  agents  cf  Devaux’s  Vieille  IMontagne  Zinc 
Company,  and  to  the  agents  for  the  supply  of  the  Improved  rooting  zinc,  we  do  not 
consider  it  necessary  to  describe  it  here  in  detail. 

2224//.  Siamped  orn<nnc7itul  zi?ir,  for  dormers,  INIansard  roof’s,  vanes,  finials,  moulding, 
and  enrichments,  has  been  used  on  the  Continent  for  many  years  with  good  effect.  In 
London  it  is  hardly  known,  but  has  been  eini'loyed  lately  at  the  Charing  Cross  Hotel;  at 
the  Langham  Hotel;  and  at  No.  114  Piccadilly.  'I'lie  steeple  of  Ripple  Church,  Kent; 
the  Victoria  Railway  Station,  Pimlico;  and  many  other  public  and  private  buildings 
throughout  the  kingdom,  now  show  the  employment  of  this  useful  material. 

2224/.  Perfoiated  zinc  for  various  sizes  of  perforations  or  in  patterns,  is  extensively  em- 
ployed in  filling  up  squares  in  sashes,  or  panels  in  partitions,  to  assist  ventilation  by  breaking 
the  force  of  the  current  of  air. 

Zinc  has  been  noticed  in  paragraphs  1792  to  1797- 

BRASS. 

2224771.  Brass  is  a metal  which  has  been  adopted  very  widely  in  the  last  thirty  years,  in 
art  progress,  for  the  decoration  of  public  buildings,  churches,  and  houses.  'J  he  feeling  of 
softness,  which  the  sjrecial  smoothness  and  polish  of  brass  calls  for  in  design,  requires 
much  study  ; the  rounded  contours,  with  great  delicacy  in  the  cu?ves,  and  fine  detail,  some 
of  it  almost  imperceptible,  is  what  the  skilled  turner  knows  bow  to  give  to  the  work. 
Candlesticks,  chandeliers,  dishes,  fire-irons,  fenders,  degs,  bdiustrades  in  screens  to  choirs 
and  chapels,  as  in  Belgium  and  Holland  fthe  last  having  a very  lich  and  beautiful  effect)  ; 
fonts,  desk  rails,  lecterns,  sepulchral  brasses,  arrangements  for  ligliting,  are  among  the 
many  purposes  for  vvliich  this  material  is  employed.  Inferior  brass  turns  nearly  black  by 
the  smoke  of  towns  and  chemical  vapours,  but  good  brass  only  requires  moderate  care  to 
keep  it  looking  well. 

Table  of  the  Weight  of  a superficial  Foot  of  a Plate  of  Brass,  in  PouNns. 

(Moleswofth,  Formula:.) 


fhickness,  parts'll 
of  an  inch  J 

16 

1 

8 

.3 

16 

1 

4 

5 

16 

3 

8 

7 

16 

1 1 
2 1 

16 

5 

8 

11 

16 

3 

4 

13 

16 

7 

8 

i.i 

16 

1 

IVeight  in  pounds 

2-7 

... 

8-2 

11 

jl3-7 

16-4 

19-2 

21  -9 

24-6 

27-4 

30-1 

32-9 

35-6, 

1 

38  3 

41*2| 

43-9 

This  material  has  been  described  in  paragraph  1790. 
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GLAZING. 

2225.  Glazing,  or  the  business  of  the  glazier,  consists  in  fitting  glass  in  sashes,  frames,' 
and  casements,  either  in  putty  or  lead.  It  may  be  classed  under  the  heads  of  sashwouk, 
LEADWOBK,  and  FUETWoiiK.  Glass,  as  a material,  has  been  already  described  in  Chap.  II. 
Sect.  XII.  of  this  book. 

2226.  The  tools  necessary  for  sasetwork  are — a diamond,  polished  to  a cutting  point,  and 
set  in  brass  in  an  iron  socket,  to  receive  a wooden  handle,  by  which  it  is  held  in  a cutting 
direction.  The  top  of  the  handle  goes  between  the  root  of  the  forefinger  and  middle  finger, 
and  the  under  part  between  the  point  of  the  forefinger  and  thumb.  In  general,  there  is  a 
notch  on  the  side  of  the  socket,  which  should  be  held  next  the  lath.  Some  diamonds  have 
more  cuts  than  one.  Plough  diamonds  have  a square  nut  on  the  end  of  the  socket  next 
the  glass,  which,  on  running  the  nut  square  on  the  side  of  the  lath,  keeps  it  in  the  cuttingii 
direction.  Glass  benders  liave  their  plough  diamonds  without  long  handles,  as  they  cannot 
make  use  of  a lath  in  cutting,  but  direct  them  by  the  point  of  their  middle  finger. 
The  ranging  lath  should  be  long  enough  to  extend  beyond  the  boundary  of  the  table 
of  glass,  hanging  of  glass  is  the  cutting  it  in  breadths,  and  is  best  done  by  one  unin- 
terrupted cut  from  one  end  to  the  other.  A short  lath  is  used  for  stripping  the  square  toij 
suit  the  rebate  of  the  sash,  as  in  ranging  they  are  generally  cut  full.  A square,  for  tlief 
more  accurate  cutting  at  the  right  angles  from  the  range.  The  carpenter’s  chisel  is  used 
in  paring  away  some  of  the  rebate  of  the  sash  when  the  glass  does  not  lie  so  flat  as  to  allow 
a proper  breadth  for  front  putty.  The  glazing  knife  is  used  for  laying  in  the  putty  on  the 
rebates,  for  bedding  in  the  glass,  and  finishing  the  front  putty.  A hradding  hammer  is  made 
with  a head  in  the  form  of  a small  parallelepiped,  with  a socket  for  the  handle,  using  it  at 
an  obtuse  angle  from  the  middle  of  one  of  its  sides.  The  square  edges  of  the  head  drive 
the  brads  in  a horizontal  direction,  and  with  this  tool  there  is  less  liability  to  accident  than 
with  any  other.  Some  use  the  basil  of  the  chisel  for  the  purpose.  Brass  joints  are  con- 
sidered the  best  for  bi’adding ; small  cut  brads  are  also  used.  All  new  works  should  be 
bradded,  to  prevent  the  glass  being  moved  out  of  its  bed.  The  dusttr  is  a large  brush  for 
brushing  the  putties,  and  taking  the  oil  from  the  glass.  The  sash  tool  is  used  wet,  for 
taking  the  oil  from  the  inside  after  the  back  putties  are  cleared  off.  The  hacking  knife  is 
for  cleaning  out  the  old  putty  from  the  rebates  where  squares  are  to  be  stopped  in.  The 
use  of  the  glazier's  rule  needs  no  explanation  : it  is  2 feet  long,  doubling  in  four  different 
pieces. 

2226a.  The  'putty  in  which  the  glazier  beds  the  glass  is  of  four  sorts.  Soft  putty 
is  composed  of  dour,  whiting,  and  raw  linseed  oil ; hard  putty,  composed  of  whiting  and 
boiled  linseed  oil;  harder  putty,  the  same  ingredients  as  the  last,  with  the  addition  of  a 
small  quantity  of  turpentine  for  more  quickly  drying  it;  hardest  putty,  com’fgosQdi  of  oil, 
red  or  white  lead,  and  sand.  The  first  of  these  putties  is  the  most  durable,  because  it 
forms  an  oleaginous  coat  on  the  surface,  but  it  requires  a long  time  for  drying.  The  hard 
sorts  are  apt  to  crack  if  not  soon  well  painted,  ancl  the  hardest  of  them  renders  it  difficult 
to  replace  a pane  when  broken ; hence  it  is  altogether  unfit  for  hothouse  and  greenhouse 
work.  Probably  the  best  manner  of  fixing  glass  and  glazed  frames  in  stone  inullions 
is  with  a mixture  of  Bath  stone  dust  and  linseed  oil,  made  up  similarly  to  putty. 
Its  elasticity  allows  of  any  slight  settlement  if  the  work  be  new,  and  it  is  more  of  a 
waterproof  cement  than  Portland,  as  it  is  not  nearly  so  liable  to  crack  : that  cement, 
without  a large  proportion  of  sand,  will  almost  invariably  burst  glass  or  stone  after  a 
few  months ; and  it  also  stains  freestones,  Corsham  Down  stone  especially,  giving  it  the 
appearance  of  having  been  burnt.  {Biiilder,  1864,  p.  796.) 

22265.  To  remove  glass  from  old  sashes,  a mixture  of  3 parts  of  American  potash  with 
1 part  of  unslaked  lime,  laid  on  both  sides  with  a stick,  and  allowed  to  remain  for  twenty- 
four  hours,  will  soften  the  putty  enough  to  cut  out  easily.  This  mixture  will  also  take  off  | 
paint,  and  even  tar. 

2226c.  Many  systems  of  glazing  large  roofs  have  been  introduced  of  late  years,  each  ' 
supposed  to  be  an  improvement  upon  the  other,  and  recommended  hy  the  designers  for  j| 
billiard-rooms,  picture-galleries,  dining-rooms,  concert-halls,  yards,  large  span  roofs,  &c. 

Braby’s  patent  glazing',  glass  set  free,  allowing  expansion  and  contraction,  and  precluding 
I'U’eakage.  U 

Brown’s  patent  system  of  glass  and  iron  roofing.  No  putty,  zinc,  galvanised  iron,  cast- 
iron,  india-rubber,  felt,  asbestos,  or  other  perishable  material. 

Causley’s  system  of  glazing  without  putty,  1881. 
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Crown’s  dry  glazing;  simple  and  cheap. 

Drummond’s  patent  roof-glazing  sasli-bars  in  iron,  steel,  zinc,  or  wood. 

(Jrover  & Co.’s  simplex  glazing.  No  iron,  zinc,  or  putty.  Lead  strips  on  wood-bars,  &c. 
Ilelliwell’s  patent  perfection  system  of  imperishable  glass  roofing.  No  putty  used. 
Jeffrey’s  patent  system  of  glazing,  guaranteed  air  and  water  tight.  ' 

Johnson  Brothers  & Co.’s  patent  imperishable  glazing. 

Mackenzie’s  patents,  by  the  British  Patent  Glazing  Company  (Limited).  No  zinc  used; 

a lead  cushion  over  an  iron  bar. 

Mellowes  and  Darby’s  eclipse  glazing  ; tin-lead  bar,  V section. 

Kendle’s  Acme  glazing. 

Rendle  & Burrow’s  indestructible  glazing.  Wood  sash-bar,  the  glass  covered  on  it  by  a 
wood  capping. 

Shelley’s  patent  standard  system  of  glazing,  using  glass  up  to  10  feet  in  length,  with  his 
patent  bars  placed  two  feet  apart. 

The  Pennycook  patent  universal  system  of  glazing  without  putty. 

Each  system  must  be  examined  fur  its  peculiarity. 


2226(^.  The  Transparent  Wire  Wove  Eoofing  Company  (Limited)  has  manufactured  a 
substitute  for  glass,  made  in  sheets  10  ft.  by  4 ft,,  at  Q^d.  per  foot.  Much  is  said  in 
favour  of  it,  and  for  many  purposes  it  may  work  in  usefully  as  a temporary  material. 

2226e.  The  diminution  of  light  by  passing  through  vmrious  sorts  of  glass  has  been 
given  thus:  British  polished  plate,  13  per  cent. ; rough  cast  plate,  30  ; rolled  fluted  plate, 
4 flutes  to  the  inch,  53;  32  oz.  sheet,  22;  common  window  glass,  about  10;  ground 
glass,  from  30  to  60  ; opal  globes,  from  50  to  60;  green,  purple,  and  ruby  glass,  82  to  89  ; 
and  porcelain  transparency,  over  97^.  Idght  decreases  in  the  ratio  of  the  square  of  its 
distance  from  its  sources. 

2227.  Lkadwork  for  fixed  lights  is  used  in  ecclesiastical  buildings,  often  in  inferior 
offices,  and  frequently  in  country  buildings.  Frames  made  with  crossbars  receive  these 
lights,  which  are  fastened  to  saddle  bars.  Where  openings  are  wanted,  a casement  is 
introduced  of  wood  or  iron.  Sometimes  a sliding  frame  is  used,  particularly  for  house 
windows.  Plain,  painted,  and  stained  lead  lights  have  of  late  years  been  largely  intro- 
duced in  the  so-called  “ Queen  Anne  ” designs,  and  adapted  for  blind  or  transom,  fanlight, 
door  panel,  or  window. 

2228.  The  glaziers  vice  is  for  preparing  the  leaden  slips  called  cames  wdth  grooves,  &c., 
to  fit  them  for  the  reception  of  glass.  The  German  vices  are  the  best,  and  turn  out  a 
variety  of  lead  in  different  sizes.  There  are  motdds  belonging  to  these  vices  in  which  bars 
of  lead  are  cast;  in  this  form  the  mill  receives  them,  and  turns  them  out  with  two  sides 
parallel  to  each  other,  and  about  | of  an  inch  broad,  and  a partition  connecting  the  two 
sides  together,  about  | of  an  inch  wide,  forming  on  each  side  a groove  near  ^4.  by  1 of  an 
inch,  and  6 feet  long.  The  setting  board  is  that  on  which  the  ridge  of  the  light  is  Avorked, 
and  divided  into  squares,  and  struck  out  with  a chalk  line,  or  drawn  with  a lath,  which 
serve  to  guide  the  workman.  One  side  and  end  is  squared  with  a projecting  bead  or 
fillet.  The  latterkin  is  a q^ieco  of  hard  wood  pointed,  and  so  formed  as  to  (dear  the  grooA^e 
of  the  lead,  and  widen  it,  for  the  more  readily  receiving  the  glass.  The  setting  knife  is  a 
blade  with  a round  end,  loaded  with  lead  at  the  bottom  of  the  blade,  and  having  a long 
square  handle.  The  square  end  of  the  handle  serves  to  force  the  squares  home  tight  in 
the  lead;  being  loaded  with  lead,  it  is  of  greater  weight,  and  also  cuts  off  the  ends  of  the 
lead  with  greater  ease,  as  in  the  course  of  working  these  lights  the  lead  is  always  longer 
than  is  necessary  till  trimmed. 

2229.  The  resin  box  contains  powdered  resin,  which  is  put  on  all  the  joints  previous  to 
soldering.  Clips  are  for  holding  the  irons.  All  the  intersections  are  soldered  on  both 
sides  except  the  outside  joints  of  the  outer  side,  that  is,  where  they  come  to  the  outer  edge. 
These  lights  should  be  cemented,  which  is  done  by  thin  paint  being  run  along  the  letd 
bars,  and  the  chasm  filled  with  dry  whiting.  After  it  has  stood  a short  time,  a small 
quantity  of  dry  red  or  white  lead  is  dusted  over  it,  which  will  enable  it  to  resist  the 
weather  well. 

2229a.  Fretwork  is  the  ornamental  part  of  lead- 
light  work,  and  consists  in  Avorking  ground  or  stained 
glass  into  different  patterns  and  devices,  as  may  be  seen 
ill  the  old  stained  glass  Avindows.  The  leads  used  until 
the  middle  of  the  seventeenth  century  are  nearly  of  one 
uniform  width,  and  are  much  narroAver  in  the  leaf  thi\n 
the  common  modern  leads.  That  this  Avas  the  case,  can 
be  proved  not  only  by  the  existence  of  the  original  leads 
themselves,  but  more  satisfactorily  perhaps  by  the  black  ^ 

lines  drawn  upon  the  glass,  with  which  the  glass  painters  ^ 

Averc  accustomed  sometimes  to  produce  the  effect  of  leads  without  unnecessarily  cutting 
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the  glass.  A in  fi.].  8C7(J.  represents  an  ancient  lead  of  the  usual  width  ; B its  section 
consisting  of  the  leqf,  a and  b.  and  tlie  core  c.  C is  the  section  of  a German  lead  of  ih« 
early  part  of  the  14th  century.  1)  is  a piece  of  modcrn//e^  lead  of  t!ie  ordinary  width,  and 
which  is  now  considered  (lH47)  as  being  very  narrow;  and  its  section.  The  process  of 
compressing  the  lead  between  rollers  to  the  proper  dimension  makes  them  more  rigid ’than 
the  old  leads.  It  is  the  practice  at  tlie  present  day  to  surround  each  glazing  panel  with  a broad 
lead,  that  is.  a lead  three-(juarters  of  an  inch  broad  in  the  leaf,  to  strengthen  tlie  work  (page 
27.).  Leads  somewhat  narrower  than  these  were  very  exten.sively  employed.  An  eniire 
window,  at  Stowting  Church,  Kent,  jtrobably  of  the  early  part  of  the  reign  of  Edward  IV., 
w.is  leaded  with  leads  as  F.  The  other  lead,  G,  is  of  the  early  part  of  the  reign  of  Henry 
VI.,  and  is  from  Mells  Cliurch,  Somersetshire,  where  similar  lead  is  commonly  used, 
This  mode  of  strengthening  the  lead  witliout  increasing  its  width  was  not  confitied  to  the 
d.corated  period.  Both  these  specimens  had  all  the  appearance  of  being  cast  in  a tnoidd. 
One  of  tlie  faces  in  each  is  narrower  than  the  others;  these  were  placed  outside,  and  the 
difteren  e probably  arose  from  decomposition  of  the  metal.  A still  narrower  lead  may  be 
occasionally  met  with  in  heraldry  and  other  minute  mosaic  work  of  the  loth  and  Ifith 
centuries.  It  is  hardly  nece.ssary  to  observe  that  the  greater  the  number  of  leads  em- 
ployed,  the  weaker  individually  may  tliey  be  made  (page  259-61.).  The  width  of  the 
leads  mu.st  be  projiortionate  to  that  of  the  lines  usually  painted  on  the  glass,  for  the  leaden 
outlines  will  easily  be  detected  if  they  are  much  stronger  than  the  painted  ones.  The  effect 
of  the  increased  width  of  modern  leads,  E,  although  so  trifling,  is  very  perceptible. 

22296.  Saddle  bars  in  ancient  windows  will  be  found  to  be  usually  placed  from  8 to  9 
inches  apart,  which  seems  to  be  the  most  agreeable  distance,  though  one  of  6 inches  does 
not  appear  too  little  in  some  cases.  Tlie  great  object  is  to  avoid,  as  much  as  possible, 
causing  the  light  to  appear  as  if  it  were  divided  into  a number  of  square  compartments,  by 
making  the  height  too  nearly  the  width  of  the  glass.  Amongst  the  advantages  resulting 
from  the  use  of  saddle  bars  at  short  intervals,  is  tlie  o])portunity  it  affords  the  glazier  of 
carrying  a horizontal  lead  across  the  light  immediately  in  front  of  each  saddle  bar,  the 
opacity  of  which  hides  the  lead.  This  method  of  concealing  lead  work  was  carried  to 
such  jierfection  during  the  first  half  of  the  16th  century,  that  a ]ierson  ignorant  of  it 
would  find  it  difficult  to  conceive  how  some  of  the  works  of  that  period  were  constructed. 

2229c.  Iron  standaids  or  stancheons,  in  ancient  windows  put  tlirough  the  saddle  bars, 
should  be  retained  in  pattern  windows,  which  they  improve,  and  do  not  appear  to  be  out 
of  jilace  in  picture  windows  whenever  they  do  not  happen  to  jiass  immediately  behind  the 
head  of  the  principal  figure.  They  seem  also  on  the  whole  to  improve  the  effect  of  the 
architecture  from  without.  (Wjnston,  Inguir;/  into  Style  in  Glass  Painting,  8vo.  1847.) 

2229d.  It  is  stateel  that  at  Cologne  Cathedral  the  glass  is  strong;  the  different  pieces 
are  joincel  together  with  lead,  and  soldered  with  tin,  bi'th  inside  and  outsiele.  wdiich  gives 
the  whole  great  strength.  Tlie  panes  are  fastened  upon  iron  frames,  which  are  again 
fastened  upon  rods.  In  the  interior  the  jianes  are  screwed  upon  iron  bars,  half  an  inch 
thick,  winch  are  let  into  the  masonry. 

2280.  In  London  a large  portion  of  the  glazier’s  business  consists  in  cleaning  windows. 

22.81.  Glazed  partitions  formed  of  wood,  or  of  iron  frames  with  the  lower  } auels  filled 
in  with  slate,  are  now  very  usual  in  warehouses,  banks,  and  counting-houses.  If  sound  be 
desired  not  to  pass  through  such  fittings,  they  must  be  glazed  with  extra  thick  glass ; but 
double  sheets  or  square.s,  placed  about  half  an  inch  or  more  apart,  and  carefully  puttied,  is 
be.st.  Tills  method  will  also  conduce  to  the  warmth  of  the  room.  Double  windows  to 
the  fronts  of  houses  are  common  fittings  to  effect  both  the  above  purposes. 

2231ti.  Glass  has  been  introduced  for  a variety  of  building  puiposes.  Thus,  Lloyd  and 
Summerfield’s  patent  crystal  window  bars,  for  windows,  shop  fronts,  and  cases,  are  not 
uncommon.  They  are  fitted  with  arched  heads  and  spandrils  of  gla.s.s,  having  patterns, 
silvered  or  gilt,  on  a coloured  ground.  Glass  tiles  and  dates  ai*e  a useful  auxiliary  to  a 
roof  where  a small  modicum  of  light  is  required,  Lockhead’s  perforated  glass  ventilator 
can  either  be  set  in  the  sash,  or  fixed  outside  of  it  in  a frame  for  the  whole  width  of  the 
opening,  air  being  admitted  by  moving  the  sash.  For  the  like  imrpo.se  are  such  inventions 
as  Moore's  louvre  ventilators  in  a sash  jiane ; Boyle’s  draughtless  window  ventilators,  being 
a fine  gauze  of  wire  set  in  a pane  of  glass,  and  used  with  or  without  a glass  cover ; and  the 
circular  glass  “revolving”  ventilator.  Glass  balusters  and  handrails’,  pilasters  for 
chimneypieces ; door  handles,  knobs,  and  plates ; mirror  frames;  trays  for  dairies;  cut 
crvstal  and  ojial  letters;  Pratt’s  patent  proc<  ss  of  gilding  by  precipitation  ( 1 886),  are  among 
otlier  useful  inventions  iu  this  material.  See  Fav.emeiit  Light*,  par  2225/. 

22.816.  Coloured  or  stained  glass.  We  can  only  here  name  the  varieties.  There  are  three 
modes  of  colouring  glass:  I.  Pot  metal  glass,  in  which  the  colour  is  mixed  up  with  the 
midien  mass.  II  Flashed,  covered,  or  coated  gla  s,  formed  by  uniting  a thin  layer  of 
coloured  glass  with  another  layer,  either  of  a different  coL  ur  or  colourless.  III.  Painted 
glass,  tlie  v\  hite  substance  being  painted  on,  and  then  the  colour  or  pigment  bun  t in. 
'I'he  colouring  rraierials  are  in  all  cases  metallic  substances.  Such  are  the  methods  by 
which  all  coloured  glass  windows  are  produced. 
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‘223  lo.  Tor  ornamental  purposes,  besides  coloured  glass,  glass  may  have  a pround  suiface, 
which  is  obtained  by  grinding  it  with  a stone,  or  by  the  use  of  fluoric  acid.  Ejnbossed 
qlass,  which  ))erinits  the  apjilication  of  devices,  according  to  the  fancy  of  the  designer  or 
intention  of  the  manuracturer,  is  eftccted  by  covering  the  square  of  glass  with  a varnisli, 
except  wliere  the  device  is  intended.  An  acid  is  then  poured  on  whicli  cats  away  the 
uncovered  glass  for  a small  deptli.  Tlie  varnisli  is  then  cleaned  off,  and  the  general  surface 
u ground  as  usual.  Its  imitation  is  obtained  by  covering  the  plate  witli  a varnish,  a lace 
or  stencil  jiattern  jilaced  on  it,  tlien  dusted  over  with  a colouring  matter  in  the  state  of  fine 
powder,  and  the  plate  thus  treated  sufllciently  heated  to  vitrify  and  fix  the  dusted  varnish 
to  tlie  glass.  Messrs.  C hance,  and  other  manufacturers,  sell  various  enamelled  stencilled 
patterns,  as  white  euameil  d,  euamtlle/l  and  flocked,  embossed  repeated  pattern,  stained  enamelled^ 
and  double  etched  pltss,  ielf  shadowed  glass,  j atent  polychromatic  glass,  printed  glass,  stamped 
ill  colou'S,  and  many  other  kinds,  all  which  are  better  seen  at  the  factories  than  described. 

Q2\i\d.  The  compressive  strength  of  glass,  that  is,  its  resistance  to  a force  tending  to 
crush  it,  is  about  12^  tons  per  square  inch.  'I'his  is  nearly  equal  to  one  quarter  the 
.stre  gth  of  cast  iron.  Glass  has  three  times  the  specific  gravity  of  iron.  In  the  form  of 
bars,  a favourable  shape  for  developing  a highly  tensile  strength,  one  ton  per  square  inch 
of  area  is  the  highest  amount  to  be  assumed  for  it. 

223 le.  INIosaic  work.  This  durable  manner  of  decoration  in  glass,  requires  a short 
notice.  The  Roman  mosaic  is  composed  of  pieces  of  enamelled  glass,  thus  rendered  opaque, 
sometimes  called  smalto  and  sometimes  paste,  made  of  all  kinds  of  colours  and  of  every  dif- 
ferent lute  For  large  ))ictures  they  take  the  form  of  small  cakes.  For  small  works  they 
are  produced  as  threads,  varying  in  thickness  from  that  of  a piece  of  string  to  the  finest 
cotton  thread.  The  Venetian  mosaic  pictur..s  are  formed  of  ])ieces  of  very  irregular  shapes 
and  sizes,  of  all  colours  and  tones  of  colours ; the  ground  tint  almost  invariably  prevail- 
ing is  gold.  The  manner  of  execution  is  always  large  and  coarse,  and  rarely  ajrproaches 
any  neatness  of  joint  or  regidarity  of  bedding.  Opus  Grecanicnm  consists  in  the  insertion, 
into  grooves  cut  in  white  marble  to  a depth  of  about  half  an  inch,  of  small  cubes  of  these 
coloured  and  gilded  smalto,  and  in  the  arrangement  of  these  forms  in  such  geome'ricul 
combination  as  to  compose  the  most  elaborate  patterns.  It  was  customary  to  combine  the 
Lands  of  this  mosaic  work  with  large  slabs  of  Serpentine,  Porphyry,  Pavonazzetto.  and 
otlier  valuable  marbles,  and  to  use  it  in  the  decoration  of  ambones,  cancelli,  &c. ; its  use 
externally  was  comparatively  rare.  The  hexagon,  triangle,  s(juare,  and  octagon,  form  the 
usual  bases  of  most  of  the  specimens  of  this  ingenious  art  to  be  found  in  Italy.  Patterns 
of  accumulating  intricacy  are  sien  at  Palermo,  and  at  Monreale.  lllustraaoiis  in  colour 
are  given  in  the  useful  work  on  Mosaics,  by  M.  D.  Wyatt. 

2231/1  Coloured  enamels  are  made  of  a vitreous (or  glass),  to  this  are  added  other 
mineral  substances,  which,  when  properly  prejrared  and  fused  together,  impart  to  the  ]>aste 
its  density  and  extreme  hardness,  and  also  its  colour;  the  better  the  manufacture,  the  more 
satisfactory  the  a[>pearance  and  the  greater  the  durability  of  the  mosaic  work.  In  an 
imperfect  manufacture,  the  mosaic  is  liable  to  be  injured  by  damp,  smoke,  and  all  atmo- 
spheric changes  ; when  well  produced,  they  can  be  made  to  give  precisely  the  same  ell’ect 
as  the  jjainting. 

2231^'.  Gold  and  silver  enamels  were  introduced:  these  are  made  of  the  precious  metals, 
b'.it  in  such  thin  sheets  that  their  use  is  comparatively  inexpensive,  d'he  process  is  a 
difficult  one,  for,  to  produce  true  gold  and  silver  enamels,  great  knowledge  and  experience 
ate  necessary.  On  a ground  of  thick  glass  or  enamel,  according  as  it  is  desired  to  render 
the  gold  enamel  transparent  or  opaque,  or  to  impart  to  it  a warm  or  variegated  colour, 
there  is  laid  a leaf  of  gold  or  silver,  which  is  attached  principally  by  the  action  of  fire  ; 
then  a film  of  the  purest  glass  is  spread  over  it,  and  this  may  either  be  perfectly  colourless 
or  of  any  tint  that  maybe  required.  When  well  manufactured,  these  thin  layers,  after 
being  fused,  become  perfectly  united  with  each  other,  and  form  a homogeneous  body,  and 
the  metal  is  for  ever  protected  against  all  possibility  of  injury  from  any  cause  except  actual 
violence. 

2231A.  Stevens  has  produced  a new  kind  of  glass  mosaic,  executed  at  about  one  third  the 
price  of  the  ancient  manufacture  of  this  kind.  'I'he  glass  is  stained  or  gilt,  and  the  method 
is  adapted  for  many  purposes.  Messrs.  Rust  are  working  in  gold,  silver,  and  enamel 
mosaics  of  their  own  invention ; and  Dr.  Salviati  employs  his  “indestructible  system  of 
Venetian  enamel-mosaic,  in  works,  in  a comparatively  inexpensive  and  expeditious 
manner.”  At  the  Wolsey  tomb-house,  at  Windsor,  the  entire  ceiling,  consi.sting  of  2,100 
feet,  was  decorated  in  the  space  of  ten  months,  including  the  time  of  the  transit  of  the 
mosaics  from  Venice  ; and  was  executed,  with  the  scaflolding,  at  the  price  of  4,72.5/.  It  was 
also  employed  at  St.  Paul’s  Cathedral,  for  the  figure  of  the  prophet  Isaiah,  covering  250 
feet,  which  was  executed  and  fixed  in  two  montlis,  at  the  price  of  600/.  (Lecture  read  at 
Leeds,  by  A.  Salviati,  1865.) 

2231 1.  The  cements  used  are  of  three  .sorts.  The  first,  for  large  tesserae  in  forming 
floors,  is  composed  of  pitch,  mixed  with  a black  earth.  The  second,  tor  stones  of  a mid- 
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(llin<5  diinenslon,  is  made  of  tufa  and  oil-  The  tliird,  for  the  more  dilicate  mosaics  of 
l)ieces  of  glass,  is  made  of  white  of  lime,  pounded  bricks,  gum  andragan,  and  the  wliite 
of  eggs.  'I’lie  ancients  are  said  to  liave  used  I part  of  slaked  lime  and  3 parts  of  pounfkul 
marble,  made  up  with  water  and  white  of  egg.  But  as  this  is  considered  to  harden  too 
quickly,  a mixture  of  1 part  of  slaked  lime,  and  3 parts  of  powdered  travertine  stone,  mixed 
up  with  linseed  oil,  and  kept  stirred  every  day,  is  used,  adding  oil  as  it  dries.  The  mass 
is  ready  sooner  in  warm  weather  than  in  cold,  varying  from  20  to  30  davs,  when  it  is 
like  a smooth  ointment.  For  the  larger  works,  Keene’s,  Portland,  or  other  similar  cements 
might  be  used. 


Sect.  IX. 

PLASTERING. 

2232.  In  the  finishing  of  our  dwellings,  the  decoration  owes  much  of  its  etfect  to  the 
labours  of  the  plasterer  : it  is  in  his  department  to  lay  the  ceilings,  and  to  give,  by  means 
of  j)laster,  a smooth  coat  to  the  walls,  so  as  to  l)ide  the  irregularities  left  by  tlie  bricklayer 
and  mason,  and  make  them  sightly  and  agreeable.  He  also,  in  the  better  sort  of  buildings, 
furnishes  plain  and  decorated  mouldings  for  the  cornices  and  ceilings ; and  in  the  external 
parts,  where  stone  is  expensive  or  not  to  be  procured,  covers  the  exterior  w.ills  with  stucco 
or  other  composition  imitative  of  stone. 

2233.  The  plasterer’s  tools  are — a spade  or  shovel  of  the  usual  description ; a rahe  with  two 
or  three  prongs  bent  downwards  from  the  line  of  the  handle,  for  mixing  the  hair  and  mortar 
together;  stopping  and  picking  out  tools  ; rides  called  straightedges  ; wood  wodtls  ; and  trowels 
of  two  sorts  and  various  sizes,  namely,  the  hying  and  smoothing  tools,  consisting  of  fiat 
jiieces  of  hardened  iron,  about  10  inches  long,  and  2^  inches  wide,  very  thin,  and  ground 
to  a semicircular  shape  at  one  end,  but  square  at  the  other.  Near  the  square  end  on 
the  back  of  the  plate  a small  iron  rod  is  ri vetted,  with  two  legs,  whereof  one  is  fixed  to 
the  plate,  and  a round  wooden  handle  is  adapted  to  the  other.  All  the  first  coats  of  plas- 
tering are  laid  on  with  this  tool,  as  is  also  the  last,  or  setting,  as  it  is  technically  called. 
The  other  sorts  of  trowels  are  of  three  or  more  sizes,  and  are  used  for  ganging  the  fine  stufi 
and  plaster  for  cornices,  mouldings,  &c.  The  length  of  these  trowels  is,  the  largest  about 
7 inches  in  length  on  the  plate,  and  the  smallest  2 or  3 inches  : they  are  of  polished 
steel,  converging  gradually  to  a point,  with  handles  of  mahogany  adapted  to  the  heel  or  broad 
end  with  a deep  brass  ferrule. 

2234.  The  stopping  and  picking  out  tools  are  of  polished  steel,  of  various  sizes,  about  7 
or  8 inches  long  and  half  an  inch  broad,  flattened  at  both  ends,  and  somewhat  rounded. 
They  are  used  for  modelling  and  finishing  mitres  and  returns  to  cornices,  as  also  for  fill- 
ing up  and  finishing  ornaments  at  their  joinings.  There  is  also  used  a small  instrument, 
which  is  a piece  of  thin  fir  G or  7 inches  square,  called  a hawk,  with  a handle  vertical  to  it, 
for  holding  small  quantities  of  plaster. 

2235.  'Hie  composition  used  by  the  plasterer  is  a groundwork  of  lime  and  hair,  on 
which,  for  the  finish,  a coating  of  finer  material  is  laid.  The  sorts  of  it  are  various  ; as, 
for  instance,  white  lime  and  hair  mortar  on  bare  walls  ; the  same  on  laths  as  for  partitions 
and  plain  ceilings  ; for  renewing  the  insides  of  walls;  roughcasting  on  laths  ; plastering  on 
brickwork  with  finishing  mortar,  in  imitation  of  stone  work,  and  the  like  upon  laths.  For 
cornices  and  the  decorations  of  mouldings,  the  material  is  plaster  of  Paris,  one  which  faci- 
litates the  giving  by  casts  the  required  form  and  finish  to  the  superior  parts  of  his  work. 
'I'he  plasterer  uses  it  also  for  mixing  with  lime  and  hair,  where  the  work  is  required  to 
dry  and  set  hard  in  a short  time.  For  inside  work,  the  lime  and  hair,  or  coarse  stuff,  is 
prepared,  like  common  mortar,  with  sand ; but  in  the  mixing,  hair  of  the  bullock,  obtained 
from  the  tanners’  yards,  is  added  to  it,  and  worked  in  with  the  rake,  so  as  to  distribute  it 
over  the  mass  as  equally  as  possible. 

2236.  What  is  called  fine  stuff  is  made  of  pure  lime,  slaked  with  a small  quantity  of 
water,  and  afterwards,  without  the  addition  of  any  other  material,  saturated  with  water, 
and  in  a semi-fluid  state  placed  in  a tub  to  remain  until  the  water  has  evaporated.  In  ^ 
some  cases,  for  better  binding  the  work,  a small  quantity  of  hair  is  worked  into  the  com- 
position. For  interior  work,  the  fine  stuft'  is  mixed  with  one  part  of  very  fine  washed 
sand  to  three  parts  of  fine  stuff,  and  is  then  used  for  trowelled  ox  bastard  ifMcco,  which  makes  Jj 
a ]woper  surface  for  receiving  painting. 

2237.  What  is  called  gauge  stuff  is  composed  of  fine  stuff  and  plaster  of  Paris,  in  pro- 
portions according  to  the  rapidity  with  which  the  work  is  wanted  to  be  finished.  About 
four-fifths  of  fine  stuff’ to  one  of  the  last  is  sufficient,  if  time  can  be  allowed  for  the  setting. 
'J'his  composition  is  chiefly  used  for  cornices  and  mouldings,  run  with  a wooden  mould. 
AVe  may  here  mention  that  it  is  of  the  utmost  Importance,  in  plasterers'  work,  that  the 
lime  should  be  most  thoroughly  slaked,  or  the  conseijuence  will  be  blisters  thrown  out 
iqioii  the  work  after  it  is  finished.  Alany  plasterers  keep  their  stuffs  a considerable 
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period  before  they  are  wanted  to  be  used  in  the  building,  by  wlilch  the  chance  of  blistering 
is  much  lessened. 

22S8.  When  a wall  is  to  be  plastered,  it  is  called  rendering ; in  other  cases  the  first 
operation,  as  in  ceilings,  partitions,  &c.,  is  lathing,  nailing  the  laths  to  tlic  joists,  (juarters, 
or  battens.  If  the  laths  are  oaken,  wrought  iron  nails  must  be  used  for  nailing  them,  but 
cast  iron  nails  may  be  employed  if  the  laths  are  of  fir.  'J  he  lath  is  made  in  three  and  four 
foot  lengths,  and,  according  to  its  tliickness,  is  called  single,  something  less  than  a quar- 
ter of  an  inch  thick,  lath  and  half,  or  doidde.  'I'he  first  is  the  thinnest  and  cheapest,  the 
.second  is  about  one-third  thicker  than  the  single  lath,  and  the  double  lath  is  twice  the 
thickness.  When  the  plasterer  laths  ceilings,  both  lengths  of  laths  should  be  used,  by  whicli, 
in  nailing,  he  will  have  the  opportunity  of  breaking  the  joints,  which  will  not  only  help  in 
improving  the  general  key,  (or  plastering  insinuated  behind  the  lath,  which  spreads  there 
beyond  the  distance  that  the  laths  are  apart,)  but  will  strengthen  the  ceiling  generally.  The 
thinnest  laths  may  be  used  in  partitions,  because  in  a vertical  position  the  strain  of  the 
plaster  upon  them  is  not  so  great ; but  for  ceilings  the  strongest  laths  should  be  employed. 
In  lathing,  the  ends  of  the  laths  should  not  be  lapped  upon  each  other  where  they  termi- 
nate upon  a quarter  or  batten,  which  is  often  done  to  save  a row  of  nails  and  the  trouble 
of  cutting  them,  for  such  a practice  leaves  only  a quarter  of  an  inch  for  the  thickness  ot 
the  plaster ; and  if  the  laths  are  very  crooked,  which  is  frequently  the  case,  sufficient 
space  will  not  be  left  to  straighten  the  plaster.  (22466. ) 

2239.  After  lathing,  the  next  operation  is  laying,  more  commonly  called  plastering.  It 
is  the  first  coat  on  laths,  when  the  plaster  has  two  coats  or  set  work,  and  is  not  scratched 
with  the  scratcher,  but  the  surface  is  roughed  by  sweeping  it  with  a broom.  On  brick- 
work it  is  also  the  first  coat,  and  is  called  rendering.  The  mere  laying  or  rendering  is 
the  most  economical  sort  of  plastering,  and  does  for  inferior  rooms  or  cottages. 

2240.  What  is  called  pricking  up  is  the  first  coat  of  three-coat  work  upon  laths.  The 
material  used  for  it  is  coarse  stuff,  being  only  the  preparation  for  a more  perfect  kind  of 
work.  After  the  coat  is  laid  on,  it  is  scored  in  diagonal  directions  with  a scratcher  (the 
end  of  a lath),  to  give  it  a key  or  tie  for  the  coat  that  is  to  follow  it. 

2241.  Lath  layed  or  plastered  and  set  is  only  two-coat  work,  as  mentioned  under  laying, 
the  setting  being  the  guage  or  mixture  of  putty  and  plaster,  or,  in  common  work,  of  fine 
stuff,  with  which,  when  very  dry,  a little  sand  is  used ; and  here  it  may  be  as  well  to  men- 
tion, that  setting  may  be  either  a second  coat  upon  laying  or  rendering,  or  a third  coat 
upon  floating,  which  will  be  hereafter  described.  The  term  finishing  is  applied  to  the  third 
coat  when  of  stucco,  but  setting  for  paper.  The  setting  is  spread  with  the  smoothing 
trowel,  which  the  workman  uses  with  his  right  hand,  while  in  his  left  he  uses  a large 
flat-formed  brush  of  hog’s  bristles.  As  he  lays  on  the  putty  or  set  with  the  trowel,  he 
draws  the  brush,  full  of  water,  backwards  and  forwards  over  its  surface,  thus  producing  a 
tolerably  fair  face  for  the  work. 

2242.  Work  which  consists  of  three  coats  is  called  floated : it  takes  its  name  from  an 
Instrument  called  a float,  which  is  an  implement  or  rule  moved  in  every  direction  on  the 
plaster  while  it  is  soft,  for  giving  a perfectly  plane  surface  to  the  second  coat  of  work. 
Floats  are  of  three  sorts  : the  hand  float,  which  is  a short  rule,  that  a man  by  himself  may 
use;  the  quirk  float,  which  is  used  on  or  in  angles;  and  the  Derby,  which  is  of  such  a 
length  as  to  require  two  men  to  use  it.  Previous  to  floating,  which  is,  in  fact,  the 
operation  of  making  the  surface  of  the  work  a perfect  plane,  such  surface  is  subdivided 
in  several  bays,  which  are  formed  by  vertical  styles  of  plastering,  (thi'ee,  four,  five,  or  even 
ten  feet  apart,)  formed  with  great  accuracy  by  means  of  the  plumb  rule,  all  in  the  same 
plane.  These  styles  are  called  screeds,  and  being  carefully  set  out  to  the  coat  that  is  applied 
between  them,  the  plaster  or  floating  laid  on  between  them  is  brought  to  the  proper  sur- 
face by  working  the  float  up  and  down  on  the  screeds,  so  as  to  bring  the  surface  all  to  the 
same  plane,  which  operation  is  termed  filling  out,  and  is  applicable  as  well  to  ceilings  as  to 
walls.  This  branch  of  plastering  requires  the  best  sort  of  workmen,  and  great  care  in  the 
execution. 

2243.  Bastard  stucco  is  of  three  coats,  the  first  whereof  is  roughing  in  or  rendering,  the 
second  is  floating,  as  in  trowelled  stucco,  which  will  be  next  described  ; but  the  finishing 
coat  contains  a small  quantity  of  hair  or  white  sand.  This  work  is  not  band-  floated,  and 
the  trowelling  is  done  with  less  labour  than  what  is  denominated  trowelled  stucco. 

2244.  Trowelled  stucco,  which  is  the  best  sort  of  plastering  for  the  reception  of  paint,  is 
formed  on  a floated  coat  of  work,  and  such  floating  should  bo  as  dry  as  possible  before  the 
stucco  is  applied.  In  the  last  process,  the  plasterer  uses  the  hand  float,  which  is  made  of  a 
piece  of  half-inth  deal,  about  nine  inches  long  and  three  inches  wide,  planed  smooth,  with 
its  lower  edges  a little  rounded  off,  and  having  a handle  on  the  upper  surface.  The  ground 
to  be  stuccoed  being  made  as  smooth  as  possible,  the  stucco  is  spread  upon  it  to  the  extent 
of  four  or  five  feet  square,  and,  moistening  it  continually  with  a brush  as  he  proceeds,  the 
workman  trowels  its  surface  with  the  float,  alternately  sprinkling  and  rubbing  the  face  of 
the  stucco,  till  the  whole  is  reduced  to  a fine  even  surface.  Tims,  by  small  portions  at  a 
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Tune,  be  proceeds  till  the  whole  is  completed.  The  water  applied  to  it  has  the  effect  ot 
hardening  the  face  of  the  stucco,  whicli,  when  finished,  becomes  as  smooth  as  glass. 

2245.  From  what  has  been  said,  the  reader  will  perceive  that  mere  laying  or  plastering 
on  laths,  or  rendering  on  walls,  is  the  most  common  kind  of  work,  and  consists  of  one  coat 
only;  that  adding  to  this  a setting  coat,  it  is  brought  to  a better  surface,  and  is  two-coat 
woik  ; and  that  three-coat  work  undergoes  the  intermediate  process  of  floating,  between  | 
the  rendering  or  pricking  up  and  the  setting. 

2245a.  This  plain  plastered  surface  has  received  an  improvement  in  a method  of  | 
stamping  or  incising  it,  while  wet,  the  invention,  in  1857,  of  Mr.  Benj.  Ferrey,  architect,  t 
'*It  is  well  known  that  the  external  rough-casting  on  old  timber  houses  Avas  stamped  or  i 
wrought  in  small  devices,  known  by  the  term  paryettiny but  it  never  assumed  the  import-  J 
ance  of  extensive  wall  decorations.  The  plan  now  proposed  is  to  impress  the  common  stucco 
with  geometrical  or  other  forms,  and  applied  according  to  taste,  either  under  string  courses,  ( 
around  arches,  in  spandrils,  soffites,  or  in  large  masses  of  diapering  ; and  texts  may  be  im-  f 
printed  on  the  plaster  instead  of  l.eing  simply  painted  on  tl)e  walls.  If  colour  be  desired,  ji 
it  can  be  effected  by  mixing  the  desired  colour  with  the  coat  forming  the  groundwork,  then  * 
by  laying  the  stencilled  pattern  against  it,  and  filling  in  the  solid  portions  cf  the  device  , 
with  the  ordinary  stucco  or  plaster.”  The  process  does  not  pretend  to  do  more  than  i 
enliven  wall  surfaces,  hut  for  this  purpose  it  is  very  effiective.  Whippingham  Church,  in  f 
the  Isle  of  Wight,  is  decorated  in  this  manner,  with  devices  in  different  colours.  ^ 

2246.  Ceilings  are  stt  in  two  different  ways ; the  best  work  is  wliere  the  setting  coat  is  t 

composed  of  plaster  and  lime  putty,  commonly  called  yanye  (22S1).  Common  cedlngs  j: 
are  formed  with  plaster  Avitliout  hair,  as  in  the  finishing  coat  lor  walls  set  for  paper.  The  i 
deflection  of  ^'gth  of  an  inch  for  each  f>ot  in  length  is  not  injurious  to  ce  ilings  ; indeed,  the  i 
usual  allowance  for  settlement  is  about  twice  that  ejuantity.  Ceilings  have  been  found  to 
settle  afiout  four  times  as  much  without  causing  cracks,  and  have  been  raised  back  again 
without  injury.  ( Barlow,  ]>.  179. ) i 

2246a.  In  Dublin,  the  designations  in  plasterers’ work  are  different  to  those  we  have  ' 
named  above.  Work  to  ceilings  is  described  as  “ Lath  scratched,  floated,  and  coated  , > 

while  to  walls  it  is  described  as  “scratched,  floated,  and  coated  ” Sldtuming,  to  plasterers 
woik,  is  a very  thin  coat  of  white  (i.e.  lime)  put  on  float  work  to  sniuothen  it,  and  to  leave  ^ 
a clean  face  ; coated  is  the  term  for  better  work  of  the  same  character.  E 

22465.  Hitchin’s  fireproof  plaster  appeared  about  1877  ; it  is  valued  for  its  simplicity,  '■ 
economy,  and  facility  in  working.  The  fil)rous  slab  plastering  is  always  dry  and  ready 
for  fi.xing,  I'he  slalts  on  a wire  base  protect  ceilings,  walls,  and  woodwork  from  fire.  ! 
Casings  on  wire  base  protect  iron  and  wood  girder-,  columns  and  such  like.  Fugging  ■ 
slabs  are  used  for  prevention  of  sound.  Wilkinson  and  Co’s  fibrous  pla.der  slab>  are 
intended  for  lining  walls  and  ceilings,  and  for  fixing  under  slating;  also  to  partitions  and  ' 
under  floor-boards  for  deadening  s<;und.  ^ 

2246c.  Johnson’s  patent  rolled  fireproof  wire  lathing  is  now  occasionally  used  as  a suh.sti-  fl 
tute  for  wood  laths.  It  is  a foundation  for  fire-resisting  planter.  His  woven  wire  amt  iron 
fireproof  partition  wall  is  intended  to  supersede  the  ordnary  stud  and  brick  partitions,  and  * 
is  applicable  to  roofs.  Metal  laths,  of  th-n  sheet  iron,  by  Edwards's  patent,  are  for  use  m ■ 
fire-resisting  ceilings,  partitions,  and  doors.  Wireworlc,  in  place  of  lathing,  for  forming  ? 
ceilings  and  other  plaster  surfaces,  jratenied  in  1841  by  L,  Leconte,  had  been  previously  * 
adopted  in  the  building  of  the  Pantechnicon,  near  Belgrave  Si|uare. 

2246d.  Nickson  and  Waddingliam  have  patented  a state  ground  for  plaster,  by  using,  in- 
stead of  laths,  those  slates  which  do  not  turn  out  in  the  quarries  sufficiently  wide  for  sized  * 
roofing  slates  ; an  immense  number  of  them  being  necessarily  thrown  aside  daily,  although 
of  the  best  quality.  The  slates  are  fixed  j in.  apart;  the  piaster  to  be  ^ in.  thick,  of  well 

haired  stuff,  which  keys  itself  between  the  slates;  they  run  from  12  to  7 in.  long  and 

upwards.  The  system  was  worked  about  1 862  at  Manchester 

2247.  Fugging  is  plaster  laid  on  boards,  fitted  in  between  the  joists  of  a floor  to  prevent 

the  passage  of  sound  between  two  stories,  and  is  executed  with  a coarse  stuff'  made  of  lime 
and  hay  chopped  into  lengths  of  about  2 inches.  Silicate  cotton  or  slag  wool,  nailed  in  slabs  n 
to  the  underside  of  the  joists  of  a floor,  or  against  the  studs  of  a partition,  acts  as  a non- 
conductor of  heat  or  cold  ; it  is  also  fireproof,  sound-proof,  vermin-proof,  and  frost-proofi  | 

One  ton  of  it,  one  inch  thick,  covers  1,800  square  feet.  This  material  is  now  greatly  | 

used ; also  for  protecting  exposed  iron  work.  Asbestos  millboard  is  another  material 
greatly  employed  for  lining  partitions,  to  deaden  sound  passing  through;  as  well  as  for 
fireproof  purposes. 

2248.  The  following  materials  are  required  for  100  yards  of  render  set;  viz.  1^  hun- 
dred of  lime,  I double  load  of  river  sand,  and  4 busliels  of  hair  ; for  the  labour,  I plasterer 

3 days,  1 labourer  3 days,  1 boy  3 days;  and  upon  this,  20  per  cent,  profit  is  usually  | 
allowed.  For  130  yards  of  lath  plaster  and  set — 1 load  of  laths,  10,000  nails,  hundred  | 
of  lime,  1^  double  load  of  river  sand,  7 bushels  of  hair;  for  the  labour,  1 plasterer  I 
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6 (lays,  I lalmurer  6 days,  1 boy  6 days 
allowed. 

; and  upon  this,  as  before,  20 

per 

cent. 

IS  Ui 

inch 

7 

|in. 

3 

1 bushel  of  Portland  or  Roman  cement  will  cover,  yards  super,  li 

It 

li 

1 ditto,  and  1 of  sand 

2A 

3 

4 

1 ditto,  and  2 ditto 

H 

6 

1 ditto,  and  3 ditto 
1 cwt.  of  mastic  and  1 gallon  of  oil 

4^ 

6 

8 

1 cubic  yard  of  chiilk  lime,  2 yards  of  sand,  and  3 bushels  of  hair,  will  cover  75  yards 
of  render  set  on  brickwork  ; 70  yards  on  lath  ; or  65  yards  plaster;  or  render  two  coats 
and  set  on  brick;  and  60  yards  on  lath.  F.oated  work  requires  about  the  same  as  tw'o 
coiits  and  set.  A bundle  of  laths  and  500  nails  will  cover  about  4^  yards  superficial. 
Two  hundred  laths,  4 feet  long,  are  required  for  a square.  A bundle  of  laths  contains  500 
feet  nominally. 

2249.  In  the  country,  for  the  exterior  coating  of  dwellings  and  outbuildings,  a species 
of  plastering  is  iiSed  called  roughcast  It  is  cheaper  than  stucco  or  Roman  cement,  and 
therefore  suitable  to  such  purposes.  In  the  process  of  executing  it,  the  wall  is  first 
pricked  up  with  a coat  of  lime  and  hair,  on  which,  when  tolerably  well  set,  a second  coat 
is  laid  on  of  the  same  materials  as  the  first,  but  as  smooth  as  possible.  As  fast  as  the 
workman  finishes  this  surface,  another  follows  him  with  a pailful  of  the  roughcast,  with 
which  he  bespatters  the  new  j)lastering,  so  that  the  wdiole  dries  together.  'Ihe  roughcast 
Is  a composition  of  small  gravel,  finely  washed,  to  free  it  from  all  earthy  | articles,  and 
mixed  with  pure  lime  and  water  in  a state  of  semi-Huid  consistency.  It  is  throwm  from 
the  pail  upon  the  wall,  with  a wooden  float,  about  5 or  6 inches  long,  and  as  many  wide, 
formed  of  half-inch  deal,  and  fitted  with  a round  deal  handle.  With  th.is  tool,  w’hile  the 
plasterer  throws  on  the  roughcast  with  his  right  hand,  in  his  left  he  holds  a common 
whiiewasher’s  brush  dipped  in  the  roughcast,  with  which  he  brushes  and  colotirs  the 
mortar  and  the  roughcast  already  spread,  to  give  them,  v/hen  finished,  an  uniform  colour 
and  appearance. 

^i^2^9a.  Gypsum  or  piaster  of  Paris  is  largely  used  in  France  for  the  construction  of  walls, 
both  internally  and  externally,  as  well  as  for  rendering  them  afterwards.  We  adopt 
the  following  method  of  working  it,  as  explained  by  G.  II.  Burnell;  “ The  coarser  kinds 
of  plaster  are  used  for  rendering  ; the  finer  qualities  for  ceilings,  cornices,  and  decora- 
tive works.  For  walls,  the  plaster  must  be  gauged  stifif  for  the  first  coats,  and  more  fluid 
for  the  setting  coat.  For  cornices  woiked  out  in  the  solid,  the  core  is  made  of  stiffly 
gauged  plaster,  which  is  floated  with  finer  material,  and  lastly  finished  off  with  plaster  laid 
on  by  hand,  about  the  consistence  of  cream.  Practice  only  can  ascertain  the  precise  degree 
of  stiffness  to  be  given,  as  every  burning  yields  a different  quality  of  plaster.  When  walls 
are  to  be  rendered,  they  require  to  be  first  jointed,  and  then  wetted  with  a broom.  Tfie 
surface  is  then  covered  with  a coat  of  thinly  gauged  stuff,  laid  on  with  a broom,  or  at  least 
worked  with  a trow'el  in  such  a manner  as  to  leave  sufficient  hold  for  the  next  coat.  This 
is  gauged  stiff,  and  is  laid  on  with  a trowel ; it  is  floated  with  a 'rule,  but  the  face  is 
finished  with  a hand  trowel ;.  the  surfaces,  however,  are  never  so  even,  or  the  angles  so 
square  and  true,  as  in  the  usual  plasterers’  work  adopted  in  England.  The  ceilings  are 
lathed  about  3 to  3^  inches  from  centre  to  centre,  and  the  plaster  poured  in  from  above  on 
to  a sort  of  flat  centering,  leaving  about  an  inch  for  the  thickness  of  plaster;  the  ceiling 
coat  is  added  after  the  centering  is  removed.  The  better  descriptions  are  made  with 
laths  4 inches  from  centre  to  centre,  the  space  between  ceiling  and  floor  filled  up  with 
hght  work,  and  the  under  and  upper  surfaces  rendered  to  receive  the  ceiling  and  tiles.” 

22-t96.  With  gypsum,  only  about  |ths  of  the  evaporation  arises  as  from  ordinary  plaster- 
ing. A series  of  experiments  made  in  1850,  proved  that  the  cost  of  ordinary  works  need 
not  exceed  in  any  sensible  proportion,  if  at  all,  those  usually  called  “ render  set ; ” and 
that  they  are  strictly  the  same  as  “ render  float  and  set.”  A room  was  begun  and  finished 
in  thirty  hours,  whilst  a common  lime  and  hair  rendering  coat  would  have  required,  pro- 
perly speaking,  about  a month.  French  plaster  must  never  be  used  in  any  position  where 
moisture  is  likely  to  affect  it  for  any  length  of  time.  It  is  very  hygrometric,  and  soon 
decays  if  kept  moist.  If  it  be  used  as  mortar,  as  in  brick-nogged  partitions,  to  be  covered 
over  immediately,  a space  for  its  expansion  must  be  allowed.  In  France,  a small  space  is 
left  between  the  w'all  and  partitions;  this  is  filled  in  by  the  plastering  coat.  The 
same  observation  applies  to  floors  with  plaster  pugging,  and  even  to  cornices  with  a large 
body  of  that  material,  the  mitres  and  returns  being  executed  some  time  after  the  straight 
mouldings. 

2250.  In  forming  the  coves  and  cornices  which  are  applied  below  the  ceilings  of  rooms. 
It  is  of  the  greatest  importance  to  make  them  as  light  as  possible,  for  the  plaster  whereof 
they  are  formed  is  heavy,  and  ought  not  to  depend  merely  on  its  adhesion  to  the  vertical 
and  horizontal  surfaces  to  which  it  is  attached.  Hence,  when  cornices  run  of  large  dimen- 

z z 2 


708 


THEORY  OF  ARCHITECTURE. 


Book  II. 


s:ons,  bracketing,  as  has  already  been  described  in  the  section  Joinery  (2079,  et  scq.),  must 
be  provided,  of  the  general  form  of  the  cornice  or  cove,  or  other  work,  and  on  this  the 
plastering  is  to  be  formed.  On  this,  when  roughed  out,  the  work  is  run  with  wooden 
moulds,  having  zinc  or  coj'per  edges,  so  as  to  give  the  general  outline  of  the  cornice.  If 
enrichments  are  used  in  it,  they  are  cast  in  plaster  of  Paris,  and  afterwards  fixed  with  that 
material  in  the  spaces  left  for  them  to  occupy.  These  enrichments  are  previously  modelled, 
and  from  the  model  a matrix  is  formed,  as  for  all  other  plaster  casting.  Great  nicety  is 
required  in  all  the  operations  relative  to  the  moulding  and  fixing  of  cornices,  and  most 
especially  that  the  ornaments  be  firmly  fixed  by  screws  or  other  means,  that  they  may  not 
be  detached  from  their  places  by  partial  settlements  of  the  building,  and  cause  accidents 
to  the  occupiers  of  the  rooms  where  they  are  used. 

2250a.  Selenitic  lime  was  the  invention,  about  1856,  of  General  Scott,  R.E.,  who 
observed  that  limestone  capable  of  conversion  by  burning  into  a hydraulic  lime,  might 
be  able  to  furnish  a good  cement  by  simply  allowing  a small  portion  of  sulphuric  acid  gas 
to  pass  into  the  kiln  during  the  burning  of  the  lime.  The  process,  since  about  1870.  is 
explained  as  consisting  of  carefully  mixing  with  the  water  used  in  the  preparation  of  the 
mortar  a small  quantity  of  plaster  of  Paris  or  gypsum,  or  green  vitriol.  The  lime  may 
then  be  ground  in  an  ordinary  mortar-mill  with  the  mixture  into  a creamy  paste  for  three 
or  four  minutes ; the  sand,  burnt  clay,  or  other  ingredients  may  then  be  added,  and  the 
whole  thoroughly  ground  for  ten  minutes  or  more.  The  lime  is  a good  buff  in  colour. 
With  double  the  usual  quantity  of  sand  the  tensile  strength  of  the  mortar  is  increased 
fourfold.  It  sets  rapidly  and  well,  and  as  *'  stuff”  in  plastering  it  effects  a considerable 
saving  in  time  over  that  usually  made  from  lime.  “ Selenitic  mortar  saves  half  the  lime, 
is  four  times  as  strong,  and  sets  in  a quarter  of  the  time  of  common  mortar.” 

22505.  A rendering  plaster,  for  superseding  the  use  of  lime  and  hair  mortar  in  the 
plastering  of  walls  and  ceilings,  has  been  brought  forward  by  A.  G.  Barham,  of  Bridg- 
W'ater.  It  is  stated  to  be  very  tough  and  strong,  n<;t  liable  to  crack  or  swell,  and  is  applied 
without  hair,  direct  to  brick  walls  or  lathwork.  The  surface  dries  and  hardens  rapidly, 
and  it  can  be  painted  or  papered  at  once,  as  there  is  nothing  in  the  plaster  to  injure 
either  of  the  processes.  When  dry  it  is  of  itself  a good  grey  in  colour.  For  outside 
stucco  it  is  also  stated  to  be  a safe  material,  and  is  likewise  free  from  vegetation  and 
colouring. 

2250c*.  Adamant  cement  has  last  year  (1887)  been  introduced  into  this  country,  at 
Birmingham,  from  Syracuse,  New  York,  by  a company.  It  is  a wall  plaster  and  cement, 
and  is  manufactured  in  three  qualities,  No.  1,  2,  and  Chromolith.  The  tw'o  first  are  used 
as  for  ordinary  plastering,  and  the  third  in  place  of  the  superior  Parian  cement,  at  a less 
cost.  As  all  the  bright  mineral  and  vegetable  pigments  can  be  used  with  it,  floorings, 
mosaics,  and  mantels  are  produced;  also  tiles,  marble  slabs,  terra-cotta,  and  other  articles 
of  a similar  character.  It  is  very  hard;  costs  but  little  more  than  lime  plaster;  the 
room  plastered  one  day  can  be  used  the  next ; is  easily  applied,  even  to  iron  lath  or  wire 
work  ; is  impervious  to  wind  or  weather;  smooth  to  work  over  for  painting,  absorbs  but 
little  oil,  the  colours  do  not  change,  requires  no  sizing,  and  from  a sanitary  point  of 
view  is  of  great  value.  It  is  also  considered  to  have  fireproof  qualities. 

2250i.  Stucco  is  a species  of  plastering  which  is  sometimes  subsequently  worked  to 
resemble  marble.  There  are  two  sorts  of  stucco,  those  made  of  limes,  and  those  made  of 
plaster.  The  former  are  often  classed  under  the  name  of  cements,  but  their  disagreeable 
colour  prevents  their  being  used  for  ornamental  decoration.  They  serve,  however,  to  form 
the  foundations  for  the  better  class  whenever  humidity  is  to  be  feared.  The  latter  are 
generally  made  of  lime,  mixed  with  calcareous  powder,  chalk,  plaster,  and  other  substances, 
in  such  a manner  as  to  obtain  in  a short  time  a solid  surface,  which  may  be  coloured, 
painted,  and  polished  with  such  perfection  as  to  allow  of  its  being  used  instead  of  more 
expensive  materials. 

2250e.'The  Italians  usually  execute  their  stuccoes  in  three  coats.  The  first  is  very  coarse, 
to  form  the  renderirg.  The  second  is  much  finer,  and  contains  a larger  proportion  of 
lime,  bringing  the  work  up  to  a very  even  close  grain.  The  last  is  made  of  rich  lime,  w'hich 
has  been  slaked  and  run  through  a very  fine  sieve  ; it  is  allowed  to  stand  from  four  to  five 
months,  in  order  that  every  particle  may  be  reduced  to  a hydrate.  If  the  lime  cannot  be 
kept  for  so  great  a length  of  time,  the  slaking  may  be  assisted  by  beating  it  up  very  fre- 
quently. When  great  perfection  is  required,  pounded  white  Carrara  marble  is  mingled  with 
it ; gypsum  and  alabaster  are  used  for  enclosed  situations.  Colours  are  obtained  by  mixing 
with  the  lime  such  metallic  oxides,  &c.,  as  the  case  may  require.  The  excellence  of  the 
work  consists  in  the  care  with  which  the  effects  of  the  natural  marbles  are  imitated. 

2250/’.  When  plaster  is  used  instead  of  lime,  it  is  gauged  with  lukewarm  water,  in  which 
size  or  gum  has  been  dissolved,  so  as  to  fill  up  the  pores,  to  give  more  consistency,  and  to 
render  it  susceptible  of  receiving  a better  polish.  Any  colours  used  should  be  previously 
dissolved  in  the  size  w*atcr.  When  the  whole  of  the  stucco  is  perfectly  dry,  the  surface  is 
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then  rubbed  with  grit  stone  and  polished  up  with  rubbers,  much  in  the  same  way  as  real 
m.irble.  The  thickness  of  a coat  of  stucco  varies  from  one-sixth  to  one-eighth  of  an 
inch. 

2250^.  Stucco  work,  as  it  is  called,  and  as  executed  daily  in  Ireland  for  outside 
work,  consists  of  their  roche  lime,  slaked  for  three  or  four  months  previously,  as  above 
described,  mixed  with  sand,  and  worked  up  with  the  trowel.  It  stands  the  weather 
as  perfectly  as  Eoman  cement.  The  term  is  also  given  to  the  interior  moulded  and 
cast  work. 

22o0A.  There  are  practically  five  mortars  now  in  use.  1.  Ordinary  grey  stone  lime 
mortar ; 2.  The  same  selenised  ; 3.  Lias  lime  mortar ; 4.  The  same  selenised ; and 
5.  Portland  cement  mortar.  The  four  last  take  a rapid  set.  If  after  a few  days  set  they 
become  expanded  and  disintegrated  by  frost,  it  is  doubtful  if,  when  thawed,  they  will 
reassume  a pasty  condition  and  set  again.  The  first  develops  heat  in  slaking,  and  can 
be  used  hot,  and  will  therefore  take  longer  to  freeze,' but  then  as  it  sets  slower  it  remains 
longer  open  to  the  attack  of  frost.  The  building  journals  in  the  first  month  of  1888 
printed  a communication  from  Norway  explaining  how  bricklaying  was  done  there  in 
frosty  weather.  It  has  been  suggested  by  Mr  J.  Woodley  that,  after  all,  the  secret  lies 
in  ‘dry  slaking’  the  lime,  and  following  it  up  in  small  quantities  at  a time,  thus  keeping 
up  a continuous  supply  of  mortar  in  a hot  state.  This  method  is  to  lay  out  a portion  of 
unslaked  lime,  and  to  sprinkle  upon  it  just  so  much,  and  no  m re,  water  as  is  sufficient 
to  set  the  action  called  ‘ slaking  ’ in  motion : it  is  not  to  be  run ; then  to  add  the 
stipulated  proportion  of  sand,  which  should  be  spread  over  the  lime  in  such  a manner  as 
to  effectually  prevent  the  escape  of  the  generated  heat  and  steam.  Ordinarily,  this  should 
be  repeated  again  and  again  until  the  whole  consignment  of  lime  is  absorbed  in  one  heap, 
which  should  be  sheltered  from  the  weather,  and  when  required  for  use  passed  through  the 
usual  ‘ sand-screen  ’ or  sieve  to  remove  the  core.  But  if  desired  to  be  used  warm,  it  can 
be  slaked  and  made  up  in  small  quantities  as  required;  hence  hot  mortar.  In  winter 
time  the  bricks  should  be  protected  from  excessive  saturation  by  rain  or  snow ; in  sum- 
mer time  it  is  difficult  to  get  them  wetted  at  all  by  the  builder. 

22o0i.  The  plastering  of  a house  has  occasionally  to  be  dried  artificially.  Ligny’s 
patent  drying  process  is  used  : 1.  For  damp  walls  and  plaster  in  new  houses,  so  that  they 
may  be  papered,  painted,  and  occupied  as  quickly  as  possible  without  risk  to  health,  and 
that  at  a cost  of  from  thirty  shillings  a room,  according  to  degree  of  dampness : 2.  For 
old  buildings  and  basements  w'here  the  damp  arises  from  contact  with  wet  soil ; also  for 
drying  thin  walls  much  exposed  to  the  weather  and  through  which  wet  penetrates. 

2250^'.  Scagliola  work  is  an  imitation  of  real  marble.  Its  manufacture  has  generally 
been  assumed  as  a mystery.  It  is  a species  of  plaster  or  stucco  invented  at  Carpi,  in 
the  state  of  Modena,  by  Guido  Sassi,  between  1600  and  1649.  It  is  sometimes  called 
mischia,  from  the  mixture  of  colours  introduced  in  it.  It  was  not,  however,  till  the 
middle  of  the  eighteenth  century  that  the  art  of  making  scagliola  was  brought  to  per- 
fection. The  following  is  the  method  of  making  columns  and  pilasters : — A wooden 
cradle,  composed  of  thin  strips  of  deal  or  other  wood,  is  made  to  represent  the  column 
designed,  but  about  2 4 inches  less  in  diameter  than  the  shaft  is  intended  to  be  when 
finished.  This  cradle  is  lathed  round,  as  for  common  plastering,  and  then  covered  with 
a pricking-up  coat  of  lime  and  hair.  When  this  is  quite  dry,  the  scagliola  artist  com- 
mences his  operations,  and,  by  imitating  the  rarest  and  most  precious  marbles,  produces 
a wmrk  which  cannot  be,  except,  by  fracture  or  sound,  discovered  to  be  counterfrit.  The 
purest  gypsum  wliich  can  be  obtained  is  broken  into  small  pieces,  and  calcined.  As  soon 
as  the  largest  fragments  Icse  their  brilliancy,  the  fire  is  withdrawn  ; the  calcined  pow'der 
is  passed  through  a very  fine  sieve,  and  mixed  up  with  a solution  of  Flanders  glue, 
isinglass,  etc.  In  this  solution  the  colours  are  diffused  that  are  required  to  be  imitated 
in  the  marble ; but  if  the  work  is  to  be  of  various  colours,  each  colour  is  separately  pre- 
pared, and  they  are  afterwards  mingled  and  combined  nearly  in  the  same  manner  that  a 
painter  mixes  the  primitive  colours  on  his  palette  to  compose  his  different  tints.  When 
the  powdered  gypsum  is  prepared  and  mingled  for  the  work,  it  is  laid  on  the  shaft  of  the 
column  or  other  surface  over  the  pricked-up  coat  of  lime  and  hair,  and  it  is  then  floated 
with  proper  moulds  of  wood,  the  artist  during  the  floating  using  the  colours  necessary  for 
the  imitation,  by  whicli  means  they  become  mingled  and  incorporated  with  the  surface. 
The  process  of  polishing  follows  ; and  this  is  done  by  rubbing  the  surface  with  pumice- 
stone  in  one  of  his  hands,  while  with  the  other  he  cleans  it  with  a wet  stone.  It  is 
then  polished  with  tripoli  and  charcoal  and  fine  and  soft  linen  ; and  after  going  over  it 
with  a piece  of  felt  dipped  in  a mixture  of  oil  and  tripoli,  he  finishes  with  application  of 
pure  oil.  Scagliola  work  is  so  easily  put  up  in  a building,  and  requires  so  small  an 
amount  of  time  and  expense  for  renovation  and  repair,  compared  with  repainting  and 
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varnis;l;ing,  that  those  who  are  induced  to  go  to  the  expense  of  plastering  the  walls  with 
mastic,  to  be  ready  for  immediate  painting,  marbling,  and  high  polishing,  might  be  justi- 
fied in  expending  a furtlier  sum  and  adopt  seagliola  at  once.  For  tlie  walls  of  the  stair- 
case in  the  building  formerly  calk'd  Crockford’s  Club  House,  St.  James’s  Street,  the 
seagliola  was  prepared  upon  slabs  of  slate  halt  an  inch  thick,  sawn  on  the  suiface  with  cuts 
about  one-eighth  of  an  inch  deep,  to  form  a key  for  the  plaster  groundwork.  When  the 
slabs  were  Ht  for  polishing  they  were  secured  with  battens  fixed  to  the  wall  The  seagliola 
to  the  staircases  at  the  Reform  Club  House  is  worked  ui)on  the  walls  ; they  are  r'chly 
panelled,  moulded  and  inlaid.  The  Huted  columns,  in  the  same  building,  to  the  gallery 
a .d  skylight  of  tlie  saloon  are  done  upon  stone.  The  three-(iuarter  columns  in  the  drawing 
and  coffee  rooms  were  cast  in  three  lenglh.s,  and  each  hacked  with  tiles  bedded  in  coarse 
jilaster.  Some  black  and  gold  columns,  worked  in  Keene’s  cement  on  stone,  and  two 
twis  ed  columns  in  |)laster,  are  placed  in  Wilton  Church,  Wiltshire.  When  Parian  cement 
is  used,  the  groundwork  is  formed  of  wet  cement  of  the  coarse  quality,  the  veneer  being  of 
the  same  thickness  as  common  seagliola  ; but  one  half  of  the  (juantity  of  colours  will  pro- 
duce the  same  depth  of  colouring  as  in  the  common  seagliola.  For  polishing,  the  same 
process  is  to  be  followed  as  for  walls,  as  described  in  par.  2'25li. 

22501.  Seagliola  floors  exist  at  Sion  House,  Isleworth  ; at  the  entrance  hall  at  the 
Athenaeum  Club  House,  London;  and  at  Crewe  Hall,  Cheshire.  Many  other  examples 
of  the  employment  of  seagliola  work  will  be  found  named  in  an  excellent  article  in  the 
Builder  for  1863,  p.  840,  one  of  the  best  on  the  subject;  and  another  in  February  1845. 

A very  inferior  imitation  of  seagliola  is  too  often  to  be  seen. 

225(171.  A tiiaterial  lias  been  lately  prepared  at  the  Patent  Marble  Works,  for  similar 
purposes.  It  is  manufactured  in  slabs  from  f to  I inch  thick,  of  any  size,  for  linii'g,  and 
for  moulded  work.  The  prices  are  stated  to  be  under  those  of  enamelled  slate.  Murezzo 
marble,  made  of  cement,  has  been  introduced  since  1868.  The  entrance  hall  at  the  Society 
of  Arts,  London,  has  been  lined  with  it. 

2251.  In  the  present  time,  the  use  of  ornaments  made  of  carton  pierre.  a species  of  papiei 
mache,  has  been  reintroduced  for  cornices,  flowers,  and  other  decorations.  The  basis  of  it 
is  paper  reduced  to  a pulp,  which,  having  other  ingredients  mixed  with  it,  is  pressed  into 
moulds,  and  thus  ornaments  are  foimed  of  it.  'I'hey  have  not  a'l  the  delicacy  of  the  plaster 
cast,  and  there  is  the  want  of  that  nicety  which  a good  cornice  workman  in  plaster  ex- 
hibits; but  their  lightness,  and  the  security  with  which  they  can  be  fixed  with  screws, 
render  them  often  preferable  to  plaster  ornaments.  The  ‘“Critic”  newspaper  in  1863 
s ated  that  in  Bergen,  in  Prussia,  there  is  a church  capable  of  holding  1,000  persons,  con- 
.structed  entirely,  statues  and  all,  of  papier  mache.  Probably,  however,  the  material  is 
that  used  to  a very  great  extent  in  Norway  and  Sweden  for  forming  the  roofs  of  houses, 
und  said  to  be  incombustible,  it  appears  to  be  in  many  respects  similar  to  the  Fibrous 
slab,  the  manufacture  of  which,  by  Bielefeld,  was  discontinued  a few  years  since,  after 
niueh  success  ; tliough  the  dust  penetrated  through  it,  showing  the  marks  of  the  joists,  as  in 
I laster  work.  The  ceiling  of  the  reading  room  at  the  British  Museum  w'as  lined  with  it. 
Another  material,  superseding  carton-pierre  and  papier  mache,  is  Desachy’s  Fibrous  plaster, 
which  is  formed  of  a thin  coat  of  plaster  of  Paris,  run  upon  a backing  of  coarse  canvas.  It 
is  of  great  lightness,  not  inflammable,  and  is  ready  to  be  painted  Immediately  after  it  is 
made.  It  is  adapted  for  the  speedy  and  economical  production  of  any  coffered  or  circular 
work;  and  for  wagon-headed  ceilings,  as  but  little  bracketing  is  necessary,  it  being  fixed  to 
the  joists  direct;  for  fluted  or  ornamented  column^,  panelled  dadoes,  &c.,  for  the  lining  of 
walls  and  ceilings,  and  for  all  purposes  of  ornamental  plaster  work.  Mr,  Owen  Jones  has 
extensively  used  this  material  for  his  interior  decorations.  (22466.) 

CEMENTS. 

2251a.  We  have  already  adverted  to  the  cements  used  in  plastering.  Roman,  Blue  Lias, 
and  Portland  cements  are  the  principal  ones  for  the  outside  coating  of  buildings,  and  the  . 
process  of  laying  them  on  is  so  similar  to  that  of  other  plasterers’  work,  that  it  will  not  be  I 
necessary  to  say  much  respecting  them.  The  best  mode,  perhaps,  of  using  these  natural 
cements  is  to  employ  them  purely  in  works  under  w’ater,  or  where  a great  crushing  weight 
is  to  be  brought  upon  tliem  at  once.  For  foundations  in  damp  situations,  where  rapidity 
of  e.xecution  is  desired,  the  mixture  may  be  2 pans  of  sand  to  3 of  cement;  and  also  for  I 
cornices  or  coatings  exposed  to  the  weather.  For  upright  faces,  the  proportion  is  of 
3 parts  of  sand  to  1 of  cement.  Care  must  be  taken  iliat  no  fis-.ures  are  formed  such  as  J; 
will  admit  water,  as  the  action  of  frost  will  destroy  it.  Tne  brickwork  in  mortar,  to  he  n 
co/ered,  should  be  tlioroughly  dry,  or  the  expansion  of  the  w ater  will  throw  off  the  cenu-nt;  | 
the  brickwork  itself  must,  however,  be  wetted  before  a coat  is  applied,  to  prevent  the  I 
absorption  of  the  moisture  before  the  coat  sets,  or  it  uill  not  harden.  With  slow  setting 
cements,  it  is  too  often  the  Ciistora  to  allow  the  filling  out,  and  even  plain  faces,  to  become  I 
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partially  set,  when  llie  adlusion  of  the  next  quantity  will  be  found  imperfect  ana  unsound. 
All  work  requires  to  be  finished  off  at  once  for  a good  result.  Dirty  sand  causes  the 
cement  to  he  crumbly.  Ciment  once  set,  or  even  partially  so,  should  not  be  worked  up 
ill  a fresh  mixture,  or  it  will  form  rotten  work.  Like  lime  in  the  setting  coat  in  plastering, 
cement  fa  ings  and  mouldings  are  not  so  liable  to  show  fire-cracks  on  the  face  if  a small 
quantity  of  sand  be  mixed  up  with  it. 

2'25\b.  In  using  PortUnd  cenimt,  plasterers  should  use  thicker  screeds,  and  finish  their 
work  in  one  coat  with  the  screed-rule,  instead  of  working  all  the  waiter  used  in  gaugii’g 
to  the  surface  with  the  hand-float  and  trowel,  spoiling  the  thinner  coat  whilst  they  lay  it 
on.  Tliis  cement  has  an  advantage  over  others,  that  it  can.  with  good  management^  be 
woiked  in  winter,  while  otlv  r cements  cannot  be  so  used  without  great  risk  of  the  frost 
injuring  them  befne  they  are  diy.  Moie  cement  added  to  make  a coat  set  quicker,  causes 
it  to  crack  and  burst.  This  cement  i^  best  w lien  used  of  a uniform  thickness  of  |ths  of  an 
inch,  any  dubbing  out  being  done  with  pieces  of  brick  and  Roman  cement.  A propor- 
tion of  Torlland  cement  mixed  in  the  usual  plastering  coat  affords  a quicker  drying  mate- 
rial for  finishing  with  Portland  or  with  Mari  in  s cement.  'J  he  coarse  quality  of  Martins 
cement  may  take  the  place  of  plaster,  a id  all  the  delays  conse(}uent  on  its  use. 

i:251c.  Lime  putty  should  never  be  put  in  the  finishing  coat  of  Portland  cement;  it  is 
(lone  to  make  the  cement  fat,  and  to  save  labour  in  trowelli  >g  the  face  up  to  a smooth  sur- 
face; the  lime  takes  weeks  to  get  hard,  the  cement  takes  days  only,  hence  the  two  cannol 
agree.  Labour  to  the  cement  and  clean  washed  sand  is  all  that  is  required. 

225 id.  For  la/er/or  embellishments,  the  cements  known  as  Martin’s,  Keene’s,  ana  Parian, 
are  largely  adopted.  Martin's  lement  is  manufactured  in  three  qualities,  coarse  fine,  and 
superfine.  The  coarse  quality  presents  a wdiitish  speckled  surface,  and  is  supplied  in  red, 
light  red,  and  grey,  colours.  The  fine  is  whiter;  the  superfine  is  a cream  colour.  It  is 
said  to  cover  20  ] er  cent  more  surface,  at  half  an  inch  in  thickness,  at  a less  cost  than  an 
equal  quantity  cf  any  other  cement  for  internal  use,  and  to  be  35  per  cent,  cheaper  than  such 
cements.  For  walls  1 part  of  coarse  cement  is  used  with  of  clean  dry  sharp  sand,  for 
the  under  coat  of  half  an  inch  thick,  finished  with  ^ inch  thick  of  pure  cement.  It  is 
of  a fircjiroof  character,  and  preserves  to  some  extent  the  building  from  damp  : the  cement 
is  supposed  to  continue  to  indurate  with  age,  and  therefore  to  be  very  durable.  AVhen 
adopted  for  floors,  skirtings,  and  other  finishings,  wdiether  plain  or  ornamental,  in  lieu 
of  wood,  the  cost  is  stated  to  be  less  than  similar  work  executed  in  that  material,  while 
in  appearance  it  is  very  much  superior,  as  it  takes  a fine  polish.  It  can  be  painted  upon 
within  twenty  hours  after  having  been  worked  on  old  brickwork,  and  in  twelve  hours 
when  on  lathed  work  ; but  all  three  qualities  are  as  well  without  paint.  Plaster  of  Paris 
must  not  be  mixed  wdth  it,  or  Roman  or  Portland  cement  used  as  an  undercoat. 

2251e.  Keene's  cement  is  .said  to  show  on  its  face  the  lines  of  any  woodw'ork  which  it 
may  be  carried  across.  If  required,  it  can  be  painted  upon  in  twenty-four  hours  after  the 
coat  on  old  brickwork  is  completed.  Skirtings,  flooring,  and  internal  stucco  are  worked  in 
this  material,  on  account  of  its  superior  hardness.  This  cement  will  mix  with  any  of  the 
metallic  oxides,  &e.,  to  produce  a coloured  cement. 

2251/.  Parian  cement  (Keating’s  patent),  for  internal  stucco,  has  been  used  throughout 
the  Westminster  palace.  It  does  not  effloresce,  takes  paint  or  paper  in  forty-eight  hours, 
and  makes  a very  hard  and  beautiful  scagliola.  It  sets  in  four  or  five  hours.  It  must  not 
be  treated  as  common  plastering,  by  being  hand- floated  up  with  water,  as  for  all  purposes 
as  little  water  as  possible  is  to  be  used  with  it.  This  material  must  not  come  in  contact 
with  green  lime,  or  with  limewater  in  any  of  the  operations.  On  bric^twork,  it’ is  first 
floated  about  in.  thick,  with  equal  parts  of  clean  washed  sharp  sand,  and  the  surface 
slightly  dragged.  The  next  day  a setting  coat,  in.  thick,  of  net  cement,  may  be  worked, 
laid  down  with  a beech  float  and  slightly  trowelled.  If  intended  to  be  painte(l  or  papered, 
the  first  coat  of  paint  should  be  applied  from  twenty  to  twenty-four  hours  after.  The 
paint  is  to  be  mixed,  for  the  first  coat,  only  one-fourth  oil  and  three-fourths  turpentine, 
and  with  a very  small  portion  of  red  lead  and  gold  size.  'I'he  succeeding  coats  of  paint  are 
to  be  mixed  in  the  usual  manner.  On  lathing,  the  laths  may  be  closer  than  usual;  the  first 
coat  of  equal  parts  of  clean  washed  sharp  sand  and  cement,  broomed  while  soft,  and  floated 
the  next  day  with  cement  as  before;  the  setting  coat  to  be  followed  up  next 'day,  and 
lini.shed  as  described  for  briekxvork.  The  three  coats  will  be  ^ in.  in  thickness. 

2'J51^.  Damp  walls  require  a first  coat  of  Portland  cement  ^ in.  thick;  when  dry,  a coat  of 
^ pait  of  Parian  cement  mixed  v.’ith  ^ part  of  washed  sand,  gauged  very  stiff,  rubbed  in  hard, 
and  dragged  before  it  sets.  When  hard,  a floating  coat  without  sand  is  to  be  applied  ; to  be 
set  as  before  on  the  following  day,  and  painted  on  the  succeeding  morning,  without  fail. 

2251  A.  For  Jhmrs,  the  cement  mixed  with  * part  of  Bath  stone  dust,  | in.  thick,  is  to  be 
laid  on  a solid  bottom  of  Portland  concrete,  in  one  body  | in.  thick.  On  common  plastering, 
where  the  ordinary  time  is  allowed  for  finishing  the  works,  tlie  plaster  is  to  be  laid  fair, 
and  dragged  and  left  to  dry;  the  cement  to  be  mixed  with  an  equal  part  of  washed  sharp 
sand  and  floated  i in.  thick.  The  next  day  a thin  coat  of  cement  having  ^ ofsand  is  laid 
down  and  trowelled  as  before.  If  required  to  be  papered,  it  must  first  have  two  coats  of 
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paint.  In  patching,  when  required  to  be  painted  or  distempered  on  immediately,  the  edge 
of  the  old  plastering  is  to  lia\e  first  a coat  of  paint. 

2251i.  ¥ or  polished  work  on  walls,  the  floating  coat  is  mixed  with  equal  parts  of  sharp 
sand  and  cement.  The  setting  coat  is  5 in.  in  thickness,  of  fine  net  cement,  rubbed  down  with 
grit  stones  and  water  ; the  grit  is  to  be  then  well  washed  off,  and  when  the  water  is 
gone,  a stopping  of  fine  cement  mixed  up  stiff' in  a pan  is  to  be  applied  ai.d  well  rubbed  in. 
This  is  then  to  be  scraped  off  with  a wood  scraper,  and  the  stopping  repeated  until  a 
proper  face  is  obtained,  having  a scum  on  the  face  to  be  taken  off  by  the  next  grinding, 
which  should  be  done  with  finer  grit  stones.  'J'lie  stopping  is  to  be  repeated  and  finally 
finislied  with  snake  stone,  putty  powder,  and  clean  cloths.  Three  or  four  weeks’  time  is 
required  before  a good  polish  can  be  obtained  it  being  essential  tliat  each  successive  stop- 
ping of  fine  cement  should  be  allowed  several  days  to  harden  before  the  surface  is  again 
scraped. 

2251  A.  For  casting  work,  the  cement  is  to  be  mixed  stiff  and  dubbed  in  the  moulds  with 
a brush,  and  then  left  until  thoroughly  set.  Such  are  the  instructions  for  all  these  several 
processes  issued  Iry  Me.ssrs.  Francis,  the  manufacturers  of  this  cement,  which  was  applied 
to  the  walls  of  tire  wards,  corridors,  and  staircases  of  Middlesex  Hospital,  in  1849,  from  its 
non-absorbing  qualities. 

2251/.  A very  good  sjrecimen  of  plain  decorative  work  is  to  be  seen  in  the  booking- 
office  of  the  London,  Ciiatham,  and  Dover  Railway  Company,  at  the  Victoria  Station. 
The  walls,  piers,  &c.,  were  executed  in  this  cement,  then  painted  in  fiat  tints,  and  var 
nished  and  polished  several  times. 

22.5 1?M.  Cement  ,//oors  may  be  made  in  an  economical  manner,  by  first  forming  a bed  of 
concrete  to  prevent  damp  rising,  tlien  placing  on  it  a coat  ll  in.  thick  of  Atkinson’s  cement, 
mixed  with  three  of  clean  fine  sand ; or  in  Roman  cement ; or  in  Portland  cement,  with 
four  of  sand,  floated  in  by  a rule  on  screeds,  care  being  taken  to  prevent  the  joints  setting. 

If  the  cement  set  slow,  it  may  he  trowelled  down  while  soft,  but  not  when  it  is  setting,  or 
the  face  will  be  injured.  If  the  cement  sets  very  quick,  a rough  key  is  to  be  formed,  and 
then  covered  with  fine  mortar  ^ in.  thick,  trowelling  it  gently  before  it  begins  to  set.  If 
rising  damps  be  not  anticipated,  the  floor  may  be  first  paved  with  clean  hard  brickbats  in 
lieu  of  concrete,  and  covered  an  inch  thick  with  good  cement, 

22.t1w.  Portland  cement  floors  have  answered  perfectly  in  several  instances,  but  it  is 
an  uncertain  material;  therefore,  xvhere  the  floors  were  not  to  be  co'ered,  or  where  a 
slight  defect  w’as  of  consequence,  it  has  been  considered  better  to  use  other  cements,  such  as 
Keene’s,  as  employed  at  the  Metropolitan  Convalescent  Asylum,  \Valton-on-'rhames,  A 
good  floor  for  common  purposes  is  made  of  a concrete  formed  of  b parts  of  clean  gravel  to 
1 of  ground  lias  lime : this  is  generally  impervious  to  damp  and  vermin. 

225  lo.  The  bituminous  cements  are  used  for  paving,  and  for  covering  the  extrados  of 
arches  to  prevent  tlie  percolation  of  water  through  them.  In  all  new  constructions,  there  are 
always  movements  which  crack  the  coatings  executed  in  limes  and  natural  cements,  whicli 
are  also  subject  to  unequal  shrinkage,  producing  crevices;  and  from  these  united  causes,  it 
is  very  rare  to  find  such  coatings  impermeable.  The  bituminous  cements  are  more  elastic ; 
it  may  happen  that  small  crevices,  so  to  speak,  solder  themselves,  and  if  any  serious  repairs 
are  required  they  are  much  easier  to  be  executed  than  in  those  works  executed  with  limes. 
AVhen  asphalte  is  to  be  us,d,  itps  placed  in  a quantity  of  nearly  boiling  mineral  pitch  to 
tsecure  its  melting.  Colonel  F]my  found  the  following  proportions  as  the  best  for  the 
asphalte  of  Gaugeac,  and  it  may  he  taken  for  the  others  of  this  class  of  cements,  when  used 
as  a coaling  for  arches:  — 

pints  (wine  measure)  of  pure  mineral  pitch. 

11  lbs.  avoirdupois  of  bitumen  or  asphalte. 

17  ])ints  of  powdered  stone  dust,  wood  ashes,  or  minion. 

It  is  advisable  to  lay  this  mixture  upon  a bed  of  concrete  or  mortar ; and  as  much  as  possible 
in  slabs  of  2 feet  6 inches  to  3 feet  in  width.  It  should  be  evenly  spread  and  compressed  with 
a trowel,  well  rubbed,  and  reduced  to  a uniform  close  surface.  When  all  the  bubbles  have 
been  expelled,  a fine  sand  is  sprinkled  over  the  surface,  and  worked  in  with  the  trowel, 
observing  never  to  fill  the  crevices  formed  by  the  air-bubbles  wdth  sand,  but  only  with 
asphalte.  The  thickness  for  coating  any  arches  is  not  more  than  from  three  fittlis  to  half- 
an-inch.  The  quantity  of  cement  thus  employed  to  cover  a yard  sipiare  is  about  lbs. 

2252.  It  is  scarcely  wltliin  the  branch  of  the  plasterer’s  practice,  but  as  we  shall  have 
no  otlier  place  for  adverting  to  it,  we  may  as  well  here  mention  what  are  called  “ compo- 
sition ” ornaments,  seldom  used  in  cornices,  but  principally  for  the  decoration  of  chimney- 
glasses,  frames,  and  to  woodwork  generally.  The  composition  is  very  strong  when  dry,  of 
a brownish  colour,  consisting  of  about  2 jiounds  of  pow’dered  whiting,  1 pound  of  glue 
in  solution,  and  half  a pound  of  linseed  oil  mixed  together  in  a copper,  heated  and  stirred 
with  a spatula  till  the  whole  is  incorporated.  After  healing  it  is  laid  upon  a stone  covered 
with  powdered  whiting,  and  beaten  to  a tough  and  firm  consistence,  wlien  it  is  laid  by  for 
use,  covered  with  wet  cloths  to  keep  it  fresh.  This  composition  is  then  put  into  moulds 
and  pressed.  Later  inventions  have  nearly  caused  its  disuse  in  architectural  decoration. 
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SMITHERY  AND  IRONMONGERY. 


2253.  Smitliory  is  the  art  of  uniting  several  lumps  of  iron  into  one  lump  or  mass,  and 
forming  them  into  any  desired  shape.  The  operations  necessary  for  this  are  primarily 
performed  in  the  forge,  and  on  the  anvil  witli  the  hammer  ; but  for  finishing,  many  other 
implements  and  tools  are  necessary.  These,  however,  we  do  not  think  useful  to  par- 
ticularise, a course  we  have  pursued  in  the  other  trades,  because  the  expedients  introduced 
bv  the  engineer  and  machinist  have  of  late  years,  except  in  rough  work,  superseded  many 
of  them.  It  is  now,  for  instance,  easier  to  pit.  ie  iron  to  a perfect  surface  than  it  was  a few 
years  ago  to  file  or  hammer  to  what  was  then  always  an  imperfect  one.  Formerly  a man 
would  he  occupied  as  many  minutes  in  drilling  a hole  as  by  machines  it  now  takes  seconds 
to  perform. 

22.54.  We  have,  in  a previous  section,  given  all  the  particulars  relating  to  the  produce 
of  the  metal  from  the  ore  ; in  this  section  we  propose  little  more  than  to  enumerate  the 
different  objects  which  the  smith  and  ironmonger  furnish  in  the  construction  of  buildings  ; 
and  introductory  to  that  it  will  be  convenient  to  subjoin  tables  of  the  weights  of  round  and 
bar  iron,  and  also  of  the  weights  of  1 foot  of  close  hammered  bar  iron  of  different  thick- 
nesses ; remembering  tint  a cube  foot  of  close  hammered  iron  weighs  about  495  lbs.,  of 
common  wrought  iron  about  480  lbs.,  and  of  cast  iron  450  lbs.,  whence  may  be  derived  the 
weight  of  other  solids  whose  cubic  contents  are  known. 


Table  showino  the  Weight  of  one 
Foot  in  length  of  a square  Iron 
Bar. 


.Side  of 
Square 
in 

inches. 

Weiftht  in  lbs. 
avoirdupois. 

[ Side  of 
Square 
in 

inches. 

1 

Weight  in  lbs. 
avoirdupois. 

1 

0-1875 

2g 

15-0625 

3 

5 

0-4687 

16-8740 

0-8125 

2^ 

18-8125 

5 

3 

1 -2812 

2| 

20-8125 

3 

q 

1 -8740 

2| 

22-9687 

1 

2-5625 

2q 

25-1875 

.3-3125 

25 

27-7500 

n 

4-2187 

3 

30-0000 

n 

5-1875 

32-5312 

n 

6-3125 

35-1875 

u 

7 -5000 

37-9687 

i| 

8-8125 

40-7812 

10-1875 

35 

43-7812 

n 

11-7187 

3| 

46-8740 

2 

13-3125 

35 

50-0520 

LJ 

4 

53-3125 

Table  showing  the  Weight  of  one 
Foot  in  length  of  a round  Iron 
Bar. 


Diame- 
ter in 
inches. 

1 

Weight  in  lbs. 
avoirduj)ois. 

1 

Diame- 
ter in 
inches. 

1 Weight  in  lbs. 
1 avoirdupois. 

5 

0-1562 

25 

11-8125 

i 

0-3750 

2J 

13-2500 

1 

5 

0-6562 

‘4 

14-7500 

5 

1 -0000 

Ol 

16-3437 

3 

1 

1-4687 

4 

18-0000 

1 

3 

2-0000 

4 

19-7812 

1 

2-5937 

4 

21  -6250 

u 

3 -3 1 25 

.3 

2.3-5625 

n 

4-09.37 

35 

25-56  23 

n 

4-9375 

35 

27-6562 

5-937‘ 

3i 

29-8125 

It 

6-9052 

35 

3§ 

32  -0625 

8 -0000 

.34-4062 

n 

9-1875 

4 

36-8125 

2 

10-4607 

35 

J!_J 

39-3116 

41-8740 

These  t.Tbles  give  a little  less  weight  than  some  others  now  in  use.  To  convert  into  weight 
of  other  medals,  multiply  the  numbers,  for  cast  iron  Ity  -93  ; for  steel  by  TOl  j for  copper 
by  T15;  for  brass  by  1*09;  for  lead  by  T48 ; and  for  zinc  by  '92. 


Table  1.  of  the  Weight  of  Hoop  Iron,  according  to  the  customary  width  and 
thickness,  by  the  Birmingham  Wire  Gauge,  per  100  feet  lengths  (Hurst  j. 


1 Mark. 

Width 

Weight 

M.irk. 

Width 

_ Weight 

No. 

in  Inches. 

in  Pounds. 

No. 

in  Inches. 

in  Pounds. 

11 

2| 

115-78 

15 

1.^ 

.36-37 

U (i) 

.3 

1 26-30 

15 

if 

.33-34 

12 

25 

91-78 

IG  (I'e) 

26-52 

12 

0 

73-42 

17 

H 

20-84 

13 

h 

71-23 

18 

1 

16-17 

13 

2 

63-32 

19 

7 

i 

12-38 

14 

47-15 

20 

8-84 

i 

4 

40-4 1 

21 

5 

8 

6-95 
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Table  II.  of  TfJE  Weight  and  Thickness  of  a superficial  Foot  of  Sheet  Iron, 
bv  the  Blnningliain  \Wire  Gauge: — . ’ 


1 

M.irk. 

No. 

D>‘cimals 
of  an  Inch 
Tiiick. 

Pounds 

VVeiglit. 

Mark, 

No. 

Oecimals 
of  an  Inch 
Tnivk. 

Pounds 

Wcjglit. 

Mark. 

No. 

Decimals 
of  an  Inch 
Tliick. 

Poiindi 

Weight 

00000  (^) 

-.500 

20- 

10 

•137 

5-62 

24 

•022 

1-00 

0000 

•450 

18- 

11  (^) 

•125 

5 00 

25 

•020 

0 90 

000  (fg) 

•4375 

17-50 

12 

•109 

4 38 

36  Ce',) 

•018 

0-80 

00  (i) 

•375 

15- 

13 

•094 

3-75 

27 

•016 

0-7‘J 

0 

•340 

1 3-60 

14 

•080 

3-12 

28 

•014 

0-64 

^ (ts) 

•3125 

12-50 

15 

•072 

2-82 

29 

•013 

0-56 

2 

•28t 

12  00 

16  (,'s) 

•0625 

2-50 

30 

•012 

0-50 

.3 

•26 1 

11-00 

17 

•0.55 

2-18 

•3 1 

•010 

0-40 

3-4  (1) 

•250 

10  00 

18 

•048 

i-'-e 

32 

•009 

0-36 

5 

•222 

8-74 

19 

•012 

1-70 

1 33 

•008 

0 32 

6 

•208 

8-12 

20 

•035 

1-54 

34 

•007 

0-28 

7 (iV 

•1875 

7-50 

31  a) 

•0312 

1-40 

i .35 

•005 

0 20 

8 

•166 

6-86 

22 

•029 

1 -25 

36 

•004 

0 16 

9 

•158 

6-21 

23 

•025 

1 12 

Table  III.  of  the  Weight  of  a Superficial  Foot  of  Plate  Iron  in  Pounds, 


Thiekne.ss,  parts  of  an  Inch 

I 

T5 

1 

8 

3 

16 

i- 

6 

16 

3 

16 

AVeight  in  pounds  - 

2-526 

5 052 

00 

C' 

10-104 

1 2-6.30  jl 5 -156  |l 7-682 

20-208 

Thickness,  parts  of  an  Inch 

9 

•16 

5 

8 

16 

3 

1 

1 

16 

1 j \l 

1 

AVeight  in  pounds  - 

22-734  |25-260  !27-'i86 

.30-312  j.32 -839  |.35-365 

37  891  |40-417 

Table  IV.  of  the  Weight  of  Oriunarv  Angle  Iron  in  Pounds  per  Lineal  Foot, 


Rreadth  in  inches  _ - _ 

Ih 

If 

2 

ol 

-4 

O 1 
■^1 

-4 

1 ■'  1 -’t 

.3^ 

1 VA'eiglit  per  pound  - - - j 1 8 

2-7| 

I 3-3j  3-9| 

5-0 

6-5|  8-3 

|l04  1 1 -7 

11  1 

14-0 

Table  V.  ok  Weight  of  Iron  Bolts  and  Nuts.  (MiiHiolland,  in  Builder,  iv.  22.) 


Diameter  of  Rolt,  inch. 

I 

4 

3 

8 

i 

5 

8 

.3 

4 

7 

8 

1 

n 

U 

12 
^ 8 

H 

If 

Weight  per  foot  of) 
round  Iron,  iiounds/ 

-2 

•4 

•7 

1-0 

1-5 

2-0 

2-7 

3-4 

4-2 

5-0 

6 0 
•500 

7-0 

Weight  per  inch  of\ 
round  Iron  J 

016 

•033 

•058 

•083 

•125 

•166 

•225 

•283 

•350 

•416 

•5S3 

VA^'ight  either  ofA 
Head  or  Nut  / 

-021 

•062 

■145 

•260 

rl 

•729 

1-125 

1-77 

2-187 

1 

2-86 

1 

3.73 

4-74 

2254a.  Rolls  are  now  often  made  with  square  heads,  so  that  these  being  let  into  the 
timber,  the  stem  cannot  turn  while  the  nut  is  being  screwed  up.  Machinery  has  been 
brought  to  bear  for  tlie  manufacture  of  bolts,  rivets,  spikes,  and  other  like  articles;  “ tlie 
rra.'tions  are  so  arranged  that  no  attention  is  required  beyond  entering  the  bars  into  the 
feed  rolls  and  cleaning  the  pieces  of  the  ends  of  tlie  iron  out  of  the  dies.”  J 
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'a  'LK  showing  thk  Weight  of  chse-lammend  flat  Bah  Ikon,  fkom  One  Inch  wide 
and  an  Eighth  of  an  Inch  thick  to  Twelve  Inches  wide  and  Une  Inch  thick. 


Inches, 
iiid  tlieir 

Thickness  in  Parts  of  an  Ii  ch,  and  Weight  in  Pounds  avoirdupois. 

I’arts  in 

, breadth. 

i 

i 

5 

i 

§ 

i 

1 

1 

0-4 -'9 

0-859 

1-289 

1-718 

2 148 

2 578 

3-On7 

3 437 

0-484 

0-.68 

1 503 

1-937 

2-422 

2-905 

3 383 

3 8-^8 

u 

0 539 

1-078 

1-639 

2-148 

2-682 

3-226 

3-758 

4-305 

0-593 

1-187 

1-773 

2-368 

2 953 

3 547 

4-133 

4 726 

H 

0-648 

1-289 

1-937 

2-579 

3 218 

3-867 

4-508 

5-156 

la 

0-695 

1-398 

2 093 

2-789 

3 4^2 

4-187 

4 890 

5-5'- 5 

if 

(t-750 

1-500 

2 250 

3 008 

3-758 

4-508 

5 266 

6 016 

4 

0 80  1 

1-6.19 

2-414 

3-218 

4 281 

4 835 

5 641 

6-445 

2 

0 859 

1-699 

2-578 

3-437 

4-297 

5-156 

6 016 

6-874 

2^ 

0-913 

1-828 

2-742 

3-356 

4-562 

5-476 

6 391 

7-305 

2f 

0-948 

1 937 

2-897 

3 867 

4-835 

5-805 

6 766 

7-734 

2| 

1-023 

2 039 

3 062 

4-148 

5-101 

6-125 

7-148 

8-164 

2;^ 

1-069 

2-148 

3 218 

4-297 

5 375 

6-445 

7-547 

8-594 

2| 

1-125 

2-250 

3 383 

4-516 

5 641 

6-766 

7-897 

9-023 

2| 

1-179 

2-366 

3-500 

4-726 

5-905 

7-093 

8-273 

9-443 

1 234 

2-468 

3-721 

4-937 

6 180 

7-414 

8-648 

9-882 

3 

1-289 

2-578 

3-867 

5-1;  6 

6-445 

7-734 

9-023 

10-312 

H 

1-344 

2-087 

4-031 

5-375 

6-734 

8-055 

9-398 

11-742 

34- 

1-398 

2-789 

4-187 

5 609 

6-984 

8 375 

9-773 

11-172 

H 

1-443 

2-905 

4-335 

5-805 

7-250 

8-7(»3 

10-156 

11-601 

H 

1-500 

3-007 

4-508 

6-016 

7-516 

9-039 

10  503 

12-031 

3| 

1 -562 

3-117 

4 672 

6-226 

7-789 

9-344 

10  9"5 

12-461 

3 1 

1-609 

3-218 

4-860 

6-445 

8-062 

9-664 

11-281 

12-890 

H 

1-630 

3-h2S 

6-000 

6-656 

8-328 

9-992 

J 1-656 

13  320 

4 

1 718 

3-437 

5-156 

6-874 

8-593 

10  312 

12  031 

13-750 

8 

3-436 

6-874 

10-312 

13-748 

17-186 

20-624 

24-062 

27-400 

12 

5 156 

10-312 

15-469 

2U-625 

25-781' 

30-937 

3o  094 

41  250 

If  of  Cast  Iron. 

12 

4-835 

9-664 

14-500 

19-3C6 

24-172 

29-000 

33-836 

38  672 

2255.  For  the  carcase  of  a building  the  articles  furnished  by  the  smith  are,  wrought 
iron  columns  with  caps  and  haus  for  the  support  of  great  supeiincumbent  weiglits. 
Wrought  iron  columns  were  used  in  England  as  early  as  1860  by  Sir  W.  Fairbairn, 
toj;ether  with  wrought  iron  giiders,  and  brick  arches  for  fireproof  work.  When  columns 
are  beyond  a certain  length  in  proportion  to  their  diameter  they  fail  by  bending,  and  not 
by  crushing ; also  wrought  iron  is  much  stronger  to  resist  tension  than  cast  iron  ; 
and  as  it  is  an  undoubted  fact  that  connections  can  be  made  to  wrought  iron  much  better 
than  to  cast,  we  have  here  a combination  of  advantages  where  long  columns  have  to  be 
used  which  cannot  but  be  appreciated.  The  use  of  steel  for  constructional  purposes  is 
increasing  rapidly,  as  it  is  so  much  more  reliable  than  iron.  Messrs.  Lindsay  roll  many 
sections  of  steel  which  can  very  easily  be  formed  into  columns  by  riveting.  A column 
made  of  a series  of  steel  troughs,  16  inches  diameter  externally,  would  bear  a safe  load 
of  115  tons  if  30  feet  long,  and  the  weight  would  be  74  lbs.  per  foot  only.  A cast  iron 
column  16  inches  in  diameter,  30  feet  'ong,  with  1^  inches  of  metal,  would  (roughly)  in 
Weight  be  220  lbs.  per  foot  run,  and  safe  load  100  tons  (J.  Slater).  Combination  columns 
ol  steel  can  be  made  to  6 feet  diameter  ; these,  having  a central  concrete  filling  and  outer 
ring  of  bricks  in  cement,  can  be  designed  to  sustain  a load  up  to  2,000  tons.  They  are 
made  from  13  inches  to  48  inches  in  diameter,  and  are  stated  to  be  not  more  expensive 
than  cast  iron  columns,  and  far  superior.  Cast  iron  columns  and  stanchions  were  pre- 
ferred both  for  economy  and  stiffness,  as  was  also  that  material  for  girders,  beams,  joists, 
and  bressummers,  uutil  the  introduction  oi  plate  iron  and  rolled  iron  (all  which  have  been 
treated  in  previous  sections).  Iron  columns  can  be  rendered  Jireproof  by  encasing  them 
with  fireclay  blocks,  grooved  and  secured  by  iron  plates  with  claws,  which  fit  on  the  rivet 
heads.  For  rouud  columns  a metal  band  is  brought  round  the  column,  hooked  together, 
and  dropped  into  the  groove  of  the  blocks.  In  either  case  a heavy  bed  of  mortar  is  next 
! apphcd,  and  then  another  course  of  bh,cks  is  bedded  over  the  band  or  plate.  Then  it  is 
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finished  with  Keene’s  or  Parian  cement,  making  a good  surface  for  decoration.  Cast 
blister,  shear,  and  spring  steel ; charcoal  i^hcets  and  plates  ; boiler,  tank,  and  flitch  plates 
galvanized  and  tinned  sheets  ; chequered  floor  plates,  buckled  plates  ; flat  bars  up  to  12  in 
wide,  round  bars  up  to  8 in.  diameter,  square  bars  up  to  5 in. ; angle,  X.  and  troual 
irons.  Ties  of  all  descriptions,  straps,  bolts,  mits  and  screws,  plates,  washers,  and  the 
like,  employed  in  connecting  pieces  in  framing  where  the  strain  is  greater  than  the  mere 
fibres  of  the  wood  will  resist.  Half-round,  bevelled;  oval,  octagon,  hexagon,  moulding,  and' 
fancy  irons’,  hoop  iron,  nail  rods,  and  sash  iron’,  shoes  for  piles,  when  that  mode  ol 
obtaining  a foundation  is  adopted ; sanitary  appliances  in  iron  ; manhole  covers  tor  access 
to  sewers  and  drains;  The  Ktnon  disconnecting  trap  and  cover,  hinged  to  manhole  foi 
outside  a building,  and  air-tight  cover  for  inside  a building.  Cramps  for  holding  blocks 
of  stone  together  ; but  those  of  cast  iron  are  better,  as  less  likely  to  be  subject  to  oxida- 
tion, while  those  of  copper  or  gun-metal  are  still  better;  area  gratings  sind  window  ban 
for  securing  openings,  now  generally  superseded  for  those  of  cast  iron,  especially  when 
of  an  ornamental  charactei*,  as  are  balusters  and  railings  for  stairs  and  balcmies. 
Ornamental  fancy  gates.  Rain-water  pipes  in  6 feet  lengths,  2 to  8 in.  in  diameter,  with 
their  cistern  heads,  offsets,  dbows,  branch  pieces,  shoes,  union  sockets,  and  ears  plain  and. 
ornamental.  Square  rain-water  pipes,  2\  in.  square,  3 in.  by  2\  in.,  3 in.  square;  Sj  in, 
by  2 in.;  3|  in.  by  2i  in.,  3|  in.  by  3|-  in.,  4 in.  by  2\  in.,  4 in.  by  3 in.,  4|  in.  by  3 in., 

4 in.  square,  and  5 in.  by  3|  in.,  with  branch  pieces,  shoes,  ears,  &c.  Rain-water  gutters 
of  all  shapes  and  sizes,  plain  and  moulded  ; patent  spout  irons  or  brackets,  with  a screw, 
pin  to  bind  the  spout  to  the  clip;  roof  gutters  between  slopes,  square,  angular,  and  square 
and  angular.  perfectum  down  spouts  ; where  the  pipe  is  simply  hung  on  the 

nails  and  projects  an  inch  from  the  wall ; it  has  a 7-inch  socket  for  sliding  to  wall  joints, 
and  for  sliding  out  any  broken  middle  lengths  for  renewal  without  removing  others  on 
drawing  the  nails.  His  separ.-ite  patent  hanger  can  be  bolted  to  the  ear  of  any  other 
maker’s  pipes  ; when  bolted  they  project  inches,  so  as  to  be  painted  all  round.  Pave- 
ment gutters,  air  or  .stench  traps,  scrapers,  and  coal  plates,  for  which  last  have  lately  been 
brought  out  Banner’s  self-fastening ; Stidder’s  self-locking ; also  one  self-fastening  put 
forward  by  a company ; Hyatt’s  glazed  coal  plates  ; with  many,  if  not  all,  of  the  articles 
required  for  stable  fittings,  either  plain,  enamelled,  or  galvanized,  as  advertised  by  Varnel ; 
Cottam  and  Hallen;  the  St.  Pancras  Iron  Work  Company;  Musgrave,  at  Belfast;  and 
others.  Ravement  lights,  or  Hayw'ard’s  patent  “ semi-prism,”  are  extensively  used  for 
lighting  basements,  cellars,  and  underground  apartments,  giving  a brilliant  result. 
Haywai’d’s  stall  board  lights.  The  former  differs  greatly  from  the  prismatic  or  ship’s 
deck  lenses.  T.  Hyatt’s  patent  ornamental  tile  and  glass  lights  for  pavements,  semi- 
prism gratings  to  light  basements,  &c.,  stall-board  lights,  &c. ; the  former  have  a neat 
appearance,  and  aff  >rd  a better  foothold  than  glass  alone.  There  are  also  Hamilton’s 
patent  pri.sm,  and  Halford’s  patent  prism  pavement.  Circular  iron  staircases  with  the. 
head,  riser,  and  spandrel  in  one,  and  adaptable  where  the  space  is  confined,  or  to  pass 
from  one  story  to  another  only ; and  among  other  things,  chimney  bars  to  relieve  the 

weight  of  brickwork  over  a chimney  opening  (in  kitchens  and  rooms  where  a large 

opening  is  required,  and  two  bars  may  not  be  sufficiently  strong,  a wroitght  or  cast  iron 
cradling  is  nece  sary).  The  Metropolitan  Building  Act  requires  that  under  certain  cases 
the  abutments  of  a chimney  must  be  tied  in  by  an  iron  bar  or  bars,  turned  up  and  down 
at  the  ends,  and  built  into  the  jambs  for  at  least  8^  in.  on  each  side. 

22bba.  The  advantage  of  now  being  able  to  procure  wrought  iron  fiitches  of  a good 
length  and  depth  has  obviated  the  necessity  of  welding  two  or  more  lengths  together  by 
the  sledge  hammer,  which  has  not  a sufficient  impetus  to  reach  the  very  core  of  the 

metal,  and  thus  the  joint  became  weaker  than  the  remainder  of  the  flitch  or  bar.  In 

U64  experiments  were  made  at  Paris,  on  the  effect  of  welding  by  hydraulic  pres, sure; 
two  bars,  each  1^  in.  square,  were  thus  welded  together  with  great  ease,  and  the  machine 
wa-i  stopped  when  the  part  welded  was  brought  down  to  the  thickness  of  the  bar.  After 
cooling,  the  welded  part  was  cut  through,  and  the  inside  was  found  perfectly  compact.  ■ 

22bbb.  Boiler  plate  is  made  of  rolled  or  wrought  iron.  They  are  termed  sheets  when 
under  inch  in  thickness  ; plates  from  a j inch  to  2 inches  thick  ; and  slabs  when  more 
than  2 inches  thick.  They  are  named  according  to  the  quality  of  the  iron,  or  the  locality 
where  tliey  are  manufactured.  The  sizes  of  those  most  in  use  are  from  6 feet  to  9 feet 
long.  2 feet  to  4 feet  wide,  and  from  a to  f of  an  inch  n thickness.  Pure  charcoal 
Swedish  galvanized  flat  sheet  iron  is  imported  for  roofing  purposes,  instead  of  zinc  or 
lead.  It  can  be  bent  and  hammered  without  cracking. 

2255c.  Corrugated  iron  is  sheet  iron  which  has  been  rolled  into  the  form  of  a series  of 
waves.  It'is  in  that  state  frequently  used  for  a covering  fo?  temporary  purposes;  be- 
tween joists  to  carry  concrete,  &c. ; and  for  femdng,  the  corrugation  giving  a thin  sheet 
great  capabiliry  for  carrying  a heavy  weight,  or  for  stiffening  framework.  The  flutes  are 
generally  about  5^  or  fi  inches  from  centre  to  centre.  Sheets  of  Nos.  16,  18  and  20  wire 
gauge  are  made  from  6 feet  by  2 feet,  to  8 feet  by  3 feet;  and  of  Nos.  22,  21,  and  26, 
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Tom  6 feet  by  2 feet,  to  7 feet  by  2 feet  6 indies.  In  calculating  the  measure  for  fixed 
roofing,  add  yL  to  the  weight  per  square  for  lapping.  The  sheets  should  overlap  each 
bther  about  6 inches,  and  be  double  riveted  at  tlie  joints.  About  3 lbs,  of  rivets  are  re- 
! juired  for  a square  of  roofing.  In  roofs,  the  iron  sheets  are  best  used  in  a curved  form. 

225bd.  Wrouffht  iron  casements  &tq  still  introduced  into  buildings.  This  has  given  rise 
to  several  improvements  upon  the  old  method  of  manufacture  for  making  them  wind  and 
w'ater  tight.  Those  now  generally  advertised  are : — patent  wrought  iron  windows,  by  the 
General  Iron  Foundry  Company  (Limited) ; Hurt  and  Potts’  patent  wrought  iron  water- 
' tight  window  and  frame  \ Gibbons  and.  White’s  wrought  iron  weather-tight  casements  and 
frames  for  stone  mullions  ; and  casements  for  wood  mullions,  as  designed  by  Mr.  G.  Devey, 
architect.  All  these  are  fitted  with  casement  stays  and  fastenings.  Connected  with  this 
purpose  are  Smith’s  (of  Princes  Street,  Leicester  Square) 
“ patent  -w'eather-tight  for  French  cas;ements, 

formed  in  the  sill;  and  one  of  another  make,  by  a 
manufacturer  of  the  same  name  (formerly  of  Queen  Street, 
Oxford  Street).  In  connection  with  this  subject  is  the 
use  of  iron  bars  and  casements  for  forming  the  lights  in 
rear  of  warehouses  and  offices  in  crowded  localities,  for 
the  purpose  of  obtaining  as  much 
space  and  light  as  possible,  at  tlie 
same  time  so  as  not  to  interfere 
with  neighbours’ lights.  A useful 
example,  designed  by  Mr.  Bassett 
Keeling,  architect,  is  given  in  the 
Builder,  1880,  vol.  xxxix.  202, 
from  which  the  following  cuts 
forming  part  of  the  illustrations 
are  here  given.  Fig.  807c.  is  a 
^ section  of  the  lower  part  of  the 
vertical  framing  and  sill.  Fig. 
807A.  is  a section  of  one  of  the  up- 
right bars,  showing  hinge  of  casement.  Fig.  807^’.  is  a section  of  the  other  bars  and  of 
the  side  of  casement.  Fig.  807^.  is  a section  of  the  horizontal  bar  on  the  curved  head 

from  the  vertical  to 
V the  head.  Fig.  807/. 

shows  the  finish  of  the 
curved  head  against  a 
wrought  iron  girder 
carrying  a wall  above. 
The  letters  B show 
the  iron  framing;  0 
the  iron  casement ; G 
the  glass ; W the 
i nside  beaded  wood 
framing. 

2 255c.  Fire-proof 
iren  doors  are  made  to  shut 
in  a rebate,  as  required  under 
the  Metropolitnn  Building  Act, 
or  are  made  sliding ; or  sliding 
as  carried  out  byMessrs.  Hobbs, 
Hart  and  Co.  on  their  new  pa- 
tent clutch  rebate  principle.  A 
door  on  each  side  of  the  party 
wall  is  usually  required ; and 
for  warehouse  purposes  in  Lon- 
don they  are  specified  to  be  made  folding,  and  to  be  not  larger  than 
a definite  size.  The  usual* dimensions,  outside  of  frames,  of  fire- 
proof wrought  iron  doors  and  frames,  may  be  usefully  inserted 
here : — 5 ft.  9 in.  high  by  2 ft.  3 in.  wide ; 6 ft.  by  2 ft.  4 in. ; 
6 ft.  2 i-n.  by  2 ft.  6 in. ; 6 ft.  6 in.  by  2 ft.  6 in. ; 6 fc.  2 in.  by  2 ft. 
8 in. ; and  6 ft.  4 in.  by  3 ft. 

2255/  Iron  shop  fronts  are  introduced  in  many  towns.  They 
are  made  from  12  feet  by  6 feet  to  14  feet  by  !0  feet,  generally 
at  one  shilling  per  superficial  foot.  “ Whole  brass  ” and  half  brass  ” 
sash  bars,  of  nearly  every  form  and  size,  are  manufactured,  as 
Metal  “stall-board  plates”  hardly  come  within 


F ig.  807i. 


Fig.  807A. 

well  as  brass,  copper,  and  zinc  beads. 
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our  province,  except  to  notice  them.  With  this  subject  is  connected  the  varieties  oi 
revolving  shutters  in  iron,  wood,  or  steel,  and  with  or  without  machinery;  and  made  to 
lift  up,  or  clown,  or  to  move  sideways.  A revolving  safety  shutter  in  one  sheet  of  stee] 
is  probably  the  last  invention  ; it  requires  no  machinery.  Where  the  old  method  oi 
putting  up  shutters  exists,  Jennings’s  shop-shutter  shoes  secure  them  as  they  are  each  put 
up,  without  the  necessity  of  any  shutter  bar. 

22d>\g.  Wrought  iron  wine  bins,  and  new  registered  iron  bins,  adaj^ted  for  small  quan- 
tities of  wine,  placed  in  a closet  in  a sitting  or  other  room,  and  with  or  without  doors, 
will  be  found  a useful  addition  in  small  houses. 

ORNAMENTAL  METAL  WORK. 

22obh.  The  ornamental  portion  of  smith’s  work  has  been  largely  introduced,  of  late 
years  especially,  in  wrought  iron  shaped  by  hand  into  various  devices  and  patterns,  more 
especially  according  to  the  several  periods  of  mediaeval  architecture.  The  taste  is  chiefly 
developed  in  gates,  railings,  altar  and  staircase  standards,  screens,  grilles  and  gratings, 
tombs,  hinge  fronts,  the  band  finishing  either  in  a fleur  de  lis  or  trident,  reaching  to 
about  three-fourths  of  the  width  of  the  door,  and  of  fths  iron ; or  in  some  scrollwork, 
which  curls  and  scrolls  over  the  entire  face  of  the  door;  shutter  hinges,  common  door 
hinges  ; gable  crosses,  terminals,  vanes,  and  hipknobs  ; ridge  crestings ; drop  handles 
with  plates,  closing  rings  and  plates  ; lock  plates  and  escutcheons,  knockers,  keys,  latches 
and  bolts,  bell  pulls,  levers  and  plate  pulls  ; umbrella  staiids  ; scrapers ; fenders  and 
fire-irons ; dog-grates ; lecterns  and  book  rests  ; candlesticks,  gas,  lamp,  and  candle 
pendants  and  brackets,  desk  lights,  and  standards;  coronae  lucis,  lanterns,  and  pillars. 

It  is  almost  unnecessary  to  add  that  many  of  these  articles  are  to  be  had  in  polished 
brass,  and  that  many  of  them  are  imitated  in  cast  iron.  Wrought  and  cast  iron,  as  in 
panelled  work  to  gates,  are  sometimes  employed  together,  the  wrought  parts  enclosing 
the  panels. 

226bi,  As  iron  has  now  neither  the  tenacity  nor  the  ductility  which  it  gained  by  the 
old  process  of  being  repeatedly  forged,  the  modern  smith  can  scarcely  hope  to  emulate 
the  fine  works  which  were  produced  in  mediaeval  times,  unless  the  iron  be  made  for  the 
purpose.  It  is  not  easy  to  repeat  the  mediaeval  operations  of  slotting  a bar,  so  as  to  get  the 
eyes  at  equal  distances,  without  a machine ; or  of  fastening  hot  (or,  as  in  later  times, 
cold)  clips  ; or  of  cutting  slits  into  a bar  from  the  edge,  and  then  curling  the  splintered 
parts;  yet  these  were  common  work  for  the  smith  in  the  12th  century.  It  is  equally 
difficult  to  produce  the  twisted  work  which  was  easy  to  the  mediaeval  smith,  whose  chief 
care  in  the  13th  and  14th  centuries  was  bestowed  in  welding,  stamping,  and  chiselling; 
the  file  was  scarcely  ever  used.  In  welding  he  was  careful  to  fire  the  two  parts  separately, 
getting  the  upper  one  to  a white  heat,  the  lower  part  to  a red  heat,  and  hammering  the 
joint  lightly  at  first,  but  harder  as  the  iron  grew  colder.  He  disguised  the  uneven  state 
of  the  upper  part  by  punching  on  it  separate  dots,  or  else  close  ones,  forming  a sort  of 
incised  line. 

22b5j.  In  very  large  specimens  of  ancient  work,  some  parts  are  additions  entirely 
Welded,  others  are  additions  confined  at  the  ends  by  bands,  which  are  welded  across  the 
groundwork.  To  imitate  work  of  the  13th  century,  such  as  a grille,  requires  a draM'ingat 
full  size,  and  a matrix  for  each  leaf  or  bud,  with  an  anvil  cut  to  each  section  which  a bar 
or  a band  is  to  assume ; this  last  seems,  with  regard  to  the  bar,  to  have  been  overlooked 
by  M.  Viollet-le-Duc.  Then,  when  a bar  has  been  rounded  (if  needful),  and  the  end 
stamped,  the  curl  is  given,  and  the  smith  hns  a stalk  with  a foot.  Two  of  these  must  be 
applied  to  the  drawing  to  have  the  point  of  junction  marked,  and  the  feet  are  to  be  welded 
together.  If  the  sprigs  then  made  are  to  be  combined  into  branches,  the  larger  stem  is  to 
be  prepared ; and,  if  moulded  on  the  face,  this  was  passed  between  the  hammer  and  the 
cut  anvil  by  a process  equivalent  to  rolling  the  bar.  After  the  sprigs  are  welded  with  the 
branch,  the  poverty  of  the  joint  is  perhaps  to  be  masked ;.  usually  the  mask  was  a moulded  f 
band,  to  which  an  ornament,  e.g.  a cup  of  foliage,  was  sometimes  added;  but  frequently  | 
the  band  was  superseded  by  a stamped  button.  After  the  feet  of  the  branches  are  welded  | 
to  the  trunk  or  main  stem,  bands  are  laid  over  the  junction,  are  welded,  and  are  finished  | 
with  the  chisel.  The  whole  has  to  be  riveted  to  the  framework.  The  size  and  weight 
of  the  pieces  at  the  last  times  of  welding  were  difficulties  that  were  partly  obviated  after  « 
i2o0  by  omitting  the  welded  bands.  . > 

■ 2255k.  These  operations  were  superseded  by  the  introduction  of  sheet  iron,  in  England 
before  1300,  in  Germany  before  1400,  and  in  France  soon  afterwards,  which  was  cut 
and  bossed  to  a remarkable  extent,  sometimes  stamped,  and  frequently  welded,  but  i 
later  was  riveted.  In  work  of  the  loth  century  the  bars  are  neither  stamped  nor  C 
chased,  and  the  sheets  are  riveted  instead  of  being  welded ; but  later  they  are  either 
planted  or  housed.  Finally,  the  mediaeval  smith  re'urned  to  the  slots,  mortises,  and  , 
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hort  bars  of  the  earlier  periods,  and  used  clips  which  were  closed  cold  with  rivets  of 

oft  iron.  ^ .... 

2'lbbl.  The  use  of  metal  work  in  decoration,  both  as  fixed  in  buildings,  and  in  useful 
oovable  articles,  is  most  ancient ; the  use  of  bronze  is  recorded  extensively  in  Greece 
^nd  Rome.  he  metal  so  used  has  been  mostly  lost  to  us.  Except  gold,  this  is  the  most 
ndurin"'  metal,  ajid  is  susceptible  of  the  finest  w't^rk  wdiich  the  modeller  can  bestow  upon 
t,  and  the  chaser  can  enlarge  on  it.  Its  tenacity,  too,  enables  cast  work  to  have  thick 
ild  thin  places,  such  as  cast  iron,  and  to  some  extent  cast  brass,  will  not  allow  without 
racking.  The  statue  of  Colleoni  at  Venice,  by  Verocehio,  is  a fine,  example,  together 
vith  its  band  of  bronze  ornament  round  the  pedestal.  The  gates  and  enclosure  of  the 
omb  of  Henry  VII.’s  chapel  in  Westminster  Abbey  should  be  studied  for  the  art  as  well 
s for  their  curious  construction.  Hronze  is  a metal  which  is  beautiful  if  left  in  its  own 
folden  tone,  and  in  changing  from  this  tone  it  never  becomes  ugly.  It  can  be  gilt,  and 
rill  take  various  patinas,  the  green,  brown,  and  black ; and  wlien  used  with  marble  of 
•outrasting  colours,  produces  effects  which  cannot  be  had  so  well  in  any  other  way.  J.  S. 
'ititAner,  M<  vumetitai  Use  of  Bronze,  m Journals  of  February  and  March,  1888,  which 
lescribes  the  cire  perdue  process  of  casting. 

2'2bbm.  Wrought  iron  has  special  qualities  of  strength,  tenacity,  durab^lit3^  and  relative 
•heapness.  It  has  lately  come  more  and  more  into  use.  Hinges,  screens,  railings,  grilles, 
mockers,  door  handles,  dogs,  fenders,  fittings  for  lights,  fire  irons. 

'Vlbbn.  Polished  iron  is  to  be  seen,  but  is  not  generally  su’.table  for  use  in  this 
lamp  climate,  but  the  fine  grey  polish  it  takes  is  very  harmonious  with  rooms  richly 
'umbhed. 

2255^.  Steel  was  much  used  in  the  latter  part  of  the  18th  century;  it  has  rather 
V cold  and  severe  tone,  but  where  it  can  be  kept  clean  it  may  bo  used  with  excellent 
jffect. 

22bbp.  For  external  work,  black  or  painted  wrought  iron  must  be  used.  The  present 
nanufacture  of  iron  is  not  favourable  to  durability  ; the  old  mode  of  smelting  by  charcoal 
iiade  a finer,  close  and  ductile  iron,  and  less  liable  to  rust;  and  perhaps  the  atmo.'-phere 
n the  great  cities  and  towns  is  not  favourable  to  the  duration  of  WTought  iron  work. 
For  fine  work  the  best  iron  should  be  used,  especially  w’hen  the  work  is  intricate  and  needs 
nany  welds.  The  French  work  of  Louis  XIV.’s  time  is  very  stately,  rich,  and  well 
oahinced  in  design,  with  firm  leading  lines  and  graceful  foliage  and  garlands.  In  Louis 
XV.’s  time  the  curves  became  bolder  and  looser,  as  in  all  art  of  that  time,  as  in  the  eight 
screens  in  the  Grand  Place  at  Nancy.  In  Louis  XVI.’s  time  tlie  work  became  elegant 
md  rather  stiff.  Soon  after,  fine  ironwork  died  out.  The  German  work  is  comparatively 
fiumsy,  and  the  endless  scrolls  with  spi’ays  going  out  at  strange  tangents,  and  passing 
through  the  scrolls  in  gratuitously  difficult  ways,  the  scrolls  ending  in  flowers  of  the 
shape  of  cocoons,  and  with  antennse  springing  from  them,  so  as  to.  remind  one  of  great 
insects,  are  not  very  beautiful,  if  clever  from  the  ironworker’s  point  of  view.  In  later 
times  ironwork  throughout  Europe  seems  to  have  been  greatly  affected  by  the  French 
aste  of  the  time.  In  England,  the  very  noble  work  of  Huntington  Shaw,  now  at  the 
>outh  Kensington  Museum,  having  been  removed  from  Hampton  Court  Palace,  is  different 
from  any  other  work,  though  it  has  its  points  of  resemblance  wdth  French  ironwork. 
This  and  the  gates  and  grilles  in  St.  Paul’s  Cathedral  are  some  of  the  best  ironwork  in 
Kngland.  The  construction  is  good,  and  the  ornament  is  so  applied  as  to  enrich  the 
construction  without  hiding  it,  and  to  make  a good  composition  of  open  and  solid  work, 
(Fell  contrasted  and  varied  in  the  screens  almost  infinitely.  Thei*e  is  a largeness  of 
style  in  these  screens  and  in  the  St.  Paul’s  work,  probably  impressed  upon  it  by  Sir 
0.  Wren.  The  later  work  at  the  Adelphi  has  a very  good  contrast  of  free  and  rigid 
Ine.s. 

22bbq.  There  is  no  reason  why  the  men  now  living  should  not  do  work  as  good  as  the 
lid  men  did.  "I  here  is  still  skill,  patience,  and  dexterity  in  the  country,  and  English 
(Fork  from  the  12th  to  the  18th  century  can  be  well  compared  with  work  of  other 
countries,  so  we  need  not  be  ashamed  to  compare  that  of  the  19th  century.  The  design 
uust  be  suitable  to  tne  material.  (H.  Longden.) 

22o5r.  The  chief  articles  furnished  by  the  ironmonger  are  for  the  joiner’s  use, 
lud,  except  in  particular  cases,  are  kept  in  store  by  that  tradesman  for  immediate 
tupply.  ^ . 

2257.  They  consist  in  screws  made  in  brass,  copper  and  iron,  whose  common  sizes  are 
Vom  three-quarters  of  an  inch  up  to  4 inches  in  length.  They  are  sold  by  the  dozen. 
^('If  boring  tcood  screws,  the  thread  being  made  at  a particular  angle,  are  supplied  in  lengths 
•I  I-  4)  1.  1^1  If)  2,  2^,  3,  3|,  and  4 inches. 

2257fl’.  Nails  are  now  both  wrought,  cut,  and  cast,  and  made  of  iron,  copper,  and  zinc. 
They  are  called  by  a variety  of  names,  according  to  their  special  uses.  The  principal  are 
tere  enumerated.  Back  nai's,  who.se  shanks  are  flat  so  as  to  hold  fast  but  not  open  the 
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wood.  Clamp  nails  are  for  fastening  clamps.  Clasp  nails,  or  hrads,  are  those  wit! 
flatted  heads,  so  that  they  may  clasp  the  wood.  The^  also  render  the  wood  smooth,  sc 
as  to  admit  of  a plane  going  over  it.  The  sorts  of  most  common  use  in  building  art 
known  by  the  names  of  ten-penny,  twenty-penny,  and  two-shilling  nails.  Clench  nails  are 
such  as  are  used  by  boat  and  barge  builders,  sometimes  with  bores  or  nuts,  but  often 
without.  They  are  made  with  clasp  heads  for  fine  work,  or  with  the  head  beat  flat  on 
two  sides.  Clout  nails,  used  for  nailing  clouts  on  axle-trees,  are  flat  headed,  and  iron- 
work is  usually  nailed  on  with  them.  Deck  nails,  for  fastening  decks  in  ships  and  floors 
nailed  with  planks.  Dog  or  jobent  nails,  for  fastening  the  hinges  of  doors,  &c.  Flat 
points  are  of  two  sorts,  long  and  short ; the  former  much  used  in  shipping,  and  useful 
where  it  is  necessary  to  hold  fast  and  draw  without  requiring  to  be  clenched;  the  latter 
are  furnished  with  points  to  drive  into  hard  wood.  L‘ad  nails,  used  for  nailing  lead, 
leather,  and  canvas  to  hard  wood,  are  the  same  as  clout  nails  dipped  in  lead  or  solder. 
Fort  nails,  for  nailing  hinges  to  the  ports  of  ships.  Bibbing  nails,  used  for  fastening  the 
ribbing  to  keep  the  ribs  of  ships  in  their  place  while  the  ship  is  building.  Rose  nails  are 
drawn  square  in  the  shank.  Bother  nails,  chiefly  used  for  fastening  rother  irons  to  ships. 
Scupper  nails,  much  in  use  for  fastening  leather  and  canvas  to  wood.  Sharp  nails,  much 
used  in  the  West  Indies,  and  made  with  sharp  points  and  flat  shanks.  Sheathing  nails, 
for  fastening  sheathing  boards  to  ships  ; their  length  is  usually  three  times  the  thickness 
of  the  board.  Square  nails  are  of  the  same  shape  as  sharp  nails ; chiefly  used  for  hard 
wood.  Brads  are  long  and  slender  nails  without  heads,  used  for  thin  deal  w'ork  to  avoid 
splitting.  To  these  may  be  added  tacks,  the  smalle'^t  sort  of  which  serve  to  fasten  paper 
to  wood  ; the  middling  for  medium  work  ; and  the  larger  size,  which  are  much  used  by 
upholsterers.  These  are  known  by  the  name  of  white  tacks,  two-penny,  three-penny,  and 
four-penny  tacks.  Cut  nails  are  now  much  used. 

22b1b.  Nails  of  Crown  quality  comprise  “cut  clasp  of  inch,  1^,  2,  2|,  and  3 to  6 inches 
long.  Floor  brads  of  2^  and  2^  inches  long.  Cut  lath  of  | and  1 inch.  Joiners’  brads 
of  1,  Ij,  1^,  If,  and  2 inches.  Steel  flat  point  rose  for  clenching,  1|,  1|,  2,  2^,  2^,  2|, 
and  3 to  4 inches  long.  Cordes’  patent  rose,  flat  points,  1 j,  1^,  1^,  2,  2|,  and  3 to  6 
inches  long.  Slate  nails,  1^  or  1^  inches,  of  zinc,  wire,  malleable,  galvanized.”  Spikes  of 
6,  6,  and  7 inch  lengths.  See  Glossary,  adhesion. 

22blc.  Weight  of  Flooring  Brads  ter  1,000  (rarely  exceeding  900  Nails). 


Wrought. 

Patent  Cut. 

Thickness  of 

Length. 

Weight. 

Length. 

Weight. 

floors. 

2 inch. 

8 lb. 

2 inch. 

8 lb. 

inc^. 

2i  o 

10  „ 

2i 

10  „ 

Inch. 

2f  M 

12  „ 

2^  M 

12  „ 

Inch. 

16  „ 

2f  o 

15  „ ! 

1|  inch. 

3 „ 

20  „ 

3 „ 

18  „ 

n .. 

22b1d.  Tacks  sevQ  tinned  over;  and  all  nails  can  be  galvanized  to  prevent  their 
rusting.  Nails  for  ornamental  purposes,  and  likewise  screws,  are  made  with  brass  heads, 
and  the  latter  also  with  gilt  heads. 

2258.  Butt  hinges,  whose  name  is  probably  derived  from  butting  close  surface  to  sur- 
face when  closed,  are  used  for  hanging  doors  and  shutters,  and  made  of  wrought  and  cast 
iron  and  brass,  the  former  varying  in  size  from  1|^  to  4 inches  in  length  ; the  latter  from 
1 inch  to  4 inches.  These,  as  well  as  all  other  hinges,  are  in  size  necessarily  proportioned 
to  the  magnitude  and  consequent  weight  of  the  shutters  or  doors  they  are  to  carry  ; and 
it  is  to  be  observed  that,  for  the  well-hanging  of  a door  or  shutter,  the  size  of  the  hinge 
should  be  rather  on  the  outside  of  enough  than  under  the  mark.  There  is  a species  of 
hinge  used  for  doors  called  the  rising  joint  hinge,  a contrivance  in  which  the  pivot,  having 
on  it  a short  portion  of  a spiral  thread,  and  the  part  to  which  the  door  is  fixed  having  a 
correspondent  mass,  the  door  in  opening  rises,  and  clears  the  carpet  or  other  impediment 
usually  placed  on  the  floor.  The  projecting  bra^s  butt  is  used  when  the  shutter  or  door 
is  required  to  clear  some  projection,  and  thus,  when  opened,  to  lie  completely  back  in  a 
plane  parallel  to  its  direction  when  shut.  All  hinges  are  sold  by  the  pair,  including  the 
necessary  screws. 

2258a.  Besides  these  hinges  there  are  cross  garnets,  whose  form  is  like  the  letter  J— 
sidewise.  These  are  only  used  on  the  commonest  external  doors,  and  are  made  from 
10  to  12  inches,  varying  in  their  dimensions  by  differences  of  two  inches.  H hinges  are 
of  the  shape  of  the  letter  H>  showing  their  form  as  well  as  the  origin  of  their  name;  and 
in  their  sizes  range  from  4 to  12  inches  by  differences  of  an  inch.  HL  binges  (H  ^^d  L 
conjoined),  whose  form  is  implied  by  their  name,  and  whose  sizes  are  from  4 to  14  inches,, 
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proceed  by  inches.  Parliavunt  hvigee  are  to  allow  a shutter  to  open  back  upon  a wall, 
and  are  made  of  cast  and  wrought  iron,  from  3^  to  6 inches,  proceeding  in  size  by  half 
inches. 

2268A.  Redmund’s  patent  hinges  consist  of,  iron  rising  butts ; or  in  brass  with 
moulded  burnished  knuckles  and  concealed  joints  ; iron  and  brass  projecting  butts  with 
moulded  burnished  knuckles,  flaps,  and  concealed  joints,  in  three  sizes  of  proportional 
strength,  from  to  4^  inches  projection  ; pew  hinges,  in  iron  and  brass,  projecting  1,  1|, 
and  2 inches.  Rising  spring  hinges  in  iron  ; and  not  rising  spring  hinges,  in  brass,  iron, 
and  patent  malleable  iron,  and  of  single  and  double  action;  these  are  made  flush,  the 
knuckle  being  made  to  suit  the  bead  of  the  architrave ; rising  swing  hinges,  which  rise  and 
act  each  way  ; gate  hinges  of  many  descriptions,  &c. 

22o8c.  Coliinge’s  patent  spherical  hinges  run  from  2 to  6 inches,  in  plain  brass,  orna- 
mental brass,  and  cast  iron.  The  gate  or  strap  hinge,  from  1 foot  6 inches  to  3 feet  6 
inches,  in  steps  of  3 inches.  Improved  gate  springs,  with  hardened  joints.  Spring 
hinges,  and  also  to  open  both  ways,  are  made  light,  strong,  and  extra  strong,  for  1^,  2,  21, 
and  2^  inch  doors,  in  iron  and  brass. 

2268c?.  Among  other  useful  hinges  are  swing  centres,  double  action,  to  open  both  ways, 
known  as  Smith’s  patent,  Redmund’s  and  Gerlsh’s,  chiefly  for  2 and  2^  inch  doors. 
Halt’s  iron  rod  door  springs,  from  15  to  42  inches,  called  No.  1,  No.  2,  No.  3 and  No.  4 
qualities,  also  brass  mounted.  Circular  door  springs.  Rising  and  not  rising  door  back 
springs;  spiral  door  springs;  and  patent  climax  door  springs  for  single  and  double 
action  doors,  must  also  be  noted  for  closing  doors.  i 

2259.  Rough  rod  bolts  are  those  in  which  there  is  no  continued  barrel  for  the  bolt,  and 
are  for  the  most  common  service.  Their  sizes  begin  with  a length  of  3 inches,  and  pro- 
ceed by  inches  up  to  a length  of  10  inches;  such,  at  least,  are  their  common  sizes. 
Bright  rod  bolts  run  of  the  same  sizes  as  the  last ; and,  as  the  name  indicates,  the  bolt  is 
polished  and  finished,  so  as  to  make  them  a better  fastening,  as  far  as  appearance  is  con- 
concerned.  The  spring  plate  bolt  is  contrived  with  a spring  to  keep  the  bolt  up  to  its 
work,  but  one  which  so  soon  gets  out  of  order  that  we  wonder  it  is  now  manufactured  or 
used.  It  is  made  of  lengths  from  3 to  8 inches,  by  variations  of  an  inch  in  size.  Barrelled 
holts  those  in  which  the  whole  length  of  the  bolt  is  enclosed  in  a continued  cylindrical 
barrel,  and  are  superior  to  all  others  in  use,  as  well  as  the  most  finished  in  their  appear- 
ance. The  common  sizes  are  from  6 to  12  inches,  varying  by  steps  of  an  inch.  All  the 
bolts  above  mentioned  are  sold  per  piece  by  the  ironmonger,  as  are  those  called  flush  bolls, 
a name  given  to  such  as  are  let  into  the  surface  to  which  they  are  applied,  so  as  to  stand 
flush  with  it.  They  are  mostly  made  of  brass,  and  are  of  two  different  thicknesses,  viz. 
half  and  three-quarter  inch.  Their  lengths  vary  from  2^  to  12  inches,  and  occasionally, 
as  circumstances  may  require,  as  in  book-case  doors  and  French  sashes,  to  a greater  length. 
But  for  French  casements,  what  is  called  the  Espagnoktte  holt,  a contrivance  whose 
origin  is  French,  though  much  improved  in  its  manufacture  here,  is  now  more  generally 
in  use.  Smith’s  patent  weather-tight  casement  fastenings  for  French  windows,  consist  of  a 
plate  formed  in  the  edge  of  one  door,  which  when  shut  is  forced  half  its  width  into  a 
groove  in  the  other  door.  This  acts  in  lieu  of  the  Espagnolette  bolt  above  mentioned. 
Smith’s  patent  water  bar  for  casements  opening  outwards  has  been  mentioned  in 
pars.  21656.  and  22b5d.  Jackson’s  patent  mortise  bolt  ap>pears  to  bo  a late  improvement 
upon  the  round  or  the  flush  bolt.  Elliott’s  patent  perfect  simplex  metal  weather  bar  is 
adapted  for  all  sorts  of  casements  and  doors  opening  inwards.  It  is  made  in  zinc,  brass, 
and  iron. 

2260.  Pulleys,  for  hanging  sashes  and  shutters,  are  made  of  iron  and  of  brass,  and  with 

brass  sheaves  and  brass  axles.  Their  sizes  are  from  one  inch  and  a half  to  two  inches 
and  a half  in  diameter.  M'Adam’s  pulleys  for  window  sashes,  of  porcelain  or  vitreous 
material,  are  considered  to  be  exempt  frmi  damp  and  rust  through  which  cords  may 
become  rotten.  He  adds  to  them  a method  of  hanging  double  sashes  with  a single  w'eight 
on  each  side  of  the  window.  Johnson’s  patent  axle  pulley  for  sashes,  whereby  the 
wheel,  axle,  and  bushes  can  be  removed  for  oiling  and  cleaning;  the  two  last  being 
covered  in,  are  protect*  d from  dust  and  damp ; and  the  wheels  cannot  get  fixed  as  in 
ordinary  pulleys.  Adams’  patent  reversible  and  sliding  window,  by  wliich  the  glass  can 
be  cleaned  from  the  inside.  Solid-frame  oilable  sash  pulleys.  Austin’s  imperial  patent 
sa-h  and  blind  lines  are  made  of  flax  in  four  qualities,  and  his  new  imperial  patent 
flax  sash  line  for  heavy  weights.  Patent  braided  sash  line  with  a twisted  copper  wire 
centre,  known  as  the  “ patent  golden  eagle  sash  line.”  A common  description  is  made 
from  jute,  but  it  is  very  inferior  to  flax.  Henry’s  patent  sash  line  fastener  is  easily  fitted 
and  the  cord  readily  adjusted.  Newall’s  patent  copper  wire  cord  and  wire  strand  are 
extensively  used  for  window  sash  line,  hothouses,  lightning  conductors,  picture  cord,- 
clock  cord,  tent  ropes,  clothes  lines,  &c  ; the  advantages,  as  reported,  being  that  they 
are  cheaper,  much  more  durable,  equally  flexible,  and  one-sixth  part  the  bulk.  Newalj’s 
patent  improved  iron  wire  rope  we  do  not  detail,  . „ . 
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Table  I.  of  Newall’s  Copper  Cords. 


Number  .... 

0 1 

H 

H 

1| 

2 

3 

4 

6 

6 

7 

® ! 

9 1 10 

i“r 

Diameter,  inch  . 

g 

i 

JL 

10 

45 

11 

Breaking  strain,  lbs.  . 
Working  load,  in  lbs.  . 

Lightning 

Conductor. 

12f0 

336 

Y- 

For  Window  Sash  Line, 
Hothouse,  &c. 

960  16901480  [300  1180  1125 
224  1 168  112  76  1 45  31 

T 

Picture  Cord,  &c. 

90]  120]  128  1130 1300 
22  30  32  60  80 

JJrass  axle  pulleys  and  hothouse  pulleys  are  supplied  to  suit. 


Table  II.  of  Iron  Cords — Galvanized  and  Plain. 


Number 

1 ' 1 

n 

11  1 

If 

2 

3 

4 

Breaking  strain,  in  pounds 

. 

. 

. 

2520 

1920 

1380 

960 

600 

360 

250 

Working  load,  in  pounds  . 

• 

672 

448 

326 

224 

150 

90 

60' 

Wire  strand,  4 and  6 wire,  of  ISlo.  3,  4,  6,  6,  and  7 qualities  ; galvanized  and  ungalvanized.  E 


' 2261.  The  varieties  of  locks,  their  contrivances  for  security,  and  their  construction,  are 
so  many,  that  to  describe  them  minutely  would  require  almost  a work  of  itself.  All  that 
the  architect  has  to  deal  with,  for  common  purposes  in  building,  we  shall  mention.  For 
fastening  places  where  particular  security  is  requisite,  as  strong  closets  for  plate  or  cash,  | 
some  of  the  patented  locks  should  be  used,  and  wo  must  leave  this  matter  for  inquiry  in  \ 
the  hands  of  the  architect.  Every  patentee  says  his  invention  is  the  best.  We  never- 
theless believe,  notwithstanding  the  boasts  of  all  the  inventors,  that  no  lock  has  appeared 
which  an  expert  locksmith  acquainted  with  its  construction  will  not  be  able  to  pick.  The  ; 
locks  in  common  use  are  stock  locks,  whose  box  is  usually  of  wood,  and  whose  sizes  vary 
from  7 to  JO  inches.  Dead  locks,  whose  sizes  are  from  4 to  7 inches,  and  so  called  from 
the  key  shooting  the  bolt  homo  dead,  without  a spring.  Cupboard  locks,  of  3,  3^,  and  ‘ 
4 inches  in  size.  ■ Iron  rim  locks,  whose  box  or  case  is  made  of  iron,  and  which  are  fitted  on  i 
to  one  of  .the  sides  of  a door,  and  whose  sizes  are  from  6 to  8 inches.  Of  those  made  of  t 
the  last-named  size,  there  are  some,  as  also  of  9 inches,  which  are  used  for  external  doors,  | 
called  iron  rim  drawback  locks.  For  the  doors  of  all  well-finished  apartments  mortise  i 
locks  are  used.  These  take  their  name  from  being  mortised  into  the  thickness  of  the  door,  ; 
and  being  thus  hidden.  Gerish’s  patent  cylindrical  mortise  lock,  Barron’s  patent  locks,  I 
Bramah’s  patent  locks,  Hodges’  patent  lock  furniture,  Kaye’s  patent  automatic  lock  and  i 
door  opener,  ov push  and  pull  lock,  an  I Chubb’s  patent  locks.  Hobbs’s  patent  locks  “are  v 
made  for  all  purposes,  from  the  smallest  cabinet  to  the  largest  fortress  gate.”  Hill’s  ' 
patent  reversible  rim  lock  has  four  “ hands”  in  one  lock,  doing  away  with  the  necessity 
of  considering  which  way  the  door  is  to  open.  Tucker’s  new  patent  flush  bolt  spring  - 
lock,  self-locking  dead  lock,  and  railway  carririgo  flush  bolt  spring  lock;  they  lock  ■ 
themselves  when  closing  or  closed.  Biggs’ patent  tubular  reversible  mortise  lock  ; the  i 
machine-made  lock,  6 inches  long  and  one  inch  diameter;  the  foreplate  and  striking  plate  \ 
are  3 inch  by  1 inch,  with  rounded  ends.  To  these  either  plain  or  fancy  furniture,  that  | 
is,  knobs  and  escutcheons,  are  affixed.  Longbottom’s  patent  adjustable  lock  furniture,  \ 
simple  and  reliable.  | 

2261a.  Pitt’s  patent  sdf-adjusting  spindle,  with  his  new  patent  mount  and  spindh,  jl 
and  Ager’s  patent  adjusting  spindle,  all  command  a large  sale.  They  are  all  fitted  with  I 
knobs  and  plates,  from  china,  plain  white  and  buff,  to  gold  lines,  gold  bands,  flowers,  &c.,  I 
and  in  hardwoods,  as  ebony,  maple,  satin,  rose,  mahogany,  wainscot,  and  walnut;  the  * 
knobs  in  many  shapes : also  with  plain  and  fancy  brass,  brass  and  china  combined,  and  n 
buffalo  horn  furniture.  Also  with  glass  furniture,  crystal  and  amber  of  varying  shapes’  i 
and  cutting,  with  green,  black,  and  opal  cut  octagons.  Above  and  below  them  finger  ‘ 
plates  are  generally  directed  to  be  fixed,  to  prevent  the  door  being  soiled  in  the  places  i 
w here  it  is  mostly  caught. 

2262.  The  different  sui  ts  of  latches  in  use  are  the  thumb  latch,  which  receives  its  name 
from  the  thumb  being  placed  on  the  lever  to  raise  its  latch ; the  Norfolk-latch,  which  is 
sunk,  and  requires  a pressure  on  the  lever  to  raise  the  latch  ; the  Suffolk-latch  ; the  four- 
inch  how  latch,  with  brass  knobs ; the  brass  pulpit  latch ; the  mortise  latch-,  and  Gothic 
latches.  j 

2262a.  Wishaw’s  registered  improved  “ telekouphonon,”  for  speaking  pipes,  consists 
of  a whistle  mouth-piece  of  ivory,  wood,  or  metal,  with  an  indicator  attached  to  point  but 
from  which  one  or  two  or  more  tubes  the  whistle  proceeds.  These  pipes  are  now 
arranged  for  one  or  more  mouthpitces.  Electric  bells  are  named  in  the  next  section.' 
The  ordinary  crank  system  of  bell  hanging  is  noticed  in  Specifications,  2292.  - ' - 
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2263.  Bebides  the  articles  already  mentioned,  the  ironmonger  furnishes  holdfasts,  wall- 
hooks,  door  springs  of  various  sorts,  door  chaifis  and  barrels  of  brass  and  iron,  thumbscrews, 
shuttir  fastenings,  shutter  bars,  sash  fastenings,  of  which  there  are  i ow  many  varieties 
against  burglary,  adjustable  silent  door  springs,  brass  ttirn  buckles,  closet  knobs,  brass 
flush  rings,  iron  drawer  handles,  brass  flush  draw  handles,  brass  rolLrs,  bars  with  lakhets, 
shelf  brackits,  sash  weights,  with  numerous  other  articles. 

2263a.  Bolts,  straps,  and  other  exposed  iron  work  are  preserved  from  the  action  of  mois- 
ture on  them  by  the  following  mixture: — To  two  quarts  of  boiling  oil  add  half  a pound 
of  litharge,  putting  in  small  quantities  at  a time,  and  cautiously.  Let  it  simmer  over  the 
fire  two  or  three  hours ; then  strain  it,  and  add  a quarter  of  a pound  of  finely-pounded 
resin  and  a pound  of  white  lead,  keeping  it  at  a gentle  heat  till  the  whole  is  well  incor- 
porated. It  is  to  be  used  hot.  A composition  of  oil  and  resin  and  finely  levigated  brick- 
dust  is  found  useful  in  preserving  iron  from  rust.  It  is  to  be  mixed,  and  used  as  a paint 
of  the  usual  consistence  (see  par.  1779c.  tt  Wrought  iron  ornamental  work  exposed 

to  the  weather  has  been  cased  with  copper  and  gilt,  as  much  for  decoration  as  for  pre- 
servation. The  surface  of  iron  may  be  decorated  and  highly  vitrified,  the  colours  being 
burnt  in.  Thus  the  iron  can  be  shaped  to  elabor.ite  designs  and  artistically  treated  ; being 
wsily  cleaned,  it  is  a permanent  material  for  walls,  ceilings,  and  other  parts  of  a building. 
See  the  Barflf-Power  process,  &c.  for  protection  of  iron,  1780c. 

22636.  Mr.  T.  Fletcher,  of  Warrington,  has  lately  (1887),  by  the  use  of  compressed 
jxygen  and  coal  gas,  with  a ^-in.  gas  supply,  brazed  a joint  of  a 2-in.  wrought  iron  pipe 
tn  about  one  minute.  He  then  tried  welding,  a process  not  possible  with  ordinary  coal 
Tas  and  air,  and  found  that  a good  weld  was  obtained  on  an  iron  wire  ^ in.  diam.,  with 
i very  small  blowpipe,  having  an  air  jet  about  ^ diara.  Larger  articles,  as  boiler  plates, 
le  thinks  could  be  done  perfectly  with  little  trouble  and  no  handling.  By  this  process 
36  fused  a large  hole  in  a plate  in.  thick  wrought  iron  by  an  apparatus  which  could  be 
;arried  up  a ladder  by  one  man. 

GAS  FITTER, 

2264.  The  work  of  this  artizan  may  be  placed  under  the  head  of  this  section,  although 
lis  trade  is  now  kept  distinct.  Gas  is  required  by  the  Companies’  Acts  of  Parliament  to 
lave  a lighting  power  of  16  sperm  candles  when  consumed  at  the  rate  of  5 cubic  feet  per 
lour.  As  regards  purity,  the  gas  must  be  entirely  free  from  sulphuretted  hydrogen,  and 
he  maximum  quantities  of  sulphur  and  ammonia  allowed  are  fixed  from  time  to  time  for 
^ondon  by  the  gas  referees  (1885).  The  pressure  of  gas  usually  during  the  day  varies 
rom  \\  inches  to  about  3 inches  at  night.  This  causes  the  burners  to  flare  and 
liss.  To  regulate  this  pressure  various  contrivances  have  been  invented.  Carnaby’s 
s for  the  turning  off  of  any  number  of  lights  by  working  the  handle  of  a dial  in  the. 
naster’s  room  or  office.  The  Stott,  Tice,  Oakley,  and  other  gas  economisers  are  auto- 
iiatic,  having  valves  that  rise  and  fall  according  as  the  pressure  is  larger  or  smaller  ; 
hey  are  said  to  save  from  20  to  40  per  cent,  of  gas  without  diminution  of  light.  A ready 
)lan  of  regulating  the  supply  is  to  put  the  tap  to  the  meter  at  such  a point,  by  trial,  as 
vill  supply  the  lights  in  ordinary  use.  In  large  establishments  this  has  been  done  by  a 
nan,  specially  instructed,  who  alters  it  according  to  the  lighting  up  or  putting  out  of  the 
ights.  A great  saving  has  been  thus  effected.  The  various  formulae  for  calculating  the 
elocity  and  the  pressure  of  effiuent  gas  are  to  be  found  in  Clkgg,  Treatise  on  Gas  Light- 
ng.  The  most  economical  working  pressure  is  equivalent  to  the  weight  of  a column  of 
rater  on  the  outlet,  of  about  1 inch.  The  formula  for  calculating  the  quantity  discharged 

8 j = 1350a*  in  which  ^ = the  quantity  sought  in  cubic  feet  per  hour;  d,  the 

liameter  of  the  pipe ; h,  the  working  pressure  in  inches;  I,  the  length  of  the  pipe  in 
’aids;  and  s,  the  specific  gravity  of  the  gas  compared  with  atmospheric  air  as  unity. 


Table  of  the  Delivery  per  Hour  through  Pipes  of  the  Diameters  named. 


Size. 

liam. 

Thickness. 

Length. 

Weight. 

Delivery. 

Size. 

diam. 

Thickness. 

Length. 

Weight. 

Delivery. 

ins. 

cubic  ft. 

ins. 

inch. 

feet. 

iCwt.  qr. 

lbs. 

cubic  ft. 

90 

5 

13-32nds 

9 

1 

3 

24 

12,500 

, s 

wrought 

160 

6 

7-16ths 

9 

2 

2 

2 

18,000 

1 , 

iron. 

250 

7 

13-32nds 

9 

:i 

0 

14 

24,500 

S 

380 

8 

1-half 

9 

3 

3 

5 

32,000 

1 

inch. 

feet. 

cwt.  qr. 

lbs. 

500 

9 

17-32nds 

9 

4 

2 

2 

40,500 

2 

5-16ths 

6 

0 1 

24 

2,000 

10 

9-16ths 

9 

5 

1 

6 

50,000 

3 

11 -3211(18 

6 

1 0 

3 

4,500 

12 

5-8ths 

9 

7 

0 

0 

72,000 

4 

3-8tlis 

9 

1 1 

24 

8,000 

For  cost  of  laying,  tee  Lockwood’s  Trice  Book,  1887,  art.  Gas  Fitter. 
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2264a,  The  main  distribution  of  gas  is  effected  through  cast  iron  pipes  with  socketi 
and  spigot  ends,  wdienever  the  diameter  exceeds  2 inches.  Wrought  iron  welded  tubing 
for  gas  is  made  from  3 in.  diameter,  H in.,  and  then  down  by  each  in.  to  ^ in.,  thei 
and  i in.  diameter,  in  lengths  of  from  4 to  12  leet,  from  2 to  4 feet,  and  shortei 
pieces  under  2 feet. ; together  with  all  their  connectii  g pieces,  cocks,  taps,  screws,  &c.  A 
^ inch  pipe  is  used  for  2 lights,  finch  for  6,  ^ inch  for  12,  | inch  for  25,  1 inch  for  50 
inches  for  70,  1^  inches  for  120,  and  2 inches  for  200  lights.  In  the  details  of  house 
fittings,  wrought  iron  pipes  are  used  when  the  diameter  is,  and  exceeds,  half  an  inch , 

^ in.  is  the  least  size  recommended  to  be  used,  even  for  supplying  upper  rooms.  For 
pipes  of  small  diameters,  and  for  abrupt  bends,  block  tin  and  composition  pipes  are 
fixed.  For  occasional  use,  flexible  pipes  are  employed,  such  as  those  made  of  gutta- 
percha, caoutchouc,  with  or  without  a wire  coil  inside,  and  caoutchouc  coated  with 
varnish.  This  last  is  the  safest  of  the  flexible  pipes;  the  other,  though  safer  when  used 
with  a wire  core,  is  not  impermeable  to  gas,  though  a coat  of  linseed  oil  may  render  it  s >. 
The  first-named  is  not  only  permeable,  but  causes  an  unpleasant  smell,  and  is  liable  to 
contraction  at  any  junctions  with  metal  work,  allowing  of  the  escape  of  gas.  There  has 
lately  been  patented  one  formed  of  two  layers  of  rubber,  with  pure  soft  tinfoil,  vulcanised, 
between  ; perfectly  gas-tight  under  any  pressure  and  free  from  smell,  and  very  flexible. 
The  braided  or  cloth-covered  tube  has  not  come  into  general  use.  Brass  pipes  are 
generally  used  for  the  gasalier. 

22646.  Under  no  circumstances  whatever  should  either  iron  or  composition  pipes  be  let 
into  the  plastering,  as  is  too  constantly  done,  or  into  solid  brick  or  stone  work ; for  the 
salts  in  the  latter  are  liable  to  affect  the  pipes  in  a serious  manner,  and  the  contraction 
and  expansion  of  their  materials  may  injure  the  joints ; whilst  it  must  always  be  difficult 
to  trace  a leakage.  When  placed  in  a partition,  any  gas  escaping  fills  all  the  spaces 
between  the  studs,  and  between  the  joists  of  the  floors,  so  that  when  it  comes  in  conbict 
with  a light  the  whole  ignites,  and  the  force  of  the  explosion  may  cause  the  entirety 
destruction  of  the  house.  The  police  regulations  of  Paris  require  that  gas-pipes  in  houses 
should  be  visible  throughout  their  length,  excepting  when  they  traverse  floors,  partitions, 
&c.,  when  the  pipe  conveying  the  gas  is  required  to  be  enclosed  in  a larger  one,  project- 
ing beyond  the  floor  or  partition,  so  as  to  ensure  ventilation  round  it.  Copper  pipes 
should  never  be  used,  on  account  of  the  action  of  the  gas  on  the  metal.  Gas  pipes  should 
be  laid  with  a slight  fall,  on  account  of  the  condensation  of  the  gas,  and  a draw-off  tap 
is  required  to  empty  it.  Gas  by  itself  will  no  more  explode  than  air,  and  on  issuing 
into  the  air  it  will,  if  at  once  ignited,  burn  quietly,  as  at  a gas  burner.  When  gas  is 
previously  mixed  with  air,  the  mixture,  on  ignition,  explodes  with  terrific  force. 

2264c.  The  form  of  burner  which  yields  the  best  economical  results  is  the  argand;  the 
bat’s-wing  is  the  next  best;  and  the  fish-tail  the  worst.  A number  of  small  burners 
dispersed  will  give  a better  light  than  collections  of  them.  The  argand  burner,  with  15 
holes,  will  burn  about  5^  to  8 feet  per  hour,  according  to  the  pressure ; ordinary  street 
lamps,  having  the  bat’s-wing,  burn  3 to  8 feet  per  hour,  and  are  usually  contracted  for  at 
the  rate  of  5|  feet.  Brenner’s  burners  afford  a steady  light,  and  each  is  made  to  consume 
as  many  feet  per  hour  as  may  be  required.  The  number  of  new  burners  have  been  much 
increased.  Bray’s  have  a large  sale ; Sugg’s  are  of  various  sorts  for  private  use  and  in 
public  thoroughfares  and  edifices.  His  burners  for  public  lamps  affording  20  candle- 
power  consume  5 cubic  feet  per  hour;  35  candles,  8 feet;  50  candles,  12  feet;  and  60 
candles,  15  feet.  The  former  are  two  burners,  and  the  latter  three  burners.  The  Heron’s 
duplex  has  two  small  burners  impinging  upon  one  another  and  so  affording  a clearer  light. 
34  of  Bray’s  burners  burnt  230  feet  of  gas,  34  of  the  duplex  for  one  hour  burnt  167. 
Hart’s  economising  burner  dates  from  about  1859.  Peeble’s  needle  governor  burners 
save  20  to  40  per  cent,  of  gas.  Many  ofL  these  lights  are  now  supplied  with  “ non- 
corrosive  ” burners  made  of  soapstone.  One  of  the  latest  inventions  (1887)  is  WelshacKn 
system  of  the  incandescent  light;  it  consists  of  a prepared  “mantle”  placed  over  a 
Bunsen  burner.  It  is  stated  that  it  doubles  the  illuminating  power  of  the  gas;  gives 
a steady,  brilliant  light ; and  saves  50  to  70  per  cent,  of  gas ; there  is  greatly  diminished 
heat,  no  dirt,  and  no  smoke  ; the  light  rivals  the  electric  light.  Another  is  the  Clamond 
incandescent  gas  light,  supplied  by  the  Hiolus  Company;  each  gives  a 40  candle-power 
light  on  a consumption  of  6 feet  of  gas  per  hour.  The  Chandler  patent  regenerative 
gas  light  has  no  burner,  the  gas  issuing  from  a free,  open  pipe.  By  the  action  of  the 
air  supply  and  the  shape  of  the  burner  opening  the  flame  assumes  the  form  of  an  incan- 
descent sphere,  like  a ball  of  fire,  brilliant  and  white.  It  is  adapted  for  burning  2 to  60 
cubic  feet  per  hour.  A matchless  self-lighting  gas  burner  is  in  use.  It  is  stated  that 
60  gas  burners  produce  2 gallons  of  water  per  hour  by  the  combustion,  hence  part  of  the  ^ 
damage  caused  to  the  walls,  works  of  art,  &c. 

2264d  The  ordinary  lights  are  stated  to  require  4 cubic  feet  of  gas  per  hour,  but  this 
is  much  too  large  ; 2\  and  3 will  be  found  to  give  sufficient  light  if  the  burner  is  fairly 
near  the  persen  ; the  high  lights  of  a gasalier  are  either  inefficient  or  wasteful  for  reading 
or  working  purposes,  and  often  affect  the  eyesight. 
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I,  2264e.  For  lighting  large  rooms  the  solar  or  sun-light  arrangement  is  agreeable,  and 
;t  is  fitted  to  promote  the  ventilation  of  the  room.  It  is  very  costly,  not  only  in  its  first 
3stablishment,  partly  from  the  necessity  of  securing  the  burners  and  pipes  from  setting 
tire  to  the  surrounding  timbers,  but  also  in  the  subsequent  consumption  of  gas.  In  rooms 
of  moderate  height,  the  heat  to  the  occupants  is  objectionable.  The  Wenham  lamp  is 
^ somewhat  similar,  but  having  a globe  under,  is  better  adapted  to  a small  room.  Denham’s 

f (formerly  Riekett’s)  ventilating  lamps  are  also  fixtures.  The  reflecting  and  ventilating 

Clapton  light  is  economical  in  gas  and  suitable  for  public  places.  The  patent  Albo-car~ 
’*?  ■ bon  light  is  said  to  save  30  to  50  per  cent,  of  gas,  by  the  gas  passing  through  a white 
^ composition,  which,  on  being  melted  by  the  heat  obtained  from  the  burner,  gives  off  a 
. Tapour  which  is  taken  up  by  the  gas,  thus  giving  increased  brilliancy  to  the  light. 

■ 2264/.  As  illustrations  of  the  mode  of  lighting  public  buildings  may  be  cited  ; I.  The 

: concert  room  at  Liverpool,  designed  and  executed  by  Mr.  A.  King;  it  is  effected  princi- 

'■  pally  by  carrying  a pipe  in  the  cove  of  the  ceiling,  which  pipe  is  pierced  with  numerous 

holes  for  fish-tail  burners.  II.  St.  James’s  Hall,  London,  and  the  great  hall  of  the 
■.  Reform  Club,  which  are  admirable  illustrations  of  the  use  of  the  stellar  and  of  the  solar 
- lights.  III.  The  new  theatre  du  Chatelet,  at  Paris,  where  the  lighting  is  effected  by 
' 1,300  burners  placed  above  a vault  of  ground  glass,  and  under  a large  enamelled  reflector  ; 

; the  glass  vault  forms,  in  fact,  the  ceiling  of  the  body  of  the  house,  so  that  the  burners 
‘ t 'themselves  are  entirely  hid.  This  arrangement  was  also  employed  for  a few  years  at  the 
I picture  gallery  in  Suffolk  Street,  London.  And  IV.  The  various  passages  and  rooms  of 
the  Houses  of  Parliament,  which  are  lighted  and  ventilated  under  Faraday’s  principle. 

( ^ 2264^.  Table  of  Comparison  of  Light-Pboducino  Materials,  by  Dr.  M.  Tidy,  in 

Handbook  of  Modern  Chemistry. 


Light-producing  Material 
equal  to  12  standard  Sperm 
, Caudles,  each  burning  120 
Grains  per  Hour. 

Cubic  Feet 
Oxygen 
Consumed. 

Cubic  Feet 
Air 

Consumed. 

Cubic  Feet 
Carbonic 
Acid 

Produced. 

Cubic  Feet 
Air 

Vitiated. 

Heat = lbs,  of 
Water  raised 
10  deg.  Fahr. 

Cannel  Gas 

_ 

3-30 

16-50 

2-01 

217-50 

195-0 

Common  Gas  - 

- 

5-45 

17-25 

3 21 

848-25 

278-6 

Sperm  Oil 

- 

4*75 

23-75 

3-33  . 

356-75 

233-5 

Benzole  • 

- 

4-46 

22-30 

3-q4 

376-30 

232  6 

Paraffin  - 

- 

6-81 

34-05 

4-50 

484-05 

361-9 

Sperm  Candles  - 

- 

7-57 

37-85 

5-77 

614-85 

351-7 

Wax 

. 

8-41 

42-05 

5-90 

632-25 

383-1 

Tallow  - 

. 

12-00 

60-00 

8-73 

933-00 

505-4 

Electric  Light  - 

- 

None 

None 

None 

None 

13-8 

ji  A table,  prepared  by  Mr.  V.  B.  Lewes,  showing  the  amount  of  oxygen  removed,  the 
carbonic  acid  gas  and  water  vapour  generated,  by  various  illuminants  to  give  a light  equal 
to  32  candle-power,  is  printed  in  the  Proceedings  of  the  Royal  Institute  of  British  Archi- 
» tects,  for  April  12,  1888. 

■I  2264^.  A notice  was  issued  in  January,  1862,  from  the  London  Eire  Engine  Establish- 
H m'ent,  stating  that,  “It  appears  absolutely  necessary  that  some  steps  should  be  taken  to 
II  caution  owners  of  property,  particularly  in  large  wharves  and  warehouses,  as  to  the  posi- 
H tion  and  protection  of  the  dangerous  gas  lights.  These  remarks  may  not  be  considered 
1 unnecessary  when  it  is  rememb^ered  that  in  many  of  the  most  valuable  buildings  in  the 
metropolis  movable  gas  brackets  are  placed  within  20  inches  of  the  ceiling  without  the 
U slightest  protection  whatever.  It  may  be  laid  down  as  a rule  that  the  jet  on  the  outer 
M arm  of  the  bracket  should  never  be  less  than  36  inches  from  the  ceiling  over  it,  and  that 
h it  should  be  protected  on  the  top  by  a hanging  shade,  and  on  the  sides  by  stops  on  the 

!i  sw'ivel  joints,  which  should  prevent  the  brackets  moving  beyond  a safe  distance.  Attention 
might,  perhaps,  also  be  called  to  the  very  common  and  dangerous  practice  of  nailing  tin 
or  iron  on  the  adjoining  timbers.  This  has  long  proved  to  be  no  protection,  and  it  has 
I the  disadvantage  of  allowing  the  timber  to  be  charred  completely  through  before  it  is 
I known.”  In  some  places  gas  lights  are  used  within  15  inches  of  the  ceiling,  and  when 
•i'  the  glass  shade  has  been  broken  and  not  replaced,  the  heat  has  been  known  to  ignite  the 
I floor  timbers  over  the  plastering. 

2264*.  It  will  not  be  necessary  here  to  do  more  than  mention  the  use  of  gas  in  the 
kitchen  for  boiling  water,  or  for  baking  and  roasting  (the  apparatus  for  each,  or  for  such 
I'  purposes,  are  now  supplied  in  London  by  the  gas  companies  at  a rent) ; the  baths 
' heated  by  gas,  so  readily  adaptable  in  places  where  a coal  stove  cannot  be  used ; or  the 
several  gas  sto.ves  for  warming  buildings  and  rooms,  &c.  See  2279<?. 

2264/  The  urgency  of  efficient  ventilation  when  gas  is  burnt  in  a room  habitually  is  a 
subject  of  immediate  importance.  It  is  principally  to  the  neglect  of  this  precaution  that 
the  bulk  of  the  injurious  effects  said  to  attend  the  use  of  gas  may  indeed  be  attributed. 
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In  the  case  of  Jibrarles,  the  destruction  of  book-bindings  may  be  assigned  more  justly  to 
the  heat  than  to  the  chemical  action  of  the  products  of  combustion.  No  doubt  the  bi- 
sulphide of  carbon,  which  is  present  in  even  the  most  carefully  purified  gases,  must  give 
rise  to  the  formation  of  minute  quantities  of  sulphurous  acid:  and  this,  in  its  turn,  must 
be  destructive  to  some  descriptions  of  leather — especially  Russian  (as  noticed  in  the 
Builder,  vi.  89),  but  a rapid  removal  of  the  products  of  combustion  would  almost  entirely 
obviate  this  effect.  It  seems,  however,  that  the  excessive  dryness  and  the  heat  of  the  air  in 
the  upper  part  of  rooms  where  gas  is  burnt  may  occasion  the  injury  quite  as  much  as  the 
chemical  reactions  supposed  to  take  place  ; the  books  which  suffer  most  being  always 
those  placed  above  the  level  of  the  lamps.  Under  any  circumstances,  ventilation  should 
take  place  close  to  the  plane  of  the  ceilings.  Even  when  provision  is  made  for  ventilation 
over  gas  burners,  a stratum  of  heated  air  is  often  allowed  to  stagnate  over  the  openings, 
close  under  the  line  of  the  ceiling;  and  the  area  of  the  openings  is  rarely  suflficient  to  allow 
the  escape  of  the  decomposed  gases.  Again,  if  any  sulphurous  acid  should  be  produced, 
it  will  be  found  also  to  tarnish  the  colours  of  tapestry  and  hangings,  and  to  turn  imitation 
gold  ; hence  none  but  the  best  leaf-gold  should  be  employed  in  rooms  where  gas  is  burnt. 
The  injury  caused  by  the  use  of  such  gas  as  is  supplied  in  London,  Paris,  Bruxelles,  &c., 
is  very  small  compared  with  the  brilliance  of  the  light;  and  the  gas  of  Liverpool,  Edin- 
burgh, Manchester,  and  some  other  places  having,  bulk  for  bulk,  a higher  illuminating 
power  than  that  of  London,  is  even  less  injurious.  Mr.  Spencer  has  reported  that  the 
quantity  of  gas  leaking  from  London  gas  pipes  is  not  less  than  9 per  cent , or  between  six 
and, seven  million  cubic  feet  per  annum,  which  causes  the  stinking  black  earth  of  the 
London  street  subsoil.  No  such  leakage  occurs  at  Liverpool  or  Manchester,  where  the 
joints  of  the  pipes  are  bored,  turned,  and  fitted  to  each  other,  like  ground  stoppers  in  glass 
bottles;  whereas  in  London  the  pipes  are  jointed  with  tow  and  lead,  so  that  after  expansion 
and  contraction  in  summer  and  winter  the  perfection  of  the  joints  is  destroyed.  The  gas 
then,  acting  upon  the  subsoil,  forms  sulphuretted  carbon,  which  corrodes  not  only  the  gas 
])ipes,  but  the  water  mains  also,  and  converts  them  in  ten  years  almost  entirely  into  a sort 
of  plumbago,  although  in  pure  London  subsoil  they  last  a century. 

ELECTRIC  APPLIANCES. 

2264^.  For  the  important  subject  of  Lightning  Conductors,  reference  should  be  made 
to  R.  Anderson,  Their  History,  Nature,  and  Mode  of  Application,  oi  vf\\\d\  the  third 
edition,  revised,  rearranged,  and  enlarged,  was  published  in  1887:  “The  numerous 
accidents  to  buildings  fitted  with  conductors  sufficiently  indicate  the  indispensable 
necessity  for  occasional  inspection.  The  chief  causes  that  detract  from  their  efficacy  are 
original  defects  of  capacity,  conductivity,  and  fitting,  faulty  earth  connections,  accidental 
injury  and  mechanical  derangements,  oxidation  of  joints  and  of  earth  contacts,  and 
alterations  in  the  conductive  capacity  of  the  ground  in  consequence  of  improved  drainage.” 
The  efficiency  of  a conductor  is  in  proportion  to  the  sectional  area  of  the  metal.  Tapes 
are  made  ^th  of  an  inch  thick,  being  inch,  1|  inches,  and  2 inches  wide  ; ^th  of  an  inch 
thick,  being  |ths  of  an  inch  wide ; ^th  of  an  inch  thick,  being  |ths  of  an  inch,  inch,  and 
inches  wide.  The  conductors  should  not  be  less  than  ^th  of  an  inch  thick  and  ^ths 
of  an  inch  wide,  weighing  6 oz.  per  foot,  as  recommended  by  the  Lightning  Rod  Con- 
ference, 1882.  The  upper  terminal  should  be  in  the  form  of  a sharp  point,  or  a cluster 
of  sharp  points.  As  this  point  may  become  blunted,  an  alloy  of  8S5  parts  silver  and 
1 65  parts  of  copper  is  therefore  used  for  it,  at  Paris.  The  earth  termination  should  be 
taken  some  depth,  and  into  moist  ground  or  water,  and  have  a large  area  of  contact. 
"V^  heii  this  is  not  to  be  obtained,  a copper  plate  at  least  9 feet  square  should  be  carefully 
riveted  to  the  end  of  the  tape  and  be  buried  in  a well,  packed  with  cinders  or  coke. 
Professor  Fleming  has  pointed  out  that  the  ultimate  safety  of  a conductor  lies  in  the 
proper  periodical  testing  of  the  earth  connection  of  the  conductor. 

2261^  Electricity  for  lighting  purposes  can  be  obtained  by  chemical  action,  as  by  an 
arrangement  of  a voltaic  battery,  and  the  combination  of  cells  is  termed  a “ primary 
battery.”  A steady  light  is  stated  to  be  maintained  at  a cost  not  much  in  excess  of  that 
from  a “dynamo  ” machine.  Such  a battery  may  suffice  for  a small  country  house,  but  a 
large  number  of  lamps  will  require  a battery  of  great  bulk ; hence  it  is  more  economical 
to  produce  electricity  mechanically,  by  converting  the  energy  of  the  prime  motor  into 
electric  force  by  the  use  of  the  dynamo  machine.  This  motive  power  is  obtained  by 
steam,  water,  or  gas,  according  to  circumstances.  The  engine  house  would  contain  the 
dynamos  for  generating  the  electric  current.  The  current  is  then  taken  to  a “ switch 
board,”  which  is  a simple  apparatus  on  which  all  connections  are  made  with  suitable 
arrangements,  so  that  either  one  or  more  machines  can  be  made  to  deliver  into  the  same 
conductor.  On  this  board  is  an  instrument  for  measuring  the  strength  of  the  current, 
so  fixed  that  it  can  be  read  by  the  attendant  by  turning  the  handle  of  a switch.  Irom 
this  board  the  mains  go  towards  the  lamps,  starling  as  a cable,  which  ramifies  into 
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smaller  mains  and  branches  until  each  incandescent  lamp  is  reeiched.  It  is  of  supreme 
importance  in  electric  lighting  that  the  current  should  always  be  uniform  at  all  times  in 
each  individual  part  of  the  work,  and  be  unaifected  by  changes  in  other  parts.  Ihe 
compound  shunt  machine  has  been  devised  to  effect  this  arrangement. 

2264»t.  A source  of  danger  to  property  is  in  the  mains  and  branch  wiresconducting  the 
current  to  the  lamps ; they  must  be  of  sufficient  proportion,  and  of  a material  whose 
resistance  is  uniform.  Copper  wire  is  used  because  it  can  be  obtained  in  a purer  state 
than  any  other  available  metal,  and  next  to  silver  it  is  the  best  conductor  of  electricity. 
Great  attention  is  required  to  the  connectors  and  joints,  and  the  connections  made  with 
binding  screws ; besides  causing  resistance  in  the  circuit,  bad  contact  between  a wire  and 
a terminal  will  produce  heat.  A faulty  junction  may  also  upset  the  calculations  made 
for  the  current  to  be  taken  by  an  otherwise  efficient  cable ; solder  alone  must  not  be  rebel 
upon,  as  it  may  become  softened  by  the  current;  it  must  be  mechanically  perfect.  A 
“short  circuit”  is  the  current  taking  the  shorter  path,  where,  having  no  work  to  do,  it 
causes  fire.  The  only  preventive  is  a “ cut  out”  or  a “ safety  fuse,”  described  as  “ a piece 
of  easily  fusible  metal,  which  would  be  melted  if  the  current  attains  any  undue  magni- 
tude, and  would  thus  cause  the  circuit  to  be  broken.”  From  arc  lights  pieces  of 
incandescent  carbon  are  apt  to  drop  ; more  fires  have  occurred  from  this  cause  than  any 
other.  Electricity,  having  no  smell  to  betray  a leak,  shows  when  it  is  escaping  by  the 
diminished  appearance  of  the  lights,  caused  by  the  diversion  of  the  system. 

2264tt.  Even  if  the  cost  of  electric  lighting  be  higher  than  that  of  a private  gas  supply, 
the  extra  cost  of  it  for  those  rooms  wliei’e  the  preservation  of  works  of  art,  books,  and  de- 
corations has  to  be  considered  would  be  amply  returned.  The  property  of  not  vitiating  or 
heating  the  air  will  be  the  salient  one  which,  when  fully  appreciated,  must  banish  gas  and 
oil  from  the  houses  of  those  who  consider  sanitary  excellence  the  principal  feature  of  a 
beautiful  house.  (K.  Hedges,  in  Tramaciions  of  Royal  Institute  of  British  Architects, 
1883-4,  p.  143).  The  Electric  Ligh:ing  Act  was  passed  August  18,  1882.  The  Maxim- 
AVeston  Electric  Company  (Limited)  supply  (Nov.  1887)  the  new  “ AVatt  ” system 
of  lighting.  They  claim  that  they  can  now  obtain  six  arc  lamps  of  150  candle-power  in 
place  of  one,  as  heretofore,  from  one  electrical  horse-power.  The  Pilsen-Joel  arc  lamp  is 
of  1,000  to  10,000  candle-power;  the  incandescence  or  glow  lamps  are  of  5,  10,  16,  20, 
30,  to  100  candle-power,  for  lighting  rooms,  &c.  To  popularise  the  electric  light  is  the 
only  wmy  to  make  it  pay — it  must  be  cheap  and  efficient.  By  cheapness  is  to  be  under- 
stood, either  a small  first  cost  and  a correspondingly  small  cost  for  maintenance,  as  in 
the  case  of  a batter}''  placed  in  the  house,  or  a moderate  charge  for  the  supiply  of  the 
current,  as  in  the  case  of  a central  distributing  station.  The  lamps  must  be  adaptable 
to  the  present  gas  fittings,  and  the  cost  of  the  light  must  be  but  little,  if  at  all,  in 
excess  of  that  of  the  gas  of  the  district.  Though  the  advantages  of  this  light  are  great  in 
a hygienic  and  domestic  point  of  view,  the  public  would,  in  the  main,  continue  to  use  the 
present  methods  of  illumination  rather  than  adopt  any  new  system  which  entailed  extra 
cost,  however  satisfied  they  might  be  that  positive  advantages  were  to  be  gained  by  it. 
(P.  F.  Mersey,  On  Primary  Batteries,  Nov.  1887.)  The  Plioenix  Fire  Office  rules  for  fixing, 
&c..  an  instillation  are  those  now  generally  required  to  be  carried  out  by  the  fire  offices. 

2264o.  Although  electricity  has  not  ousted  gas  from  the  field,  as  it  was  at  one  time 
tlioimht  it  would  do,  it  has  yet  made  more  progress  than  many  people  imagine,  and  no 
architect  would  design  a public  hall  without  fitting  it  with  incandescent  lamps.  These 
do  not  give  off  as  much  heat  as  gas,  nor  do  they  contaminate  the  atmosphere.  The 
insertion  of  “ storage  batteries  ” as  a sort  of  buffer  between  the  machine  and  the  lights,  and 
as  a means  of  avoiding  the  risk  of  a break-down  of  the  engine,  has  done  much  to  render 
electric  lighting  more  generally  available ; and  considerable  improvements  have  been  made 
in  these  “storage  batteries”  during  the  last  few  years.  The  battery  of  the  Union  Electrical 
Power  Light  Company,  of  fifteen  cells,  will  run  twelve  ten-candle  incandescent  lamps, 
and  occupies  a few  feet  only.  A small  primary  battery  and  lamp  combined  is  invented,  so 
that  an  electric  lamp  can  be  placed  on  the  table  ; this  can  be  recharged  by  simply  pouring 
into  the  cell  containing  the  plates  the  necessary  liquid.  These  lamps  will  run  for  about 
three  hours — say  a dinner  time. 

2264^.  A method  of  electric  lighting  for  small  areas,  v here  the  trouble  and  expense  of 
fixing  up  and  working  engines  and  dynamos  constitute  a serious  objection,  has  been  intro- 
duced by  Messrs.  Woodhouse  and  Rawson,in  which  no  machinery  is  required.  Thew'hole 
apparatus  is  contained  in  a space  of  some  5 feet  by  6 feet,  by  8 feet  in  height,  with  a 
perfect  absence  of  smell,  noise,  or  dirt.  The  light  is  generated  by  an  “ Upward  ” battery. 
;The  cost  for  the^equipment  of  an  installation  to  run  eleven  lamps  (10  candle-power  each) 
for  two  hours,  or  six  for  four  hours,  is  56Z. ; while  fifteen  lights  for  three  hours,  or  eight 
for  six  hours,  is  84/.,  and  so  on.  The  House  to  House  Electric  Light  Supply  Co.  is  taking 
active  steps  to,  promote  this  means  of  illumination. 

22645'.  There  is  a new  electric  gas  lighting  system,  by  which  gas  is  lighted,  turned  on, 
and  extinguished  at  any  distance  by  simply  pressing  a button,  as  in  ordinary  electric 
hells;  and  at  the  same  time  the  battery  may  be  used  for  ringing  electric  bells. 
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2264r.  Bells.  The  principle,  as  applied  to  all  the  different  methoda  of  construction,  is 
that  the  completion  of  the  circuit  of  the  electric  current  rings  the  bell,  the  medium  of 
communication  from  the  distant  points  being  wire  of  yarious  descriptions,  carefully 
insulated.  The  mechanism  is  confined  to  the  'push  (the  reverse  of  the  crank  system,  > 
which  has  puli')  and  to  the  bell  itself,  which  is  struck  by  a hammer  attached  to  a |t 
small  and  light  magnet.  The  wires  are  fixed.  One  bell  will  answer  the  purpose  for  any 
number  of  rooms.  The  battery  whence  the  electric  power  is  supplied  is,  for  an  ordinary 
house,  a small  six-cell  battery,  about  twelve  inches  long,  nine  inches  wide,  and  six  inches  : 
deep.  The  positive  poles  of  the  six  cells  are  all  connected  with  each  other,  and  also  the 
negative  poles,  each  to  brass  knobs  on  the  outside  of  the  box.  From  the  positive  pole  of 
the  battery  a wire  passes,  which  is  connected  with  each  room,  and  from  each  room  a wire 
passes  to  the  indicator.  This  is  a tablet  with  openings,  upon  which  are  inscribed 
numbers  for,  or  names  of,  the  rooms.  The  push,  a light  ivory  knob,  completes  the  electric 
circle ; on  being  set  in  action  by  it,  the  current  travels  through  the  wire  to  the  indicator, 
and  then  by  the  movement  of  a balanced  magnet  the  number  or  name  appears,  and  by  a U 
light  magnet  attached  to  a spring  it  rings  the  bell,  which  can  be  made  to  ring  until  the  Q 
magnet  is  released  by  the  hand,  ora  button,  which  also  returns  the  name  or  number  to  its 
place.  The  wires  are  insulated  by  gutta-percha  or  india-rubber  and  coils  of  cotton  or 
silk,  which,  if  exposed,  can  be  made  of  a colour  to  match  the  paper  or  paint  of  the  room. 
The  bell  pushes  and  other  furniture  can  be  carried  out  in  any  decorative  character. 

2264s.  The  electric  bell  system  can  be  adopted  for  protection  against  thieves  and  fire. 
For  the  former,  every  external  door  and  window  may  be  connected  with  a battery  so  that, 
when  the  circle  is  complete,  the  opening  of  the  door  or  window  will  ring  the  bell.  In  the 
daytime  a switch  is  used  to  disconnect  the  communication,  so  that  the  doors  and  windows 
may  be  opened  without  ringing  the  alarum.  For  the  latter,  or  fire,  a thermometer, 
hermetically  sealed,  into  which  a platinum  wire  is  fixed,  is  regulated  to  any  point  indicat- 
ing danger,  say  100°  of  heat,  and  connected  with  the  battery.  Should  the  mercury  rise 
to  that  point,  the  contact  of  it  with  the  platinum  completes  the  circuit,  the  bell  rings  and 
sounds  the  alarum.  For  the  sick  bed,  the  invalid  has  only  to  give  a slight  pressure  to  a 
knob  at  the  end  of  a silk  cord,  laid  close  to  the  pillow,  instead  of  having  to  overcome 
the  stiffness  and  weight  of  the  old  crank  and  wire  system. 

2264^.  Moseley’s  patent  electric  bells  are  fixed  on  the  system  of  the  battery  not  being 
in  use  when  the  bell  is  not  ringing. 

2264m.  The  best  time  to  commence  fixing  the  bells  is  stated  to  be  when  the  first  coat  of 
plaster  is  laid  on  the  walls,  and  before  the  floor  boards  are  nailed  down.  The  joints  and 
connections  between  the  compo  tubing  and  the  bells  should  be  carefully  soldered,  and  the 
iron  wall  boxes  fixed  flush  with  the  finished  wall,  with  the  screw  holes  in  front  perfectly 
vertical.  The  fixings  required  are  press  buttons  or  pushes,  lever  action  pulls,  or  bell 
ropes,  for  rooms  used  in  the  day.  Bed-head  pulls,  flexible  cords,  or  pushes,  for  the 
bedrooms.  Pull-out  pulls  or  pushes  for  front  door  or  entrances.  The  tubing  is  |-inch 
bore  composition,  let  into  the  plaster,  &c,,  and  protected  therein  by  wood,  or  by  larger 
zinc  bell  tubing.  The  pulls  may  be  either  the  “ sunk”  pattern,  or  the  “ raised  ’’pattern, 
which  is  fixed  on  the  face  of  a wall  or  partition. 

We  can  only  here  refer  to  the  later  invention  of  the  “ telephone.” 


Sect.  XI.  ! 

FOUNDERY. 

2265.  The  very  general  use  of  cast  iron  by  the  architect  induces  us  to  give  a succinct 
account  of  the  common  operations  of  foundery,  or  the  art  of  casting  metal  into  different 
forms.  To  gain  a proper  knowledge  of  the  operations,  the  student  should  attend  a few 
castings  at  the  foundery  itself,  which  will  be  more  useful  to  him  than  all  the  description  we 
could  detail  of  it;  however,  we  give  a few  particulars  not  noticed  in  the  previous  sectionf 
on  Iron.  Some  of  the  articles  cast  are  noticed  in  par.  2255/t. 

2265a.  Those  manufacturers  who  will  attend  to  the  good  quality  of  the  irons  they  selll 
can  generally  command  their  own  price.  Thus,  the  Low  Moor  and  the  Bowling  bar  ironsi 
continue  in  possession  of  the  market  at  nominally  high  prices,  whilst  the  ordinary  irons 
are  hardly  saleable  at  remunerative  ones.  The  Welsh  iron,  known  as  the  SC  brands,  or| 
the  Staffordshire  mitre  iron,  are  of  at  least  equal  quality  to  the  above,  and  there  are  othersyi 
as  good. 

22655.  Staffordshire,  Shropshire,  and  Derbyshire  afford  the  best  irons  for  castings. 
The  Scotch  iron  is  much  esteemed  for  hollow  wares,  and  has  a beautifully  smooth  surface, 
which  maybe  noticed  in  the  stoves  and  other  articles  cast  by  the  Carron  Company.  The 
Welsh  pig  iron  is  principally  used  for  conversion  into  bar  iron.  Almost  all  irons  are  im-Ji 
proved  1 y admixture  with  others,  and  therefore,  w here  superior  castings  are  required,  they 
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should  not  be  run  direct  from  the  smelting  furnace,  but  the  metal  should  be  remelted  in  a 
cupola  furnace,  which  gives  the  opportunity  of  suiting  the  quality  of  the  iron  to  its  intended 
use.  Thus,  for  delicate  ornamental  work  a soft  and  very  fluid  iron  will  be  required,  whilst 
for  girders  and  castings  exposed  to  cross  strain  the  metal  will  require  to  be  harder  and 
more  tenacious.  For  bed  plates  and  castings,  which  have  merely  to  sustain  a compressing 
force,  the  chief  point  to  be  attended  to  is  the  hardness  of  the  metal.  Various  mixtures  of 
different  qualities  of  iron  have  been  recommended  as  materials  for  large  castings  (see  Fair- 
hairn’s  Aj/plication  of  Iron,  ^~c.  65).  Most  engineers  are  agreed  in  considering  that  the  best 
course  for  an  engineer  to  take,  in  order  to  obtain  iron  of  a certai-n  strength  for  a proposed 
structure,  is  not  to  specify  to  the  founder  any  particular  mixture,  but  to  specify  a certain 
minimum  strength  which  the  iron  should  exert  when  tested  by  experiment. 

2265c.  As  noticed  in  a previous  chapter,  the  ores  are  smelted  by  cold  and  hot  air  blasts. 
The  latter  iron  makes  very  fine  castings,  but  is  deficient  in  tenacity,  and  requires  great  care 
ill  its  application  to  the  purposes  of  machinery,  and  for  girder  castings,  by  employing  it  as 
second  runnings  from  the  cupola,  and  mixing  third-class  pig  iron  with  the  first.  On 
account  of  some  defects  in  it,  hot  blast  iron  should  be  excluded  from  all  such  works  as 
girder  bridges,  machinery  castings,  &c.,  and  from  the  preparation  of  bar  iron  where  great 
strength  in  the  metal  is  required.  It  appears  that  there  are  no  means  of  detecting  hot  or 
cold  blast  irons  in  pig  castings.  Whenever  great  strength  is  required,  air  furnaces  instead 
of  cupolas  should  be  used,  and  where  it  is  not  connected  with  too  great  an  expense,  loam 
instead  of  green  sand  should  be  used  for  moulding. 


226ocZ.  Table  of  the  Weight  of  Cast  Iron  feb  Foot  Superficial.  (Hurst.) 
The  weight  of  a cubic  foot  is  put  at  456  lbs.  and  460  lbs. 


Thickness  in  inches  - 

1 

k 

a 

19 

\ 

5 

Te 

3. 

8 

7 

16 

1 

2 

Weight  in  pounds 

2-34 

4-68 

7-03 

9 37 

11-72 

14*06 

16-40 

18-75 

Thickness  in  inches  - 

9 

Te 

1 

11 

16 

13 

Te 

1 

8 

15 

16 

1 

Weight  in  pounds 

21-09 

23-44 

25-78 

28-12 

30*47 

32-81 

35*16 

37-50 

: 2265e.  Collinson’s  Mansfield  moulding  sand  has  a wide  reputation  among  the  modellers 
of  the  finest  brass  and  iron  castings,  arising,  no  doubt,  partly  from  its  exquisite  fineness  of 
grain,  but  more  particularly  from  its  clay-like  adhesiveness  and  plaster  quality,  combined 
with  a total  freedom  from  any  coarse  or  gritty  particles.  It  is  found  under  a deep  deposit 
of  coarse  sand,  ordinarily  known  as  building  sand,  and  within  a short  distance  of  the  well- 
known  white  and  red  Mansfield  stone  quarries,  in  Nottinghamshire.  The  Isle  of  Wight 
sands  are  also  used  for  the  purpose.  The  sand  usually  employed  in  casting  is  of  a soft 
yellow  and  clammy  nature,  over  which,  in  the  mould,  charcoal  is  strewed.  Upon  the  sand 
properly  prepared,  the  wood  or  metal  models  of  what  is  intended  to  be  cast  are  applied  to 
the  mould,  and  pressed  so  as  to  leave  their  impression  upon  the  sand.  Canals  are  provided 
for  the  metal,  when  melted,  to  run  through.  After  the  frame  is  finished,  the  patterns  are 
taken  out  by  loosening  them  all  round,  that  the  sand  may  not  give  way.  The  other  half 
of  the  mould  is  then  worked  with  the  same  patterns,  in  a similar  frame,  but  having  pins 
which,  entering  into  holes  that  correspond  to  it  in  the  other,  cause  the  two  cavities  of  the 
pattern  exactly  to  fall  on  each  other.  The  frame  thus  moulded  comes  now  under  the  care 
ot  the  melter,  who  prepares  it  for  the  reception  of  the  metal. 

2265/’.  In  making  patterns  for  cast  iron,  an  allowance  is  always  made  of  about  one-eighth 
of  an  inch  per  foot  for  the  contraction  of  the  metal  in  cooling.  And  it  may  be  also  requisite 
that  the  patterns  should  be  slightly  bevelled,  that  they  may  be  drawn  out  of  the  sand  with- 
out injuring  the  impression  ; for  this  purpose,  of  an  inch  in  6 inches  is  sufficient. 

2265^.  All  castings  should  be  kept  as  nearly  as  possible  of  the  same  bulk,  in  order  that 
. the  cooling  may  take  place  equably.  It  is  of  importance  to  prevent  air-bubbles  in  castings, 
and  the  more  time  there  is  allowed  for  cooling  the  better,  because,  when  rapidly  cooled, 
the  iron  does  not  become  so  tough  as  when  gradually  cooled.  It  is  important  in  an}'  casting 
to  have  the  metal  as  uniform  as  possible,  and  not  of  different  sorts,  for  different  sorts  will 
shrink  differently,  and  thus  will  be  caused  an  unequal  tension  among  the  parts  of  the  metal, 
which  will  impair  its  strength  ; and,  beyond  this,  an  unevenness  is  produced  by  such  mix- 
ture on  the  surface  of  the  casting,  for  different  sorts  can  never  be  perfectly  blended  together. 
. 2265A.  Castings  should  show  on  the  outer  surface  a smooth,  clear,  and  continuous 
skin,  with  regular  faces  and  sharp  angles.  When  broken,  the  surface  of  fracture  should  be  of 
a light  bluish-grey  colour,  and  close-grained  texture,  with  considerable  metallic  lustre;  both 
colour  and  texture  should  be  uniform,  except  that  near  the  skin  the  colour  may  be  some- 
what lighter  and  the  grain  closer ; if  the  fractured  surface  is  mottled,  either  with  patches 
of  darker  or  lighter  iron,  or  with  crystalline  patches,  the  casting  will  be  unsafe  ; and  it 
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will  be  still  more  unsafe  if  it  contains  air-bubbles.  The  iron  should  be  soft  enough  to  be  ^ 
slightly  indented  by  a blow  of  a hammer  on  an  edge  of  a casting.  Castings  are  tested  for 
air-bubbles  by  ringing  them  with  a hammer  all  over  the  surface.  Iron  becomes  more 
compact  and  sound  by  being  east  under  pressure ; and  hence  cannon,  pipes,  columns,  &e., 
are  stronger  when  cast  in  a A'ertical  than  in  a horizontal  position,  and  stronger  still  when 
provided  with  a head  or  additional  length,  whose  weight  serves  to  compress  the  mass  of 
iron  in  the  mould  below  it.  The  air-bubbles  ascend  and  collect  in  the  head,  which  is 
broken  off  when  the  casting  is  cool.  Care  should  be  taken  not  to  cut  or  remove  the  skin 
of  a piece  of  cast  iron  at  those  points  where  the  stress  is  intense.  The  most  certain  test 
of  the  goodness  of  a piece  of  cast  iron  is  by  striking  the  edge  with  a hammer  : if  a slight 
impression  be  made  it  denotes  some  degree  of  malleability,  the  iron  is  of  a good  quality,, 
provided  it  be  uniform  ; if  fragments  fly  off,  and  no  sensible  indentation  be  made,  the  iron 
will  be  hard  and  brittle.  The  difference  between  good  and  bad  iron  is  shown  mainly  by 
tlte  breaking;  good  iron  breaks  like  a piece  of  good  fir  timber;  bad  iron  will  break  like 
a carrot,  it  snaps  in  two. 

2265i.  Malleable  cast  iron  is  made  by  embedding  the  castings  to  be  made  malleable  in 
the  powder  of  red  haematite.  They  are  then  raised  to  a bright  red  heat,  which  occupies 
about  twenty-four  hours,  maintained  at  that  heat  for  a period  varying  from  three  to  five 
days,  according  to  the  size  of  the  casting,  and  allowed  to  cool,  which  occupies  about 
twenty-four  hours  more.  The  oxygen  of  the  haematite  extracts  part  of  the  carbon  from 
the  cast  iron,  which  is^thus  converted  into  a sort  of  soft  steel ; and  its  tenacity,  according 
to  experiments  by  Messrs.  A.  More  and  Son,  becomes  more  than  48,000  lbs.  per  square 
inch.  (Rankine.)  Steel  is  noticed  in  Book  II.  Chap,  II. 

226oA'.  For  resisting  fire,  as  in  fireplaces,  good  strong  cast  iron  is  the  best  material. 
The  quality  of  breadth  of  design  can  be  got  by  cast  work  better  than  by  wrought  work, 
and  each  requires  its  own  system  of  dedgn.  The  street  railing- or  screen  to  All  Saints’ 
Church,  Margaret  Street,  is  considered  a good  sp<"cimen.  It  can  be  covered  with  fine 
delicate  ornamentation,  as  done  by  Mr.  Philip  Webb.  The  backs  of  old  fireplaces  are 
generally  fine  specimens  of  cast  work.  There  are  also  cast  iron  fire-dogs. 

2266.  Thefoundery  of  statues,  which  is  among  the  most  difficult  of  its  branches,  belongs 
exclusively  to  the  sculptor,  and  is  usually  carried  on  in  bronze.  The  execution  of  the 
bronze  castings,  made  by  the  firm  of  Barbedienne  of  Paris,  is  attributed  mainly,  after  the 
skill  of  the  modeller,  to  the  fineness  of  the  sand,  which  can  only  be  obtained  at  Fontenay- 
aux-Roses,  in  Finance.  When  new  it  is  yellow  in  colour,  but  on  account  of  its  cost  it  is 
mixed  in  well-ascertained  proportions  with  the  old  sand,  which  has  become  black,  the 
mixture  forming  a good  combination  for  the  mould;  other  sands  are  considered  to  have 
two  much  silex  in  them,  whereas  the  Fontenay  sand  has  exactly  the  proportion  necessary 
for  the  fineness  of  the  work,. 

TESTING  AND  MACHINERY. 

2266a.  Ironmasters  are,  to  some  extent,  averse  to  testing.  A writer  has  been  advised 
to  exhibit  his  knowledge  of  the  subject  by  simply  specifying  “ best  merchantable  iron,” 
and  if  from  inspection  it  was  not  found  to  be  good  it  could  be  tested.  Testing  is  about 
the  only  means  at  the  disposal  of  an  engineer  to  obtain  really  what  he  wants.  Work 
tests  mean,  tapping  plates  with  a hammer  to  ascertain  if  they  are  solid,  in  which  case 
each  tap  will  produce  a ringing  sound ; also  breaking  the  corner  off  a plate  here  and  there, 
of  course  before  the  plates  are  “ worked”  ; and  examining  the  punchings  from  the  iron,  for 
the  purpose  of  forming  some  idea  of  its  quality.  Those  from  Low  Moor  and  some  of  the 
Staffordshire  brands  will  stand  the  punch  without  the  slightest  sign  of  cracking,  whilst 
hard,  brittle  iron  will  break  up  in  all  directions  on  the  convex  side  of  the  punching, 
(liood  ordinary  iron,  such  as  ought  to  be  used  in  girder  work,  will  only  show  slight  cracks, 
all  running  with  the  fibre  of  the  iron.  (C.  G.  Smith,  Wrought  Iron  Girder  Work,  1877.) 

2266b.  Granting  that  it  is  advisable  to  carry  out  tests,  and  that  these  tests  should  be 
realities  and  not  mere  forms,  it  is  certainly  advisable  that  some  method  of  testing  should 
be  substituted  for  the  present  plan  of  testing  girders  whole.  At  present,  a certain  per- 
centage of  the  rolled  joists  or  other  girders  for  a building  are  specified  to  be  tested  up 
to  loads  equivalent  to  those  given  in  “ Shaw’s  Tables,”  which  correspond  to  a maximum  ,j 

stress  of  6 tons  per  square  inch  in  the  material,  and  should  return  to  their  original  forms 
without  permanent  set ; and  this  deflection  test  is  the  only  one  carried  out.  But  it  is  not 
easy  to  measui’e  a small  permanent  deflection,  say  ^ of  an  inch,  with  certainty  on  a 
30-foot  joist  with  such  means  as  are  commonly  used  in  the  yard,  and  so  it  cannot  be  very 
rigidly  enforced  under  ordinary  circumstances.  But  it  affords  no  clue  to  the  properties 
r»f  the  material  used.  It  would  be  much  more  satisfactory,  and  probably  not  more 
expensive  or  troublesome,  if  the  tests  specified  were  made  more  like  those  adopted  by  the  r 
Registry  societies.  The  temper  test,  for  the  architect’s  purpo.se,  might  be  omitted.  The  J 
ultimate  extension  test  is  an  indication — a rough  indication — of  the  difficulty  of  the 
metal ; we  ought  to  ^now  the  maximum  extension  before  the  material  begins  to  give  way 
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locally.  This,  however,  is  somewhat  more  difficult  to  measure.  It  would  be  sufficient  to 
specify  that  one  out  of,  say,  every  ten  joists  or  angles  should  be  supplied  18  inches  more 
than  the  ordered  length,  the  extra  piece  cut  off,  and  two  strips  cut  from  it  (one  from  the 
web,  and  one  from  the  flange  in  the  case  of  the  joist)  tested  for  tenacity  and  extension. 
The  limits  fixed  might  bo,  according  to  circumstances,  either  28  to  32  tons  tenacity  per 
square  inch,  and  20  per  cent,  extension  in  10  inches;  or  38  to  42  tons  tenacity  and 
12  per  cent,  extension.  The  tests  are  made  by  preference  at  the  manufacturer’s  yard,  in 
Uie  presence  of  the  inspector,  doubtful  or  special  cases  being  sent  to  some  independent 
testing  machine.  In  cases  of  large  orders  not  less  than  2 per  cent,  of  the  number  of 
plates,  &c.,  have  to  be  tested  in  this  way.  (A.  B.  W.  Kennedy.  ) 

2266c.  To  lest  a stanchion,  or  other  cast  iron  work,  especially  if  painted,  it  should  be 
examined  carefully  all  over  by  a good-sized  hammer,  having  a sharp  point  at  one  end,  such 
as  a scaffolder’s  axe.  Ply  the  point  or  edge  of  the  hammer  to  any  scaly-looking  or  white 
Bjiots.  and  follow  it  on.  Some  founders  are  clever  at  filling  up  faults  with  a soft  metal,  and 
the  defects  are  generally  on  the  face  that  lies  uppermost  in  the  mould.  One  fault  may  be 
found  that  would  jeopardise  the  stability  of  a building.  To  test  the  same  fur  strength  can 
only  he  done  by  a scientific  apparatus  now  provided  at  many  establishments  for  tln^  purpose. 

2266cZ.  Testing  Stone.  The  weight  necessary  to  crush  a stone  varies  with  the  state  of 
cohesion  and  hardness  of  the  particles  composing  it.  (Pee  par.  1600  et  seq.)  The  full 
particulars  of  the  quarry  and  bed  of  each  stone  tested  should  be  stated.  It  is  almost 
ustjless  to  experiment  upon  cubes  of  one  inch,  as  was  necessarily  done  before  the  powerful 
machines  of  the  present  day  were  invented;  4-inch  or  6-inch  cubes  are  the  least  sizes, 
especially  where  large  shells  appear.  Mu'^h  care  and  skill  are  also  requisite  in  the  manner 
of  testing.  The  cubes  should  all  bo  carefully  dressed  by  rubbing  down  the  faces,  which 
should  be  strictly  parallel,  perhaps  made  so  in  a steel  frame.  They  should  all  be  placed 
on  or  against  their  natural  bed.  The  Bath  stones  tested  by  Messrs  Poole  are  stated  to 
have  been  placed  between  parallel  iron  plates,  and  the  pressure  communicated  to  the 
cub*s,  having  a sheet  of  lead  at  the  top  and  bottom,  and  between  the  upper  or  movable 
plate  and  the  upper  lead  plate  was  a conictil  heap  of  fine  sand,  which  was  carefully  pressed 
by  the  upper  plate,  so  as  to  ensure  an  equal  pressure  on  every  particle  of  the  upper  and 
lower  beds  of  the  stone.  Sometimes  the  stone  is  bedded  with  pieces  of  pine,  from 
^ to  I inch  thick.  Leather  has  likewise  been  used  {Builder^  1886,  p.  661);  also  mill- 
board.  Prof.  Henry  (of  the  American  Association  of  Science,  1855)  experimented  on  blocks 
of  l^inch  cube  between  thin  plates  of  lead.  It  was  found  that  while  one  f)f  these  cubes 
would  sustain  30,000  lbs,,  it  would  sustain  60.000  Us.  without  the  lead  plates.  When 
the  blocks  were  rendered  perfectly  parallel  by  a msichine,  the  marble  chosen  for  the 
Capitol,  from  a quarry  at  Lee,  Massachusetts,  would  sustain  about  25,000  lbs.  to  the 
square  inch.  Barlow^  states  that  the  crushing  strength  of  Portland  stone  ranges  from 
about  1,384  lbs.  to  4 000  lbs.  per  square  inch  ; the  Institute  experiments  give  2,576  lbs. 
for  2-inch  cubes,  4,099  lbs.  for  4-inch  cubes,  and  4,300  lbs.  for  6-inch  cubes,  proving  the 
advantage  of  testing  large  sizes.  Rennie  gives  3,729  lbs.,  follow’ed  by  Molesworlh ; 
while  Hurst  gives  2,022  lbs.  ' “ ’ 

2266e.  Testing  cement  has  been  described  in  par.  1864r.  The  machines  commonly  used 
are  those  by  Mr.  Adie  and  Mr.  Michele  {^Builder,  xlviii.  p.  283);  by  the  former, 
briquettes  of  1|  inch  square  can  be  tested.  Reid  and  Bailey’s  is  described  in  Builder^ 
1877,  XXXV.  p.  1015;  Arnold’s  in  Builder  for  October  22,  1887,  p.  579. 

2266/.  The  hydraulic  press  is  generally  used  for  testing.  This  is  a closed  vessel,  with 
its  upper  surface  level,  completely  filled  with  water;  two  openings  are  made  in  it, 
which  are  replaced  by  pistons  of  areas  1 and  10  square  inches.  If  a weight  of  1 lb.  be 
placed  on  the  smaller  piston,  a pressure  of  1 lb.  will  be  felt  everywhere  in  the  interior  of 
the  fluid,  and  the  pressure  on  the  larger  piston  w'ill  be  10  lbs.  Thus  a force  of  1 lb,  acting 
on  the  area  1 square  inch,  produces  a pressure  of  10  lbs.  on  the  area  10  square  inches. 

2266^.  Messrs.  W.  H.  Bailey  & Co.,  of  Salford,  manufacture  testing  machines,  as 
Thur.ston’s  for  torsion  ; Bramah’s  hydraulic,  for  cement,  tensile,  crushing  and  transverse, 
and  for  yarn  and  oil ; testers  for  tensile,  torsion,  and  compression,  and  other  purposes, 
as  paper,  wire,  cloth,  &c. ; also  test  pumps  for  steam  boilers,  kitchen  boilers,  high 
pressure,  gas  fittings,  w.-iter  works,  &c. ; Professor  Thurston’s  patent  testers  for  materials 
of  construction  ; and  Tangye’s  patent  hydraulic  boiler  prover.  There  are  many  well- 
known  American  testing  machines. 

'the  fi  Lowing  persons  and  institutions  have  set  up  testing  machinery  for  public  use  or 
for  instruction  : — 

2266A.  D.  Kirkaldy^  established  1866,  for  testing  and  experimenting  on  the  strength 
of  various  kinds  of  metals  and  their  alloys,  stones,  artificial  stones,  bricks,  concretes, 
cements,  timbers,  &c.  The  powerful  machinery  is  adapted  for  any  kind  of  strain — ■ 
namely,  pulling,  crushing,  thrusting,  bending,  twisting,  s’nearing,  punching,  bulging,  and 
buckling,  from  10  ibs.  to  1,000,000  ll)S.  To  entire  manufactured  articles,  and  timbers  of 
lull  size,  any  amount  of  proof  strain  desired  can  be  applied,  or  their  ultimate  breaking 
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strength  can  be  ascertained.  The  delicacy  and  accuracy  of  the  machine  is  proved  by  its 
ability  to  test  cement,  canvas,  and  wire  up  to  the  greatest  strains  required  for  practical 
purposes.  The  capabilities  for  sizes  are  as  follows : — Pulling  stress,  any  length  up  to 
300  inches.  Crushing  stress,  any  length  up  to  250  inches  for  columns,  &c.  For  testing 
bricks,  six  of  a sort  are  required  for  average  results.  For  stones,  three  or  four  6-inch 
cubes,  accurately  ground  ; concrete,  usually  12-inch  cubes.  For  cement,  half  a bushel  is 
required,  and  it  is  suitably  made  up  at  the  works  for  testing  under  pulling  or  thrusting 
stress.  Bending  stress,  any  span  up  to  300  inches.  For  comparing  the  strengths  of  full- 
sized  timber  or  iron  joists,  10  feet  span  is  recommended  as  a good  standard.  The  fine 
museums  at  Messrs.  Kirkaldy  's  works  are  open  to  architects  and  others  taking  an  interest 
in  the  subject;  and  the  results  of  the  many  experiments  on  full-sized  work  of  every 
variety  of  material  used  in  building  or  engineering  operations,  since  January,  1866,  w'ill 
be  seen.  An  apparatus  of  simple  construction  is  engraved  in  his  Eesults — into  the  Com- 
parative Tensile  Strength,  £'c.,  of  Wrought  Iron  and  Steel,  8vo.  1862. 

2266i.  King's  College,  Strand.  The  plant  for  mechanical  testing  consists  of  two 
machines.  One  is  a Kirkaldy  machine,  23  feet  long,  taking  test  pieces  up  to  4 feet  in 
length ; it  exerts  a strain  of  50,000  lbs.,  and  is  constructed  to  make  tensile,  transverse, 
compression,  and  torsion  tests.  The  other  is  a Thurston  automatic  recording  machine. 

A description  of  the  first  machine  is  given  in  Engineer,  October  5 and  12,  1883. 

2266y.  City  of  London  and  Guilds  Centred  Instihction,^ou\\\'KQns\r[gioxi.  The  machine 
is  a 100-tons  machine,  and  will  take  in  ordinary  tension  specimens  up  to  4 feet  6 inches 
ill  length.  It  will  take  in  6 feet  6 inches  in  specimens  with  eyes.  It  has  compression 
and  transverse  shackles  and  autographic  diagram  apparatus.  It  takes  in  about  3 feet  j 
specimens  for  compression,  but  will  be  altered  for  4 feet.  The  Engineer,  July  25,  1884, 
shows  a nearly  similar  one.  Prof.  \V.  C.  Unwin,  Machines  for  Testing  Materials,  es- 
jyeciaJly  Iron  and  Steel,  in  Joimial  of  the  Society  of  Arts,  July  8,  1887.  Also,  The 
Testing  of  Materials  of  Construction,  8vo.,  1888, 

22661*.  W.  Harry  Stanger  has  opened  a chemical  laboratory  and  testing  works  at 
Broadway,  Westminster.  There  is  a 50-ton  machine  by  Buckton  & Co.  (Limited),  with 
Wickstead’s  patent  apparatus  for  measuring  and  autographically  recording  stresses  in 
tension,  deflection,  compression,  and  torsion,  from  ^^th  of  a ton  up  to  60  tons.  Also 
other  machines  and  apparatus  for  various  purposes. 

22661  Messrs.  Shaw,  Head  ^ Co.,  Queen’s  Wharf,  Bankside,  have  a testing  machine 
for  girders.  It  is  shown  and  described  in  Builder,  1869,  xxvii.  1020. 


Sect.  XII, 

PAINTING,  GILIHNG,  PAPER-HANGING,  DECORATING,  ETC. 

2267.  Painting  is  the  art  of  covering  the  surfaces  of  wood,  iron,  and  other  materials  with 
a mucilaginous  substance,  which,  acquiring  hardness  by  exposure  to  the  air,  protects  the 
material  to  which  it  is  applied  from  the  effects  of  the  weather.  House  painting  was  de- 
scribed by  the  editor  at  the  Institute  of  British  Architects,  Transactions,  Nov.  1857. 

2268.  The  requisite  tools  of  the  painter  are — brushes  of  hog's  bristles,  of  various  sizes  '' 
suitable  to  the  work;  a scraping  or  pallet  knife  ; earthen  pots  to  hold  the  colours  ; a tin 
can  for  turpentine ; a grinding  stone  and  niuller,  &c.  The  stone  should  be  hard  and  close- 
grained,  about  18  inches  in  diameter,  and  of  sufficient  weight  to  keep  it  steady.  The  knots, 
especially  of  fir,  in  painting  new  work,  will  destroy  its  good  effect  if  they  be  not  first  pro- 
perly killed,  as  the  painters  term  it.  The  bestw*ay  of  effecting  this  is  by  laying  upon  those 
kuots  which  retain  any  turpentine  a considerable  substance  of  lime  immediately  after  it  is 
slaked.  This  is  done  wdth  a stopping  knife,  and  the  process  dries  and  burns  out  the  tur- 
pentine which  the  knots  contain.  When  the  lime  has  remained  on  about  four  and  twenty 
hours,  it  is  to  be  scraped  off,  and  the  knots  must  be  painted  over  with  what  is  called  size  , 
knotting,  a composition  of  red  and  white  lead  ground  very  fine  with  water  on  a stone,  and  | 
mixed  with  strong  double  glue  size,  and  used  warm.  If  doubts  exist  of  their  still  remain-  | 
ing  unkilled,  they  may  be  then  painted  over  with  red  and  white  lead  ground  very  fine  in  1| 
linseed  oil,  and  mixed  with  a portion  of  that  oil,  taking  care  to  rub  them  down  with  sand  . 
paper  each  time  after  covering  them,  when  dry ; so  that  they  may  not  appear  more  raised 
than  the  other  parts.  When  the  knotting  is  completed,  iha  priming  colour  {sVaiA.  on.  The 
priming  colour  is  composed  of  white  and  a little  red  lead  mixed  thin  with  linseed  oil.  One 
pound  of  it  will  cover  from  18  to  20  yards.  When  the  primer  is  quite  dry,  if  the  work  is 
intended  to  be  finished  white,  mix  white  lead  and  a very  small  portion  of  red  with  linseed 
oil,  adding  a little  quantity  of  spirits  of  turpentine  for  second  colouring  the  work.  Of  this  | 
second  primer,  one  pound  will  cover  about  10  to  12  square  yards.  The  work  should  now  | 


Chap.  III. 


PAINTING,  GILDING,  ETC. 


73a 

I. 

remain  for  some  days  to  harden ; and  before  laying  on  the  third  coat  it  should  be  rubbed 
down  with  fine  sand  paper,  and  stopped  with  oil  putty  wherever  it  may  be  necessary.  If 
the  knots  still  show  through,  they  should  be  covered  with  silver  leaf,  laid  on  with  japanned 
gold  size.  The  third  coat  is  white  lead  mixed  with  linseed  oil  and  turpentine  in  equal 
portions,  and  a pound  will  cover  about  8 square  yards.  If  the  work  is  not  to  be  fini'hed 
white,  the  other  requisite  colour  will  of  course  be  mixed  with  the  white  lead,  as  in  the  case 
of  four  coats  being  used.  When  the  work  is  to  be  finished  with  four  coats,  the  finishing 
coat  should  be  of  good  old  white  lead  as  the  basis,  thinned  with  bleached  linseed  oil  and 
spirits  of  turpentine;  one  of  oil  to  two  of  turpentine.  If  the  work  is  to  be  finished  dead 
white,  the  very  best  old  lead  must  be  used,  and  thinned  entirely  with  spirits  of  turpentine. 

2269.  When  stucco  is  to  be  painted,  it  will  require  one  more  coat  than  wood-work ; the 
last  coat  being  mixed,  if  the  work  is  as  usually  executed,  with  half  spirits  of  turpentine 
and  half  oil,  for  the  reception  of  the  finishing  coat  of  all  turpentine  or  flatting.  If  the 
work  be  not  flatted,  the  finishing  coat  should  be  with  one  part  oil  and  two  of  turpentine. 
It  would  be  impossible  to  enter  into  the  details  which  are  to  be  observed  in  painting  walls 
of  fancy  colours;  all  that  can  be  said  on  this  point  in  instruction  to  the  architect  is,  that 
when  fancy  colours,  as  they  are  called,  which  in  these  days  a painter  construes  as  anything 
but  white  and  a tinge  of  ochre  or  umber,  each  coat  must  incline,  as  it  is  laid  on,  more  and 
more  to  the  colour  which  the  work  is  intended  to  bear  when  finished. 

2270.  In  repainting  old  work,  it  should  be  well  rubbed  down  with  dry  pumice  stone, 
and  then  carefully  dusted  off,  and  when  requisite,  the  cracks  and  openings  must  be  well 
stopped  with  oil  putty.  After  this,  a mixUtre  of  white  with  a very  small  portion  of  red 
lead,  with  equal  parts  of  oil  and  turpentine,  is  used  to  paint  the  work,  which  the  painters 
technically  call  second  colouring  old  work.  After  this,  the  work  being  dry,  a mixture  of 
old  white  lead,  adding  a small  portion  of  blue  black  in  a medium  of  half  bleached  oil  and 
half  turpentine,  is  itsed  for  finishing,  or,  if  flatting  be  intended,  the  former  preparation  will 
be  suitable  for  receiving  dead  white  or  any  fancy  colour.  The  same  process  will  serve  for 
stuccoed  walls,  observing  that,  if  more  coats  be  required,  the  mixture  of  half  oil  and  half 
turpentine  is  proper.  To  remove  old  paint,  see  2275. 

2271.  In  respect  to  outside  work,  the  use  of  turpentine  is  to  be  avoided,  for  turpentine 
is  more  susceptible  of  water  than  oil,  and  thence  not  so  well  calculated  to  preserve  work 
exposed  to  the  weather.  Oil,  however,  having  from  its  nature  a natural  tendency  to  dis- 
colour white,  that  is  necessarily  finished  with  a portion  of  half  oil  and  half  turpentine ; but 
in  dark  colours  this  is  not  necessary,  and  in  such  cases,  boiled  oil,  with  a little  turpentine, 
is  the  best,  or  indeed  boiled  oil  only, 

2271a.  When  linseed  oil  is  clarified  and  cleansed  by  means  of  sulphuric  acid,  much  of 
the  cohesion  in  the  vegetable  property  of  the  oil  is  destroyed,  preventing  its  forming  that 
perfect  pellicle  which  it  invariably  does  upon  exposure  to  the  atmosphere  during  drying. 
White  lead  should  be  ground  with  linseed  oil  in  its  pure  state;  this  oil  is  now  largely 
adulterated  with  oils  of  resin  and  pine,  as  those  oils  are  very  much  cheaper.  Oils  are  thus 
clarified  that  the  lead,  when  ground,  may  appear  at  once  as  white  as  possible  ; whereas,  if 
ground  in  pure  linseed  oil  which  has  had  the  refuse  cast  down  by  means  of  ivory  black  or 
powdered  litharge,  it  will  at  first  have  a yellow  tinge,  which  is  only  to  be  got  rid  of  by 
time;  and  hence  arises  the  value  of  old  ground  white  lead.  {Builder,  xiv.). 

22715.  The  blackness  which  in  the  winter  frequently  shows  itself  upon  exterior  painted 
work  probably  arises  from  the  outer  skin  of  the  oil  having  been  rendered  porous  by  the 
sulphuric  acid,  and  the  foul,  or  hydrogen,  gas  readily  fastens  itself  to  the  unprotected  lead, 
for  which  it  has  an  affinity,  and  hence  results  the  mottled  appearance  of  such  work. 

2271c.  The  best  linseed  oil  is  obtained  from  good  Baltic  and  Bombay  linseed,  crushed. 
Mineral  turpentine  is  sometimes  used  as  an  adulteration  of  that  article ; the  paint  made 
with  it  dries,  and  then  softens,  becoming  sticky  even  under  a coat  of  sugar  of  lead  and 
varnish.  Woodwork  prepared  with  bad  linseed  oil  for  being  stained,  prevents  the  varnish 
from  drying;  good  size  is  all  that  is  required.  To  distinguish  the  good  and  bad  qualities, 
states  a writer  in  the  Builder,  xxi.  p.  919,  pure  vegetable  turpentine,  upon  exposure  to  the 
air,  always  loses  in  bulk  by  evaporation,  but  gains  in  weight  by  absorption  of  oxygen, 
which  makes  it  more  binding  in  its  properties.  This  peculiarity  none  of  the  mineral  sub- 
stitutes possess ; on  the  contrary,  the  mineral  is  so  extremely  volatile  that,  upon  exposure, 
the  spirit  all  flies  off,  leaving  the  oil  without  anything  to  assist  it  to  harden,  and  of  course 
increases  the  evil  of  the  bad  oil,  instead  of  counteracting  it.  The  use  of  varnish  in  w’hite 
lead  work  cannot  be  sufficiently  reprehended,  on  account  of  the  ultimate  defect  of  the 
work. 

227l(Z.  Nut  oil  has  been  stated  to  be  more  durable,  and  to  stand  the  weather  much 
longer  than  any  other  oil  in  paint. 

2272.  White  lead,  which  is  the  principal  basis  of  all  stone  colours,  is  carbonate  of  lead, 
generally  containing  hydrated  oxide  of  lead,  which  is  sometimes  combined  in  the  propor- 
tion of  one  atom  of  hydrated  oxide  to  tw'o  of  carbonate  of  lead.  It  is  usually  made  either 
by  precipitation,  as  when  carbonic  acid  or  a carbonate  is  used  to  decompose  a soluble  salt, 
or  a subsalt  of  lead;  or  by  exposing  plates  of  cast  lead  to  the  joint  action  of  the  vapour  of 
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acetic  acid  air  and  carbonic  acid.  It  is  by  the  latter  process  only  that  the  resulting  carbo-  i 
nate  of  lead  is  obtained  of  that  degree  of  density,  opacity,  and  perfect  freedom  from  crys-  \ 
talline  texture  which  fits  it  for  paint.  The  last,  called  the  Dutch  process,  was  introducel  J; 
into  England  about  1780.  White  lead  is  often  largely  adulterated  with  sulphate  of  baryta,  • 
which  may  be  detected  by  insolubility  in  dilute  nitric  acid,  whereas  pure  white  lead  is 
entirely  dissolved  by  it.  Fine  lead  is  now  made  from  slag  lead,  which  is  treated  with  ( 
nitrate  of  soda,  thus  oxidising  all  impurities  except  copper.  The  same  effect  is  accom-  n 
plisl  ed  by  calcining  the  lead  in  an  improving  furnace,  especially  when  the  lead  containgl  i 
much  antimony.  The  copper  is  next  removed  by  a process  not  yet  published,  and  finally 
the  lead  is  crystallised  by  Pattinson’s  process.  The  resulting  metal  is  remarkable  for  its  . 
fine  crystalline  surface  and  bold  columnar  fracture.  Lead  containing  even  only  2|-  ounces 
of  copper  per  ton  communicates  a pink  tint  to  the  corrosions  of  white  lead,  which  it  is  im- 
portant to  remove. 

2272a.  The  ill  effects  on  the  constitution  of  persons  engaged  both  in  the  manufacture 
and  use  of  the  article  have  recently  (since  the  publication  of  the  first  edition  of  this  work) 
induced  the  French  chemists  to  find  some  less  deleterious  substitute  for  it,  and  M.  de 
Ruolz  has  discovered  two  substances  which  fulfil  the  required  conditions — viz.,  combina- 
tion with  oil,  good  colour,  property  of  concealing,  &c.  The  first  is  an  arsenical  compound 
(product)  hitherto  little  known,  which  M.  de  Euolz  does  not  describe,  because,  althotigh 
inoffensive,  it  may  be  made,  by  very  simple  chemical  reaction,  to  retake  its  poisonous 
qualities,  and  be  employed  criminally.  The  second,  which  he  considers  well  adapted  for 
use,  is  the  oxide  of  antimony,  and  possesses  the  following  properties  : its  colour  is  a very 
pure  white,  rivalling  the  finest  silver  white  ; it  is  very  easily  ground,  and  forms  with  oil 
an  unctuous  and  cohesive  mixture,  comparatively  with  the  white  lead  of  Holland  as  4*5 
to  22 ; mixed  with  other  paints  it  gives  much  clearer  and  softer  tones  than  white  lead. 

It  may  be  obtained  directly  from  the  natural  sulphuret  of  antimony,  and  at  one  third  of 
the  cost  of  ordinary  white  paint.  (See  Literary  Gazette,  Nov.  25,  1843.)  If  the  finishing 
colour  is  white,  nothing  but  white  lead  should  be  employed. 

22725.  A new  process  of  making  white  lead  is  that  of  H.  J.  B.  and  H.  B.  Condy,  who 
claim  the  following  advantages  : I.  White  lead  of  the  finest  colour  and  body  can  be  made, 
within  seven  days,  instead  of  four  to  five  months,  as  required  by  the  ordinary  process. 

II.  Old  lead  or  any  description  of  metallic  lead  can  be  used,  all  impurities  being  removed 
by  their  process,  instead  of  buying  “ refined  pig  lead  ” for  the  ordinary  process.  III.  The 
present  uncertainty  in  composition  is  corrected  by  the  new  process,  which  is  identical 
time  after  time;  the  covering  properties  are  better.  IV.  The  colour  is  preserved  in 
impure  atmosphere.  V.  The  absence  of  danger  to  workpeople,  since  nearly  all  the 
operations  are  effected  by  machinery,  instead  of  being  handled  at  each  stage  in  the 
ordinary  mode. 

2272c.  The  other  metallic  white  paint  used  is  Hubbuck’s  patent  zinc  white,  known  fur 
its  intense  whiteness,  its  resistance  to  sulphurous  and  other  deteriorating  causes,  and  its 
harmless  qualities  to  the  painter  and  the  inmates  of  the  house  under  decoration.  It  is 
requisite  that  the  oil  used  should  be  as  white  as  possible,  that  the  brushes  and  pots  should 
not  have  been  used  for  white  lead,  or  else  have  been  cleaned  with  spirits ; and  that  driers 
and  colours  with  a lead  basis  should  not  be  mixed  with  it.  Zinc  white  possesses  less 
body  than  w'hite  lead,  and  great  care  is  requisite  that  the  colour  when  ground  in  oil  is  of 
sufficient  consistence  to  be  laid  on  a fiat  surfacfe  without  showing  through;  for  in  that 
state  any  oil  in  excess  will  form  a slight  glutinous  coating  on  the  surface,  retaining  every 
particle  of  dust  brought  in  contact  with  it,  until  it  has  evaporated.  Proper  drying  oils 
will  cause  zinc  white  to  dry  as  quickly  as  the  other  colour.  With  these  precautions,  a 
few  trials  will  enable  any  painter  who  is  willing  to  work  zinc  white  to  overcome  the  diffi- 
culties which  appear  at  first  to  condemn  the  invention.  It  is  asserted  that  in  consequence 
of  the  great  durability  of  the  colour  of  this  material,  a house  painted  with  it  may  be 
washed  for  a succession  of  three,  four,  or  even  five  years  ; and  that  after  each  successive 
washing  the  surface  will  be  found  as  clear  and  bright  as  when  fresh  painted.  The  effect, 
in  appearance,  of  this  paint  is  perhaps  better  when  it  is  applied  as  a finish  to  a coat  ot 
pure  white  lead  ; generally  it  looks  better  on  new  work  than  on  old,  as  some  specimens 
prove  that  it  was  then  apt  to  turn  black.  An  American  discovery  consists  in  subjecting  || 

the  oxide  of  zinc,  in  its  dry  state,  to  the  combined  action  of  friction  and  pressure,  by 
which  means  its  bulk  is  greatly  reduced,  and  it  is  enabled  to  be  ground  with  a reduced 
quantity  of  oil,  while  a greater  body  is  given  to  the  paint.  Hubbuek  states  that  2 cwt. 
of  his  paint,  wdth  6 gallons  of  oil,  covers  as  much  surface  as  3 cwt.  of  white  lead  and 
12  gallons  of  oil ; and  that  it  is  cheaper  also  than  white  lead. 

2272d.  Lead  colours  are  formed  by  a mixture  of  white  lead  with  lamp  black ; all 
colours,  however,  that  are  called  fancy  colours  have  white  lead  for  their  basis,  chocolates, 
black,  brown,  and  wainscot  only  excepted.  The  fancy  colours  are  drabs,  French  greys, 
peach  blossom,  lilac,  light  greens,  patent  greens,  blues,  vermilion.  Lake,  &c.  _ J] 

2273.  There  is  a process  used  by  painters  termed  clear-coleing , which  is  executed  with 
white  lead  ground  in  water,  and  mixed  with  size.  This  is  used  instead  of  a coat  of  paint ; 
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but  it  li;is  not  sufficient  body  usefully  to  ansM'or  the  end  for  which  it  is  usually  employed. 
It  prevents  the  oil  paint  sinking  into  the  wood  ; it  scales  off,  and  in  damp  situations  its 
colour  almost  immediately  changes.  The  only  occasions  wherein  it  is  useful  are  where 
the  work  is  greasy  and  smoky,  in  which  the  use  of  it  prepares  better  for  the  reception  of 
paint.  It  should,  how'ever,  never  be  employed  upon  joiner’s  work  or  cornices  to  ceilings, 
where  much  enrichment  is  found ; for,  of  all  things,  it  destroys  the  sharpness  and  beauty 
of  the  ornaments.  Painters  are  very  fond  of  using  it;  but  their  endeavours  to  persuade 
the  architect  should  always  be  resisted,  except  in  cases  of  absolute  necessity,  namely,  that 
iu  which  a fair  appearance  cannot  otherwise  be  given  to  the  work.  The  old  work  should 
be  well  cleaned  and  dried,  and  then  the  mixture  above  stated  applied.  For  finishing,  the 
white  lead  is  mixed  in  half  linseed  oil  and  half  turpentine,  and  used  as  stiff  as  possible  ; 
blue  black,  or  seme  colour,  and  a little  drier,  are  requisite. 

2273fl.  Various  prepared  paints  are  employed.  One  of  the  oldest  is  Carson’s  Aniicorro- 
sion  paint,  used  for  out-door  work  only,  such  as  farm  buildings,  implements,  fencing,  &c., 
all  kinds  of  iron  work,  brick,  stone,  compo,  &c.  It  is  stated  to  be  lower  in  price,  and 
to  last  twice  as  Inng  as  the  best  white  lead.  The  powder,  in  wdiich  state  it  is  supplied, 
is  composed  of  ground  glass  bottles,  scoriae  from  lead  works,  burnt  oyster  shells,  and  the 
required  matter  for  the  colour  that  may  be  chosen.  112  lbs.  of  this  paint  requires  7 
gallons  of  raw  linseed  oil  and  1 gallon  of  turpentine  ; to  be  mixed  over-night ; 2 coats  are 
required  on  paint,  3 on  new  work ; 3 or  4 on  brick,  compo,  &c.  ; everything  to  be  well 
scraped  first,  and  The  paint  rubbed  in  well.  It  is  thus  more  laborious  to  put  on  than 
common  paint;  it  wears  out  tlie  brushes  in  a very  short  time,  and  as  it  lasts  so  long, 
painters  will  seldom  use  it.  The  appearance  of  a surface  painted  with  it  is  rough,  re- 
sembling that  of  unrubbed  cast  iron  or  freestone.  It  will  blunt  the  edges  of  carpenters’ 
tools  when  being  sawn  or  cut  through. 

22736.  Oxide  of  iron  paint,  of  various  colours,  is  a ferruginous  paint,  for  iron  and  wood, 
made  at  Matlock.  Messrs.  Peacock  and  Buchan  have  successfully  applied  improved 
coating  composition  to  many  iron  vessels  and  life  boats,  for  many  years,  and  it  is  found  to 
preserve  the  plates,  keep  the  iron  cleaner,  and  to  stand  the  sea  air  and  salt  water  much 
better  than  most,  if  not  all,  other  paints.  The  Pure  Carbon  paint  protects  iron  from 
rust,  and  is  valuable  for  all  outside  work.  When  tar  is  used  as  a paint,  about  a pint  of 
spirits  of  turpentine  is  put  to  a gallon  of  tar  as  driers,  or  a larger  quantity  if  it  be  re- 
quired to  dry  quickly.  The  addition  of  yellow  ochre  will  change  the  black  to  several 
shades  of  brown. 

2273c.  The  Bideford  and  mineral  black  paint  has  been  exclusively  used  in  H.  M.  dock- 
yards, &c.,  for  the  last  forty  years.  “ Its  superiority  is  observable  in  the  preservation  of 
wood,  iron,  and  canvms  ; it  covers  the  work  well,  dries  quick  and  hard,  is  more  durable, 
and  does  not  blister  like  other  blacks,  and  has  a body  inferior  only  to  white  lead.”  The 
Torbay  iron  paints,  made  at  Brixham,  in  Devonshire,  have  been  much  used  in  dockyards, 
&c.,  for  coating  materials  under  water,  or  in  apposition  to  be  affected  by  damp.  Their 
peculiar  characteristics  are,  great  covering  properties,  62  lbs.  effectually  coating  as  large 
a surface  as  112  lbs.  of  lead  paint ; economy,  durability,  protection  of  iron  from  corrosion, 
arresting  oxidation  at  any  stage,  and  resistance  to  sulphurous  and  other  gases.  (Hunt, 
Handbook,  1862.  Builder,  xx.  627.)  ■ b ” 

2273d.  The  Iron  minium  paint,  by  A.  de  Cartier,  manufactured  at  Auderghem,  near 
Bruxelles,  is  a pure  oxide  of  iron  mixed  with  about  one-fourth  its  weight  of  siliceous 
clay,  and  not  containing  any  acids.  It  is  now  extensively  used  in  this  and  other  countries 
for  painting  the  ironwork  of  ships,  gas-holders,  &c.,  superseding  red  lead  and  other  pig- 
ments for  such  purposes.  It  is  said  to  be  solid,  durable,  cheap,  and,  above  all,  to  pre- 
serve iron  from  oxidation,  and  of  hardening  wood.  It  is  a dark  brown  in  colour,  but 
mixes  easily  with  other  colours,  such  as  black,  yellow,  green,  &c.  To  test  its  purity,  it 
IS  said  to  be  sufficient  to  dilute  it  with  a small  quantity  of  water,  spreading  it  on  paper, 
when,  if  pure,  the  edges  of  the  paper  will  preserve  the  special  tint  of  the  iron  minium. 
If  a change  of  tint  is  perceived,  an  adulteration  has  been  effected. 

2273c.  Warner’s  Silicate  of  iron  paint  is  sold  prepared  in  genuine  boiled  linseed  oil,  of 
1 great  variety  of  colours,  for  painting  iron  work.  It  is  said  to  stand  extreme  heat  and 
iamp,  and  not  to  be  affected  by  the  strongest  acid,  sea-water,  sulphuretted  hydrogen,  or 
immonia;  and  to  be  equally  well  adapted  for  iron  or  wood.  It  adheres  so  tenaciously, 
hat  sheet  iron  may  be  bent  until  it  breaks,  without  the  paint  coming  off.  The  powder, 
vhen  boiled  up  with  tar,  is  a very  cheap  preservative  for  iron  or  wood. 

2273/.  When  visiting  Paris  in  1860,  the  present  editor  was  much  struck  with  the 
Tpearance  of  the  margins  of  the  stairs  at  the  hotel.  On  examination,  they  proved  to  be 
overed  with  a thickish  coat  of  a hard  compound,  having  rather  a glossy  surface,  and 
omewhat  of  a light  orange  tinge.  A water-closet  which  had  been  out  of  order  on  one 
n^orning  was  not  only  repaired,  but  the  seat  and  riser,  the  floor,  and  the  wall  to  a height 
f three  feet,  covered  with  this  mixture,  and  ready  for  use  by  the  next  day.  The  tiled’ 
oor  of  the  manuscript  room  at  the  library  of  St.  Genevieve,  which  had  been  covered  with 
le  same  mixture,  was  then  in  various  stages  of  obliteration  according  to  the  traffic.  The 
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attendant  there  spoke  very  highly  in  favour  of  its  cleanliness.  It  is  believed  to  be  com- 
posed of  10  lbs,  of  purified  yellow  wax,  10  lbs.  of  linseed  oil,  8 lbs.  of  spirits  of  turpentine, 
and  6 lbs.  of  common  resin.  The  wax  is  dissolved  separately  in  the  linseed  oil,  and  the 
resin  in  the  spirits  of  turpentine  by  heat,  and  are  subsequently  intimately  mixed,  w'hen 
they  form  a pasty  compound.  In  this  condition  it  is  used  as  priming,  being  nearly  colour- 
less after  application.  Pigments  gro.und  up  in  oil  in  the  usual  way  are  added  in  the  pro- 
portion of  one-third  of  the  vehicle,  and  then  spirits  of  turpentine  added  in  quantity 
sufficient  to  produce  the  desired  amount  of  liquidity.  So  soon  as  the  turpentine  has 
evaporated,  the  coat  of  paint  will  support  rubbing,  if  not  too  hard,  without  damage,  but 
it  tcikes  some  time  to  become  completely  hard.  It  is  put  on  in  one  coat,  without  apparently 
any  of  the  smell  or  inconveniences  attending  the  ordinary  process  of  painting. 

2273_^.  Among  the  modern  inventions  the  following  are  noticed.  Albissima  paint,  which 
is  brilliant  and  pure,  non-poisonous,  without  smell,  and  unchanged  by  gases.  The  Sani- 
tary Paint  Company  manufactures  non-poisonous  silicate  and  other  hygienic  paints  and 
colours  for  all  purposes.  The  Silicate  Paint  Company  manufactures  the  patent  Charlton 
white,  for  use  in  place  of  white  lead,  zinc,  &c.,  and  other  materials.  Price’s  chez-lui  is  a 
hard  drying  enamel  for  metals.  The  granitic  paint  and  the  silicate  zopissa  composition 
is  stated  to  be  a cure  for  damp  walls.  Morse’s  “ perfect  oil  pamt”  is  put  forward  for 
inside  and  outside  work,  old  and  new  ; and  as  damp-proof  and  weather-proof.  Magnetic 
oxide  of  iron  paints  of  all  colours  ; a cure  for  damp  walls. 

2273^.  Paint  done  upon  recently  set  Portland  cement  will  not  stand.  The  work  must 
be  finished  in  Portland  cement  compo,  and  faced  with  at  least  half  an  inch  of  Keene’s 
cement  or,  better  still,  Martin's  cement,  followed  at  once  with  paint  having  plenty  of 
boiled  oil  in  it ; the  paint  must  be  put  on  before  the  cement  is  thoroughly  set,  or  the  face 
becomes  greasy  and  will  not  take  the  paint.  In  ordinary  work,  the  stucco  or  cement 
must  be  dry,  which  may  take  six  or  twelve  months  to  effect,  or  the  paint  will  go  in 
blisters,  and  colours  will  fly.  Pure  red  lead  and  good  boiled  oil  should  always  be  the 
first  or  priming  coat. 

2273z.  The  Indestructible  Paint  Company  protected  in  1880  the  obelisk  called  Cleo- 
patra’s Needle,  fixed  on  the  Thames  Embankment,  with  Browning’s  patent  preservative 
solution,  which  appears  to  have  prevented  the  stone  absorbing  damp.  (See  also  Pbe- 
st'RVATiON  OF  Stone.) 

2273y.  Fireproof  paints.  These  are  modern  inventions.  Astrop’s  patent  Cyanite  is 
sbitedto  be  non-poisonous;  a colourless  or  coloured  priming  for  paint  or  varnish,  or  alone 
as  a staining  for  wood.  It  is  greatly  recommended  for  painting  timber  as  well  as  for 
textile  fabrics,  to  resist  the  action  of  fire.  {Builder,  Sept.  15,  1883.)  The  Asbestos  paint 
does  not  contain  any  oil,  and  wood  coated  wdth  it  has  resisted  fire.  Griffith’s  Pyndene 
paints  and  liquids  were  used  in  1887,  in  the  Royal  Jubilee  Exhibition  buildings  at  Old 
Trafford,  near  Manchester,  under  the  recommendation  of  Professor  Watson  Smith.  Sir 
Samuel  Blane’s  fireproof  paint  has  been  used  at  the  new  theatre  in  the  Strand,  built,  1887, 
for  Edward  Terry. 

Distemper. 

2274.  The  use  of  distemper  is  older  than  that  of  oil  and  varnish.  Whitewashing  is  a 
kind  of  distemper,  especially  when  size  is  used  with  it.  Common  distemper  colour  for 
vails  is  Spanish  white,  or  whiting,  broken  into  water,  to  which  is  added  strong  size  whilst 
warm,  and  then  allowed  to  cool,  when  it  should  appear  a thin  jelly ; two  coats  are  generally 
necessary.  The  old  work  should  be  first  washed  by  a brush  with  water.  This  process 
in  old  publications  is  called,  “ painting  in  water  colours.”  It  is  much  used  for  ceilings, 
and  always  requires  two,  and  sometimes  three,  coats,  to  giv’^e  it  a uniform  appearance. 
It  is  not  generally  known  that  walls  which  have  been  distempered  cannot  afterwards  bo 
limewhited,  in  consequence  of  the  lime  when  laid  on  whiting  turning  yellow;  oil  colours, 
however,  can  be  applied,  and  then  whitelead  is  used  as  the  vehicle.  Papered  rooms 
coloured  in  this  manner,  especially  over  flock  papers,  look  V'ell,  as  the  raised  pattern  can 
be  seen  through  the  coats  of  colour.  Rooms  may  be  distempered  and  dry  again  in  a day, 
with  little  dirt.  When  wood  is  covered  with  distemper,  it  is  liable  to  swell  with  the 
damp.  Rooms^  that  are  to  be  afterwards  varnished  are  prepared  in  two  ways : I.  By 
applying  the  intended  distemper  colour,  and  then  covering  it  with  as  many  coats  of 
varnish,  coloured  or  uncoloured,  as  may  be  required;  but  if  the  wood  be  not  dry,  the 
colour  becomes  hardened  and  flakes  off.  II.  The  colour  is  ground  and  mixed  up  with 
varnish,  which  produces  a better  result.  If  the  last  coat  of  varnish  be  applied  colourless. 
It  then  forms  a glazing  to  the  under  tints,  and  its  brilliancy  will  be  greater.  The  use  of 
size  here,  again,  produces  a considerable  saving  of  varnish.  For  new  plaster  work  a 
coaUng  of  size  is  desirable. 

• Morses  patent  Calcarium  distemper,  or  washable  non-poisonous  water  colours 

in  cold  vater,  does  not  require  to  be  washed  off  previous  to  re-doing  ; colours  for  inside 
or  ou^ide  work,  but  not  on  outside  painted  walls  ; white  for  ceilings.  It  will  not 
rub  on,  is  stated  to  be  one-fourth  the  cost  of  lead  paint;  that  one  hundredweight  will 
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twice  cover  200  to  300  square  yards  of  inside  work,  and  from  100  to  200  square  yards  of 
outside  work. 

22746.  Mander  Brothers’ non-poisonous  colours  for  distemper.  They  recommend  one 
pound  of  first-rate  glue  to  be  dissolved  in  water  over  the  fire,  adding  more  water  to  make 
1 a bucketful  of  size  of  about  2^  gallons.  A preparative  coat,  made  of  whiting  slacked  in 

y cold  water,  ad  ling  the  proper  proportion  of  colour;  then  reduce  four  ounces  of  soft  soap 

\ in  a little  warmed  size,  and  mix  thoroughly  in  the  colour,  adding  it  to  each  bucketful  of 

, stuff.  Then  thin  down  the  whole  with  jelly  size  until  it  is  fit  for  use.  This  coat  should 

1 be  made  much  thinner  (with  size)  than  the  finishing  coat,  and  it  should  be  laid  on  evenly 

with  a flat  brush  and  allowed  to  dry.  For  the  finishing  coat,  make  the  colour  as  for  the 
preparative  coat,  but  with  rather  less  size  and  more  colour,  and  omit  the  soft  soap.  The 
walls  should  always  be  properly  dry  before  being  coloured,  unless  made  with  Parian 
cement,  otherwise  they  will  not  dry  of  a uniform  colour.  Manders  supply  about  one 
hundred  fine  colours  for  various  purposes. 

2274c.  Dtii-esco  is  a new  washable  distemper. 

227 id.  Distemper  Rnd  fresco  paintingi  are  subjects  we  do  not  to  treat  in  this  section,  as 
they  would  come  under  “ Decorative  Painting,”  a higher  branch  of  artistic  skill. 

2275.  Some  colours  dry  badly,  black  especially,  and  in  damp  weather  they  require  a 
drier,  as  it  is  called,  which  may  be  made  from  equal  parts  of  copperas  and  litharge,  ground 
very  fine,  and  added  according  to  circumstances.  Drying  oil  is  made  as  follows: — To 
1 gallon  of  linseed  oil  put  1 lb,  of  red  lead,  1 lb.  of  umber,  and  1 lb.  of  litharge,  and  boil 
them  together  for  two  or  three  hours.  Great  care  must  be  taken  that  the  oil  does  not 
boil  over,  on  account  of  the  danger  to  which  the  premises  would  be  thereby  exposed. 
Thus,  in  a pot  capable  of  holding  fifteen  gallons  it  would  not  be  prudent  to  boil  more  than 
one-third  of  that  quantity.  To  remove  old  paint,  varnish,  &c.,  the  Electric  paint  remoA’er, 

I as  well  as  the  Egyptian  clay,  are  said  to  be  very  efficacious.  The  Wellington  automatic 
torch  for  burning  off  paint,  and  for  plumbers’  work,  as  soldering,  is  a useful  instrument. 

2275a.  Painter’s  putty  is  made  of  whiting  and  linseed  oil,  well  beaten  together. 

Imitations, 

2276.  Graining  (or  combing,  as  it  is  termed  in  some  late  specifications)  and  marhlmg, 

' or  the  imitation  of  real  woods  and  marbles,  is  done  by  the  painter.  Mahogany  grained 

in  1798  is  the  earliest  notice  the  writer  on  the  subject  in  the  Architectural  Publication 
' Society’s  had  found;  grained  wainscot  appeared  in  1815,  Imitation 

is  obtained  by  giving  the  painted  work  a coat  in  oil  of  a brownish  tone,  the  colour  being 
thicker  than  usual ; this  is  then  scratched  over  by  combs  of  bone,  with  blunt  points,  and 
of  various  degrees  of  coarseness,  leaving  the  ground  visible.  The  cross  white  veins  or 
champs  are  next  taken  out  with  the  corners  of  a piece  of  soft  leather  doubled  up.  The 
next  process,  which  in  cheap  work  is  omitted  or  carelessly  done,  is  ov^r  veining  \ this  is 
effected  with  a Avide  flat  brush,  the  hairs  of  which  are  long  and  slender,  dipped  in  trans- 
parent colour,  when  the  hairs  stick  together  in  a sort  of  lock ; the  cross  veins  of  the 
W'oods  are  dexterously  imitated  with  this  tool,  and  show  the  other  veins  below.  Other 
expedients  have  been  made  to  imihite  knots,  veins,  mottles,  &c.,  of  various  woods.  The 
little  dark  spots  with  a lighter  shade  round  them  in  maple  wood  are  imitated  by  dex- 
' terous  touches  witn  the  tips  of  the  fingers  on  the  wet  pigment.  Almost  every  other 
wood,  as  well  as  wainscot,  is  imitated  in  distemper,  for  which  small  beer  and  watei% 
t mixed  with  Vandyke  brown  and  burnt  sienna,  according  to  the  tint  required,  is  found  to 
be  sufficiently  glutinous  without  the  aid  of  size,  to  prevent  it  smearing  during  the  appli- 
cation of  the  coat  of  copal  varnish  which  follows  soon  afterw'ards.  Graining  operations 
are  always  done  after  the  wood  has  been  painted ; in  best  work,  indeed,  the  coats  are 
thicker  than  usual,  to  afford  a good  ground  for  the  combing.  Taken  with  the  subsequent 
varnishing,  grained  work  is  considered  to  be  more  lasting  than  painted  work.  Certain 
tools  have  been  invented  for  performing  this  work  ; the  grain  has  been  imitated  by 
machinery ; and  grained  papers  have  been  printed  from  the  grain  of  the  wood  itself.  To 
save  the  delay  consequent  on  painting  and  all  its  annoyances,  the  editor  of  this  edition 
explained,  in  1857-  8,  his  system  of  graining  on  the  wood  itself,  whereby  only  a pre- 
I paratory  sizing  is  necessary  ; the  result  is  that  scarcely  any  smell  of  paint  is  perceived  ; 

H greater  brilliancy  in  effect  is  attained  ; and  the  woodwork  may  be  left  to  dry  until  the 
last  moment. 

2276«.  Marbling  IS,  painting  on  a prepared  painted  surface,  an  imitation  of  the  material 
as  exact  as  the  talent  of  the  painter  Avill  admit,  and  requires  no  detailed  explanation. 

22766.  Varnishing,  a subsequent  operation  to  both  of  the  above  processes,  requires  much 
care  and  the  use  of  good  material,  the  best  copal  varnish,  to  bring  out  the  colours  of  the 
work.  Many  qualities  of  varnish  are  manufactured,  as: — finest  copal,  for  imitation  woods, 
&c. ; copal  oak,  for  grained  interior  work ; mahogany  varnish,  being  darker  in  colour; 
fine  hard-drying  oak  varnish,  drying  in  about  8 hours,  and  used  for  seats  in  churches,  &c. ; 
dark  hard  drying  ock  varnish,  used  alter  deal  has  been  stained  ; paper  varnish,  for  paper- 
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hangings,  Sec.  Where  expense  is  not  an  object,  two  or  three  coats  are  applied,  especially  to 
marbling,  each  coat  being  well  rubbed  down  to  obtain  an  even  surface  and  a high  degree 
of  polish.’  To  restore  the  gloss  of  varnished  graining,  of  marbling,  or  of  varnished  paper, 
the  whole  must  be  well  cleaned,  then  sized  afresh,  and  revarnished.  But  ti.e  original 
colour  of  tlie  work  can  never  be  fully  reproduced,  as  the  varnish  darkens  by  time.  Bruns- 
wick black  varnish,  a quick  drying  jet  black,  is  used  for  grates,  iron  work,  &c.  Copal 
cabinet  varnish,  and  a white,  and  a brown,  bard  varnish,  and  French  polish,  are  used  for 
cabinet-makers’  work.  A water  flatting  varnish  renders  paperhangings  washable  without 
imparting  a gloss.  These  varnishes  are  all  as  made  by  Mander  Brotliers,  Wolverhampton. 

2276c.  To  clean  varnished  work,  soap  and  water  applied  carefully  with  a sponge,  and 
the  use  of  warm  w’oolJen  cloths  to  dry  the  work,  is  very  efficacious.  The  steps  of  wooden 
staircases,  pamted,  grained,  and  varnished,  last  a very  long  time,  and  neither  dust  nor 
dirt  adhere  -so  easily  to  such  work  as  to  paint.  Real  woods,  especially  wainscot,  are 
prepared  for  receiving  coats  of  varnish,  by  being  first  sized  to  prevent  the  rise  of  the 
grain  which  ensues  when  the  slightest  quantity  of  water  touches  it.  When  to  be  polished, 
they  are  well  smudged  over  a short  time  previously  with  Russian  tallow.  A preparation 
called  iMhicmm  is  said  to  remove  paint  from  wood  in  twenty  minutes,  doing  away  with 
the  necessity  for  burning  it  off.  A hypo-nitro  kali  has  been  introduced  for  the  same  purpose. 

227'6(f.  Sand  paper,  glass  paper,  emery  paper,  and  emery  doth,  of  various  degree^  of 
fineness,  are  employed  to  rub  down  work  to  a surface.  It  is  made  by  the  pulverised 
material  being  placed  in  fine  sieves,  and  by  a gentle  motion  distributing  it  by  hand  over 
the  paper  or  cloth  prepared  for  its  reception. 

2276c.  Stains,  as  substitutes  for  paint,  the  tints  resembling  oak,  mahogany,  rosewood, 
walnut,  and  satinw'ood,  cause  the  natural  grain  of  the  deal  on  which  they  are  applied  to 
appear.  The  wood  is  then  sized  and  varnished  ; their  durability  is  stated  to  be  at  least 
three  times  tliat  of  paint  in  interior  work,  and  only  at  half  the  cost.  This  is  Stephen’s 
p ej)aration.  Naylor’s  stain  is  said  not  to  require  sizing,  and  to  stand  exposure  to  the 
weather.  Swinburn’s  Transparent  staining  and  anti-dry-rot  fluids  are  chemically  pre- 
pired,  and  show  the  natural  grain  and  feathery  appearance  of  the  wood.  When  sized  and 
the  proper  varnish  used,  they  are  said  not  to  fade  or  blister  by  exposure  to  the  weather. 

2276/’.  Mander  Brothers  supply  permanent  wood  stains  iu  dry  powder,  w'hich  are  in- 
stantly soluble  in  boiling  w'ater  and  perfectly  fast  in  daylight ; they  are  provided  in  boxes 
of  1 oz.,  2 oz.,  4 oz.,  8 oz.,  and  16  oz.  A pale  copal  varnish,  or  a dark  haid-drying  oak 
varnish,  should  follow  in  two  coats,  put  on  in  a warmish  room,  free  from  dust.  KaHkoUih 
is  a new  patent  priming  and  stain  ; it  is  considered  to  be  best  used  as  a first  coat  of  paint 
to  wood,  to  impart  durability  to  all  oil  colours,  and  that  the  paint  does  not  blister.  It  is 
very  useful  to  prepare  walls  for  paperhangings. 

2277.  In  the  outside  work  and  stairs,  the  process  of  sanding  is  frequently  adopted.  It 
is  performed  with  fine  sand  thrown  on  the  last  coat  of  paint  while  wet.  Cement  work  is 
generally  coloured  with  its  own  cement  mixed  up  with  water.  Roman  cement,  or  black 
cement,  as  it  is  sometimes  called,  must  have  a W'ash  or  two  ; and  while  Portland  cenient 
is  declared  not  to  require  any  colouring,  certain  it  is  that  in  London  not  many  years 
pass  over  before  its  dirty  look  urges  a colouring  or  painting  process.  The  process  of 
painting  the  artificial  cements,  such  as  Parian,  &c.,  is  noticed  in  pars.  2251/,  and  22734. 

Gilding, 

2277a.  GilHng  is  of  two  kinds,  burnished,  and  mat  or  dead,  gilding.  The  former  is 
seldom  used  in  architectural  decoration.  The  latter  is  done  in  oil-size  on  woodwork ; in 
water-size  on  plastering.  The  gold  leaf  of  various  thicknesses,  but  generally  about  21^ 
of  an  inch,  is  called  “ single,”  “ double,”  and  “ thirds,”  and  of  tints,  is  furnished  in  books 
of  2.5  leaves,  each  leaf  being  3i  by  3 inche.s,  or  in  the  book  18  inches  and  | of  an  inch 
superficial,  covering  about  1 foot  of  plain  work.  It  should  not  be  too  thin  nor  have  too 
much  alloy.  Gilding  on  metal  is  effected  by  first  giving  it  a coat  of  paint  or  some 
other  substance  to  prevent  oxidation.  Gold,  absolutely  pure  and  of  extra  thickness,  was 
applied  to  the  ironwork  of  the  great  tower  at  Westminster  ; and  double  gold  leaf,  pure, 
was  used  in  the- reading  room  of  the  British  Museum.  It  has  been  stated,  that  if  just 
before  commencing  to  gild,  each  leaf  of  the  book  be  slightly  rubbed  over  with  wax, 
sufficient  only  to  cause  the  adhesion  of  the  gold,  that  gilding  in  the  open  air,  even  in 
windy  w’eather,  may  be  done  without  the  loss  of  a leaf,  as  the  stickiness  of  the  gold-s.ze 
will  overcome  that  of  the  wax,  and  no  part  be  blown  away,  as  is  generally  the  case. 

22774.  A gold  paint,  patented  by  H.  Bessemer,  is  now  much  used,  which,  by  the  highly 
improved  manufacture  of  bronze  powder,  is  greatly  reduced  in  price  in  England,  al- 
though very  much  is  still  purchased  from  the  German  dealers.  As  an  impalpable  metallic 
p()wder,  its  application  to  plaster,  w’ood,  &c.,  is  effected  by  using  a camel’s  hair  brush, 
which  16  dipped  into  a little  of  the  powder  and  rubbed  up  in  a small  portion  of  trans- 
parent gummy  varnish,  by  which  it  adheres  to  the  surface.  For  all  outdoor  works  it 
requires  to  be  varnished  over  for  better  preservation.  > 
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Paperhavging. 

2277c.  With  painting  is  often  connected  the  practice  of  paperhanging  by  the  same 
artificer.  Tlie  various  sorts  of  paper  used  for  lining  walls  may  be  described  as  follows: 
Block  printed  by  hand,  a process  now  seldom  done.  Machine  printed,  of  great  variety. 
Flocks,  the  pattern  being  formed  by  a wool  ground  to  a fine  powder  and  fixed  to  the 
paper  by  a sticky  oil..  Raised  fiocks;  patent  embossed  flocks  ; imitation  leather,  of  which 
the  new  Coriacene  is  an  example.  Woollanis  and  Co.  were  the  original  makers  of 
non-arsenhal  papers.  They  are  also  manufacturers  of  patent  embossed  flock  papers, 
embossed  imitation  leather  paper,  and  raised  flock  papers  for  pa’ n ting  over.  Arsenical 
green  in  printed  papers  is  considered  injurious  to  health,  from  its  flaking  off  in  light 
particles,  and  floating  in  the  air,  when  it  is  taken  into  the  lungs  while  breathing. 
This  colour  may  be  at  once  detected  by  placing  a few  drops  of  ammonia  on  it,  whereby 
the  green  will  be  changed  into  a deep  blue. 

22770'.  The  methods  of  manufacturing  marble,  granite,  and  wainscot  wall  papers,  is 
well  described  in  the  Builder  for  I860,  p.  912,  and  which  need  not  be  here  entered  upon. 

It  may  be  mentioned  that  papers  are  printed  12  yards  in  length,  such  a length 
being  called  a piece,  and  1 foot  8 inches  wide  ; hence  1 yard  in  length  contains  5 feet 
superficial ; therefore,  any  number  of  superficial  feet  divided  by  60  (the  length  36  x 1 ft. 
8 ins.)  will  give  the  number  of  pieces  wanted  for  the  work ; I piece  in  7 or  8 is  allowed 
for  cutting  and  w'aste  to  common  papers,  and  any  odd  yards  are  allowed  as  a piece. 
French  papers  contain  about  yards  superficial  per  piece,  being  of  various  widths.  In 
best  papers  this  allowance  for  waste  is  not  enough.  Borders  are  12  yards  or  36  feet  in 
each  length,  each  being  technically  a dozen.  A ream  of  printed  paper  of  20  quires  of  24 
sheets  to  the  quire,  is  equal  to  28  pieces  of  paper,  or  each  piece  cont'iins  17  sheets. 
Satin  p.apers  should  be  hung  over  a lining  paper.  The  paperhanger  has  to  provide  and 
hang  materials  required  for  covering  damp  walls. 

22Tlf.  Walls  of  rooms  should  always  he  stripped  before  the  new  paper  be  put  up,  a 
process  usually  attempted  to  be  shirked,  even  when  charged  in  the  estimate.  In  bad 
common  plasterer’s  work  the  setting  coat  often  comes  off  in  parts  with  the  paper  and  has 
to  be  repaired.  The  walls  are  commonly  prepared  fur  papering  by  a coat  of  clearcole, 
or  similar  material,  and  for  better  work  by  rubbing  down,  &c. 

'ITl'Jg.  Paperhangers’  paste  is  made  of  flour,  a little  alum,  and  single  size. 

2277/i.  Tectorium  is  stated  to  be  a sanitary  decoration  for  walls  ; it  is  a fine  textured 
calico  painted,  with  the  patterns  printed  thereon.  The  dado  filling  is  made  in  22,  27,  30, 
36,  and  45  inches  widths.  The  filling  22  inches  wide  is  either  in  plain  oil  colours,  or 
colours  varnished,  so  that  it  can  be  washed  with  soap  and  water.  The  matei’ial  is  ap- 
plied in  the  usual  w'ay  as  a paper  ; it  checks  the  inroads  of  damp  into  a room.  Lincrusta- 
Walton,  formerly  known  as  Muralis,  the  Sunbury  wall  decoration,  is  impermeable 
to  moisture,  and  has  other  advantages.  Maraline  is  one  among  the  many  washable 
papers.  A Sanitary  paper  is  made  of  non-absorbent  materials,  and  being  printed  under 
a great  pressure,  the  colouring  is  pressed  into,  and  thoT-oughly  inc  >rporated  wdth,  the 
fibre  of  the  paper.  These  papers  are  well  adapted  for  sick  rooms,  and  can  be  washed 
with  cold  water.  The  Duro-tcxtde  is  of  this  character,  and  is  made  24  inches  wide.  W. 
Cooke  & Co.'s  golden  lustre  silk  paper  hangings  are  stated  to  be  free  from  all  impurities. 

Other  Decoratioe  Appliances  and  Processes. 

22^1^.  Distemper  and  Fresco  painting.  Sgraffito,  an  ancient  Italian  process  for  external 
and  internal  plaster  work.  Pargetry,  or  modelling  in  wet  plaster,  as  carried  out  in  the 
half-timbered  buildings  of  the  16th  and  1 7th  centuries.  Modelled  fibrotos  plaster  work, 
for  ceilings,  &c.  Marble  mosaic  floors.  Tile  paving.  Artistic  joinery  in  dados,  doors, 
panelling,  &c  , in  all  w'oods.  Chimneypieces  in  marble  and  wood.  Real  w'ood  veneering 
in  lieu  of  painting  and  paperhanging.  Xylatechnigraphy,  a new  and  permanent  process 
for  decorating  woodwork  in  lieu  of  painting  or  graining.  Radeke's  compressed  wood 
pidp.  Stained  glass  and  leaded  lights.  Embossed  and  painted  modern  lea' her,  and 
Spanish  leather,  for  walls,  screens,  &c.  Tapestry,  imitation  painted  or  pritited,  for  wall 
hangings,  stuffs  for  curtains,  furniture  coverings,  &c.  woodwork  (par.  2\'J^g.). 

Marquetry  (par.  2173^.).  Colour  decorat'on,  applied  to  walls,  continually  fails.  Mr. 
Heaton  has  invented  Cloisonne  mosaic,  a material  that  will  take  colours  on  the  principb 
of  cloisonne  work,  which  could  be  applied  in  panels  6 feet  by  3 feet.  It  is  a metal  lining, 
filled  in  with  a coloured  material,  and  washable. 
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Sect.  XIII. 

VENTILATION  OF  BUILDINGS. 

2278.  Though  this  and  the  following  section  can  scarcely  be  said  to  come  legitimately 
under  the  heading  of  this  chapter,  the  subjects  are  so  intimately  connected  with  each  of 
the  sections,  and  have  been  relerred  to  occasionally  in  their  description  ; and  as,  moreover, 
the  architect  is  expected  to  make  himself  fully  acquainted  with  these  subjects,  this  place, 
then,  appears  to  be  suitable  for  the  consideration  of  them. 

2278a.  hether  ventilation  belefttochance,or  whether  any  special  apparatus  be  erected 
for  the  purpose,  foul  or  vitiated  air  must  be  got  rid  of ; while  fresh  air,  adapted  to  the 
purposes  of  respiration,  must  be  admitted  in  sufficient  quantity,  that  is,  at  the  rate  of  about 
4 cubic  fe^t  per  minute  for  each  individual  in  the  apartment.  The  force  or  impetus  of  the 
incoming  air  ought  slightly  to  compress  the  air  of  the  room  and  assist  the  efflux  of  the 
vitiated  air;  and  this,  in  its  turn,  ought  to  be  so  heated  as  to  have  a certain  amount  of 
ascensional  power.  Mechanical  means  are  sometimes  necessary  to  expel  or  withdraw  the 
air,  such  as  tanners,  bellows,  pumps,  &c.;  but  for  general  purposes  it  is  more  convenient,  as 
well  as  economical,  to  trust  to  the  natural  method  of  getting  rid  of  vitiated  air;  that  is,  by 
making  certain  ventilating  tubes  or  openings  at  the  highest  point  of  the  room,  towards 
whicii  the  hot  air  tends  to  flow. 

22786.  Some  authors  have  divided  artificial  ventilation  into  two  branches,  enWed  plemnn 
and  vacuum.  By  the  first,  fresh  air  is  forced  into  the  interior  of  a building,  and  the 
vitiated  air  is  allowed  to  escape  by  openings  contrived  for  the  purpose  By  the  second, 
vitiated  air  is  drawn  out  of  the  building,  and  fresh  air  finds  an  entrance  through  channels 
adapted  to  the  purpose. 

2278c.  As  the  velocity  of  a falling  body  in  a second  of  time  is  known  to  be  eight  times 
the  square  root  of  the  height  of  the  descent,  in  decimals  of  a foot,  so  the  velocity  of  dis- 
charge per  second,  through  vent  tubes  or  chimneys,  may  be  briefly  stated  as  equal  to 
eight  times  the  square  root  of  the  difference  in  height  of  any  two  columns  of  air,  in  deci- 
mals of  a.  foot.  This  number,  reduced  one-fourch  for  friction,  and  the  remaiuder  multi- 
plied by  60,  -will  give  the  true  velocity  of  efflux  per  minute.  The  area  of  the  tube  in  feet 
or  decimals  of  a foot,  multiplied  by  this  last  number,  will  give  the  number  of  cubic  feet  of 
air  discharged  per  minute.  The  height  of  a column  of  heated  air  must  be  calculated  from 
the  floor  of  the  room  to  the  top  of  the  tube  where  it  discharges  into  the  open  air.  Where 
several  vent  tubes  are  employed,  they  must  all  be  of  the  same  vertical  height,  or  the  highest 
vent  will  prevent  the  efficient  action  of  the  lower  ones,  so  that  there  might  be  a smaller 
discharge  through  two  tubes  than  through  one  only. 

2^78^7.  YvTien  several  openings  are  made  above  the  level  of  the  floor  of  a room,  the 
highest  one  may  be  the  only  one  capable  of  acting  as  an  abduction  tube,  the  other  lower 
openings  often  serving  as  induction  tribes,  discharging  cold  air  into  the  room  instead  of 
taking  it  out,  and,  in  doing  so,  it  may  lower  the  temperature  of  the  hot  vitiated  air  and 
prevent  it  from  escaping,  thus  not  only  causing  the  bad  air  to  be  breath*  d over  again, 
but  filling  the  room  with  unpleasant  draughts.  But  if  the  highest  alduction  tube  be  too 
small  to  carry  off  the  requisite  qu  ntity  of  hot  air,  the  tube  next  below  it  in  elevation  at 
any  part  of  the  room  will  act  as  an  abduction  tube.  If  the  lower  openings  (to  be  provided 
with  sliding  valves)  for  the  admission  of  fresh  air  be  too  small  in  proportion  to  th<'se  for 
the  escape  of  hot  air,  a current  of  cold  air  will  descend  through  one  part  of  the  hot  air 
tube,  and  the  hot  air  will  ascend  through  another  part  of  the  same  tube.  In  order  that 
rentilating  tubes  or  openings  may  be  effective,  the  lower  opening  for  the  admission  of 
fresh  air  must  be  at  least  as  large  as  the  upper  ones,  and  larger  if  possible.  Trtdgold  re- 
commended that  the  lower  should  be  about  double  the  area  of  the  upper  openings,  and  be 
so  subdivided  as  to  break  the  current.  (Tomlinson,  Warming  and  Ventilation, 

2278e.  It  must  be  noted  that  all  noxious  gases  do  not  rise,  and  therefore  that  in  a few 
exceptional  cases  ventilation  must  be  effected  at  the  floor  level.  Taking  atmospheric  air 
at  60°  Fahr.,  and  under  a pressure  equal  to  30  inches  of  mercury  as  1,000,  then  hydrogen 
gas  equals  6,926 ; nitrogenous  miasma,  about,  975 ; oLfiant  gas,  978 ; sulphuretted  hydrogen 
giis,  1,178;  carbonic  oxide,  957 ; and  sulphurous  acid,  when  anhydrous,  3,000.  On  the 
contrary,  cnrhuretted  liydrogen  gas,  or  marsh  miasma,  is  as  light  as  555 ; and  common  coal 
gas  ranges  between  514  and  420.  Thus  above  or  below  the  temperature  of  60°  the  con- 
ditions of  the  diffusion  of  gases  vary  in  a marked  manner,  and  it  is  on  this  account  that  the 
foul  air  of  sewers,  &c..  exercises  a more  extended  action  laterally  in  hot  weather,  when  it 
is  able  to  diffuse  itself  more  easily  through  an  attenuated  atmosphere,  than  in  cold  weather, 
vhen  the  greater  density  of  the  atmosphere,  and  the  comparatively  higher  tempeiatui’e  of 
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the  gases  given  off  from  the  receptacles  mentioned,  enable  the  foul  air  to  rise  vertically 
with  greater  ease  than  to  spread  laterally.  In  a I’oom,  the  carbonic  acid  emitted  hy  the 
lights  and  by  the  breath  of  its  occupants  being  of  greater  specific  gravity  than  atmospheric 
air,  would,  at  the  ordinary  temperature  of  the  air,  tend  to  accumulate  in  its  low'er  strata  ; 
but  the  temperature  of  the  products  of  respiration  and  of  combustion  is  usually  so  much 
4 in  excess  of  that  of  the  air,  that  they  are  enabled  to  rise  through  it,  and  to  accumulate  iu 
. the  upper  portions  of  the  enclosed  room  until  some  change  in  their  temperature  takes 
? place.  The  foul  state  of  the  air  in  the  lower  portions  of  a pub. ic  building  on  the  day 
. following  a crowded  meeting  may  be  due  to  the  change  of  temperature  during  the  night, 
and  the  retention,  by  closed  doors  and  windows,  of  tlie  air  so  rendered  impure.  In  I860 
General  Morin  read  a pcper  to  the  Paris  Academy  of  Sciences,  again  urging  as  a funda- 
mental principle  the  exploded  practice  of  drawing  off  vitiated  air  from  the  stratum  nearest 
the  floor,  pure  air  being  admitted  near  to  the  ceiling. 

2278/’.  Our  limited  space  will  not  permit  us  to  do  more  than  very  briefly  rotice  the 
chief  principal  methods  of  ventilation;  the  application  of  any  one  of  them  must  be  left  to 
the  ingenuity  of  the  architect.  He  will  find  that  all  public  buildings,  and  even  all  private 
houses,  from  the  highest  10  the  lowest  class,  must  be  spontaneously  ventilated,  for  if  any 
trouble  be  entailed,  it  will  be  neglected.  The  means  for  ventilation  must  be  cheap,  easily 
procurable,  always  in  place,  self-acting,  and  not  liable  to  get  out  of  order.  Such  an  inven- 
tion is  the  Arnott  ventilator,  when  placed  as  close  to  the  ceiling  as  practicable,  forming  a 
direct  communication  between  the  room  and  the  chimney.  The  chimney  has  been  made 
the  means  of  securing  a ventilation  by  a separate  and  rarified  air  channel.  Thus,  besides  a 
mere  channel  left  in  the  wall  adjoining  a flue,  Donlton’s  patent  combined  smoke  and 
air  flues,  of  terra-cotta,  for  12,  10,  and  8-inch  chimneys,  are  effective.  Boyd’s  patent  flue 
plates  are  similarin  principle.  Chowne’s  patent  air-syphon,  consisting  of  an  inverted  syphon 
tube,  acts  upon  the  principle  of  the  air  moving  up  the  longer  leg,  and  of  entering  and  de- 
scending in  the  shorter  leg,  without  the  necessity  for  the  application  of  artificial  heat  to  the 
longer  leg.  This,  however,  does  not  appear  to  be  always  proved  in  practice,  for  whether 
the  current  in  the  longer  leg  be  ascending  or  descending,  depends  chiefly  upon  differences 
of  temperature  within  and  without  a building;  but  as  the  brickwork  of  chimneys  often 
gets  heated  by  the  vicinity  of  the  kitchen  fine,  or  even  by  the  sun  shining  upon  it  during 
the  day,  an  ascending  current  is  more  likely  to  be  sustained  than  a descending  one,  since 
brickwork  will  retain  its  heat  for  some  hours. 

2278_9'.  The  system  adopted  by  Dr.  Eeid,  at  the  House  of  Commons,  was  that  of  admit- 
ting air  into  a chamber  underground,  where  it  was  (and  is  still)  purified  by  being  washed 
while  passing  through  a stream  of  water,  and  then  through  canvas,  whereby  other  im- 
purities are  extracted.  It  then  rises  to  the  floor  of  the  apartment,  which  is  pierced  with 
many  thousand  holes,  and  passing  through  them  is  then  further  distributed  by  means  of  a 
' hair-cloth,  ascending  towards  the  ceiling  at  about  the  rate  of  one  foot  per  minute.  This 
air  is,  in  cold  weather,  warmed  below  ; and  in  warm  weather  it  is  cooled  with  ice.  Tr  e 
object  is  to  keep  the  air  in  all  seasons  at  a uniform  temperature  of  64°.  The  air  is  often 
cooler  in  the  House  than  that  outside  it.  From  the  ceiling  it  is  carried  rapidly  away  along 
a tunnel  to  feed  the  great  furnace  which  creates  this  current  of  ventilation.  The  com- 
plaint is  made  that  it  carries  with  it  from  the  floor  the  fine  dust  brought  in  by  the 
members’  ff  ct,  which,  being  inhaled,  sometimes  aflects  those  in  the  House.  The  method 
adopted  by  Dr.  Reid  to  warm  and  ventilate  St.  George’s  Hall,  at  Liverpool,  is  detailed  iu 
the  Civil  Engineer  for  1864,  page  136.  The  system  employed  from  1736  to  about  1817  at 
the  old  House  of  Commons,  which  was  effectively  ventilated,  was  by  a fan  placed  over  it 
for  extracting  the  heated  air,  its  rate  of  working  being  dependent  upon  an  attendant,  who 
received  his  directions  from  a person  within  the  House.  The  common  revolving  wind- 
^ guard  placed  at  the  top  of  a chimney  to  induce  a suction,  whereby  the  smoke  may  bo 
' drawn  out,  is  of  the  same  .sy.stem  ; as  is  also  Howarth’s  patent  revolving  Archimedean 
‘ screw  ventilator.  One  of  the  latest  systems  of  effecting  the  regularity  of  working  such 
r fans  or  screws  is  by  the  aid  of  the  high  service  water  supply  ; a flow  of  water  impinging 
; upon  the  blades  of  a wheel  turns  the  extracting  fan,  and  the  water  is  conveyed  to  a lower 
reservoir,  to  be  used  for  domestic  or  other  purposes. 

2278A.  The  opposite  system,  that  of  air  being  forced  into  apartments  by  mechanical 
means,  such  as  the  fan  driven  by  sttam  power,  is  practised  with  great  success  at  the 
Reform  Club  House,  the  General  Post  Office,  and  many  other  buildings,  public  and 
>■  private,  and  especially  in  factories.  The  fan  is  regulated  to  a velocity  of  between  80  and 
100  feet  per  second.  Dr.  Van  Hecke’s  system  of  warming  and  ventilating,  as  arranged 
at  the  new  French  hospitals,  is  effected  by  means  of  a 3^  horse-power  engine,  working  a 
fan,  which  drives  the  external  air  through  long  subterraneous  channels  into  four  warming 
- apparatuses,  whence  it  ascends  into  flues,  which  conduct  it  into  all  the  wards,  passing 
through  regulating  air  gratings  in  the  walls.  In  each  ward  are  two  or  more  escape  flues 
carrying  the  vitiated  air  above  the  roofs. 

2278i.  The  Blackman  air  propeller,  for  ventilating,  cooling,  and  drying,  has  given  good 
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results.  One  of  14  inches  diameter,  revolving  1,000  to  1,500  revolutions  per  minute, 
moved  1,500  to  2,500  cubic  feet  of  air  per  minute.  One  of  24  inches  diameter,  revolving 
500  to  900  per  minute,  moved  3,000  to  6,000  cubic  feet  of  air.  Another  of  48  inches 
diameter,  revolving  300  to  600  per  minute,  moved  13,500  to  30,000  cubic  feet  of  air  per 
minute. 

2278/t.  The  Boyle  system  of  ventilation  of  workhouses  and  hospitals  (1882),  by  self- 
acting air  pump  ventilator  (perfected  Oct.  1887)  and  the  air  inlet  brackets,  is  used  at 
!St.  George’s  Hospital  for  the  extraction  of  the  foul  air  and  admission  of  fresh  air,  which 
is  effected  without  draught,  and  is  put  forth  as  the  simplest,  cheapest,  and  most  efficient 
system  of  ventilation  that  is  at  present  in  existence.” 

2278^.  Another  system  prevails  to  some  extent.  The  ventilation  is  combined  with  the 
method  of  warming,  be  it  a church  or  other  room  devoted  to  a public  purpose.  This  is 
effected  by  means  of  flues  for  extracting  the  air  in  the  building  being  connected  with  the 
furnace  of  the  apparaUis.  Such  is  the  principle  adopted  by  Messrs.  Haden  and  Co.,  of 
Trowbridge.  It  has  been  in  practice  with  success  at  the  Royal  Polytechnic  Institution, 
London,  for  ventilating  the  large  theatre  since  its  erection  in  1838.  After  the  fire  is  once 
lighted,  all  its  communications  with  the  outer  air  are  closed,  and  that  of  the  extracting 
flue  opened,  which  then  supplies  the  fire  with  air  brought  down  from  the  upper  part  of 
the  theatre.  Fresh  air  is  admitted  to  the  theatre  only  through  the  ordinary  doors  and 
openings. 

22'lSm.  As  regards  ventilation  by  windows,  or  the  natural  method,  as  it  is  called,  as  no 
system  of  making  a sash  working  upon  a horizontal  axis,  such  as  French  casements,  can 
wisely  dispense  with  stay-bars,  even  when  made  to  open  and  shut  by  means  of  a wheel 
and  axle,  our  attention  may  be  confined  to  lights  hung  on  pulleys,  or  on  hinges,  or  on 
centres.  The  first  of  these  throe  clas-es  is  the  common  lifting  sash.  Wind-boards  at 
top  and  bottom  to  prevent  the  effects  of  direct  currents  have  been  suggested ; and 
machinery  h<as  been  fitted  to  open  both  sashes  simultaneously,  so  as  to  ensure  the  desired 
circulation  of  air  through  apertures  at  pleasure,  or  that  shall  not  be  altered  without  a 
key.  This  improvement  has  lately  been' successfully  managed  by  the  “ patent  counter- 
balance rack  slips,”  which  also  do  away  with  the  use  of  lines,  pulleys,  and  weights.  In 
double  windows,  however,  as  in  the  lavatories  at  Middlesex  Hospital,  a roller  has  bef-n 
placed  between  the  two  pairs  of  sashes,  which  move  reciprocally,  like  the  double  bucket 
action;  so  that  when  the  inner  top  sash  is  lowered  the  outer  bottom  one  is  raised,  and 
the  reverse;  and  the  extension  of  this  idea  to  the  lights  of  water  closets  has  been 
advocated.  It  has  also  been  suggested  that,  in  the  usual  w'indows,  the  horns  of  the  upper 
sash  styles  should  appear  above  the  top  rail,  so  that  the  window  could  never  be  tightly 
shut;  but  the  benefit  from  this  plan  is  confined  to  periods  at  which  the  window  is  not 
closed  by  shutters  or  by  roller-blinds.  The  same  objection  applies  to  the  use  of  such 
perforated  glass  and  other  contrivances  as  are  mentioned  in  par.  2231a.  It  is  stated  that 
no  draught  is  felt  by  the  use  of  these  inventions,  as  the  air  passing  through  the  perfora- 
tions is  diffused  equally  and  imperceptibly.  We  must  notice  that  it  will  be  found  that 
the  air  is  always  passing  into  the  apartment,  and  that  when  the  wind  blows  towards  the 
glass,  the  extra  supply  of  air  sent  in  is  undoubtedly  felt  by  the  occupants,  but  some- 
times not  appreciated  by  them.  Another  method  consists  in  the  admittance  of  air  either 
by  a space  left  between  the  top  bead  (the  horns,  as  before,  stopping  the  sash  from  going 
home)  and  the  head  of  the  opening,  or  by  such  a space  over  the  outer  bead,  to  communi- 
cate with  the  box  formed  by  the  inside  lining  and  the  architrave  or  other  dressing,  the 
latter  being  either  pierced  with  holes  or  detached  slightly  from  its  grounds.  Another 
method  much  practised  is  to  make  the  inside  bead  to  the  lower  sash  of  a greater  height 
than  usual,  say  about  two  inches;  thus  when  the  sash  is  raised  a little  and  clears  the 
meeting  bar,  fx’esh  air  will  be  admitted  at  the  meeting  bar  and  not  admitted  at  the  lower 
part.  Old  sashes  may  be  so  treated  ; even  a bar  of  wood  about  three  inches  high,  lined 
with  baize,  its  length  being  the  width  between  the  sash  reveals,  can  be  put  on  the  sill 
when  the  sash  is  raised,  and  the  sash  shut  down  upon  it.  This  admits  fresh  air  at  the 
meeting  bar  sufficient  to  ventilate  the  room  without  draught. 

2278?i.  Of  the  second  class  is  the  common  hopper  to  a window,  framed  with  or  without 
side  lights.  In  this  are  included  all  greenhouse  sashes  that  are  hung  from  the  tup,  which 
may  be  made  to  open  simultaneousl}^  by  means  of  ratcheted  stay-bars  dropping  into 
toothed  wheels  fixed  on  a continuous  axis,  w'orked  by  a wheel  against  an  endless  screw. 
AV hen  double  windows  are  used,  as  in  very  cold  climates,  or  when  it  is  desirable  to  shut 
out  noises,  the  upper  portions  of  them  should  be  made  to  open  by  the  action  of  opening 
the  inner  window.  This  scheme  has  been  adopted  in  the  hospital  of  the  Wieden  suburb, 
and  also  in  the  Imperial  stables,  at  Vienna,  with  success  ; its  action  is  not  described,  but 
the  outer  window  is  presumed  to  be  fixed,  the  heads  of  it  forming  a hopper,  which  is 
opened  or  shut  by  lowering  or  raising  the  inner  window. 

2278o.  To  the  third  class  belong  nearly  all  the  modern  English  patents  for  window 
ventilation,  which  consist  of  one  or  more  planes  working  like  a jalousie  lath  upon  a hori- 
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zontal  axis.  Of  the  two  principal  adaptions  of  the  system  to  an  entire  window,  Ilurwood’s, 
shown  in  fig.  808a.,  and  worked  by  an  endless  screw,  is  the  simplest;  there  is  anotlier 
arrangement  of  this  kind  by  Mackrory,  where  the 
action  is  similar  to  that  of  a carriage  window  ; 
the  sash  runs  in  a groove,  and  being  turned  by 
means  of  a toothed  pivot  working  against  an  end- 
less screw,  it  can  be  kept  at  any  desired  height. 

The  method  indicated  by  fig.  808.,  adopted  at 
Middlesex  Hospital,  seems  more  simple  and  more 
economical.  By  turning  the  handle  to  the  points 
in  the  plans  A,  B,  and  C,  the  glazed  louvres  are 
simultaneously  opened  or  shut  to  those  limits. 

2278p.  Ventilation  is  effected  on  the  principle 
of  the  extracting  valve,  as  advocated  by  Dr. 

Arnott,  which  is  a plate  of  metal  hinged  to  the 
lower  edge  of  a metal  box  next  to  the  room,  and 
on  the  other  open  to  its  chimney.  The  draught 
of  the  flue  tends  to  carry  away  the  air  of  the 
ro  >m,  when  the  currrent  is  upward  ; should  it  be  u u a 
downward,  a silk  or  mica  flap  is  driven  against  Fig.  sos.  Fig.  sosa. 

the  plate,  tending  to  prevent  the  ingress  of  smoke.  However  useful  this  contrivance 
may  be,  its  ri  suit  in  cubical  consumption  of  a’r  is  necessarily  small.  A cowl  with 
vertical,  or  horizontal,  or  slanting  jalousied  sides  has  also  been  employed, 
with  or  without  an  Archimedean  screw,  at  the  top  of  a flue,  to  exhaust 
the  air  of  a room.  The  simplest  means  of  the  admission  of  air  to  a room 
is  a hole  in  front  of  which,  on  the  inside,  should  be  a board  inclined  to 
throw  up  the  current  of  fresh  air,  as  fig.  808^.  Another  well  known 
^ invention  is  Sheringham's  inlet  ventilator.  An  opening  is  made  in  an  ex- 
ternal wall  for  the  introduction  of  air,  and  a metal  box  inserted,  which  is 
a sort  of  hopper,  having  at  its  mouth  a valve,  so  hung  as  to  direct  the 
current  of  air  towards  the  ceiling,  whereby  no  draught  is  felt  by  the 
occupants  of  the  apartment.  Somewhat  similar  is  Hart’s  ventilator,  the 
f ice  being  of  perforated  zinc.  Such  articles  are  also  made  with  a box  to 
contain  charcoal  as  a purifier  of  the  air  before  it  is  admitted.  Looker’s 
patent  ventilator,  consisting  of  a tubular  piece  of  pottery  fixed  in  tlie 
wall,  into  which  on  the  inside  is  placed  another  tube,  perforated  all  round 
with  small  holes,  the  inner  end  being  closed  altogether.  This  second  tube  is  pushed  in  or 
out,  according  to  the  quantity  of  air  required. 

227 Sq.  Amongst  the  earliest  of  other  and  l^ter  systems  is  Watson’s  double-current  venti- 
lator, consisting  of  a tube  divided  by  a diaphragm,  and  rising  from  the  ceiling  to  the 
external  air;  it  was  intended  that  the  air  should  circulate,  as  shown  in  fig.  808c.,  by  an 

A ascending  and  a descending  current.  It  has 
been  said  that  this  result  only  occurs  in  rooms 
that  are  perfectly  closed,  and  that  the  two  tubes 
generally  serA^e  as  exhausters  ; but  our  own  ex- 
perience is  more  favourable  to  the  effrctive 
..  working  o tl  is  inA’^ention.  Somewhat  similar 

to  this  is  fig.  SOSd.,  called  the  Shaftesbury 
ventilator,  which  appears  to  have  been  applied 
in  small  tenements  with  success,  probably  for 
the  very  reason  that  the  rooms  in  such  cases  are 
generally  kept  as  close  as  possible;  for  it  has 
been  necessary  to  conceal  the  opening  at  the 
ceiling  by  an  ornamental  rose,  and  to  put  at  G 
an  air  grate  with  large  openings.  At  times. 


Fig.  S0S6. 


: 

m 


Fig.  80SC. 


Fig.  808d. 


Fig. 


however,  the  rush  of  cold  air  is  very  great  through  this  tube  into  the  room  ; to  remedy 
this,  the  end  G may  be  connected  with  a horizontal  tube  or  box  about  3 feet  long,  and 
somewhat  larger  than  the  tube  II ; each  end  of  this  box  is  open,  but  filled  with  very 
fine  wire  gauze;  the  result  then  has  generally  proved  satisfactory.  A modification  of 
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the  preceding  invention  is  adopted  by  McKinnol.  Two  concentric  tubes  are  so  fixed 
tl.at  the  inner  one  is  longer  than  its  envelope.  This  apparatus, 
shown  in  fig.  SOSc’.,  nearly  answers  its  purpose,  according  to  certain 
authorities, "and  certainly  gives,  in  some  cases,  a result  that  would  be 
satisfactory  if  its  regularity  were  not  affected  by  atmospheric  influences. 
The  openings  require  to  be  covered,  so  as  to  prevent  the  admission 
of  rain.  A square  turret,  diagonally  divided,  as  shown  in  fig.  808/1, 
is  known  as  Muir’s  ventilator.  The  inventor  calculates  upon  utilising 
the  slightest  current  of  air,  as  he  supposes  that  when  it  arrives  at 
one  of  the  sides  it  will  enter,  descend,  and  force  an  equal  quantity  ol 
foul  air  to  discharge  itself  at  the  other  sides.  The  report  of  MM. 
Rlondel  and  Ser  upon  the  London  Hospitals  in  1862,  states  broadly  that 
none  of  these  methods  gives  a satisfactory  solution  of  the  question. 

2278r.  Honeyonaii  s diaphragm  ventilator,  1886,  is  prepared  fur  use 
for  open  timber  roofs  and  fur  ceiled  apartments.  Air  pressing  in  on  one 
side  shuts  a valve  on  the  windward  side  of  a middle  diaphragm,  passes 
through  an  orifice  in  it,  creating  an  upward  current  in  an  air  trunk, 
which  drawls  out  the  foul  air  in  the  room  through  other  valves  on  the 
lee  side.  AVhen  there  is  no  wind,  the  valves  on  both  sides  of  the  diaphragm  open 

freely  for  the  exit  of  the  heated  air. 

2278s.  The  system  of  Mr.  Tobin  (of  Leeds)  for  pro- 
viding access  of  fresh  air  into  a room  is  now  extensively 
used,  and  sometimes  under  other  names.  It  was  pro- 
mulgated by  him  about  1874,  and  although  the  prin- 
ciple is  of  an  earlier  date,  it  is  to  his  endeavours  that 
it  has  become  recognised  as  a most  valuable  auxiliary. 
The  principle  is  that  of  a tube  carried  up  from  the  floor 
against  the  inside  of  an  external  wall  to  a height  of 
about  7 feet.  Fig.  808^.  shows  a section  of  the  tube  on 
this  principle,  from  Dr.  Corfield’s  Laws  of  Health,  p.  41. 
The  bottom  of  the  tube  is  made  to  communicate  with 
the  outer  air  and  the  top  is  left  open.  This  tube  may 
be  made  of  planed  deal  or  metal.  The  top  is  by  some 
manufacture! s covered  by  a piece  of  coarsely  perforated 
zinc  to  prevent  articles  dropping  down  the  tube  Others 
put  in  a coarse  canvas  bag  to  filter  the  air  as  it  passes 
through  into  the  room.  A regulating  valve  is  also  some- 
times provided,  but  this  is  best  avoided,  as  when 
once  shut  it  is  not  always  opened  again.  A “de- 

flecting shield”  is  often  added  to  the  top  to  prevent  the  wall  decorations  from  being 
marked  by  the  dust  often  in  the  air  passing  in.  Inlet  brackets  are  also  made,  which 
are  short  tubes  placed  high  up,  but  their  efficacy  may  be  doubted.  They  are  also 
called  “vertical  tubes”  and  “air  inlets”  by  some  manufacturers.  E.  H.  Shorland, 
of  Manchester,  claims  to  have  used  “ vertical  pipes  for  ventilation  ” long  before  they  were 
introduced  by  Tobin.  The  opening  on  the  outside  of  the  wall  should  be  protected  by 
a grating  : a patent  automatic  air  washer,  for  washing  the  air  by  a spray,  is  adapted  by 
some  to  this  system,  as  also  the  introduction  of  gas  lights  for  warming  the  air. 


Table  of  Cubic  Feet  of  Air  Discharged  per  Minute  through  a Ventilator, 
HAVING  AN  Area  of  One  Square  Foot.  (Hood.) 


Height  of 
Veatilator, 
in  Feet. 

Difference  between  Temperatuie  in  Room  and  the  External 
Air,  in  Degrees. 

5 

10 

15 

20 

25 

30 

10 

116 

164 

200 

235 

260 

284 

15 

142 

202 

245 

284 

318 

324 

20 

164 

232 

285 

330 

368 

404 

25 

184 

260 

318 

368 

410 

460 

30 

201 

284 

347 

403 

450 

493 

35 

218 

306 

367 

436 

486 

631 

40 

235 

329 

403 

465 

618 

670 

45 

248 

348 

427 

403 

551 

605 

50 

260 

367 

450 

618 

679 

635 

The  openings  for  the  inlet  of  fresh  air  must  be  smaller  than  those  for  the  escape  of  the 
heated  air,  otherwise  there  will  probably  be  a descmding  current  of  cold  air  in  the  same 
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tube  with  the  ascending  current  of  hot  air.  It  is  now  proved  that  all  inlets  should  admit 
the  air  in  an  upward  direction. 

2278/.  The  JEoltis  waterspray  ventilator  is  patented  to  supply  a constant  circulation  of 
pure  air  entirely  under  control.  It  is  adapted  for  all  public  edifiees,  as  well  as  houses, 
stables,  &c.,  and  for  use  in  hot  climates.  Ice  can  be  used  to  cool  the  fresh  air,  and  a gns 
furnace  can  be  attached  to  warm  it.  The  air  passing  through  the  apparatus  is  cleaused 
from  dust  and  all  impurities.  The  consumption  of  water  is  stated  to  be  small,  and  the 
total  cost  of  ventilating  and  warming  a large  apartment  for  nine  hours  does  not  exceed  si.x- 
pence.  The  company  has  also  an  exhaust  roof  ventilator,  a w'aterproof  downcast  shaft  ship 
ventilator,  an  automatic  invisible  roof  ventilator,  a chimney  cowl,  anda  ventilating  stove. 

'227Sit.  F.  H.  Smith,  patentee  of  the  automatic  aspirator  sji-tem  of  ventilation, 

which  produces  ventilation  without  draught  by  supplying  air  to  ihe  room  by  ducts  at  the 
floor  level.  The  exit  for  the  vitiated  air  is  placed  in  the  ceiling,  and  consists  of  two  tubes, 
a large  and  a small  one,  parallel  to  each  other,  between  the  floor  joists.  In  the  case  of 
top  rooms  the  two  tubes  may  be  concentrical.  The  larger  tube  carries  off  the  foul  air, 
while  the  smaller  one  forms  an  induction  tube  for  cold  air,  its  outer  extremity  being  open 
to  the  outer  air,  the  inner  one  opening  under  the  rim  of  the  foul  air  tube.  The  principle 
was  applied  to  the  hot  “ island  room”  of  the  fountains  of  1884  Exhibition,  reducing  the 
temperature  from  110°  to  about  70°.  The  Eon  ventilators,  extractor,  and  chimney  cowl 
are  stated  to  be  the  cheapest  and  most  effective  used  with  the  eon  inlet.  The  Acme 
system  of  ventilation  (Liverpool)  is  an  exhaust  and  blower  type,  dependent  on  mechani- 
cal action  for  its  motive  power.  The  action  of  the  ventilator  produces  a partial  vacuum 
at  each  stroke,  and  with  the  graduated  pipes  fresh  air  is  brought  into  rooms  without 
draughts,  and  may  be  warmed  as  it  enters.  The  system  has  been  applied  at  the  new 
County  Sessions  Courts,  at  the  Town  Hall  and  Council  Chamber,  and  at  the  Conserva- 
tive Club,  all  at  Liverpool.  Its  application  at  the  former  building  is  described,  ■with  an 
illustration,  in  the  British  Architect  of  December  2,  1887.  Westmorland’s  patent  im- 
proved automatic  ventilator  combines  an  iron  breast  trimmer  and  fireproof  hearth  bearer 
(1885),  to  carry  the  air  from  a ceiling  up  into  a smoke  flue.  The  ventilating  and  warmir  g 
arrangements  of  the  new  portion  of  Eton  College  (1888,  A.  W.  Blomfield,  architect)  have 
been  carried  out  by  J.  Weeks  & Co.,  by  air  passing  over  hot  water  coils,  and  the  foul  air 
carried  off  by  ducts  at  the  ceiling  of  the  passages  to  a shaft  having  a series  of  gas  jets  to 
secure  an  updraught. 

2278 y.  Where  gas  lights  are  much  used  in  apartments  or  buildings,  it  is  desirable  to 
carry  off  the  products  of  combustion  and  heated  air  by  a tube  placed  over  the  light, 
whereby  its  heat  assists  the  escape  of  the  impure  air.  An  ordinary  gas-burner  is  calcu- 
lated to  vitiate,  to  the  same  degree,  three  times  the  quantity  of  air  that  a man  does  in 
the  same  time.  This  plan  was  first  effected  by  Professor  Faraday.  The  improved  venti- 
lating sun-burner,  with  its  self-acting  valve  for  preventing  a dowm  draught,  as  manu- 
factured by  Strode  and  Co.;  Eickets’s  ventilating  globe- light ; and  others,  all  tend  to 
produce  the  desired  result. 

Table  of  Quantity  of  Air  Eequired  per  Hour  to  make  up  for  Vitiated  Air  by 
Forms  of  Artificial  Illumination. 


Illuminator. 

Consumption  of 
Illuminating  Material 
per  Hour. 

Air  Required. 

Gas  jet  _ - _ - _ 

Gas  jet  _ _ _ - - 

Tallow  candle  - - - - 

Wax  candle  - - - - - 

Oil  lamp  _ _ - - - 

Petroleum  lamp,  slit  burner  - 
„ round  burner 

44  cubic  feet 

^>4  »> 

3 of  an  ounce 

3 

4 >» 

4 

5 ” 

1 \ ounce 

750  cubic  feet 
830 
124 
257 
276 
602 

544  „ 

2278m;.  The  Commissioners  for  Barracks  and  Hospitals,  in  their  Report,  1856.  p.  65, 
&c.,  state  that  for  such  establishments  the  different  systems  adopted  in  the  Parisian 
hospitals  appear  to  be  too  expensive  and  too  complicated.  Those  which  they  approve 
consist  of  induction,  and  of  flues  for  exhaustion,  each  of  two  sorts.  Induction. — I.  Open- 
ings with  an  air-brick  in  the  face  of  the  wall,  and  a wooden  hopper  near  the  ceiling, 
placed  at  an  angle  of  45°,  covered  with  zinc  pierced  with  holes  from  ^ to  ^ inch  in 
diameter.  A plate  of  zinc  or  galvanized  iron,  hung  at  the  bottom  and  worked  by  a string, 
regulates  at  pleasure  the  admission  of  air,  the  size  of  the  opening  being  calculated  at 
an  inch  square  for  each  60  cubic  feet  of  space  in  the  room,  where  there  is  not  a special 
provision  for  fresh  air  to  pass  round  the  stove;  when  there  is  such  provision,  the  size  lor 
the  opening  may  be  one  half  less.  II.  Openings  with  an  air-brick  in  the  face  of  the 
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■wall,  and  a trunk  or  tubft  leading?  the  air  to  a case  behind  the  stove,  so  that  warm  air 
may ’rise  in  a tube  to  a luffer-boarded  opening  at  the  ceiling,  tlie  size  of  the  tube  being 
calculated  at  an  inch  square  for  each  100  cubic  feet  of  space  in  the  room. 

2278.V.  Exhaustion. — I.  Flues  of  the  warming  apparatus  extra'^t  the  bottom  layers  of 
air  in  the  room.  The  experiments  made  between  4.30  and  6.30  am.  in  April,  185S, 
showed  that  the  volume  of  air  extracted  was  on  the  average  9,000  to  10.000  cubic  feet 
by  each  flue,  the  rapidity  being  at  the  rate  of  5 to  b\  feet;  by  which  numbers  the  section 
of  the  flue  would  be  0 446  English  feet.  II.  Tubes  from  the  ceiling  to  the  roof,  the  size 
of  the  opening  being  calculated  at  an  itch  square  for  each  50  cubic  feet  for  an  upper 
story,  and  for  each  55  cubic  feet  for  the  story  below  it,  and  for  each  60  cubic  feet  fur  the 
lower  story.  The  rapidity  of  the  current  is  regulated  by  the  difference  between  the 
internnl  and  external  air,  by  currents,  &c.  AVhen  the  temperatures  are  equal  the  current 
is  feeble,  when  the  reverse  occurs  it  is  strong.  The  volume  extracted  (under  the  above 
conditions)  was  8,500  to  9,000  cubic  feet,  the  rapidity  being  at  the  rate  of  3 to  3|  feet. 
8o  that  the  greatest  effect  by  the  combined  systems  on'y  takes  8,000  to  10,000  cubic 
feet  by  each  flue  on  the  average,  and  this  irregular  result  is  sometimes  annulled;  more- 
over, tt\^  currents  may  reverse  the  action  of  the  flues,  and  enter  by  the  exhausting  tubes. 

2278^.  Other  sy steins.— In  X\\e  new  buildings  at  Guy’s  Hospital,  as  also  at  the  Lunatic 
Asylum  at  Derby,  Sylvester’s  method  was  carried  out.  Here  the  air  arrives  by  a large 
inducting  flue,  capped  by  a cowl  which  utilises  the  action  of  currents  of  wind;  the  air 
passes  underground  in  contact  with  hot-water  pipes,  rises  in  flues,  and  enters  the  room 
at  the  ceiling;  it  escapes  by  exhaustion  holes  in  the  skirting  of  the  opposite  w'alls,  and 
rises  to  the  roof  by  flues  continued  by  plate  iron  tubes  to  an  exhausting  flue,  which  sur- 
rounds the  smoke  flue  of  the  warming  apparatus.  The  inventor  calculated  for  about 
4,000  cubic  feet  per  bed  per  hour,  and  stated  that  in  the  winter  about  4,300  had  been 
obtained  generally,  but  that  once  about  2,200  only  were  gained. 

22782'.  The  methods  of  ventilation  adopted  iu  France  are  required  to  produce  effects 
absolutely  free  from  perceptible  currents  of  air.  The  report  produced  by  MM.  Blondel 
and  Ser,  before  noticed,  mention  Duvoir-Leblanc’s  system,  in  one  portion  of  the  hospital 
I.ar.boisiere,  as  drawing  away  about  2,500  cubic  feet  per  bed  per  hour,  half  of  which  is 
supplied  by  the  doors  and  windows  ; and  the  method  of  MM.  Thomas  and  Laurens, 
which  gives  3,200  cube  feet  per  bed  per  hour,  and  is  not  found  always  sufficient  to 
remove  every  trace  of  odour.  They  consider  that  Dr.  Van  Hecke’s  system,  used  at  the 
Baujon  and  Necker  hospitals,  leaves  much  to  be  desired.  They  require  3,500  cubic  feet 
per  bed  per  hour ; and  perceive  that  in  order  to  obtain  anything  like  such  a result, 
recourse  has  necessarily  been  had  to  large  exhausting  flues,  or  to  mechanical  means,  such 
as  the  fan. 

Table  of  Atr  Required  per  Hour  for  Each  Person. 


Prepared  by  Herr  von  Fragstein  of  Berlin  {Builder,  xliv.  1883,  56). 


cubic  feet. 

Drawing  rooms  - - 700  to  1,000 

School  rooms  and  libraries  450  to  500 
Sick  rooms,  ordinary  - 2, 100  to  2,500 
Sick  rooms,  wounded  and  confined  3,500 


cubic  feet. 

Sick  rooms,  epidemic  dis- 
eases - - - - 5,300 

Theatres  - . - ],400  to  1,750 

Assembly  rooms  - - 1,050  to  2,100 


Each  person  is  considered,  in  England,  to  require  from  3 to  5 cubic  feet  of  air  per 
minute,  equal  to  180  to  300  cubic  feet  per  hour.  At  Finsbury  Techniciil  College 
about  11  cubic  feet  of  air  per  minute  is  provided  in  the  class  rooms,  and  50  cubic  feet 
per  minute  in  the  chemical  laboratories  and  draught  closets. 


Sect.  XIV. 

WARMING  OF  BUILDINGS. 

2279.  Heat,  as  required  in  architectural  structures,  results  from  raising  the  tempera- 
ture of  the  air  by  means  of  various  contrivances  so  arranged  as  to  take  advantage  of  the 
laws  which  govern  the  transmission  of  heat.  A body  capable  of  affording  heat  gives 
out  caloric  by  two  methods;  these  are  and  conduction.  Radiation  is  diffused 

through  the  air  at  an  immense  velocity  without  materially  raising  its  temperature,  but 
immediately  warming  solid  bodies  exposed  to  its  influence,  which  in  turn  give  out  the 
acquired  heat  slowly;  the  redder  the  fire,  the  warmer  is  the  radiant  heat.  When  the  air 
in  a large  apartment  is  to  be  raised  in  temperature,  the  method  of  heating  by  contact  is 
employed;  this  is  effected  by  volumes  of  air  coming  in  contact  with  a heated  surface, 
and,  becoming  raised  in  temperature,  are  put  in  motioH,  and  communicate  the  heat  they 
receive  to  surrounding  bodies. 

2279a.  In  order  to  obtain  full  advantage  of  heating. surfaces,  their  area  must  be  pro- 
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poi’tioned  to  the  cubic  left  of  air  requirod  to  be  warmed.  A small  surface,  if  raised  to  a 
very  fjreat  temperature,  will  heat  a lai’fjft  quantity  of  air  if  means  are  taken  to  pass  it 
rapidly  from  contact  with  the  heated  surface.  It  is  better,  in  all  respects,  to  have  a large 
su'-face  maintained  at  a mild  temperature  with  a gradual  change  of  air.  In  general,  if 
the  temperature  of  the  heated  body  is  above  that  of  boiling  water,  i.e.  212°,  the  air  in 
contact  is  rendered  unhealthy.  Ventilation  very  greatly  assists  the  endeavours  to  warm 
successfully  a room  or  building. 

22191).  The  method  ot  warming  classed  under  radiation  and  conduction  may  be  further 
arranged  under  the  following  heads  ; — I.  Open  fires,  including  grates  and  stove  grates  of 
every  sort,  having  ordinary  flues  or  chimneys;  this  is  warming  by  radiation.  Warming 
by  cunduction  is  eflPected  by,  II.  Close  fires,  as  furnaces,  cokles,  &c.,  and  the  Cabin, 
Arnott,  Vesta,  Gill,  Chunk,  Dumpy,  Nott  or  American,  laundry  or  ironing,  caloric, 
veniilating,  &c.  stoves;  and  by  Gas,  as  the  atmopyre,  asbestos,  calorifere,  cylinder,  and 
gas  heating  apparatus ; having  metal  or  brick  flues  continued  some  distance  from  them 
for  the  piu’pose  of  heating.  III.  Hot  water  on  the /ow  temperature  system,  with  pipes 
about  3 or  4 inches  in  diameter.  IV.  Hot  imter  on  the  high  temperature  system,  with 
pipes  about  1 inch  in  diameter.  And  V.  Steam,  both  on  the  high  and  low  pressure  systems. 

2279c.  The  principle  of  erecting  one  chimney  to  serve  for  all  the  fire  places  of  a house 
is  liable  to  very  unsatisfactory  results,  unless  such  a system  be  carried  out  as  that 
exhibited  at  Osmiston  Manor,  near  Derby,  by  its  architect,  II.  J.  Stevens,  and  described 
at  the  Institute  of  British  Architects  in  1851.  All  the  rooms  in  Fair  Oak  House,  Isle  of 
AVight,  are  warmed  by  means  of  one  shaft  in  the  middle  of  the  house,  heated  by  a large 
open  fire  in  the  basement.  Around  this  shaft  is  a thin  enclosing  case  of  brickwork,  in 
cement,  leaving  a space  between  to  receive  the  cool  air,  which  is  then  warmed  by  the 
heated  shaft,  and  is  admitted  into  the  several  apartments  through  perforated  cornices, 
the  supiply  being  regulated  by  a valve.  Obstacles  presented  themselves  which  rendered 
it  necessary  to  adopt  the  cornice  and  not  the  floor  as  the  place  for  the  admission  of  the 
warm  air.  The  arrangements  are  stated  to  have  met  with  a decided  success;  the  plan 
and  details  are  given  in  Builder,  1860,  p.  329.  In  a series  of  small  dwellings  where  the 
one  shaft  system  was  tried,  its  complete  failure  necessitated  the  new  formation  of  all  the 
fireplaces  and  flues. 

2219d.  I.  It  scarcely  enters  within  the  province  of  this  work  to  describe  the  best  form 
for  an  open  grate.  The  point  has  been  taktnup  of  late  years  by  manufacturers,  and  very 
mary  excellent  forms  adopted.  The  result  is  that  iron  at  the  back  and  sides  has  been 
greatly  discarded,  and  fire-lumps  substituted,  whereby  greater  heat  is  thrown  out  with  the 
same  quantity  of  fuel.  The  fire-lump  grates  for  cottages,  bedrooms,  schools,  &c.,  have  had  a 
large  sale.  But  it  has  also  been  found  that  too  large  a surface  of  the  fire-lump  tends  to  con- 
sume the  coal  too  quickly,  consequently  it  is  now  chiefly  confined  to  the  back  of  the  grate.' 
A length  of  bar  equal  to  about  1 inch  for  each  foot  of  length  of  room,  and  the  height  of  the 
front  half  an  inch  for  each  foot  of  breadth  of  the  room,  are  dimensions  found  to  produce 
good  prop)ortions  foraverage  purposes.  The  depth  of  the  part  in  which  the  fuel  is  placed  has 
been  greatly  decreased,  about  9 inches  being  ordinarily  sufficient  at  the  bottom,  and  en- 
larging upwards  at  the  back,  so  as  to  present  a good,  heating  surface  in  the  front,  and  at 
the  top,  of  the  fuel.  The  height  that  the  lowest  bar  should  be  from  the  he  irth  is  a 
matter  of  greater  uncertainty  ; we  advocate  that  it  should  be  as  near  to  12  inches  as 
possible,  in  preference  to  the  6 inches  which  the  grates  are  now  usually  made.  \Ve  have 
had  grates  raised  from  the  latter  to  the  former  height  with  greatly  increased  results. 
Advantage  has  been  taken  of  the  fire-clay  stoves,  since  the  period  of  their  invention  by 
Count  Rumford,  to  combine  the  back  and  sides  with  air  flues  of  the  same  material,  which, 
becoming  heated,  impart  their  heat  to  the  cold  air  supplied  from  the  outside,  admitting 
warm  fresh  air  to  the  apartment.  These  stoves  were  first  adopted  by  Cundy.  Numer  als 
forms  of  slow- combustion  grates  have  been  introduced  of  late  years.  The  Carron, 
Musqrave' s,  and  Barnard,  B shop  & Co.’s  Norwich  stove,  are  among  many  others  ( f that 
description.  The  registered  Economiser  grate  and  fire-brick  back,  manufactured  by  Nelson 
and  Sons,  of  Leeds,  on  the  principles  advocated  by  T.  P.  Teale,  in  Economy  of  Coal  in 
House  Fires,  has  a door  to  the  ash-iit  to  close  the  draught ; the  sides  and  back  of  the  fire 
are  of  fire-brick,  whi'e  above  the  fire  the  back  slopes  forward  and  over  it  to  near  the  mantel, 
when  it  again  slopes  back  to  the  back  of  the  chimney;  all  this  being  in  firebrick  and 
channelled  where  above  the  fire.  It  is  considered  to  give  perfect  combustion  of  fuel,  with 
c )mplete  radiation  and  projection  of  the  heat  produced,  the  form  of  back  ensuring  the 
greatest  possible  consumption  of  smoke.  It  can  be  readily  fixed  by  any  bricklayer. 
The  Marlborough  grate  (Garland’s  patent),  with  adjustable  canopy  acting  in  place  of  a 
register  door,  fire-brick  sides  and  back  on  the  same  principle  with  Economiser;  when 
the  fire  is  not  used,  the  canopy  can  be  let  down  to  shut  up  the  flue  opening,  like  a register. 
Radiation  of  heat  has  been  materially  assisted  by  Sylvester’s  arrangement  of  the  ends  of 
the  fire  bars  projecting  into  the  room  forming  a hot  hearth;  and  also  by  Joyce.  Dr. 
Ariiott’s  smoke-consuming  grate,  and  the  application  of  a solid  bottom  to  a grate^ 
producing  “ the  Builder’s  fire,”  are  points  of  consideration  for  the  householder  rather 
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than  for  the  architect.  The  Galton  ventilating  air  stove  is  largely  used  in  hospitals  and 
infirmaries  The  Manchester  grate,  manufactured  by  E.  H,  Shorland,  of  Manchester,  for 
liouses  schools,  hospitals,  asylums,  &c.,  is  used  by  the  Bank  of  England  at  its  branch 
establishments.  It  is  called  a patent  first  class  smoke  consuming  and  warm  air  generating 
grate  Heat  is  not  only  given  off  by  radi  ation,  but  warm  air  can  be  supplied  to  rooms 
a'love  or  atjoining  the  one  in  which  the  grate  is  fixed  ; in  1882  it  was  stated  to  possess 
nearly  80  per  cent,  more  heat-giving  properties,  and  to  be  nearly  100  per  cent,  better  as  a 
smoke  consuming  grate,  than  ottitrs  tested  at  the  time.  The  Wharncliffe  vfAvm 

a r ventilatii'g  grate.  Grundy's  patent  warm  air  ventilating  fire  grate,  in  which  the 
heating  surface  ts  stated  to  be  greater  than  any  other.  Reeve,  Ratcliffe  & Co.’s  Cosy 
grate  is  the  only  open  fireplace  in  which  the  products  of  combustion  are  filtered 
through  a red-hot  wasteless  purifier,  and  therefore  is  a smoke  consuming  economical  grate. 

2279e.  II.  The  varieties  of  close  stoves  are  very  numerous,  but  the  principle  upon  which 
they  depend  for  their  efficiency  is  in  all  cases  nearly  the  same.  This  may  be  stated  to  be 
the  heatino-  of  metal  plates  by  the  combustion  of  fuel  in  actual  contact  with  them.  The 
quantity  of  heating  surface  in  the  room  wherein  the  stove  is  placed  can  be  materially  in- 
creased%nd  nearly  the  full  effects  of  the  heated  products  from  the  fuel  obtained,  by 
lengthening  the  smoke  flue  ; but  the  longer  the  flue  the  less  is  the  draught  of  the  fire, 
which  is  further  lessened  by  its  becoming  choked  with  soot;  thus  a 3-inch  pipe  attached 
to  a small  stove,  burning  coal  and  in  constant  use,  has  been  found  so  completely  filled  up 
with  soot  in  the  course  of  a week  that  a stick  half  an  inch  in  diameter  could  scarcely  be 
passed  through  the  hole  left  in  the  centre.  The  now  common  American  cooking-stoves 
are  on  this  principle.  The  principle  of  the  Arnott  stove  is  that  of  consuming  the  peculiar 
fuel  recommended  for  its  use  Very  slowly,  and  the  detention  of  the  heat  in  the  stove,  d he 
addition  of  a descending  flue  to  some  of  these  stoves  is  an  advantage  when  it  is  desired 
to  place  the  stove  in  the  middle  of  a shop  or  warehouse.  Franklin’s  calorifere,  or  the 
vase  stove,  having  a descending  flue,  W'as  formerly  much  used.  When  this  system  has 
been  adapted  to  flues  carried  under  a stone  floor  (after  the  Chinese  fashion),  it  has  been 
found  to  warm  most  efficiently  an  office  and  principal  staircase  with  a mere  handful  of 
fire,  at  a cost  of  about  30s.,  while  by  anotlier  apparatus  the  cost  was  18/.  (Beaumont, 
Hints  for  'preventing  Damage  by  Fire,  1835.)  This  is  an  elaboration  of  the  common  method 
of  warming  greenhouses  by  the  brick  or  smoke  flue,  through  whirh  the  smoke  and  flame 
travels  from  the  furnace.  A fire-clay  casing  for  the  fuel  is  also  combined  with  some  of 
them.  Iladen’s  apparatus  has  been  mentioned  (par.  2278'.)  for  warming  large  buildings; 
and  equally  efficient  is  that  by  Grundy,  which  is  also  much  used  for  churches  and  large 
buildings.  The  Tortoise  stove  is  a late  production  for  a small  room. 

Gas  stoves  are  of  vaiious  sorts.  There  are  many  of  iron  make,  which  render  the  air 
unwholesome.  IVessel's  patent  heat  dissemin  itor  (about  1850),  made  of  copper,  has  proved 
of  value  even  in  rooms  kept  closed.  Ritchie  & Co.’s  Lux-ca'or  new  patent  apparatus  for 
heating  and  ventilating  large  buildings  by  gas,  requires  no  flue,  and  has  no  smoke  nor 
smell ; the  principal  parts  are  made  of  copper.  It  was  much  used  in  the  Bank  of  England. 
S.  Clark  & Co.’s  patent  Syphon  stove  is  a condensing  gas  heating,  similar  in  princij^lc. 

2279/.  The  high  tempe.alure  stoves,  such  as  the  cokles,  the  Strutt  or  Bolpcr  stove,  the 
Sylvester’s,  and  others,  all  used  for  wmrming  extensive  spaces,  consist  of  large  metal  plates 
or  surfaces  of  brick  or  stone,  heated  in  or  by  a furnace  or  fire,  the  air  to  be  warmed  being 
caused  to  impinge  upon  or  pass  between  them,  and  then  carried  along  in  tubes  to  the 
several  rooms  or  floors  where  the  heat  is  required.  The  hot  air  pipe  furnace  is  used  for 
the  same  purposes,  whereby  the  flame  and  smoke  passes  along  the  inside  of  the  tubes.  In 
Davison  and  Symington’s  furnace  for  obtaining  heated  currents  of  air  for  manufacturing 
purposes,  the  cold  or  fresh  air  is  diiven  by  a fan  at  a great  velocity  through  the  pipes, 
which  are  placed  in  contact  with  the  flames.  Any  cessation  of  the  blow’er  may  be  expected 
to  cause  material  injury  to  the  pipes. 

2279^.  A writer  explaining  the  common  American  system  of  warming  houses  by  hotair, 
says  that  the  whole  comfort  of  the  result  depends  upon  how  the  atrnospheric  air  is  heated. 
The  various  plans  are  effected  by  a furnace,  from  the  dome  of  which  pipes  are  coiled  and 
twisted  about  so  as  to  gain  the  utmost  possible  radiating  surface,  and  the  air  is  brought 
in  contact  with  them  as  it  passes  through  the  chamber.  To  get  cheaply  a great  amount 
of  heat,  tne  castings  are  made  very  thin,  the  air  chambers  and  hot  air  pipes  small ; 
whereby  the  result  is,  that  a hot  desiccated  poisonous  air  is  discharged  into  the  room,  in- 
jurious to  the  lungs,  and  causing  headaches.  Where  the  air  chamber,  however,  is  large, 
the  furnace  very  wide  and  shallow,  and  its  dome  high,  with  the  radiating  surface  largely 
extended,  and  the  external  cold  air  shaft  spacious,  this  mode  of  heating  is  excellent.  No 
apparatus  of  its  kind  ever  surpassed  the  old  Boston  furnace,  first  invented  by  Chilson, 
and  since  so  greatly  improved  by  his  successor  in  New  York.  In  the  “Boynton  furnace,” 
as  it  is  called,  the  shaft  bringing  in  the  cold  air  is  very  large,  frequently  4 feet  wide  and 
2 feet  or  more  deep,  and  the  air  chamber  and  tin  pipes  therefrom  are  also  of  considerable 
size.  In  the  air-chamber  a small  jet  of  water  is  kept  playing  to  restore  the  natural 
moisture  to  the  air.  Anthracite  coal  is  used,  a ton  of  which,  for  an  ordinary  house, 
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would  be  a sufficient  supply  for  nearly  three  weeks.  No  other  fires,  except  timt  of  the 
kitchen  range,  is  usually  seen  in  liouses  posses.sing  tliis  apparatus.  {Builder,  xxiii.  582.) 

'1  he  heating  of  houses  by  warm  air,  and  the  substitution  of  gas  for  general  heating  and 
cooking  purposes,  advocated  by  a method  adopted  by  Mr.  A.  E.  Fletcher,  was  considered 
in  the  Journals  of  Jan.  1888.  A brick  chamber  in  the  basement  contains  a stove  in  which 
coke  is  burnt ; air  is  brought  in  from  the  outside,  and  then  conveyed  by  means  of  pipes 
to  the  entrance-hall  and  ground-fioor  rooms,  thus  warming  the  whole  house,  with  the  result 
of  a considerable  economy  of  fuel.  Then  asbestos  gas  fires  were  used  in  the  rooms,  and 
gas  cooking  ranges  in  the  kitchen,  with  great  avantages  of  less  dust,  cleaning  grates, 
lighting  fires,  &c.  This  is  not  all  new  (see  par.  2279g).  Many  persons  have  for  years 
found  the  advantage  of  the  hall  and  staircase  being  warmed,  if  not  carried  to  too  great 
a heat,  but  only  as  an  auxiliary  to  open  fires,  and  the  tipper  fioor  kept  ventilated. 
Gas  fires  are  not  to  be  depended  upon  as  successful.  Gas  cooking  stoves  are  useful 
in  many  cases,  but  much  depends  on  the  domestic  even  then. 

227yA.  HI.  The  circulation  of  hot  water  in  pipes  is  caused  by  the  unequal  density  of 
the  fluid,  arising  from  the  difference  of  temperature  in  the  ascending  and  descending 
columns  of  water  connected  with  the  heating  reservoir;  and  its  velocity  is  governed  by 
the  height  of  the  columns ; Bramah,  in  appendix  to  Tredgold,  Heating.  A boiler  (the 
“ conical  ” boiler  is  considered  the  best  form  by  some  manufacturers,  while  others  prefer 
the  “saddle-back”)  heats  the  water,  which,  as  it  becomes  warmed,  rises  and  passes  out 
through  the  flow  pipes  ; these  .are  laid  at  a very  slight  inclination,  to  as.sist  the  current. 
When  the  water  has  arrived  at  its  furthest  extent,  it  enters  what  are  termed  the  return 
pipes,  on  its  way  back  to  the  boiler,  which  it  enters  at  the  lowest  part,  to  be  re-heated, 
to  rise,  flow,  and  return  as  long  as  a fire  is  kept  up.  A rough  calculation  has  been  made 
that  for  every  50  feet  of  4-inch  pipe  1 square  foot  of  boiler  surface  is  required.  The 
self  supplying  cistern  and  its  expansion  box  must  be  placed  somewdiat  above  the  highest 
level  at  which  the  hot  water  is  desired  to  rise,  yet  not  so  high  that  the  pressure  in  the 
pipes  will  affect  their  joints.  It  should  be  covered,  and  have  a pipe  to  allow  the  vapour 
or  steam  produced  by  over-heating  to  escape  into  the  external  atmosphere.  With  this,  the 
low  temperature  system,  the  heat  of  212°,  or  that  of  boiling  water,  cannot  be  exceeded. 
Jeffrey’s  patent  Eadiator,  for  hot  water  or  steam,  in  single  or  double  loops  or  coils,  is 
ornamental. 

2279^.  IV.  The  high  temperature  svstem  was  introduced  by  Perkins,  and  is  frequently 
called  by  his  name.  Water  is  placed  in  a coil  and  range  of  piping  of  small  diameter,  her- 
metically closed,  so  as  to  prevent  all  communication  with  the  external  atmosphere.  A 
coil,  being  at  least  one-sixth  of  the  whole  piping,  is  heated  by  the  action  of  the  fire  in 
immediate  contact  with  it,  by  which  means  the  temperature  of  the  water  in  it  can  be 
raised  easily  to  300°  or  400°;  but  then  the  same  objection  applies  to  the  air  warmed  by 
pipes  so  heated  as  to  that  from  high  temperature  stoves.  As  water  expands  with  heat, 
allowance  has  to  be  made  by  the  addition,  at  the  highest  point,  of  a larger  tube  to  receive 
the  surplus,  which  varies  from  10  to  J2  feet  per  cent. ; one-tenth  of  the  space  of  piping 
may  thus  be  allowed  for  expansion.  After  the  pipes  are  fixed,  they  are  very  carefully 
filled  with  water,  so  as  to  expel  all  air,  through  a filling  tube  situated  at  the  bottom  of 
the  expansion  tube,  and  when  sufficiently  full  they  are  hermetically  closed.  The  danger 
to  be  chiefly  apprehended  from  this  apparatus  is  that,  if  leakage  takes  place,  the  loss  of 
water  causes  red-hot  vapour  to  be  formed,  with  the  possibility  of  setting  fire  to  any  wood 
to  which  it  may  be  attached.  There  is  now  no  doubt  but  that  wood,  subjected  to  a 
constant  current  of  greatly  heated  air,  becomes  very  liable  to  combustion. 

2279/c.  When  heating  surfaces  of  great  extent  are  required  to  be  obtained  by  the  appli- 
cation of  hot  water  or  of  steam.  Walker’s  system  will  probably  be  found  to  be  the  most 
effectual  yet  introduced.  It  must  be  sufficient  here  to  describe  it  as  consisting  of  a 
number  of  small  iron  blocks,  each  block  having  square  perforations  passing  through  it  for 
the  current  of  air  from  the  top  to  the  bottom,  of  very  thin  metal.  The  blocks  are  en- 
closed in  a corresponding  perforated  iron  box,  leaving  1 inch  for  water  or  steam  all  round 
each  block,  which  heats  the  metal  forming  the  blocks  By  this  very  compact  arrangement 
160  feet  of  heating  surface  may  be  obtained  in  a box  measuring  not  more  than  2 feetcubo. 

22791.  The  rules  for  finding  the  area  of  hot  water  pipes  for  any  sized  apartment  are  in 
all  respects  essentially  the  same  as  will  be  given  for  steam,  excepting  the  mean  tempera- 
ture of  the  pipes ; for  steam-pipes  200°  is  given  ; but  140°  to  150°  may  be  taken  as  that 
of  low  temperature  hot-water  pipes.  From  data  obtained  by  Hood,  Practical  Treatise, 
3rd  edit.,  1850,  it  appears  that  water  in  a pipe  of  4 inches  diameter  loses  -851  of  a degree 
of  heat  per  minute,  when  the  excess  of  its  temperature  over  that  of  the  surrounding  air 
is  125°;  and  also  that,  under  the  same  condition,  one  foot  of  such  a pipe  will  heat  222 
cubic  feet  of  air  one  degree  in  the  same  time  ; whence  he  deduces  the  following  rule  : — 
Multiply  125  by  the  difference  between  the  maximum  proposed  temperature  of  the  room 
and  that  of  the  external  air,  and  divide  this  product  by  the  difference  between  the  tem- 
perature of  the  pipes  and  that  proposed  for  the  room  ; then  the  quotient  is  to  be  multi- 
plied by  the  number  of  cubic  feet  of  air  to  be  warmed  per  minute  ; and  the  product. 
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divided  by  222,  will  give  the  number  of  Ret,  in  length  of  pipe  of  4 inches  diameter, 
required  to  produce  the  same  elFct;  this  length  is  to  be  multiplied  by  r33  or  by  2,  for 
equivalent  lengths  of  pipes  respectively  3 and  2 inches  in  diameter. 

2279;«.  In  making  arrangements  for  heating  by  ateam,  we  need  not  describe  the  con- 
struction of  the  furnace  and  boiler,  or  of  the  chimney,  matters  which  are  perhaps  better 
arranged  by  the  engineer  fitt  ng  up  the  apparatus,  as  steam  for  warming  purposes  is  rarely 
adopted  except  where  waste  steam  can  be  brought  into  use,  as  in  factories  and  workshops 
using  steam  power.  The  thicker  the  metal  of  the  pipes  the  better  for  greenhouses  and 
such  like  places  ; for  buildings,  the  thinner  the  better,  consistent  with  strength ; say  about 
^ths  of  an  inch  in  thickness.  Provision  must  be  made  for  the  expansion  of  pipes,  both 
for  steam  and  water,  of  about  one-eighth  of  an  inch  for  every  10  feet  of  length  The 
pipes  should  be  placed  near  the  floor,  and  as  close  as  possible  to  the  apertures  for  the 
admission  of  fresh  air.  The  pipes  should  be  laid  with  an  inclination  to  the  lioiler,  so  that 
condensed  water  from  the  steam  shall  be  returned  to  it;  and  they  should  be  carried  at 
once  to  the  highest  part  of  the  building  and  descend  to  the  lowest. 

2270w.  To  form  some  idea  of  the  r.  quisite  area  of  piping  for  any  desired  buildings,  the 
quantity  of  cubic  feet  of  air  required  per  minute  must  first  be  ascertained.  In  order  to 
ascertain  this,  attention  must  be  given  to  the  loss  of  heat  by  ventilation,  and  the  direct 
infiuence  of  cold  external  walls,  glass  windows,  &c.  From  the  first  cause  there  will 
be  a loss  of  heat  proportioned  to  the  quantity  of  the  air  withdrawn  per  minute : if 
4 cubic  fret  are  supplied  to  each  individual  per  minute,  then  “there  will  be  for 
each  individual  4 cubic  feet  of  air  conveying  off  a quantity  of  heat  equal  to  the  differ- 
ence between  the  heat  of  the  external  air  and  that  of  the  room.”  Thus,  if  the  heat  of  the 
room  be  70°  and  that  of  the  external  air  o0°,  then  the  withdrawal  of  4 cubic  feet  of  air  per 
minute  must  lead  off  a quantity  of  heat  equal  to  the  differeuces  betw^een  70°  and  50°,  or 
20°.  From  the  second  cause  there  will  also  be  a loss,  as  heat  is  transmitted  very  quickly 
through  filass  ; the  quantity  of  air  cooled  in  a given  time  being  simply  proportional  to  the 
surface  of  the  glass  exposed  to  the  external  air,  and,  consequently,  will  be  constant,  what- 
ever variation  of  temperature  may  take  place.  The  rule  given  by  Tredgold,  § 67,  is  as 
follows: — “If  the  ai-ea  of  the  surface  of  glass  be  multiplied  by  To,  the  product  will  be 
the  number  of  cubic  feet  of  air  per  minute  which  will  be  cooled  from  the  temperature  of 
the  room  to  that  of  the  external  air;”  and  to  this  loss  will  also  be  added  that  arising  from 
each  door  and  wdudow  (independently  of  occasionally  opening  and  shutting  the  former) ; 
this  was  calculated  by  the  same  author,  § 65,  to  be  equivalent  to  i 1 cubic  feet  per  minute, 
the  difference  of  temperature  between  the  internal  and  external  atmosphere  being  6U°. 

2279o.  From  a combination  of  these  circumstances,  assisted  by  various  experiments, 
Tredgold,  § 68,  deduced  the  following  rule  : — If  the  number  of  people  the  room  is  in- 
tended to  contain  be  multiplied  by  4 (or  the  quantity  of  air  allowed  per  minute),  and 
adtled  to  11  times  the  number  of  external  windows  and  doors  (as  11  cubic  feet  of  air  is 
parsed  through  each  per  minute  on  an  average),  added  to  1^  times  the  area  in  feet  of  the 
glass  exposed  to  the  external  air,  the  sum  obtained  will  be  the  quantit^q  in  cubic  feet,  to 
be  warmed  per  minute.  The  next  operation  is  to  find  the  area  or  surface  of  piping 
which  will  warm  this  quantity  of  air.  The  mean  temperature  of  a steam  pipe  at  the  ordi- 
nary pressure  is  200°.  The  temperature  of  the  air  supplying  ventilation  is  to  be  known 
at  the  extreme  case  of  cold,  which  for  the  day  may  be  taken  at  30°,  but  for  the  night  may 
be  assumed  in  this  country  at  zero  of  Fahrenheit’s  thermometer;  the  temperature  to  be 
maintained  at  the  same  season  of  co'd  is  also  to  be  settled.  Then,  Ti  edgold,  § 44,  gives  the 
following  rule : — Multiply  the  cubic  feet  per  minute  of  air  to  be  heated,  to  supply  the 
ventilation  and  loss  of  heat,  by  the  dilference  between  the  temperature  the  room  is  to  be 
kept  at  and  that  of  the  external  air,  in  degrees  of  the  thermometer,  and  divide  the  product 
by  2T  times  the  difference  between  200  and  the  temperature  of  the  room.  This  quotient 
will  give  the  quantity  of  surface  of  cast  iron  steam  pipe  that  will  be  sufficient  to  main- 
tain the  room  at  the  required  temperature.  According  to  Dr.  Arnott,  1 foot  of  super- 
ficies of  heating  surface  is  required  for  every  6 feet  of  glass  ; the  same  for  every  120  feet 
of  wall,  roof,  and  ceiling;  and  an  equivalent  quantity  for  every  6 cubic  feet  of  air  withr 
drawn  from  the  apartment  by  ventilation  per  minute.  (Tomlinson,  p.  124.) 

2279/1.  “The  Metropolitan  Building  Act,  1855,”  requires  that: — I.  The  floor  under 
every  oven  or  stove  used  for  the  purpose  of  trade  or  manufacture,  and  the  floor  around 
the  same  for  the  space  of  18  inches,  shall  be  formed  of  materials  of  an  incombustible  and 
non-conducting  nature ; II.  No  pipe  for  conveying  smoke,  heated  air,  steam,  or  hot  water, 
shall  be  fixed  against  any  building  on  the  face  next  to  any  street,  alley,  mews,  or  public 
way;  (III.  A pipe  for  conveying  hot  water,  or  steam,  at  low  pressures  is  now  re- 
quired to  be  kept  clear  of  combustible  materials)  ; IV..  No  pipe  for  conveying  hot  water 
shall  be  placed  nearer  than  three  inches  to  any  combustible  material ; and  V.  No  pipe  for 
conveying  smoke  or  other  products  of  combustion  shall  be  fixed  nearer  than  nine  inches 
to  any  combusLitle  material;  with  a penalty  not  exceeding  20/.  for  non-compliance. 
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Sect.  XV. 

SPECIFICATIONS. 

2280.  The  importance  of  an  accurate  specification  or  chscription  of  the  materials  and 
work  to  be  used  and  performed  in  the  execution  of  a building,  is  almost  as  great  as  the 
preparation  of  the  des'gns  for  it.  The  frequent  cost  of  works  above  the  estimated  sum, 
and  its’ freedom  from  extra  charges  on  winding  up  the  accounts,  will  mainly  depend  on  the 
clearness,  fulness,  and  accuracy  of  the  .'specifications  ; though  it  is  but  justice  to  the  archi- 
tect to  state  that  extras  arise  almost  as  often  from  the  caprice  or  change  of  mind  of  his 
employer  during  the  progress  of  the  work,  as  from  the  neglect  of  the  architect  in  makii  g 
the  specification.  A specification  should  be  made  in  all  cases  of  new  designs,  additiouM, 
or  alterations  in  reference  to  designs,  wliich,  the  more  they  are  given  in  working  drawings 
by  the  architect,  the  better  will  it  be  for  his  employer,  no  less  than  for  ihe  ariificer. 

2280a.  When  the  drawings  have  been  brought  to  suit  the  client’s  tastes  and  require- 
ments, the  architect  commences  to  prepare  the  working  plans  and  details.  Before  the.-e 
are  completed,  he  should  take  up  the  specification.  The  primary  and  main  object  of  a 
specification,  is  to  give,  fully  and  clearly,  all  necessary  and  useful  written  explanations  an  I 
instructions  for  the  execution  of  the  work,  and  for  making  due  preparations  for  tlie 
effecting  of  a definite  and  clear  bargain  between  the  person  or  company  accepting  an  ofier 
and  the  contractor  offering  to  execute  the  work. 

2280&.  To  write  out  a document  fulflling  all  these  requirements,  going  into  every 
particular,  and  describing  fully  and  accurately  each  different  part  of  the  work,  mu^t 
naturally  cause  a lengthened  document.  But  a line  must  be  drawn  betw’een  running  to 
an  almost  absurd  length  and  being  too  brief.  The  former  may  occasionally  cause  the 
specification  to  be  neglected,  as  the  builder  or  his  foreman  has  seldom  the  time  to  refer 
olten  to  it.  The  rotation  of  the  various  paragraphs  is  a very  important  matter.  It  was 
formerly,  and  is  now,  much  the  custom  to  divide  the  specification  into  trades,  which  s}'stem 
arose  when  separate  contracts  were  taken  for  different  branches  of  the  work;  but  at  tlie 
present  day,  when  it  is  so  general  to  have  one  contractor  to  carry  out  the  entire  work,  it 
has  occasionally  been  attempted  to  write  a specification  in  a form  more  quickly  and  easily 
consulted  than  by  referring  to  paragraphs  in  several  trades  respecting  some  one  single 
portion  of  the  work. 

2280c.  Some  architects  have  written  the  main  portion  of  the  details  on  the  drawings 
themselves,  detaching  them  from  the  general  and  sptcific  work,  particulars,  and  conditions  ; 
but  the  drawings  are  not  always  at  hand  to  refer  to,  if  there  be  no  “office”  on  the 
building. 

2280(7,  In  many  large  towms  it  has  become  the  custom  to  relegate  this  important  part 
of  an  architect’s  busine^s,  especially  of  a young  one,  to  a “ quantity  surveyor.”  By  doing 
this,  he  loses  that  grasp  of  construction  and  of  details  which  the  preparation  of  a speci- 
fication, as  of  quantities,  so  greatly  helps.  The  man  who  originally  draws  the  working 
plans  can  with  much  greater  facility  write  out  the  specification  for  the  execution  of  the 
t-ame  than  the  man  who,  so  to  say,  has  first  to  learn  his  lesson.  It  should  bear  the  im- 
press of  the  artistic  feelings  of  the  designer,  which  the  quantity  surveyor  can  never  give  it. 
Each  item  is  usually  taken  separately,  and  should  be  clearly  described ; simple  language 
should  be  usrd,  without  abbreviations;  all  such  words  as  proper,  properly,  sufficient, 
with  others,  should  be  avoided  ; involved  sentences,  bad  punctuation,  and  faulty  grammar 
should  rot  appear,  and  each  sentence  should  bear  but  one  meaning;  but,  regarding  the 
haste  with  which  specifications  have  to  be  drawn  up,  these  are  sometimes  unavoidab'e. 
Sketches  made  in  the  margin,  of  difficult  bits  of  construction,  as  well  as  of  ornamental 
details,  may  be  copiously  used,  especially  if  the  detail  drawing-s  are  not  fully  prepared. 

2280e.  Specifications  are  now  usually  lithographed,  which  saves  much  trouble  and  ri^k 
in  examining  each  copy  that  may  be  required. 

2280/.  It  is  adAusable  that  the  agreement  with  the  artificer  or  contractor  should  be 
drawn  up  by  the  client’s  solicitor,  who,  no  doubt,  will  seek  the  assistance  of  the  architect, 

2280.^,  It  is  impossible  to  frame  a set  of  directions  which  shall  be  applicable  in  all 
cases  of  buildings.  Something  like  a list  or  skeleton  of  the  component  parts  of  buildin<xs 
are  given  in  the  following  page><,  from  which  the  architect  may  select  such  as  are  suitable 
to  the  particular  case  whereon  he  may  he  t-ngaged.  This  i-s  not  carried  into  the  repairs 
and  alterations  of  houses,  because,  with  difference  of  application,  the  same  system  can  be 
carried  forward  in  such  cases  without  difficulty.  Chapter  III.,  Use  of  Materials,  or 
Practical  Building,  may  be  consulted  f<  r many  other  details. 

2280A,  The  following  pages  have  been  rewritten,  condensed,  and  added  to  as  necessary. 
A large  amount  of  information  as  to  the  manner  in  which  materials  are  used  and  put 
together  is  contained  therein.  There  are  several  books  on  the  subject,  one  of  which, 
Pewtner’s  Comprehensive  Specifier,  8vo,  1870,  should  be  on  the  student's  shelf. 
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2280/.  .\mong  tlie  Acts  of  Parliament,  &c..  to  which  the  attention  of  the  architect  and 
of  the  builder  lias  to  be  directed,  are  the  following.  Towns  and  several  other  places, 
and  the  London  p.rishes,  &c.,  have  their  own  local  Acts  and  bye-laws. 

Metropolitan  Building  Act,  1855,  18  & 19  Viet.,  c.  122.  Amendment,  1860,  23  & 24 
Viet.,  c.  52.  Amendment,  1869,  32  & 33  Viet.,  c.  82. 

IMetropolis  Management  Act,  1855,  c.  120.  Amendment,  1862. 

Metropolis  Management  and  Building  Acts  Amendment  Act,  1878,  41  & 42  Viet.,  c.  32. 
Amendment  Act,  1882,  45  Viet , c.  14. 

Metropolitan  Board  of  Works,  Bye-Laws,  after  1878. 

Public  Health  Act,  1875,  c.  55. 

Knight’s  Annotated  Model  Bye-Laws  cf  the  Local  Government  Board,  8vo.,  1883, 
is  useful. 

GENERALLY. 

22807i.  The  contractor  to  supply  all  requisites ; to  provide  all  materials,  new  and  of 
the  best  quality;  to  execute  and  complete  in  the  best  and  most  workmanlike  manner  all 
the  works  set  forth  in  the  specification  and  drawings,  to  the  satisfaction  of  the  architect ; 
to  give  notices  to,  and  pay  fees  and  charges  of  all  local  authorities  and  officers,  as  district 
surveyor,  paving  board,  for  hoarding,  water,  gas,  and  such  like  (the  rights  as  to  advertis- 
ing on  hoardings  to  be  reserved,  or  not  to  be  allowed  as  on  some  estates,  and  as  to  the 
"ravel  and  sand  that  may  be  found  on  the  site) ; to  provide  a watchman  ; to  insure  from 
fire  in  the  names  of  the  builder  and  the  client;  to  provide  and  maintain  on  the  site  an 
office  for  the  clerk  of  the  works,  furnished,  and  for  the  custody  of  the  drawings  and  papers  ; 
to  afford  access  for  the  architect,  his  representative,  clerk  of  the  works,  and  the  client,  to 
the  premises;  to  remove  all  dirt  and  rubbish  ; to  sweep  out  and  scour  all  floors,  and  clean 
all  glass,  and  to  deliver  up  the  building  and  premises  in  a satisfactory  state  at  the  con- 
clusion of  the  works,  or  at  a specified  time  (it  is  not  very  clear  when  a house  is  “com- 
pleted ”) ; as  to  the  use  and  possession  of  the  documents,  and  of  making  copies  ; to  keep  on 
the  building  a foreman  of  the  works  ; to  carry  on  the  works,  and  to  complete  the  same  ; as  to 
unfit  workmanship  and  materials,  and  works  not  in  accordance  with  the  directions;  as  to 
day  bills  ; all  disputes  to  be  settled  by  the  architect,  or  arbitrator  agreed  to  before  signing 
the  contract;  sum  to  be  allowed  for  contingent  works ; as  to  sureties,  time  of  payments, 
&c.  Besides  the  above,  it  would  be  well  to  refer  to  the  “ Heads  of  Conditions  of  Builders’ 
Contracts,”  sanctioned  by  the  Royal  Institute  of  British  Architects,  1882. 

EXCAVATOR. 

2281.  To  take  down  any  old  buildings  and  impediments  that  may  be  on  the  site  of  the 
new  works.  If  any  old  materials  are  to  be  used  again,  he  is  to  clean,  sort,  and 
stack  them  for  re-using  in  such  parts  of  the  premises  as  may  be  directed.  The 
rubbish,  as  well  from  these  as  from  any  superfluous  earth  that  may  come  out  of  the 
basement  and  foundations,  if  not  wanted  for  any  purposes,  he  is  to  cart  away,  either 
wholly,  or  to  such  part  of  the  premises  as  he  may  be  directed,  as  well  as  all 
rubbish  that  may  accumulate  in  executing  the  works.  To  reserve  any  clay  dug 
out,  and  to  thoroughly  burn  it  with  small  coal  into  ballast,  as  directed. 

To  strip  the  surface  soil  to  a certain  depth.  To  dig  out  for  basement  story  (where 
one  is  to  be),  for  the  foundations,  areas,  drains,  floors,  and  all  other  works  requisite. 
To  beat  dowm  to  a solid  consistence  the  ground  forming  the  beds  of  the  trenches 
for  receiving  the  foundations  and  walls,  and  after  they  are  in,  he  is  to  fill  in  and 
ram  down  the  ground  ; to  level,  and  to  do  such  other  I’ough  groundwork  as  may 
. be  necessary  for  forming  the  sectional  ground  lines  shown  upon  the  drawings. 
To  prepare  for  concrete  in  foundations.  To  cover  over  the  ground  under  paved 
or  tiled  floors  (except  where  the  tiles  are  laid  on  joists)  wdth  broken  bricks  well 
rammed  and  grouted  with  liquid  mortar.  This  layer  is  to  be  made  of  sufficient 
thickness  to  receive  6 inches  of  concrete,  which  is  to  be  properly  rammed  and 
covered  with  a layer  of  2 inches  of  fine  concrete,  finished  with  a level  surface.  In 
basements  no  earth  is  to  be  left  nearer  than  9 inches  to  any  floor  or  other  timbers, 
such  cavities  being  by  the  specification  to  be  filled  in  with  dry  lime  core.  If  water 
cannot  be  supplied  by  any  public  company,  a well  may  have  to  be  provided,  as  in 
next  section.  To  leave  the  ground  free  from  all  useless  soil  or  materials. 

Roadway  and  Paths.  Remove  the  top  soil  from  the  intended  lines  of  the  roads ; 
spread  over  the  site  a stratum  of  coarse  stone  ballast,  or  of  brick  rubbish,  12  inches 
deep;  cover  the  same  with  coarse  gravel,  spread,  beaten,  and  rolled  down  until 
hard  and  solid,  forming  the  width  with  a curve  to  each  side,  and  rising  . . . inches 
in  the  middle.  The  Paths  to  have  a stratum  of  coarf>e  stone  ballast  (or  burnt 
brick  ballast  where  such  is  to  be  obtained),  or  of  brick  rubbish,  4 inches  deep; 
cover  the  same  with  3 inches  of  fine  red  gravel,  well  beaten  down  and  rolled  over 
until  solid,  and  to  be  formed  to  a curve  rising  . . . inches  in  the  centre. 
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To  bale  out  or  pump  out  and  remove  all  soil  and  water  which  may  be  neces.sary  for 
laying  the  foundations,  whether  arising  from  spriiif^s,  drains,  cesspools,  rain,  or 
otherwise,  and  to  be  answerable  for  all  accidental  damage  that  may  occur  whilst 
the  foundations  and  walls  are  carrying  up;  as  also,  when  buildings  adjoin,  for  all 
damage  that  may  occur  to  neighbouring  buildings. 

BRICKLAYER. 

2282.  The  brickivorJc  is  to  be  executed  with  the  very  best  hard  well-burnt  grey  stocks 
(or  kiln-burnt  red  stock  bricks,  or  such  others  as  may  be  directed),  to  be  laid  in  flat 
joints,  and  so  that  every  four  courses  shall  not  exceed  ll^  inches  in  height. 

When  better  bricks  are  used  for  facing  external  walls,  they  are  to  be  specified  (as  best 
marie  stocks,  second  marie  stocks,  Suffolk  white  bricks,  as  the  case  may  be),  in 
which  case  it  must  be  specified  that  no  headers  of  the  facing  are  to  be  cut  off, 
except  where  absolutely  necessary  to  form  good  bond.  Fronts  so  faced  are  to  be 
either  carried  up  with  a neat  flat  parallel  ruled  joint,  or  to  be  afterwards  tuck-joint 
pointed  if  a finished  face  is  wanted,  though  the  latter  is  not  altogether  a sound 
practice.  In  old  work  the  joints  have  to  be  raked  out,  the  brickwork  washed, 
stained,  and  tuck-joint  pointed.  No  place  or  samile  bricks  to  be  allowed  in  any 
part  of  the  w^ork. 

The  mortar  is  to  be  compounded  of  well-burnt  stone  lime  and  sharp  clean  grit  or 
drift  sand  (if  the  work  be  of  importance),  to  be  ground  in  a pug-mill,  or  otherwise 
to  be  well  tempered  and  beaten  with  w'ooden  beaters,  and  to  be  in  the  proportion 
of  one  heaped  bushel  of  lime  to  two  of  sand.  (The  use  of  sea  sand  is  sometimes  to 
be  avoided;  and  road  scrapings,  unless  very  well  washed  and  screened.) 

When  the  earth  foundations  are  bad,  concrete  should  be  provided  ; it  is  to  be  formed 
in  the  proportion  of  six  parts  of  Thames  or  other  unscreened  clean  ballast,  and  one 
part  of  fresh-burnt  Dorking  (or  other)  stone  lime,  beaten  to  powder  on  the  premises, 
and  unslaked.  They  are  to  be  thoroughly  mixed  in  small  quantities  at  a time,  the 
lime  at  mixing  being  slaked  with  as  small  a quantity  of  water  as  possible.  The 
concrete,  after  mixing,  is  sometimes  stated  to  be  dropped  from  a stage,  but  this  is 
a bad  practice.  The  thickness  may  vary  from  4 feet  to  18  inches  in  height,  accord- 
ing to  the  quality  of  the  earth  or  soil,  and  the  width  about  six  inches  on  each  side 
wider  than  the  wall. 

Damp  course.  The  brick  or  stone  walls  and  partitions  to  be  covered  with  a continuous 
layer  of  asphalte  at  least  \ inch  thick,  poured  on  while  hot,  at  above  the  level  of 
the  outside  ground  as  finishe  i.  A continuous  layer  of  5 lb.  milled  lead  has  been 
used.  Taylor’s  patent  vitrified  stoneware,  of  1,  1^,  or  3 inches  thick.  A course 
of  Bangor  slates  in  cement  3 inches  lower  than  the  general  level  of  the  ground 
floor  (and  where  else  as  needed).  Seeyjar.  18866,  et  scq.  for  methods  of  obviating 
the  rise  of  damp. 

English  bond  is  preferred  by  many  to  Flemish  bond  ; for  good  work,  the  brickwork 
should  be  specified  to  be  flushed  up  at  every  course  with  mortar.  No  bats  to  be 
allowed  except  for  closures  ; and  for  sound  work  every  fourth  course  to  be  grouted 
with  liquid  mortar,  and  in  the  foundations  every  course,  or  at  least  every  second 
course.  The  walls,  chimneys,  their  shafts,  piers,  and  other  works,  to  be  carried  up  of 
the  height  and  thicknesses  and  in  the  manner  shown  and  figured  on  the  several 
plans  and  drawings,  together  with  all  brickwork  requisite  for  the  completion  of  the 
liouse.  When  the  work  is  within  a district  under  bye-laws  of  a local  board,  and 
not  required  to  be  of  special  solidity,  it  will  be  well  to  descr  be  that  the  thicknesses 
of  the  walls,  their  heights  above  the  roofs,  and  other  matters,  shall  be  conformable 
to  the  regulations. 

Work  to  appear  without  a stone  or  plaster  facing  requires  rubbed  and  gauged  arches 
for  all  the  external  openings  in  the  principal  fronts,  of  9 inches  in  depth  (or  more 
according  to  their  span),  accurately  cut,  and  set  closely  in  front,  in  back,  and  on 
their  sofites.  To  the  other  openings  the  arches  w'ill  be  plain  arches,  closely  set ; 
those  which  appear  externally  to  bo  tuck-pointed  on  their  outside  faces.  Over  all 
lintels,  in  external  walls,  should  be  provided  uncut  accurately  formed  arches. 

When  fascias  are  formed  of  brick,  their  projections  must  be  named ; also  all  cornices 
formed  by  arrangements  of  bricks ; but  a drawing  should,  for  the  latter,  appear 
on  the  drawing  or  specification. 

Any  moulded  bricks  are  to  be  carefully  made  in  accordance  with  the  detail  drawings, 
and  to  be  trimmed  up  before  they  are  placed  in  the  kiln.  They  are  to  be  made  a 
little  thicker  than  the  other  bricks,  so  that  the  beds  and  joints  maybe  rubbed  true 
before  they  are  laid ; they  are  to  be  set  in  fine  mortar,  and  (before  the  scaffolding 
is  struck),  they  are  to  be  rasped,  rubbed  Avith  gritstone,  and  the  arrises  to  be  made 
as  straight  and  true  as  stonework. 
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Work  into  the  exterior  and  interior  faces  of  the  walls  (if  required),  crosses,  diapers, 
zigzags,  or  other  patterns  ; and  form  bands,  string-courses,  &c.,  w’ith  white,  black, 
red,  or  other  bricks,  as  shown  on  the  elevations,  &c.  The  red  and  black  bricks  are 
to  be  laid  in  blue-black  or  other  mortar,  or  the  joints  to  be  raked  out  and  pointed 
with  the  same. 

Sliafts  of  chimneys  CAVVxed  up  above  the  roof,  out  of  the  common  way,  must  be  referred 
to  drawings;  otherwise  what  relates  to  them  and  their  flues  is  described  as 
follows: — Turn^yarget,  with  cow-dung  mortar  (or  point  the  inside  of  all  flues  witii 
a flat  mortar  joint),  and  core  the  chimney  flues,  and  finish  the  shafts  with  salient 
courses  6 inches  (or  more)  in  height,  with  double  'plaintile  creesing  thereto ; for 
each  flue  provide  and  fix  a large-sized  chimney-pot  (of  cement,  plain  or  moulded ; 
or  of  earthenware,  or  ornamented,  as  may  be  necessary) ; the  upper  courses  of  the 
shafts  above  the  creesing  to  be  laid  in  cement. 

Parapets  not  coped  with  stone  or  cement  are  finished  with  double  plaintile  creesing, 
and  a brick  on  edge  on  top,  or  as  shown  on  drawing,  all  laid  usually  in  cement. 

Where  weather  is  to  be  provided  against,  as  in  upper  courses  and  elsewhere,  the 
laying  in  cement  must  be  described. 

Turn  trimmers  of  f-inch  brickwork  to  all  the  fire-places  for  receiving  the  stone,  marble, 
or  cement  hearths  throughout  the  building,  except  where,  as  in  basement  stories, 
the  hearths  lie  on  fender  walls,  or  on  the  ground. 

Tile-arch  or  flat.  The  ....  to  be  covered  with  3 courses  of  plain  tiles  set  in  cement, 
the  tiles  to  be  first  well  soaked  in  water. 

To  basement  stories,  or  the  story  on  the  ground,  describe  piers  9 inches  square,  or 
continued  walls  9 inches  thick,  to  carry  the  sleepers  whereon  the  joists  of  the  floor 
or  the  courses  of  paving  stone  are  to  lie  ; the  cavity,  if  small,  may  be  filled  with 
dry  lime  core.  Where  the  piers  or  sleeper  walls  are  high,  arches  may  be  formed 
in  them  to  save  material,  atford  ventilation,  and  sometimes  access  throughout  the 
cavity. 

Build  ^ sleeper  walls  to  support  ends  of  joists  of  wood  floors  abutting  upon  paved 
floors  (as  in  a church),  and  build  half-brick  honeycomb  sleeper  walls  on  one  brick 
footings,  4 feet  apart,  under  all  wood  floors  in  basement,  or  on  ground  floor  when 
not  excavated  under. 

Foundations  to  piers  of  arches  to  be  in  brickwork  of  hard  bricks,  laid  in  cement,  and 
every  course  throughout  the  foundations  to  be  well  grouted. 

Bed  in  mortar  all  bond  timber,  wall  or  other  plates,  lintels,  wood,  bricks,  templets, 
stone,  or  other  work  connected  with  the  brickwork.  All  the  door  and  witidow 
frames  to  be  bedded  in  and  pointed  round  with  lime  and  hair  mortar.  Execute  all 
requisite  beam-filling. 

When  the  building  \s  faced  with  stone,  or  stone  dressings  are  used ; to  the  above  must 
be  added— back  up  and  fill  in  solid  with  brickwork  all  the  stone  work  and  iron 
work  that  is  set  in  the  brickwork. 

If  cornices,  fascias,  &c.,  are  to  be  run  in  cement,  then — prepare  and  fix  brickwork, 
and  such  Yorkshire  stone  slabs  and  other  materials  as  may  be  necessary  for  forming 
the  several  external  cornices,  pediments,  strings,  sills,  and  dressings  to  openings, 
in  cement,  as  shown  on  the  drawings. 

Brick  relieving  arches  that  are  visible  are  to  be  formed  of  three  or  four  courses  of 
red  and  black  bricks,  alternately  or  ot  herwiso,  as  shown,  or  as  the  architect  may 
hereafter  direct. 

Tarn  arches  in  cement  (if  wanted)  for  carrying  entrance  or  other  steps.  Provide  all 
brickwork  for  stone  steps.  Turn  vaults  of  brickwork  (describe  thickness  not  less 
than  9 inches)  over  the  intended  cellars,  according  to  the  drawing,  and  properly  cut 
all  groins  of  intersections.  The  spandrels  to  be  filled  in  with  solid  brickwork  up 
to  the  level  of  the  internal  crown  of  the  vaulting,  the  whole  grouted  Avith  liquid 
mortar.  When  the  centering  is  struck,  the  sofites  of  the  A'aullings  are  to  be  evenly 
and  fairly  cleaned  off,  and  pointel. 

Construct  round  the  building  a dry  drain  or  area,  as  shown  on  the  drawings.  Ram 
down  the  ground  at  the  back  thereof  as  the  work  is  carried  up,  and  provide  such 
stays  of  stone,  slate,  or  iron  wall-ties  from  the  building  as  may  be  necessary  for 
maintaining  such  Avail  in  its  place,  and  as  will  not  carry  the  damp  to  the  main 
wall.  Such  dry  area  may  probably  require  a drain  if  the  soil  be  very  Avet. 

Drains  for  draining  the  premises,  as  shoAvn  on  the  plans,  to  fall  into  a main  sewer 
(or  cesspool,  as  the  case  may  be).  The  principal  drains  to  be  1 ft.  6 in.  and  the 
smaller  ones  12  inch,  9 inch,  6 inch,  and  4 inch  diameter,  as  the  case  may  require, 
of  glazed  socketed  stoneware  pipes  (state  manufacturer),  at  depths  as  figured  on 
the  drawings.  Provide  all  necessary  bends  and  junctions.  All  the  pipes  to  be 
jointed  in  cement,  and  the  drains  to  be  proper'y  connected  Avith  the  sewir  (or  cess- 
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pool).  Tlie  outlet  of  the  drain  to  have  a galvanized  iron  flap  to  shut  flush  all 
round.  Tlie  feet  of  all  rain-water  and  waste  pipes  are  to  be  brought  on  to  the 
grating  of  a syphon  trap,  or  to  be  let  into  it  under  the  grating,  as  may  be  pre- 
ferred. The  lead  soil  pipes  to  be  carried  into  syphon  traps.  The  main  drain  is 
to  be  ventilated  by  a lead  pipe  carried  up  above  the  roof  and  clear  of  all  openings 
and  chimneys  ; and  at  or  near  its  connection  with  the  sewer  should  be  placed  an 
“interceptor”  with  a syphon  trap,  for  the  purpose  of  readily  cleaning  out  the 
drain  if  it  become  stopped.  This  chamber  should  also  be  ventilated  in  like 
manner  to  prevent  foul  air  ascending  the  drain. 

When  foul  water  cannot  be  carried  olf  to  a public  sewer  or  running  stream,  cesspools 
must  be  formed  to  receive  it,  and  made  watei’-tight,  if  possible,  or  allow  absorp- 
tion by  the  earth.  They  are  usually  3 feet  6 inches  to  5 feet  clear  diameter,  circular 
on  plan,  steened  round  with  hard  stocks,  in  half  a brick  thick,  laid  dry  till  within 
18  inches  of  the  top,  which  18  inches  are  to  be  laid  in  cement.  If  the  water- 
closets  be  far  apart,  each  may  have  to  he  provided  with  a cesspool,  and  apart  from 
the  building.  Cesspools  (and  also  wells)  are  sometimes  domed  over  in  brickwork, 
with,  an  eye  or  opening  for  access,  a circular  stone  being  let  into  the  opening  ; or 
the  cesspool  be  covered  with  a Yorkshire  stone  slab. 

Wells^  when  above  6 feet  in  diameter,  to  be  steened  one  brick  thick ; and  when  less 
than  that  size,  in  half  a brick,  laid  flat,  paved  at  bottom,  and  domed  over  as  for 
cesspool. 

Execute  walls  for  carrying  the  columns  of  the  portico  as  shown  on  the  plan,  all  piers 
or  cross  walls  for  receiving  the  landings,  and  brickwork  to  receive  the  steps.  If 
the  portico  be  of  large  size,  describe  discharging  arches  above  the  architrave  in  the 
space  over  intercolumniations,  and  from  return  columns  to  main  walls.  If  a pedi- 
ment, back  up  with  brickwork  behind  the  tympanum  of  pediment  quite  up  to  under 
side  of  raking  cornice  of  pediment. 

For  fence  walls,  their  footings,  thicknf'sses,  heights,  and  lengths  are  to  be  mentioned, 
and  of  what  bricks  they  are  to  be  built.  If  anything  peculiar  in  their  form,  a 
drawing  should  be  given. 

Bricknogged  partitions  are  described  as  with  grey  stock  bricks  laid  flat  in  mortar,  or 
on  edge,  filled  in  between  the  timber  quarters,  ties,  &c. 

Strong  closets  for  plate  or  deeds  require  a description  of  thickness  of  walls  and  brick 
arch  and  paving,  and  usually  4-inch  walls  brought  up  for  holding  the  requisite 
number  of  slate  or  iron  shelves.  A fireproof  (and  perhaps  burglar-proof)  door 
may  be  required  to  be  named ; and  if  the  room  be  large,  an  inner  grated  door  may 
be  useful.  The  same  of  wine  cellars,  whose  bin  walls  and  slate  shelving  must  be 
mentioned. 

When  the  building  is  to  be  heated  with  hot  air  or  hot  water,  then; — build  furnace 
room  where  shown  on  plan,  with  flues  as  necessary ; or,  build  channels  for  hot  water 
pipes  under  floors;  the  channels  to  be  2 feet  high  by  12  inches  wide  in  the  clear, 
resting  upon  3 inches  of  concrete  and  a double  course  of  Bangor  duchess  slates  to 
form  channel  floors  ; the  sides  to  be  half  a brick  thick  in  mortar. 

Paving  with  bricks  is  described  to  be  either  of  stocks,  paving  bricks,  nrnlm  paviors, 
or  clinkers,  which  may  be  laid  flat,  or  on  edge,  in  sand,  mortar,  or  cement,  and 
either  straight-coursed  or  herring-bone.  Paving  with  tiles  is  usually  in  mortar ; 
the  tiles  either  6,  8,  10  or  12  inches  square. 

All  splays,  ramps,  and  chases  to  be  cut  where  wanted  ; the  tw'o  former  to  be  rubbed 
where  necessary,  and  the  latter  to  be  pargetted. 

Brick  ovens  (one  10  feet  wide  and  8 feet  6 inches  deep  will  bake  twelve  bushels  of 
bread,  and  one  8 feet  wide  and  7 feet  deep  will  bake  eight  bushels,  and  so  in  pro- 
portion) are  to  be  constructed  with  Welsh  lumps  or  fire-bricks  for  fire-place, 
domed  over,  and  hooped  with  iron  hoops.  The  bricklayer  is  to  provide  the  bars, 
plate  door,  bar  to  the  archway  of  door,  and  other  ironwork,  and  to  carry  up  a 
proper  fine  from  the  fire.  This  is  often  a separate  trade. 

An  Iron  oven,  capable  of  baking  two  bushels  of  bread,  to  be  set  in  proper  brickwork. 

Coppers  and  stewing  stoves  to  be  set  neatly  in  brickwork,  the  latter  in  gauged  brick- 
work with  tile  top,  and  flues  carried  up  therefrom.  Set  the  kitchen  range  (or 
kitchener)  according  to  its  requirements  ; and  set  all  fire-grates  at  back  and  sides 
well  backed  up  with  brickwork  in  cement,  and  cemented  at  top  to  prevent  soot 
getting  down  behind  the  grate. 

Columns  to  porticoes,  or  fronts,  which  are  to  be  coated  with  cement  must  be  described 
of  such  diameters  as  the  drawings  require,  with  entablature,  &c.,  as  the  case  may 
be,  carried  up  in  cement. 

Y or  stables,  besides  what  may  be  applicable  from  the  foregoing  directions,  two  air- 
flues  are  to  be  constructed  to  each  stall  and  loose  box,  9 inches  square,  and  carried 
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lip  over  the  racks  within  the  thickness  of  the  brickwork,  communicating  at  their 
tops  with  the  external  air,  nnd  secured  from  the  penetration  of  the  rain. 

J)in}g-pit  walls,  -w'hose  dimensions  depend  on  the  size  of  the  stables. 

J)ifsi-hin,  to  cordain  30  feet  cube,  to  be  of  half-brick  walls  in  cement.  The  deal  top, 
and  cover  hinged  with  water  joint  hinges,  and  with  deal  slides  and  door  in  front,  to 
be  provided  by  the  carpenter.  Morrell's  patent  cinder-sifting  ash  closet  is  adapted 
for  outdoor  use.  The  “ galvanized  iron  dust-bin,”  which  is  easily  emptied  in 
towns,  has  much  superseded  the  old  wood  or  brick  dust-bin,  with  its  inconveni- 
ences and  smells.  They  are  non-absorbent,  and  are  made  24  x 20  x 37  ins.  high 
at  back;  also  27  x 20  x 37  ; also  30  x 20  x 37  (see  also  1907c?).  Dust  shoots  are 
now  used  in  artizans’  dwellings;  one  is  so  arranged  as  to  prevent  the  passage  of 
foul  odours  into  the  building  should  the  hopper  be  left  open. 

In  cases  of  the  bricklayer  is  to  cut  all  holes  for  the  needles,  and  to 

remove  the  old  work,  and  to  bring  up  the  new  work  in  cement  on  concrete 
foundation;  and,  finally,  drive  in  the  cast  iron  wedges  for  bringing  the  wtrk  to 
a solid  bearing. 

Hollow  walls  for  exposed  situations.  The  external  w'alls  above  the  plinth  line  are  tobe 
built  with  a hollow  cavity  in  the  middle  of  about  3 inches,  having  courses  of 
bonders  or  through  stones  not  more  than  1 foot  apart  in  height,  and  of  various 
widths,  but  never  more  than  2 feet  6 inches  apart.  At  the  level  of  the  top  of  the 
plinth  a course  of  thick  slates,  or  of  thin  stones,  is  to  be  worked  on  the  walls, 
closely  bedded  in  strong  mortar  under  all  the  voids  or  flues  thus  formed,  and  a 
small  aperture,  9 inches  by  6 inches,  is  to  be  made  for  the  admission  of  air  and  to 
carry  off  any  moisture  that  may  have  been  driven  in ; openings  into  each  of  these 
flues  are  also  to  be  made  between  the  joists  of  the  different  floors  for  ventilation. 
Other  methods  of  building  such  walls  are  described  in  Chap.  III.  Sect.  II.  par. 
1902c. 

Fence  wall.  The  site  to  be  enf*losed  with  a 9-inch  stock  brick  wall  in  mortar, 
. . . feet  high,  with  brick  footings  6 inches  high,  with  two  2i-inch  set-offs  on  each 
side  of  the  wall,  laid  on  concrete  9 inches  thick  and  2 feet  6 inches  wide,  the 
bottom  being  . . . feet  below  the  finished  surface  of  the  ground.  The  top  of  the 
wall  to  have  a brick  on  edge  course  set  in  cement  (or  other  coping,  to  be  specified). 

rrovide  (according  to  the  extent  of  the  job)  a certain  number  of  rods  of  brickwork, 
at  a price  per  rod  to  be  named,  for  such  extras  as  may  be  ordered  in  writing  by 
the  architect ; if  the  whole  or  any  part  thereof  should  not  be  wanted,  a deduction 
to  be  made  on  settling  the  accounts. 

To  build  all  the  walls  level,  except  otherwise  directed  ; to  be  answerable  for  all 
damage  that  may  occur  to  the  work,  by  settlements  or  otherwise,  during  the  time 
of  building,  and  to  rebuild  or  make  good  the  .same  as  the  architect  shall  direct ; 
and,  further,  to  perform  all  such  jobbing  work  as  shall  be  necessary  for  completely 
finishing  the  building.  To  provide  good  sound  and  sufficient  scafolding.  which  is 
toreniain  for,  and  to  be  altered  for,  the  mason,  carpenter,  and  otlier  artificers  that 
may  have  occasion  to  use  the  same.  A specimen  brick  of  every  description, 
splayed,  moulded,  for  facing,  &c.,  to  be  submitted  to  the  architect  for  his  approval 
before  the  commencement  of  the  work. 


2283,  To  cover  the  with  the  best  strong  Westmoreland,  best  Bangor,  Tavistock, 
or  other  slate  and  size  to  be  named,  each  securely  fixed  with  two  best  strong  copper 
nails.  To  be  properly  bonded,  especially  at  the  eaves  and  heading  courses,  with 
slates  cut  to  keep  the  bond  uniform;  the  bands  and  diapers  to  bo  formed  of  Car- 
narvon or  Westmoreland  green,  or  other  coloured  slates;  or  courses  to  be  laid  of 
slat'^s  cut  to  a notched  pattern.  No  Slates  to  be  laid  lengthwise.  A little  latitude 
may  be  allow'ed  as  to  the  exact  size  of  the  slate  to  be  used.  By  specifying  sizes, 
other  than  Countesses  and  Duchesses,  there  would  frequently  be  less  delay  and  less 
expense  in  covering. 

If  roofs  are  covered  with  tiles,  either  pan  or  jAain,  the  description  for  the  former 
will  be  either  laid  dry,  or  bedded  in  lime  or  hair,  or  pointed  outside  or  inside,  or 
on  both  sides  ; or  if  glazed  pantiling,  to  be  so  described,  laid  to  a 10-inch  gauge  on 
stout  fir  laths,  with  hip,  ridge,  and  valley  tiles,  filleting,  cutting  to  splays,  beam 
filling,  painted  T nails,  hip  hooks,  &c.  Plain  tiling  is  described  to  be  of  good 
sound  tiles,  laid  to  a close  gauge  on  heart  of  oak  double  laths,  combined  with 
ornamental  tiles,  to  form  patterns,  as  showm ; every  tile  to  be  pegged  with  a good 
English-oak  peg.  and  laid  in  mortar  to  a 3-inch  lap.  The  hip  and  ridge  tiles  to  be 
set  in  cement,  with  T nails  dipped  in  melted  hot  pitch,  in  all  the  joints.  Strong, 
similarly  pitched,  wrought  iron  hip  hooks.  Filletings  of  cement,  with  strong  cast 
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iron  nails  for  forming  a key  driven  into  tlie  walls  or  other  brickwork  at  intervals 
close  enough  to  secure  the  same.  Cover  the  ridges  with  socketed  roll  StaflTord- 
ehire  ridge  tiles  set  in  cement;  the  tiles  to  be  grooved  for  cresting  (if  any).  Cover 
the  hiigs  with  proper  lapping  hip  tiles  or  rolled  hip  tiles.  Provide  ornamental  tile 
cresting  (if  any),  and  fix  same  on  ridges  where  shown  on  elevations. 

Fillits  {p\\\QV  than  lead  flashing)  against  the  brickwork,  where  requisite,  of  gauged 
stuff  or  cement,  formed  on  nails  driven  at  intervals  to  form  a hold.  Fillets  of 
brick  or  stone  may  be  built  up  with  the  wall,  level  or  raking;  and  if  thej'  should 
be  preferred,  they  must  be  described  in  the  bricklayer  s or  mason’s  works. 

If  the  slating  be  required  to  be' rendered  air-tight,  it  must  be  described  to  be  pointed 
on  the  inside  with  lime  and  hair  mortar ; but  this  pointing,  from  the  expansion 
and  contraction  arising  from  heat  and  cold,  may  soon  fall  out.  The  slater  to  be 
answerable  for  twelve  months  for  his  Avork. 

All  the  slating  is  to  be  rendered  up  perfect  on  completing  the  building,  and  all  job- 
bing work  to  be  performed  that  may  become  necessary  as  the  work  is  carried  on. 
Provide  slates  to  form  damp-proof  course  in  walls ; and  for  the  bottoms  of  hot  Avater 
pipe  channels  (if  any). 

Slate  slabs  are  now  much  used  for  sinks,  cisterns,  steps,  skirtings,  sills,  covering  to 
bay  windows,  mouldings,  doorsteps,  linings,  chimney-pieces,  trusses,  laA'atories, 
nosing  to  steps,  &c. ; they  must  be  described. 

MASON. 

2284.  The  stone  to  be  used  in  a building  generally  depends  of  course  on  the  place  where 
it  is  to  be  built,  unless,  without  regard  to  expense,  the  employer  determines  on 
the  use  of  any  particular  sort.  Chap.  II.  Section  IT.  furnishes  the  means  of  describ- 
ing the  best  of  its  sort.  In  London,  Portland  stone  is  most  used.  Granite  or 

other  hard  stone  is  used  Avhere  great  strains  and  pressures  occur,  or  where  use  and 
Avear,  and  the  action  of  the  weather,  indicate  its  employment. 

Having  described  the  sort  of  stone  selected  to  be  of  the  best  quality,  free  from  all 
A’ents,  shakes,  &c.,  the  next  direction  is,  that  it  shall  be  throughout  lai  l in  thedirec- 
tion  of  its  natural  bed  in  the  quarry ; and  if  the  whole  building  is  of  stone,  many 
^ of  the  following  particulars  will  be  unnecessary.  Where  the  building  is  only 

faced  with  stone,  then  the  . . . fronts  (describing  them)  are  to  be  faced  with 
Portland  (or  other)  stone,  ash  hiring  in  courses  to  fall  in  with  the  courses  of  bi  ick- 
^ Avork  ; the  stretchers  of  such  ashlaring  being  4^  inches  deep  and  the  headers 

.■  9 inches,  with  bond  stones  running  through  the  Avhole  thickness  of  the  Avail  in  the 

; proportion  of  of  the  face,  to  be  introduced  where  the  piers  allow.  No  quoins 

to  shoAv  a thickness  of  less  than  12  inches.  The  whole  to  be  cramped  Avith  gun- 
i-  metal  cramps,  the  mason  finding  the  same  and  properly  running  them  Avith  lead. 

Where  the  building  is  of  brick  with  stone  dressings,  then — To  proA'ide  and  set  a 
^ Portland  stone  (or  other  stone  or  granite)  plinth  all  round  ('ir  part,  as  the  case 

may  be)  the  building,  . . . feet  . . . inches  high  and  8|  thick,  in  stones  not  less 
* than  3 feet  in  length,  the  A’ertical  joints  to  be  cramped  Avith  T cramps  not  less 

than  12  inches  long.  Describe  whether  joints  are  to  be  close  or  channelled,  and 
Avhether  ashlar  is  to  be  rusticked  (rockworked).  To  provide  and  fix  at  the  angles 
of  the  building,  as  shown  upon  the  drawings,  solid  quoins  of  Port'and  (or  other) 
stone  [describe  whether  close,  chamfered,  or  channelled  joints,  and  whether 
rusticked]  of  the  length  and  height  shown. 

i Kentish  Rag.  The  Kentish  rag  to  be  of  the  best  quality,  from  the  quarries  at 
V Boughton,  sound  and  free  from  hassock,  laid  in  random  courses,  galleted  and 

\ pointed  with  dark  mortar.  A sufficient  number  of  bond  stones  to  be  built  in, 

one  through  stone  (at  least)  to  each  yard  superficial, 
r Bath  Stone.  To  be  the  best  Bath  stone  from  Sumsion’s,  Pictor’s,  or  Eandall  and 
?■  Saunders’s  Combe  Down  quarries  (no  Farleigh  Down  stone  to  be  used),  to  be  laid 

on  its  natural  bed  in  all  cases,  and  cleaned  off  Avhen  set.  All  plinths,  bases,  and 
other  AVork  for  a height  of  4 feet  aboA'c  the  ground  level  to  be  of  Box  Ground 
stone. 

Random  walling  of  local  stone.  The  stone  for  the  Avails  generally  is  to  bo  brought 
from  . . . (state  the  quarry),  that  for  the  foundations  (unless  brickwork  is  used 
for  them)  to  be  of  large  size  ; all  those  in  the  visible  sur.'ace  of  the  walls  are  lo 
be  carefully  hammered,  seabbled,  or  sawn  (as  the  quality  of  the  stone  and  nature 
of  the  work  may  require).  All  stone  used  in  the  main  Avails  of  the  building  to  bo 
of  good  scantling,  and  no  A''ery  thin  stone  will  be  allowed  in  any  part. 

Walls  with  concrete  cores.  The  external  face  to  be  built  up  in  courses  of  hammered, 
seabbled,  or  saAvn  stone.  The  internal  face  to  be  built  up  in  sawn  (or  other)  ashlars, 
or  in  rough  brickAvork,  in  English  bond,  or  rubble  if  it  is  to  be  plastered.  The 
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body  of  the  walls  to  be  filled  in  with  strong  concrete,  composed  of  1 part  of 
ground  stone  lime  and  o parts  of  clean  sharp  gravel,  filling  in  interstices.  At 
every  2 feet  6 inches  in  height  a double  course  of  bricks  is  to  be  set  in  mortar, 
and'at  every  8 feet  6 inches  in  height  a bonding  through  stone,  from  10  inches  to 
1 foot  3 inches  deep,  is  to  be  fixed.  Small  stone  chippings  may  be  mixed  with  the 
gravel  forming  the  concrete. 

Regularity  in  the  quoin  atones  is  not  desired,  but  they  may  be  worked  and  set  in  any 
:^easonable  scantling  so  as  best  to  bond  in,  and  harmonise  with,  the  intermediate 
rubble.  The  upper  beds  of  the  stones  to  be  laid  with  a slight  inclination  outwards, 
and  as  close  as  their  nature  will  allow.  Every  precaution  is  to  be  taken  to  avoid 
risk  of  the  settling  of  the  work  from  imperfect  beds  and  open  joints.  The  work 
is  to  be  carried  up  regularly  all  round  the  building.  In  the  case  of  a church  with 
a tower,  the  walls  of  the  latter  are  to  be  specified  to  be  built  up  very  slowly  and 
wdthout  bring  bonded  into  those  of  the  church,  but  are  to  have  slip  joints  or  chases 
worked  in  them  for  forming  the  connection  ; this  is  in  all  cases  to  be  so  free  as  to 
allow  for  the  settlement  of  the  masonry  without  injury  to  the  work  in  the  church 
walls ; with  this  exception,  no  part  of  any  wall  is  at  any  time  to  be  raised  more 
than  three  feet  higher  than  another,  during  the  progress  of  the  works. 

The  w'alls  of  the  towtr  of  a church  are  to  built  quite  solid,  and  invcted  arches  are 
to  be  turned  under  all  the  large  apertures  therein.  All  flat  headed  apertures  ai-e 
to  be  covered  with  Y'ork  (or  other)  lintels,  of  thickness  proportionate  to  the  width 
of  the  opening. 

A cornice  and  blocking  course,  scantling  ...  by  ...  , moulded,  to  be  provided 
according  to  the  drawings,  the  bed  to  be  such  that  the  weight  of  each  block  of 
stone  in  the  projecting  part  shall  not  be  equal  to  that  on  the  bed  by  one-fourth  of 
its  cubic  contents.  The  same  to  be  executed  according  to  the  drawings ; to  have 
proper  sunk  water  joints,  and  to  be  channelled  and  plugged  with  lead  at  all  the  joints. 

String-courses  to  be  . . . inches  by  . . . inches,  throated  and  bevelled  on  the  upper 
face,  and  the  joints  plugged  with  lead. 

Blocking  course,  as  shown  on  the  drawings,  . . . inches  high,  . . . thick  on  the  bed, 
and  ...  on  the  top,  plugged  with  lead  at  all  the  joints,  with  solid  block  at  the 
quoins,  returned  at  least  24  inches. 

The  quoins,  jambs,  string-courses,  hoodmoulds,  buttress  weatherings,  copings,  and 
dressings  generally,  to  be  strictly  worked  according  to  detail  drawings,  and  to  be 
dragged,  chopped,  tooled,  or  rubbed  (according  to  the  quality  of  the  stone)  so  as 
to  be  truly  w'orked  in  every  particular. 

All  the  tracery  and  mouldings  to  be  set  out  full  size,  and  cut  and  set  to  the  right 
jointing,  as  approved  by  the  architect  or  the  clerk  of  the  works. 

Fcbce  the  walls  of  . . . with  Mintonls  glazed  (or  other)  tiles,  value  . . . per  yard 
superficial,  to  be  secured  with  cramps  of  stout  copper  wire  inserted  in  holes  in 
edges  of  the  tiles. 

All  the  paving  tiles  to  be  of  the  best  quality,  free  from  blemishes;  to  be  set  in 
Roman  cement,  and  to  have  all  cement  removed  from  their  face  after  the  work  is 
finished  ; the  edges  of  the  tiles  to  be  rubbed,  where  necessary,  to  ensure  neatness, 
and  care  is  to  be  taken  that  the  tiles  are  not  injured  by  the  workmen  after  they 
are  laid. 

The  base  motddings  of  the  tower,  jambs,  and  arches  of  the  windows  and  doors 
throughout  the  building,  and  whatsoever  parts  are  tinted  . . . upon  the  elevations, 
ai*e  to  be  of  tooled  or  dragged  masonry. 

The  plinths,  eaves,  string  courses,  and  the  labels  over  the  windows  and  doors,  are  to 
be  of  Ketton  (or  other  suitable)  stone,  finished  with  a dragged  or  tooled  face. 

The  coping  of  the  gables  to  be  of  Bramley  Fall  (or  other  stone  that  is  not  porous), 
worked  as  shown,  and  the  apices  of  the  (here  enumerate  which)  gables  to  be 
surmounted  by  crosses  worked  in  Ketton  or  other  stone,  according  to  drawing,  set 
with  copper  dowels. 

Balustrades  to  be  provided  of  the  heights  and  sizes  shown  on  the  drawings.  The 
balusters  to  be  wrought  out  of  one  stone,  allowing  at  least  one  inch  of  joggle  at  their 
ends  info  the  plinth  and  impost.  All  the  vertical  joints  to  be  well  plugged  with 
lead;  the  imposts  to  be  cramped  with  cast  iron  (or  bell  metal),  and  the  -whole  to 
be  securdy  fixed.  The  half  balusters  to  be  worked  out  of  the  same  block  of 
stone  as  their  adjoining  pedestal. 

Columns  and  pilasters,  with  their  pedestals,  capitals,  bases,  plinths,  &c.,  and  en- 
tablature, to  be  fixed  as  shown  on  the  drawings.  The  columns  and  pilasters  to  be 
monoliths,  or  not  to  be  in  courses  of  more  than  . . . blocks  of  stone.  The  architraves 
to  be  joggled  from  those  resting  on  the  columns  or  pilasters  themselves,  and  these 
as  well  as  the  frieze  and  cornice  to  break  joint  over  the  architrave.  The  archi- 
traves, if  blocks  of  stone  can  be  supplied  lai’ge  enough,  to  be  in  one  block  from 
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centre  to  centre  of  column,  with  return  architraves  in  like  manner.  The  whole  of 
the  entablature  (as  well  «s  the  pediment,  if  any)  to  be  executed  with  all  requisite 
joggles  and  cramps  (and  if  a pediment,  the  ape*x  to  be  in  ones^one).  The  pilasters 
(if  any)  to  be  bonded  not  less  than  . . . inches  into  the  wall,  against  which  they 
are  placed  in  every  other  course.  The  sofites  of  the  portico  to  be,  as  shown  on 
the  plan  and  sections,  formed  into  panels  and  ornamented.  Provide  and  let  into 
the  top  of  the  arcliiti-ave  good  and  sufficient  chain  bars,  with  stubs  on  the  other 
side  for  letting  into  every  stone  composing  the  architrave. 

The  caps  and  bases  to  piers  to  bo  in  large  stones.  The  cups  and  bases  to  dwarf 
shafts  (if  any),  and  the  corbels  under  wall  pieces  or  other  roof  timbers,  to  be  well 
pinned  into  walls,  and  sunk  and  dowelled  to  receive  shafts  or  timbers. 

If  a portico  is  shown,  to  provide  and  fix  of  solid  . . . stone  . . . steps  round  the 
portico,  scantling  ...  by  ...  , properly  back-jointed  and  worked  all  over ; and 
i within  the  portico  to  provide  and  fix  a complete  landing  of  stone,  at  least  4 inches 
thick  (or  less,  if  a small  portico),  in  slabs,  as  shown.  The  joints  of  the  steps  and 
landings  are  to  be  joggled  and  run  with  lead.  If  the  portico  be  very  large,  it  is 
not  necessary  to  make  the  frieze  solid,  but  concealed  arches  should  be  turned  in 
the  space  from  column  to  column  to  support  the  superincumbent  weight  of  the 
cornice  and  pediment.  If  the  columns  are  fluted,  it  must  be  mentioned.  When 
a pediment,  the  tympanum  may  be  described  to  be  faced  wirh  as-hlaring. 

To  construct  and  fix  dressings  and  sills  to  the  external  windows  and  doors,  as  shown 
on  the  draw’ings,  with  all  such  throated,  sunk,  moulded,  carved,  rebated,  and  other 
work  as  may  be  necessary. 

To  describe  sills  generally  : — 

Sills  to  . . . windows  of  . . . stone,  9|  by  6 inches.  To  . . . windows  moulded 
and  of  . . . stone,  14  by  8 inches.  To  . . . windows  of  Aberleen  granite, 
finely  tooled,  14  by  9 inches.  To  . . . window's  of  . . . stone,  9 by  5 inches. 
All  sills  are  to  be  properly  sunk,  weathered,  and  throated,  and  at  each  end 
to  be  4 inches  longer  than  the  opening. 

The  tower  and  spire  to  be  carefully  carried  out  in  accordance  with  detailed  drawings. 
The  spiie  to  spring  from  squinch  arches  or  from  the  solid  broaches  (or  as  the 
case  may  be),  and  gradually  reduced  towards  the  top,  each  stone  to  be  wrought  and 
cut  to  its  through  bed  and  inclination  of  its  plan^,  the  parts  (as  shown)  to  be  in 
solid  ashlar  and  carefully  tai.ed  and  bonded.  The  bands,  mouldings,  cornices, 
strings,  &c.,  to  be  worked  as  shown,  and  continued  round  ; the  storm  lights  to  be 
formed  with  solid  sills,  heads,  &c.  ; the  vane  to  drop  through  the  finial  and  to  bo 
securely  fixed.  The  windows  of  the  tow'er  and  the  storm  lights  of  the  spire  to  be 
grooved  for  louvres  of  wood  or  slates  (or  to  be  filled  in  with  thin  slabs  of  stone 
with  ornamental  piercings). 

Turn  relieving  arches  over  all  arches  of  nave,  chancel,  &c.,  formed  of  different 
coloured  stones,  arranged  as  directed,  and  form  bands,  diapers,  crosses,  &c.,  of 
.same  w^here  shown.  The  stones  for  parti-coloured  work  to  be  Pennant,  Caen, 
Temple  Quiting,  Ked  Forest  of  Dean,  Silver  Grey  Forest  of  Dean,  Fed  Mansfield, 
Whinstone,  or  Blue  Warwickshire  stone  (or  local  stcne,  if  of  suitable  colour). 

Provide  shafts  where  shown  of  Derbyshire,  Devonshire,  Purbeck,  or  other  marble,  or 
of  alabaster,  serpentine,  Aberdeen  or  Peterhead  granite  (or  other  material  as 
may  be  selected),  to  be  well  polished,  and  to  be  sunk,  dowelled,  and  secured  into 
caps  and  bases.  Shafts  in  angles  of  doorways  (if  any)  to  be  of  any  suitable  dark 
stone  (if  necessary)  to  contrast  with  the  jamb. 

All  ornaments,  carving,  enrichment  of  capitals,  of  columns  and  pilasters,  and  of  such 
as  may  be  shown  in  the  entablature,  is  to  be  executed  in  an  artist-like  good  style. 
Models  from  the  working  drawings  are  to  be  made  at  the  contractor’s  expense,  and 
the  whole  to  be  executed  to  the  satisfaction  of  the  architect.  The  Order  may, 
however,  be  described  if  the  working  drawings  are  not  sufficiently  made  out. 

Plinths  and  base  mouldings  to  the  portico,  as  shown  on  the  drawings,  to  I e worked 
out  of  (describe  stone)  . . . stone  of  . . . by  . . . scantling. 

Finish  the  chimney  shafts  with  mouldings  as  shown  in  the  drawings,  or  with  sunk 
moulded  and  throated  copings,  . . . inches  wide  and  . . . inches  thick. 

Damp  course.  All  the  walls  to  have  Yorkshire  stone  3 inches  thick  and  4 inches  on 
each  side  wider  than  the  several  lowest  footings,  in  slabs  of  one  length  across  the 
width  of  the  footing.  This  was  an  old  custom. 

Balconies  to  a house  : — A balcony  landing  of  Portland  stone,  . . . inches  thick, 
moulded  on  the  edges  and  the  pieces  carefully  joggled  together,  and  run  with  lead, 
to  be  provided  with  holes  cut  therein  for  the  iron  railing.  The  said  balcony  is  to 
be  tailed  into  the  wall,  and  securely  pinned  up. 

Steps  to  the  doorways  must  be  described  as  to  scantlings.  All  external  steps  should 
be  weathered. 
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For  ii  s/aircf/sr,  carry  up  and  construct  a staircase  fi’om  tlie  basement  to  the 
principal  floor,  with  solid  Yorkshire  quarry  steps  13  inches  wide  and  6^  inches 
higli,  properly  back-jointed  and  pinned  into  the  brickwork  ; cut  holes  for  the  iron 
balustrades.  N.B.  Tljis  sort  of  staircase  of  Portland  will  serve  also  for  back 
stall s of  upper  flights.  That  from  the  basement  may  also  be  made  of  granite 
street  curb,  12  by  7 or  8 inches.  A staircase  may,  for  cheapness,  be  made  of 
Yorkshire  stone  paving  3 inches  thick,  wrought  with  fair  tooled  edges,  and  securely 
pinned  into  the  brickwork. 

Vrincipal  stairs  to  be  of  Portland  stone  (as  maybe),  to  extend  from  principal  to  . . . 
floor,  with  steps  and  square  (or  semicircular,  as  may  be)  landings,  entirely  of  solid 
stone,  tailed  9 inches  into  the  brickwork,  with  moulded  nosings  and  returned 
nosings,  and  also  at  the  back.  The  sofites  to  be  moulded  to  the  shapes  of  the  ends 
of  the  steps.  The  landings  to  be  6 inches  thick,  with  moulded  nosings  and  joggled 
joints,  run  w'ith  lead,  to  be  inserted  at  least  4 inches  in  the  walls,  but  such  as  tail 
ijito  the  walls,  as  steps,  must  go  at  least  9 inches  into  the  walls.  When  the  under 
sides  of  the  steps  of  the  geometrical  staircase  are  not  moulded,  the  nosings  are 
returned  so  as  to  fall  beyond  the  upright  line  of  the  succeeding  tread  ; in  this  case 
the  sofite  or  string  is  plain  wrought. 

The  steps  to  the  sanctuary  and  chancel  of  a church  to  be  of  rubbed  Portland,  Red 
Mansfield,  Robin  Hood,  Craigleith,  or  other  hard  stone,  or  of  marble,  in  lengths 
of  not  less  than  10  feet,  very  carefully  set  and  bedded,  pinned,  joggle  jointed,  and 
run  and  plugged  with  lead,  and  back-jointed  to  receive  tile  paving. 

Vave  the  entrance  hall  and  principal  staircase,  together  with  (any  passage,  &c.), 
with  the  best  . . . marble,  and  border  according  to  the  pattern  drawn.  The  back 
staircase  (and  such  other  parts  as  require  it)  to  be  paved  with  Portland  stone 
2 inches  thick,  laid  in  squares,  and  with  a border  8 inches  square. 

Where  story  posts  are  used  in  a front,  it  is  well  to  place  along  the  front  two  pieces 
of  parallel  square  Aberdeen  or  other  good  granite  curb,  12  inches  by  9 inches,  cut 
out  to  receive  the  bases  of  the  columns  and  story  posts. 

Pave  the  scullery,  larder,  pantry,  passages,  lobbies  (and  other  such  places  as  may 
require  mention),  with  rubbed  Yorkshire  stone  2^  inches  thick,  laid  in  regular 
courses  with  close  rubbed  joints 

Pave  the  bottom  of  the  air  drain  with  Yorkshire  paving. 

Yards  may  be  paved  wdth  2g-inch  Yorkshire  paving,  or  such  other  as  the  place 
affords,  as  in  common  use.  The  same  to  basement  stories. 

Pave  (if  a church)  the  entrance  passage,  porches,  &c.,  where  coloured  on  plan, 
with  Minton’s  (or  other)  encaustic  tiles,  one  third  (or  more  or  less)  being  figured, 
combined  with  chocolate  and  black  tiles,  value  . . . per  yard  superficial,  manu- 
facturers’ prices.  Pave  the  chancel  (usually  with  richer  tiles)  with  tiles  value  . . . 
per  yard  superficial. 

The  tiled  floor  (when  laid  on  joists):  Spike  fillets  to  joists  at  3 inches  below  their 
upper  surfaces;  fill  in  between  the  same  with  inch  rough  boarding.  The  vacuity 
to  be  filled  up  with  pugging  of  concrete  flush  with  the  upper  surface,  finished  with 
a layer  inch  thick  of  Roman  cement  smoothly  floated  to  receive  the  tiles. 

Dairy  to  be  paved  with  . . . stone  (or  marble)  in  regular  courses,  . . . inches  thick. 
Provide  a shelf  or  dresser  round  the  said  dairy  of  veined  marble  (or  slate)  1 inch 
thick,  and  a skirting  round  it  6 inches  high.  The  dresser  to  go  into  the  wall 
1 inch,  and  to  be  supported  on  veined  marble  piers  4 inches  square. 

To  fit  up  the  wine  cellar  with  bins,  as  per  drawing,  with  2-inch  Yorkshire  stone 
shelves  (some  prefer  slate),  fairly  tooled,  supported  on  half-brick  uprights,  all  set 
in  cement.  A cellular  hexagonal  brick  has  been  patented  by  King  and  Smith, 
of  AVeedon,  to  be  used  to  form  the  wall  of  a vault;  each  is  hollow  and  o|?en 
at  the  inner  extremity,  so  that  each  brick  becomes  the  receptacle  for  a bottle. 
They  are  made  of  three  different  sizes. 

To  provide  and  fix  a warm  hath  of  veined  marble ; rendered  waterproof  by  being  pro- 
perly set  in  Dutch  tarras,  and  plugged  and  cramped  with  copper  at  the  joints,  with 
all  requisite  finishing.  A marble  step  round  two  sides  of  the  bath.  Cut  all  holes 
necessary  for  laying  on  the  water.  A bath,  if  a fixture,  may  be  similarly  made  of 
slate,  which  is  of  course  much  cheaper. 

AVhere  iron  girders  are  used,  describe  ....  pieces  of  granite  street  curb,  or  3-in. 
Yorkshire  stone,  as  corbels  or  plates,  each  ....  long  and  ....  wide,  to  receive 
the  ends  of  the  iron  girders. 

AA  \\QVG  chimneys  project  without  support  from  below,  corbels  must  be  described  pro- 
portioned to  the  weight  they  have  to  carry.  The  best  corbel,  how’ever,  is  the  gra- 
dual projection  of  the  work  by  inrerted  steps,  which,,  if  there  be  height  to  hide 

t liem,  should  always  be  the  mode  of  execution.  - 
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Cellar  doorways  .should  have  in  each  of  them  tliree  pieces  of  Portland  or  other  such 
stone  18  in.  wide,  18  in.  long,  and  9 in.  high,  cut  out  to  receive  the  hinges  and 
also  the  rim  of  the  lock. 

The  covamoim^t  chimney-pieces  that  can  he  described  are  of  l|-inch  Bath  stone, 
jambs,  mantels,  and  shelves,  6 inches  wide;  with  slabs  of  2-inch  Portland  stone, 
20  inches  wide,  and  6 inches  or  a foot  wider  on  each  side  than  the  width  of  the 
opening.  Those  of  butler’s  and  housekeeper’s  rooms  would  be  of  a better  qhality. 

A kitchen  chimney  is  described  as  jambs  and  mantel  (in  one  piece)  of  2-inch'  Po’t- 
land  stone  10  (or  12)  inches  wide,  with  a slab  of  2|-inch  rubbed  Yorkshire  stone, 
if  used  with  a wood  floor;  but  sometimes  the  whole  width  of  that  side  of  the 
kitchen  is  paved. 

Where  marble  chimney-pieces  are  to  be  placed,  they  are  described  to  be  provided  of 
a given  value  of  such  marble  as  may  be  determined,  or  working  drawings  and 
workmanship  may  be  referred  to.  It  must  always  be  provided  in  the  specification 
that  the  slabs  are  included,  and  that  the  price  is,  or  is  not.  to  include  the  carriage 
and  fixing.  Marble,  wood,  and  iron  chimney-pieces,  with  grates,  fenders,  tile 
borders  and  hearths,  &c.  en  suite. 

All should  have  back  hearths  of  2.|-inch  rubbed  Yorkshire  stone.  Front 
hearths  of  stone,  or  of  Portland  cement,  or  of  mai'ble. 

Sinks  of  rubbed  Portland  or  other  stone,  7 inches  thif*k  (describing  the  size  required), 
sunk  ins.  deep,  with  holes  cut  for  the  grating  and  .socket-pipe,  and  fixed  with 
all  requisite  brick  or  stone  bearers  or  supports,  complete.  A sink  of  earthenware 
is  now  to  be  obtained.  An  improved  patent  combined  sink  and  wash-up  tub  is 
specially  adapted  for  kitchens,  sculleries,  cottages,  artizans’  dwellings,  &c.  It  is 
made  of  galvanized  or  enamelled  iron.  Housemaids’  slop  sinks  in  earthenware  or 
in  plain  or  enamelled  slate  are  made,  to  suit  any  position. 

Sink  stones  to  drains  to  be  provided  where  shown  on  ihe  plan. 

Flint  work.  Flint  walling  is  of  the  following  descriptions  ; — Eough,  or  as  the  flir.ts 
are  dug  ; random,  or  broken  without  any  regard  to  regularity ; split,  so  that  they  are 
true  on  the  face  and  oval  in  form;  or,  split  and  squared,  by  which  neat  and  square 
M'ork  is  produced.  The  walling  is  to  be  built  in  the  soundest  manner  with  . . . . 
flints  (state  which  of  the  four  descriptions  is  to  be  used),  laid  in  mortar  compounded 
of  quick-setting  stone  lime  and  coarse  sharp  sand,  free  from  loam  ; bricks,  tiles, 
pebbles,  &c.,  may  be  bedded  in  the  centre  or  core  of  the  wall.  The  long  flints 
to  be  selected  and  laid  as  through  stones,  and  the  string-courses,  &c.,  to  be  laid  en- 
tirely through  the  thickness  of  the  wall,  so  as  to  give  additional  bond.  The  work 
to  be  kept  as  dry  as  possible  during  the  construction,  to  be  protected  by  boards 
in  wet  weather,  and  to  I e covered  in  as  soon  as  possible  after  completion.  No 
grouting  to  be  used.  If  the  walling  is  faced  with  half-flints,  care  is  to  be  taken 
in  laying  them  to  keep  their  upper  surfaces  as  level  as  possible,  to  prevent  rain 
driving  into  the  centre  of  the  wall ; firmly  pin  up  the  lower  bed  with  fragments. 

ThQ  joints  of  the  masonry  generally  are  to  be  where  exhibited  on  the  drawings,  and 
the  work  is  to  be  left  perfectly  cleaned  off,  all  necessary  joggles,  joints,  rebates, 
moulded,  sunk,  weathered  and  throated  works,  grooves,-^ chases,  holes,  back  joints, 
and  fair  edges,  that  may  be  necessary  in  any  part  of  the  work,  and  all  jobbing, 
though  not  particularly  mentioned  under  the  several  heads,  is  to  be  peidormed  that 
may  be  requisite  for  the  execution  of  the  building,  and  all  the  work  is  to  be  well 
cleaned  off  before  delivering  it  up.  The  whole  of  the  work  is  to  be  wari’anted 
perfect,  and  any  damage  that  may  occur  to  it  by  reason  of  frost  or  settlement 
within  two  years  after  the  completion  of  the  building  is  to  be  repaired,  under  the 
architect’s  direction,  at  the  sole  expense  of  the  contractor. 

All  mortar  is  to  be  of  the  same  quality  as  that  described  in  the  bricklayei'’s  work. 

All  cramps  to  be  of  copper;  iron  cramps  not  to  be  allowed  (see  par.  2286  ).  Lead 
joggles,  and  slab  slate  dowels  set  in  cement,  to  be  inserted  in  the  joints  where 
directed.  The  contractor  is  to  piovide  lead  to  run  the  cramps  and  joints. 

In  sfuhlts,  granite  should  be  provided  to  receive  the  heel-posts  if  cast  iron  he  not  em- 
ployed, and  at  the  piers  of  gates,  hinge  and  spur  stones,  the  latter,  of  gr.inite,  if 
to  be  had,  should  be  described.  The  caps  and  bases  of  the  la.*-!  can  be  noted 
only  with  reference  to  the  drawings  of  them.  The  paving  oj  stables  arid  their 
courts  is  described  thus  : Prepare  the  ground  for  paving  (stating  where)  with  good 
and  sufficient  hard  materials,  and  pave  it  with  Aberdeen  granite  paving,  properly 
dressed  and  sorted,  8 inches  deep  and  5 inches  wide  at  the  top  and  bottom  thereof. 
The  whole  to  be  laid  with  good  currents  upon  a layer  4 inches  at  least  in  thickness 
of  good  rough  gravel,  the  joints  of  the  surface  to  be  run  wi.th  stone  lime  and  river 
sand  grouting.  It  is  to  be  well  rammed,  and  the  contractor  is  to  relay,  at  his  own 
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expense,  all  such  parts  as  may  sink  within  eighteen  months  of  the  work  being 
completed. 

To  provide  and  fix  under  the  contract  ....  cubic  feet  of  ...  . stone,  including 
plain  work  and  setting  thereto,  also  ....  superficial  feet  of  2^-inch  Yorkshire 
paving,  laid  in  regular  courses  ; and  in  case  the  whole  or  any  part  of  either  or  both 
should  not  be  wanted,  the  quantity  not  used  or  directed  shall  be  deducted  from 
the  amount  of  the  consideration  of  the  contract  after  the  rate  of  ...  . per  foot 
of  cubic  stone  and  ....  per  foot  superficial  for  the  Yorkshire  paving,  including 
the  workmanship  and  fixing  thei’eof. 

Where  the  work  is  within  the  metropolitan  district,  or  within  a town,  a sufficient 
hoarding  must  be  erected  for  enclosing  the  premises  during  the  execution  of  the 
works,  which  is  to  be  removed  and  carried  away  when  they  are  complete.  So,  also, 
all  shoring  is  to  be  provided,  if  the  works  be  alterations,  or  the  adjoining  buildings 
may  be  injured  by  carrying  them  into  effect.  The  shoring  is  to  be  performed  in  a 
safe,  scientific,  and  workmanlike  manner,  of  the  several  fronts,  floors,  or  otherwise, 
as  the  case  may  be. 

For  a stone  building  : — To  provide,  fix,  maintain,  alter  as  occasion  may  require,  and 
finally  remove,  the  necessary  double  square  fiv  framed  scaffolding^  travelling  cranes 
and  other  implements,  and  utensils  and  plant  necessary  for  the  performance  of  the 
whole  of  the  works  ; and  perform  all  the  requisite  sawing,  lifting,  hoisting,  setting, 
and  other  labour  that  may  be  necessary  for  the  carrying  out  of  the  whole  of  the 
works. 

Caepknter  and  Joiner. 

2285.  To  provide  all  materials  requisite  for  completion  of  the  buildings.  The  oak  is  to 
be  of  English  growth  and  perfectly  sound  ; the  timber  is  to  be  of  the  best  Dantzic, 
Kiga,  or  Memel  yellow  fir.  No  American,  Swedish,  or  Scotch  fir  to  be  used  in 
any  part  of  the  building.  All  the  floors  and  joiner’s  work  are,  except  where  other- 
wise directed,  to  be  of  the  best  yellow  Christiana  deals.  The  timbers  and  deals 
. are  to  be  cut  square,  entirely  free  from  sapwood,  shakes,  large  knots,  black  outsides, 
- and  all  other  defects.  If  any  part  or  parts  of  the  joiner’s  work  should  shrink  or 
fly  within  ....  months  from  the  flnishing  and  fixing  the  same,  the  contractor 
is  to  take  down,  make  g<  od,  and  refix  the  same,  together  with  all  works  that  may 
be  affected  thereby,  at  his  own  expense. 

Provide  and  fix  ...  . cubic  feet  of  Baltic  yellow  fir  timber,  with  all  labour  thereto, 
beyond  the  quantity  necessary  for  the  work  herein  described,  to  be  used  in  such 
additional  works  as  may  be  directed  by  the  architect ; and  if  the  whole  or  any 
part  thereof  should  not  be  ordered,  the  same  shall  be  deducted  from  the  amount 
of  the  consideration  of  the  contract,  after  the  rate  of  ...  . per  foot  cube.  All 
additional  fir,  if  any  should  be  ordered,  is  to  be  taken  at  the  like  price  of  ...  . 
per  foot  cube. 

No  joists,  rafters,  or  quarters  are  in  any  case,  unless  particularly  so  directed,  to  be 
more  than  12  inches  clear  distance  from  one  another. 

Provide  and  fix,  ease,  and  strike  all  centering  and  turning  pieces  for  the  vaults,  arches, 
trimmers,  and  other  works.  Provide  all  temporary  shores  that  may  be  necessary. 
Provide  and  fix  all  necessary  templets,  linings,  blocks,  stops,  casings,  beads, 
springing  fillets,  angle  staffs,  grounds,  linings,  backings,  furrings,  cappings,  and 
other  finishings  incident  to  carpenter’s  and  joiner’s  works,  togfther  with  all  ne- 
cessary grooving,  rebating,  framing,  tonguing,  housing,  beading,  mitring,  framing, 
and  other  workmanship  necessary  for  completing  the  works. 

Provide  casing  for  all  the  stone  dressings,  to  secure  and  protect  the  same  from  injury 
during  the  execution  of  the  works  ; any  accident  arising  from  neglect  in  this  respect 
is  to  be  made  good  at  the  expense  of  the  carpenter. 

Bond  timber,  4 inches  by  2^  inches  all  around  the  walls,  except  where  intercepted 
by  the  chimneys,  to  be  lapped  together,  where  joints  occur,  at  least  G inches,  and 
to  be  properly  spiked  together.  One  tier  is  generally  enough  for  basement  story. 
Two  tiers  in  the^  other  floors,  unless  very  lofty.  One  tier  in  the  upper  story. 
These  are  now  dispensed  with,  hoop  iron  bond  being  used,  and  party  walls  may 
be  so  bonded,  if  thought  proper,  for  a greater  security  against  fire. 

All  wood,  or  patent,  bricks  to  which  the  finishings  are  to  be  fixed. 

All  lintels,  and  filling  in  lintels  necessary  to  the  several  openings  ; each  to  be  4 inches 
high,  of  the  width  of  the  brickwork,  and  16  inches  longer  than  the  opening.  Two 
small  lintels  will  do  if  the  width  of  the  sofite  be  considerable,  and  arches,  as 
directed  in  the  bricklayer’s  work  be  turned. 

For  ground  or,  rather,  basement  floors,  walls  are  brought  up  for  receiving  oak  sleepers 
6 by  3 inches,  on  which  fir  joists  4,1  by  2-1  are  generally  the  scantlings  employed 
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For  other  floors. — Wall  plates,  6 inches  by  4 inches  ; girders  ; joists  according  to  the 
kind  of  floor  ; trimmers  and  trimming  joists  ; all  which,  with  their  requisite 
scantlings,  will  be  found  in  Practical  Carpentry.  (2013  ct  scq.) 

Cradling  to  the  girders  and  such  parts  as  mny  be  necessary  to  form  panels  and  coffers 
on  the  under  side  for  the  ceiling,  if  such  be  practised.  State  if  the  girders  are 
to  be  trussed.  Cock  down  all  girders  on  the  wall  plates.  Pin  bridging  joists  to 
binders  with  |*inch  «ak  pins. 

Walt  plates  to  roofs  should  be  at  least  6 inches  by  6 inches.  The  different  timbers 
of  the  several  sorts  of  roofs  are  described  in  Practical  Carpentry,  and  scantlings 
given.  (2027,  et  scq.)  Ct-iling  joists  to  be  described.  Hips  and  ridges  rounded 
for  lead  ought  to  be  10  inches  by  2 inches. 

The  trusses  of  roofs  are  to  be  framed  as  shown,  and  of  timbers  of  the  scantlings  re- 
spectively figured  (or  as  here  specified).  They  are  to  be  mortised,  tenoned,  arched, 
notched,  moulded,  chamfered,  and  stopped,  as  shown  on  the  detail  drawings ; and 
to  be  bolted  and  strapped  with  WToughr  iron  straps,  forged  with  ornamental  ends  ; 
all  bolts  to  have  washers  and  nuts,  notched  as  shown. 

The  curved  ribs  (if  any)  to  be  put  together  in  (three)  thicknesses,  so  as  to  break  joint, 
to  be  wrought  all  over,  and  the  joints  to  be  tongued.  These  (three)  thicknesses 
are  to  be  screwed  close  together  with  long  screws,  and  bolted  with  ^-inch  bolts  be- 
tween each  joint.  The  centre  thickness  to  be  tenoned  into  the  timbers  on  which 
it  abuts.  Tongue  a bold  3-inch  bead  to  underside  of  same. 

The  hammer-beams  (if  any)  are  to  be  cogged  down  upon  the  wall  plates,  and  framed 
to  the  ribs,  and  bolted,  as  shown.  The  principals  are  to  be  notched  and  tenoned 
to  the  hammer-beams,  and  well  spiked  to  ribs,  and  tenoned  together  and  pinned 
at  top.  The  collars  (if  any)  are  to  be  firmly  tenoned  into  and  spiked  to  principals. 
The  purlins  are  to  be  notched  down  and  housed  into  the  principals  on  each  side, 
and  spiked.  The  king-post,  or  queen-posts,  are  to  be  framed  in  the  usual  manner. 

All  the  timbers  of  the  roofs  exposed  to  view  are  to  be  wrought,  and  the  angles 
moulded,  or  chamfered,  or  stop  chamfered. 

All  roofs  (if  exposed  to  view)  to  be  boarded  above  the  rafters  with  |-inch  wrought 
matched  V jointed  boarding,  laid  diagonally,  and  securely  nailed  to  rafters  and 
covered  with  (asphalted)  felt  (or  specify,  to  lath  on  the  top  of  rafters  and  plaster 
between  the  same).  Lay  battens  3 inches  by  1 inch  over  the  boarding  or  laths,  on 
the  back  of  every  rafter,  and  on  the  battens  lay  3 inch  by  1 inch  slating  battens 
(or  double  oak  tiling  laths  if  the  roof  be  tiled),  fixed  to  a proper  gauge  for  the 
sized  slates  required. 

"Where  close  boarding  is  used,  it  should  not  be  less  than  f to  an  inch  thick.  If  battens 
for  slating,  they  should  be  2^  inches  wdde ; the  first  should  be  nailed  with  eightpenny 
nails.  Provide  lear  boards.  On  many  accounts  the  Italian  method  of  laying  the 
rafters  horizontally  as  so  many  purlins  is  to  be  preferred.  For  the  boarding  not 
lying  lengthwise  towards  the  gable,  any  wet  that  may  find  its  way  on  to  it  from 
defective  slates  or  lead,  is  not  apt  to  ledge  against  and  rot  the  edges. 

Flats. — Wall  plates  usually  6 by  6.  Trimmers  and  trimming  joists  against  chimneys, 
and  where  skylights  occur.  l|-inch  yellow  deal  boarding,  listed,  free  from  sap- 
wood,  laid  with  a current  of  inch  to  10  feet  lineal,  with  2^  drips  to  heading 
joints,  of  lead  rolls  to  longitudinal  joints,  and  inch  yellow  deal  risers  not  less  than 
4 inches  wide  next  the  gutter. 

Gutters  to  the  roof,  or  roofs,  are  to  be  as  shown  on  the  plan,  with  inch  yellow  deal 
bottoms  on  strong  fir  bearers,  and  laid  with  a current  of  inches  to  every  10 
feet;  2^  rebated  drips,  and  at  the  sides  to  have|-ineh  deal  lear  boards,  9 inches  wide. 
Gutter  boards  are  rarely  more  than  1^  inches  thick.  Gutter  plates,  if  any,  to  be 
described,  but  they  should  never  be  used  without  support  from  below. 

Trim  for  trap  doors,  size  as  shown,  if  any,  leading  to  the  inside  of  the  roof 
Dormers  thereto  on  to  roof,  with  all  necessary  framing. 

Cheeks,  doors,  beaded  stops  and  linings,  and  ironmongery.  Boarding  for  slating  or 
lead  to  top  and  cheeks,  as  the  case  may  be. 

Dormers  may  be  similarly  described  for  windows  in  the  roof. 

Quartered  partitions,  where  shown  on  the  plan,  with  heads  and  sills  4 inches  by  4 
inches.  Ties  above  the  doors  4 inches  by  5 inches.  Posts  4 inches  by  3^  inches. 
Braces  or  struts  3 inches  square.  Quarters  4 inches  by  2 inches,  and  three  tiers 
of  interties,  1 inch  by  2^  inches.  In  cases  where  partitions  are  to  be  trussed  for 
carrying  either  their  own  or  some  additional  weight,  reference  must  be  made  to 
drawings. 

to  external  walls,  usually  from  finch  to  If  inch  thick;  their  widths  2f 
inches,  fixed  from  7 to  12  inches  apart.  If  bond  timber  is  not  used  to  nail  them 
to,  plugs,  or  fixings,  to  bo  Ut  into  the  wall. 
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Brackiiiug  and  cradling  is  usually,  for  cornices,  coves,  &c.,  1;^-  inch  thick;  for  euta- 
blaturts,  circular  sotites,  and  waggon-headed  ceilings,  1^  to  2 inches  thicki 

All  b'arers  to  he  fxed  and  provided  as  shall  he  necessary, 

Weaiher  hoarding,  f-inch  or  6 hoards  to  a 3-inch  yellow  deal,  wrought  or  wrought 
and  he  idcd:  or  1-inch  or  4 hoards  to  a 3-inch  deal.  Louvre  or  Laffer  hoarding 
of  1-inch  deal,  wrought  two  sides  and  splayed. 

Warehouse posls  must  be  described  with  their  relation  to  the  weight  they  are  to  carry 
(see  Reams  and  Pillars,  1635,  et  seq.),  the  caps  3 feet  long,  with  splayed  ends, 
so  that  the  posts  may  not  press  into  the  girders;  and  iron  dowels  should  pass 
through  the  girders  to  catch  the  bases  of  the  posts  in  the  floor  above.  Fir  story 
posts  are  usually  about  9 inches  square. 

Water  trunks  are  made  from  4 to  6 inches  or  more  square,  of  |-iuch  to  l^-inch 
deal;  to  he  pitched  and  fixed  complete,  with  hopper  heads  and  shoes,  ■w'all  hooks, 


hold-fasts,  &c. 

V ark  paling  is  of  the  following  varieties;  4-feet  oak  cleft  pales,  2 arris  rails  and  oak 
posts;  5-feet  oak  cleft  pales,  &c. ; and  6-feet  oak  cleft  pjiles,  3 arris  rails  and  oak 
posts.  Described  oak  plank  at  the  bottom,  and  oak  capping  at  top,  if  required. 
Floors. 


x-inch  white  (or  yellow)  deal,  rough,  with  edges  shot. 
•|-inch  white  (or  yellow)  deal,  wrought,  and  laid  folding./ 


The.se  may  be  of  battens 
for  better  floors. 

\ Also  of  bat- 
tens. 


■ Also  of  batten.'' 


i-inch  white  (or  yellow)  deal,  rough,  with  edges  shot. 

1-inch  white  (or  yellow)  deal,  wrought,  and  laid  folding.  ^ 

1-iuch  white(\eii\,  wrought,  and  laid  straight  joint  andsplayed  headings.  J 
1 j-inch  white  (or  yellow)  dt-al,  rough,  with  edges  shot.  ) 

Ij-  inch  white  (or  yellow)  deal,  wrought,  and  laid  folding. 

1 |-inch  white  (oryellow)  deal,  wrought,  straight  joint,  and  splayed 
headings.  J 

1^-inch  white  (or  yellow)  deal  bitten.s,  edge  nailed,  and  tongued  headings, 
l^-inch  yellow  deal  batten  (or  clean  batten),  dowelled  with  oak  dowels,  with 
mitred  and  glued  borders. 

Warehouse  floors. 

1^-inch  yellow  deal,  rough,  edges  shot.  H-inch  yellow  deal,  MTOught,  and  laid 
folding.  ] i-inch  yellow  deal,  wrought,  and  straight  joint  and  splayed  headings. 
2-inch  ydlow  deal,  rougli,  edges  shot,  and  2-inch  yellow  deal,  wrought,  and  laid 
folding.  2-incli  yellow  deal,  wrought,  and  laid  straight  joint,  and  splayed 
headings. 

All  these  la.st  maj’  bo  ploughed,  rebated,  and  feather-tongued. 

Put  to  . . . . floors  (or  to  the  whole,  if  de.>-ired)  sound  hoarding  of  |-inch  rough  deal 
fixed  upon  fillets,  to  receive  the  pugging.  (See  2287«.) 

Floors  of  inlaid  or  parquetry  work  to  be  specially  described  according  to  drawings. 

In  churches,  tlie  floors  under  the  seats  are  usually  of  wood,  and  require  rebated  and 
chamfered  oak  margins,  6 inches  by  4 inches,  laid  flatw'se,  where  they  abut  upon 
paved  floors.  These  m.irgins  are  to  be  mortised  or  dowelled  to  receive  bench  ends, 
and  the  wood  floors  to  be  kept  3 inches  above  tlie  tile  floors  on  which  they  abut. 
See  5 oc/r  floors. 


A7.vV/i«9'6-.-— .^-inch  (or  |-inch)  deal  square.  |-inch  (or  1 -inch)  deal  torus.  1-inch 
(or  l]-incli)  deal  .square;  or  1-inch  deal  square  skirting,  rebated  and  backed 
jtlinth,  with  fillet  nailed  to  floor.  1^-inch  deal  torus;  or  l^-inch  deal  torus 
.skirting,  rebated  and  backed  plinth,  with  fillet  nailed  to  floor.  If  any  of  these,  as 
to  stairs,  are  raking,  and  to  be  scribed  to  steps,  they  must  be  so  described,  and  if 
ramped  or  scribed  to  moulded  nosings,  or  circular  on  plan. 

Dado  , nailed  to  ground:  1-inch,  and  Ij-inch  deal  keyed.  1 ~ inch  deal  keyed, 

ploughed  and  tongued,  or  feather-tongued,  if  required.  Mention  if  they  are  to  be 
scribed  to  steps,  circular  on  plan,  and  wreathed,  or  ramped.  Dadoes  are  now  made 
of  framed  w'ainscot,  in  panels,  &c.,  accoiding  to  drawings. 

'Wainscoting,  with  fascia  and  ^kirting.— 1-inch  deal,  square  framed;  and  perhaps 
dwarf.  l|-inch  deal,  square  framed;  and  perhaps  dwarf.  1^-inch  deal,  bead 
butt  (or  moulded),  or  bead  flush.  The  number  of  panels  high  to  be  specified. 
Stiite  if  any  to  be  made  raking,  or  to  have  a beaded  or  moulded  capping. 

Partitions  of  deal  for  the  division  of  rooms. 


1-inch  deal  board,  and  braced  with  ^-inch  panels."] 

I j-inch  deal,  braced  with  ^-inch  panels.  | The,-e  are  seldom  made. 

1. 7-  inch  (leal,  rougli.  and  lodged  edges  shot.  J ‘ 

li^-inch  deal,  wrought  both  sides,  and  ploughed  ; or  tongued  and  beaded.  ' 

l:]-inch,  or  1 i-inch,  square  framed. 

1^-inch,  bead  butt,  moulded  and  square;  or  bead  flush  and  square  or  ntoulded 
both  sides. 
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2-incli,  square  fnuuecl ; or  bead  butt  or  moulded  and  square  ; or  bead  flush  and 
square  ; or  moulded  both  sides;  or  moulded  and  bead  flush  ; or  bead  flush  and 
bead  butt;  or  bead  flush  on  both  sides. 

Grounds. — Those  of  ^-inch  deal,  of  1-inch  deal,  of  1 ^-inch  de-il,  of  1^-inch  deal,  and 
whether  circular ; also  1-inch,  li-inch,  and  l|-inch  skeleton  grounds  {par.  2166). 

Door  cases  are  usually  about  5 by  5 inches  for  basements;  should  be  of  oak  in 
preference  to  fir.  They  fit,  or  are  fixed,  into  the  brickwork,  and  should  be  tenoned 
(the  tenon  being  pitched  or  set  in  white  lead)  into  a stone  step  or  threshold  ; any 
wood  sill  soon  rots. 

Door  linings. — These  arc  either  plain,  the  commoner  sort ; or  framed,  for  better  work. 
1-inch  deal,  single  rebated  ; or  double  rebated  (that  is,  so  that  the  door  may  h.mg 
on  either  side) 

1^-inch  deal,  single  rebated  ; or  double  rebated. 

1 5-inch  deal,  single  rebated  ; or  double  rebated. 

Either  of  the  foregoing  may  be  beaded  on  the  edge. 

Framed,  door  linings  and  sofites  for  doors  are — 

Ij-iiich,  square  framed  in  one  panel  and  double  rebated:  and  bead  butt  or 
moulded  : and  bead  flush. 

1-^-inch,  square  framed  in  one  panel  and  double  rebated:  and  bead  butt  or 
moulded  : and  bead  flush.  If  the  panels  in  the  linings  are  to  be  raised,  to  cor- 
respond -with  panels  of  doors,  they  must  be  so  described. 

Framed  hack  linings  are — 1-inch  deal,  two  panel  square  ; and  bead  butt.  1-inch 
deal,  three  panel  square;  and  bead  butt.  1-inch  deal,  f lur  panel  square;  and 
bead  butt.  If  there  be  more  panels,  or  they  are  splayed  on  the  plan,  or  if  bead 
flush,  or  of  a greater  thickness,  they  must  be  so  specified. 

Windrow  hacks,  elbows,  and  sofites. — l-inch  deal,  keyed  ; or  framed  square. 

1^-inch  deal,  framed  square  ; or  moulded  or  bead  butt ; or  bead  flush, 
l^-inch  deal,  square  framed  sofite,  with  one  edge  circular.  1 Applicable  to  bay  win- 
];|-inch  deal,  square  framed  sofite,  with  two  edges  circular.  J dows. 
l|-inch  deal,  square  framed  sofite,  moulded,  or  bead  butt. 

1^-inch  deal,  framed  square;  or  moulded  ; or  bead  butt ; or  bead  flu'll].  If  any 
of  these  are  splayed,  fancy  moulded,  and  with  cappings,  or  are  circular  on  the 
plan,  they  must  be  so  specified. 

Shutter  boxings.  — \-mch.  deal,  splayed  boxings  ; 1-inch  deal,  proper  boxings  ; T|-inch 
deal,  splayed  boxings  ; l^-inch  deal,  proper  boxings  ; l^-inch  deal,  boxings  with 
circular  head;  1-inch  (or  Ij-inch)  deal,  boxings  for  sliding  shutters,  with  pulley 
pieces,  beads,  fillets,  and  grooves,  complete.  These,  if  to  be  double  hung,  must 
be  so  described. 

Shutters  to  windows. — |-inch  deal,  ledged  or  clamped  ; and  may  be  in  two  heights. 
1-inch  deal,  clamped;  and  in  two  heights;  or  clamped  in  two  heights,  one  panel, 
bead  butt,  and  square  ; or  one  panel,  bead  flush,  and  square  ; or  bead  butt.  These 
may  be  described  of  l|-inch  deal  and  of  1^-inchdeal,  but  the  back  flaps  need  not 
be  more  than  one  inch.  The  additional  panels  in  height  projecting  mouldings 
(if  any),  and  any  other  variations,  must  be  mentioned. 

Shutters,  sliding,  hung  with  lines  and  weights. — 1-inch  (or  1^-inch)  deal,  two  panels 
square  ; l^inch  deal,  bead  butt  and  square  (or  bead  flush  and  square)  ; l^-inch 
deal,  bead  butt  and  moulded  (or  bead  flush  and  bead  butt).  If  of  l^inch  deal,  if 
more  panels  in  height,  if  circular  on  the  plan,  and  if  patent  or  other  lines  are  to 
be  used  for  the  hanging,  they  must  be  mentioned. 

Outside  shutters. — l|-inch  deal,  three  panels,  bead  butt  and  square;  or  bead 
flush  and  square.  1 |-inch  deal,  three  panels,  bead  flush  at.d  bead  butt ; or  bead 
flush  on  both  sides.  l|-inch  deal,  three  panels,  bead  butt  and  square;  or  bead 
flush  and  square ; orbiad  flush  and  bead  butt.  These  may  be  circular  on  plan, 
or  contain  more  than  three  panels  in  height. 

/SVaircasc*-.  — 1-inch  yellow  deal,  steps,  risers,  and  carriages.  l|-inch  deal,  steps, 
inch  risers,  and  carriages.  1 j*inch  deal,  steps  and  risers  glued  up  and  blocked  to 
close  string  moulded  nosings,  and  two  fir  carriages.  l|-inch  deal,  steps  and  risers 
mitred  to  cut  string,  and  dovetailed  to  balusters,  l^  inch  deal,  steps  to  windei’s, 
mitred  to  cut  string,  and  dovetailed  to  balusters,  one  end  circnlar;  or  both  ends 
circular.  The  risers  may  be  tongued  to  the  steps  ; or  feather  jointed ; or  of  clean 
deal.  1^-inch  deal,  wrought  steps,  risers,  and  strong  carriages.  2-inch  deal, 
wrought  steps,  risers,  and  strong  carriages.  l|-inch  Oak.  treads  and  risers 
mitred  to  string  and  dovetailed  with  fir  carriage  (wdth  solid  quarter  ends  to  steps 
if  required),  also  curtailed  step  and  riser  (2187,  seq.),  returned  moulded  and 
mitred  nosings,  circular  (if  necessary),  with  cut  plain  (and  circular)  brackets. 

Housings  to  ends  of  steps  and  winders,  and  f he  same  to  moulded  nosings  and  circular 
ends,  are  to  be  specified. 
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String  hoards  to  siaiVcrtSfs  to  receive  the  ceilings  of  stairs  (calhd  strings).— l-inch 
deal,  framed  ; or  framed,  rebated,  and  beaded.  l|-inch  deal,  framed  string  board ; 
or  sunk  and  beaded.  1^-inch  deal,  framed  string  board,  sunk,  beaded,  and 
moulded;  and  mitred  to  risers,  l^-inch  deal,  wreathed  outside,  string  glued 
upright,  rebated,  and  beaded;  and  sunk;  and  moulded.  The  string  may  be 
glued  up  in  thicknesses;  and  also  plain  or  moulded  circular  cuttings  or  ramps. 

1- inch  (or  l^-inch;  or  l^-inch;  or  2-inch)  deal,  plain  wall  string;  and  these  may 
be  moulded. 

The  principal  staircase  to  have  1 5-inch  pitch  pine  (or  other)  treads,  with  rounded, 
nosing  and  hollow  moulding  under  same,  and  inch  risers,  glued  and  blocked  to  fir 
carriages  ; the  ends  of  the  steps  to  be  housed  into  Ij-inch  wall  strings,  and  2-inch 
outer  string  boards,  sunk  and  staff  beaded,  and  finished  at  the  top  with  a boldly 
moulded  capping,  framed  at  the  bottom  and  corners  into  6 inch  square  newels, 
with  moulded  finials,  bases,  and  pendents,  as  drawing.  Boldly  moulded  oak 
handrail^  4 inches  wide  and  6 inches  deep,  with  1^-inch  square  oak  balusters,  stop 
chamfered. 

The  landings  to  be  formed  by  joists  resting  upon  boldly  moulded  stopped  beams,  as 
shown  on  sections. 

Handrails  to  staircases. — l^inch  (or  1^  inch  ; or  2 inch)  deal,  plain  wreathed. 
These  may  be  moulded ; as  deal  moulded  2^-inch  handrail ; or  2^-inch  handrail, 
ramped  (or  circular  where  required) ; or  2|-inch  handrail,  wreathed  and  twisted. 
Spanish  (or  Honduras)  mahogany  (or  wainscot)  moulded  handrail.  To  be  de- 
scribed with  all  necessary  ramps,  circular  and  twist,  or  with  scroll  and  twist  to  the 
curtail  step.  Mention  if  grooved  for  balusters,  circular,  or  sunk  for  iron  cores, 
mitred  and  turned  caps. 

Balusters  and  newels. — Deal  square  framed  newels  ; or  chamfered.  Single  and 
double  turnings  to  newels  to  be  mentioned,  as  also  pendent  drops,  when  used. 
Deal  square  bar  balusters  ; or  dovetailed.  Turned  balusters,  according  to  drawing, 
or  selected  from  manufacturers’  patterns.  Planceer  rounded  on  both  edges  ; or 
moulded.  Fix  all  necessary  iron  balusters  and  stays. 

Sa^h  frames  are  of  great  variety.  Deal  cased  frame  for  1^-inch  sashes,  oak  (or 
deal)  sunk  sill  with  brass  (or  other)  pulleys  for  single  hanging.  Ditto,  for  double 
hanging.  Ditto,  ditto,  with  circular  head.  Ditto,  circular  on  plan  (and  wdth 
circular  head).  Deal  cased  frames  for  2-inch  sashes,  oak  (or  deal)  sunk  sills’with 
brass  pulleys  for  single  hanging.  Ditto,  for  double  banging  (and  circular  on  head 
and  plan,  or  either).  Deal  cased  frames  for  2-inch  sashes,  oak  (or  deal)  sunk  sills 
with  wainscot  (or  deal)  pulley  pieces  and  beads,  brass  axle  pulleys  prepared  to 
hang  double  ; and  if  circular  on  head  and  plan  (or  either).  De^l  cased  frames  for 

2- inch  sashes,  oak  sunk  sills,  mahogany  pulley  pieces  and  beads  with  brass  axle 
pulleys,  prepared  to  hang  double.  Ditto,  for  2^-inch  sashes;  and  if  circular  on 
head  and  plan  (or  either). 

Venetian  frames. — Deal  cased  frames  for  li-inch  sashes,  oak  sunk  sills,  prepared  to 
hang  single  (or  double).  And  if  circular  on  plan  and  head  (or  either).  The 
above  serves  for  2-inch  and  2|-inch  sashes  ; and  if  wainscot  or  mahogany. 

Casement  frames  for  French  casements. — Fir  solid  wrought  frames  for  l|-inch  (or 
2-inch)  casements,  oak  sunk  sills  (plain  or  circular  on  the  plan,  as  the  case  may 
be).  Ditto,  with  wainscot  or  mahogany  stiles  and  beads,  to  correspond  with  the 
sashes.  Ditto,  for  2.^  inch  snshes. 

Fanlight  frames  over  doors. — l|-inch  deal  frames,  square  framed.  Ditto,  semi- 
circular head.  2-inch  deal,  square  framed.  Ditto,  semicircular  head.  If 
elliptical,  so  describe  them. 

Sashes. — l^inch  deal  ovolo  (with  circular  head  or  circular  on  plan).  2-inch  deal 
ovolo  (ditto).  2-inch  deal  astragal  and  hollow  (ditto).  2|-inch  deal  astragal  and 
hollow  (ditto).  These  may  be  moulded  according  to  drawing.  The  above  maybe 
of  wainscot,  Honduras  or  Spanish  mahogany ; also  to  be  hung  single  or  double, 
with  patent  lines  and  iron  (or  lead)  weights,  and  sash-fastenings  (patent  to  be 
named)  complete. 

French  casements. — 2-inch  deal  ovolo  casements.  They  may  have  marginal  lights, 
or  be  circular  on  plan,  or  both ; or  if  with  astragal  and  hollow.  The  same  of 
22-incb,  with  the  same  modifications.  The  above  may  be  of  wainscot,  Hondura.s 
or  Spanish  mahogany.  The  hanging  is  commonly  with  4-inch  iron,  or  brass,  butt 
hinges  ; the  species  of  fastening  at  a price  from  five  to  twenty  shillings.  When 

,,,  used,  they  must  be  particularly  specified. 

Shop-fronts  vary  so  much  that  their  thicknesses  will  only  be  noticed.  They  range 
frem  to  2^  inches;  the  forms  of  their  horizontal  sections  must  be  stated,  or  to 
be  executed  according  to  the  drawings.  Metal  bars  are  now  largely  used. 
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For  rcvolvivg  wood  or  iron  shutters,  the  particulars  of  the  manufacturers  had  best  be 
obtained. 

Stall-hoard,  and  other  shop-fittings,  &c.,  of  the  like  nature,  are  to  be  described  with 
reference  to  the  drawings,  or  to  the  manufacturer. 

The  ceilings  of  the  principal  rooms : — after  they  are  plastered,  to  be  divided  into 
square  panels  about  . . . feet  square,  by  nailing  thereon  hollowed  fillets  2^  inches 
by  1 inch  (or  more),  neatly  scribed  at  intersections,  with  staff  beads  1 inch  (or 
more)  diameter,  nailed  along  the  centre  of  the  same,  mitred  at  intersections,  and 
conveyed  round  w'alls  as  a cornice.  Care  to  be  taken  in  laying  the  joists  so  that 
they  may  form  nailing  points  for  these  panel  ribs. 

Friezes  and  cradling  for  cornices  should  be  referred  to  drawings,  specifying  their 
height. 

Skglightsi — The  common  sort  are,  1^-inch  deal  ovolo  skylight  (and  hipped,  and  with 
cross  bars).  2-inch  deal  ditto  (ditto).  2^-inch  ditto  (ditto).  If  astragal  and 
hollow  moulded;  or  if  of  oak,  to  be  specified.  Small  skylights  are  often  made  of 
copper  or  zinc. 

Kerbs  for  skylights. — l|-inch  kerbs  to  (circular)  skylights  in  two  thicknesses, 
bevelled  and  chamfered.  2-inch  ditto.  2|-inch  ditto.  These  may  be  elliptical. 

Coach-house  doors  and  gates. — 2-inch  deal,  framed  and  braced,  filled  in  with  2-inch 
deal,  and  ploughed,  tongued,  and  beaded.  Ditto,  filled  in  with  battens.  2|-inch 
deal,  framed  and  braced,  filled  in  with  l-inch  deal,  ploughed,  tongued,  and  beaded. 
Ditto,  filled  in  with  battens.  These  are  sometimes  filled  in  with  whole  deal. 

2-inch  deal  bead  butt  and  square  gates,  in  eight  panels  ; and  bead  flush  and  square  ; 
and  bead  flush  on  both  sides.  These  gates  may  have  more  panels  ; or  be  framed 
with  a wicket.  A sum  may  be  provided  for  the  hanging  of  gates,  and  their  hinges 
and  fastenings  may  be  inserted  at  from  lOl.  to  15/.,  or  even  20/. 

Doors. — For  out-houses  and  the  like:  f-inch  ledged  wrought  deal  door;  ditto, 
ploughed,  tongued,  and  beaded.  1-inch  wrought  deal  ledged,  ditto.  1-inch 

ploughed,  tongued,  and  beaded.  IJ-inch  wrought  deal  ledged,  ditto,  l-^-inch 
ploughed,  tongued,  and  beaded.  l|^-inch  and  2-inch  deal  ledged  doors  are  similarly 
described.  These  doors  may  be  hung  with  |-L  or  cross  garnet  hinges ; and  have 
bolts,  lock.*:,  latches,  and  other  fastenings,  as  may  be  described.  External  doors 
with  4-inch  cast  or  wrought  butt  hinges,  and  internal  doors  with  cast  or  wrought 
iron  3i-inch  butts.  Water-joint  hinges  are  useful  for  light  outside  flap-doors. 

For  a dwelling  house  : the  principal  entrance  door  to  be  of  deal  1^  inches  thick, 
framed  flush,  with  V joints  inside ; the  exterior  to  be  cased  with  |-inch  oak  boards, 
with  moulded  fillets  over  the  joints,  the  same  to  return  round  the  head,  and  to  die 
at  bottom  on  an  oak  rail,  9 inches  deep,  sometimes  having  sunk  quatrefoils,  &c. 
The  door  to  be  hung  on  wrought  iron  ornamental  hinges  to  hooks  let  into  the 
jambs  (or  screwed  to  frames) ; an  8-inch  rim  lock  and  ornamental  drop  handle, 
escutcheon,  and  key-plate,  and  two  8-inch  barrel  bolts 

The  back,  or  side  entrance,  door  to  be  l^-inch,  framed,  ledged,  and  braced,  covered 
with  |-inch  wrought  oak  boarding  with  chamfered  joints,  nailed  on  with  rose  nails 
driven  through  and  clenched  ; hung  on  hinges  and  fastened  with  lock  and  bolts, 
similar  to  those  specified  for  front  entrance. 

internal  doors  maybe  of  the  following  varieties: — 1 l-inch  four-panelled,  with 
hollow  on  the  room  side,  and  |-inch  diagonal  V boarding  next  the  hall  or  passage  ; 
to  be  hung  with  fleur-de-lis  or  ornamental  wrought  iron  hinges,  made  to  clasp 
the  door  s')  as  to  show  on  both  sides,  and  fastened  with  wrought  iron  latches  and 
ornamental  drop  rings.  H-inch  four- panelled,  square  framed,  stop  chamfered, 
filled  in  with  upright  or  diagonal  V'jointed  boarding,  and  hung  on  hinges  as 
previously  specified. 

1- inch  deal  1 -panel  square  door.  1-inch  deal  1-panel  square  door,  folding.  These 
are  rarely  used. 

li-inch,  2 panels,  square;  and  bead  butt  and  square;  and  bead  flush  and  square; 
and  moulded  and  square  ; and  bead  button  both  sides  ; and  bead  butt  and  bead 
flush ; and  bead  butt  and  moulded  ; and  bead  flush  on  both  sides ; and  bead  flush 
and  moulded ; and  moulded  on  both  sides.  When  hung  folding,  to  be  so 
specified. 

l.^-inch  deal,  2 panels,  square,  follows  in  the  same  order. 

2- inch  deal  follows  in  the  same  order. 

25-inch  deal  follows  in  the  same  order, 
l^-inch  deal,  4 panels,  follows  in  the  same  order. 

2- inch  deal,  4 panels,  follows  in  the  same  order. 

2i  inch  deal,  4 panels,  follows  in  the  same  order. 

l|-inch  deal,  6 panels,  follows  in  the  same  order;  and  so  on. 
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, Jf  the  panels  of  1^-incli  doors  are  raised,  or  if  double  mnrgii;al  drors,  so  describe 
them.  All  the  above  must  be  specified  as  to  be  hung  folding,  if  the  nature  of  the 
^vork  so  requires. 

Wainscot  — 1^-inch  wainscot,  2 panels,  square  ; and  bead  flush  and  square  ; and 

moulded  and  square  ; and  bead  flush  on  both  sides;  and  bead  flush  and  moulded. 
2-inch  wainscot,  2 panels  ; 2|-inch  wainscot,  2 panels  ; follow  in  the  same  order. 
1^-inch  wainscot,  4 panels,  follow  in  the  same  order,  and  may  be  moulded  on 
"both  sides;  also  2-inch  wainscot,  4 panels;  and  2|-inch  wainscot,  4 panels;  also 
2-inch  wainscot,  6 panels;  also  2^-inch  wainscot,  6 panels;  and  so  on. 

Wahiscot  sash  doors. — 2-inch  w’ainseot,  with  diminished  stiles,  lower  panel  moulded, 
bead  flush,  with  astragal  and  hollow  sash  ; or  ditto,  with  astragal  and  hollow 
sash,  moulded  on  both  sides ; or  2^-inch  wainscot  sash  doors,  diminished  stiles, 
lower  panels  moulded,  and  bead  flush,  with  astragal  and  hollow  sash  ; or  ditto, 
with  astragal  and  hollow  sash,  moulded  on  both  sides.  These  may  be  hung 
folding,  double  margined,  or  moulded  on  the  raising. 

Mahogany  doors,  or  best  Spanish  mahogany  if  required  (of  course  now  veneered) — 
2-inch  Honduras  mahogany,  2 panels,  moulded  and  square;  or  moulded  on  both 
sides.  2-inch  Honduras  mahogany,  4 panels,  moulded  and  square ; or  moulded 
on  both  sides.  2-inch  Honduras  mahogany,  6 panels,  moulded  and  square;  or 
moulded  on  both  sides.  2^-inch  Honduras  mahogany,  4 panels,  moulded  and 
square  ; or  moulded  on  both  sides.  2|-inch  Honduras  mahogany,  6 panels, 
moulded  and  square  ; or  moulded  on  both  sides.  These  may  be  hung  folding ; 
wnth  projecting  mouldings;  or  with  double  margins. 

Mahogany  sash  doors. — 2-inch  Honduras  mahogany,  astragal  and  hollow,  bottom 
panel  moulded  and  square;  or  bottom  panel  moulded  on  both  sides;  or  2^-inch 
Honduras  mahogany,  astragal  and  hollow,  I ottom  panel  moulded  and  square; 
or  bottom  panel  moulded  on  both  sides.  These  may  be  hung  folding;  or  with 
double,  margin  ; or  diminished  stiles. 

E.xternal  doors. — 2-inch  wrought,  ledged,  framed,  and  braced,  folding  (or  other) 
doors,  with  stop  chamfered,  arched  heads,  stiles,  rails,  and  bracts,  covered  on  the 
outside  with  |-inch  w’rought,  tongued,  and  V jointed  oak  boarding,  hung  to  solid 
oak  frame  (or  on  hinge-hooks  let  into  stone  jambs),  with  strong,  heavy,  wrought 
iron  mediaeval  hinges,  and  fastened  with  best  rim  dead  lock  cased  with  oak,  and 
a heavy  wrought  iron  latch,  with  bold  ornamental  drop  handle  and  plate,  key-plate) 
&c.,  all  wrought  according  to  detail  drawing  (or  a price  to  be  stated  for  each 
article).  The  frames  to  be  of  oak,  6 inches  by  4 inches,  wrought,  doxible  rebated, 
stop  chamfered,  grooved,  &c.,  tenoned  into  stone  steps,  and  to  have  extra  strong 
hooks  on  plates  screwed  to  same. 

2-inch  deal,  4 panels,  the  lower  panels  headbutt  and  sqxxare,  and  the  upper  panels 
square  both  sides  ; or  the  upper  panels  bead  butt  on  the  backs  ; or  the  upper 
panels  bead  flu.sh  on  the  back.  The  panels  may  have  raised  mouldings. 

2^-inch  deal,  4 panels,  the  lower  panels  bead  butt  and  square,  upper  panels  square 
on  both  sides ; or  bead  bxxtt  on  the  back  ; or  bead  flush  on  the  back  ; with  perhaps 
raised  mouldings. 

2-inch  deal,  6 panels,  lower  panels  bead  butt  and  square,  upper  panels  square  both 
sides  ; or  bead  bxxtt  on  the  back  ; with  perhaps  raised  mouldings. 

2|-inch  deal,  6 panels,  the  loxver  panels  bead  butt  and  square,  and  the  upper  panels 
square  both  sides  ; or  bead  butt  on  the  back;  or  bead  flush  on  the  back;  with 
perhaps  raised  mouldings,  double  margined,  &c.  Describe  any  of  these  external 
doors,  if  to  be  hung  folding,  or  with  circular  or  curved  heads. 

Sash  doors. — l^-inch  deal,  2 panels,  square,  diminished  stiles,  and  ovolo  sash  ; and 
bead  butt  and  square,  diminished  stiles,  and  ovolo  sash  ; and  bead  flush  and 
square,  diminished  stiles,  and  ovolo  sash  ; and  moulded  and  square,  diminished 
.stiles,  and  ovolo  sash  ; and  moulded  and  bead  bxxtt,  diminished  stiles,  and  ovolo 
sash  ; and  moulded  and  bead  flush,  diminished  stiles,  and  ovolo  sash  ; and  moulded 
on  both  sides,  diminished  stiles,  and  ovolo  sash. 

2-inch  deal,  2 panels,  squai*e,  diminished  stiles,  and  ovolo  sash,  in  the  same  order. 
2.Yinch  deal,  2 panels,  square,  diminished  stiles,  and  ovolo  sash, in  the  sameorder 
All  these  may  be  hung  folding,  or  with  marginal  lights. 

In  describ.ng  joiner’s  work,  specify  the  ironmongery  to  be  used ; that  is,  the  hinges, 
locks,  fastenings,  and  fxxrnitixre.  There  is  now  great  variety. 

Common  framed  .J-panel  doors  are  usxxally  hung  with  3^-inch  bxxtts  and  7-inch  iron 
linx  stock  locks.  Better  doors  are  hung  with  4-inch  ii’on  or  brass  bxxtts,  mortise 
locks  and  brass  knob  furniture.  Folding  doors,  if  heavy,  should  have  4|  or  5-inch 
brass  bxxtts,  and  if  necessary  to  clear  mouldings,  they  should  be  hung  with  pro- 
jecting brass  butts,  be  provided  with  flush  and  other  bolts,  and  mortise  locks  and 
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furniture.  Doors  of  dining,  drawing,  and  other  rooms,  where  they  are  required 
to  clear  the  carpet  by  rising  as  they  open,  should  have  4 or  4^-inch  rising  joint 
butts.  Closet  doors  hav®  usually  3i-incH  butts,  with  brass  tumbler  locks  and  keys. 
External  doors  require  larger  locks,  which  are  usually  iron  rim  locks,  or  patent 
locks  and  keys  ; also  10  or  12-inch  bright  rod  bolts,  chains,  staples,  &c.  Shutters 
have  butts,  which  for  the  back  flaps  are  of  a less  size,  and  spring  bar  fasten- 
ings. Brass  or  other  china  knobs  to  the  front  flaps.  Doors,  mouldings,  and 
joinery  are  now  to  be  obtained  of  American  and  Swedish  manufacture,  as  well  as 
English. 

Moiddtd  architraves  to  doors  and  windows,  are  described  by  their  width  and 
mouldings,  or  referred  to  drawings. 

Columns  and ’pilasters. — 1^-inch  (or  1^-inch)  deal  diminished- columns,  ....  inches 
diameter.  Pilasters  similarly  specified.  Both  one  and  the  other  to  be  glued  up 
and  blocked.  If  fluted,  to  be  mentioned  ; as  also  any  necking  grooves  to  columns. 
Caps  and  bases  according  to  the  Order,  or  to  drawing,  carved,  or  of  papier-mache, 
as  the  expense  will  allow. 

Entablatures  got  out  of  deal,  as  to  drawing.  To  be  glued  up,  blocked,  and  fixed 
wdth  all  necessary  brackets  and  grounds. 

Water-closet,  fitted  up  with  1-inch  clean  deal  (wainscot  or  mahogany),  seat  with  hole 
cut  therein,  riser  (panelled  and  moulded)  and  clamped  flap  (not  always  considered 
a necessity),  square  (or  beaded)  skirtings,  with  all  requisite  bearers  and  pipe- 
casing. Privies  are  described  as  to  seats  and  risers  the  same  as  water-closets, 
but  sometimes  have  a lid  to  cover  the  hole  instead  of  a flap. 

Cisterns,  internal  and  external,  must  have  their  cases  proportioned  in  thickness  to 
their  sizes.  Thus  one  about  3 or  3 feet  6 inches  long,  and  2 feet  9 inches  deep,  will 
be  1^-inch  deal  dovetailed,  with  requisite  bearers,  and  a cover  of  |-inch  deal  with 
a wood  handle.  For  a good-sized  external  cistern,  provide  and  fix  a wrought  and 
dovetailed  2-inch  deal  cistern  case,  . . . feet  long,  . . . feet  wide,  and  . . . feet 
deep  in  the  clear.  Provide  and  fix  all  necessary  bearers  for  the  same,  with  all 
other  requisite  fittings,  and  a |-inch  deal  strongly  ledged  cover,  with  saddle-back 
fillets  and  water  channels  at  each  joint.  Each  water-closet  to  have  a cistern  case 
of  2-inch  deal,  to  contain  36  cubic  feet  of  water,  fixed  with  strong  bearers,  ledged 
cover  of  |-inch  yellow  deal  tongued  and  beaded.  All  these  cisterns  are  supposed 
to  be  lined  with  lead,  or  zinc. 

Sinks. — For  a wooden  one  lined  with  lead,  l^inch  dovetailed  sink,  enclosed  with 
l^inch  deal  square-framed  front  (and  perhaps  sides),  and  top  or  door  hung  with 
3-inch  butts,  with  deal  or  lead  skirtings,  and  other  necessary  ironmongery.  A 
proper  drainer  to  be  fixed  at  one  side. 

Plate-rack  for  scullery  to  be  provided  over  the  sink,  and  of  the  same  length. 

Bath  to  be  fitted  up  with  riser,  frame,  and  clamped  flap  (of  the  best  Spanish 
mahogany),  provided  and  fixed  with  all  requisite  bearers  and  other  fittings  and 
appurtenances.  The  flap  to  be  moulded  (in  front),  and  hung  with  372-inch  brass 
butt  hinges,  and  the  riser  panelled  and  moulded  as  shown  in  the  drawings,  or  to 
follow  the  windows  and  doors. 

I>re.%ser. — For  a good  house  : — 2-inch  deal,  with  cross-tongued  top  10  feet  long  and 
2 feet  9 inches  wide,  supported  on  strong  framed  legs  and  bearers.  1-inch  deal 
pot-board  and  bearers.  Six  l|-inch  sunk  shelves,  whose  widths  are  to  average 
7 inches.  Back  of  the  shelves  to  be  of  1-inch  deal,  wrought,  beaded,  grooved  and 
cross-tongued.  1-inch  deal  top,  14  inches  wide,  with  moulded  cornice.  Five 
drawers  with  bottoms  and  dovetailed  rims  of  |-inch  deal.  The  fronts  to  be  of 
1-inch  deal,  beaded.  A pair  of  brass  (or  black)  drop  handles  and  a good  patent 
tumbler  lock  to  each  drawer;  together  with  all  slides,  runners,  bearers,  and  other 
requisite  appurtenances.  To  be  fixed  complete.  Others  from  6 to  7 feet  long. 

Dresser  top  for  scullery,  l|-inch  clean  deal,  2 feet  6 inches  wide,  and  6 feet  long, 
cross-tongued,  and  fixed  upon  strong  wrought  and  framed  legs  and  bearers. 

Cupboard  fronts  to  correspond  with  the  doors  of  their  respective  rooms,  hung  on 
ornamental  s.  HL,  or  other  simi'ar  hinges,  fastened  with  small  tumbler  locks, 
wrought  iron  key  plates,  and  small  twisted  or  other  drop,  or  fancy,  handles.  The 
fittings  to  closets  depend  upon  the  rooms  in  which  they  occur;  as  the  attics,  bed- 
I'ooms,  nursery,  sitting  room,  kitchen,  housekeeper’s  room,  store  room,  butlers 
pantry,  cook’s  room,  &c. 

Dwarf  closets. — These  vary.  1-inch  deal,  square  framed  and  moulded  in  front  to 
follow  other  doors.  The  top  to  have  H-inch  mahogany  top,  moulded  in  front, 
and  3-inch  skirtings.  One  shelf,  same  depth  as  closet.  The  doors  to  be  hung 
(folding)  with  2l-inch  butts,  a bolt  inside,  a brass  knob  outside,  and  tumbler 
locks. 
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Pips  casings,  wrought  and  framed,  to  be  provided  where  necessary,  to  hide  lead 
and  other  pipes  of  all  descriptions,  the  fronts  to  be  made  to  unscrew  for  coming  at 
tlie  pipes  when  necessary. 

Larder  Jittings. — Dresser  top  of  clean  deal,  1 } inch  thick,  2 feet  6 incJies  wide,  and 
. . . feet  long,  to  be  feather-tongued  and  fixed  on  strong  framed  legs  and  rads. 
Two  meat  rails,  6 feet  long,  of  wrought  fir,  3^  by  2 inches,  suspended  from  wrought 
iron  stirrups.  A hajiging  shelf,  6 feet  long,  10  inches  wide,  and  1^  inch  thick, 
suspended  from  wrought  iron  stirrups. 

Laundry. — To  be  fitted  up  with  l|-inch  clean  white  deal  washing  troughs,  wrought 
two  sides,  and  splayed  and  put  together  with  white  lead  (as  shown  on  drawing). 
It-inch  deal  ironing  lioard,  wrought  both  sides  and  clamped,  hung  with  hinges  to 
a proper  hanging  stile.  Provide  two  clothes  racks,  hung  with  pulleys  and  ropes 
to  the  ceiling  to  raise  and  lower  the  same. 

Ihist-hin.  See  Bricklayer. 

Arris  gutters  to  eaves  should  always  be  of  zinc,  or  iron  for  better  use,  not  of  wood. 

iitablc  fittings,  where  the  old  class  of  work  is  required  : — 

Mangers,  <^c. — 2-inch  deal  bottoms  and  l^inclideal  sides.  AVrought  oak  manger- 
rails,  4 by  3 inches.  Wrought,  rebated,  and  rounded  oak  manger  post,  6 by  4 
inches,  wrought  and  framed  with  bearers  thereto.  Oak  heel-posts,  wrought, 
6 by  5 inches,  and  groove  for  partitions.  Oak  top  rails,  5 by  4 inches,  grooved 
and  rounded  at  the  top.  Oak  bottom  rails,  wrought,  4 by  4 inches,  grooved  and 
arris  rounded  off.  H-inch  deal  partitions,  wrought  on  both  sides,  ploughed, 
tongued,  and  beaded.  1^-inch  deal  rails  on  each  side,  board  wide,  and  the 
arrises  rounded  off. 

Fronts  to  hay-racks. — Onk  standard,  4 by  4 inches,  wrought  and  framed  into  oak 
bearer  under  the  manger.  l|-inch  deal  fronts,  framed  for  the  reception  of  cast 
iron  hay-racks,  w’ell  secured.  Fix  fir  bearers  and  1-inch  deal  partitions  at  each 
end  of  hay-racks,  with  fir  arris  rails  3 inches  apart  at  the  bottom  of  each  rack. 
Dressings  over  stalls  connected  with  heel-posts.  1-inch  deal  frieze,  wrought  joints, 
feather-tongued,  and  backings  thereto,  segmental  sofites  and  keystone  in  centre 
of  arches.  Impost  mouldings  at  the  springings  and  moulded  cornice  to  girt 
about  10  inches. 

Line  the  walls  to  the  height  of  5 feet  with  l-inch  yellow  dea’,  wrought,  ploughed, 
tongued,  and  beaded,  with  a |-inch  beaded  capping  thereon. 

Stable  fittings  have  now  become  an  almost  distinct  trade. 

Oak  fencing. — The  site  to  be  enclosed  with  an  English  oak  ft-nce,  having  oak  posts 

5 inches  square,  6 (or  more)  feet  long,  the  lower  end  tarred  and  fixed  in  the  ground 
2 feet,  and  well  rammed  round  with  dry  ballast  or  brick  rubbish,  fixed  9 (or  10) 
feet  apart,  and  framed  with  two  tiers  (or  three)  of  oak  arris  rails  secured  with  onk 
pegs.  The  whole  covered  with  oak  cleft  pales  4 (5,  or  6)  feet  high,  nailed  with 
galvanized  iron  nails.  The  bottom  to  be  finished  with  1^-inch  oak  plank  12  inches 
wide,  tenonel  to  posts.  The  top  of  pales  to  be  covered  with  inch  oak  capping 
2 inches  wide,  secured  with  galvanized  iron  nails.  Sometimes  the  fence  fronting 
the  public  way  is  varnished,  with  two  or  more  coats. 

Tar. — Cover  the  . . . with  cne  (or  two)  coats  of  good  Stockholm  tar. 

Churches. — To  give  g;eneral  directions  for  the  specification  of  a church  wc-uld  bo 
impossible.  The  principles  of  its  timbering  may  be  collected  from  what  has  pre- 
ceded. The  old  st^le  of  pewing,  planned  as  drawings,  of  deal  square-lramed 
partitions  two  panels  high;  li-inch  framed  doors  and  enclosures  one  or  two 
panels  high,  with  stiles,  munnions,  and  top  rails  3 inches  wide,  and  bottom  rails 

6 inches  wide.  The  panels  of  the  doors  aad  enclosures  should  not  be  more  than 
a board  in  width,  and  the  framework  round  them  chamfered.  The  doors  are  hung 
with  3-inch  butt  hinges,  and  should  have  brass  knob  pulpit  latches.  Capping  to 
the  whole  of  the  pewu'ng,  grooved  and  mouldtd  according  to  drawing.  Pew 
fittings  are,  1^-inch  wrought  and  rounded  seats.  12  inches  wide,  with  proper 
bearers  and  l^-inch  cut  brackets  not  more  than  3 feet  apart.  Seats  rounded  next 
the  pew  doors.  Flap-seats  in  the  galleries  to  have  strong  joints.  All  the  pews  to 
have  |-inch  book  boards  6 inches  wide,  wdth  i-inch  rounded  capping  bearers, 
and  ^-inch  cut  brackets  thereunder,  not  more  than  2 feet  6 inches  apart,  and  the 
ends  rounded  next  the  pew'  doors.  If  tlrere  be  an  organ,  enclosure  would 
corre.«pond  with  the  pews,  or  be  speciiilly  designed  for  it.  Free  seats  of 
l:j-inch  deal,  as  shown  in  the  driwings  ; the  seats  to  be  11  inches  wdde,  rounded 
in  front  ; backs  framed  with  stiles,  munnions,  and  rails,  3,^  inches  wide,  and  the 
standards,  ends,  an  1 bearers,  according  to  the  drawings.  Childrens  scats  to  be 
of  l-|-inch  deal,  with  brackets  same  thickness,  not  more  than  2 feet  6 inches 
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apart;  at  least  8 inches  wide,  ard  the  flap  seats,  wliere  tliey  occur,  to  be  hung 
with  strong  butts.  Pulpits  and  reading  desks  are  usually  of  l^-inch  deal,  framed 
according  to  drawings,  with  ]i-inch  doors,  hung  with  brass  hinges  and  pulpit 
latches.  Whole  deal  floors  on  bearers,  1-inch  book  boards,  cappings  and  bearers. 
1-inch  clean  deal  or  w'ainscot  steps  and  risers,  moulded  returned  nosings,  l|-inch, 
beaded,  sunk  and  cut  string  boards,  strong  bracketed  cari-iages.  1-inch  square 
framed  sofite  under  pulpit  floor  and  stairs,  main  gany  or  wainscot  moulded  hand- 
rail, w'ith  caps  turned  and  mitred  ; square  bar  balusters  with  one  in  ten  of  iron  ; 
turned  newels  to  block  steps;  seats  of  1^-inch  deal,  13  inches  wide,  and  proper 
bearers  thereto,  together  with  all  appurtenances  and  requisite  fittings  for  executing 
the  drawings.  This  exploded  manner  of  fitting  up  a place  for  religious  worship 
is  well  delineated  in  T.  L.  Walker,  Architectural  Practice,  8ro.,  London,  3rd 
edit.,  1841.  The  details  may  be  occasionally  useful. 

For  more  modern  work  may  be  specified : — The  whole  of  the  seating  throughout 
to  be  formed  as  detail  drawings,  of  good,  well-seasoned  English  oak  (or  otherwise), 
to  be  wrought,  chamfered,  and  stopped,  or  moulded  and  cut,  as  shown  or  required  ; 
to  be  carefully  framed  and  put  together.  The  bench  ends  to  be  (at  least)  3 inches 
thick,  tenoned  and  pinned  ,to  the  chamfered  oak  sill.  The  backs  to  have  solid 
moulded  oak  capping.  The  seats  to  be  1^  inches  thick,  and  the  book  boards  to 
be  2 inches  thick  (fixed  flat  or  sloping),  edges  chamfered  ; all  to  be  well  housed  and 
cut  into  bench  ends.  Fix  cut  brackets,  not  more  than  4 feet  apart,  under  the 
seats  ; and  cut  brackets,  not  more  than  3 feet  apart,  under  the  book  boards.  All 
the  seats  to  be  kept  clear  of  the  piers  (if  any).  See  par.  2192a. 

The  carpenter  and  joiner  is  to  provide  and  include  all  such  jobbing  work,  in  follow'- 
ing  or  preceding  the  other  artificers  engaged  on  the  works  and  their  appurtenances, 
as  may  be  requisite  for  the  completion  thereof  in  every  respect. 

Founder,  Smith,  and  Ironmonoer 

2286.  Cast  iron  girders  and  colurrins.  Reference  must  be  had  to  Chap.  I.  Sect.  X.  (1628e 
et  seq.\  wherein  will  be  found  the  method  of  determining  their  scantlings  ; all 
girders  to  be  previously  tested  before  fixing,  by  weighting  at  the  foundry. 

Cast  iron  cradles,  when  used  for  openings,  must  be  described  for  the  particular 
occasions  as  they  occur. 

Chimney  bars— To  kitchen  chimney  two  wrought  iron  cradle  bars,  each  2 inches  wide 
and  f inch  thick,  long  enough  to  extend  to  the  outside  of  the  chimney  jambs,  and 
turned  up  and  down  (or  cock-d  down  and  up)  at  each  end.  The  other  openings  to 
have  each  a wrought  iron  chimney  bar  3 inches  wide  and  ^ inch  thick. 

Straps,  stirrup  irons,  nuts,  holts,  screws,  and  washers,  together  with  all  other  wrought 
iron  work  for  the  roofs  and  partitions,  to  be  provided  as  may  be  requisite,  and  the 
smith  is  to  deliver  to  and  assist  the  carpenter  in  fixing  or  attaching  the  same. 
Where  the  quantity  is  uncertain,  a given  weight  beyond  the  above  general  direc- 
tion should  be  provided  in  the  contract,  such  part  thereof  as  may  not  be  wanted  to  be 
deducted  from  the  accounts  after  the  rate  of  . . . per  cwt.  To  provide  for  the  carpen- 
ter’s and  joiner’s  works,  and  use,  and  fix  thereto,  all  requisite  spikes,  nails,  screws, 
and  other  proper  iromongery,  and  all  requisite  brass  w'ork,  all  to  be  of  the  very 
best  quality. 

Cramps  of  cast,  and  wrought,  iron,  or  copper  (par.  2284(Z),  as  may  be  directed,  for  the 
mason  ; the  former  to  be  used  where  the  works  are  exposed  to  the  air. 

Wrought  iron  door  for  strong  room  or  opening  in  a party  wall  (it  may  be  folding)  to 
be  of  the  best  quality  (name  the  manufacturer),  with  h'nges  and  proper  fastenings, 
of  the  value  of  . . . pounds,  without  fixing. 

Cast  iron  sashes  as  necessary. 

Wedges  for  underpinning  must  be  described  w’ith  reference  to  the  thickness  of  walls 
they  are  to  catch  ; each  pair  must  be  at  least  as  long  as  the  wall  is  thick. 

Balusters  to  a back  stone  staircase  and  landings. — Wrought  iron  balusters,  ^ inch 
square,  with  turned  wrought  iron  newel  equal  to  inch  diameter,  with  rounded 
handrail  of  wrought  iron  1^  by  \ inch.  The  balusters  and  newel  are  to  be  riveted 
into  the  handrail  at  top,  and  at  the  bottom  let  into  the  stonework,  and  run  with  lead. 

Bahisters  to  a principal  staircase. — Ornamental  cast  iron  balusters,  as  shown  on  the 
drawings,  or  to  pattern  by  a manufacturer,  with  top  rail  of  wrought  iron  by 
^ an  inch,  let  into  and  firmly  screwed  to  the  mahogany  (or  wainscot)  handrail. 
'J'he  balu  ters  and  newels  are  to  be  riveted  into  the  iron  rail,  and  at  the  bottom 
they  are  to  ba  let  into  the  top  or  side  of  the  stonework,  and  run  with  lead. 

Balusters  of  wrought  iron  for  strengthening  the  principal  staircase  when  of  wood. 
Every  tenth  baluster  to  be  of  wrought  iron,  well  secured. 

Knocker. — Provide  and  fix  . . . iron,  or  brass,  knocker  for  . . . door  (specify  a price). 
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Air  of  cast  iron,  single  or  double,  and  fixed  in  the  brickwork  of  the  outside 

walls,  for  the  ventilation  of  the  floors;  also  air  gratings,  ...  in  number,  9 inches 
square. 

A ‘-ea  gratings.— Of  cast  iron,  with  bars  inch  by  ^ of  an  inch,  and  not  more  than 

H inch  apart.  Frames  inch  by  1 inch,  and  with  strong  flanges  to  let  into  the 
surrounding  stonework,  and  properly  fixed. 

Window  guards,  of  wrought  iron  to  the  windows  of  ...  , and  . . . bars,  to  be  1 inch 
square  and  4 inches  apart,  with  framework  of  iron  of  the  same  substance,  and  let 
well  into  and  securely  fixed  to  the  brickwork  in  cement. 

Goal  2)lates  of  cast  iron,  with  proper  fastenings,  to  be  provided  to  the  coal  shoot. 
Hayward’s  patent  self-locking  plate  is  one  of  the  new  patents. 

Cast  iron  ornamental  railing,  to  the  windows,  or  to  the  balcony  in  front  of  the  house, 
as  the  case  may  be,  according  to  the  drawings,  or  selected  from  a manufacturer. 

Traips  of  cast  iron,  or  stoneware,  to  all  communications  of  surface  water  with  drains, 
to  be  of  appropriate  size,  with  all  gully  gratings  that  may  be  necessary. 

Brains  to  roads  or  paths  to  be  of  unglazed  earthenware  pipes,  in  2-feet  lengths,  of  a 
. . . inch  bore,  laid  to  a fall  of  . . . inches  in  each  100  feet  into  . . . , with  all  neces- 
sary bends,  junctions,  &c.  Iron  gully  trap  or  glazed  stoneware  trap,  or  traps, 
jointed  as  drains. 

The  Kitchener  apparatus  for  cooking  must  be  specially  named  ; and  in  large  man- 
sions many  modern  conveniences  are  required  to  be  specified.  The  Carron  Com- 
pany have  issued  (1887)  a book  of  appliances  of  various  sizes. 

Copper. — A copper,  . . . inches  diameter  (or  cubical  quantity),  of  copper,  or  of  gal- 
vanized iron,  with  all  requisite  bars  and  iron  work. 

Stable  fittings. — No.  . . . cast  iron  hay-racks,  3 feet  wide  and  2 feet  high  in  the  clear. 
Ij-inch  round  staves,  about  3 inches  apart,  the  frames  1|-  by  ^ of  an  inch,  with 
the  arris  rounded  oif  next  the  staves.  Fix  two  manger  rings  in  each  stall. 

Cast  iron  coping  to  the  walls  of  the  dung-pit  | of  an  inch  thick,  and  returned  on  each 
side  4 inches  down  at  the  least. 

Cast  iron  gratings  to  stable  yards  are  usually  described  as  of  the  weight  of  1 cwt. 


Church  and  Chapel  work.  The  founder’s,  smith’s,  and  ironmonger’s  work  is  so  de- 
pendent on  the  design,  that  no  general  instructions  can  be  given. 

Cast  iron  saddle  bars  to  the  windows  | by  1|^  inch  (or  ^-inch  square),  12  inches 
longer  than  the  clear  width  of  each  window,  with  lead  lights,  laid  into  and  worked 
up  with  the  brickwork,  at  the  height  shown  on  the  drawings,  to  be  fixed  on  an  aver- 
age 1 2 inches  apart. 

Each  window  to  have  wrought  iron  framework  for  a hopper  casement,  to  be  fitted  up 
complete,  with  patent  lines,  brass  pulleys,  and  all  other  requisite  appurtenances. 
Or  the  hoppers  may  rest  on  the  sill,  and  be  hinged  next  to  it,  so  that  when  closed  the 
exterior  glazing  may  be  flush,  and  to  be  fitted  with  opening  racks  and  fastenings. 

To  outside  of  windows,  where  necessary,  fix  1-inch  square  stanchions,  not  more  than 
6 inches  apart,  with  ornamental  heads  forged  to  drawing,  let  into  (frames  or)  stone 
sill  at  bottom,  and  passed  through  saddle  bars  with  mortises  formed  thereon. 

For  church  windows  with  tracery  heads,  provide  and  build  in  across  the  springing  of 
the  arch  of  all  windows  of  3 lights  and  upwards,  wrought  iron  bars  2 inches  by 
^-inch,  corked,  and  well  turned  up  2 feet  trom  jambs,  on  each  side  ; these  bars  to 
be  well  galvanized,  and  fixed  with  play  for  expansion  or  strain,  in  notches  through 
the  mullions. 

All  strops,  bolts,  nuts,  and  washers  for  the  various  roofs.  Where  visible,  the  straps 
are  to  be  worked  to  detail  drawings  ; and  the  washers  and  nuts  to  be  notched  and 
stamped  as  directed. 

AVrought  (or  cast)  iron  vanes,  crosses,  ridge  cresting,  guards  to  areas,  balconies,  &c., 
according  to  drawings ; all  to  be  securely  fixed  ; the  vanes  and  gable  crosses  to 
have  stems  as  long  as  possible,  and  to  be  leaded  into  the  stone  or  screwed  to  the 
roof  timbers,  as  the  case  may  be. 

Ornamental  wrought  iron  hinges,  latches,  key-plates,  closing  rings,  &c.,  on  doors,  all 
to  be  strictly  worked  according  to  detail  drawings. 

Ornamental  grating  of  cast  iron  to  pattern,  to  cover  hot  water  pipe  channels  in  floors. 

Cast  iron  rain-water  pipe. — To  be  2U  3,  3|,  4,  4|.  6 or  6 inches  diameter,  fixed  from 
the  roof  into  the  drain,  with  proper  head  and  shoe,  ears  or  bands,  &c.,  complete. 

haves  gutter. — All  overhanging  eaves  to  have  a 4-inch  cast  iron  eaves  gutter,  with 
all  necessary  angle  pieces,  valley  pans  to  internal  angles,  swan-necks,  and  socket 
pipes  cast  on  the  gutter  to  lead  into  heads  of  rain-water  pipes.  The  gutters  to  be 
fixed  on  strong  wrought  iron  brackets  screwed  to  the  feet  of  the  rafters,  and  the 
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joints  to  bo  screwed  together  and  bedded  in  red  leal  putty.  Kectangular  rain- 
water down  pipes  are  frequently  used,  with  ornamental  ears  or  bands. 

Newall's  (or  other)  \vi\;q  lightning  conductor,  w\\.\\  point,  prop-rly  secured, 

to  . . . (the  highest  portion  of  the  building),  and  brought  down  with  all  requisite 
insulators  ; the  end  to  be  carried  into  the  earth  for  a depth  of  3 feet  from  the 
surface;  and  all  to  be  carefully  fixed.  See  par.  226 Id". 

Plasteheu. 

2287.  Lath,  plaster,  float,  and  set  all  the  ceilings,  also  the  strings  of  staircases,  and  the 
quartered  partitions  on  attic  stories. 

Bender,  float,  and  set  all  brickwork  in  attic  stories. 

All  sides  of  the  kitchen  offices  and  office  passages  to  be  plastered  with  best  floated 
rough  stucco,  lathed  where  requisite. 

All  the  remainder  of  the  sides  of  the  interior  throughout  is  to  be  executed  with  the 
very  best  floated  stucco,  lathed  where  requisite.  Stucco  of  offices  (or  office  build- 
ings, if  any)  to  be  finished  with  rough  surfaces  ; all  the  rest  of  the  stucco  to  be 
trowelled  quite  smooth. 

All  the  arched,  groined,  panelled,  and  coffered  work,  and  the  bands  and  architraves,  to 
be  executed  in  gauged  stuff,  in  the  best  and  most  accurate  manner. 

To  run  cornices  in  plaster  round  the  several  rooms,  lobbies,  passages,  and  other  parts 
of  the  building,  with  enrichments  thereto  to  be  accurately  modelled  in  accordance 
with  the  drawings  (the  enrichments  may  be  of  papier-mach^).  An  ornamented 
rose  or  flower  to  the  centre  of  the  ceiling  of  each  room  on  the  ground  (and  one- 
p lir)  floor,  securely  fixed.  Those  of  papier-mache  can  be  easily  screwed  to  the 
ceiling  joists. 

Skirtings  to  basement  or  ground  story  (or  both)  are  to  be  run  in  cement  round  all 
the  moms,  lobbies,  passages,  &c.,  10  inches  high,  1:|  inch  thick,  whited  when  soft, 
and  finally  washed  of  stone  colour  (or  painted). 

All  necessary  beads,  quirks,  and  arrises ; ail  internal  and  external  reveals  to  be 
stuccoed ; dubbing  out  where  the  work  may  require  it,  so  as  to  bring  out  all  extra 
thicknesses  and  projections  ; and  counter-lathing  the  work  over  large  timbers  and 
elsewhere,  to  be  done  as  may  be  necessary.  Enrichments  to  be  carefully  trimmed 
and  finished  off,  and  where  heavy  leaves  or  embossed  work  may  require  it,  to  be 
screwed  with  strong  copper  screws. 

Lathing  throughout  to  be  lath-and-half  heart  of  fir  laths,  free  from  sap. 

If  the  walls  of  a church  are  to  be  plastered,  the  stone  jambs  to  windows  and  doors 
are  usually  specified  to  project  one  inch  beyond. the  face  of  wall,  so  as  to  form 
a stop  for  plaster,  and  afterwards  cleaned  off  and  left  flush. 

Lath  for,  and  plaster  to,  the  spaces  between  the  rafters  (unless  the  boarding  is  in- 
tended to  be  left  visible). 

To  stucco  in  the  very  best  manner  with  ....  cement,  jointed  to  imitate  masonry, 
the  whole  (or  part,  if  such  be  the  case)  of  the  exterior  of  the  building,  with 
columns,  pilasters,  plinths,  entablatures,  strings,  mouldings, labels,  jambs,  reveals, 
chimneys,  chimney  moulds,  decorations,  enrichments,  and  appurtenances  of  every 
kind,  as  shown  on  the  drawings  and  profiles.  Such  work  to  be  subject  to  further 
instructions  from  the  architect ; to  be  roughly  coloured  as  each  portion  is  executed, 
and  finally  coloured  with  weather-proof  colouring,  fixed  with  proper  ingredients. 

Decorative  chimney  pots,  of  cement,  and  of  the  value  of  . . .to  be  provided  for 
each  flue. 

Tugging. — To  fill  in  upon  the  sound  boarding  between  the  joists,  where  so  provided, 
with  good  lime  and  hair  pugging  mortar,  laid  throughout  at  least  1 inch  in 
thickness.  Par.  2247. 

Boughcasting. — For  the  mode  of  describing  this,  see  Plastering,  Sect.  IX.  (2249.) 

Martin’s  cement,  if  used  for  walls  and  partitions,  is  to  be  laid  in  Martin’s  coarse 
cement  and  clean  washed  dry  sand,  1 of  cement  to  of  sand,  floa,ted  and  set 
with  pure  Martin’s  fine  cement  | inch  thick.  A skirting  to  be  9 inches  high, 
dubbed  out  with  tiles  in  cement,  and  run  as  above  described,  finished  on  the  top 
with  a . . . moulding,  . . . inches  in  girt,  mitred  at  angles.  Beveals  to  be  run 
in  pure  Martin’s  fine  cement.  For  floors,  equal  parts  of  coarse  cement  and  sand, 
beaten  down  and  keyed  | thick,  and  finished  with  a coat  of  pure  Martin’s  cement, 
and  brought  to  a fine  surface. 

Keene’s  patent  cement.— Bv\ck\vov\.  to  be  rendered  with  . . . cement  and  clean 
sharp  sand,  in  proportion  of  9 to  1,  and  to  be  laid  and  set  with  Keene’s  patent 
fine  marble  cement,  highly  polished.  Paring  to  be  formed  of  3 inches  of  concrete, 
laid  with  Keene’s  patent  coarse  marble  cement  Ij  ins.  thick.  Skirting  will  be  the 
s:ime  as  for  Martin’s  cement. 
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I’arian  cement. — To  be  laid  with  coirse  quality  Parian  cement  and  clean  sharp  sand 
in  equal  proportions,  and  set  vvi  h fine  white  Parian,  highly  polished. 

Portland  cement. — Rendering  to  walls,  in  proportion  of  1 of  cement  to  3 of  clean 
sharp  grey  sand  Drawn  and  jointed  to  form  blocks  (sta* e size).  Por  rough  work 
the  proportion  may  be  1 of  cement  to  9 of  sand. 

Plumber. 

2288.  Tlie  fiats  and  gutters  to  be  laid  with  milled  lead  of  6 (7  or  8)  lbs.  to  the  foot 
superficial.  "Where  against  w’alls,  to  be  turned  up  7 inches ; where  against  slopes, 
as  rafters,  to  turn  up  10  inches.  Rolls  not  to  exceed  27  inches  apart. 

of  milled  lead  to  the  walls  of  4 (or  5)  lbs.  to  the  foot,  to  be  worked  in 
the  wall,  and  to  turn  dowm  over  gutters  and  flats.  AVhere  flashings  adjoin  the 
slopes  of  a roof,  they  should  be  described  to  be  formed  stepwise  into  the  brick- 
work, and  of  an  average  width  of  12  inches. 

Hips  and  ridges  to  be  covered  with  milled  lead  6 lbs.  to  the  foot,  and  at  least 
18  inches  wide,  well  secured  with  lead-headed  nails. 

Eaves  -To  put  round  the  eaves  at  the  curb  plate  4-inch  iron  (or  zinc)  gutter- 

ing, fixed  complete  with  bands  and  brackets,  wdih  iron  (or  zinc)  down  pipes,  . . . 
inches  diameter,  with  neat  heads  and  appropriate  shoes,  and  let  into  the  gutter, 
syphon  trap,  or  drain. 

To  fix  . . . stacks  of  rain-water  pipes  (if  to  be  of  lead)  from  the  gutters  to  the  drains, 
of  (5)  inches  bore,  turned  up  from  milled  lead  of  8 lbs.  to  the  foot  superficial,  and 
securely  fixed  with  ornamental  cistern  heads,  as  shall  be  approved  by  the  architect, 
and  2-inch  strong  overflow  discharging  pipes.  Similar  description  for  conveying 
water  from  the  roof  or  flat  of  a portico. 

Hoses  pierced  with  holes  of  sufficient  size  to  be  provided  of  10-lb.  lead  to  rain-water 
cesspools,  and  pipe  heads. 

No  pipes  but  of  lead  or  zinc  should  be  used  against  stone  buildings.  Cast  iron  pipes 
should  only  be  used  to  offices. 

Domes  should  be  covered  with  lead  from  6 to  8 lbs.  to  the  foot  superficial,  according 
to  their  size,  and  must  be  well  secured  with  proper  seams  or  rolls  thereto. 

Tops  and  sides  of  dormers  to  be  covered  with  6-lb.  milled  lead,  turned  down  all 
round  full  8 inches.  A flashing  of  5-lb.  milled  lead,  30  inches  wide,  to  be  fixed 
OA'cr  the  sill  of  the  dormer  door  or  window,  as  the  case  may  be. 

Aprons  of  6-lb.  milled  lead,  and  10  inches  wide,  should  be  described  to  sky-lights. 

External  mouldings  of  wood  may  be  covered  with  6-lb.  milled  lead,  to  turn  up 
6 inches,  and  to  have  flashings  of  4-lb.  milled  lead  let  into  the  brickwork,  and  to 
be  turned  down  5 inches. 

In  London,  it  is  usual  to  specify  that  the  water  supply  should  be  laid  on  for  the 
service  of  the  house  in  following  manner  (regulating  cisterns  are  required  by 

some  companies) : — Lay  on  water  from  the  main  of  the Company  with 

]jMnch  strong  cast  lead  pipe  to  the  cistern  of  the  upper  water-closet,  with  ball-cock 
complete.  Similarly  to  lower  water-closet  and  to  such  other  cisterns  as  are 
provided,  with  ball-cocks,  &c.  complete,  and  to  pay  all  official  fees. 

liine  the  in  the  scullery,  and  in  the  butler’s  pantry  (and  other  small  ones,  if 
any)  with  6-lb.  milled  lead,  and  fix  thereto  a 2-inch  waste  pipe,  with  brass  bell 
trap  complete,  to  be  carried  outside  on  to  or  under  a grating,  and  so  into  the 
drains.  (Another  to  each  for  hot  water.) 

Line  the  kitchen  cistern  with  milled  lead,  bottom  9 lbs.  and  sides  6 lbs.  to  the  foot, 
with  all  soldering  thereto.  To  provide  to  the  same  a l|-inch  waste  pipe.  Line 
the  kitchen  sink  with  lead  of  8 lbs.  to  the  foot,  to  turn  well  over  the  woodwork 
and  to  have  a 2-inch  strong  waste  pipe  to  lead  into  the  drain,  with  brass  bell 
grate  complete.  A |-inch  service  pipe  and  brass  cock  t)  be  provided  from  the 
cistern  for  supplying  water  to  the  sink.  (Another  for  hot  water). 

Water-closets  to  be  constructed  and  fitted  up  in  every  respect  complete,  with  . . . 
basin,  and  the  very  best  patent  valve  apparatus.  Soil  pipe  of  4|-inch  bore  out  of 
8-lb.  lead,  to  lead  into  drain  with  strong . . . trap ; lead  service  box,  10  inches 
by  7,  and  6 inches  deep,  of  10-lb.  milled  lead;  5-lb.  lead  safe  under  pan,  with 
2-inch  swan-necked  waste  pipe.  1-inch  supply  pipe  to  the  basin,  and  all  other 
pipes,  wires,  cranks,  handles,  and  other  proper  fitments.  The  cistern  is  to  be 
lined,  bottom  with  8-lb.  cast  lead,  and  sides  with  5-lb.  milled  lead.  IJ-inch 
waste  pipe,  to  be  carried  outside,  with  washer  and  waste  complete.  (See  par.  2220 
for  modern  contrivances). 

Inferior  water-closets  to  be  provided  with  stoneware  syphon  pan,  with  water  laid  on, 
and  in  all  respects  to  be  fitted  complete,  to  modern  requirements. 


CiiAv.  in. 


SPHCI  FI  CATIONS. 


775 


2-'88rir.  Plumueh. 

Provide  all  stench-traps,  syphon-traps,  and  other  similar  contrivances  as  may  bo 
named,  where  the  pipes  are  to  communicate  with  the  drains. 

Cold  hath. — A . . . feet  . . . inches  bath,  if  of  copper  of  16  ounces  to  the  foot 
superficial,  tinned  on  the  inside,  and  painted  in  japan  to  imitate  marble,  or  as  may 
be  directed.  Lay  on  the  water -with  st-ong  li-inch  lead  pipe,  with  brass  cock, 
and  fix  2i-inch  strong  lead  waste  pipe,  with  brass  washer  and  plug,  thereto. 

If  the  hot  hath  be  not  of  marlde  (as  before  stated,  see  Mason),  the  following  clauses 
will  describe  the  several  positions  and  varieties  of  the  boilers  by  which  a supply 
of  hot  water  is  obtained  in  the  present  day; — 

I.  Provide  a Tylor  and  Sons’  5 feet  2 inch  taper  oval-end  copper  (or  galvanized  tinned 
iron)  bath,  white  marbled  inside,  with  copper  pipes,  mounted  in  wood  cradle,  witli 
1 i-inch  deal  framing,  panelled,  with  French  polished  Honduras  mahogany  top.  Three 
of  Tylor  and  Sons’  inch  roundway  bath  taps,  S.B.,  with  socket  keys  and  handsome 
levers,  hot,  cold,  waste.  A Tylor  and  Sons’  patent  bath  boiler,  with  stove  front  to 
fit  opening  of  fireplace,  with  doors  and  damper  (no  setting  required).  Inch  lead 
pipe  from  cold  w^ater  cistern  to  boiler,  |-inch  lead  pipe  to  relieve  boiler  up  to  and 
turned  over  top  of  cistern  (or  any  convenient  outlet).  Inch  lead  pipe  for  hot,  cohl, 
waste,  and  overflow  pipes  to  bath.  Lead  safe  with  waste  under  cocks,  and  leave 
the  work  perfect ; as  esiimated,  at  30/.  Os.  9c?.,  exclusive  of  carriage  and  any  brick- 
layer’s, plasterer’s,  or  carpenter’s  work,  cutting  away  for  pipes  and  making  good, 
fixing  bath  framing,  and  graining  and  varnishing  it.  A galvanized  tinned  iron 
bath  is  6?.  less. 

II.  Tylor  and  Sons’  22-gallon  copper  chimney  boiler,  with  wrought  iron  band,  witli 
bobs  and  nuts  to  carry  ditto,  and  stove  front  to  fill  up  opening  in  fireplace, 
with  sliding  blower,  revolving  damper,  soot  door,  and  bars ; as  estimated,  at 
38?.  Os.  9c?. 

III.  Tylor  and  Sons’  copper  saddle  boiler  with  unions,  a stove  front  to  suit  ditto, 
with  sliding  blower,  revolving  damper,  so  t door,  and  bars.  A galvanized  wi’ought 
iron  cistern,  close  top,  with  manhole  screwed  dowm,  to  be  fixed  with  tw'o  lines  of 
inch  wrought  iron  pipe  from  boiler  to  hot  cistern,  inch  ditto  to  supply  cold  water  to 
hot  cistern,  |-inch  ditto  to  relieve  hot  cistern,  inch  hot,  cold,  waste,  and  overflow 
pipes  to  bath,  &c. ; as  estimated,  at  47?.  4s.  3<?. 

IV.  Provide  a 5-feet  (larger  or  smaller,  as  deemed  necessary)  strong  best  make  im- 
proved kitchen  range,  with  strong  wrought  iron  back  boiler  with  close  lop,  wrought 
iron  oven,  and  line  fireplace  with  panelled  covings.  A galvanized  wrought  iron  hot 
water  cistern,  &c. ; as  estimated,  at  61?.  3s.  9c?. 

V.  The  range  fitted  with  two  boilers,  one  for  the  bath,  the  other  for  domestic  use ; 
w'here  a fire  is  kept  sufficiently  large  to  w^ork  two  boilers,  they  are  recommended. 
Estimate  4?.  extra  to  No.  IV. 

VI.  A range  with  partially  closed  fire  instead  of  one  with  open  fire.  4?.  15s.  extra 
to  No.  IV. 

VII.  Tylor  and  Sons’  22-gallon  copper  dome-top  boiler,  with  f rna^e  iron  work, 
doors,  bars,  and  damper,  and  continue  as  No.  I.  This  boiler  may  be  fixed  in  the 
basement,  and  will  supply  a hot  bath  in  any  apartment  below  the  level  of  the  cold 
water  cistern.  As  estimated,  43?.  15s.  3c?. 

Note.  In  I.,  the  bath  and  boiler  may  be  fixed  in  the  same  or  separate  apartments  ; 
open  or  close  fire  at  pleasure.  All  the  estimates  are  framed  presuming  on  a cold 
water  cistern  and  a rain-water  pipe,  or  a drain,  being  within  10  feet  of  the  room. 
In  III.,  the  hot  water  cistern  is  placed  over  the  fireplace  in  the  room.  In  IV.,  the 
hot  cistern  is  supposed  to  be  25  feet  above  the  boiler.  In  VIL,  tlie  cold  cistern  is 
supposed  to  be  25  feet  above  boiler.  The  waste  pipe  from  the  bath  to  the  drain 
should  always  have  as  great  a fall  as  possible,  and  never  be  laid  to  so  small  a fall 
as  allowed  by  placing  it  within  the  depth  of  the  floor. 

Common  are  generally  described  as  3-inch  pumps,  with  neat  cast  iron  cases, 

fixed  complete,  with  proper  lead  suction  pipe  to  bring  sufficient  supply  of  water 
from  well  into  the  cistern,  and  all  other  appurtenances.  The  manufacturer’s  stock 
to  be  seen  if  others  be  required.  Where  water  is  not  laid  on,  as  in  London,  fix  a 
3|-inch  lifting  engine  pump,  with  brass  barrel ; and  provide  from  the  well  . . . 
feet  of  1^-inch  strong  -suciion  pipe;  with  service  pipes  to  the  cisterns,  and  all 
cocks  and  joints  that  may  be  necessary. 

Provide  all  copper  and  zinc  nails  that  may  be  wanted  for  laying  the  metal  works. 

Provide  in  the  contract  . . . cwt.  extra  of  milled  (or  other)  lead,  including  labour 
and  all  proper  materials  as  may  be  wanted  and  directed  by  the  architect;  and  if 
the  same  or  any  part  thereof  should  not  be  used,  a deduction  to  be  made  for  the 
same  on  making  up  the  accmints,  after  the  rate  of  . . . per  cwt.  for  such  portion 
thereof  as  shall  not  have  been  used. 
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2289.  All  the  windows  to  be  glazed  with  best  crown  glass  ; the  offices  with  second 
crown  glass.  To  glaze  all  the  front  windows  with  best  sheet  glass  ; or  with  best 
battened  sheet ; or  with  patent  plate  ; or  with  British  plate  ; as  the  case  may  be, 
and  according  to  the  weight  specitied.  For  varieties  of  glass,  ard  glass  for  other 
purposes,  see  Chap.  II.  Sect.  XII.,  par.  1870  et  scq.  The  architect  ofien  names 
the  manu'actory  or  firm  from  which  the  glass  is  to  be  procured,  to  ensure  the 
proper  quality  being  supplied. 

All  the  glazing  is  to  be  properly  bedded,  stopped  in,  sprigged,  and  back-puttied,  the 
convex  side  outwards  (of  crown  and  sheet  glass),  to  be  free  from  specks,  blisters, 
or  other  blemish  ; and  to  be  left  whole  and  clean,  on  the  works  being  rendered  up 
as  complete. 

Glaze  all  the  windows  (of  the  church)  and  tracery  heads  (if  any)  with  quarries  and 
borders  in  strong  church  lead  | inch  wide.  The  lead  to  be  secured  to  the  saddle 
bars  and  stanchions  with  strong  copper  wire,  soldered  to  lead,  and  securely 
twisted  round  the  saddle  ; the  glazing  to  be  properly  cemented,  to  be  let  into  the 
grooves  of  stonework,  and  neatly  pointed  with  lime  and  stone  dust. 

The  cjlass  to  be  Powell’s  quarries,  or  Hartley’s  patent  rough  cathedral  glass,  | inch 
thick.  The  quarries  to  be  of  one  tint,  and  the  borders  of  another  tint  (as  for 
instance,  green  and  yellow). 

Skylights  and  windows,  in  exposed  situations,  where  much  light  is  not  required,  may 
be  glazed  with  Hartley’s  rough  plate  glass,  f inch  thick,  or  less. 

Water-closet  and  similar  windows  (wffiere  privacy  is  desired),  with  Hartley’s  patent 
rough  plate  glass,  ^ inch  thick  ; with  fluted  glass  ; or  with  diapered ; or  with  em- 
bossed glass. 

Enumerate  any  windows  to  be  glazed  with  ribbed,  enamelled,  embossed,  or  stained 
glass. 

Provision  to  bo  made  in  window  sills  and  skylights  (where  practicable)  for  convey- 
ing condensed  water  to  the  exterior  of  the  building. 

Painter. 

2290.  Knot  (with  silver  leaf  in  best  work),  pumice  down,  and  smooth,  stop,  and 
otherwise  properly  prepare  all  the  wood  and  other  works  intended  to  be  painted. 

Paint  four  times  (or  till  they  bear  out),  with  the  best  oil  and  colour,  all  the  internal 
and  external  wood  and  iron  works,  all  the  stucco,  and  all  other  works  that  are 
usually  painted.  The  plain  painting  to  be  of  tints  of  brown,  drab,  or  stone 
colour,  as  may  be  directed. 

The  walls  of  the  principal  staircase,  lobbies,  and  entrance-hall  are  to  be  carefully 
executed  imitations  of  marbles,  as  directed  by  the  architect,  jointed  like  masonry, 
in  blocks  of  sizes  as  directed,  and  twice  varnished  with  the  best  copal. 

The  doors,  shutters,  dadoes,  skirtings,  boxings,  architraves,  and  other  dressings  on  the 
ground  and  one-pair  floors  (and  others,  if  required),  are  to  be  grained  in  addition 
wainscot  (or  other  wood,  as  may  be  specified),  in  an  artist-like  manner,  and  sized 
and  varnished  twice  with  best  copal  varnish. 

Some  of  the  mouldings  of  doors  and  shutters  may  be  gilt. 

All  the  wrought  woodwork  (except  the  floors,  and  the  work  executed  in  oak)  to  be 
stained  with  . . . stain,  once  coated  with  linseed  oil,  and  twice  varnished  woth 
the  best  copal  varnish.  Oi’,  if  the  deal  has  been  picked,  it  may  be  left  plain,  and 
only  varnished.  Or,  if  selected  with  much  care,  the  deal  and  pine  may  be 
polished.  Inside  oak  work  is  best  left  to  obtain  an  effect  by  use,  but  where  im- 
mediately desirable,  it  may  be  once  or  twice  oileJ. 

Pick  out  the  ornamental  ironwork  on  doors,  roofs,  screens,  &c.,  in  black  or  dark  blue. 
A pattern  or  diaper  is  sometimes  done  in  gold  leaf  upon  it. 

To  flat  extra,  of  such  tints  as  may  be  directed,  all  the  rest  of  the  stucco  work  and 
wood  work  on  the  principal  and  one-pair  floors. 

Distemper  the  ceilings  (or  as  follows) ; — 

The  ceilings  and  cornices  on  ground  and  one-pair  floor  to  be  painted  four  times  in 
oil,  and  flatted  and  picked  in  with  such  extra  colours  as  may  be  directed. 

The  ceilings  (and  perhaps  the  cornices  and  centre  flowers  also)  on  the  two  principal 
floors  to  be  distempered.  All  the  rest  of  the  ceilings,  strings,  and  mouldings  are 
to  be  whitened. 

The  sides  of  the  rooms  in  the  attic  (as  the  case  may  be)  story,  as  well  as  the 
lobbies,  closets,  passages,  &c.,  are  to  be  finished  of  such  tints  as  the  architect 
miiy  direct. 

Stables  and  coach-house  walls,  larders,  and  sculleries,  cellars,  including  vaulting  under 
sides  of  floors  where  open,  to  be  lime-w'hited. 
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2290(f.  Paintkr. 

Sashes  to  be  finished  on  the  outside  of  . . . colour. 

To  a church:  «top  with  coloured  stopping,  twice  oil  with  linseed  oil,  and  twice 
varnish  with  best  copal  varnish,  the  exterior  doors  and  frames. 

Stop  witli  stained  stopping,  and  knot  with  coloured  knotting,  the  wrought  wood- 
work of  roofs;  brush  the  whole  twice  with  boiled  oil,  and  once  varnish  the 
same.  Pick  out  the  chamfers  and  mouldings  in  roofs  with  vermilion,  cobalt  blue, 
chocolate,  pale  yellow,  and  white,  in  -two  oils,  and  stencil  patterns  thereon, 
according  to  drawing. 

Deal  seats,  or  benches,  are  to  be  knotted  with  stained  knotting,  stained  with  . . . 
stain  (approved  by  the  architect),  and  twice  varnished  with  tackless  varnish. 

To  French  polish  in  the  best  manner  the  handrail  of  the  staircase,  the  mahogany 
work  of  the  bath  and  water-closet,  and  other  parts  (if  any). 

All  paint  and  varnish  to  be  of  the  best  quality;  sizing  and  mineral  turpentine  will 
not  be  allowed. 

Paperhangee. 

2291.  To  prepare  and  bring  to  a proper  face  all  the  walls  and  surfaces  intended  for 
papering.  All  the  papers  are  to  be  approved  by  the  architect,  or  by  his  client. 

To  hang  with  figured  paper,  value  . . . per  yard  (or  per  piece)  the  rooms  (to  be 
described)  on  the  . . . floor,  with  borders  (as  may  be  desired). 

The  remainder  of  the  rooms  to  be  hung  with  paper,  . . . per  yard  (with  or  without 
borders). 

Where  satin  paper  is  to  be  put  up,  or  any  of  the  more  expensive  descriptions,  then 
to  underline  (or  line  the  walls)  with  lining  paper,  joints  rubbed  down,  and  hang 
Avith  . . . paper  of  . . . shillings  per  piece,  the  rooms  on  the  . . . floor.  Borders 
also,  if  thought  desirable,  mmst  be  specifled. 

The  entrance  passage  or  hall,  staircase,  and  landings,  up  to  . . . to  be  papered  wdth 
8iena  marble  (or  other)  paper,  value  . . . per  yard,  hung  in  blocks,  or  hung 
horizontally  and  lined  to  size  blocks  with  brown  lines  (or  black  pencil),  twice 
sized,  and  varnished  (once  or  twice)  with  best  copal. 

A |-inch  gilt  . . . moulding  to  be  fixed  with  needle  points  round  the  dressings,  and 
along  the  top  and  bottom  of  the  . . . room  (or  rooms). 

Bellhangee. 

2292.  Bells  to  be  put  from  the  following  places  ...  to  the  several  positions  marked 
for  them.  A 14-oz.  bell  and  . . . oz.  copper  wire,  brass  cranks,  and  . . . spring 
lever  and  rose. 

The  pulls  in  the  principal  rooms  to  be  bronze  or  iron  lever  pulls  of  mediseval  charac- 
ter, and  very  strong  ; the  wire  of  strong  copper ; the  cranks  to  be  best  horn  cranks. 
Floor  boards  over  bell  wires  to  be  screwed  (not  nailed)  down,  for  ready  removal. 

But  |-inch  zinc  tubing  for  the  concealment  and  casing  of  the  wires  to  the  bells, 
secured  by  round  fine  gah’anized  iron  hooks.  The  bells  to  be  hung  and  furnished 
with  strong  brass  X -plate  back  and  spring  leA’er  carriages.  To  be  hung  on  a |-inch 
wrought  and  beaded  deal  board,  secured  to  wood  bricks  (or  strong  wedges)  by  screws. 

The  front  (and  side)  entrance  door  (or  yard,  or  gate)  to  have  bold  pendant  mediaeval 
wrought  iron  pull,  according  to  detail  drawing,  or  to  be  selected. 

It  is  usual  to  mark  the  place,  both  xip  and  down  stairs,  w^here  the  bells  are  to  be 
hung.  Where  many  bells  are  fixed  together  on  a bell  board  they  are  sometimes 
described  to  be  so  tuned  as  to  form  a musical  scale.  They  are  also  to  be  numbered ; 
sometimes  the  names  of  the  several  rooms  from  whence  the  bells  are  pulled  are 
painted  on  the  board  under  the  bell. 

The  electric,  and  the  'pneumatic,  bell  system  will  somewhat  depend  on  the  patentee 
selected.  The  following  specification  for  a tw'elve-roomed  house  is  taken  from 
Henry  F.  Joel  and  Company’s  Illustrated  Catalogue,  No.  3 : — 

To  providing  and  fitting  the  following  system  of  bells  : — 

' Ground  floor.  Front  entrance.  One  ornamental  bronze  pull,  marked  “ Visitors,” 

fixed  by  the  side  of  the  door,  to  ring  and  indicate  in  kitchen. 

^ Tradesmen’s  entrance.  One  plain  bronzed  pull,  fixed  by  side  of  the  door,  to 

i ring  on  a separate  bell  in  kitchen. 

I Dining-room.  Two  black  and  gold  porcelain  pushes  (or  walnut  wood),  fixed 

5 one  on  each  side  of  the  fireplace,  to  ring  and  indicate  in  kitche-n.^ 

» Drawing-room.  Two  ivory  and  gold  pattern  porcelain  pushes  (or  polished  brass), 

j ditto,  ditto. 

I Library.  Tavo  black  and  gold  line  porcelain  pushes  (or  oak  wood),  ditto,  ditto.^ 

I Hall.  One  black  and  gold  line  porcelain  push  (or  oak  wood)  to  ring  on  “ Call” 

bell  in  (or  outside)  the  servants’  bedroom.  Also  one  3-way  pneumatic 

I 
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switch  to  change  the  front  entrance  bell  at  night,  so  as  to  ring  on  “Call” 
bell  in  (or  outside)  the  servants’  bedroom. 

First  floor.  Best  bedroom.  One  bed-head  pnll,  fixed  by  the  side  of  the  bed,  to 
ring  and  indicate  in  the  kitchen.  One  bed-head  pull,  fixed  on  the  other  side 
of  the  bed,  to  ring  a “ Chattering  call  ” bell  in  servants’  bedroom  (same  bell 
as  used  for  the  hall). 

Dressing-room.  One  ivory  and  gold  line  porcelain  push,  fixed  by  the  side  of 
the  fireplace  (or  by  the  side  of  the  door),  to  ring  and  indicate  in  the  kitchen. 

Two  other  bedrooms.  In  each  room,  one  plain  ivory  porcelain  push,  fixed  by 
the  side  of  the  fireplace,  to  ring  and  indicate  in  kitchen. 

Bath-room.  One  plain  ivory  porcelain  push,  to  ring  and  indicate  in  kitchen. 

Second  floor.  Two  bedrooms.  One  plain  ivory  porcelain  push  in  each,  to  ring  and 
indicate  in  kitchen. 

In  all  eighteen  bells,  the  switch  being  taken  as  one  bell. 

Gasfitte®. 

2293.  The  gas  to  be  laid  on  from  the  . . . company’s  main  to  tlie  . . . with  ^ (or 
to  3)  inch  patent  strong  galvanized  wrought  iron  welded  tubing  of  the  . . . diameter, 
jointed  in  iron  cement,  with  all  necessary  bends,  elbows,  tees,  crosses,  junctions, 
stopped  ends,  diminishing  sockets,  and  nipples,  and  other  necessary  joints  for  the 
rendering  of  the  whole  perfect  and  complete.  The  whole  to  be  secured  by  iron 
barrel  clips  or  hooks,  as  the  case  may  require,  secured  by  strong  screws.  The 
gas  tubing  to  be  stout  ^ (|,  or  J)  inch  composition  pipes,  soldered  at  joints  and 
secured  by  fine  hooks,  furnished  with  the  requisite  galvanized  iron  (or  brass) 
bends,  &c.,  jointed  in  iron  cement.  This  tubing  is  often  laid  in  iron. 

Stop  cock  to  be  supplied.  A meter  of  . . . value  to  be  provided  and  fixed  on  1-inch 
wrought  clean  deal  shelf,  supported  on  a pair  of  plain  iron  brackets  (or  one  of 
cut  deal). 

Gasaliers,  pendants,  hall  lamp,  standard,  brackets,  sun-light,  and  such  like,  must 
depend  on  the  client  and  the  manufacturers. 

Each  of  the  principal  rooms  to  have  a pendant  corona  (or  other  gasalier)  of  . . . 
lights,  value  . . s.  each,  fitted  with  balance  weights  and  a ball  and  socket  joint 
(or  fitted  with  the  patent  balance  around  the  pipe).  Bronzed  (or  brass)  bracket 
burners  (swing  or  armed)  in  passages  (or  where  else  required),  value  . . s.  each, 
complete,  to  approval. 

Church  lights  are  of  (wrought  iron,  bronze,  or)  brass  standards,  coronse,  brackets,  &c., 
according  to  their  situations,  for  gas  or  for  candles  (specify  value  of  each). 

All  lights  to  be  fitted  with  argand,  fish-tail,  batswing  (or  other  burners.  Ground 
glass,  or  figured  glass  globes,  where  stated,  are  sometimes  included  by  the 
architect.  For  other  details  see  par.  2264a  et  seq. 

ZlNC-WOBKER. 

2294.  Hoofs  and  flats. — To  be  laid  with  No.  ...  or  . . . oz.  malleable  Vieille 
Montague  (or  other)  zinc,  with  6 in.  laps  and  l|-inch  rolls,  turned  up  5 inches 
all  round  against  walls  and  lights,  finished  with  flashings  6 inches  wide,  inserted 
I inch  into  joint  of  the  brickwork,  and  secured  by  galvanized  iron  w'all  hooks. 
Cesspools  to  be  formed  at  the  head  of  rain-water  pipes,  and  the  zinc  lapped 
over.  The  whole  to  be  laid  with  slotted  fastenings  lapped  and  soldered  at  angles. 
The  trap  t®  be  covered,  lapped  over  edge,  soldered  at  joints,  and  secured  by  zinc 
nails.  Or — the  flats  to  be  covered  by  “ Braby,”  London,  with  their  No.  . . . 
gauge  V.M.  roofing  zinc,  square  roll  caps,  and  patent  holding-down  clips.  All  ridge 
plates  and  stopped  ends  are  to  be  formed  in  the  solid  metal,  not  grooved  in. 
Stretching  of  sheets,  or  soldering,  to  form  stop  ends  must  be  particularly  avoided. 

Gutters  to  be  laid  with  No.  ...  or  ...  oz.  malleable  zinc,  with  6-inch  laps  at  drips, 
turned  up  under  slates  for  11  inches  on  each  side  and  o inches  against  the  walls, 
finished  with  flashings  6 inches  wide,  inserted  1 inch  into  the  wall,  and  secured 
by  galvanized  iron  holdfasts.  Cesspools  to  be  formed,  &c.,  as  above  described. 

Faivcs  gutter. — To  be  of  2 (to  5)  inch.  No.  ...  or  ...  oz.  zinc,  fixed  upon  gal- 
vanized iron  brackets,  furnished  with  nozzle  pieces,  cut  splash  boards,  and  angles, 
and  to  be  soldered  at  the  joints.  Care  to  be  taken  that  one  end  shall  be  left  free 
to  allow  the  whole  to  expand  and  contract. 

Itain-water  pipe. — To  be  of  2 (to  5)  inch.  No.  ...  or  ...  oz.  zinc,  with  square 
heads,  fixed  with  socket  joints  and  l^-inch  strong  galvanized  iron  nails,  with  the 
platts  turned  over. 

Lining  to  cistern. — To  be  of  No.  ...  or  ...  oz.  malleable  zinc,  lapped  2 inches  at 
joints  and  angles  and  turned  down  over  edge,  secured  by  strong  zinc  nails  4 inches 
apart,  and  to  be  soldered  at  angles. 
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2294(7.  ZiNC-WORKEK. 

Chimney  cowls,  ventilating  shafts,  louver  ventilator,  perforated  zinc,  skylight  frames, 
fanlights,  &c.  For  other  details  see  par.  2224^. 

2294J.  The  following  proposed  Sanitary  Specification  for  a Suburban  Villa,  by 
“ Hygiene,”  published  in  the  Journal  of  the  Clerks  of  Works  Association,  for  November 
1884,  is  deemed  of  sufficient  importance  to  be  here  reprinted  as  a guide: — 

Dig  trenches  the  required  depths  for  all  drains  as  shown  on  plan  ; fill  in  after  the 
drains  are  laid,  and  well  consolidate  the  same.  Where  the  drains  cross  the  newly- 
made  ground  they  must  be  bedded  on  a layer  of  Portland  cement  concrete  6 inches 
thick,  the  bottom  of  the  trench  being  previously  well  rammed.  Cart  away  any 
superfluous  earth. 

pipes  are  to  be  the  best  salt-glazed  socketed  drain  pipes,  free  from  fire  flaws  or 
other  defects,  straight,  and  well  burnt.  No  square  junctions  will  be  allowed.  All 
drain  pipes  to  be  jointed  in  neat  Portland  cement,  and  carefully  wiped  inside. 

Every  facility  must  be  afforded  to  the  architect,  or  his  representative,  for  inspection 
during  the  laying  of  the  pipes.  The  drains  are  to  be  tested  in  lengths  as  the 
work  proceeds,  in  any  manner  the  architect  may  approve.  The  builder  must  pro- 
cure an  intelligent  bricklayer,  or  other  man  to  be  approved  by  the  architect,  to 
lay  the  drains  and  build  the  inspection  chamber. 

Lay  in  the  soil  pipes  in  positions  as  shown  in  red  lines  on  plan,  wnth  a continuous  and 
even  fall  of  not  less  than  2 inches  in  10  feet.  All  soil  pipes  are  to  be  6 inches 
diameter,  and  waste  pipe  branches,  &c.,  4 inches,  as  shown. 

Pay  all  fees  to  local  boarci  for  connections  to  sewer,  and  provide  and  fix  a 6-inch  gal- 
vanized iron  flap  pipe  for  inlet  to  same. 

Fix  one  of  Doulton’s  No.  39  (see  list)  or  other  approved  interceptor  trap  just  within 
the  boundary  fence,  in  position  as  marked  on  plan  ; carry  up  from  same  a 6-inch 
diameter  vertical  pipe,  provide  and  fix  a 4-inch  junction  in  the  first  length  above 
trap ; seal  the  top  of  pipe  and  cover  over  6 inches  below  the  ground  line  with 
12  inch  by  12  inch  by  2|  inch  York  stone. 

Carry  4-inch  pipes  from  junction  to  a convenient  place  behind  the  shrubbery;  bring 
to  surface  with  an  easy  bend,  fix  on  top  a 4-inch  square  junction  pipe,  the  top  to 
be  about  12  inches  above  the  ground.  Seal  the  top  with  a di  c plate,  and  provide 
and  fix  a galvanized  iron  grating  in  the  junction  opening. 

Build  inspection  chamber,  as  shown,  near  to  the  corner  of  house,  with  Portland 
cement  concrete  bottom,  well-burnt  stock  bricks,  and  Portland  cement  sides.  Pro- 
vide a channel  pipe  and  a curved  junction  channel  pipe,  and  fix  in  chamber  as 
shown;  form  sloping  sides  with  concrete,  and  finish  with  neat  Poitland  cement 
perfectly  smooth,  and  to  the  required  form.  Cover  over  the  top  with  2^-inch  York 
stone  cover,  4 inches  under  ground. 

Provide  and  fix  in  yard  ll|-inch  square  trapped  gully  and  dished  iron  grating,  with 
two  4-inch  inlets  and  6-inch  outlets  (prime  cost  7*’.,  see  fig.  19,  Doulton’s  list). 
Continue  drain  to  inspection  chamber,  and  connect  through  the  side  of  chamber 
above  the  sloping  sides. 

Continue  from  the  inlets  to  gully  4-inch  branch  drains  to  the  two  rain-w'ater  stack 
pipes,  and  finish  with  an  easy  bend  to  receive  the  rain-water  pipe. 

Provide  and  fix  an  8-inch  by  8-inch  trapped  gully,  w’ith  inlet  on  two  sides  for  bath 
and  lavatory  wastes,  and  connect  from  gully  to  soil  drain,  as  showui. 

Continue  the  6-inch  soil  drain  from  inspection  chamber  to  side  of  house,  as  shown  ; 
insert  a junction,  and  put  an  easy  bend  at  end  of  each  branch  to  receive  the  soil 
pipes  from  the  water-closets. 

Provide  and  fix  Weaver’s  or  other  approved  grease  trap  (prime  cost  2os  ) outside 
scullery  wall,  to  take  waste  from  sink,  and  coixtinue  to  the  drain  with  4-inch  pipes. 

Provide  and  fix  in  yard  at  the  front  of  coach-house  a 11^- inch  square  trapped^  g^Hy. 
as  before  described,  connect  drains  from  stables,  and  connect,  as  shown,  to  inspec- 
tion chamber. 

Provide  and  fix  8-inch  by  8-inch  trapped  gully  at  foot  of  rain-water  pipe  in  front  of 
house,  and  continue  a 4-inch  drain  to  soil  drain. 

INote. — If  local  board  will  not  allow  storm-water  in  the  soil  drain,  a 6- inch  storm- 
water drain  must  be  laid  to  take  all  rain-w'ater  from  roofs  and  surface  of  ground. 

Connect  with  a 4-inch  branch  from  rain-water  pipe  at  end  of  stable,  and  to  join  the 
6-inch  drain  from  stable  just  below  the  gully.  This  drain  must  not  have  any  trap 
in  it,  as  it  is  required  to  ventilate  this  branch. 

If  any  deviation  be  made  from  the  course  marked  on  the  dr.ain  plan,  the  same  must 
be  carefully  noted  and  marked  on  the  plan,  and  then  returned  to  the  architects 
office.  . , 

Internal  Fittings. — Provide  and  fix  in  best  water-closet,  first  floor,  one  of  Jennings  s 
ornamental  Queen’s  ware  combination  “Pedestal”  closets,  automatic  flushing  tank, 


780 


TllEOliY  OF  ARCHITECTURE. 


Book  II. 


ornamental  chain  and  handle,  and  a maliogany  circular  hinged  flap  seat,  rrime 
cost  value,  11.  Is.,  exclusive  of  fixing.  (These  closets  do  not  require  any  enclosure. ) 

IVovide  and  fix  in  lower  water-closet  one  of  Boulton’s  stoneware  (ornamental)  com- 
bination closets,  and  all  as  before  specified  for  fittings  to  first  floor  (prime  cost, 
4/.  9s.  M , exclusive  of  fixing). 

The  soil  pipe  from  water-closet,  first  flDor,  is  to  be  4-inch  lead  pipe,  and  to  pass 
through  and  down  the  face  of  external  wall,  and  to  connect  to  branch  of  soil  drain. 
The  soil  pipe  from  the  lower  water-closet  to  be  as  last  described,  and  connect  to 
the  branch  of  soil  drain  provided  for  same.  Continue  the  lead  soil  p'pe  from  first 
floor  water-closet  to  S feet  above  the  eaves  to  roof,  the  full  size  of  4 inches.  Put 
a fixed  cone  on  top. 

Provide  and  fix  a 3-inch  lead  waste-pipe  from  hath  through  wall  and  into  a 3-inch 
cast  iron  pipe  down  face  of  wall,  and  connect  to  gully  provided  for  same. 

Provide  and  fix  a lavatory  cabinet-stand  complete  (No.  21,  Boulton’s  list,  prime  cost, 
'll.  2s.)  ; carry  a 2-inch  lead  waste  pipe,  and  connect  to  gully  provided  for  same  ; 
fix  under  this  lavator}^  a Beard  and  Bent’s  2-inch  trap  and  inspection  cap.  Lay 
on  water  from  the  dowm  service  pipe  with  a |-inch  branch  pipe  and  a ^-inch 
silver-plated  urn  tap. 

Provide  and  fix  in  maids’  w'ater-closet,  and  also  in  man  servants’  water-closet,  one  of 
Boulton’s  Lambeth  flush-out  closets,  with  syphon  flushing  cistern,  handle  and 
chain,  all  complete. 

Connect  the  flushing  cistern.s  throughout  with  ^-inch  stout  lead  pipe,  and  from  cis- 
tern to  water-closets  with  l|-inch  lead  pipe. 

Provide  and  fix  in  scullery  a Boulton’s  vitrified  buff-glazed  stoneware  sink,  best 
quality,  size  3 ft.  6 in.  by  2 ft.  (prime  cost  value,  1/.)  ; provide  and  fix  a 2-in.  earthen- 
ware waste  pipe,  and  connect  to  grease  trap  outside  scullery  wall.  (Housemaid’s 
slop  sinks  are  not  required,  the  combination  closets  being  available  for  slops.) 

The  work  must  be  thoroughly  well  done  ; the  best  materials  are  to  be  used  ; and  all 
to  be  finished  to  the  entire  satisfaction  of  the  architect  or  his  representative. 


Skct.  XVI. 


MEASURING  ANB  ESTIMATING. 

2295.  The  practice  of  measuring  is  dependent  on  rules  already  given  under  Mensura- 
tion, in  Sect.  VI.  Chap.  I.  of  this  book  (1212  et  seq.),  in  which  are  described  the 
methods  of  ascertaining  the  superficial  and  solid  contents  of  any  figure.  The  application 
of  them  to  architecture,  in  the  practice  of  measuring  and  estimating  the  different  parts  of 
a building,  forms  the  subject  of  this  section. 

2296.  For  the  purposes  of  measuring,  a 10-feet  rod,  and  a pair  of  5-feet  rods,  all 
divided  into  feet,  inches,  and  half-inches,  and  a 2-feet  rule  divided  into  inches  and  eighths 
and  twelfths  or  tenths  of  inches,  are  required.  If  a tape,  say  of  50,  66,  or  100  feet,  be 
used,  it  should  be  carefully  checked  by  a standard,  and  by  the  10-feet  rod. 

2297.  The  mode  of  “ squaring  dimensions,”  as  usually  practised  by  duodecimals,  •will 
be  now  explained.  They  are  a series  of  denominations  beginning  with  feet,  and  then 
inches  and  parts  of  an  inch  ; they  form  a series  of  fractions.  Feet  and  inches  are  marked 
with  their  initial  letters,  but  twelfths,  or  tenths,  or  seconds  by  a double  accent,  thus  2". 

2297a.  To  multiply  duodecimals  together,  write  down  the  two  dimensions  to  be 
multiplied  in  such  a way  that  the  place  of  feet  may  stand  under  the  last  place  of  the 
multiplicand  ; begin  with  the  right-hand  denomination  of  the  multiplier,  and  multiply  it 
by  every  denomination  of  the  multiplicand,  throwing  the  twelve  out  of  every  product,  and 
carrying  as  many  units  as  there  are  twelves  to  the  next.  Placing  the  remainders,  if  any, 
under  the  multiplier,  so  that  the  like  parts  in  the  product  may  be  under  like  parts  of  the 
multiplicand;  proceed  with  every  successive  figure  of  the  multiplier  towards  the  left,  in 
the  same  manner,  always  placing  the  first  figure  of  the  product  under  the  multiplier. 
Then  the  sum  of  these  partial  products  will  be  the  whole  p-roduct.  In  duodecimals  there 
•will  be  as  many  denominations  below  feet  as  in  both  the  factors  taken  together. 


Example  1.— Multiply  7 ft.  5 in.  by  3 ft. 

4 in. 


2:5:8 
22  : 3 

24  : 8 : 8 


Example  2. — Multiply  24  ft.  8 in.  8'  by 
3 ft.  7 in. 

24  : 8 : 8' 

3 : 7 


14  : 5 : 0 : 8 
74  : 2 : 0 

88  : 7 : 0 : 8 
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2297^.  In  example  I.  there  is  only  one  place  of  duodecimals  in  each  factor;  there  are 
therefore  two  places  in  the  product.  In  the  second  example  there  are  two  places  of 
duodecimals  in  the  multiplicand  and  one  in  the  multiplier,  which  make,  together,  three; 
there  are  therefore  three  denominations  in  the  product.  This  method  of  placing  the 
denominations  of  the  factors  gives  the  correct  pdaces  of  the  product  at  once ; since  like 
parts  of  the  product  stand  under  like  parts  of  the  multiplicand.  It  also  shows  the  affinity 
between  duodecimals,  decimals,  and  every  series  or  scale  of  denominations  whereof  any 
number  divided  by  the  radix  of  the  scale  makes  one  of  the  next  towards  the  left  hand. 
The  consideration  is,  moreover,  useful  in  discovering  readily  the  kind  of  product  arising 
from  the  multiplication  of  any  two  single  denominations  together. 

2297c.  When  the  number  of  feet  runs  very  high  in  the  factors,  it  will  be  better  to  w’rite 
down  the  product  of  each  multiplication,  without  casting  out  the  twelve,  and  add  together 
those  of  each  denomination  beginning  on  the  right,  and  divide  by  12,  to  carry  to  the  next 
higher  pdace,  then  add  these,  and  so  on,  as  often  as  there  are  places  in  the  whole  product. 

Thus,  under  inches,  the  products  being  set  down  and 
added,  they  amount  to  2369,  which,  divided  by 
twelve,  gives  197  to  carry  to  the  place  of  feet,  and 
5 remainder.  Then  adding  the  feet  together  with 
the  quantity  carried,  it  gives  the  wTiole  number  of 
feet;  while  the  operation  is  extremely  simple  and 
free  from  the  troubles  of  either  side  operations  or 
useless  stress  on  the  memory. 

2297«^.  The  division  of  the  foot  into  12  piarts 
renders  the  application  of  the  rules  of  practice  very 
valuable  in  the  computation  of  duodecimals.  The 
practical  rule  is  to  set  down  the  two  dimensions  one 
under  the  other,  that  is,  feet  under  feet  and  inches 
under  inches,  and  multiply  each  term  in  the  multiplicand  by  the  feet  in  the  multiplier, 
beginning  at  the  lowest ; and,  if  the  numbers  be  large,  put  down  the  inches  without  carry- 
ing 1 for  every  12  from  inches  to  feet.  Then,  instead  of  multiplying  by  the  inches,  take 
such  aliquot  parts  of  the  multiplicand  as-  the  inches  are  of  a foot;  after  which  a<^d  the 
lines  together,  carrying  1 for  every  12  inches. 


Example. — MuUiply  262  ft. 
5 in.  by  54  ft  8 in. 

262  : 5 

51  : 8 


1048 

13100 

197 

14345 


2099  : 4 
20 
250 

2369 

T2~ 

5 ; 4 


Example  I. — Multiply  7 ft.  5 in. 

by  3 ft.  4 in. 

4 in.  = i 7:5 
3 


Example  2. — Multiply  262  ft.  5 in. 

by  54  ft.  8 in. 

8-2  262  : 5 


: 4 

54  : 8 

: 3 

1048  : 270 

: 5 : 8 

1310 

87  : 5:8 

CO  1 

00  i 

87  : 5:8 

23=21'  = * 

1-2 

14345  : 5:4 

7 : 5 
3 : 4 


The  same  examples  have  been  used  to  show  the  relative  advantages  of  the  two  methods. 

2297c.  Thus  far  we  have  treated  of  the  squaring  of  dimensions  to  obtain  the  superficies 
of  work.  To  learn  the  solidity  of  certain  materials,  such  as  timber,  stone,  and  some  others, 
the  dimensions  have  to  be  cubed.  The  process  is  similar  to  the  above,  and  is  continued  a 
further  step.  One  example  will  suffice  to  explain  the  method,  and  we  will  take  the  figures 
given  in  the  above  system. 

Example. — What  is  the  cube  of  a block  of  stone,  7 ft.  5 in.  wide,  3 ft.  4 in.  thick,  and 
12  ft.  long? 

2297/.  The  abridgment  of  the  labours  of  practical  men  is 
always  a matter  of  importance — being  identical  with  the  saving 
of  time  which  is  lost  in  calculation,  and  wTiich  with  the  archi- 
tect is  of  the  utmost  importance,  when  it  is  recollected  w'hat 
rauliifarious  duties  he  has  to  discharge.  Hence  the  following 
table  of  squares,  cubes,  and  roots  of  numbers,  up  to  1000,  will 
be  most  acceptable  to  him.  The  first  column  of  the  Table  shows 
the  number,  the  second  the  square  of  such  number,  the  third 
exhibits  its  cube.  In  the  fourth  column  is  found  the  square 
root  of  the  number,  and  in  the  fifth  its  cube  root.  Thus,  looking  to  the  number  61  in 
the  first  column,  its  square  is  found  to  be  3721,  its  cube  226981,  i^s  square  root 
7*8102497,  and  its  cube  root  3-936497.  Again,  taking  the  number  784,  w^e  find  its  square 
to  be  614656,  its  cube  481890304,  its  square  root  28,  and  its  cube  root  9 220872. 


22  : 

: 3 

2 : 

: 5 

: 8 

24  : 

: 8 

: 8 

12 

296  : 

: 8 

: 0 
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Na 

Square. 

Cube. 

Square  Root. 

CubeRoot. 

1 

1 

1 

1-0 

1 0 

2 

4 

8 

1-4142136 

1 -259921 

3 

9 

27 

1 1-7320508 

1-442250 

4 

16 

64 

‘i-0 

1-587401 

5 

25 

125 

2-2360680 

1 -709976 

6 

36 

216 

' 2-4494897 

1-817121 

7 

49 

343, 

2-6457513 

1-912933 

8 

64 

512; 

2-8284271 

2-0 

9 

81 

729 

3-0 

2 080084 

10 

100 

1000 

3-1622777 

2-154435 

1 1 

121 

1331 

3-3166248, 

2-223980 

12 

144 

1728 

3-4641016  2-289428 

13 

169 

2197  i 

3-6055513  2-351335 

14 

196 

2744 

3-7416574,2-410142 

15 

225 

3375 

3-8729833^ 

2-466212 

16 

256 

4096 

4-0 

2-519842 

1 7 

289 

4913 

4-1231056 

2-571282 

18 

324 

5832 

4-2426407 

2-620741 

19 

361 

6859 

4-3588989 

2-668402 

20 

400 

8000 

4-4721360 

2-714418 

21 

441 

9261 

4-5825757 

2-758923 

22 

484 

10648 

4-6904158 

2-802039 

23 

529 

12167; 

4-7958315 

2-843867 

24 

576 

13824 

4-8989795 

2-884499 

25 

625 

15625, 

5-0 

2-924018 

26 

676 

17576 

5-0990195  2 962496 

27 

729 

19683 

5-1961524j 

3 0 

28 

784 

21952 

5-2915026 

3 -03  658  9 

29 

841 

24389 

5-3851648 

3-072317 

30 

900 

27000 

5-4772256^ 

3-107232 

31 

961 

29791! 

5-5677644 

3-141381 

32 

1024 

32768 

5 6568542; 

3-174802 

33 

1089 

35937 

5-7445626, 

3-207534 

34 

1156 

39304 

5-8309519 

3-239612 

35 

1225 

42875 

5-9160798 

3-271066 

36 

1296 

46656 

6-0 

3-301927 

37 

1369 

50653 

6-0827625 

3-332222 

38 

1444 

54872 

6-1644140 

3-361975 

39 

1521 

59319 

6-2449980 

3-391211 

40 

1600 

64000 

6-3245553 

3-419952 

41 

1681 

68921 

6-4031242 

3-448217 

42 

1764 

74088 

6-4807407 

3 -476027 

43 

1849 

79507 

6-5574385 

3-503398 

44 

1936 

85184 

6-6332496 

,3-530348 

45 

2025 

91125 

6-7082039  3-556893 

46 

2116 

97336 

6-7823300  3-583048 

47 

2209 

103823 

6-8556546 

3-608826 

48 

2:504 

110592 

1 6-9282032 

3-63424 1 

49 

2401 

117649 

7-0 

3-659306 

50 

2500 

125000 

7-0710678 

3-684031 

51 

2601 

132651 

7-1414284 

3-708430 

52 

2704 

140608 

7-2111026 

3-732511 

53 

2809 

148877 

7-2801099 

3-756286 

54 

2916 

157464 

7-3484692 

3-779763 

55 

3025 

166375 

7-4161985 

3-802953 

56 

3136 

175616 

7-4833148 

3-825862 

57 

3249 

1 85 1 93 

7-5498344 

3-848501 

58 

3364 

195112 

7-6157731 

3-870877 

59 

3481 

205379 

7-6811457 

3-892996 

60 

3600 

216000 

, 7 7459667 

3-914867 

Cl 

3721 

226981  7-8102497 

3-936497 

62 

3844 

, 238328;  7-8740079 

3-957892 

63|  3969 

250047 

1 7-9372539  3-979057 

Sq-aare. 

Cube. 

Square  Hoot. 

CubeRoctJ 

4096 

262144 

8-0 

4-0 

4225 

274625 

8-0622577 

4-020726 

4356 

287496 

8-1240384 

4-041240! 

4489 

300763 

8-1853528 

4-061548 

4624 

314432 

8-2462113 

4-081656 

4761 

328509 

8 -.3066239 

4-101566 

4900 

343000 

8-3666003 

4-121285 

5041 

357911 

8-4261498 

4-140818 

5184 

373248 

8-4852814 

4-160168 

5329 

.389017 

8-5440037 

4-1793.39 

5476 

405224 

8-6023253 

4-198.336 

5625 

421875 

8-6602540 

4-21716.3 

5776 

438976 

8-7177979 

4-2.35824 

5929 

456533 

8-7749644, 

4-254321 

6084 

474552 

8-8317609 

4-272659 

6241 

493039 

8-8881944 

4-290841 

6400 

512000 

8-9442719 

4-308870 

6561 

531441 

9-0 

4 -.326749' 

6724 

551368 

9-055.3851 

4 -.3444  81 

6889 

571787 

9-1104336 

4-362071 

7056 

592704 

9-1651514 

4-379519 

7225 

614125 

9-2195445 

4-.3968;l0 

7396 

636056 

9-27.36185 

4-414005 

7569 

658503 

9-3273791 

4-4.31047 

7744 

681472 

9-3808315 

4-447960 

7921 

704969 

9-4339811 

4-464745 

8100 

729000 

9-48683.30 

4-481405 

8281 

753571 

9-539.3920 

4-497942 

8464 

778688 

9-59166.30 

4-514.357 

8649 

804357 

9-6436.508 

4-530655 

8836 

830584 

9-6953597 

4 546836 

9025 

857375 

9-746794.3 

4-562903 

9216 

884736 

9-7979590 

4-578857 

9409 

912673 

9-8488578 

4-594701 

9604 

941192 

9-8994949 

4-610436 

9801 

970299 

9-9498744 

4-626065 

10000 

1000000 

100 

4-641589 

10201 

10.30301 

10-0498756 

4-657010 

10404 

1061208 

10-099.5049 

4-672330 

10609 

1092727 

10-1488916 

4-687548 

10816 

1124864 

10-1980390 

4-702669 

11025 

1157625 

10-2469508 

4-717694 

11236 

1191016 

10-2956301 

4-732624 

11449 

] 225043 

10-3440804 

4-747459 

11664 

1259712 

10-3923048 

4-762203 

11881 

1295029 

10-4403065 

4-7768561 

12100 

1331000 

10-4880885 

4-791420 

12321 

1367631 

10-5.356538 

4-805896 

12544 

1404928 

10-58.30052 

4-82028^ 

12769 

1442897 

10-6.301458 

4-8.34588 

12996 

1481544 

10-6770783 

4-8488081 

13225 

1520875 

10-723805.3 

4-862944] 

13456 

1560896 

10-7703296 

4-8769991 

13689 

1601613 

10-8166538 

4-890973 

13924 

1643032 

10-8627805 

4-904868 

14161 

1685159 

10-9087121 

4-918685 

14400 

1 728000 

10  9544512 

4-932424 

14641 

1771561 

11-0 

4-946088 

14884 

1815848 

11-0453610 

4-959675 

15129 

1860867 

1 1 -0905365 

4-973190 

15376 

1 906624 

11-1355287 

4-986631 

15625 

1953125 

11-1803399 

|5-0 

15876 

2000376 

11-2249722 

15-013298 

No. 

C4 

Go 

66 

67 

68 

69 

70 

7l| 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

no 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

126 


Chat.  III. 


MEASURING  AND  I-:S  Tl  MATl N^- . 


|no. 

1 Square. 

Cube. 

Square  Root. 

CubeRoot. 

No. 

j Square. 

1 Cube. 

1 Square  Root. ^CubeRoot. 

Il27 

16129 

2048383 

11*2694277 

5-026526 

19o!  .36100 

6859000 

13-784048815-748897 

|l28 

16384 

2097152 

11-31.37085 

5-0.39684 

191 

.36481 

6967871 

13-8202750  5-758965 

!i29 

16641 

2146689,1 1-3578167 

5-052774 

192 

.36864 

7077888 

13-8564065  5-768998 

130 

16900 

2197000 

1 1 -4017543 

5-065797 

193 

.37249 

7189057 

13-8924440  5-778996 

131 

17161 

2248091 

jl  1-4455231 

5-078753 

194 

37636 

7.301384 

|1.3-928.388.3  5 -788960 

132 

17424 

2299968 

11-4891253 

5-09164.3 

195 

.38025 

7414875 

13-9642400  5-798890 

133 

17689 

2352637 

11-5.325626  5-104469 

196 

38416 

75295.36 

14-0 

5-808786 

134 

17956 

2406104 

11-5758369  5-117230 

197 

.38809 

7645.37.3 

|I 4-0.356688  5-818648 

135 

18225 

2460375 

ll-6189500'5-129928 

198 

' 39204 

7762392 

14-0712473  5-828476 

136 

18496 

2515456 

11-6619038  5-142563 

199 

.39601 

7880599 

I4-1067360'5-838272 

137 

18769 

2571.353 

11-7046999  5-155137 

200 

40000 

8000000 

14-1421356  5-848035 

138 

1 9044 

2628072 

11-7473444 

5-167649 

201 

40401 

8120601 

14-1774469 

5-857765 

139 

1 932 1 

2685619 

11-7898261 

5-180101 

202 

40804 

8242408 

14-2126704 

5-867464 

140 

19600 

2744000  11-8321596  5-192494 

203 

41209 

8.365427 

14-2478068 

5-877130 

141 

19881 

2803221 

11 -8743421 '5-204828 

204 

41616 

8489664 

I4-2S28569 

5-886765 

142 

20164 

2863288  41-9163753  5-217103 

205 

42025 

8615125 

14-3178211 

5-896368 

143 

20449 

2924207  1 1 -9582607  5-229321 

206 

42436 

8741816 

14-3527001 

5-905941 

14  j 

20736 

2985984  12-0 

5-241482 

207 

42849 

8869743 

14-3874946 

5-915481 

145 

21025 

3048625 

12-0415946:5-253588 

208 

43264 

8998912 

14-4222051 

5-924991 

146 

21316 

31121.36 

12-0830460 

5-2656^7 

209 

43681 

9123329 

14-4568.323 

5-934473 

147 

21609 

3176523 

12-1243557 

5-2776.32 

210 

44100 

9261000 

14-4913767 

5-943911 

148 

21904 

3241792 

12-1655251 

5-289572 

211 

44521 

939.3931 

14-5258.390 

5-953341 

119 

22201 

3307949 

12-2065556 

5-301459 

212 

44944 

9528128 

14-5602198 

5-962731 

150 

22500 

3.375000 

12-2474487 

5-31.329.3 

21.3 

45.369 

9663597 

14-5945195 

5-972091 

151 

22801 

3442951 

12-2882057 

5-325074 

214 

45796 

9800344 

14-6287388 

5-981426 

152 

23104 

3511808 

12-3288280 

5-336803 

215 

46225 

9938375 

14-6628783 

5-990727 

153 

23409 

3581577 

12-3693169  5-348481 

216 

46656 

10077696 

14-6969385 

6-0 

154 

23716 

.3652264 

12-4096736  5-360108 

217 

47089 

10218313 

14-7309199 

6-009244 

155 

24025 

372.3875 

12-4498996  5-371685 

218 

47524 

10.360232 

14-7648231 

6-018363 

156 

24336 

3796416 

12-4899960  5-38.3213 

219 

47961 

1050.3459 

14-7986486 

6-027650 

157 

24649 

.3869893 

1 2-529964  r5 -394690 

220 

48400 

10648000 

14-8323970 

6-036811 

158 

24964 

3944312 

!l2-569805l|5-406120 

221 

48841 

10793861 

14-8660687 

6 045943 

159 

25281 

4019679 

12-6095202  5-417501 

222 

49284 

10941048 

14-8996644 

6-055048 

160 

25600 

4096000 

12-6491 106  5-428835 

223 

49729 

11089567 

14-9331845 

6-064126 

161 

25921 

4173281 

12-6885775  5-440122 

224 

50176 

11239424 

14-9666295 

6-073177 

162 

26244 

4251528 

12-7279221  5-451362 

225 

50625 

11390625 

15-0 

6-082201 ! 

163 

26569 

4330747 

12-7671453  5-462556 

226 

51076 

11543176 

15-0332964 

6-0911991 

164 

26896 

4410944 

12-8062485  5-47370.3 

227 

51529 

11697083 

15-0665192 

6-100170 

165 

27225 

4492125 

12-8452326  5-484806 

228 

51984 

1 1 852.352 

15-0996689 

6-109115 

166 

27556 

4574296 

12-8840987  5--195865 

229 

52441 

12008989 

15-1327460 

6-118032 

167 

27889 

4657463 

12-9228480  5-506879 

2.30 

52900 

12167000 

15-1657509 

6-126925 

I6S 

28224 

4741632 

12-9614814 

5-517848 

231 

53361 

12.326391 

15-1986842 

6-135792 

165 

28561 

4826809 

13-0 

5-528775 

2.32 

53824 

12487168 

15-2315462 

6-114634 

170 

28900 

4913000 

13-0354048 

5-539658 

233 

54289 

12649337 

15-2643375 

6-153449 

171 

29241 

5000211 

13-0766968  5-550499 

234 

54756 

12812904 

15-2970585 

6-162239 

172 

29584 

5088448 

13-1148770'5-561298 

235 

55225 

12977875 

15-3297097 

6-171095 

4 73 

29929 

5177717 

1.3 -15294  64' 5-572054 

236 

55696 

13144256 

15-3622915 

6-179747 

174 

.30276 

5268024 

13-1909060  5-582770 

237 

56169 

13312053 

15-3948043 

6-188463 

175 

30625 

5359375 

13-2287566  5-593445 

238 

56644 

15481272 

15-4272486 

6-197154 

176 

30976 

5451776 

13-2664992'5-601079 

239 

57121 

13651919, 

15-4596248 

6-205821 

177 

31329 

5545233, 

13-304134715-614673 

240 

57600 

13824000 

15-4919334 

6-214464 

178 

31684 

5639752 

1.3-34 16641 15-625226 

241 

58081 

13997521 

15-5241747 

6-223083 

179 

32041 

5735.339 

13-3790882'5-6.35741 

242 

58564 

14172488 

15-5563492 

6-231678 

180 

32400 

5832000  13-4164079,5-646216 

243 

59049 

14348907 

15-5884573 

6-240251 

181 

32761 

5929741 

13-4536240  5-656652 

244 

595.36 

14526784 

15-6204994 

6-248800 

182 

33 1 24 

6028568  13 '4 907376  5-667051 

245 

60025 

14706125 

15  6524758 

6-257324 

183 

33489 

6128487  13-5277493'5-67741 1 

246 

60516 

14886936 

15-6843871 

6-265826 

184 

33856 

6229504 

13-5646600  5-6877.34 

247 

61009 

15069223,15-71623.36 

6-274304 

185 

34225 

63.31625 

13-6014705  5-698019 

248 

61504 

15252992  15-7480157 

6-282760 

188 

34596 

6434856 

13-6381817  5-708267 

249 

62001 

15438249  15-7797.338 

6-291194 

187 

34969 

65.3920.3 

13-674794.3  5-718479 

250 

62500 

1562.5000  15-8113883 

6-299604 

188 

35344 

6644672 

13-7113092  5-728654 

251 

6.3001 

1581.3251 

15  8429795 

6-307992 

189 

35721 

6751269  13-7477271 '5-738794 

252 

6.3504 

16003008  15-8745079 

6-316359 

784 


TIIKOllY  OF  ARCHITECTURE. 


Book  I 


No 

! Square. 

Cube. 

Square  Root. 

Cube  Root. 

No. 

Square. 

Cube. 

Square  Root. 

Cube  Root.] 

25S 

I 64009 

16194277 

15-9059737 

6-324704 

316 

99856 

31554496 

17-7763888 

— [ 

6-81  12841 

254  64516 

16387064 

15-9373775 

6-3.33025 

317 

100489 

.31855013 

17-8044938 

6-818461; 

255!  65025 

16581375 

15-9687194 

6-341325 

318 

101124 

321574.32 

17-8325.745 

6-825624 

256 

65536 

16777216 

16-0 

6-349602 

319 

101761 

32461759 

17-8605711 

6-83277. 

257 

1 66049 

16974593 

16-0312195 

6-357859 

320 

102400 

32768000 

17-88854.38 

6-839903 

258 

, 66564 

17173512 

16-0623784 

6-366095 

321 

10.3041 

3.30761 61 

17-9164729 

6-847021 

259  67081 

17373979 

16-0934769 

6-374310 

322 

10.3684 

33386248 

(17-9443584 

6-854124 

S60 

67600 

1 7576000 

16-1245155 

6-382504 

32.3 

104329 

33698267 

17-9722008 

6-861211 

261 

68121 

17779581 

16-1554944 

6-390676 

324 

104976 

34012224 

118-0 

6-868284 

262 

68644 

17984728 

16-1864141 

6-398827 

325 

105625 

34.328125 

18-0277564 

6-875343 

263 

69169 

18191447 

16-2172747 

6-406958 

.326 

106276 

34645976 

18-0554701 

6-882388 

264 

, 69696 

18399744 

16-2480768 

6-415068 

327 

106929 

34965783 

18-0831413 

6-889419 

265;  70225 

18609625 

16-2788206 

6-423157 

328 

107584 

35287552 

18-1107703 

6-896435 

266 

, 70756 

18821096 

16 -.3095064 

6-431226 

329 

108241 

35611289 

18-1383571 

6-903436 

267 

j 71289 

19034163 

16-3401.346 

6-4.39275 

330 

108900 

359.37000 

18-1659021 

6-910423 

1268 

71824 

19248832 

16-3707055 

6-447305 

3.31 

1C9561 

36264691 

18-1934054 

6-917396 

259 

72361 

19465109 

16-4012195 

6-455314 

.332 

110224 

36591368 

18-2208672 

6-92 1355 

270 

72900 

1968.3000 

16-4316767 

6-46.3304 

3.33 

110889 

36926037 

18-2482876 

6-931300 

271 

73441 

19902511 

16-4620776 

6-471274 

334 

111556 

37259704 

18-2756669 

6-938232 

272 

73984 

20123648 

16-4924225 

6-479224 

.335 

112225 

37595.375 

18-30.30052 

6-945149 

273 

74529 

20346417 

16-5227116 

6-48715.3 

336 

112896 

379.33056 

18-3.303028 

6-952053 

274 

75076 

20570824 

16-5529454 

6-495064 

3.37 

113569 

38272753 

18-3575598 

6-958943 

275 

75625 

20796875 

16-5831240 

6-502956 

3.38 

114244 

38614472 

18-3847763 

6-965819 

276 

76176 

21024576 

16-6132477 

6-510829 

339 

114921 

38958219 

18-4119526 

6-972682 

277 

76729 

21253933 

16-643.3170 

6-518684 

340 

115600 

39.304000 

18-4390889 

6-979532 

278 

77284 

21484952 

16-67.3.3320 

6-526519 

341 

116281 

39651821 

18  4661853 

6-986369 

279 

77841 

217176.39 

16-70.32931 

6-534335 

342 

116964 

40001688 

18-49.32420 

6-993191 

280 

78400 

21952000 

16-7332005 

6-5421.32 

343 

117649 

40.353607 

18-5202592 

7-0 

|281 

78961 

22188041 

16-7630546 

6-549911 

344 

118336 

40707584 

18-5472370 

7-006796 

282 

79524 

22425768 

16-7928556 

6-557672 

345 

119025 

4106.3625 

18-5741756 

7-013579 

283 

80089 

22665187 

16-8226038 

6-565415 

346 

119716 

41421736 

18-6010752 

7 -020349 

284 

80656 

22906.304 

16-8522995 

6-573139 

347 

1 20409 

41781923 

18-6279360 

7-027106 

285 

81225 

2.3149125 

16-8819430 

6-580844 

348 

121104 

42144192 

18-6547581 

7-033850 

286 

81796 

2.339.3656 

16-91153<15 

6-588531 

349 

121801 

42508549 

18-6815417 

7-040581 

287 

82369: 

2.363990.3 

16-9410743 

6-596202 

350 

122500 

42875000 

18-7082869 

7-047208 

288 

82944! 

23887872 

16-970.5627 

6-603854 

.351 

12.3201 

4.3243551 

18-7349940 

7-054003 

289 

83521 1 

24137569 

17-0 

6-611488 

352 

12.3904 

43614208 

18-7616630 

7-060696 

|290 

84100 

24389000 

J 7-0293864 

6-619106 

353 

1 24609 

43986977 

18-7882942 

7-067.376 

'291 

84681 

24642171 

17-0587221 

6-626705 

354 

125.316 

44361864 

18-8148877 

7-074043 

292 

85264 

24897088 

17-0880075 

6 6.34287 

355 

126025 

44738875 

18-8414437 

7 -080698 

293 

85849 

25153757 

17-1172428 

6-641851 

.356 

1267.36 

45118016 

18-8679623 

7-087341 

294 

86436 

25412184 

17-1464282 

6-649399 

357 

127449 

4.7499293 

18-8944436 

7-093970 

295 

87025 

25672375 

17-1755640 

6-6569.30 

358 

128164 

45882712 

18-9208879 

7-100588 

296 

87616 

25934336 

17-2046505 

6-664443 

359 

128881 

46268279 

18-9472953 

7107193 

297 

88209 

26198073 

17-2336879 

6-671940 

360 

1 2.9600 

46656000 

18-9736660 

7*113786 

298 

88804 

26463592 

17-2626765  6-679419 

361 

130.321 

47045881 

19-0 

7*120367 

299 

89401 

26730899 

17-2916165  6-686882 

362 

131044 

47437928 

19-0262976 

7*126935 

300 

90000 

27000000 

17 -.3205081  6-694328 

363 

131769 

478.32147 

19-0525589 

7-133492 

j30l 

90601 

27270901 

17-3493516  6-701758 

364 

13-2496 

48228544 

19-0787840 

7-140037 

|302 

91204 

27543608 

17-3781472  6-709172 

365 

13.3225 

48627125 

19-1049732 

7*146569 

:303 

91809 

27818127 

17-4068952  6-716.569 

366 

133956 

49027896 

19-1311265 

7*153090 

1 304 

92416 

28094464 

17-4355958  6-723950 

367 

134689 

49430863 

19-1572441 

7-159599 

|305 

93025 

28372625 

17-4642492  6-7.31316 

.368 

1.35424 

498.360.32 

19-1833261 

7*166095 

!306 

93636 

286526 16  17  *4928.'^57 16*7 .38665 

369 

136161 

50243409 

19-2093727 

7-172580 

307 

94249 

28934443' 1 7*5214155!6 -74.5997 

370 

136900 

50653000 

19-2353841 

7-179054 

:308 

94864 

292 1 8 1 1 2 4 7 -5499288  6 -753.3 1 3 

371 

137641 

51064811 

19-2613603 

7-185516 

i309 

95481 

2950.3629  1 7 -5783958  6 -7606 1 4 

372 

1.38384 

51478848 

19-2873015 

7-191966 

|310 

96100 

29791000 

17-6068169  6-767899 

.373 

1.39129 

51895117 

19-3132079 

7-198405 

!31  1 

96721 

30030231 

17-6351921  6-775168 

374 

139876 

52313624 

19-3390796 

7-204832 

1312 

97344 

30371328 

17-663.5217  6-782422 

375 

140625 

52734375 

19-3649167 

7*211247 

!313 

{ 97969 

30664297 

17-6918060 

6-789661 

376 

141376 

53157376 

19-3907194 

7-217652 

l3I4 

1 98596 

30959144 

17-7200451 1 

6-796884 

377 

142129 

53582633 

19-4164878 

7*224045 

|315 

99225, 

31255875' 

17-7482.39.3 

6-804091 

378 

.142884 

54010152 

19*4422221 

7 -230427 

Chap.  HI. 
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No. 

Square. 

Cube. 

Square  Root. 

Cube  Root. 

1 

No.j 

1 

Square. 

Cube. 

Square  Root. 

Cube  Root. 

.379 

143641 

54439939 

19-4679223 

7-2.36797 

442 

195364 

86.350888 

21  -0237960 

7-617411 

380 144400 

54872000 

19-4935887 

7-243156 

44.3 

196249 

86938.307 

21-04756.52 

7-62.31.51 

381 

145161 

55.306341 

19-5192213 

7-249.504 

444 

1971.36 

87528384 

,21-0713075 

7-62888.3 

382  145924 

55742968 

19-544820.3 

7-255841 

445 

1 98025 

88121125 

21-09502.31 

7 -6.34606 

383  146689 

56181887 

19-5703858 

7-262167 

446 

198916 

887165.36 

21-1  187121 

7-640321 

384  147456 

5662.3104 

19-5959179 

7-268482 

447 

199809 

89314623 

21-1423745 

7-646027 

3854  48225 

57066625 

19-6214169 

7-274786 

448 

200704 

89915392 

21  -166010.5 

7-651725 

386  148996 

57512456 

19-6468827 

7-281079 

449 

201601 

90518849 

21-1896201 

7-657414 

387 

149769 

57960603 

19-672.3156 

7-287362 

450 

202500 

91125000 

21*21.32034 

7 -66.3094 

388  150544 

58411072 

19-6977156 

7-293633 

451 

20.3401 

91733851 

21  -2367606 

7-668766 

389  151321 

58863869 

19-72.30829 

7-299893 

452 

204304 

92.345408 

,21  -2602916 

7-6744.30 

390 

152100 

59319000 

19-7484177 

7-306143 

453 

205209 

92959677 

21  -28.37967 

7-680085 

391 

1.52881 

59776471 

19-7737199 

7-312.383 

454 

2061 16 

93576664 

21  -.3072738 

7-6857.32 

392 

15.3664 

60236288 

19-7989899 

7-318611 

455 

207023 

94196373 

,21-3.307290 

7-691371 

393 

154449 

60698437 

19-8242276 

7-324829 

456 

207936 

94818816 

21-3541565 

;7  *697002 

394 

155236 

61162984 

19-8494.332 

7-331037 

457 

208849 

93443993 

21-3775583 

|7 -702624 

395 

1 56025 

61629875 

19-8746069 

7-3372.34 

458 

209764 

96071912 

|21  -4009.346 

7-7082.38 

396 

156816 

62099136 

19-8997487 

7-343420 

459 

210681 

96702579 

,21-424285.3 

7-71.3844 

397 

157609 

6257077.3 

19-9248588 

7-349596 

460 

211600 

97336000 

21-4476166 

7-719442 

398 

158404 

6.3044792 

19-9499.37.3 

7 -.355762 

461 

212521 

97972181 

21-4709106 

7-725032 

399 

159201 

63521199 

19-9749844 

7-361917 

462 

213444 

98611128 

21  -4941853 

7 -7306 1 4 

400 

160000 

64000000 

20-0 

7-368063 

463 

214369 

99252847 

21-5174348 

7-736187 

401 

160801 

64481201 

20-0249844 

7-374198 

464 

215296 

99897344 

21  *5406592 

7-741753 

402 

161604 

64964808 

20-0499377 

7-380322 

465 

216225 

100344623 

21-56.38587 

7-747.310 

403 

162409 

65^50827 

20*0748599 

7*3864.37 

466 

217156 

101194696 

21-58703.31 

7-752860 

404 

163216 

65939264 

20-0997512 

7 -.392542 

467 

218089 

101847563 

21-6101828 

7-758402 

405 

1 64025 

664.30125 

20-1246118 

7-398636 

468 

219024 

1025032.32 

21  -6333077 

7-76.39.36 

406 

164836 

6692.3416 

20-1494417 

7-404720 

469 

219961 

10.3161709 

21-656^078 

7-769462 

407 

165649 

67419143 

20-1742410 

7-410794 

470 

220900 

10382.3000 

21-6794834 

7-774980 

408 

1 66464 

67917312 

20-1990099 

7-416859 

471 

221841 

104487111 

21-7025344 

7-780490 

409 

167281 

68417929 

20-2237484 

7-422914 

472 

222784 

10515404‘8 

21-7255610 

7-785992 

410 

168100 

68921000 

20-2484567 

7-428958 

473 

223729 

105823817 

21  -7485632 

7-791487 

Ull 

168921 

69426531 

20-2731349 

7-4.3499.3 

474 

224676 

106496424 

21-7715411 

7-796974 

412 

169744 

699.34528 

20-2977831 

7-441018 

475 

223623 

107171875 

21  -7944947 

7-802453 

|413 

1 70569 

70444997 

20-3224014 

7-4470.33 

476 

226376 

107850176 

21-8174242 

7-807925 

|414 

171396 

7095 i 944 

20-3469899 

7-4530.39 

477 

227329 

1085313.3.3 

21-8403297 

7-813389 

|415 

1 72225 

7147.3.375 

20-3715488 

7-459036 

478 

228484 

109215352 

21-8632111 

7 818845 

416 

1 73056 

71991296 

20-3960781 

7-465022 

479 

229441 

109902239 

21  -8860686 

,7-824294 

417 

1 73889 

72511713 

20-4205779 

7-470999 

480 

230400 

] 10392000 

21-9089023 

,7-8297.35 

418 

174724 

73034632 

20-445048.3 

7-476966 

481 

2.31361 

111284641 

21-9317122 

7-835168 

419 

175561 

7.3560059 

20-4694895 

7-482924 

482 

232324 

111980168 

21-9544984 

7*840594 

420 

1 76400 

74088000 

20-4939015 

7-488872 

483 

233289 

112678587 

21-9772610 

7-846013 

421 

177241 

74618461 

20-5182845 

7-494810 

484 

234236 

113379904 

22-0 

7-851424 

422 

178084 

75151448 

20-5426386 

7*500740 

485 

2.35225 

114084123 

22-0227155 

7-856828 

423 

178929 

75686967 

20-5669638 

7-506660 

486 

2.36196 

114791236 

22-0454077 

7-862224 

424 

179776 

76225024 

20-5912603 

7-512571 

487 

237169 

113301303  22-0680763 

7-867613 

425 

180625 

76763625 

20-6155281 

7-51847.3 

488 

238144 

116214272 

22-0907220 

7-872994 

426 

181476 

77.308776 

20-6397674 

7-324363 

489 

239121 

116930169 

22*1133444 

7-878.368 

427 

1 82329 

77854483 

20-66.39783 

7-530248 

490 

240100 

117649000 

22-13594.36|7-88.37.34 

428 

183184 

78402752 

20-6881609 

7-5.36121 

491 

241081 

118370771 

22-1585198  7-889094 

429 

184041 

78953589 

20-7123152 

7-541986 

492 

242064 

119095488 

22-1810730 

,7-894446 

430 

1 84900 

79507000 

20-7.364414 

7-547841 

49.3 

243049 

1 19823157 

22-20.36033 

7-S99791 

431 

185761 

80062991 

20-7605.395 

7-553688 

494 

244036 

1 205537  84 1 22  -226 1 1 08l7  '905 1 29 

432 

186624 

80621568 

20-7846097 

7-339323 

495 

245023 

121287375  22-2485955  7-910460 

433 

187489 

81182737 

20-8086520 

7-565333 

496 

246016 

122023936  22-2710575  7-91.5784 

434 

188356 

81746504 

20-8326667 

7-371173 

497 

247009 

122763473  22-29.34968  7-921100 

435 

189225 

82312875 

20-8566536 

7-376984 

498 

248004 

12.3505992,22-3159136 

7-926408 

436 

1 90096 

82881856 

20-8806130 

7-582786 

499 

249001 

124251499  22-338.3079|7 -9.31 710 

437 

190969 

8.3453453  20-9045450 

7-388379 

500 

250000 

12.5000000 

22*360079817 -9.37005 

438 

191844 

84027672  20-9284495 

7-394363 

50  J 1251001 

125751501 

122-3830293 

7-942293 

1439 

192721 

84604519  20-9523268 

7-600138 

502  252004 

1 26506008 

22-4053565 

7-94757  3 

|440 

193600 

8518400020  9761770 

7 -605905 

503125.3009  127263527  22-4276615 

7-952847 

14^1 

194481 

85766121 

210 

'7-611662 

504  25401  6 128024064  22-449944.3i7-9581 14| 

3 K 
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No.j  Square.  1 Cube. 


Square  Root.  Cube  Root, 


505  255025  128787625  22-4722051  7-963374 

506  256036'l29554216  22-4944438  7-968627 

507  257049*  130323843  22-5166605  7-973873 

508  258064  1 3109651 2 22-5388553  7-9791 12 

509  259081  1 31  872229  22-5610283  7-984344 

510  260100  1.32651000  22-5831  796  7-989569 

511  261 121  1334.32831 ‘22-605.3091,7-994788 

512  262144  134217728'22 -6274170  8*0 

51.3  263169  135005697  22-64950.3.3  8-005205 

514  2641  96  135796744  22-6715681  8-010403 

515  265225,136590875  22-69.361 14  8-015595 

51 6 266256,137388096  22-7156334  8-020779 

517  267289,1  38188413  22-7376340  8-025957 

518  268.324  1389918.32  22-75961 34  8-031 129 

519  269.361:139798359  22 -78 1 57 15| 8 -036293 

520  270400  140608000  22-8035085^8 -041451 

521  271441  !i41420761  22-8254244  8-046603 

522  272484'!  422.36648  22-847.3193  8-051  748 

52.3  273529 1 143055667  22-86919.33  8-056886 

524  274576,143877824  22-8910463;8-06201 8 

525  275625il44703125  22-9128785|8-06714.3 

526  276676  1455.31576  22-9346899,8-072262 

527  277729  146.36.318.3  22-9564806  8-077374 


528  278784 

529  279841 

5.30  280900 

5.31  281961 

5.32  283024 
5.3.3  284089 
5.34  285156 
535  286225 
5.36  287296 

537  288.369 

538  289444 
5.39  290521 

540  291600 

541  292681 

542  29.3764 

543  294849 

544  295936 

545  297025 

546  298116 

547  299209 

548  .300.304 
.549  301 401 


1471  97952  22-9782506  8-082480 
1480.35889  23-0  8-087579 

1 48877000'23-021 7289  8 -092672 
149721291 123-0434372  8-0977.58 
150568768  23-0651252  8-102838 
151419437  23-0867928  8-107912 

1 52273304.23- 1 084400  8 -1 1 2980 

1 5.31 30.375.23- 1 300670  8-1 1 8041 
15.3990656  23-1516738  8-12.3096 
1 548541 53  23-1 7.32605  8 -1 281 44 


No. 


Square. 


Cube. 


568  322624  1 832504.32 

569  .323761 1 184220009 

570  324900  18519.3000 

571  326041!  186169411 

572  327184  187W9248 

573  328.329  1881.32517 


Square  Root.  1 Cube Uo(rt. 


2.3- 8.327506,8-281635 

2.3 - 85.37209,!  8 -286493 
23-874672818-291.344 

2.3 - 8956063, 8 -296 190 

2.3- 91  6521 5,8-301 0.30 
23-9.374184  8 -.305865 


574  329476  1891 1 9224  23-9582971  8 -3106.94 

575  3.30625  1 90 1 09375  23-9791 576  8 -31 551  7 


576 

577 

578 

579 

580 


r 

331 776,1  91 1 02976124-0  |8  -.320.335 

332929  1 921 00033  24-020824.318 -3251 47 


334084 
.3.35241 
336400 
581|S37561 
582j338724 

583  339889 

584  .341056 
585|34222.3 
5861.343.396 
587,344569 


1 9.31 00552  24  -041 6306 
194104539  24-0624188 
1951  12000|24 -08.31 892 


196122941 

197137.368 

198155287 

199176704 


24-10.39416 

24-1246762 

24-145.3929 

24-1660919 


200201625  24-18677.32 
201 2.30056!  24  -2074.3  69 
202262003  24 -2280829 


588j345744  203297472,24-24871 13 
589 134692 1 204.3.36469  24  -269.3222 


155720872.23- 1948270 

156590819.23- 216.37.35 
1 57464000  23-2.379001 
1 58340421 12.3 -2594067 

1 59220088.23- 2808935 
1 6010.3007  23-3023604 
160989184  23-3238076 


8-1.33186 

8-138223 

8-143253 

8-148276 

8-153293 

8-158304 

8-16.3.309 

8-168.308 


161878625  2.3 -.34.52351 
162771 336,2.3 -3666429|8  1 7.3.302 
1 6.3667.32.3|23-.388031 1 8-1  78289 
1 64566592 ,23  -409.3998  8-1 8.3269 


165469149,2.3-4.307490  8 18.S244 

550  302.500  1 66375000  2.3-4520788  8-1  93212 

551  .30.3601 '167284151 12.3-47.33892  8-198175 
5.52  .304704  1 68196608,2.3-4946802  8-20.31.31 


55.3  .305809 


1 691 1 2.377 .2.3 - 51 .59520,8 -208082 

170031464.2.3- 5372046  8-21.3027 


17095.387.5  2.3-5584.380  8-21  7965 
1 71 87961 6 2.3-.5796522|8-222898 


554  .306916 
5.55  .308025 

556  .3091 .36 

557  .310249,172808693  23-6008474|8-227825 

558  .311364  17.3741  112  2.3 -6220236! 8 -2.32746 
559'312481  |l 74676879  2.3-6431 808:8-2.3766] 
560  313600,175616000  2.3-664.3191 18 -242570 
561,314721,176558481  2.3-6854386  8-247474 
562  31 5844  177504.328  2.3-7065.392  8-252371 
563,316969  17845.3547  2.3 -727621 0*8 -257263 

564  318096  179406144  2.3-7486842  8-262149 

565  319225  180.362125  2.3-7697286  8-267029 

566  .320356  1 81 .321 496  2.3-7907545  8-271903 
(567,321489  18228426.3  2.3-81 1 761 8 8-276772 


590 

591 

592 

593 

594 
595|.354025 
596i355216 
597|.356409 

598  .357604 

599  358801 

600  360000 

601 
602 
60.3 

604 

605 

606 

607 

608 

609 

610 
611 
612 


8-329954 
8-334755 
8-339551 
8-344.341 
8-349125 
8 -353904 
8 -.358678 
8-36.3446 
8 -.368209 
8-372965 
8-377718 
8-382465 
8-387206 
8-391942 
8-39667.3 
8-401.398 


348100  205379000  24  -28  99156 
.34  928 1 1 20642507 1 2 4 -.3 1 04  9 1 6 
350464 1 207474  68  8 j 24  -3.3 1 050 1 
.351 649,208527857,24  -351 591.3 
3528.3  6*  2095845  84,24 -.3  721 152 '8 -4061 1 8 
210644875  24-392621  8 8-41 08.32 
21 1 7087.36  24 -41 .311 1 2 8-41 5541 
2127761  7.3, 24-43358.34|8-420245 
2138471  92  24-4540385  8-424944 
214921799  24 -4744765!8-4296.38 
216000000  24-4948974,8-4.34327 
21  7081 801 ,24-51  5.301 .3  8-4.39009 
2181 67208 ,24  -535688.3 1 8 -44.3  687 
219256227  24-5560583,8-448.360 
220348864  24-57641 1 5,8-45.3027 
221 4451 25,24 -5967478  8-457689 


.361201 
362404 
36.3609 
364816 
.366025, 

.367236,22254501 6 24 -61  70673 1 8 -46234 7 
.368449  223648543|24 -6.37.3700  8 -466999 


.369664  224755712:24-6576560  8-471647 
.370881  225866529,24-6779254  8*476289 
372100;226981000  24-6981  781  8-480926 
37.3321 '2280991 .31  !24-71  841 42  8-485557 
374544  229220928  24-7.386.338  8*4901  84 
61.3!.375769  2.30346.397  24*7588.368  8'494806 
61 4|376996|2.31 475544,24 -77902.34  8*499423 

615  378225|2.32608.375  24-7991935  8-504034 

616  379456,233744896,24-81 9.3473,8-508641 
380689,2.3488511.3!24-8394847|8-51324.3 


617 

618 

619 

620 


381 924  2.360290.32|24-8596058|8-51  7840 
38316i|237176659,24-8797106!8-5224.32 
384400  238328000  24-8997992  8-52701 8 
621 1 385641  1 23948.3061  i 24  *91 9871 6 8 *531 600 
622  386884  240641 848  24*9399278  8 -5.361 77 
623'3881  29^241 804367  24-9599679  8-540749 
624  389376  242970624  24*9799920  8 *545.31 7 
625:390625  2441 40625  25-0  |8*549879 

626|.391876  245.31 4376,25*01  99920  8*5544.37 
627,39.3129  246491883  25*0399681  !8-558990 
628,394.384  247673152  25*0599282  8 *56.3537 
629  395641  248858189  25*0798724  8-568080 
6.30  396900  25004^000  25  *0998008 ! 8 *5726 1 8 


Chap.  Ill, 


MEASURING  AND  ESTIMATING. 


787 


No. 

Square. 

Cube. 

Square  Root. 

Cube  Root. 

No. 

Square. 

Cube. 

j Square  Root.  Cube  Root. 

631 

398161 

251239591 

25-1197134 

8-577152 

694 

481636 

.3342.55384 

26-3438797i8-8.53.50R 

632 

399424 

252435968  25-1396102  8-581680 

695 

48.3025 

j.335702375  26-.3628527I8-857849 

633 

400689 

2.536361 37  25 -1 59491 3j8  -586204 

696 

484416 

,3371.53536  26-.381  81 1 9 8 -.862095 

634 

401 956 

254840104  25  1793566  8-590723 

697 

485809 

.3.3860887.3  26-4007576 

8-8663.37 

635 

403225 

256047875  25-1992063  8-595238 

698 

487204 

340068.392  26-4196896 

8-870575 

636 

404496 

257259456  25-21 90'K)4  8-599747 

699 

488601 

.341 .5.32099  26-4386081 

8-874809 

637 

405769 

258474853  25-2388589 

8-604252 

700 

490000 

343000C00  26-45751 .31 

8-879040 

638 

407044 

259694072  25-2586619 

8-6087.52 

701 

491401 

.344472101  26-4764046 

8-88.3266 

639 

408321 

260917119  25-2784493 

8-613248 

702 

492804 

.345948408 

26-4952826 

8-887488 

640 

409600 

262144000 

25-2982213 

8-6177.38 

70.3 

494209 

347428927 

26-5141472 

8-891706 

641 

410881 

263374721 

25-3179778 

8-622224 

704 

495616 

34891 .3664 

26-532998.3 

8-895920 

642 

412164 

264609288 

25-3377189 

8 -626706 

705 

497025 

.350402625 

26-5518.361 

8-9001.30 

643 

413449 

265847707 

25-3574447 

8-63118.3 

706 

498436 

351895816 

26-5706605 

8-904.3.36 

644 

414736 

267089984 

25-3771551 

8-6.35655 

707 

499849 

35.3.39324.3 

26-5894716 

8-9085.38 

645 

41 6025 

268336125 

25-3968502 

8-640122 

708 

501261 

.354894912  26-6082694 

8-9127.36 

646 

417316 

269586136 

25-4165301 

8-644585 

709 

502681 

356400829  26-62705.39 

8-916931 

647 

418609 

270840023 

25-4361947 

8-64904.3 

710 

504100 

.357911000 

26-6458252 

8-121121 

648 

419904 

272097792 

25-4558441 

8-653497 

711 

505521 

35942.5431 

26-664583:1 

8-925307; 

649 

421201 

273359449 

25-4754784 

8-657946 

712 

506944 

.360944128 

26-68.33281 

8-929490 

650 

422500 

274625000 

25-4950076 

8-662301 

71.3 

508369 

.362467097 

26-7020598 

8-9.3.3668 

651 

423801 

275894451 

25-5147016 

8-666831 

714 

509796 

.36.3994344 

26-7207784 

8-9.37843 

652 

425104 

277167808 

25-5.342907 

8-671266 

715 

511225 

.365.525875 

26-7394839 

8-942014 

653 

426409 

278445077 

25-5538647 

8-675697 

716 

512656 

.367061 696 

26-758176.3 

8-946180 

654 

427716 

279726264 

25-5734237 

8-68012.3 

717 

514089 

.368601813 

26-7768557 

8-950.34.3 

655 

429025 

281011375 

25-5929678 

8-684545 

718 

515524 

.3701462.32 

26-7955220 

8-954502 

656 

430336 

282300416 

25-6124969 

8-688963 

719 

516961 

.371694959 

26-8141754 

8-958658 

657 

431649 

28.3593393 

25-6320112 

8-693376 

720 

51 8400 

.37.3248000 

26-8.328157 

8 962809 

658 

432964 

284890312 

25-6515107 

8-697784 

721 

519841 

.374805.361 

26-8514432 

8-966957 

659 

43428] 

286191179 

25-6709953 

8-702188 

722 

521284 

376367048 

26-8700577 

8-971 100 

660 

435600 

287496000 

25-6904652 

8-706587 

72.3 

522729 

3779.3.3067 

26-8886593 

8-975240 

661 

436921 

288804781 

25  -709920:5 

8-710982 

724 

524176 

37950.3424 

26-9072481 

8-979376 

662 

438244 

290117528 

25-7203607 

8-71537.3 

725 

525625 

381078125 

26-9258240 

8-98.3508 

663 

439569 

291434247 

25-7487864 

8-71  9759 

726 

527076 

.382657176 

26-9443872 

8-9876.37 

664 

440896 

292754944 

25-7681975 

8.724141 

727 

528529 

.384240583 

26-9629.375 

8-991762 

665 

442225 

294079625 

25-7875939 

8-728518 

728 

529984 

.385828352 

26-9814751 

8-99588.3 

666 

443556 

295408296 

25-8069758 

8-7.32891 

729 

531441 

.387420489 

27-0 

9-0 

667 

444889 

296740963 

25-8263431 

8-7.37260 

730 

532900 

.38901  7000 

27-0185122 

9-004113 

668 

446224 

2980776.32 

25-8456960 

8-741624 

7.31 

5.34361 

.39061  7891 

27-0.370117 

9-008222 

669 

447561 

299418.309 

25-8650343 

8-745984 

732 

535824 

.392223168 

27-0554985 

9-012.328 

670 

448900 

.30076.‘i000 

25-8843582 

8-750.340 

7.33 

5.37289 

3938.32837 

27-07.39727 

9-0164.30 

671 

450241 

.302111711 

25-9036677 

8-754691 

734 

538756 

.395446904 

27-0924.344 

9-020.529 

672 

451584 

.303464448 

25-9229628 

8-7590.38 

7.35 

540225 

.397065.375 

27-11088.34 

9-02462.3 

673 

452929 

.304821217 

2 5-94224.35 

8-763380 

7.36 

541 696 

398688256 

27-12931  99 

9-028714 

674 

454276 

.3061 82024 

25-9615100 

8-767719 

7.37 

54.3169 

400.31 555.3 

27-1477439 

9-0.32802 

675 

455625 

.307546875 

25-9807621 

8-77205.3 

738 

544644 

401947272 

27-1661554 

9-0368S5| 

676 

456976 

.30891  5776 

26-0 

8-776382 

7.39 

546121 

403583419 

27-1845544 

9-0409651 

677 

458329 

.3102887.33 

26-0192237 

8-780708 

740 

547600 

405224000127 -202  94 10 

9-045041 1 

678 

459684 

.311665752 

26-0384331 

8-785029 

741  549081 

406869021  27-221.3152 

9-049114' 

;679 

461041 

313046839 

26-0576284 

8-789346 

742  550564 

408518488  27-2396769 

9-05318.3 

1680, 

462400 

.3144.32000 

26-0768096 

8-79.3659 

743*552049 

410172407  27-258026.3 

9-0572481 

|681 

1463761 

315821241 

26-0959767 

8-797967 

744  55.3536 

4118.30784 

,27  276.3634 

9-061.309 

682 

465124 

317214568 

26-1151297 

8-802272 

745  55.5025 

41.349.3625127-2946881 

9-065.367 

683 

466489 

.318611987 

26-1342687 

8-806572 

746  55651  6 

4 151 609.36 127-31.30006 

9-069422 

684 

467856 

32001 3504 

26-1533937 

8-810868 

747  558009 

416832723  27-3.313007 

9-073472 

685 

469225 

321419125 

26-1725047 

8-815159 

748|559504 

418508992  27-34  95887 

9-077519 

686 

470596 

.322828856 

26-1916017 

8-819417 

749,561001 

420189749  27-3078644 

9-081563 

687 

471969 

324242703 

26-2106848 

8 -82.37.30 

750 

562500 

421875000 

27-3861279 

9-0856031 

688 

473344 

325660672 

26-2297541 

8-828009 

751 

504001 

423564751|27-404.3792 

8-0896391 

689 

474721 

327082769 

26-2488095 

8-8.32285 

752 

565504 

42.5259008  27-4226184 

9-093672 

690 

476100 

328509000 

26-2678511 

8-836556 

753 

567009 

426957777  27-4408455 

9-097701 

691 

477481 

329939371 

26-2868789 

8-840822 

754  568516 

428661064  27-4590604  9-101  726 

692 

478864 

331373888 

26-3058929 

8-845085 

755  570025 

4.30.368875  27-47726.33  9-105748 

693 

480249  332812557 

26 -.32489.32 

8-840.344 

756  571536 

432081216  27-4951.542|9-l 09766, 

e 2 


TH8 


TIIEOKY  OF  ARCniTECTUHFi 


Book  I I. 


No.  Square. 


Cube. 


Square  Root. 'Cube  Root. 


757  573049  433798093  27 

758  574564  43551  9512  27 

759  576081  437245479  27 

760  577600  438976000  27 

761  579121  440711081  27 

762  580644  442450728  27 

763  582169  444194947  27 

764  583696  445943744  27 

765  585225  447697125  27 

766  586756  449455096  27 
7671588289  451217663  27 
768'589824  452984832  27 

769  591361  454756609  27 

770  592900  456533000  27 

771  594441  458314011  27 

772  595984  460099648  27 

773  597529  461889917  27 

774  599076  463684824  27 

775  600625  465484375  27 

776  6021  76  467288576  27 
777|e03729  469097433  27 

778  605284  470910952  27 

779  606841  472729139  27 

780  608400  474552000  27 

781  :609961  47637954F27 
|782  61 1524  47821 1768|27 

1783  613089  480048687^27 

1784  61 4656  481 890304  28 

1785  61  6225  483736025'28 
|786  617796  485587656  28 

1787  61  9369  487443403  28 

1788  620944  489303872  28 

789  622521  491169069  28 

790  624100  493039000  28 
79r625681|494913671  28 

792  627264  496793088  28 

793  628849  498677257  28 
|794  630-136  500566184  28 
1795  632025  502459875  28 
j796  63361 6 504358336  28 
1797  635209  506261573  28 
|798|636804  5081 69592  28 

799  638401  510082399  28 

800  610000  51  2000000  28 


■5136330  9-113781 
■5317998  9*117793 
■5499546  9-121801 
■5680975  9-125805 


■5862284 

■6043475 

•6224546 

•6405499 

•6586334 

■6767050 

■6947648 

■7128129 

7308492 

■7488739 

■7668868 

■7848880 

■8028775 

■8208555 

•8388218 

■8567766 

■8747197 


9-129806 

9-133803 

9-137797 

9-141788 

9-145774 

9-149757 

9-153737 

9-157713 

9-161686 

9-165656 

9-169622 

9-173585 

9-177544 

9-181500 

9-185452 

9-189401 

9-193347 


8926514j9-197289 
9105715  9-201228 
9284801 19-2051 64 
9463772  9-209096 
9642629  9-213025 
9821372  9-216950 
0 9-220872 

0178515|9-224791 
0356915  9-228706 


801  |64160i;51  3922401 

802  643204  51 5849608 
803^644809  517781627 
804'64641 6 519718464 
805'648025  521660125 
806'649636  523606616'28 

807  651249  525557943|28 

808  652864  527514112:28 

809  654481  ;529475129:28 

810  656100  53144100028 
81E65772E53341173i!28 


0535203 
0713377 
0891438 
1069386 
1247222 
•1424946 
■1 602557 
■1 780056 
■1  957444 
■2134720 
■2311884 
■2488938 
■2665881 
■2842712 
-.3019434 


9-232618 

9-237527 

9-240433 

9-244335 

9-248234 

9-252130 

9-256022 

9-259911 

9-263797 

9-267679 

9-271559 

9-275435 

9-279308 

9-283177 

9-287044 


28 
28 
28 
28 

28-37252191 9 -302477 


-3196045  9-290907 
-3372546  9-294767 
-354  8938 1 9 -298623 


'1- 

■390139119-306327 
■4077454|9-310175 
■4253408  9-314019 
■4429253|9*317859 
4604989  9-321697 


4780617 
4956137 
5131549 

81  4|662596|539353144'28 -5306852 
815  664225'541 31 3375  28-5482048 


812  659344  535387328'28■ 
8I3'660969'53736779728- 


9-325532 

9-329363 

9-333191 

9-337016 

9-340838 


816  665856  543338496j28-56571 37  9-344657 
817|667489  545338513  28*5832119  9-.348473 
818,669124  547343432  28*6006993  9*352285 


181 9,670761  '549353259i28-61  81  760  9*35609' 


No. 


Square. 


Cube. 


Square  Root. 


820  672400  551368000  28*6356421 


82r674041 

822  675684 

823  677.-329 

824  678976 

825  680625 

826  682276 

827  683929 

828  685584 
829'687241 
830  688900 
831 '690561 

832  692224 

833  693889 

834  695556 
835'697225 

836  698896 

837  700569 
8381702244 
839 1 703921 

840  705600 

841  707281 

842  708964 


843 

844 

845 

846 

847 

848 

849 

850 

851 

852 

853 

854 

855 

856 

857 

858 

859 

860 
861 
862 

863 

864 

865 

866 

867 

868 

869 

870 

871 

872 

873 

874 

875 

876 


710649 
712336 
714025 
715717 
71  7409 
719104 
720801 
722500 
724201 
725904 
727609 
729316 
731025 
7.32736 
734449 
736164 
737881 
739600 
741.321 
74.3044 
744769 
746496 
748225 
749956 
751689 
753424 
755161 
756900 
758641 
760384 
762129 
76.3876 
765625 
767376 


Cube  Root 


553387661  28*6530976  9 
555412248  28-6705424  9 
557441767'28-6879766  9 
559476224  28-7054002  9 
561515625j28-7228132‘9 
56.3559976,28-7402157  9 
565609283  28-7576077^9 
567663552j28 -7749891 19 
569722789I28-7923601I9 


571 787000 
573856191 
5759.30368 
5780095.37 
580093704 
582182875 
584277056 
586376253 
588480472 
590589719 
592704000 
594823.321 
596947688 
599077107 
601211584 
603.351125 
605495736 

60764542.3 
6098001 92 
611960049 
614125000 
616295051 
61 8470208 
620650477 
6228.35864 
625026375 
627222016 

62942279.3 
631628712 
6.3.3839779 
6.36056000 
638277.381 


28-8097206; 
28-8270706 
28-8444102 
28-8617394 
28-8790582 
28-896.3666 
28-91.36646  9 
28-93095239 
28-9482297  9 
28-9654967  9 

28- 98275.35  9 

29- 0  !9 

29 -01 72.36.3' 9 
29 -034462.3  9 
29-0516781  9 
29-0688837  9-45 
29-0860791 '9 
29 -10.32644' 9 
29-1204.396'9 
29-1376046  9 
29-1547595  9 
29-171904.3'9 
29-1890390  9 
29-2061637  9 
29-22.3278419-487 
29-240.3830  9 


29-2574777'9 
29-274562.3'9 
29-2916370  9 
29-3087018  9 
29 -.3257566  9 
29 -.342801 5|9 
64050.3928  29-3598.365  9 
642735647:29-3768616  9 
,644972544 '29 -.3938769  9 
647214625  29-410882.3  9 
649461896|29-4278779  9 
651 71  4.36.3  29-444863719 
6539720.32|29-4618397  9 
656234909  29-4788059  9 
658503000'29-4957624  9 
660776311:29-5127091  9 


877  769129 

878  770884 
879|772641 


66.305^848 

665.3.38617 

667627624 

669921875 

672221376 

67452613.3 

6768.36152 

579151439 


880,774400  681472000 
881 17761 61 .68.3797841 
882  777924., 6861 28968 


29 -.5296461  9 
29-54657.34  9 
29-5634910  9 
29-580.3989  9 
29-5972972  9 
29-6141858  9 
29-6310648  9 
29-6479.325  9 
29-6647939  9 
29-6816442  9 
29-6984848  9 


■359901 
■363704 
■367505 
■371302 
■375096 
378887 
382675 
386460 
390241 
394020 
.397796 
401569 
405.338 
409105 
412869 
41 66.30 
420387 
424141 

42789.3 
431 642 
4.35388 
439130 
442870 
446607 
450341 
454071 
457799 
461524 
465247 
468966 
472682 
476395 
480106 

48381.3 
487518 
491219 
494918 
498614 
502.307 
505998 
509685 
513369 
51 7051 
520730 
524406 
528079 
•531749 
535417 
■539081 
•542743 
■546402 
■550058 
■55.3712 
■557363 
■561010 
■564655 
■568297 
*571937 
■575574 
■579208 
•582839 
•586468, 
•590093j 


ClIAl’.  III. 


IMEASriilNG  AM)  ESTIMATING. 


789 


I No.'  Square. 


Cube. 


88.9 

8S4 

|885 

|886 

j887 

j888 

'889 

890 

891 
j892 
.893 
T94 
|895 
,89<5 
|897 
1898, 

899 

900 

901 

902 

903 
]904 

905 

906 

907 

908 
909. 
910 
911. 

912 

913 

914 

915 

916 

917 

918 

919 

920 

921 

922 

923 

924 

925 

926 

927 

928 

929 

930 

931 

932 

933 

934 

935 

936 
937. 
938 
9.39 

940 

941 


779689 
781456 
783225 
784996 
786769 
788544 
790.3211 
792100 
7.9.3881 
795664 
797449 
799236 
801025 
802816 
804609 
806404 
808201 
810000 
811801, 
81  3604 
815409 
817216 
81 9025 
820836 
822649 
824464 
826281 
828100 
829921'! 
831744. 
833569| 
8.35396; 
837225 
839056 
840889' 
842724 
844561 
846400 
848241 
850084 
851929 
85.3776 
855625 
857476 
859329, 
861184 
863041 
864900 
866761 , 
868624 
870489 
872356 
874225 
876096, 
877969! 
879844 
881721 ! 
883600, 
885481 


688465.387 

'690807104 

693154125 

695506456 

697864103 

700227072 

702595.369 

704969000 

707347971 

7097.32288 

712121957 

714516984 

716917.375 

719.323136 

7217.3427.3 
724150792 
726572699 
729000000 
7314,32701 
73.3870808 
7.36314.327 
738763264 
741217625 
74.3677416 

74614264.3 
748613,312 
751089429 
753571000 
7560580,31 
758550528 
761048497 
76.3551 944 
766060875 
768575296 
771095213 
773620632 
776151559 
778688000 
781229961 
783777448 
786330467 
788889.024 
791453125 
794022776 

79659798.3 
799178752 
801765089 
804.357000 
806954491 
809557568 
812166237 
814780504 
81  7400.375 
820025856 

82265695.3 
825293672 
827.03601  9 
830584000: 
8332376211 


Square  Root.  Cube  Root 


29-71 5.31  59  9 
'29-7.321.375  9 
|29-7489496  9 
29-7657.721  9 
29-7825452  9 
29-799.3289  9 
29-81610.30  9 
29-8328678  9 
29-84962.31  9 
29-8663690  9 
29-8831056  9 
29-8998328  9 
29-9165506  9 
29-93.32591  9 
29-9499583  9 
29-9666481  9 

29- 983.3287  9 

.30-0  |9 

.30-0166620  9 
30  03.3.3148  9 
.30-0499584  9 
.30-0665928,9 
.30-08.321 79  9 
.30-0998.339  9 
.30-1164407  9 

30- 13.30.38.3  9 
.30-1496269  9 
.30-166206.3  9' 
.30-1827765  9 
.30-199.3.377  9 
.30-2158899  9 
.30-2.324329  9 
.30-2489669  9 
.30-2654919  9' 
.30-2820079!9' 
.30-2985148  9'. 
.30-3150128!9'- 
.30-3.315018  9 
.30-.3479818  9 
30 -.364452 9 !9 
.30-3809151 1 9 
.30-397.3683  9 
.30-4138127  9 
.30-4.302481  9 
30-4466747  9 
.30-46.30924  9 
.30-479501.3  9 
30-4959014  9 
.30-5122926  9 
.30-5286750  9 
.30-5450487  9 
.30-56141.36  9 
30-5777697  9 
.30-5941171  9 
30-6104557  9 
.30-6267857  9 
.30-64.31069  9 
30-6594194  9 
30-6757233  9 


•593716 
-597.3.37 
-600954 
-604569 
-608181 
-611791 
-61  5.397 
-61  9001 
-62260.3 
-626901 
-62 9 i 97 
-6.33.390 
-6.36981 
■640569 
■644154 
■647736 
■651316 
•65489.3 
■658468 
•662040 
■665609 
■669176 
■672740 
■676301 
■679860 
■68.3416 
■686970 
•690521 
•694069 
■697615 
■701158 
■704698 
■7082.36 
■711772 
■715.305 
718835 
722363 
•725888 
•729410 
•7.329.30 
•7.36448 
■739963 
■743475 
■746985 
•750493 
•75.3998 
•757500 
•761000 
•764497 
•767992 
•771484 
•774974 
•778461 
•782946 
•785428 
■788908 
■792.386 
•795861 
•7993.33 


No. 

I 

j Square. 

1 Cube. 

Square  Root. 

Cube  Root.  ] 
1 1 

942 

i 

887.364 

8.35896888  30-69201 85 

1 j 

9-8028031 

94.3 

889249 

8.38.561807  30 '708.3051 

9-806271  1 

944 

8911.36 

841  2.32.384  .30'72458.30 

9-8097.36 

945 

89.3025 

84.3908625  .30-7408523 

9-8131  98 

946 

894916 

846590536  .30-75711.30 

9-816659 

947 

896809 

; 84927812.3  30-773.3651 

9-820117 

948 

898704 

851971.392  .30-7896086 

9-82.3.572 

949 

900601 

854670.349  .30-8058436 

9-827025 

953 

902500 

; 857.37.5000  .30-82207(X) 

9-8.30475 

951 

904401 

86(X)8.5351 

.30-8.382879 

9-833923 

952 

906304 

862801  408  .30-8544972 

9-8.37.369 

9.5.3 

908209 

86.552.3177  .30-8706981 

1 9-840812 

954 

910116 

868250664  30-8868904 

^ 9-8442.5.3 

955 

912025 

870983875  30-90.30743 

9-847692 

956 

913936 

87.3722816  .30-9192497 

9-851128' 

957 

i 915849 

87646749.3  .30-9.354166 

9-854.561 1 

958 

! 917764 

879217912 

30-9.51.57.51 

9-8.579.92' 

959 

; 919684 

881974079  .30-9677251 

9-861421 

960 

921600 

8847.36000  30-9838668 

9-864848' 

961 

923521 

88750.3681 

31  -0 

9 -868272! 

962 

j 925444 

890277128  .31  -0161248 

9-871694 

963 

927.369 

89.3056.347  31  -0.322413 

9-87.511.3 

964 

929296 

895841.344  .31  -048.3494 

9-878.5.30 

965 

j 9.31225 

8986.32125 

.31  -0644491 

9-881945 

966 

9.3.3156 

901428696 

31  -0805405 

9-885.357 

967 

j 9.35089 

9042.31063 

.31  -0966236 

9-888767! 

968 

, 9.37024 

9070392.32 

31  -1126984 

9-8921541 

969 

9.38961 

90985.3209 

,31  -1287648 

9-895580l 

970 

940900 

91267.3000 

31  -1448230 

9-89898.31 

971 

942841 

915498611 

31  -1608729 

9-902383 

972 

944784 

918.330048 

31  -1769145 

9-905781 

973 

' 946729 

921167.317 

31-1929479 

9-9091  77| 

974 

948676 

924010424 

.31  -20897.31 

9-912571  i 

975 

950625 

926859375 

,31  -2249900 

9-915962' 

976 

952576 

929714176 

31  -2409987 

9-91  9351 

977 

954529 

932574833 

'31  -2569992 

9-922738 

978 

956484 

9.35441352 

31  -2729915 

9-926122| 

979 

958441 

938.313739 

31-2889757 

9-9295041 

980 

960400 

941 1 92001 

.31  -.304951  7 

9-932883! 

981 

962361 

944076141 

31  -3209195 

9-936261 

982 

964324 

946966168 

31  -3368792 

9-9396361 

983 

966289 

949862087 

.31  -3528308 

9-943009 

984 

958256 

952763904 

31  -.3687743 

9-940379 

985 

970225 

955671625 

31  -3847097 

9-949747 

986, 

972196 

958585256 

31  -4006369 

9-953113 

937! 

974169 

96150480.3 

31-4165561 

9-956477 

988 

976144 

9644.30272 

.31  -4324673 

9-959839 

989, 

978121 

967.361669 

.31  -448.3704 

9-963198 

990; 

980100' 

970299000  .31  -4642654 

9-966554 

991 

982081 

97.3242271 

31-4801525 

9-969909 

992; 

9840641 

976191488 

31-4960315 

9-973262 

993 

986049 

979146657 

31  -51  1 9025 

9-976612 

994i 

9880.36 

982107784 

31  -5277655 

9-979959 

995' 

990025 

985074875 

31  -5436206 

9-983304 

996 

992016 

988047936 

.31  -5594677 

9-986648 

997 

994009 

99102697.3 

31  -5753068 

9-989990 

998 

996004 

99401 1 992 

.31  -591 1 .380 

9-99.3.328 

999 

998001 

997002999 

.31-6069613 

9-996665 

1000^1000000, 

1 000000000 

31  -6227767 

10-0  J 

793 


THEORY  OF  ARCHITECTURE. 


Book  II, 


2297/i.  A power  k that  number  which  is  obtained  by  multiplying  a number  several  times 
by  itself.  A square  is  the  number  muliplied  by  itself;  a cube,  twice  by  itself.  The 
square  is  called  tlie  second  power ; and  the  cube  the  third  ; when  multiplied  again  by 
itself  it  becomes  the  fourth  power  (commonly  called  the  hi-quadrate') ; and  so  on  ; — 


Power. 

Of  No.  2. 

Of  No.  3. 

Nil  m her 

4th  Power. 

5th  Power. 

1. 

2 

3 

1 

1 

1 

II.  or 

square  4 or 

square  9 

2 

16 

32 

III.  or 

cube  8 or 

cube  27 

3 

81 

243 

IV. 

16 

81 

4 

256 

1,024 

V. 

32 

243 

5 

625 

3,125 

VI. 

64 

729 

6 

1.296 

7.776 

VII. 

128 

2.187 

7 

2.401 

16,807 

VI H. 

256 

6.561 

8 

4,096 

32,768 

IX. 

512 

19,683 

9 

6,561 

59,049  j 

X. 

1 1,024 

59, (H9 

10 

1 0,000 

100,000 

2297i.  We  shall  now  at  once  proceed  to  the  general  principles  on  which  the  measure- 
ment and  estimation  of  work  in  the  several  artificers’  departments  are  conducted  ; pre- 
mising that  the  Manchester  Society  of  Architects  have  issued  a rmsc  y edition  (July  1886) 
of  their  recommendations  as  to  the  method  of  taking  out  quantities  and  measuring  up 
work,  which  may  possibly  be  of  use  and  interest  to  many  students.  It  is  reprinted  in 
the  British  Architect  for  September  3,  1886,  p.  233. 

2298.  Excavator.  Digging  is  performed  by  the  solid  yard  of  27  cubic  feet  (that  is, 
3 feet  X 3 feet  x 3 feet  = 27  feet).  Where  the  ground  is  soft  in  consistence,  and  nothing 
more  is  necessary  beyond  cutting  with  a spade,  a man  may  throw  up  a cubic  yard  per  hour, 
or  ten  cubic  yards  in  a day  ; but  if  of  firmer  quality,  haclcivg  becomes  necessary,  and  an 
additional  man  will  be  required  to  perform  the  same  work;  if  very  strong  gravel,  more 
assistance  will  be  required.  If,  therefore,  the  wages  of  a labourer  were  25.  6<7.  per  day. 
the  price  of  a yard  would  be  2>d.  for  cutting  only,  without  profit  to  the  contractor ; 6d  for 
cutting  and  hacking,  and  9c?.  if  two  hackers  be  necessary.  In  sandy  ground,  where 
wheeling  becomes  necessary,  three  men  will  remove  30  cubic  yards  in  a day  to  the  dis- 
tance of  20  yards,  tvo  for  filling  and  one  for  wheeling.  But  to  remove  the  same  quantity 
in  a day  to  a greater  distance,  an  additional  man  for  every  20  yards  will  be  required. 

2299.  The  quantity  of  excavation  is  the  length  multiplied  into  the  depth  and  width. 
In  the  cases  of  trenches  dug  for  the  reception  of  walls,  and  sloped  to  prevent  the  earth 
felling  in,  a mean  width  is  to  be  taken.  Thus,  suppose  an  excavation  24  feet  long,  4 feet 
wide  at  top,  and  2 feet  at  the  bottom  (average  width  therefore  3 feet),  and  5 feet  deep,  we 

24  X 3 X 5 

have  for  the  quantity  of  earth — — — = 1333  cube  yards. 

2300.  Brickw’ork.  In  measuring  and  estimating  the  value  of  brickw'ork,  the  following 
points  must  be  remembered.  A rod  of  brickwork  is  a mass  16^  feet  square  ; hence  the 
quantity  of  superficial  feet  which  it  contains  is  272|  feet(16’5x  16’5);but  the  | of  the  foot 
is  too  trifling  to  make  it  w'orth  while  to  embarrass  calculations  with  it,  and  consequently 
272  feet  is  universally  taken  as  the  superficial  standard  content  of  a rod.  Its  standard 
thickness  is  one  brick  and  a half  (or  13^  inches).  Hence  it  follows,  that  a cubic  rod  of 
brickwork  would  be  272  feet  x 13^  inches  = 306  feet  cube.  The  allowance  for  the  number 
of  bricks  is  taken  as  between  4000  and  4500 ; much  depending  on  the  closeness  of  the 
joints  and  the  nature  of  the  work.  In  walling,  a reduced  foot  is  generally  taken  as  re- 
quiring 17  bricks  ; a foot  superficial  in  Flemish  bond,  laid  in  malm  facing,  about  8 bricks ; 
and  a toot  superficial  of  gauged  arches,  10  bricks.  In  paving,  a yard  requires  82  paving 
bricks,  or  48  stock  bricks,  or  144  Dutch  clinkers  laid  on  edge,  or  36  bricks  laid  flat. 

2301.  Tiling  is  measured  by  the  square  of  100  superficial  feet;  a square  will  require 
800  at  a 6-inch  guage,  700  at  a 7-inch  gauge,  and  600  at  an  8-inch  gauge.  The  gauge 
necessarily  regulates  the  distance  of  the  laths,  and,  at  the  same  time  must  be  dependent 
on  the  slope  of  the  roof,  which,  if  flat,  should  not  be  less  than  6 inches,  as  for  instance, 
above  the  kerb  in  a kerb  roof;  and  not  more  than  8 inches  in  any  case.  A square  of 
plain  tiling  requires  about,  on  an  average  a bundle  of  laths,  two  bushels  of  lime,  and  five 
of  sand,  and  at  least  a peek  of  oak  pins.  The  laths  are  sold  in  bundles  of  3,  4,  and  5-feet 
lengths.  A bundle  of  the  3-feet  contains  eight  score,  the  4-feet  six  score,  and  the  5-feet 
five  score  to  the  bundle.  The  nails  used  are  fourpenny  ; they  are  purchased  by  the  long 
hundred,  that  is,  of  six  score,  and,  in  day  work,  are  charged  by  the  bricklayer  5-score  to 
the  hundred.  The  name  of  nails,  as  fourpenny,  fivepenny,  &c.,  means  4c?.,  bd  , &c.  per  100. 
The  number  of  nails  required  for  a bundle  of  5-feet  laths  is  500,  for  6-feet  laths  is  600. 

2302.  A square  cf  pantiling  requires  180  tiles  laid  at  a 10-inch  gauge  and  a bundle  of 
12  laths  10  feet  long.  (See  Table  2321.) 

2303.  In  lime  measure,  a “hundred  ” is  100  pecks,  or  25  striked  bushels  (a  measure). 
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V304.  In  sand  measure,  18  heaped  bushels,  or  21  striked  bushels, 
equal  to  1 yard  cube,  is  a single  load,  and  about  24  cubic  feet  1 ton. 

2305.  In  mortar  27  cubic  feet  make  1 load,  which  on  common 
occasions  contains  half  a hundred  of  lime  with  a irrojrortional  quantity 
of  sand.  Eleven  hundred  and  thirty-four  cubic  inches  make  a hod 
of  mortar;  that  is,  a mass  9 inches  wide,  9 inches  high,  and  14 
inches  long.  I'wo  hods  of  mortar  are  nearly  equal  to  half  a bushel. 
The  following  measures  and  weights  it  may  l)e  also  useful  to  re- 
member ; — 

23.2  cubic  feet  of  sand  = 1 ton  ; hence  1 cubic  foot  weighs  95’3lhs. 

1 cubic  feet  of  clay  = 1 ton ; hence  1 cubic  foot  weighs  about 
130  lbs. 

18  cubic  feet  of  common  earth  = 1 ton;  hence  1 cubic  foot  weighs 
nearly  124  lbs. 

.306  cubic  feet  of  brickwork  = 1 3 tons ; hence  1 cubic  foot  is  equal 
to  full  95  lbs. 

2306.  In  the  measurement  of  brickwork,  from  the  surface  being  272 
feet  and  the  standard  thickness  1^  brick,  it  will  be  immediately  seen 
that  nothing  more  is  requisite  than,  having  ascertained  the  thickness  of 
each  part  of  the  work,  to  reduce  it  to  the  standard  thickness  above 
stated,  and  this  will  be  found  sufficiently  easy  in  almost  all  cases. 
Where,  however,  this  cannot  be  done,  we  can  always  ascertain  with 
sufficient  accuracy  the  cubic  contents  in  feet  of  any  mass  of  brickwork  ; 
and  dividing  by  306  we  have  the  number  of  rods. 

2.307.  We  here  present  an  illustration  in  a wall  of  the  most 
common  occurrence  (^<7.  808A  ),  which  we  v.^ill  suppo.se  20  feet  long 
without  reference  to  any  wall  which  migiit  return  from  it,  and  thus  di- 
minish its  length  in  measuring  therewith  a returning  wall.  The  follow- 
ing is  the  method  of  entering  and  calculating  the  dimensions. 


li  Pri.i 


2-i  Bricki 


Fig.  80SA. 


Number  of 

Factors  to  rednee 

Length  multiplied 

Area. 

the  Area  to 

Thickness  reduced 

by  the  tieight. 

Bricks  in 
Thickness. 

Standard  of  li 
Brick. 

to  li  Brick 
in  Feet  sup. 

r 20  0 

6 

— 

100 

4 

-'5 

26-8 

20  0 

I 

Footings  6 courses 

6 

— 

100 

3^ 

n 

23-4 

20  0 

6 

— 

100 

3 

2 

20  0 

Basement  wall 

1 

r 20-0 

1 

1 6*0 

— 

120  0 

n 

n 

200  0 

Ground-floor  wall 

1 

r 20  0 

1 12-0 

— 

2400 

2 

H 

320  0 

One-pair  wall 

1 

r 20-0 

L 14  0 

— 

280  0 

H 

1 

280  0 

Two- pair  wall 

j"  200 
70 

140  0 

1 

1 

93-4 

963-4 

1 

1 1 

Therefore  the  total  is  963  "4  superficial  feet  li  brick  thick,  and  rods,  147  feet. 

2308.  Upon  this  principle  the  measuring  and  estimation  of  brickwork  is  conducted,  and 
having  the  price  and  quantity  of  bricks  in  a rod,  and  the  lime,  sand,  and  labour,  which 
will  presently  be  given,  we  may  come  to  a pretty  accurate  knowledge  of  its  value.  But 
there  are  other  articles  which  will  require  our  attention,  to  which  we  shall  presently 
advert.  Before  proceeding,  hovvever,  we  may  as  well  observe  that  the  above  result  ol 
3 rods  1 47  feet  might  have  been  similarly  obtained  by  cubing  the  mass  of  brickwork  and 
dividing  the  whole  mass  by  306,  but  with  much  more  labour. 
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2309.  In  measuring  walls  faced  with  bricks  of  a superior  quality,  the  area  of  such  facing 
must  be  measured,  or  allowance  extra  is  made  in  the  price  per  rod  of  the  brickwork. 

2310.  All  apertures  and  recesses  from  any  of  the  faces  are  deducted. 

2311.  Gauged  arches  are  sometimes  deducted  and  charged  separately,  sometimes  not; 
but  whether  deducted  or  not  does  not  signify,  as  the  extra  price  mu.st  be  allowed  in  tlie 
latter  case  and  the  wliolc  price  in  the  former.  Rubbed  and  gauged  arches,  of  Avhafever 
form,  are  measured  and  charged  by  the  superficial  foot. 

2312.  The  angles  of  groins,  outside  and  inside  splays,  bird’s  mouths,  bull’s  noses,  are 
measured  by  the  lineal  or  running  foot ; but  cuttings  are  measured  by  the  foot  superficial. 
Cliimneys  are  measured  solid  to  allow  for  the  trouble  of  forming  and  pargetting  the  fiue.s. 
'1  he  opening  at  bottom,  however,  is  to  be  deducted. 

231.3.  Quarters  in  brlcknogging  are  measured  in,  as  are  all  sills,  stone  strings,  and 
timber  inserted  in  walls.  Two  inches  are  also  allowed  in  the  height  of  brickwork  for 
bedding  plates  if  no  brickwork  be  over  them. 

2314.  Ovens,  coppers,  &c.  are  measured  as  solid  work,  deducting  only  the  ash  holes; 
but  all  fire  stone,  Welsh  lumps,  tiles.  See.,  though  measured  alone,  are  not  to  be  deducted 
out  of  the  brickwork.  Pointing,  colouring,  &c.  to  fronts,  is  measured  by  the  foot  super- 
ficial. Plantile  creesing  by  the  foot  lineal. 

To  estimate  the  value  of  a rod  of  brickwork,  the  method  is  as  under : — 

£ s.  d. 

4500  stocks,  at  per  thousand  - - - - -000 

1^  hundred  of  lime  = 37l  striked  bushels  containing  27  feet  cube  to  the 

hundred  - - - - - - - -000 

2 loads  of  sand  - - * - - - - -000 

Labour  and  scaffolding  - - - - - - -000 


0 

0 

0 

Per  cent,  profit 

- 

- 

- 

- 

- 

- 0 

0 

0 

Per  rod 

- 

- 

- 

- 

- 

■ - 0 

0 

0 

2315.  In  measuring  and  estimating  all  sorts  of  artificers’  works,  the  method  usually 
adopted  for  saving  labour  in  making  out  the  account  is  to  arrange  in  separate  columns  each 
sort  of  work,  and  then  to  add  them  up  and  carry  the  total  to  the  bill.  In  brickwork, 
where  walls  are  of  different  thicknesses,  these  with  their  deductions  are  arranged  in  sepa- 
rate columns,  and  then  all  are  reduced  to  the  standard  thickness. 

2316.  The  common  measure  for  tiling  is  a square  of  10  feet,  containing  therefore  100 
feet  superficial.  Claims  are  made  for  the  eaves  to  the  extent  of  6 inches;  but  in  pantiling 
this  ought  not  to  be  allowed,  as  a claim  not  founded  in  justice,  though  custom  is  pleaded 
for  it. 

2317.  The  following  table  shows  the  number  of  bricks  necessary  for  constructing  any 
number  of  superficial  feet  of  walling  from  1 to  90,000,  and  from  half  a brick  to  2l  bricks 
thick  ; and  thence,  by  addition  only,  to  any  thickness  or  number  required,  at  the  rate  ol 
4500  bricks  to  a reduced  rod.  Thus,  if  it  be  required  to  find  the  number  of  bricks  wanted 
to  build  a piece  of  work  containing  756  feet  super,  of  walling  11  brick  thick,  we  find  by 
inspection  for  700  feet  11580  bricks;  for  50  feet,  827  bricks  ; and  for  6 feet,  99  bricks  ; in 
all,  11580  + 827-f  99  = 12506. 

Tabi.e  showing  the  requisite  Quantity  of  Bricks  for  a given  Superficies  of  Walling. 


Are.i 

of  Wall  in 
- Feet. 

No.  of  Bricks  to  Thicknesses  of 

i Brick. 

1 Brick. 

li  Brick. 

2 Bricks. 

2i  Bricks. 

1 

5 

11 

16 

22 

27 

2 

11 

22 

33 

44 

55 

3 

16 

33 

49 

66 

82 

4 

22 

44 

66 

88 

1 10 

5 

27 

55 

82 

110 

137 

6 

33 

1 66 

99 

132 

165 

7 

38 

77 

115 

154 

193 

8 

44 

88 

132 

176 

220 

9 

49 

99 

148 

198 

248 

10 

55 

1 10 

165 

220 

275 

20 

1 10 

220 

330 

i 441 

- 551 

30 

1 65 

1 

330 

1 

496 

1 66 1 
1 

827 
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Area 

No.  of  Bricks  to  'I'liicknessos  of 

of  Wall  in 
Feet. 

^ Brick. 

1 Brick. 

Brick. 

1 

2 Bricks. 

1 

2^  Bricks. 

40 

220 

441 

661 

882 

1102 

50 

275 

551 

827 

1102 

1378 

60 

3.30 

661 

992 

1 .32.3 

1654 

70 

386 

772 

1158 

1544 

19.30 

80 

441 

882 

1.323 

1764 

2205 

90 

496 

992 

1488 

1985 

2481 

100 

551 

1102 

1654 

2205 

2757 

200 

1102 

2205 

3.508 

441  I 

5514 

300 

1654 

3.308 

4963 

6617 

8272 

400 

2205 

4411 

6617 

8323 

11029 

500 

2757 

5514 

8272 

11029 

13786 

600 

3308 

6617 

9926 

1.32.35 

16544 

700 

3860 

7720 

11580 

15441 

19.301 

1 800 

4411 

8823 

132.35 

17647 

22058 

900 

4963 

9926 

14889 

19852 

24816 

; 1000 

5514 

1 1029 

16544 

■22058 

2575.3 

1 2000 

11029 

22058 

33088 

44117 

.55147 

' 3000 

1 6544 

3.3088 

49632 

66176 

82720 

4000 

22058 

44117 

66176 

882.35 

110294 

j 5000 

27573 

55147 

82720 

1 i 0294 

1.37867 

6000 

33088 

66176 

99264 

132.352 

165441 

7000 

38602 

77205 

115803 

154411 

193014 

8000 

441  17 

88235 

1 32352 

176470 

220588 

9000 

49632 

99264 

148896 

198529 

248161 

10000 

55147 

110294 

165441 

220588 

275735 

20000 

. 110294 

220588 

.3.30882 

441176 

551470 

! 30000 

165441 

330882 

496,323 

661764 

827205 

40000 

220588 

441176 

661764 

882.352 

1102940 

50000 

2757.35 

551470 

827205 

1102940 

1378675 

60000 

330882 

661764 

992646 

1 323528 

1654410 

70000 

386029 

772053 

1168087 

1544116 

1930145 

80000 

441175 

882352 

1323528 

1 704704 

2205080 

90000 
1 

496323 
1 

992646 

1468969 

1985292 

2481615 

2318.  The  next  table  which  we  submit  for  use  exhibits  the  number  of  reduced  feet  tc 
superficial  feet  from  1 to  10,000,  the  thicknesses  being  from  i to  bricks. 


Area  of 
Wall  in 
super- 
ficial 
Feet. 

Reduced  Quantity  in 

^ Brick. 

1 Brick. 

11  Brick, 

2 Bricks. 

Bricks. 

Rods.  qrs. 

ft. 

in. 

Rods,  qrs 

. ft. 

in. 

Rods.  qrs.  ft. 

in. 

Rods.  qrs.  ft. 

in. 

Rods.  qrs.  ft 

in. 

1 

0 

0 

0 

4 

0 

0 

0 

8 

0 

0 

1 

0 

0 

0 

1 

4 

0 

0 

1 

8 

2 

0 

0 

0 

8 

0 

0 

1 

4 

0 

0 

2 

0 

0 

0 

2 

8 

0 

0 

3 

4 

3 

0 

0 

1 

0 

0 

0 

2 

0 

0 

0 

3 

0 

0 

0 

4 

0 

0 

0 

5 

0 

4 

0 

0 

1 

4 

0 

0 

2 

8 

0 

0 

4 

0 

0 

0 

5 

4 

0 

0 

6 

8 

5 

0 

0 

1 

8 

0 

0 

3 

4 

0 

0 

5 

0 

0 

0 

6 

8 

0 

0 

8 

4 

6 

0 

0 

2 

0 

0 

0 

4 

0 

0 

0 

6 

0 

0 

0 

8 

0 

0 

0 

10 

0 

7 

0 

0 

2 

4 

0 

0 

4 

8 

0 

0 

7 

0 

0 

0 

9 

4 

0 

0 

11 

8 

8 

0 

0 

2 

8 

0 

0 

5 

4 

0 

0 

8 

0 

0 

0 

10 

8 

0 

0 

13 

4 

9 

0 

0 

3 

0 

0 

0 

6 

0 

0 

0 

9 

0 

0 

0 

12 

0 

0 

0 

15 

0 

i 

0 

0 

3 

4 

0 

0 

6 

8 

0 

0 

10 

0 

0 

0 

13 

4 

0 

0 

16 

8 

! 11 

0 

0 

3 

8 

0 

0 

7 

4 

0 

0 

11 

0 

0 

0 

14 

8 

0 

0 

18 

4 

1 12 

0 

0 

4 

0 

0 

0 

8 

0 

0 

0 

12 

0 

0 

0 

16 

0 

0 

0 

20 

0 

i 1.3 

0 

0 

4 

4 

0 

0 

8 

8 

0 

0 

1.3 

0 

0 

0 

17 

4 

0 

0 

21 

8 

i 

0 

0 

4 

8 

0 

0 

9 

4 

0 

0 

14 

0 

0 

0 

18 

8 

0 

0 

23 

4 

15 

0 

0 

5 

0 

0 

0 

10 

0 

0 

0 

15 

0 

0 

0 

20 

0 

0 

0 

25 

0 

! 16 

0 

0 

5 

4 

0 

0 

10 

8 

0 

0 

16 

0 

0 

0 

21 

4 

0 

0 

26 

8 i 

i 

•0 

0 

5 

8 

0 

0 

1 1 

4 

0 

0 

17 

0 

0 

0 

22 

8 

0 

0 

28 

4 
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A rea  of 
Wall  in 


Reduced  Quantity  in 


ficial 

Feet. 

4 Brick. 

1 Brick. 

4 Brick. 

2 Bricks. 

2^  Bricks. 

Rods.  qrs.  ft. 

in. 

Rods.  qrs.  ft. 

in. 

Rods.  qrs.  ft. 

in. 

Rods.  qrs.  ft. 

in. 

Rods.  qrs.  ft. 

. 

in. , 

18 

0 

0 

6 

0 

0 

0 

12 

0 

0 

0 

18 

0 

0 

0 

24 

0 

0 

0 

30 

1 

19 

0 

0 

6 

4 

0 

0 

12 

8 

0 

0 

19 

0 

0 

0 

25 

4 

0 

0 

31 

8 

20 

0 

0 

6 

8 

0 

0 

13 

4 

0 

0 

20 

0 

0 

0 

26 

8 

0 

0 

33 

4 1 

21 

0 

0 

7 

0 

0 

0 

14 

0 

0 

0 

21 

0 

0 

0 

28 

0 

0 

0 

35 

0 

99 

0 

0 

7 

4 

0 

0 

14 

8 

0 

0 

22 

0 

0 

0 

29 

4 

0 

0 

36 

8 

0 

0 

7 

8 

0 

0 

15 

4 

0 

0 

23 

0 

0 

0 

30 

8 

0 

0 

38 

4 

24 

0 

0 

8 

0 

0 

0 

16 

0 

0 

0 

24 

0 

0 

0 

32 

0 

0 

0 

40 

0 

25 

0 

0 

8 

4 

0 

0 

16 

8 

0 

0 

25 

0 

0 

0 

33 

4 

0 

0 

41 

8 

26 

0 

0 

8 

8 

0 

0 

17 

4 

0 

0 

26 

0 

0 

0 

34 

8 

0 

0 

43 

0 

27 

0 

0 

9 

0 

0 

0 

18 

0 

0 

0 

27 

0 

0 

0 

36 

0 

0 

0 

45 

4 

28 

0 

0 

9 

4 

0 

0 

18 

8 

0 

0 

28 

0 

0 

0 

37 

4 

0 

0 

46 

8 

29 

0 

0 

9 

8 

0 

0 

19 

4 

0 

0 

29 

0 

0 

0 

38 

8 

0 

0 

48 

4 

30 

0 

0 

10 

0 

0 

0 

20 

0 

0 

0 

30 

0 

0 

0 

40 

0 

0 

0 

50 

0 

31 

0 

0 

10 

4 

0 

0 

20 

8 

0 

0 

31 

0 

0 

0 

41 

4 

0 

0 

51 

8 

32 

0 

0 

10 

8 

0 

0 

21 

4 

0 

0 

32 

0 

0 

0 

42 

8 

0 

0 

53 

4 

33 

0 

0 

1 1 

0 

0 

0 

22 

0 

0 

0 

33 

0 

0 

0 

44 

0 

0 

0 

55 

0 

34 

0 

0 

11 

4 

0 

0 

22 

8 

0 

0 

34 

0 

0 

0 

45 

4 

0 

0 

56 

8 

35 

0 

0 

11 

8 

0 

0 

23 

4 

0 

0 

35 

0 

0 

0 

46 

8 

0 

0 

58 

4 

35 

0 

0 

12 

0 

0 

0 

24 

0 

0 

0 

36 

0 

0 

0 

48 

0 

0 

0 

60 

® 1 

37 

0 

0 

12 

4 

0 

0 

24 

8 

0 

0 

37 

0 

0 

0 

49 

4 

0 

0 

61 

8 

38 

0 

0 

12 

8 

0 

0 

25 

4 

0 

0 

38 

0 

0 

0 

50 

8 

0 

0 

63 

4 

39 

0 

0 

13 

0 

0 

0 

26 

0 

0 

0 

39 

0 

0 

0 

52 

0 

0 

0 

65 

0 

40 

0 

0 

13 

4 

0 

0 

26 

8 

0 

0 

40 

0 

0 

0 

53 

4 

0 

0 

66 

8 

41 

0 

0 

13 

8 

0 

0 

27 

4 

0 

0 

41 

0 

0 

0 

54 

8 

0 

1 

0 

4 

42 

0 

0 

14 

0 

0 

0 

28 

0 

0 

0 

42 

0 

0 

0 

56 

0 

0 

1 

2 

0 

i 43 

0 

0 

14 

4 

0 

0 

28 

8 

0 

0 

43 

0 

0 

0 

57 

4 . 

0 

1 

3 

8 

i 44 

0 

0 

14 

8 

0 

0 

29 

4 

0 

0 

44 

0 

0 

0 

58 

8 

0 

1 

5 

4 

j 45 

0 

0 

15 

0 

0 

0 

30 

0 

0 

0 

45 

0 

0 

0 

60 

0 

0 

1 

7 

0 

1 46 

0 

0 

15 

4 

0 

0 

30 

8 

0 

0 

46 

0 

0 

0 

61 

4 

0 

1 

8 

8 

1 47 

0 

0 

15 

8 

0 

0 

31 

4 

0 

0 

47 

0 

0 

0 

62 

8 

0 

1 

10 

4 

i 48 

0 

0 

16 

0 

0 

0 

32 

0 

0 

0 

48 

0 

0 

0 

64 

0 

0 

1 

12 

0 

49 

0 

0 

16 

4 

0 

0 

32 

8 

0 

0 

49 

0 

0 

0 

65 

4 

0 

1 

13 

8 

50 

0 

0 

16 

8 

0 

0 

33 

4 

0 

0 

50 

0 

0 

0 

66 

8 

0 

1 

15 

4 

60 

0 

0 

20 

0 

0 

0 

40 

0 

0 

0 

60 

0 

0 

1 

12 

0 

0 

1 

32 

0 

70 

0 

0 

23 

4 

0 

0 

46 

8 

0 

1 

2 

0 

0 

1 

25 

4 

0 

1 

48 

8 

80 

0 

0 

26 

8 

0 

0 

53 

4 

0 

1 

12 

0 

0 

1 

38 

8 

0 

1 

65 

4 

90 

0 

0 

30 

0 

0 

0 

60 

0 

0 

1 

22 

0 

0 

1 

52 

0 

0 

2 

14 

0 

100 

0 

0 

33 

4 

0 

0 

66 

8 

0 

1 

32 

0 

0 

1 

65 

4 

0 

2 

30 

^ ! 

200 

0 

0 

66 

8 

0 

1 

65 

4 

0 

2 

64 

0 

0 

3 

62 

8 

1 

0 

61 

4 

300 

0 

1 

32 

0 

0 

2 

64 

0 

1 

0 

28 

0 

1 

1 

60 

0 

1 

3 

24 

0 

400 

0 

1 

65 

4 

0 

3 

62 

8 

1 

1 

60 

0 

1 

3 

57 

4 

2 

1 

54 

8 

500 

0 

2 

30 

8 

1 

0 

61 

4 

1 

3 

24 

0 

2 

1 

54 

8 

3 

0 

17 

4 

600 

0 

2 

64 

0 

1 

1 

60 

0 

2 

0 

56 

0 

2 

3 

52 

0 

3 

2 

48 

0 

700 

0 

3 

29 

4 

1 

2 

58 

8 

2 

2 

20 

0 

3 

1 

49 

4 

4 

1 

10 

8 

800 

0 

3 

62 

8 

1 

3 

57 

4 

2 

3 

52 

0 

3 

3 

46 

8 

4 

3 

41 

4 

900 

1 

0 

28 

0 

2 

0 

56 

0 

3 

1 

16 

0 

4 

1 

44 

0 

5 

2 

4 

0 

1000 

1 

0 

61 

4 

2 

1 

54 

8 

.3 

2 

48 

0 

4 

3 

41 

4 

6 

0 

34 

8 

2000 

2 

1 

54 

8 

4 

3 

41 

4 

7 

1 

28 

0 

9 

3 

14 

8 

12 

1 

1 

4 

3000 

3 

2 

48 

0 

7 

1 

28 

0 

11 

0 

8 

0 

14 

2 

46 

0 

18 

1 

36 

0 

4000 

4 

3 

41 

4 

9 

3 

14 

8 

14 

2 

56 

0 

19 

2 

29 

4 

24 

2 

2 

8 

5000 

6 

0 

34 

8 

12 

1 

1 

4 

18 

1 

36 

0 

24 

2 

2 

8 

30 

2 

37 

4 

6000 

7 

1 

28' 

0 

14 

2 

56 

0 

22 

0 

16 

0 

29 

1 

44 

0 

36 

3 

4 

0 

7000 

8 

2 

21 

4 

17 

0 

42 

8 

25 

2 

64 

0 

34 

1 

17 

4 

42 

3 

38 

8 

6000 

9 

3 

14 

8 

19 

2 

29 

4 

29 

1 

44 

0 

39 

0 

58 

8 

49 

0 

5 

4 

9000 

11 

0 

8 

0 

22 

0 

16 

0 

33 

0 

24 

0 

44 

0 

32 

0 

55 

0 

40 

0 

10000 

12 

1 

1 

4 

24 

2 

2 

8 

36 

3 

4 

0 

49 

0 

5 

4 

61 

1 

6 

8 

2319.  The  following  table  exhibits  the  value  of  a rod  of  brickwork  (allowing  4500 
bricks  to  a rod)  at  the  prices  from  30.9.  to  60.9.  per  thousand  for  the  bricks,  and  for  labour, 
mortar,  and  scatfolding  the  several  sums  of  3/.  5s.,  31.  10s.,  31.  15s.,  41.,  41.  5s.,  and  41.  10s. 
per  rod. 
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Bricks  per 
Tliousiind. 

Labour,  Mor- 
tar, &c.  per 
Rod,  3/.  6s. 

Labour,  Mor- 
tar, &c.  per 
Rod,  3/.  10s. 

Labour,  ' 
tar,  &c. 
Rod,  3L 

Mor- 

per 

1.6s. 

I.abour,  Mor- 
tar, &c.  per 
Rod,  41. 

Labour,  Mor- 
tar, &c.  per 
Rod,  4/.  5s. 

Labour,  Mor- 
tar,  &c.  per 
Rod,  4/.  10s. 

s. 

£ 

s. 

d. 

£ 

s. 

d. 

£ 

s. 

d. 

£ 

s. 

d. 

£ 

s. 

d. 

£ 

s. 

d. 

30 

10 

0 

0 

10 

5 

0 

10 

10 

0 

10 

1 5 

0 

1 1 

0 

0 

11 

5 

0 

32 

10 

9 

0 

10 

14 

0 

10 

19 

0 

11 

4 

0 

1 1 

9 

0 

11 

14 

0 

34 

10 

18 

0 

1 I 

3 

0 

11 

8 

0 

1 1 

13 

0 

11 

18 

0 

12 

3 

0 

36 

11 

7 

0 

11 

12 

0 

11 

17 

0 

12 

2 

0 

12 

7 

0 

12 

12 

0 

3R 

11 

16 

0 

1 2 

1 

0 

12 

6 

0 

12 

11 

0 

12 

16 

0 

13 

1 

0 

40 

12 

5 

0 

12 

10 

0 

12 

15 

0 

13 

0 

0 

13 

5 

0 

13 

10 

0 

42 

12 

14 

0 1 

12 

19 

0 

13 

4 

0 

13 

9 

0 

13 

14 

0 

13 

19 

0 

44 

13 

3 

0 

13 

8 

0 

13 

13 

0 

13 

18 

0 

14 

3 

0 

14 

8 

0 

46 

13 

12 

0 

13 

17 

0 

14 

2 

0 

14 

7 

0 

14 

12 

0 

14 

17 

0 

48 

14 

1 

0 

14 

6 

0 

14 

11 

0 

14 

16 

0 

15 

1 

0 

15 

e 

0 

50 

14 

10 

0 

14 

15 

0 

15 

0 

0 

15 

5 

0 

15 

10 

0 

15 

15 

0 

52 

14 

19 

0 

15 

4 

0 

15 

9 

0 

15 

14 

0 

15 

19 

0 

16 

4 

0 

54 

15 

8 

0 

15 

13 

0 

15 

18 

0 

16 

3 

0 

16 

8 

0 

16 

13 

0 

56 

15 

17 

0 

1 

2 

0 

16 

7 

0 

16 

12 

0 

16 

17 

0 

17 

2 

0 

58 

16 

6 

0 

1 16 

1 1 

0 

16 

16 

0 

17 

1 

0 

17 

6 

0 

1 1 

0 

60 

16 

15 

0 

!■’ 

0 

0 

’ 17 

5 

0 

17 

10 

0 

17 

15 

0 

1 18 
1 

0 

0 

2320.  The  followinjr  is  a tal)le  of  the  decimal  parts  of  a rod  of  reduced  brickw  ork. 


Feet. 

Dec.  Parts. 

Feet. 

Dec.  Parts. 

Feet. 

i 

Dec.  Parts. 

Feet.  1 

Dec.  Parts. 

i 

Feet. 

Dec.  Parts. 

1 

•00367 

41 

•15073 

81 

•29779 

121 

•44485 

161 

•59191 

*2 

•00735 

42 

•15441 

82 

•30147 

122 

•44852  1 

162 

•59559 

3 

•01 102 

43 

•15809 

83 

•30515 

123 

•45220 

i 16.3 

•59926 

4 

•01470 

44 

•16176 

84 

-.30882 

124 

•45588 

164 

•60294 

5 

•01838 

45 

•16544 

85 

•3125 

125 

•45956 

! 165 

•60662 

6 

•02206 

46 

•16912 

86 

•31617 

126 

•46.32.3 

166 

•61029 

7 

•02573 

47 

•17279 

87 

•31985 

127 

•46691 

167 

•61397 

8 

•02941 

48 

•17647 

88 

•32353 

128 

•4  7059 

168 

•61765 

9 

•03309 

49 

•18015 

89 

•32720 

129 

•47426 

i 169 

•62132 

10 

•03676 

50 

•18382 

90 

•33088 

130 

•47794 

1 170 

•625 

11 

•04044 

51 

•1875 

91 

•33456 

1.31 

•48162 

' 171 

•62867  1 

12 

•04412 

52 

•19117 

92 

•33823 

132 

•48529 

172 

•632.35 

13 

•04779 

53 

•19485 

93 

•34191 

133 

•48897 

173 

•63604 

14 

•05147 

54 

•19852 

94 

•34559 

134 

•49265 

174 

•6.3971 

15 

•05515 

55 

•20221 

95 

-.34926 

1.35 

•49632 

175 

•64.3.38 

16 

•05882 

56 

•20588 

96 

•35294 

136 

•5 

176 

•64706 

17 

•0625 

57 

•20956 

97 

•35662 

1.37 

•50637 

177 

•65073 

18 

•06617 

58 

•21323 

98 

•36029 

138 

•50735 

! 178 

•65441 

19 

•06985 

59 

•21691 

99 

•36397 

1.39 

•51102 

179 

•65809 

20 

•07353 

60 

•22059 

100 

•36765 

140 

•51470 

j 180 

•66176 

21 

•07721 

61 

•22426 

101 

•37132 

141 

•518.38 

' 181 

•66544 

22 

•08088 

62 

•22794 

102 

•375 

142 

•52206 

182 

•66912 

23 

•08456 

63 

•23 1 62 

103 

•37867 

143 

•52573 

18.3 

•67279 

24 

•08823 

64 

•23529 

104 

•38235 

144 

•52941 

184 

•67647 

25 

•09191 

65 

•23897 

105 

•38604 

145 

•53.309 

185 

•68015 

26 

•09559 

66 

•24265 

106 

•38970 

146 

•5.3676 

186 

•68.382 

27 

•09926 

67 

•24632 

107 

•39338 

147 

•54044 

187 

•6875 

28 

•10294 

68 

•25 

108 

•39706 

148 

-.54412 

188 

•69117 

29 

•10662 

69 

•25367 

109 

•40073 

149 

•54779 

189 

•69485 

i 30 

•11029 

70 

•25735 

1 110 

•40441 

150 

•55147 

190 

•69853 

31 

•11397 

71 

•26103 

111 

•40809 

151 

•5551 5 

191 

•70221 

32 

•11765 

72 

•26470 

112 

•41176 

152 

•55882 

192 

•70588 

33 

•12132 

73 

•26838 

113 

•41544 

153 

•5625 

19-? 

•70956 

34 

•125 

74 

•27206 

114 

•41912 

154 

•56617 

194 

•7132.3 

35 

•12867 

75 

•27573 

115 

•42279 

155 

•56985 

195 

•71691 

36 

•13235 

76 

•27941 

116 

•42647 

156 

•57353 

196 

•72059 

37 

•13604 

77 

•28309 

117 

•43015 

157 

•57721 

197 

•72426 

38 

•13970 

78 

•28676 

118 

•43382 

158 

•58088 

198 

•72794 

39 

•14338 

79 

•29044 

119 

•4375 

159 

•58456 

199 

•73162 

40 

i -1^706 

80 

•29412  1 

i 120 

|! 

•44117 

160 

1 -58823 

200 

•73529 

1 

796 
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Feet. 

Dec.  Parts. 

Feet. 

Dec.  Parts. 

[ Feet. 

Dec.  Parts. 

Feet. 

Dec.  Parts. 

Feet. 

Dec.  Parts 

201 

•73897 

216 

•79412 

231 

•84926 

245 

•90073 

259 

•95221 

202 

•74265 

217 

•79779 

232 

•85294 

246 

•90441 

i 260 

•95588 

203 

•74632 

218 

•80147 

233 

•85662 

247 

•90809 

261 

•95956 

204 

•75 

219 

•80515 

I 234 

•86029 

248 

•91176 

262 

•96323 

205 

•75367 

220 

80882 

235 

•86397 

249 

•91544 

263 

•96691 

206 

•75735 

221 

•8125 

236 

•86765 

250 

•91912 

264 

•97059 

207 

•76103 

222 

•81617 

237 

•87132 

251 

•92279 

265 

•97426 

208 

•76470 

223 

•81985 

238 

•875 

252 

•92647 

266 

•97794 

209 

•76838 

224 

•82353 

239 

•87867 

253 

•93015 

267 

•98162 

210 

•77206 

225 

•82721 

240 

•88235 

254 

•93382 

268 

•98529 

211 

•77573 

226 

•83088 

241 

•88604 

255 

•9375 

269 

•98897 

212 

•77941 

227 

•83456 

242 

•88970 

256 

•94117 

270 

•99265 

213 

•78309 

228 

•83823 

243 

•89338 

257 

•94485 

271 

•996.32 

214 

•78676 

229 

•84191 

244 

•89706 

258 

•94853 

272 

1 -00000 

215 

•79044 

230 

•84559 

i2921.  The  subjoined  table  shows  the  number  of  plaintiles  or  pantiles  required  to  covei 
any  area  from  1 to  10,000  feet. 


Feet  super- 
ficial. 

Plaintiles. 

Pantiles. 

Gauges. 

Gauges. 

G inches. 

6|  inches. 

7 inches. 

11  inches. 

12  inches. 

13  inches. 

1 

1 

7 

61 

11 

H 

n ' 

2 

15 

14 

13 

.3 

n 1 

3 

221 

21 

19^ 

5 

% 

4 

4 

30 

28 

26 

6 

1 

5 

371 

35 

32^ 

n 

6 

45 

42 

39 

10 

9 

8 

7 

521 

49 

45.1 

Hi 

10.1 

8 

60 

56 

52 

12 

lOi 

9 

67.1 

63 

58i 

15 

131 

12 

10 

75 

70 

65 

16| 

15 

131 

20 

150 

140 

130 

.3.3* 

.30 

26§ 

30 

225 

210 

195 

50 

45 

40 

40 

300 

280 

260 

661 

60 

5.3^ 

50 

375 

350 

325 

83| 

75 

66§ 

60 

450 

420 

390 

100 

90 

80 

70 

525 

490 

455 

116| 

105 

9.3f 

80 

600 

560 

520 

1331 

120 

106§ 

90 

675 

630 

585 

150 

1.35 

120 

1 100 

750 

700 

650 

166| 

150 

1.33^ 

200 

1500 

1400 

1.300 

.3.3.3^ 

300 

266| 

300 

2250 

2100 

1950 

500 

450 

400 

1 400 

30(X) 

2800 

2600 

666§ 

600 

53.3^ 

i 500 

3750 

3500 

3250 

83.3| 

750 

666 1 

600 

4500 

4200 

3900 

1000 

900 

800 

700 

5250 

4900 

4550 

1166§ 

1050 

93.3^ 

800 

6000 

5600 

5200 

1333^ 

1200 

1066§ 

900 

6750 

6300 

5850 

1500 

1350 

1200 

1000 

7500 

7000 

6500 

1666§ 

1-500 

1.3.33^ 

2000 

150OO 

14000 

1 3000 

.3.3.33^ 

3000 

2666§  1 

3000 

22500 

21000 

1 9500 

5000 

4500 

4000 

4000 

30000 

28000 

26000 

6666§ 

6000 

5.333^  1 

5000 

37500 

35000 

.32500 

83.33^ 

7500 

6666§ 

6000 

45000 

42000 

.39000 

10000 

9000 

8000 

7000 

52500 

49000 

45500 

11666§ 

10500 

933.3^ 

8000 

60000 

56000 

52000 

13333^ 

12000 

1 06661  1 

9000 

67500 

63000 

58500 

15000 

13500 

1 2000  1 

loax) 

: 75000 

j 

7(X)00 

1 65000  ' 

16666§ 

1 5000 

1 .333.3| 
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The  use  of  the  foregoing  tables  it  can  scarcely  be  necessary  to  explain.  They  are  such 
as  to  indicate,  on  inspection,  their  value;  and  we  shall  therefore  leave  them  without  fur- 
ther comment  for  their  apj)liciition. 

2322.  When  work  is  performed  by  the  day,  or  the  materials  used  are  to  be  numbered, 
as  ofttimes  necessarily  occurs,  fire  bricks,  red  rubbers,  best  marie  stocks  for  cutters] 
second  best  ditto,  pickings,  common  bricks,  place  bricks,  paving  bricks,  kiln-burnt  bricks, 
and  Dutch  clinkers  are  charged  by  the  thousand. 

2323.  lied  rubbers,  kiln  and  fire-burnt  bricks,  are  also  charged  by  the  hundred.  Foot 
tiles  and  ten  inch  tiles  are  charged  either  by  the  tliousand  or  hundred. 

2324.  Sunk  foot  tiles  and  ten -inch  tiles  with  five  holes,  now  never  used  in  the  soutli  of 
England,  are  charged  by  the  piece. 

2325.  Pantiles,  plaintiles,  and  nine-inch  tiles  are  charged  by  the  thousand. 

2326.  Oven  and  Welsh  oven  tiles,  Welsh  fire  lumps,  fire  hricks,  and  chimney  pots  are 
also  sold  by  the  piece. 

2327.  Sand,  clay,  and  loam  are  charged  by  the  load  ; lime  sometimes  by  the  hundred 
weight;  but  the  hundred  of  100  pecks  is  the  more  usual  measure  in  and  about  the  metro- 
polis. Dutch  terras  is  charged  by  the  busliel,  which  is  also  sometimes  the  measure  of  lime. 
Portland  and  other  cements  are  similarly  charged.  Plaster  b_y  the  bag. 

2 <28.  Pantile  and  plaintile  laths  are  charged  by  the  bundle  or  load;  hair  and  mortar 
by  the  load;  hip  hooks  and  T tiles  by  the  piece. 

2329  Neither  here,  nor  in  the  following  pages,  is  it  intended  to  convey  to  the  reader 
more  than  the  principles  on  which  an  estimate  is  founded.  The  i>rices  of  materials  are  in 
a state  of  constant  fluctuation;  something  approaching  a constant  value,  from  the  known 
performance  of  a good  workman,  was  given  in  the  previous  editions  from  the  computations 
of  Peter  Nicholson,  but  tl  ey  are  now  omitted.  Wood  w orking  machinery  has  also  altered 

the  values  very  materially. 


CARPENTRY  AND  JOINERY. 

2330.  The  works  of  the  Carpenter  are  the  preparation  of  piles,  sleepers,  and  planking, 
and  other  large  timbers,  formerly  much,  but  now  rarely,  used  in  foundations;  the  centering 
on  which  vaults  are  turned  ; wall  jilates,  lintels,  and  bond  timbers  ; naked  flooring,  quarter 
partitions,  roofing,  battening  to  walls,  ribbed  ceilings  for  the  formation  of  vaulting,  coves, 
and  the  like  in  lath  and  plaster,  post.s,  &c. 

2331.  In  large  measures,  where  the  quantity  of  materials  and  workmanship  is  uniform, 
the  articles  are  usually  measured  by  the  sijuare  of  100  feet.  Piles  should  be  measured 
by  the  foot  cube,  and  the  driving  hy  the  foot  run  according  to  the  quality  of  the  ground 
into  which  they  are  driven.  Sleepers  and  planking  are  measured  and  estimated  by  the 
foot,  yard,  or  the  square. 

2332.  Plain  centering  is  measured  by  the  square  ; but  the  ribs  and  boarding,  being 
different  qualities  of  work,  should  be  taken  separately.  The  dimensions  are  obtained  by 
girting  round  the  arch,  and  multiplying  by  the  length.  Where  groins  occur,  besides  the 
measurement  as  above,  the  angles  must  be  measured  by  the  foot  run,  that  is,  the  rihs  and 
boards  are  to  be  measured  and  valued  separately,  according  to  the  exact  superficial  contents 
of  each,  and  the  angles  by  the  linear  foot,  for  the  labour  in  fitting  the  ribs  and  board.s,  and 
waste  of  wood. 

2333.  Wall  plates,  bond  timbers,  and  lintels  are  measured  by  the  cubic  foot,  and  go 
under  the  denomination  of^r  in  bond. 

2334.  In  the  measurement  and  valuation  of  naked  flooring,  we  may  take  it  either  by 
the  square  or  the  cube  foot.  To  form  an  idea  of  its  value,  it  is  to  be  observed,  that  in 
eijual  cubic  quantities  of  small  and  large  timbers  the  latter  wdll  have  more  superficies  than 
the  former,  whence  the  saving  is  not  in  proportion  to  the  solid  contents;  and  the  value, 
therefore,  of  the  workmanship  will  not  be  as  the  cubic  quantity.  The  trouble  of  moving 
timbers  increases  with  their  weight,  hence  a greater  expenditure  of  time  ; which,  though 
not  in  an  exact  ratio  with  the  solid  quantity,  will  not  be  vastly  different,  their  sections  not 
varying  considerably  in  their  dimensions.  As  the  value  of  the  saving  upon  a cube  foot  is 
comparatively  small  to  that  of  the  work  performed  by  the  carpenter,  the  whole  cost  of 
labour  and  materials  may  be  ascertained  with  sufficient  accuracy  when  the  work  is 
uniform. 

2335.  When  girders  occur  in  naked  flooring,  the  uniformity  of  the  work  is  thereby 
Interrupted  by  the  mortices  and  tenons  which  become  necessary  ; thus  the  amount  arising 
from  the  cubic  quantity  of  the  girders  would  not  be  sufficient  at  the  same  rate  per  foot  as 
is  put  on  the  other  parts,  not  only  because  of  the  difference  of  the  size,  but  because  of  the 
mortices  which  are  cut  for  the  reception  of  the  tenons  of  the  binding  joists.  Hence,  for 
valuing  tlie  labour  and  materials,  the  whole  should  be  measured  and  valued  by  the  cubic 
quantity,  and  an  additional  rate  must  be  put  upon  every  solid  foot  of  the  girders  ; or,  if 
the  binding  joists  be  not  inserled  in  the  girders  at  ’he  usual  distances,  a fixed  price  must 
be  put  upon  every  mortice  and  tenon  in  proportion  to  their  size,  ' '1  he  binding  joists  are 
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not  unfrequently  pulley  or  chase-mortised  for  the  reception  of  the  ceiling  joists ; some- 
times they  are  notched  to  receive  the  bridging  joists  on  them,  and  they  should  therefore  be 
classed  by  themselves  at  a larger  price  per  foot  cube,  or  at  an  additional  price  for  the 
workmanship,  beyond  common  joisting.  All  these  matters  must  be  in  proportion  to  the 
description  of  the  work,  whether  the  ceiling  joists  be  put  in  with  pulley  mortises  and 
tenons,  or  the  bridgings  notched  or  adzed  down. 

2336.  Partitions  may  be  measured  and  estimated  by  the  cube  foot ; but  the  sills,  top 
pieces,  and  door  heads  should  be  measured  by  themselves,  according  to  their  cubic  contents, 
at  a larger  price  ; because  not  only  the  uniform  solidity,  but  the  uniform  quantity,  of  the 
workmanship  is  interrupted  by  them.  The  braces  in  trussed  partitions  are  to  be  taken 
by  the  foot  cube  at  a larger  price  than  the  comm.on  quartering,  on  account  of  the  trouble 
of  fitting  the  ends  of  the  uprights  upon  their  upper  and  lower  sides,  and  of  forming  the 
abutments  at  the  ends. 

2337.  All  the  timbers  of  roofing  are  to  be  measured  by  the  cubic  foot,  and  classed 
according  to  the  difficulty  of  execution,  or  the  waste  that  occurs  in  performing  the  work. 
Common  rafters,  as  respects  labour,  are  rated  much  the  same  as  joists  or  quarters  ; 
purlins,  which  require  trouble  in  fitting,  are  worth  more,  because  on  them  are  notched 
down  the  common  rafters.  The  different  parts  of  a truss  should,  to  come  accurately  at  the 
true  value,  bo  separately  taken,  and  the  joggles  also  separately  considered,  including  the 
tenons  at  the  ends  of  the  struts;  mortising  tie  beams  and  principals,  forming  the  tenons 
of  the  truss  posts ; mortising  and  tenoning  the  ends  of  the  tie  beams  and  principals; 
also  the  work  to  the  feet  of  common  or  bridging  rafters.  The  iron  strapping  is  paid  for 
according  to  the  number  of  the  bolts. 

2338.  The  battening  of  walls  are  measured  by  the  square,  according  to  the  dimensions 
and  distances  of  the  battening. 

2339.  Ribbed  ceilings  are  taken  by  the  cubic  quantity  of  timber  they  contain,  making 
due  allowance  fur  the  waste  of  stuff,  which  is  often  considerable.  The  price  of  their 
labour  is  to  be  ordered  by  the  nature  of  the  work,  and  the  cubic  quantity  they  contain. 

2340.  Trimmers  and  trimming  joists  are  .«o  priced  as  to  include  the  mortises  and  tenons 
they  contain,  and  also  the  tenons  at  the  extremities  of  the  trimmers.  But  to  specify  all 
the  methods  required  of  ascertaining  the  value  of  each  species  of  carpenter’s  work  would 
be  impossible,  with  any  respect  to  our  limits.  They  must  be  learned  by  observation  ; all 
we  have  to  do  is  with  the  prin  aples  on  which  measuring  and  estimating  is  conducted. 

2341.  When  the  carcass  of  the  building  is  completed,  before  laying  the  floors  or  lathing 
the  work  for  receiving  the  plastering,  the  timbers  should  be  measured,  so  that  the  scant- 
lings may  be  examined  and  proved  correct,  according  to  the  specification  ; and  in  this,  as 
a general  rule,  it  is  to  be  remembered  that  all  pieces  having  tenons  are  measured  to  their 
extremities,  and  that  such  timbers  as  girders  and  binding  joists  lie  at  least  9 inches  at 
their  ends  into  the  wnlls,  or  | of  the  wall’s  thickness,  where  it  exceeds  27  inches.  In  the 
measurement  of  bond  timber  and  wall  plates,  the  laps  must  be  added  to  the  net  lengths. 
If  a necessity  occur  for  cutting  parallel  pieces  out  of  truss  posts  (such  as  king  or  queen- 
posts),  when  such  pieces  exceed  2 feet  6 inches  in  length,  and  2\  inches  in  thickness,  they 
are  considered  as  pieces  fit  for  use,  deductiug  6 inches  a.«  waste  from  their  lengths. 

2342.  The  boarding  of  a roof  is  measured  by  the  square,  and  estimated  according  to 
its  thickness,  and  the  quality  of  boards  and  the  manner  in  which  they  are  jointed. 

2343.  Where  the  measurement  is  for  labour  and  materials,  the  best  way  is,  first,  to  find 
the  cubical  contents  of  a piece  of  carpentry,  and  value  it  by  the  cubic  foot,  including  the 
prime  cost,  carting,  sawing,  waste,  and  carpenter’s  profit,  and  then  to  add  the  price  of  the 
labour,  properly  measured,  as  if  the  journeyman  were  to  be  paid.  It  is  out  of  the  ques- 
tion to  give  a notion  of  any  fixed  value,  because  it  must  necessarily  vary,  as  do  materials 
and  labour.  The  only  true  method  of  forming  a proper  estimate  is  dependent  on  the 
price  of  timber  and  deals,  for  which  general  tables  may  be  formed. 

2344.  A load  of  fir  timber  contains  50  cube  ffet : if,  then,  the  price  of  a load  is  known 
in  the  timber  merchant’s  j'ard,  the  approximate  value  of  a cube  foot  is  found  as  under; 
say,  if  taken  at  4^.  10s.  per  load,  then — 

£ d. 

Prime  cost  of  a load  o'  fir  - - - - - - - 4 10  0 

Suppose  the  cartage  (dependent  on  distance)  - - - - 0 5 0 

Sawing  into  necessary  scantlings  - - - - - - 0 10  0 


5 5 0 

Waste  in  converting  equal  to  5 feet,  at  2,^.?.  per  foot,  the  load  being  1055.  0 10  6 

5 15  6 

20  per  cent,  profit  on  5f.  155.  6d.  - 1 3 0 

£C  18  6 

2345.  Now,  _ 2-77  shillings,  or  2 shillings  and  9 pence  and  nearly  1 farthing 

per  foot  cube. 
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2346-50.  It  i.s  only  in  this  way  that  ilio  value  of  work  can  be  arrived  at;  it  is  nmch 
to  be  regretted  that  from  no  species  of  labour  of  the  carpenter  liave  been  formed  tables 
capable  of  furnishing  such  a set  of  constants  as  would,  by  application  to  the  rate  of  a 
journeyman’s  wages,  form  factors,  or,  in  other  words,  furnish  data  <or  a perpetual  price- 
book. As  we  have  before  hinted,  the  bett  of  the  price-bo  jks  that  have  ever  been 
published  are  useless  as  guides  to  the  value  of  work.  The  method  of  lumping  work  by 
the  square  is  as  much  as  possible  to  be  avoided,  unless  the  surfaces  be  ot  a perfectly 
uniform  description  of  workmanship;  as,  for  instance,  in  hipped  roofs,  the  principal 
trouble  is  at  ttie  hips,  in  fitting  the  jack  rafters,  which  are  fixed  at  equal  distances  thereon; 
hence  such  a price  may  be  fixed  for  the  cubic  quantity  of  hips  and  valleys  as  will  pay  not 
only  for  them,  but  also  for  the  trouble  of  cutting  and  fixing  the  jack  rafters.  Such  parts, 
indeed,  as  these  should  be  separately  classified;  but  the  analysis  of  such  a subject 
requires  investigation  of  enormous  labour ; and  as  it  must  depend  on  the  information 
derived  from  the  practical  carpenter,  is,  we  fear,  not  likely  to  be  soon,  if  ever,  accomplished. 

2351.  The  works  of  the  Joiner  consist  in  the  preparation  of  boarding,  which  is  measured 
and  estimated  by  the  foot  superficial.  Ot  this  there  are  many  varieties  ; as,  edges  shot; 
edges  shot,  ploughed,  and  tongued  ; wrought  on  one  side  and  edges  shot;  the  same  on 
both  sides  and  edges  shot ; wrought  on  both  sides  and  ploughed  and  tongueil.  Boards 
keyed  and  clamped ; mortise  clamped,  and  mortise  and  mitre  clampfd.  The  value  per 
loot  increases  according  to  the  thickness  of  the  stuff.  When  longitudinal  joints  are 
glued,  an  addition  per  foot  is  made;  and  if  feather-tongued,  still  more. 

2352.  The  measurement  and  estimation  of  floor.s  is  by  the  square,  the  price  varying  as 
the  surface  is  wrought  or  plain;  the  method  of  connecting  the  longitudinal  and  heading 
joints,  and  also  on  the  thickness  of  the  stuff;  as  well  as  on  the  circumstance  of  the  boards 
being  laid  one  after  another  or  folded;  or  whether  laid  with  boards,  battens,  wainscot,  or 
other  wood.  Skirtings  are  m^^asured  by  the  foot  super,  according  to  their  position,  as 
V hether  level,  raking,  or  ram pinor.  Also  on  the  manner  of  finishing  them,  as  whether 
plain.  U)rus,  rebated,  scribed  to  floors  or  steps,  or  whether  straight  or  circular  on  the  plan. 

2353.  The  value  of  every  species  of  framing  must  depend  on  the  thickness  of  the  stuff 
employed,  whether  it  is  plain  or  moulded  ; and  if  the  latter,  whetlier  the  mouldings  be 
struck  on  the  solid,  or  laid  in  ; whether  mitred  or  scribed,  and  upon  the  number  of  panels 
in  a given  height  and  breadth,  and  also  on  the  form  of  the  plan. 

2354.  W^ainscotings,  window-linings,  as  backs  and  elbows;  door  linings,  such  as  jambs 
and  sofites,  vuth  their  framed  grounds;  back  linings,  partitions,  doors,  shutters,  and  the 
like,  are  all  measured  and  valued  bj’-the  foot  super.  The  same  mode  is  applied  to  sashes 
and  their  frames,  either  together  or  separately. 

2355.  Skylights,  the  prices  whereof  depend  on  their  plans  and  elevations,  are  also 
measured  by  the  foot  super. 

2356.  The  value  of  dado,  which  varies  as  the  plan  is  straight  or  circular  or  being  level 
or  inclined,  is  measured  by  the  foot  super. 

2357.  In  the  measurement  of  staircases,  the  risers,  treads,  carriages,  and  brackets  are, 
after  being  classed  together,  measured  by  the  foot  super,  and  the  string  board  is  some- 
times included.  The  value  varies  as  the  steps  may  be  flyers  or  winders,  or  from  the 
risers  being  mitred  into  the  string  board,  the  treads  dovetailed  for  balusters  and  the  nosings 
returned,  or  whether  the  bottom  edges  of  the  risers  are  tongued  into  the  step.  The  curtail 
step  is  valued  by  itself,  and  returned  nosings  are  sometimes  valued  at  the  piece  ; and  if 
they  are  circular  on  the  plan,  they  are  charged  at  double  the  price  of  straight  ones.  The 
handrail,  whose  value  depends  upon  the  materials  and  diameter  of  the  well  hole,  or  whether 
ramped,  swan-necked,  level,  circular,  or  wreathed;  whether  got  out  of  the  solid,  or  in 
thicknesses  glued  up  together,  is  measured  by  the  foot  run.  The  scroll  is  charged  by 
itself,  as  is  the  making  and  fixing  each  joint  screw,  and  3 inches  of  the  straight  part  at  each 
end  of  the  wreath  is  measured  in.  The  deal  balusters,  as  also  the  iron  ones  and  the  iron 
columns  to  curtail,  housings  to  .steps  and  risers,  common  cut  brackets,  square  and  circular 
on  the  plan,  together  witn  the  preparing  and  fixing,  are  valued  all  by  the  piece.  Extra 
sinking  in  the  rail  for  iron  balusters  is  valued  by  the  foot  run,  the  price  depending  on  the 
rail,  as  being  straight,  circular,  wreathed,  or  ramp^^d.  Tlie  string  board  is  mea-ured  by 
the  foot  super,  and  its  value  is  greater  or  less  as  it  is  mou'ded,  straight,  oi  wreathed,  or 
according  to  the  method  in  which  the  wreathed  string  is  constructed  by  being  properly 
backed  upon  a cylinder. 

2.758.  The  shafts  of  columns  are  measured  by  the  foot  super.,  their  value  depending 
upon  the  diameter,  or  whether  it  be  straight  or  curved  on  the  side,  and  upon  its  being 
properly  glued  and  blocked.  If  the  columns  be  fluted,  the  flutes  are  taken  in  linear 
measure,  the  price  depending  on  the  size  of  the  flutes,  whose  headings  at  top  and  bottom 
are  charged  by  the  piece.  Pilasters,  straight  or  curved  in  the  height,  are  similarly 
measured,  and  the  price  taken  by  the  foot  super.  In  the  caps  and  bases  of  pilasters, 
besides  the  mould  ngs,  the  mitres  are  charged  so  much  each,  according  to  the  size. 
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‘J059.  Mouldings,  as  in  doul)le-facc  architraves,  base  and  surbase,  or  straight  ones  struck 
by  the  iiand,  are  valued  by  the  foot  super.  Rase,  surbase,  and  straight  mouldings  wrought 
by  band,  are  generally  fixed  at  the  same  rate  per  foot,  i)eing  something  more  than  double- 
faced  architraves.  When  the  bead  of  an  architrave  stands  in  a circular  wall,  its  value  is 
four  times  that  of  the  perpendicular  parts  as  well  on  account  of  the  extra  time  required  to 
fit  it  to  the  circular  plan  as  of  the  greater  difficulty  in  forming  the  mitres.  So  all  hori- 
zontal mouldings  on  a circular  plan  are  three  or  four  times  the  value  of  those  on  a straight 
plan,  the  trouble  being  increased  as  the  radius  of  the  circle  upon  which  they  are  formed 
diminishes.  The  housings  of  mouldings  are  valued  by  the  piece.  The  value  of  mouldings 
much  depends  on  the  number  of  their  quirks,  for  each  whereof  the  price  increases.  It  will 
also,  of  course,  depend  on  the  materials  of  wiiich  they  are  formed,  on  their  running  figure, 
and  whether  raking  or  curved. 

2360.  Among  the  articles  which  are  to  be  measured  by  the  lineal  foot  are  beads,  fillets, 
bead  or  ogee  capping,  square  angle  staffs,  inch  ogees,  inch  quirk  ogee,  ovolo  and  bead, 
astrag  Is  and  reeds  on  doors  or  shutters,  small  reeds,  each  in  reeded  mouldings,  struck  bv 
hand  up  to  half  an  inch,  single  cornice  or  architrave,  grooved  space  to  let  in  reeds  and 
grooves.  And  it  must  be  observed,  that  in  grooving,  stops  are  paid  extra  ; if  wrought  by 
hand,  still  more;  and  yet  more  if  circular.  Besides  the  foregoing,  narrow  grounds  to 
skirting,  the  same  rebated  or  framed  to  chimneys,  are  measured  by  the  foot  run.  Rule 
joints,  cantilevers,  trusses,  and  cut  brackets  for  shelves  are  charged  by  the  piece.  Water 
trunks  are  value!  according  to  their  size  by  the  foot  run,  their  hopper  heads  and  shoes 
being  valued  by  the  piece.  Moulded  weather  caps  and  joints  by  the  piece.  Scalfolding, 
where  extra,  must  be  allowed  for. 

2.S61.  Flooring  boards  are  prepared  according  to  their  length,  not  so  much  each  ; the 
standard  width  is  9 inches;  if  they  are  wider,  the  rate  is  increased,  each  board  listing  at  so 
much  per  list.  Battens  are  prepared  in  the  same  way,  but  at  a different  rate. 

2362.  The  following  memoranda  are  useful  in  estimating  : — 

1 hundred  (T20)  1 2-feet-3-inch  deals,  9 inches  wide  (each  deal  containing,  therefore, 
2 feet  .3  inches  cube),  equal  5|  loads  of  timber. 

I hundred  (120)  1 2-feet- 2i -inch  deals,  9 inches  wide  (each  deal  containing,  therefore, 

] foot  10  inches  cube),  equal  41  loads  of  timber. 

1 hundred  (120)  1 2-feet -li-inch  deals  equal  1 reduced  hundred. 

1 load  of  1 ,^-inch  plank,  or  deals,  is  400  feet  superficial. 

1 load  of  2-inch  plank,  or  deals,  is  .300  feet  superficial. 

And  so  on  in  proportitm. 

Twenty-four  10-feet  boards,  at  a 5-inch  guage,  will  finish  one  square. 

Twenty  10-feet  boards,  at  6-inch  guage,  will  finish  one  square. 

Se\enteen  10-feet  boards,  at  a 7-inch  guage,  will  finish  one  sijuare. 

h'ifteen  10-feet  boards,  at  an  8-inch  guage,  will  finish  one  square. 

Thirteen  10-feet  boards,  and  2 ft.  6 in.  super,  at  a 9-inch  guage,  will  finish  one  square., 

'I'welve  10-feet  boards,  and  2 ft,  6 in  super.,  at  a 10-inch  guage,  will  finish  one  square. 

Twenty  12-feet  boards,  at  a 5-iric/i  guage,  will  finish  one  siiuare. 

Sixteen  12-feet  board.s,  at  a 6-inch  guage,  will  finish  one  square. 

Fourteen  12-feet  boards,  at  a 7- inch  guage,  will  finish  one  sipiare. 

Twelve  12-feet  hoards  and  4 feet  super.,  at  an  8-inch  guage,  will  finish  one  square. 

Eleven  12-feet  boards,  and  1 foot  super.,  at  a 9-inch  guage,  will  finish  one  square. 

'I’en  12-feet  boards,  and  1 foot  super.,  at  a 10-inch  guage,  will  finish  one  square. 

Battens  are  6 inches  wide. 

Deals  are  9 inches  wide. 

Planks  are  1 1 inches  wide. 

Feather-edged  deals  are  equal  to  ^-inch  yellow  deals;  if  white,  equal  to  slit  deal. 

A reduced  deal  is  li-inch  think,  11  inches  wide,  and  12  feet  long. 

2363.  It  may  here  be  useful  to  advert  to  the  mode  of  reducing  deals  to  the  standard  of 
what  is  called  a reduced  deal,  which  evidently  contains  1 ft.  4 in.  6 parts  cube;  for  12  ft. 
xll  in.  xl^in.  =1  ; 446,  or  in  decimals,  12  ft.  x *91666  ft.  x*125  ft.  = 1*375  cube  ft. 
aearly.  Hence  the  divisor  1\375  will  serve  as  a constant  for  reducing  deals  of  different 
lengths  and  thicknes.ses.  Thus  let  it  be  required  to  find  how  many  reduced  deals  there  are 
in  one  14  feet  long,.  10  inches  wide,  and  2,j  inches  thick.  Here  14  ft.  x *8333  ft.  (or  10  in.) 
X '20833  (or  2i  in.)  = 2*4.3042  cube  feet,  and  ^y^|^  = T767  reduced  deal. 

2364.  'File  table  which  is  now  subjoined  exhibits  the  prices  of  deals  and  parts  ttiereot 
calculated  from  301.  to  95/.  per  hundred,  a range  of  value  cut  of  which  it  can  rarely  happen 
tliat  examples  will  occur,  though  it  has  fallen  within  our  own  experience  during  the  late 
war  to  see  the  })rlce  of  deals  at  a very  extraordinary  height,  niis,  however,  is  not  likely  to 
happen  again.  Tlie  elements  on  which  it  is  based  are  — 
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First.  Price  of  deals,  each  being  12  feet  long,  three  inches  thick,  10 

inches  wide.  Then  from  we  have  the  prime  cost  of  each  deal  5-00 
Second.  Profit  on  prime  cost,  15  per  cent.  , - _ _ 0'75 

Third.  Planing  both  sides  and  waste,  the  former  a constant  depending  on 
the  price  of  labour  (say  5s.  per  day  used  in  the  table),  and  tlie 
latter  a variable,  increasing  with  the  cost  price  of  the  material  - 

6s.  7(1  as  in  the  table  for  a 12  feet  deal  = 6 58;j;J 

In  the  third  element  a constant  (the  planing)  being  involved  and  a variable  (tlie  waste) 
increasing  with  the  cost  of  the  material,  the  latter  was  eliminated  by  experiment  and  found 
equal  to  *416'6  shilling  f>r  every  10/.  upwards  of  the  price  per  hundred  of  the  deals. 

The  width  of  the  running  foot  is  9 inches.  For  instance  at  451.  per  cent,  the  cost  of  a foot 


super.  ( = 144  in.)  = l*25s.  = Is.  Sd.  and  of  a foot  run  -9375  shilling  = ll^rf.  i-r. 
= 9 inches  This  table  is  applicable  purely  to  joinery. 
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2365-9.  The  above  table  almost  explains  itself,  but  one  example  will  be  tiiken  for 
illustrating  its  use,  premising  that  if  deals  are  at  a price  between,  above,  or  below  that 
stated  in  the  first  column,  the  rules  of  arithmetic  must  be  applied  for  the  intermediate 
prices.  Suppose  deals,  then,  to  be  at  45^.  per  hundred ; an  inspection  of  the  table  shows 
that  the  value  of  l|-inch  deal  is  M.  per  foot  super.,  or  Qd.  run;  that  a 12-foot  deal 
2 inches  thick  is  worth  6s.  8^(^. ; and  that  a foot  run  of  3-inch  deal  11  inches  wide,  which 
is  the  standard  width,  is  worth  U\d.  The  preceding  table,  which  is  applicable  purely 
to  joinery,  is  all  that  can  be  here  given  in  general  terms  as  to  the  prices  of  work. 

2370.  Slater.  The  work  of  the  slater  is  measured  and  estimated  by  the  square  of 
100  feet  superficial.  The  different  sorts  of  slate,  and  how  much  a given  quantity  of  each 
will  cover,  have  been  described  in  Chap,  II.  Sect.  IX.  (1798  et  seq.).  To  measure 
slating,  in  addition  to  the  net  measure  of  the  work,  6 inches  are  allowed  for  all  the  eaves, 
and  4Tnches  by  their  length  for  hips  ; such  allowance  being  made  in  the  first-named  case 
because  the  slates  are  there  double,  and  in  the  latter  case  for  the  waste  in  cutting  away 
the  sides  of  the  slates  to  fit.  When  rags  or  imperial  slates  are  used,  an  addition  allowance 
of  9 inches  is  made  for  the  eaves,  because  those  slates  run  larger  than  the  other  sorts. 

2371.  Mason,  Solid  works,  such  as  pilasters,  cornices,  coping,  stringings,  and 
others,  should  be  first  measured  to  ascertain  the  cubic  quantity  of  stone  they  contain 
as  going  from  the  hanker  to  the  building  ; and  on  this,  additional  work,  as  plain  work, 
sunk  work,  moulded  or  circular  work,  must  be  measured  in  superficial  feet  and 
separately  valued.  It  is  usual  to  allow  a plain  face  to  each  joint,  but  no  more  than 
one  should  be  taken  to  a 3-feet  length.  In  staircases  the  flyers  should  be  taken  where 
splayed  on  the  back,  their  full  length  and  width  by  three-fifths  of  the  depth  of  the  riser, 
to  allow  for  waste  in  getting  two  of  the  steps  from  the  same  block  of  stone.  The  measure- 
ment for  the  winders  seems  to  be  most  properly  conducted  by  ascertaining  the  net  cubic 
contents  of  them,  and  then  making  the  allowance  for  waste.  Indeed  this  is  a more  proper 
and  satisfactory  mode  for  the  flyers.  The  top  of  the  treads  are  then  taken  on  the  super- 
ficies as  plain  work,  and  the  fronts  and  ends  of  the  risers  as  moulded  work.  In  an  open 
staircase,  the  under  side  of  the  flyers  is  measured  as  plain  work  ; the  under  side  of  the 
winders  as  circular  plain  work;  the  rebates,  cuttings  out,  pinnings  in,  &c.,  as  they  are 
found.  Cylindrical  work,  such  as  of  columns,  after  the  cube  quantity  is  ascertained,  is 
measured  as  equal  to  plain  work  twice  taken.  In  Portland  dressings  to  chimneys, 
wherever  edges  appear,  it  is  customary  to  add  an  inch  to  the  dimensions  for  extra  labour ; 
to  marble,  | of  an  inch;  or  to  take  the  running  dimensions  of  the  edges. 

2372-3,  Paving  slabs  and  stones  under  2 ins.  thick  are  taken  by  superficial  measure. 
Cornices  are  measured  by  obtaining  their  girt,  and  multiplying  by  their  length  for  the 
quantity  of  moulded  work  in  them. 

2374.  Founder.  The  proper  mode  of  estimating  cast  iron  is  by  the  ton  or  cwt. 
Moulds  for  the  eastings,  when  out  of  the  common  course,  are  charged  extra.  Very  often, 
too,  cast  iron  pipt  s and  gutters  are,  according  to  their  sizes,  charged  by  the  yard.  Wrought 
iron  beams  and  girders,  of  various  shapes,  are  charged  for  by  the  ton.  (See  1765  et  scg.) 
For  ornamental  castings  patterns  have  to  be  made ; these  are  usually  paid  for  in  addition, 
and  are  often  expensive. 

2375.  Smith  and  Ironmonger.  Wrought  iron  for  chimney  bars,  iron  ties,  screw  bolts, 
balusters  with  straps,  area  gratings,  handrails  and  balusters,  hook-and-eye  hinges,  brackets 
for  shelves,  chains  for  posts,  wrought  iron  columns  with  caps  and  bases,  fancy  iron  railing, 
casements,  shutter-bars,  and  the  like,  are  charged  by  the  pound,  at  various  prices,  according 
to  the  nature  of  the  v'ork.  In  the  ironmonger’s  department  nails  and  bracts  are  charged  by 
the  hundred,  though  sold  by  weight,  seldom  exceeding  900  to  the  1000.  Screws,  which 
take  their  names  from  their  length,  are  charged  by  the  dozen.  Cast,  and  also  wrought  butts 
and  screws,  east  and  wrought  back  flaps,  butts  and  screws,  side  or  H hinges,  with  screws,  by 
the  pair.  All  sorts  of  bolts  with  screws,  of  which  the  round  part  of  the  bolt  determines 
the  length,  by  the  inch.  hinges  and  cross  garnet  hinges  by  the  pair.  Other  hinges  and 
screAvs  hy  the  piece.  Locks  by  the  piece.  Pulleys  according  to  their  diameters.  On  all 
ironmongery  20  per  cent,  is  charged  on  the  prime  cost.  Wrought  iron  oimamental  work 
is  charged  for  according  to  the  time  and  skill.  (See  2253  et  seq) 

2376.  Plasterer.  The  work  of  the  plasterer  is  measured,  generally,  by  the  yard  super- 
ficial. The  usual  way  of  measuring  stucco  work  to  partitions  and  walls  is,  to  take  the  height 
froin  the  upper  edge  of  the  ground  to  half  way  up  the  cornice,  the  extra  price  of  the  stucco 
making  good  for  the  deficiency  of  floated  W’ork  under  it.  In  ceilings  and  other  work,  the  sur- 
face under  the  cornice  is  often  taken,  because  there  is  no  deficiency  but  in  the  setting,  and  that 
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is  compensated  for  l)y  the  labour  in  maki  ng  good.  Cornices  are  measured  by  the  foot  snpor- 
licial,  and  estimated  according  to  the  quantity  of  mouldings  and  onrichmenfs  they  contain. 
Where  there  are  more  than  Lur  angles  in  a room,  each  extra  one  is  charged  at  the  price  pep 
foot  run  extra  of  the  cornice.  Stucco  reveals  are  charged  per  foot  run,  and  accordin'^  to 
their  width  of  4 or  9 inches  or  more.  Quirks,  arrises,  and  beads  by  the  foot  run,  as\ro 
margins  to  raised  panels,  small  plain  mouldings,  &c.  Enriched  mouldings  are  measured 
by  the  foot  run,  and  with  flowers  to  ceilings,  pateras,  &c.,  must  be  considered  with  refer- 
ence to  the  size  and  quantity  of  ornament;  modelling  may  have  to  be  chnrged  if  under 
60  feet  run.  For  some  of  these,  papier-mache  and  other  materials  (see  2251),  which  are 
much  lighter  than  plaster,  are  coming  now  into  general  use,  and  from  the  ease  and  security 
with  which  they  are  fixed,  often  suj^rsede  the  use  of  plast^-r  ornaments.  Scaffolding  is 
charged  for  when  the  “ hawk  ” cannot  be  served  from  the  floor. 

2377.  Plumbkr.  The  work  of  this  artificer  is  charged  by  the  cwt.,  to  which  is  added 
the  labour  of  laying  the  lead.  The  superficies  of  the  lead  is  measured,  then  multiplied 
by  the  weight,  as  5 lb.  lead,  6 lb,  lead,  &c.,  and  brought  into  cwts.  Water  pipes,  rain- 
water pipes,  and  funnel  pipes  are  charged  by  the  foot  run,  according  to  their  diameter  ; S3 
also  are  socket  pipes  for  ginks,  joints  being  separately  paid  for.  Common  lead  pumps, 
wdth  iron  work,  including  bucket,  sucker,  &c.,  at  so  much  each;  the  same  with  hydraulic 
and  other  pumps,  according  to  their  diameters.  In  the  same  manner  are  charged  water- 
closets,  basins,  air  traps,  washers  and  plugs,  spindle  valves,  stop-cocks,  ball-cocks,  &c. 
(See  2212  et  seq.)  By  the  increase  of  manufacturers  of  sanitary  appliances  these  are 
now  priced  at  per  article. 

2378.  Glazier.  The  work  of  the  glazier  is  measured  and  estimated  by  the  superficial 
foot,  according  to  the  speciality  as  well  as  the  quality  of  the  glass  used ; it  is  always 
measured  between  the  rebates.  (See  2225  ct  seq.)  Stained  and  painted  glass  are  usually 
taken  at  agreed  prices. 

2379.  Painter.  In  the  measurement  and  estimation  of  painting,  the  superficial  quantity 
is  taken,  allowing  all  edges,  sinkings,  and  girths  as  they  appear.  When  work  is  cut  in  on 
both  edges  it  is  taken  by  the  foot  run.  The  quantity  of  feet  is  reduced  to  yards,  by  which 
painting  is  charged  for  in  large  quantities.  In  taking  iron  railing,  the  two  sides  are  measured 
as  flat  work;  but  if  it  be  full  of  ornament,  once  and  a half,  or  twice,  is  taken  for  each  side. 
Sash  frames  are  taken  each,  and  sash  squares  by  the  dozen.  On  gilding  we  have  already 
spoken  in  Sect.  XII.  (2277  et  seq.)  Cornices,  reveals  to  windows  and  doors,  strings, 
window  sills,  waiter  trunks  and  gutters,  handrails,  newels,  &c  , are  taken  by  the  foot  run. 
Many  small  articles  by  the  piece.  Plain  and  enriched  cornices  by  the  foot  run,  according 
to  the  quantity  of  work  in  them.  Work  done  from  a ladder  is  paid  for  extra.  The  price 
of  painter’s  work  greatly  depends  on  the  purity  of  the  materials  employed,  as  oil,  turpen- 
tine, &c.,  as  well  as  on  the  quality  and  the  number  of  times  over  that  the  work  is  painted  ; 
the  labour  is  usually  considered  as  one-third  of  the  price  charged.  Scarcely  any  trade 
varies  so  greatly.  Imitations  of  woods  and  marbles  are  charged  according  to  the  artistic 
treatment  and  the  labour  employed  on  them,  and  the  quality  of  the  varnish  used. 

2380.  Paperhancer.  In  common  papers  the  price  used  to  be  settled  according  to  the 
colours  or  quantity  of  blocks  used  in  printing  the  pattern.  Now  the  price  appears  to 
depend  on  the  sale,  or  fashion,  of  the  pattern,  or  on  the  manufacturer’s  pleasure.  Until 
lately  the  old  prices  were  charged,  with  a large  discount,  but  now  the  price  marked  by 
some  of  the  leading  firms  is  subject  only  to  the  ordinary  discount  to  the  trade.  Embossed 
and  other  papers  are  cf  higher  prices.  These,  as  well  as  lining  paper,  are  charged  by  the 
piece,  containing  63  feet  super.  The  hanging  is  charged  separate,  and  borders,  dadoes, 
gilt  mouldings,  &c.  by  the  yard  run.  (See  2277c.) 
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Sect.  I. 

DRAWING  IN  GENERAL. 

2381.  Under  this  section  It  Is  not  our  intention  to  enter  Into  the  refinements  of  the 
art,  but  merely  to  make  the  attempt  of  directing  the  student  to  the  first  principles  of  a 
faithful  representation  of  ordinary  and  familiar  objects,  with  all  their  imperfections;  or, 
in  other  words,  of  transferring  to  a plane  surface  what  the  artist  actually  sees  or  con- 
ceives in  his  mind.  This  power  is  of  vital  importance  to  the  architect,  and  without  it 
he  is  unworthy  the  name. 

2382.  The  usual  mode  of  teaching  drawing  now  In  use  is,  as  we  conceive,  among  the 
most  absurd  and  extravagant  methods  of  imparting  instruction  that  can  be  well  conceived. 
Tlie  IcariuT  is  usually  first  put  to  copying  drawings  or  j)rints,  on  which  he  is  occupied  for 
a considerable  time.  Much  more  would  he  learn,  and  much  more  quickly,  by  following 
the  course  which  the  following  lines  will  prescribe.  Outline  is  the  foundation  of  all  drawing; 
the  alphabet  of  graphic  art.  As  soon  as  the  student  has  attained  the  use  of  the  pencil  and  the 
pen  in  drawing  purely  geometrical  figures,  lie  is  prepared  to  receive  the  rudiments  of  per- 
spective. As  shown  in  the  following  section,  the  representations  of  all  geometrical  solids 
is  dependent  upon  mechanical  means  ; and  these  may,  if  it  be  desirable,  be  shadowed  truly 
by  tlie  methods  given  in  Sect.  HI.  i but  what  is  now  called  free-hand  drawing  is  the  matter 
for  our  present  consideration. 

2383.  Outline,  as  we  have  stated  above,  is  the  foundation  of  all  drawing,  the  alphabet 
of  grapliic  art.  Every  representation  of  an  object,  or  series  of  objects,  however  compli- 
cated, is  in  reality  but  a set  of  outlines  composed  of  straight  or  curved  lines.  The  know- 
ledge, or  rather  the  power  of  forming  these  lines,  is  essential  to  the  student,  and  in  the 
same  manner  that  he  was  obliged  to  form  pothooks  and  hangers  before  he  proceeded  to 
ellipses  when  he  was  taught  to  write,  he  should  begin  Ids  study  of  free-hand  drawing  by 
])raeiising  liimself  in  the  production  of  straight  lines,  proceeding  to  segments,  and  then  to 
curves  of  contrary  flexure.  It  is  a good  plan  to  compare  the  copy  with  the  pattern  ; and, 
inasmuch  as  all  formal  diagrams  that  are  set  as  patterns  should  be  perfect,  it  is  desirable 
that  tlie  standards  for  straight  lines,  segments,  and  contrary  flexures  should  be  drawn  by 

, tlie  teacher  himself  from  rulers;  these  rulers  can  he  subsequently  applied  to  the  copies, 
and  are  sometimes  the  only  evidence  upon  which  to  make  a mutinous  pupil  conscious  of 
his  errors.  The  student  ought  not  to  proceed  to  the  elliptical  and  oval  forms  until  the 
band,  first  turning  one  way,  can  draw  a tolerably  correct  circle  ; and  then,  turning  in  the 
other  direction,  can  make  another  equally  good.  The  next  step  will  be  to  acquire  the 
power  of  drawing  spiral  lines  in  one  direction,  and  of  repeating  them  in  another;  which 
will  be  followed  by  that  of  drawing  lines  either  parallel  or  slowly  approximating. 

2383a.  After  this,  the  student  is  sufficiently  advanced  to  attempt  to  repeat  all  these 
stages  with  copies  of  a size  larger  or  less  than  the  patterns  ; and  he  will  be  ready  to  learn 
the  mechanical  use  of  chalk.  This  branch  of  his  tuition  needs  only  such  examples  as  the 
l)rints,  which  have  been  prepared  for  tliat  purpose,  of  purely  geometrical  forms  : in  this 
stage  the  rudiments  of  shadow  are  implanted,  and  the  use  of  tlie  brush  may  be  acquired. 

2383/;.  The  student  will  then  be  ready  to  learn  the  mode  of  obtaining  local  colour, 
and  of  blending  his  materials  so  as  to  obtain  tints  and  shades  of  the  different  colours.  Tlie 
next  steps  would  be  to  draw  in  chalk,  in  ink,  or  in  colour,  the  simplest  architectural  orna- 
ment.s,  such  as  a chevron  or  an  ovolo ; and  to  proceed  through  a course  of  architectural 
foliage  fiom  prints.  'I’lie  result  of  such  training  is  usually  a confidence  in  the  eye  ; and, 
what  is  sometimes  highly  important,  a judgment  so  sound  as  to  be  able  to  reproduce  any 
part  of  a subject  that  may  have  been  destroyed. 

2.188c.  Ajiritude  of  the  pupil  must  be  a consideration,  but  In  general  a year  of  steady 
application  may  be  sufficient  so  to  imbue  the  mind  with  the  grammar  of  architectural  orna- 
ment, as  to  enable  the  hand  to  represent  it;  after  which  the  student  ought  to  be  capable  of 
iineiiting  for  himself.  Indeed,  it  is  only  by  such  a course  that  originality  in  designing 
ornament  tan  be  obtained.  I he  study  of  natural  foliage,  first  as  seen,  and  then  as  couveu- 
tioiialized,  may  be  carried  out  at  the  same  time. 
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|2;383f/.  It  Is  very  remarkable  that  all  the  Inferences  arc  false,  which  usually  arc  derived 
from  the  assertion  tliat  he  who  can  draw  the  human  figure  will  be  aide  to  draw  any  otlier 
object  tliat  is  submitted  to  him  for  representation.  The  few  men  who  can  fanhlessh/  draw 
the  human  figure  as  they  see  it,  may  doubtlessly  have  eyes  keen  enough  and  hands  true 
enough  to  repeat  the  minutest  details  so  accurately  that  any  comparison  of  a particular  detail 
with  the  original  sliall  be  creditable  to  them  ; but  these  men  have  spent  years  in  obtainin«r, 
besides  delicacy  of  handling,  that  knowledge  of  anatomy  whicli  reminds  them  at  ever"y 
stroke  of  the  pencil  that  such  a muscle  is  in  such  a place,  that  here  it  overlaps  another, 
that  there  it  dies  into  a bone,  and  that  consequently  they  have  to  mark  the  curves  and 
angles  which  occur,  for  instance,  six  or  seven  times  between  the  elbow  and  the  wrist,  and 
to  determine  how  many  can  be  omitted  if  the  scale  be  less  t'lan  that  of  life. 

2384.  The  majority  of  men  who  can  draw  the  figure  tolerably  well  can  draw  nothing 
else  equally  correctly  : for  the  reason  that  their  attention  has  been  given  to  the  mechanism  ot 
the  human  form  solely  ; the  representation,  by  our  best  portrait-painters,  of  the  accessories 
which  they  introduce  into  their  pictures,  especially  of  arcliitectural  details,  is  almost  with- 
out an  exception  ludicrously  inaccurate.  Every  person  who  has  tried  to  apply  his  power 
of  representing  geometric  forms  to  the  task  of  copying  in  chalk  from  a mask,  must  be  aware 
of  the  enormous  facility  which  he  acquires  by  previously  studying  the  usual  methods  ot 
expressing  the  totality  of  the  eye,  the  ear,  the  nose,  and  the  lips.  In  a similar  manner,  the 
artist  who  wishes  to  give  the  effect  of  a suite  of  mouldings,  or  of  a carved  ornament,  requires 
to  know  previously  all  the  parts  which  compose  the  work.  In  other  words,  some  men  can 
pretend  to  sketch  distant  rocks  and  yet  miss  the  very  features  by  which  the  outlines  inti- 
mate the  geological  character. 

2385.  Such  are  the  reasons  which  have  for  many  years  led  to  the  conviction  that  the 
architect’s  course  of  drawing  should  leave  the  figure  alone  until  he  has  made  one  or  more 
studies  from  carving  in  each  style  of  art  that  opportunity  presents  to  him ; this  is  affirmed 
li  ' to  be  the  only  method  of  obtaining  a satisfactory  appreciation  of  the  minute  characteristics 

|i  which  sometimes  constitute  the  differences  between  styles  ; and  the  only  metliod  of  making 

'j  a royal  road  to  the  object,  which  some  teachers  pretend  is  the  easiest,  but  is  truly  the  most 

't  difficult,  in  art.  Having  acquired  the  power  of  accurate  representation  of  ornament, 

• wliich  involves  dexterity  in  the  use  of  his  materials,  the  student  may  commence  his 

operations  with  the  figure. 

2386'.  The  method  proj)osed  in  the  following  pages  Is  old,  at  least  in  principle,  yet 
f it  has  been  of  late  years  published  as  new  in  Paris,  by  M.  Dupuis.  Del'  Enseignement  du 

* Dessin  sous  le  point  de  viie  induslriel,"  1836.)  The  princi|)les  of  the  work,  however,  are 

v perhaps  better  expressed  and  arranged,  in  some  respects,  than  we  might  have  presented, 

^ tliem  to  the  reader  : and  we  shall  not,  therefore,  apologise  for  the  free  use  we  make  of  it, 

premising,  however,  that  in  respect  to  the  wliole  figure  and  the  application  of  the  method 
> to  landscapes,  what  follows  is  not  found  in  the  work  of  M.  Dupuis. 

; I 2387.  Betvveen  the  ancient  mode  of  teaching  the  student  (we  will  take  the  head,  for 
I ^ instance,  shown  in  Jig.  809.  as  the  first  roughing  of  the  leading  lines  of  that  which  in 
I i fig.  812.  has  readied  its  completion)  and 

j ' the  metliod  practised  by  M.  Dupuis,  the  only 

' . difference' is  this,  that  M.  U.,  , instead  of  let- 

I ting  the  student  form  tlie  rough  outline  at 

' once  from  the  finished  bust,  roughing  out 

i on  paper  the  principal  masses,  provides  a 

1 series  of  models  roughly  bossed  out  in  their 

* different  stages,  wliich  he  makes  the  student 

. draw.  The  system  is  ingenious  ; but  as  the 

; , greatest  artists  have  been  made  without  the 

modification  in  question,  we  do  not  think  it 
‘f  material;  at  all  events,  the  principles  are  the 
same.  M.  Dupuis,  for  this  puipose,  has  a 
series  of  sixteen  models,  the  first  of  each  four 
j of  the  series  are  quite  sufficient  to  show  the 

i old  as  well  as  his  own  practice.  Thus,  in 

I ft/-  809.,  the  general  mass  of  the  oval  of  the  head  is  given,  in  which  it  is  seen  that  the 
profile  is  indicated  by  an  obtuse  angle,  whose  extreme  point  corresponds  with  the  lower 
part  of  the  nose,  and  the  lines  at  one  extremity  terminate  with  the  roots  or  commencement 
of  the  hair,  and  at  the  other  with  the  lower  jaw.  The  form  of  the  rest  of  the  head  is  the 
I result  of  combining  the  most  projecting  points  of  it  by  curved  lines,  in  short,  of  supposing 
1 a rough  mass,  out  of  which  the  sculptor  might  actually,  in  marble  or  other  material,  form 
j the  head. 

I 2388.  The  next  step  Is  exhibited  in  Jig.  810.,  with  the  four  principal  divisions:  the  occi- 

pital to  the  beginning  of  the  hair,  the  forehead  to  the  line  of  the  eyes,  the  projection  of  the 
Uose,  and  the  inferior  part  of  the  face,  with  some  indication  of  the  mouth. 

i 
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2f^89  811.  it  'vlll  be  seen  tliat  another  step  is  gained.  The  eyes  (here  only  one 

mipears,  but  we  speak  with  reference  to  tlie  ^ 

si.bject,  l)eing  less  in  profile),  the  mouth,  the  X X .isX:  .X—. 

cl. in,  and  the  ear  are  more  cleaily  marked  out, 
with  some  sort  of  expression  of  the  whole  work, 
but  still  wiihont  details,  though  sufliciently  in- 
dicating tliat  little  more  is  necessary  to  bring 
the  rude  sketch  of  Jig.  809.  to  a re.semblance. 

2.890.  In^'^.  812.  this  is  obtained;  but  still, 
according  to  the  degree  to  which  an  artist  con- 
liders  finishing  necessary,  to  be  further  pursued 
and  carried  through  to  make  a jierfect  drawing; 
all  that  is  here  intended  being  to  show  the 
principles  upon  which  the  matter  is  conducted, 
and  upon  which  we  shall  presently  have  further 
observations  to  make.  It  will  be  observed,  that 
on  the  shadowing  and  finishing  in  this  way  the 
drawings  the  student  may  make  we  set  no  valuer  when  he  can  draw,  if  those  matters  be 
of  importance  to  him,  they  will  not  be  difficult  of  acquisition. 

239Ca.  Having  accomplished  the  art  of  drawing,  with  tolerable  correctness,  the  figure, 
the  architect  will  have  little  difficulty  in  drawing  the  most  complex  productions  of  nature. 
I’he  principles  are  precisely  the  same;  but  we  wish  here  to  impress  upon  him  the  necessity 
of  recurring  to  nature  herself  for  his  ornaments;  a practice  which  will  always  impart  a 
freshness  and  novelty  to  them  which  even  imitation  of  the  antique  will  not  impart. 

2391.  The  port  crayon,  whether  carrying  chalk  or  a black  lead  pencil  of  moderate  weight 
end  size,  say  full  seven  inches  long,  is  the  best  instrument  to  put  into  the  hands  of  the  be- 
ginner. The  first  object  he  must  consider  in  roughing  the  subject,  as  in  Jig.  809.,  is  the 
relation  the  height  of  the  whole  bears  to  its  width  ; and  this  determined,  he  must  proceed 
to  get  the  general  contour,  without  regard  to  any  internal  divisions,  and  thus  proceed  by 
subdivisions,  bearing  the  relative  proportions  to  each  other  of  the  model,  comparing  them 
with  one  another  and  with  the  whole.  We  will  now  show  how  the  port  crayon  assists  in 
this  oi)cration.  Let  the  pupil  be  supposed  seated  before  the  model,  at  such  a distance  from 
it  that  at  a single  look,  without  changing  the  ix>sition  of  his  head  upwards,  downwards,  or 
sideways,  his  eye  takes  in  the  whole  of  it.  The  strictest  attention  to  this  point  is  necessjiry, 
for  difficulties  immediately  present  themselves  if  he  is  too  near,  as  well  as  if  he  is  too  far 
from  it.  And  here  let  it  be  observed  that  the  visual  rays  (see  Jig.  813.)  upon  every  object 


may  be  compared  to  the  legs  of  a pair  of  compasses,  which  open  wider  as  we  approach  the 
object  and  close  as  we  recede  from  it.  This  is  a law  of  perspective  well  known,  and  which 
the  student  may  easily  prove  by  experiment,  keeping  the  head  of  the  compasses  near  his 
eye,  and  opening  the  legs  to  take  in,  in  looking  along  them,  any  dimension  of  an  object. 
He  will  soon  find  that  as  he  approaches  such  object  he  must  open  the  legs  wider  in  order 
to  comprise  within  them  the  given  dimension.  Hence  every  diameter  or  dimension,  sepa- 
rately considered,  is  comprised  in  the  divergence  of  the  visual  rays.  It  is  on  this  account 
that,  being  at  a proper  distance,  any  moveable  measure  which  with  a free  motion  of  his 
l)odj'  he  can  interpose  upon  some  one  of  the  points  of  the  distance  between  his  eye  and  the 
model,  may,  though  much  less  than  the  model  itself,  take  in  the  whole  field  of  view,  reach 
the  extremities  of  the  dimension,  and  consequently  become  of  great  assistance  in  certain 
mathematical  measures.  For  by  applying  such  a measure  to  one  division  only  of  the  model, 
we  shall  obtain,  as  it  were,  an  integer  for  finding  a great  noany  others  into  which  the  model 
may  be  subdivided. 

2392.  1 bus,  taking  809.,  which  is  profile,  and  suipposing  the  width  at  the  neck 
unity,  if  this  is  twice  and  a half  contained  in  the  general  height  of  the  bust,  we  have  imme- 
diately the  proportions  of  one  to  two  and  a half,  which  may  be  immediately  set  out  on  the 
U.iper  or  canvas.  Ihls  is  not  all ; the  integer  or  unity  obtained  by  the  diameter  of  the 
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neck  serves  also  for  measuring  the  horizontal  diameter  of  the  head,  and  also  of  the  bust  ; 
whence  new  pro])ortions  may  be  obtained.  So  much  for  the  first  casting  of  the  general 
form.  Now,  in  the  entire  bust,  as  respects  the  head  only,  supjjose  we  wish  to  obtain  the 
proportions  of  the  principal  divisions,  — for  e.xample,  from  the  base  of  the  bust  to  the  base 
of  the  chin,  — w’e  may  establish  another  integer  to  measure  other  jiarts  ; as,  if  from  tlie 
point  of  view,  the  distance  from  the  base  of  tlie  bust  to  the  base  of  the  eliin  is  the  same  as 
from  the  last  to  the  summit  of  the  head,  the  learner  would  have  nothing  more  to  do  in  tliat 
respect  than  to  divide  the  whole  height  into  two  eipial  parts.  On  the  same  j)rinel))Ie,  jiass- 
ing  from  divisions  to  subdivisions,  the  distance  between  the  base  of  the  chin  and  tlie  jioii.t 
whence  the  nose  begins  to  project,  may  be  found  a measuie  for  the  height  of  the  nose,  and 
from  thence  to  the  toj)  of  the  cranium.  We  are  here  merely  showing  the  method  of  ob- 
taining different  integers  for  measuring  the  different  parts  mentioned  ; others  will  in  prac- 
tice occur  continually,  after  a very  little  practice.  We  do  not  suppose  our  readers  will  believe 
that  we  propo^e  to  teach  drawing  by  mathematical  rules;  we  now  only  speak  of  obtaining 
points  from  which  undulating  and  varying  lines  are  to  spring  and  return,  and  which  none 
but  a fine  and  sensitive  eye  will  be  able  to  express.  Rut  to  return  to  the  port  crayon, 
which  is  the  moveable  measure  or  compasses  whereto  we  have  alluded,  and  re(|uires  only 
skilful  handling  to  perform  the  offices  of  compasses,  square,  jilumb  rule,  and  level.  Ry 
interposing  it  (see  Jig.  81 S.)  on  the  divergence  of  the  visual  rays  between  the  eye  and  the 
object,  we  may  estimate  the  relative  proportions;  since  in  the  field  of  view  the  learner  may 
apply  it  to  the  whole  or  any  of  the  parts,  and  make  any  one  a measure  for  another.  Eor 
this  purpose  he  must  hold  it,  as  shown  in  the  figure,  steadily  and  at  arm’s  length.  Any 
portion  of  it  that  is  cut  by  the  visual  rays  between  any  two  parts  of  the  object,  becomes  the 
integer  for  the  measurement  of  other  parts  whereof  we  have  been  speaking.  I'his  in 
the  drawing  will  be  increased  according  as  the  size  is  greater  or  less  than  the  portion  of  the 
port  crayon  intercepting  the  visual  rays.  This  process  may  be  easily  accompll.shed  by 
making,  upon  one  and  the  same  line  of  the  visual  ray,  the  extreme  point  of  the  port  crayon 
to  touch  one  of  the  extremities  of  the  proportion  sought  upon  the  model,  so  that  they  may 
exactly  correspond.  Then  at  the  same  time  fixing  the  thumb  or  fore-finger  where  the  visual 
ray  from  the  other  extremity  is  intercejited,  we  sliall  find  any  equal  length  by  moving  the 
port  crayon  with  the  thumb  and  fore-finger  fixed  to  any  other  part  we  want,  as  to  size,  to 
comjiare  with  the  first,  or  by  using  the  same  expedient  toother  parts,  other  integers  may  1-e 
found.  'I'he  different  integers,  indeed,  which  may  be  thus  obtained  is  infinite.  The  port 
crayon  will  also  serve  the  purpose  of  a plumb  bob  by  laying  hold  of  it  by  the  chalk,  and 
holding  it  just  only  so  tight  between  the  fingers  as  to  prevent  its  falling,  so  that  its  owu 
gravity  makes  it  assume  a vertical  direction. 

Doing  so,  if  it  then  be  held  up  to  intercept 
the  visual  rays,  we  may  discover  the  pro- 
portion in  which  a line  swells  whose  direc- 
ton  approaches  the  vertical,  as  also  the  quan- 
tity one  part  projects  before  another  in  the 
model ; and  comparing  this  again  with  the 
integer,  obtain  new  points  for  starting  from. 

Again,  ’oy  holding  it  before  the  eye  in  an 
horizontal  direction,  we  shall  obtain  the 
different  parts  of  the  model  that  lie  before 
the  eye  in  the  same  horizontal  line.  Ry 
degrees  we  shall  thus  soon  find  the  eye  be- 
come familiarised  with  the  model  it  con- 
templates ; judgment  in  arranging  the  parts 
supervenes ; the  hand  becomes  bold  and 
unhesitating,  and  the  leading  forms  are 
quickly  transferred  to  the  paper  or  canvas 
to  be  subdivided  to  such  extent  as  is  re- 
quired by  the  degree  of  finish  intended  to  be 
bestowed  upon  the  drawing. 

2393.  The  process  that  we  have  consi- 
dered more  with  relation  to  the  bust  is 
eijually  applicable  to  the  whole  figure.  In 
fig.  814.  we  have  more  particularly  shown 
by  the  dotted  lines  the  horizontal  and  verti- 
cal use  of  the  port  crayon ; but  the  pre- 
vious adjustment  of  some  measure  of  unity 
for  proportioning  the  great  divisions  to  each 
other  is  also  api)lied  to  it  as  already  stated. 

In  the  figure,  EE  is  the  line  of  the  hori- 
’ ’ ■’  will  be 
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soon  passing  tlirough  the  knee  of  that  leg  upon  which  the  principal  weight  of  the  body  is 
thrown. 

2394.  Tliough  our  object  in  this  section  is  to  give  only  a notion  of  the  way  of  trans- 
ferring to  j)aper  or  canvas  such  objects  as  present  themselves,  we  think  it  proper  to  hint  at 
a few  o-ener<d  matters  which  the  student  will  do  well  to  consider,  and  these  relate  to  the 
balance  and  motion  of  the  human  figure.  Geometry  and  arithmetic  were  with  the  painters 
of  antiquity  of  such  importance  that  Pamphilus  the  master  of  Apelles  declared,  without 
them  art  could  not  be  perfected.  Vitruvius  i)articularly  tells  us  the  same  thing,  and,  as 
follows,  gives  the  proportions  of  the  human  figure : — “ From  the  chin  to  the  top  of  the 
forehead,  or  to  the  roots  of  the  hair,  is  a tenth  part  of  the  height  of  the  whole  body  ; from 
the  chin  to  the  crown  of  the  head  is  an  eighth  part  of  the  whole  height;  and  from  the  nape 
of  the  neck  to  the  crown  of  the  head,  the  same.  From  the  upper  part  of  the  breast  to  the 
roots  of  the  hair,  a sixth  ; to  the  crown  of  the  head,  a fourth.  A third  part  of  the  height  of 
the  face  is  equal  to  that  from  the  chin  to  the  under  side  of  the  nostrils,  and  thence  to  the 
middle  of  the  eyebrows  the  same : from  the  last  to  the  roots  of  the  hair,  where  the  forehead 
ends,  the  remaining  third  part.  The  length  of  the  foot  is  a sixth  part  of  the  height  of  the 
body  ; the  fore-arm,  a fourth  part ; the  width  of 
the  breast  a fourth  part.  Similarly,”  continues 
our  author,  “ have  the  other  members  their  due 
proportions,  by  attention  to  which  the  ancient 
painters  and  sculptors  obtained  so  much  reputa- 
tion. Just  so,  the  parts  of  temj)les  should  corre- 
spond with  each  other  and  with  the  whole.  The 
navel  is  naturally  placed  in  the  centre  of  the 
human  body  ; and  if  a man  lie  with  his  face  uj)- 
wards,  and  his  hands  and  feet  extended,  and  from 
his  navel  as  the  centre,  a circle  be  described,  it 
will  touch  his  fingers  and  toes.  It  is  not  alone  by 
a circle  that  the  human  body  is  thus  circumscribed, 
as  may  be  seen  {Jig.  815.)  by  placing  it  within  a 
square.  For,  measuring  from  the  feet  to  the 
crown  of  the  head,  and  then  across  the  arms  fully 
extended,  we  find  the  latter  measure  equal  to  the 
former ; so  that  the  lines  at  right  angles  to  each 
other,  enclosing  the  figure,  will  form  a square.” 

2395.  “ How  well,”  says  Flaxman  {lectures  on  Sculpture),  “the  ancients  understood  the 
balance  of  the  figure,  is  proved  by  the  two  books  of  Archimedes  on  that  subject;  besides, 
it  is  impossible  to  see  the  numerous  figures,  springing,  jumping,  dancing,  and  falling,  in  the 
Herculaneum  paintings,  on  the  painted  vases,  and  the  antique  basso-rilievos,  without  being 
assured  that  the  painters  and  sculptors  must  have  employed  geometrical  figures  to 
determine  the  degrees  of  curvature  in  the  body,  and  angular  or  rectilinear  extent  of  the 
limbs,  and  to  fix  the  centre  of  gravity.”  Leonardo  da  Vinci  has  illustrated  the  subject  in  his 
Trattuto  di  Pittura,  a perusal  of  which  cannot  fail  of  being  highly  beneficial  to  the  student. 

2396.  As  in  all  other  bodies,  the  centre  of  gravity  of  the  human  figure  is  that  point  from 
which,  if  suspended,  the  figure  would  remain 
at  rest  when  turned  round  upon  it.  Flaxman, 
by  some  strange  mistake,  has  described  the 
centre  of  gravity  as  “ an  imaginary  straight 
Une,  which  falls  from  the  gullet  between  the 
ankles  to  the  ground,  when  it  (the  figure)  is 
perfectly  upright,  equally  poised  on  both  feet, 
with  the  hands  hanging  down  on  each  side.” 

{Fig.  816.).  The  fact  is,  that  the  centre  of 
gravity  is  found  to  be  in  a line  so  drawn,  or 
rather  removed  backwards  from  it,  in  a verti- 
cal plane  returning  from  that  line. 

2397.  Motion  implies  change  of  position; 
for  Instance,  in  Jig,  817.,  the  weight  of  the 
figure  is  thrown  on  one  leg,  hence  a line  j)ass- 
ing  through  the  centre  of  gravity  falls  from 
the  gullet  on  one  leg,  on  which  side  also  the  shoulder  becomes  lowered,  and  that  on  the 
opposite  side  raised  ; the  hip  and  knee  sinking  below  those  on  the  side  supporting  the 
weight.  In  Jig.  818.  the  dotted  lines  terminated  by  the  letters  ABCD  represent  lines  of 
motion,  as  also  the  extent  of  such  motion.  The  same  are  also  shown  in  Jig.  819.,  wherein 
A shows  the  inclination  of  the  head  to  the  breast ; B the  extreme  bend  of  the  back  over 
the  legs,  without  changing  their  position ; C that  of  the  back  bent  backwards,  the  legs 
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remaining  in  the  same 
position.  If  the  hack 
be  bent  as  far  as  1),  the 
tliighs  and  legs  will  pro- 
ject as  far  as  E. 

2.998.  Referring  back 
to  fiy.  817.  for  coin])ari- 
son,  as  the  coininence- 
nient  of  motion,  with 
Jfig.  820.,  we  shall  imme- 
diately see  that  the  j)  re- 
paration for  running 
consists  in  throwing  the 
balance  beyond  tlie  „ 
standing  foot ; and  that  ^ 
when  the  centre  of  gra- 
vity, which  is  now  about 
to  take  place,  falls  out  of 
the  common  base,  the 
hinder  leg  must  be  out, 
and  off  the  ground,  to  ^ 

balance  the  fore  part  of  the  figure,  which  would  otherwise  fall. 

2399.  In  preparing  to  strike  821.),  the  figure  is  thrown  back  at  the  beginning  of 


FiB.  820. 

the  action  to  give  force  to  the  blow  ; the  dotted  line  shows  the  extent  of  the  springing 
forward,  in  which  the  action  is  ended  by  the  fall  of  the  blow  upon  the  object. 

2400.  In  fig.  822.,  bearing  a weight,  the  comhined  centres  of  gravity  of  the  figure  and 


Fi«.  821. 


Fig.  823. 

the  weight  to  be  borne  must  be  found  ; and  through  it  the  line  falls  between  the  feet,  if 
the  whole  weight  rests  equally  on  both,  or  on  the  supporting  foot,  if  the  weight  is  thrown 
upon  one.  Flaxman,  who  was  a finer  artist  than  a geometrician,  has,  in  his  lectures,  fallen 
into  another  mistake  on  this  head,  by  saying  the  centre  of  gravity  is  the  centre  of  the 
incumbent  weight,  which  is  absurd  ; because  the  figure  has  not  only  to  balance  the  weight 
itself,  but  also  its  own  weight. 

2401.  In  leaping  {^fig.  823.),  the  body  and  thighs  are  drawn  together  to  prepare  for  the 
spring ; the  muscles  of  the  leg  draw  up  the  heel,  and  the  figure  rests  on  the  ball  of  the 
foot ; the  arms  are  thrown  back  to  be  ready  immediately  for  swinging  forward,  and  thus 
assisting  in  the  impulse.  When  the  figure  alights,  the  arms,  at  the  instant  of  alighting, 
will  be  found  raised  above  the  head ; and  a line  dropped  from  the  centre  of  gravity  will  be 
found  to  fall  near  the  heels. 

2402.  In  leaning  {fig.  824.),  if  on  more  than  one  point,  the  greatest  weight  is  about  that 
point  on  which  the  figure  chiefly  rests. 
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210.3.  Fifi.  825.  is  a flying,  and 
a falling  figure,  both  where- 
of being  in  motion  through  the  air 
rest  on  no  point.  In  the  first  it  will 
be  observed  that  the  heavie.st  por- 
tion of  the  figure  is  bounded  by 
lines  inclined  upwards  ; as  in  fall- 
ing the  heaviest  portion  of  it  has 
a downward  direction  We  have 
thought  the.se  elements  would  be 
useful,  as  exhibiting  those  leading 
jirinciples  without  the  comprehen- 
sion whereof  no  motion  or  action 
can  be  well  expressed.  “ Every  change,” says  Flaxman,  “of  position  or  action  in  the  human 
figure  will  present  the  diligent  student  with  some  new  application  of  principles,  and  some 
valuable  exam})le  for  his  imitation.” 

2404.  We  shall  close  this  section  with  the  application  of  the  principles  detailed  in  the 
management  of  the  port  crayon  to  the  drawing  of  landscapes.  The  subject  of  Ji^s.  82". 


Fit'.  816. 
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5ud  828.  is  from  a spot  a little  way  out  of  Rome,  the  tower  of  Ca'cilia  Mctella  being  seen 
in  tlie  distance. 

2404a.  In  fig.  82G.  the  masses  are  roughed  in  from  the  objects  themselves  ; and  the  prineipal  mass  aAcOU 
on  the  left  side  is  first  very  carefully  drawn  by  itself,  being,  as  resjiects  leading  lines  and  thu  knesses,  cor- 
rected until  the  eye  is  satisfied  of  the  truth  of  its  general  form.  The  eye  is  as  high  as  K and  K,  which 
therefore  show  the  height  of  the  horizontal  line,  and  are  also,  in  fact,  the  vanishing  points  for  the  wall  on 
the  right-hand  side  of  the  picture,  and  the  house  on  the  same  side  a little  beyond  it.  Holding  the  port 
crayon  level,  and  taking  on  it  with  the  thumb  or  forefinger  the  distance  01,  we  shall  find  that  twice  that 
measure  in  2 and  3 will  give  the  junction  of  the  wall  with  the  pier  ; and  that  a line  contiiiueil  horizontally 
from  d cuts  the  top  of  the  plinth  of  the  gate  pier.  The  picture  hajipens  to  be  divided  into  two  <-qnal  parts 
by  a vertical  line  drawn  through  the  break  in  the  city  wall  in  the  distance,  dl,  continued  upwards,  diter- 
inines  one  side  of  the  house  on  the  right-hand  side  of  the  road,  and  from  a point  at  a break  in  the  foreground 
intersects  the  projecting  wall  at  f : a vertical  line  determines  the  left  side  of  the  tower.  The  remaining 
horizontal  lines,  it  will  be  seen,  determine  other  points  and  lines  ; and  thus  it  is  manifest  that  the  w hole 
arrangement  has  been  accomplished  by  making  the  mass  abc^\d  a measure  or  unit  for  ascertaining  the  size 
and  relative  position  of  the  other  parts,  lnyzg.828.  the  detail  is  filled  in,  and  brought  to  a higher  state  of 
finish. 

24()4/>.  There  is  a mechanical  method  of  obtaining  the  exact  relative  sizes  of  objects,  and  their  positions 
In  making  drawings  from  nature  or  casts,  which  we  will  endeavour  to  explain.  If  the  draftsman  take  a 
pair  of  pretty  large  sized  compasses,  and,  fastening  a piece  of  string  at  the  joint  end  of  them,  hold  the  points 
open  before  his  eye,  so  as  to  take  in  the  extent  of  space  his  drawing  is  intended  to  occupy  ; then  tie  a knot 
In  the  string  to  keep  it  between  his  teeth,  so  that  the  compasses  Doin’ s may  be  kept  in  any  plane  always 
equally  distant  from  the  eye  ; he  may,  for  the  various  pans  of  his  drawing,  by  opening  or  closing  the  coin- 
passes,  have  their  exact  relative  heights,  widths,  and  positions,  to  be  at  once  transferred  to  the  drawing. 


Sect.  II. 

PERSPECTIVE. 

240.5.  A perspective  delineation  is  the  linear  repre.sentation  of  any  object  or  object.s,  as 
it  or  they  appear  to  the  eye,  and  is  such  a figure  of  an  object  as  may  lie  supjtosed  to  be 
made  by  a plane  making  a section  of  the  body  or  pyramid  of  visual  rays  directed  from  the 
eye  to  the  different  parts  of  the  object.  A delineation  so  made,  being  properly  coloured 
and  shadowed,  will  convey  a lively  idea  of  the  real  object,  and  at  the  same  time  indicate  its 
position  and  distance  from  the  eye  of  the  observer. 

2406.  DEKiNirioNs.  — 1.  An  original  object  or  objects  is  or  are  an  object  or  number  of 
objects  proposed  to  be  delineated  : for  instance,  a house,  a ship,  a man,  or  all  or  any  of 
them  together.  In  Jig.  829.  the  house  ABCDFHK  is  the  original  object. 


2.  Original  lives  are  anv  lines  that  are  the  boundaries  of  original  objects,  or  of  planes 

in  those  objects,  the  lines  AB,  BC,  CD  are  original  lines,  being  partly  the 
boundaries  of  the  original  object  ABCDFHK.  i i j • 

3.  The  ground  plane  is  that  upon  which  the  objects  to  be  drawn  are  placed,  and  is 
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always  considered  a boundless  level  plane.  The  plane  X in  the  figure  is  the  ground 
plane,  upon  which  is  placed  the  object  ABCUhHK. 

4 2'he  point  of  view  ov  point  of  sight  is  the  fixed  place  of  the  eye  of  the  observer, 
viewing  the  object  or  objects  to  be  delineated  : E in  the  figure  is  such  point. 

5.  The  station  point  is  a point  on  the  ground  plane,  perpendicularly  under  the  point  of 
sight  or  eye  of  the  observer,  and  expresses  on  the  ]dan  the  station  whence  the  view  is 
taken.  S is  the  station  point  in  the  figure,  being  a point  on  the  ground  plane  ver- 
tically under  the  eye  of  the  observer  at  E. 

6.  The  plane  of  delineation  or  the  picture  is  the  canvas  or  paper  whereon  it  Is  intended 
to  draw  any  object  or  number  of  objects.  Thus,  in  the  figure,  the  plane  GIKL  is 
the  plane  of  delineation  ; but,  in  the  extensive  sense  of  the  word,  the  plane  of 
delineation  is  considered  a boundless  plane,  however  circumscribed  may  be  the 
delineation  made  thereon. 

7.  27ie  horizontal  line  or  the  horizon  is  a line  on  the  plane  of  delineation  in  every  part 
level  with  the  eye  of  the  observer  or  point  of  view.  VZ  is  the  horizontal  line  on 
the  plane  of  delineation  GIKL.  It  is  supposed  to  be  obtained  by  the  intersection 
of  a plane  passing  through  the  eye  of  the  observer,  parallel  to  the  ground  plane, 
produced  till  it  touches  the  plane  of  delineation. 

8.  The  centre  of  the  picture  is  a point  ])erpendicularly  opposite  the  eye  of  the  observer, 
or  point  of  view,  and  is  consequently  always  somewhere  in  the  horizontal  line. 
()  in  the  horizontal  line  VZ  is  the  centre  of  the  picture,  being  perpendicularly 
opposite  to  the  eye  at  E. 

9.  'The  vertical  line  is  a line  drawn  through  the  centre  of  the  picture  perpendicular  to 
the  horizon.  In  the  figure  PR  is  the  vertical  line.  It  is  here  worthy  of  notice 
that  the  vertical  line  determines  how  much  of  the  view  lies  to  the  right  and  how 
much  to  the  left  of  the  eye  of  the  artist. 

10.  The  distance  of  the  picture  is  a direct  line  from  the  eye  to  the  centre  of  the  picture. 
EO  is  the  distance  of  the  picture,  or  plane  of  delineation,  GIKL. 

11.  The  ground  line  is  that  where  the  ground  plane  intersects  the  plane  of  delineation, 
as  GL  in  the  figure. 

12.  An  intersecting  point  is  one  made  on  the  plane  of  delineation,  by  producing  a line  in 
an  original  object  till  it  touches  the  plane  of  delineation.  Thus,  T is  the  inter- 
secting point  of  the  original  line  BA. 

13.  An  intersecting  line  is  one  made  on  the  plane  of  delineation,  by  producing  any 
plane  in  an  original  object  till  it  touches  the  plane  of  delineation,  or  where,  if  pro- 
duced, it  would  touch  it.  Thus  WT  is  the  intersecting  line  of  the  original  plane 
ABCDN,  being  the  line,  where  that  plane,  if  produced,  would  touch  the  plane  of 
delineation. 

14.  A vanishing  point  Is  that  point  on  the  plane  of  delineation  to  which  two  or  more 
lines  will  converge,  when  they  are  the  perspective  representations  of  two  or  more 
parallel  lines  in  an  original  object,  whose  seat  is  inclined  to  the  plane  of  delineation. 
The  point  V in  the  figure  is  the  vanishing  point  of  the  line  A B,  being  found  by  the 
line  EV,  drawn  from  the  eye  of  the  spectator  parallel  to  it,  and  produced  till  it 
touches  the  plane  of  delineation  in  the  point  V.  For  a similar  reason,  V is  the 
vanisliing  point  of  the  line  CN  ; it  is  also  the  vanishing  point  for  any  other  line 
parallel  to  the  line  CN,  as  BA  ; all  parallel  lines  having  the  same  vanishing  point. 
The  point  Z is  the  vanishing  point  of  the  line  AK,  being  obtained  by  a line  drawn 
from  the  eye  parallel  to  the  line  AK,  and  produced  till  it  touches  the  plane  of 
delineation.  The  point  Z,  moreover,  is  the  vanishing  point  of  the  original  lines 
DP”  and  NH.  And  it  is  to  be  recollected  by  the  student,  that  there  will  be  as 
many  different  vanishing  points  of  lines  in  the  delineation  of  an  original  object  as 
there  are  different  directions  of  lines  in  that  original  object.  The  point  Y is  the 
vanishing  point  of  the  parallel  original  lines  DN  and  FH,  being  found  by  the  line 
E Y being  drawn  from  the  eye  parallel  to  them  till  it  touches  the  plane  of  delineation. 
So  also  Q is  the  vanishing  point  of  the  line  CD.  In  the  proce.ss  of  perspective 
delineations,  as  we  shall  presently  see,  the  plan  of  the  object  being  drawn,  the  places 
of  the  various  vanishing  points  are  found  on  the  ground  line,  whence  they  are 
transferred  to  the  horizontal  line  by  means  of  perpendiculars  raised  from  them. 

15.  A vanishing  line  is  one  supposed  to  be  made  on  the  picture  by  a plane  passing 
through  the  eye  of  the  observer  parallel  to  any  original  plane  produced  till  it 
touches  the  picture.  The  line  VZ  is  the  vani.shing  line  of  an  horizontal  plane,  and 
of  all  horizontal  planes,  being  found  by  the  intersection  of  a plane  passing  hori- 
zontally through  the  eye,  or  parallel  to  an  horizontal  plane.  The  vertical  line  YVM 
is  the  vanishing  line  of  the  original  veitical  plane,  ABCDN  being  the  line  where  a 
plane  passing  the  eye  of  the  spectator  parallel  to  that  plane  would  touch  the  plane 
cf  delineation.  There  will  be  as  many  different  vanishing  lines  on  the  piano  of 
delineation  as  there  are  different  positions  of  planes  in  the  object  or  objects;  and 
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all  parallel  i)lanos  will  Iiavc  the  same  vanishing  line.  Similarly,  all  lines  lyin;^  in 
the  same  plane  will  have  their  vanishing  ])olMts  in  the  va’.ishing  line  of  that  plane. 
All  planes  or  lines  in  an  original  object  which  are  situated  parallel  to  tlie  plane  of 
delineation  can  have  no  vanishing  lines  or  vanishing  points  on  the  plane  of  de- 
lineation. 

16.  A visual  ray  is  an  imaginary  right  line,  drawn  from  the  eye  to  any  point  of 
observation.  EA  and  EY,  &c.  are  visual  rays,  being  right  lines  drawn  from  the 
eye  to  the  points  A and  Y.  Henee  a number  of  visual  rays  directed  to  every  part 
of  an  object  will  form  a pyramid  of  rays,  whereof  the  eye  is  the  apex,  and  the  object 
the  base. 

17.  A perspective  delineation,  then,  is  the  section  of  a pyramid  of  rays  producing  a 
perspective  projection,  and  is  most  commonly  considered  as  being  made  between  the 
object  and  the  eye.  But  the  section  of  rays  may  be  taken  when  they  are  extended 
beyond  the  object ; in  which  case  such  a section  is  called  a projected  perspective  re- 
presentation of  the  object. 

2407.  It  will  then  be  seen  that  a knowledge  of  perspective  is,  as  Addison  has  said,  a 
knowledge  of  “ the  science  by  which  things  are  ranged  in  picture,  according  to  their  ap- 
pearance in  their  real  situation.” 

240S.  The  situation  of  the  objects  being  given  with  the  plan  and  position  of  the  plane  of 
delineation  and  the  height  and  distance  of  the  eye  of  the  observer,  the  delineation  of  such 
objects  is  truly  determinable  by  rule.  The  mechanical  operations  necessary  for  this  pur- 
pose form  the  subject  of  what  follows.  It  is  however  necessary,  before  proceeding  to  lay 
them  before  the  reader,  to  premise  that  he  must  thoroughly  study  and  understand  the  pre- 
ceding definitions  before  he  can  proceed  with  profit  to  himself,  and  ive  recommend  a repeated 
perusal  of  them  until  that  be  efiectually  accomplished. 

2409.  Example  I.  In  Jig.  830.,  No.  1.,  we  have  the  plan  of  the  original  object 


T? 


EBADCF,  whereof  A BCD  is  a cube,  and  BCEF  a double  cube,  that  is,  twice  the  height 
of  CBAl).  GL  is  the  plan  of  the  ground  line;  S,  the  station  point.  Through  S draw 
XY  parallel  to  the  plane  of  delineation  GL,  and  draw  SG  and  SL  respectively  jjarallel  to 
the  sides  EA  and  AD  of  the  united  cubes  A BCD  and  BCFE  ; and  these  produced  to  meet 
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the  i)lanc  of  delineation  will  clcterniine  the  vanishing  points  (Def.  14.)  of  the  horizontal 
lines  AE  and  .\1),  and  of  all  other  horizontal  lines  parallel  to  them.  Draw  the  line  SO 
perpendlcnlar  to  GL,  which  line  being  the  direction  of  the  eye  perpendicular  to  the  plane 
of  the  picture  determines  the  point  thereon  to  which  the  eye  should  be  directly  opposite  to 
view  it  when  completed,  showing  also  how  much  i»f  the  object  is  on  one  side,  and  how  much 
on  the  other  of  the  point  of  view.  We  have  now  to  draw  the  visual  rays  S.A,  SB,  SE,  SF, 
SC,  SD,  cutting  the  ])lane  of  the  picture  or  delir.i^atlon  in  b,  x,  w,  c,  and  d;  the  point  A of 
the  nearest  cube  touching,  itself,  the  picture  at  that  point.  The  preparation  on  the  i)ian 
is  now  completed. 

2410.  The  picture  (No.  2.)  or  plane  of  delineation  is  to  be  prepared  as  follows : — First 
draw  the  ground  line  GL,  and  to  such  ground  line  transfer,  by  dropping  verticals,  the 
points  KxhwcA  and  d.  Above,  and  parallel  to  GL,  at  such  convenient  height  as  may  be 
necessary  to  show  more  or  less  of  the  upper  surfaces  of  the  cubes  or  otherwise,  as  desired, 
draw  the  horizontal  line  VZ  ; mark  on  such  horizontal  line  the  point  O,  to  which  the  eye 
is  supposed  to  be  perpendicularly  opposite  for  viewing  the  delineation  when  completed. 
All  the  other  preparations  are  obtained  from  the  plan,  and  may  be  obtained  as  follows  - 
First  set  off  on  the  horizontal  line  VZ  the  points  V and  Z,  wliich  are  the  vanishing  points 
of  the  sides  AE  and  AD  respectively.  As  A,  the  nearest  angle  of  the  object,  touches  the 
plane  of  delineation,  it  is  manifest  that  a line  vertically  drawn  from  that  point  will  be  of  the 
same  height  as  the  object  itself,  that  is,  as  the  figures  are  cubes,  equal  to  AB  or  AD  in  the 
plan  No.  1.  Take,  therefore,  AB  No.  2.  of  the  height  required,  and  draw  the  lines  BV 
and  AV,  also  AZ  and  BZ,  which  being  crossed  by  verticals  carried  up  from  xhwcd  will 
determine  the  points  he  and  i at  the  bottom,  ai\d  in  f and  h at  the  top,  and  pq  and  r in  the 
part  where  the  cube  is  double  the  height.  Drawing  hV  it  is  intersected  by  the  verticals 
from  the  visual  rays  at  c and  to,  cutting  in  g and  n.  The  line  KK  forms  another  line  of 
heights,  if  desired,  for  finding  the  height  F<7 ; indeed,  by  continuing  any  line  BC  (No.  1.) 
to  K,  intersecting  the  picture,  a line  of  height  may  be  obtained.  The  rei)resentation  of  the 
cube  marked  A will  be  understood  without  difficulty,  if  what  has  preceded  be  well  com- 
prehended. As  by  Definition  15.  we  have  seen  that  all  planes  or  lines  in  an  original  object 
situated  parallel  to  the  plane  of  delineation  have  no  vanishing  lines  or  points  in  the  plane 
of  delineation,  so  two  of  the  sides  of  the  cube  will  be  bounded  by  horizontal  and  vertical 
lines,  inasmuch  as  those  sides  lie  parallel  to  the  plane  of  delineation.  The  vanishing  points 
for  the  other  lines  will  of  course  be  found  in  O,  which  passes  through  the  picture  at  right 
angles  to  it  from  S,  the  station  point. 

2411.  Example  II.  To  find  the  representation  of  a quadrangular  building,  situated 
inclined  to  the  picture,  covered  with  a single  spanned  roof,  having  a gable  at  each  end. 

2412.  Let  the  rectangle  ABCD  (No.  4.)  {fig.  831.)  be  the  plan  of  the  building,  the 
line  EF  will  be  the  place  of  the  ridge  of  the  roof  extending  from  end  to  end.  Let  the  line 
QL  be  the  place  of  the  plane  of  delineation,  and  let  S he  the  station  point. 

2413.  Find  O the  centre  of  the  picture,  also  the  points  Q and  L,  the  vanishing  points 
of  the  lines  AB  and  AD,  and  their  parallels,  by  lines  drawn  from  S parallel  to  such  lines, 
and  intersecting  the  picture.  Produce  the  face  of  the  building  AD  to  I for  an  intersection 
with  the  picture,  and  draw  the  visual  rays  intersecting  the  ground  line  of  the  picture 
in  the  points  leaf  and  d.  These  need  not,  however,  be  drawn  beyond  the  plane  of 
delim>ation. 

2414.  Prepare  the  picture  (No.  5.)  by  drawing  the  horizontal  and  ground  lines  VZ  and 
GR  at  any  distance  from  each  other  at  pleasure  ; fix  upon  the  centre  of  the  picture  O,  and 
draw  the  vertical  line  00;  set  off  the  distances  of  the  va*iishing  points  OV  and  OZ,  e(jual 
the  distances  o the  vanishing  points  OQ  and  OL  in  No.  4.  Draw  the  intersecting  line 
IL(No.  5.),  and  all  the  visual  lines,  through  the  points  heaf  and  r/,  taken  from  their 
respective  places  and  distances  heaf  and  d (No.  4.),  and  proceed  as  follows:  — 

2415.  On  the  intersecting  line  IL  (No.  5.)  set  up  the  height  IK  equal  to  the  height  of 
the  building  BC  or  HG  (Nos.  1.  and  2.),  and  draw  the  lines  KZ  and  IZ,  determining  the 
plane  gmop  for  the  front  of  the  building.  Draw  the  lines  m\  and  g\,  determining  the 
end  of  the  building  ghim.  It  now  remains  to  place  the  roof,  which  is  readily  done,  but 
which,  however,  requires  some  circumspection  in  the  process. 

2416.  Place  the  height  of  the  roof  XD  (No.  1.)  on  the  intersecting  line  at  IL  (No.  5.), 

and  draw  LZ,  which-will  give  the  height  of  the  roof  on  the  angular  line  of  the  building  gm 
at  r;  from  which  spot  it  may  readily  be  transferred  to  its  proper  place  in  the  visual  line  ek  by 
the  line  rV,  which  cuts  the  line  ek  in  the  point  k,  the  point  re(]uired.  From  the  point  k 
draw  the  lines  ki  and  km,  completing  the  gable  end  of  the  building.  Draw  the  ridge  of  the 
roof  k7u,  cutting  the  end  visual  line,  in  the  point  n ; and  lastly,  draw  the  line  no,  completing 
the  whole  linear  delineation  of  the  building  It  is  to  be  observed,  that  whatever 

original  j)lane  is  produced  to  the  picture  to  obtain  an  intersection,  such  intersection 
.serves  only  to  obtain  heights  in  the  direction  of  that  plane  ; whence  they  may  be  transferred 
to  other  planes  in  contact  with  it,  as  in  the  pre.sent  Instance.  The  intersecting  line  IL 
(No  5.)  is  the  intersecting  line  of  the  plane  ; hence  any  original  heigl  t set  up 
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thereon  can  only  be  transferred  throughout  the  direction  of  that  plane.  Thus  the  height 
of  the  roof  IL  was  transferred  by  the  line  LZ  along  that  jdane  to  its  other  extremity  .v  ; 
but  the  line  rs  is  not  the  j)lace  of  the  ridge  of  the  roof,  which  lies  in  the  middle  of  the 
plane  ghiJ/m,  proceeding  from  the  point  k ; but  any  height  on  the  angular  line  gr  is  easily 
transferred  along  that  plane  by  means  of  its  horizontal  vanishing  ])oint  V,  by  which  means 
the  height  of  the  roof  was  obtained  by  the  line  rV  at  k.  If,  instead  of  the  plane  over  the 
liiie  AD  (No.  4.)  being  produced  for  an  intersectioii,  the  plane  of  the  middle  of  the  house 
in  the  direction  of  the  ridge  of  the  roof  had  been  dtawn,  and  the  height  of  the  roof  had 
been  set  up  on  that  line,  it  would  at  one  aiiplication  be  transferred  to  its  pro])er  ))lace. 

2417.  Let  the  line  FE  (No.  4.)  be  produced  to  P for  an  intersection,  set  otf  the  distance 
OP  at  OP  (No.  5.),  and  draw  the  intersecting  line  PR.  On  PR  set  u|)  the  height  of  the 
ridge  of  the  roof  equal  XD  (No.  1.),  and  d)aw  the  ridge  line  RZ,  and  it  determines  the 
exact  ridge  of  the  roof  between  the  proper  visual  lines,  and  will  be  found  to  correspond 
exactly  with  the  ridge  obtained  by  the  former  process. 

2418.  The  roof  may,  however,  be  found  by  anotlier  process,  thus: — The  slant  lines  of  the 
roof  have  their  vanishing  points  on  the  picture  as  well  as  any  other  direction  of  lines  in  the 
same  object.  The  line  km  (No.  5.)  being  in  the  vertical  plane  gkihm,  will  have  its  vanish- 
ing points  somewhere  in  the  vanishing  line  of  that  plane.  (Def  15.)  A vertical  line 
drawn  through  the  horizontal  vanishing  point  V will  be  the  vanishing  line  of  the  plane 
gliikm;  therefore  the  vanishing  point  of  the  lines  km,  hi,  and  of  all  lines  parallel  to  them, 
will  be  somewhere  in  the  vertical  GVXQ. 

2419.  Two  lines  drawn  from  the  eye  parallel  to  any  two  lines  in  an  object,  finding  their 
vanishing  points,  will  make  the  same  angle  at  the  eye  as  the  lines  in  the  object  make  with 
each  other ; for  the  two  lines  in  the  one  instance  are  respectively  parallel  to  the  two  lines 
in  the  other. 

2420.  The  line  SQ  is  drawn  from  the  station  S parallel  to  the  line  AB  (No.  4.),  and  a 
line  drawn  from  the  station  S,  making  the  same  angle  with  SQ  as  El)  does  with  EC, 
(No.  1.),  will  find  the  vani.shing  point  of  the  line  El),  and  this  point  must  be  evidently 
somewliere  in  a vertical  line  through  the  point  Q.  To  obtain  this  point  in  practice,  take 
the  distance  of  the  vanishing  line  it  is  in,  that  is,  the  length  from  S to  Q In  the  compasses, 
and  set  olf  the  same  in  the  horizon  (No.  5.)  from  V.  to  ^V.  At  the  ])oint  \V'  make  an  angle 
VWX  equal  to  the  inclination  of  the  roof,  that  is,  equal  to  the  angle  CED  (No.  1.),  and 
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produce  tlie  line  till  it  intersects  the  vertical  line  through  the  vanishing  point  V in  the 
horizon  in  the  point  X.  The  point  X will  be  the  vanishing  point  of  the  line  of  the  roof  km 
(No.  5.),  and  of  the  line  no,  parallel  to  it.  The  slant  lines  of  the  roof  km  and  no,  already 
obtained,  will,  on  application  of  a ruler,  be  found  to  tend  to  the  point  X,  as  above  stated. 

2421.  In  the  same  way  the  line  of  the  roof  ki  ( No.  5.)  will  also  have  its  vanishing  point, 
and  in  the  same  vertical  line  GV'^Ci,.  It  will  be  found  to  be  as  much  below  the  horizontal 
vanishing  point  V as  the  point  X is  above  it.  (Def.  14.) 

2422.  Let  the  line  AB  (No.  6.)  be  the  line  of  the  horizon,  and  CD  the  vanishing  line  of 
a vertical  plane,  being  the  gable  end  of  a house,  and  let  the  angle  ABC  be  that  of  inclina- 
tion, linding  the  vanishing  point  of  the  slant  lines  of  a roof  in  one  direction.  Let  the 
line  BU  be  the  line,  finding  the  vanishing  point  of  the  slant  lines  in  the  other  direction, 
having  the  same  inclination  to  an  horizontal  line;  then  the  angle  ABD  will  be  equal  to 
the  angle  ABC,  and  the  distance  AD  equal  to  the  distance  AC. 

2428.  Example  III.  To  find  the  representation  of  a quadrangular  building  situated 
inclined  to  the  picture,  covered  with  a single  hipped  roof. 

2424.  Let  the  quadrangle  GDHK  (No.  7.)  be  the  plan  of  the  building;  the  line  MN 
v/111  represent  the  ridge  of  the  roof.  The  former  line  (^L  may  be  the  place  of  the  plane  of 
delineation,  and  it  may  be  viewed  from  the  same  station  S.  The  position  and  direction  of 
the  lines  of  this  object  being  the  same  as  those  of  the  last  example,  the  preparatory  lines 
will  also  answer  for  this.  We  have  then  only  to  draw  the  visual  rays  MS,  NS,  CS,  PS, 
and  KS,  intersecting  the  picture  in  the  points  m,  n,g,p,  and  k,  and  to  produce  the  line  DG 
for  an  intersecting  point  at  R. 

2425.  Prepare  the  picture  (No.  8.);  let  the  line  VZ  be  the  horizon,  GR  the  ground 
line,  O the  centre  of  the  picture,  and  the  points  m,n,  g p,  and  k coresponding  with 
m,  n,  g,p  and  k.  (No.  7.)  Draw  the  visual  line  lines  through  those  points  and  the  intersect- 
ing ])oint  R,  and  proceed  as  follows;  — 

2426.  On  the  intersecting  line  RE  set  up  the  height  RT,  equal  the  height  of  the 
object  HG  (No.  2.),  and  draw  the  lines  TV  and  RV,  cutting  the  visual  lines  of  the  front 
of  the  bu  Iding  in  the  points  z and  o,  y andp,  determining  the  plane  ypoz  for  the  represent- 
ation of  the  plane  of  the  front.  From  the  angular  points  z and  y draw  the  lines  zw  and  yx 
to  their  vanishing  point  Z determining  the  plane  yzwx  for  the  end  of  the  building. 

2427.  On  the  intersecting  line  set  up  the  height  of  the  roof  TE  equal  the  height  NK 
(No.  3.),  and  draw  EV  cutting  the  angular  visual  line  of  the  building  in  the  point  e,  from 
which  point  draw  the  line  ez,  cutting  the  visual  line  pa  in  the  point  a,  the  point  of  direction 
of  the  ridge  of  the  roof.  Draw  the  line  a V,  which,  cutting  the  visual  lines  through  the  points 
ni  and  n in  the  points  ^ and  v,  determines  the  exact  position  of  the  ridge  of  the  roof  tv,  which 
is  the  representation  of  OP  (No.  3.),  or  of  the  ridge  MN  (No.  7.);  draw  the  lines  to,  vz, 
and  vw,  which  will  complete  the  whole  representation  required.  In  No.  8.,  if  the  lines 
az  and  aw  be  drawn,  they  will  form  a gable  end  yzawx,  of  which  the  point  a is  the  point  of 
the  gable,  and  will  answer  for  the  direction  of  the  ridge,  whether  it  he  a gable  end  or  a 
nipped  roof,  for  in  both  cases  it  lies  in  the  middle  of  the  breadth  of  the  house ; wherefore 
the  line  «V  answers  as  well  the  edge  of  a hipped  roof  as  of  a gable  end. 

2428.  In  examining  the  plans  (Nos.  4.  and  7.)  of  the  two  buildings,  it  will  be  seen  that 
they  are  placed  at  right  angles  to  each  other,  and  in  contact  at  the  point  D,  so  that  the 
second  example  might  have  been  easily  accomplished  from  the  first,  without  the  aid  of 
another  intersection  and  other  preparatory  lines,  than  the  additional  visual  rays  from  the 
angles,  wliich  the  student  will  have  surely  no  difficulty  in  carrying  through,  without  the 
necessity  of  encumbering  these  pages  with  the  detail. 

2429.  Example  IV.  In  fig.  832.  No.  1.  is  the  general  plan  of  a church  similar  to 
many  country  churches.  ABCD  is  the  main  body  of  it;  EFGH  its  tower;  IKLM  and 
MLNO  subordinate  parts  of  the  building,  and  abed  the  porch.  No.  2.  is  its  geometrical 
elevation;  the  ends  and  measurements,  AB  and  BC,  answering  to  IM  and  MO  in  No.  1., 
and  the  points  of  the  roofs  D,  E,  and  F.  (No.  2.)  answering  to  the  lines  of  the  ridges 
(ill,  TV,  and  PL,  No.  1.  To  find  the  perspective  representation  of  this  building  on  the 
plane  of  delineation  YZ,  the  station  being  at  S,  the  following  is,  perhaps,  the  readiest 
process. 

2430.  Find  the  vanishing  points  Y and  Z of  the  horizontal  lines  of  the  building  by  the 
lines  SY  and  SZ  being  drawn  from  the  station  parallel  to  them.  O is  the  centre  of  tlie 
picture.  Draw  the  visual  rays  from  the  visible  angles  of  the  object  in  direction  to  the 
station  S,  to  intersect  the  plane  of  delineation. 

2431.  When  a complicated  object,  that  is,  one  composed  of  many  parts,  is  to  be  drawn, 
it  requires,  of  course,  a great  number  of  visual  rays  for  the  precise  determination  of  those 
parts,  and  the  whole  together  forms  an  apparently  confused  number  of  lines.  The  eye, 
however,  which  views  them  properly,  does  not  perceive  that  confusion  ; and,  if  it  perplex 
the  student,  different  coloured  inks,  or  of  different  shades  of  depth,  may  be  used  to  parti- 
cnlarisL*  different  parts.  In  the  delineation  of  such  an  object  as  the  present  example,  the 
most  important  consideration  is  the  choice  of  a proper  intersection ; for  though  any  inter- 
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section  will  do,  that  should  he  chosen  which  unites  most  parts  In  its  direction  with  the 
greatest  exactness  and  the  least  trouble.  In  the  case  under  consideration,  none  seems 
more  eligilde  than  the  direction  of  the  roof  PLM,  which  produce  to  W. 

2432.  In  the  picture  No.  3.,  GL  is  the  ground  line,  GV  the  height  of  the  horizon, 
the  line  VX  being  then  the  horizontal  line.  O in  the  horizon  is  then  the  centre  of  the 
picture,  from  which,  place  the  distances  of  the  horizontal  vanishing  points  OV  and  OX 
equal  OY  and  OZ,  No.  1.  AB  (No.  3.)  is  the  intersecting  line,  and  all  the  visual  lines 
on  the  plane  of  delineation  are  drawn  conformably  to  their  intersections  on  the  ground 
line  in  the  plan.  On  the  intersecting  line  the  height  AC  is  made  equal  to  the  height  AG 
of  the  elevation  No.  2. ; and  the  lines  Cc  and  Aa,  being  drawn  in  direction  to  the  vanishing 
point  V,  determine  the  height  ac  ; being  the  height  of  that  part  of  the  building  on  the  visual 
line  answering  to  the  ray  from  the  point  ]\I  in  the  plan  No.  1.  Through  the  points  a and  c 
draw  the  lines  de  and  hf  to  their  vanishing  point  X,  determining  the  plane  bdef,  the  repre- 
sentation of  the  plane  AGHC,  No.  2.;  the  visual  lines  bd  and  fe  answering  to  the  rays 
from  the  points  I and  O in  the  plan.  Draw  the  lines  dh  and  bff  tending  to  their  vanishing 
point  V,  to  the  ray  from  K in  the  plan  completing  the  plane  bglid.  On  the  intersection 
make  the  height  AD  equal  to  the  height  of  the  roof  NE  of  the  elevation  No.  2.,  and 
draw  Di  in  direction  to  V.  Through  i draw  the  line  kl  to  the  vanishing  point  X,  touching 
the  visual  lines  of  the  roofs  in  the  points  h and  I.  Draw  the  lines  I/m,  mh,  kd,  kc,  Ic  and  /c, 
which  will  complete  the  whole  of  the  structure  over  the  plan  IK  NO,  No.  I. 

2433.  The  height  of  the  roofs  of  the  low  buildings  is  equal  to  the  height  of  the 
upright  walls  of  the  body  of  the  building,  as  shown  by  the  line  I’R  in  the  elevation  No.  2. ; 
hence,  the  line  mo,  and  the  return  line  on,  may  be  drawn  to  the  visual  lines  corresponding 
with  the  intersections  from  the  angles  A and  B of  the  plan  From  the  angle  g the  line  gs 
may  also  be  drawn,  which  will  determine  the  lines  sr,  rt,  and  tp  of  the  porch.  Make  AE 
on  the  intersection  equal  to  the  height  of  the  roof  BF  in  the  elevation,  and  draw  the  line 
EV  determining  the  ridge  of  the  roof  between  the  two  visual  lines  from  the  points  P and 
E of  the  plan.  Draw  the  lines  of  the  gable  end  vo  and  vz,  the  point  z being  obtained  by 
the  line  om  drawn  to  its  vanishing  point  X,  cutting  the  visual  line  from  the  angle  D of 
the  plan  in  the  point  z. 
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2434.  Make  AG  and  AF  on  the  intersection  equal  to  the  heights  of  the  tower  BO  and 
BM  of  the  elevation,  and  draw  the  lines  GV  and  FV  cutting  the  visual  line  from  P in  the 
plan,  in  the  points  a and  b ; through  which  points  draw  the  lines  ac  and  ef  to  their  vanish- 
ing point  X;  and  the  lines  and  eg  to  their  vanishing  point  V;  the  points  e,  and /being 
in  the  proper  visual  lines  from  the  angles  of  the  tower  F,  E,  and  H in  the  plan.  The 
tower  will  he  completed  by  drawing  the  lines  dp,  de,  ae,  and  af. 

2435.  This  example  elucidates  the  general  practice  of  vanisliing  points,  which  are  as  well 
to  be  obtained  of  other  positions  of  lines  as  horizontal  ones.  It  is  not  always  that  the 
vanishing  points  of  inclined  lines  are  required,  but  they  are  often  useful,  and  sometimes 
absolutely  necessary.  In  the  geometrical  elevation  No  2.  the  lines  MO,  PF,  GD,  IE  are 
all  parallel  lines,  as  also  are  the  lines  OV,  FR,  EH,  and  DI,  and  though  situated  in  dif- 
ferent, yet  they  are  in  parallel  planes,  and  will  therefore  have  a common  vanishing  point. 
A line  drawn  perpendicularly  to  the  horizon  through  the  vanishing  point  X (jftg.  3.),  as 
LQ^  will  be  the  vanishing  line  of  the  plane  of  the  end  of  the  church  over  the  line  lO  of  the 
plan,  also  of  the  end  of  the  body  AD,  likewise  of  the  side  of  the  tower  EH  ; and  a line 
drawn  through  the  point  V (No.  3.)  perpendicularly  to  the  horizon,  as  GM,  will  be  the 
vanishing  line  of  the  planes  over  the  lines  (No.  1.)  IK,  AB,  ab  of  the  porch,  and  FE  of  the 
tower,  and  all  lines  in  those  planes,  or  the  boundaries  of  those  planes,  will  have  their 
vanishing  points  somewhere  in  those  vanishing  lines. 

2436.  To  obtain  the  vanishing  points  of  the  inclined  lines  of  the  roofs  and  tower,  take 
the  distance  of  the  vanishing  i)oint  Z from  the  station  S in  the  compasses,  and  apply  it  on 
the  horizon  from  X to  H.  At  the  point  H make  an  angle  with  the  horizontal  line  equal 
the  angle  of  the  roofs  aPc  (No.  2.);  the  curve  KI  and  the  distance  of  it  from  the  centre 
H being  equal  to  the  curve  ac,  and  distance  of  it  from  its  centre  P:  then  is  the  angle  KHI 
equal  to  the  angle  of  the  roof  aPc  (No.  2.).  Produce  the  line  HK  to  Q;  Q will  be  the 
vanishing  point  of  the  line  ea  of  the  tower,  also  of  the  parallel  lines  ov,  dk,  and  cl,  which, 
though  obtained  by  a different  process,  will  all  be  found,  by  application  of  a ruler,  to  tend 
truly  to  that  point,  as  is  shown  by  the  dotted  lines  in  the  example.  Proceeding  in  the 
same  way  with  the  distance  of  the  vanishing  point  Y from  the  station  S,  we  obtain  the 
vanishing  point  of  the  same  inclination  of  lines  in  the  other  planes  of  the  object.  Take  the 
length  SY  in  the  compasses,  and  set  it  off  on  the  horizon  from  V to  N.  At  the  point  N 
make  an  angle  I NT  on  the  horizon  equal  the  angle  KHI,  that  is,  equal  the  angle  of  in- 
clination of  the  roof  aPc  (No.  2.).  The  line  NT  produced  to  M in  the  vanishing  line 
GM  will  be  the  vanishing  point  of  the  line  o?e  of  the  top  of  the  tower,  also  of  the  lines  w3 
and  y5  of  the  porch  (the  inclination  of  the  roof  of  the  porch  being  the  same  as  the  other 
roofs  of  the  body  of  the  church),  as  shown  by  the  dotted  lines  in  the  example.  The 
walls  of  the  porch  are  obtained  from  the  height  AP  on  the  intersection,  equal  the  height 
AT,  No.  2.,  P«i  being  drawn  to  the  vanishing  point  V,  and  mn  to  X,  give  the  lines  n5,  53, 
and  32.  We  may  observe  that  the  inclined  lines  af,  le,  kc,  and  vz  have  a common  vanish- 
ing point,  which,  if  required,  may  be  obtained  ; it  will  be  in  the  same  vanishing  line  with 
the  point  Q,,  and  as  much  below  the  horizontal  vanishing  point  X as  the  point  Q,  is  above 
it,  to  which  point,  were  it  obtained,  the  lines  already  drawn  will  be  found  exactly  to  tend.  It 
is  seldom  absolutely  necessary  to  have  both  those  points ; in  this  instance  one  only  of  them, 
the  point  Q,  is  obtained,  which  answers  every  end  required  of  both  ; for,  supposing  it  were 
left  to  that  vanishing  point  for  finding  the  inclined  lines,  the  visual  lines  being  drawn,  and 
the  heights  of  the  upright  walls  being  found,  the  line  dk  being  d>-awn  in  direction  to  the 
vanishing  point  Q,  determines  one  side  of  the  gable  end  at  the  visual  line  in  the  middle  ; 
the  other  is  accomplished  by  joining  the  points  k and  c together.  So  of  the  other  gable, 
cl  being  drawn,  le  is  also  had  by  joining  together  the  points  I and  e. 

2437.  To  complete  the  whole,  draw  the  line  xq  on  the  tower  from  the  point  x to  the 
angle  of  the  tower,  in  direction  to  the  vanishing  point  Q,;  then  draw  the  lines  qh  and  nh  to 
their  proper  visual  lines  and  vanishing  points  V and  Q.  The  putting  on  of  the  spire  re- 
(juires  some  consideration,  and  in  it  we  must  proceed  with  some  thought  and  care.  The 
base  of  it  is  intended  to  be  a regular  octagon.  If  the  two  external  lines  in  the  geometrical 
elevation  of  the  spire  be  continued  till  they  touch  the  sides  of  the  tower,  as  is  done  at  K 
and  L (No.  2.),  and  an  octagon  be  there  constructed,  extending  the  square  of  the  tower,  it 
will  be  the  base  of  the  spire.  Set  up  the  height  of  the  spire  BW  (No.  2.)  on  the  inter- 
section (No.  3 ) at  B ; also  the  height  of  the  base  line  KL  at  R,  and  draw  the  lines  BV  and 
RV  ; the  first,  cutting  the  visual  line  through  the  centre  of  the  tower  in  the  point  O,  de- 
termines the  height  of  the  spire  ; the  other,  cutting  the  tower  in  the  point  u,  determines  its 
base.  Through  the  point  u draw  a line  round  the  lower,  and  find  the  points  of  the  octagon 
in  the  middle  of  each  face  of  the  tower,  to  which  let  lines  be  drawn  from  the  top  O,  and 
the  whole  will  be  completed,  as  shown  in  the  example. 

2438.  Thus  have  we  gone  through  the  process  of  finding  the  representation  of  rather  a 
complicated  object  with  as  little  confusion  of  lines  as  possible ; but  one  thing  succeeding 
anotlier,  and  each  being  recjuired  to  remain  for  the  student’s  observance,  the  whole 
unavoidably  becomes  intricate.  Indeed,  It  is  not  now  so  perfectly  executed  but  that 
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Boinething  remains  for  the  student  to  complete,  which  must  result  from  his  own  study  or 
occupy  more  space  than  all  we  have  already  written  on  it,  VVe  allude  to  the  intersections 
that  take  place  at  the  lodgment  of  the  spire  on  the  top  of  the  tow’er,  to  elucidate  which  it 
is  drawn  to  a larger  scale  at  No.  4.,  the  mere  inspection  w'hereof  will  convey  a full  and, 
we  hope,  satisfactory  idea  of  what  we  advert  to.  The  student  has  been  left  to  complete 
the  base  of  the  octagon,  a process  so  simple  that  we  cannot,  if  he  retain  what  fe  has  read, 
believe  he  will  find  difficulty  in  accomplishing,  either  by  visual  rays  or  other tvise.  It  is 
next  to  an  impossibility  to  describe  intricate  matters  like  these  so  as  to  leave  nothing  for 
the  exercise  of  the  reader’s  judgment;  for,  however  copious  the  instruction,  there  will 
always  remain  sufficient  unexplained  to  keep  his  mind  in  action,  and  afford  him  the  oppor- 
tunity of  exercising  his  own  ingenuity. 

Example  V.  In  fig.  8;33.  the  objects  X and  Y are  plans  of  columns  with  bases 


Fig.  S3.-5. 


and  capitals,  whose  general  forms  are  shown  at  X and  Y (No.  1.).  as  before,  is  tlie 

plane  of  the  picture,  S the  station  point.  The  picture,  as  previously,  is  prepared  with  the 
vanishing  points  VZ,  and  the  ground  line  GL.  00  is  the  central  line  of  the  picture,  and 
BA,  BA  are,  it  wnll  be  seen,  lines  of  height. 

2440.  In  the  squares  X and  Y the  dotted  lines  show  the  diagonals  and  boundaries  of 
squares  inscribed  in  the  circles,  by  which  so  many  more  lines  are  gained  for  obtaining  the 
curves  which  the  circles  form  in  the  perspective  representations.  The  visual  rays  are 
drawn  as  in  the  preceding  examples,  and  transferred  to  the  picture,  the  process  being,  in 
fact,  nothing  more  than  making  squares  following  the  profiles,  w’hlch,  at  the  different 
heights,  guide  the  formation  of  circles  within  and  around  them,  of  which  the  upper  ones 
only,  for  preventing  confusion,  are  shown  in  the  perspective  representation.  In  each 
scries,  the  extreme  width  of  the  appearance  of  the  circle  may  be  obtained  by  visual  rays,  as 

at  6,  h,h.  . t.  ^ c \ 

2441.  At  Z and  2 (Nos.  .8.  and  2.)  are  the  plan  and  elevation  of  an  arcade,  from  which 
it  will  be  seen  that  the  principle  of  inscribing  squares  and  diagonals  is  equally  applicable 
to  the  vertical  representation  of  circles.  Presuming  that  we  have  sufficiently  described  the 
diagram  to  enable  the  student  to  proceed  in  drawing  the  examples  at  large,  we  shall  now 

submit  an  example  of  general  application,  j . 1 r . 

2442.  Example  VI.  In  jig.  834.  YZ  is  the  plane  of  delineation,  and  the  plan  of  the 
building,  with  its  projections,  roof,  and  chimneys,  is  shown  in  No.  1.  In  practice,  this  is  ge- 
nerallv  made  on  a .separate  drawing  board,  to  enable  the  draughtsman  to  make  his  perspective 
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outline  without  injury  from  constantly  working  over  the  paper.  Here  the  vanishing  points 
are  too  distant  to  be  shown  on  the  diagram  ; but  the  reader,  from  the  tendency  of  the 
several  lines,  will  easily  find  where  they  lie.  In  the  same  manner,  he  will  find  whereabout 
the  station  point  is  placed.  R A,  BA,  BA,  No.  2.,  are  lines  for  the  transference  of  the  heights. 
The  projection  of  the  cornice  is  dotted  round  the  leading  lines  of  the  building  on  the  plan. 
The  rest  of  the  figure  cannot  fail  of  being  understood  and  put  in  practice  by  the  student 
who  has  made  himself  master  of  the  pi’eceding  examples. 

2143.  We  shall  now  turn  to  a point  whereon  much  difference  of  opinion  has  prevailed, 
namely,  the  adjustment  of  what  may  generally  be  considered  the  best  angle  of  vision,  within 
which  objects  should  be  seen  to  obtain  the  most  agreable  representation  of  them.  For  as 
this  angle  is  enlarged  or  decreased  by  viewing  the  objects  at  greater  or  less  distances,  their 
appearance  will  vary,  and  their  delineation,  in  consequence,  be  affected  thereby,  and  dis- 
tortion of  the  objects  will  be  the  result. 

2444.  By  the  angle  of  vision  or  angle  of  view  is  understood  the  expansion  of  the  lines 
proceeding  from  the  eye,  by  the  two  extreme  visual  rays 
embracing  the  whole  extent  of  the  view,  and  this  whe- 
ther it  consists  of  one  object  or  of  many.  Let  A {fig. 

835.)  represent  the  plan  of  a mansion;  let  B be  the  c 
outhouse  contiguous  to  the  mansion,  and  let  the  places 
of  trees  be  at  CCC  and  DDD.  Let  S be  the  station 
or  point  of  view  from  which  the  whole  is  seen.  Con- 
sidering the  mansion  A as  a lone  object,  the  extreme 
visual  rays  Sa  S/>  form  at  the  eye  the  angle  a?>b;  then 
uS5  is  the  angle  of  view  under  which  that  object  is 
seen,  Sa  and  S5  being  the  two  extreme  visual  rays  em- 
bracing the  whole  extent  of  the  object.  Again,  if  the 
outhouse  B be  taken  as  a single  object,  then  will  the  ex- 
treme visual  rays  cS  and  rfS  form,  at  the  eye,  the  angle 
cSd,  being  the  magnitude  of  the  angle  under  which 
that  object  is  seen.  So  of  any  object,  the  visual  rays 
that  embrace  its  whole  extent  form  the  angle  of  view 
under  which  it  is  said  to  be  seen.  It  is  then  mani- 
fest that  the  angle  of  view  will  be  either  large  or  small,  as  the  eye  is  near  to  or  remote  from 
the  object.  Suppose  both  the  objects  and  B are  to  be  taken  into  the  view,  with  the  ad- 
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dition  of  the  trees  to  their  right  and  left.  Let  visual  rays  be  drawn  from  the  trees  on  both 
sides  to  the  station  S.  'I’he  angle  CSD  is  the  angle  of  view  under  which  the  whole  extent 
is  seen,  and  the  rays  CS  and  DS  are  denominated  the  extreme  visual  rays  of  the  view. 

2445.  Objects  may  not  only  be  placed  too  near  the  eye  for  comfortably  viewing  them, 
but  they  may  be  so  nearly  placed  to  the  eye  as  to  give  it  pain.  The  eye  only  contemplates 
a small  portion  at  a time  ; it  is  only  by  its  celerity  and  continual  motion  tiiat  it  becomes 
perfectly  sensible  of  a whole  and  of  the  many  forms  whereof  it  is  comjjosed.  Rut  when  an 
object,  or  many  objects,  widely  extended,  are  placed  too  near,  the  traverses  of  the  eye  in 
viewing  the  whole  become  painful.  Every  one  must  have  experienced  that  this  is  so,  and 
why  so  we  must  leave  to  others  to  account  for.  When  the  eye  is  removed  to  an  a'^reeable 
distance,  the  extent  of  the  view  to  be  delineated  is  at  once  seen  without  turning  the  head  to 
one  side  or  the  other,  so  that  all  the  objects  are  at  once  comprehended. 

2446.  In  taking  a view,  the  turning  of  the  head  is  to  be  avoided.  The  view  should  on 
no  account  comprise  a greater  extent  than  can  be  taken  by  a coup  d'oeil,  or  than  can  be 
viewed  by  the  traverse  of  the  eye  alone;  and  this  neces.sarily  conKnes  the  extent  of  that 
with  which  we  have  to  deal,  and  brings  the  angle  of  view  within  certain  limits.  What  the 
eye  can  contemplate  without  trouble  it  views  with  pleasure,  and  beyond  a certain  extent 
the  eye  becomes  distracted. 

2447.  Smallness  of  object  has  no  relation  to  the  angle  of  view  ; a die,  or  the  smallest 
possible  object,  may  be  brought  so  near  the  eye  as  to  give  pain  in  looking  at  it,  and  a large 
extent  of  view  may  be  contemplated  with  as  much  ease  as  a small  one,  by  merely  placing 
the  larger  one  at  a greater  distance.  If  the  place  of  the  plane  of  delineation  be  at  EG, 
then  ESG  will  be  the  angle  of  view.  If  a section  of  the  same  visual  rays  be  taken  at  HI, 
then  HI  will  be  the  extent  of  the  picture,  and  the  angle  HSI  is  the  angle  of  view;  but 
the  angles  FSG  and  HSI  are  the  same,  therefore  the  eye  views  both  with  ecjual  satis- 
faction : but  in  this  case  one  must  be  placed  at  the  distance  SO,  and  the  other  at  the 
distance  SP. 

2448.  The  attempt  to  select  an  angle  suitable  to  all  the  cases  that  may  occur,  as  the  best 
angle  of  view,  would  be  as  vain  as  it  would  be  absurd.  Diflerent  subjects  require  ditterent 
treatment.  External  subjects  differ  from  internal  ones  ; and  the  last  from  each  other,  accord- 
ing to  circumstances.  Some  authors  on  the  subject  have  laid  it  dowm  as  a rule,  that  the 
greatest  distance  of  the  eye  from  the  picture  should  not  exceed  the  width  of  the  picture 
laterally,  which  makes  the  angle  of  view  about  53  degrees ; others  have  insisted  that  the 
distance  should  be  less,  requiring  that  the  angle  of  view  should  not  be  smaller  than 
GO  degrees ; and  others  allow  of  a still  larger  angle.  The  elder  Malton,  and  his  son,  to 
whom  we  are  indebted  for  all  that  is  valuable  in  this  section,  and  whose  (both  of  them) 
experience  in  the  matter  was  very  extended,  advise  that  the  angle  of  view  should  never 
exceed  from  53»to  60  degrees  ; the  former  recommending  an  angle  of  45  degrees  as  the 
best,  because  neither  too  large  nor  too  small.  The  elder  Malton  advises  to  keep  between 
the  one  and  the  other,  that  is,  not  to  let  the  angle  of  view  exceed  60  degrees,  nor  be  less 
than  45,  the  first  being  likely  to  distort  the  objects,  and  the  last  rendering  them  too  tame 
in  the  outline.  We  can  add,  from  our  own  experience,  that  the  advice  is  sound  ; for 
though,  under  very  particular  circumstances,  it  may  be  necessary  to  use  a larger  angle  of 
view  than  60  degrees,  such  a case  does  not  frequently  occur.  Much  must  always  be  left 
to  the  discretion  of  the  artist  in  respect  to  points  which  are  to  guide  the  angle  of  view  he 
adopts.  After  a little  experience,  he  will  find  that  angle  best  suited  to  the  circumstances 
under  which  his  drawing  is  to  exhibit  the  object  or  objects. 

2449.  Example  VII.  The  principles  upon  which  we  delineate  any  of  the  Interior  parts  of 
a building  are  in  no  wise  different  from  those  used  for  the  representation  of  their  external 
views,  for  it  is  of  course  immaterial  whether  we  represent  the  external  faces  of  their  sides,  or 
those  which  form  their  internal  faces  ; the  only  difficulty  which  arises  in  making  an  internal 
view  being  that  which  arises  from  the  inability,  on  account  of  the  restricted  distance  under 
which  they  are  in  reality  viewed,  of  placing  the  station  point  at  such  a distance  as  to  take 
in  a sufficient  quantity  of  the  objects  to  be  represented.  A person  placed  in  a room  can 
of  course  only  see  the  whole  of  one  and  part  of  another  wall ; in  short,  in  every  direction 
he  cannot  see  comfortably  more  than,  as  we  have  above  mentioned,  forty,  or,  at  the  most, 
fifty,  degrees  of  the  objects  around  him.  On  this  account,  and  for  the  purpose  of  showing 
more  than  in  reality  can  be  seen,  it  is  customary,  and  perhaps  justifiable,  in  order  to  give 
a more  comprehensive  view  of  the  interior  to  be  delineated,  to  place  the  station  point  of  the 
spectator  out  of  the  room  or  place,  supposing  one  or  more  of  its  sides  to  be  removed.  This 
is,  in  fact,  a delusion,  as  is  every  view  of  an  interior  possessing  any  merit  that  has  come 
under  our  notice.  But  for  picturesque  delineation,  it  is  not  only  one  which  is  necessary, 
but  one  without  the  practice  whereof  no  satisfactory  representation  can  be  given  of  an  in- 
terior whose  dimensions  are  not  very  extended.  The  section  whereon  we  are  now  engaged 
is  not  supposed  to  be  a treatise  on  Perspective,  but  merely  a concise  developement  of  iLs 
principles  so  as  to  give  the  reader  such  a general  knowledge  of  the  subject  as  may  enable 
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him  to  pursue  It,  if  he  please,  from  the  hints  it  affords.  With  this  apology  for  not  pro. 
dticing  to  him  a more  complicated,  though  not  less  useful  subject,  \ve  proceed. 

2450.  Fig.  836.  (No.  1.)  represents  the  plan  of  a staircase  one  third  the  size  used  for  the 


purposes  of  the  delineation  ; YZ  (No.  l.)is  the  plane  of  the  picture,  O is  its  centre.  Fu»iri 
the  data,  therefore,  there  will  be  no  difficulty  of  obtaining  the  vanishing  points  of  the  sides 
Ya  and  ah.  The  diagram  is  not  encumbered  with  the  visual  rays  necessary  for  the  deline- 
ation, which  we  are  to  suppose  drawn  and  transferred  to  their  proper  places  on  No.  3., 
wherein  HH  is  the  horizontal  line.  No.  2.  is  a longitudinal  section  of  the  staircase,  wherein 
are  shown  the  rising  and  descending  steps,  and  the  dotted  line  cd  gives  the  section  of  the 
vaulted  ceiling  over  the  staircase.  It  will  be  immediately  seen  that  the  ends  of  the  steps 
will  be  determined  by  visual  lines,  notwithstanding  the  ascent  and  descent  of  them,  because 
either  is  determined  by  referring  to  any  lines  of  height,  which  may  be  obtained  from  the 
plan  and  section,  by  which  the  portions  seen  of  Uie  flights  will  be  immediately  found  and 
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transferred  to  their  respective  places  on  the  picture.  With  these  observations  we  leave  the 
diagram  for  the  exercise,  on  a larger  scale  than  here  given,  of  the  ingenuity  of  the  student. 
2-151.  Example  VIII.  The  last  perspective  example  to  be  submitted  is  that  of  a comic# 


{Jy.  837.),  wherein  the  contrivance  of  the  elder  Malton  is  used  for  finding  tlic  places 
of  the  modillions  and  the  other  parts. 

2452.  Let  EM,  FN,  GO  (No.  1.)  represent  the  angles  of  a building  in  perspective, 
I.1MNO  being  the  lower  horizontal  line  of  the  cornice,  whose  geometrical  elevation  and 
orofile  are  shown  in  No.  2.  Make  MQ,  equal  to  mq  the  depth  of  the  cornice,  supposing 
the  edge  EQ  to  be  in  the  plane  of  projection  ; draw  PQRS,  &c.,  the  lines  of  the  top  of  the 
cornice,  to  their  respective  vanishing  points.  Make  QT,  QT  in  RQ,  PQ,  produced  equal 
to  the  perspective  projection  of  the  cornice  qt.  Then  place  the  depths  of  the  various 
mouldings  along  MQ,  and  fix  the  lengths  of  their  projections  on  the  lines  drawn  to  the 
vanishing  points  through  those  in  EQ,  an  operation  which  may  be  much  facilitated  by 
drawing  MT,  MT',  by  which,  in  many  places,  the  points  of  the  mouldings  are  at  once 
determined,  as  in  the  case  of  the  top  and  bottom  of  the  fillets  of  the  ovolo  ; and  very  often,  if 
the  drawing  is  not  on  a very  large  scale,  rut  and  its  perspective  images  ]\IT,  M'P,  &c.  will 
enable  the  eye  to  proportion  the  mouldings.  Thus  the  perspective  projections  MQT, 
MQT'  of  the  sections  of  the  cornice  by  the  planes  of  the  sides  EN,  EL,  supposed  to  be 
prolonged  or  extended,  may  be  found ; and  it  is  manifest  that  lines  through  the  points 
of  these  sections  to  the  proper  vanishing  points  will  give  the  perspective  forms  of  the  cor- 
nice mouldings  as  they  would  appear. 

2453,  The  lines  found  will  by  their  intersections  supply  the  mitre  MQU;  but  where 
the  scale  is  large,  it  is  better  to  obtain  mitre  sections  at  each  principal  angle  of  the  building 
as  shown  by  the  lines  MQU,  NRX,  &c.  The  planes  of  the  mitres  form,  of  course,  angles 
of  forty-five  degrees  with  the  sides  of  the  building  itself,  consequently  the  vanishing  points 
of  QU,  RX,  &c.  may  be  found  by  bisecting  perspectively  the  right  angles  found,  or  by 
drawing  on  the  plan  lines  parallel  to  the  diagonal  lines  or  mitres  from  the  station  point  to 
intersect  the  picture.  If  these,  indeed,  are  found  in  the  first  place,  there  would  be  no 
necessity  to  draw  the  square  sections  MQT,  MQT',  inasmuch  as  lines  drawn  from  the 
mouldings  intersecting  the  mitre  sections  to  the  vanishing  points  will  at  once  form  the 
perspective  representation  of  the  cornice.  In  practice,  this  is  the  usual  mode  of  proceeding, 
because  a skilful  draughtsman  can  pretty  well  proportion  by  his  eye  most  mouldings  as  seen 
in  perspective  ; but  where  great  accuracy  is  required,  the  method  of  proceeding  by  square 
sections  is  recommended,  because,  from  the  great  foreshortenbig  of  the  diagonal  line,  the 
smallest  inaccuracy  of  intersection  on  it  will  cause  very  large  errors  in  the  mouldings. 
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When  the  diagonal  sections  alone  are  used,  it  is  clear  that  the  geometrical  profile,  No.  2,, 
will  not  be  the  same  as  that  formed  by  the  oblique  section  of  the  cornice:  this  last  must 
therefore  be  obtained  from  a plan  and  elevation  of  the  mouldings  as  shown  in  No.  3. 

2454.  Instead  of  finding  the  square  section  made  by  the  plane  FNGO  at  the  angle  OG, 
it  may  he  drawn  on  the  plane  TQM,  where  it  is  more  readily  found  by  producing  the  lines 
h’liereby  the  section  TQlM  was  obtained;  so  the  lines  T'T",  MO"  are  set  out  in  per- 
spective equal  to  the  projection  of  the  break  of  the  building  ON:  moreover  by  the  line 
l'"0"  we  may  obtain  the  mouldings  of  the  cornice  on  the  face  of  the  wall  GH  as  produced 
or  prolonged  to  T"0",  and  conversely 
the  cornice  in  perspective  may  be  drawn 
from  this  imaginary  section,  if  it  be  pre- 
viously found.  Where  vanishing  points 
are  at  an  inconvenient  distance  in  draw- 
ings, a mode  may  be  adopted  to  obviate 
Pig.  837.  a.  the  inconvenience,  the  principle  whereof 

is  this.  Let  A (Jiff.  8.37  a ) be  the  vanishing  point,  CDB  a segment 
of  a circle  whose  centre  is  A;  then  if  CB  be  bisected  in  D,  AD  will  be 
a vanishing  line  for  such  bisection ; and  if  CD  be  bisected,  and  a ruler  applied  to  join  CD,  it 
will,  by  the  application  of  a square  on  CD,  give  the  vanishing  line  for  the  new  bisection. 


Fiff.  837.  b. 

•2455.  Our  next  care  is  to  find  the  vanishing  point  of  the  raking  mouldings,  which  may  he  found  from  what 
has  already  been  said,  and  a perspective  section  must  be  made  of  these  mouldings  by  means  of  any  vertical  pi  me 
where  most  convenient;  but  the  best  place  is  through  the  apex  of  the  pediment,  which,  as  it  could  not,  for 
want  of  room,  be  done  in  ihe  present  example,  is  taken  through  the  line  oo.  No.  2.,  passing  through  the  ex- 
treme left  angle  of  the  tympanum  of  the  pediment. 

2456.  As  the  mouldings  of  the  pediment  637.)  here  are  of  the  same  depth  and  projection  as  in  the  hori- 
Jiontal  parts,  they  will  not,  wlien  inclined,  coincide  with  the  diagonal  section  of  the  horizontal  cornice  at  OS; 
hence  that  section,  if  found  in  perspective  at  OS,  cannot  he  used  for  drawing  the  perspective  representation  ot 
the  pediment  cornice,  except  for  the  bead  or  fillet  above  the  corona,  w hich,  from  the  construction  of  the 
pediment,  will  coincide  at  this  mitre,  as  we  may  see  in  No.  2 ; whence  it  may  also  he  seen  that  the  point  x 
does  not  coincide  with  t.  X'x  cannot,  therefore,  in  the  perspective  represen  ation,  be  drawn  through  X,  the 
point  answering  to  t in  the  diagonal  section  NRX.  OO'  in  the  line  OH  is  to  be  made  in  perspective  equal 
to  mo,  No.  2.,  and  the  whole  depth  oo,  and  those  of  the  several  mouldings  on  the  oblique  section,  being  set 
upon  EQ  produced,  they  are  to  be  transferred  to  OO'  by  means  of  the  vanishing  point.*.  7'he  distance  O' I 
Is  the  perspective  distance  of  the  projection  qt  of  the  cornice  as  before,  and  is  most  readily  obtained  from  the 
section  0"T",  which  is  transferred  to  the  plane  O'l,  and  will  he  easily  comprehended  from  the  rigure:  the 
quantity  of  projection  of  each  raking  moulding  of  the  pediment  is  equal  to  that  of  the  same  moulding  where 
horizontal.  Thus  the  perspective  representation  of  an  oblique  section  made  by  a plane  passing  through  oo. 
No.  2.,  is  obtained,  and  the  mouldings  are  then  drawn  to  the  vanishing  point  through  the  various  points,  the 
line  IX'  cutting  T"X  in  the  point  corresponding  to  x.  No.  2.  As  to  the  modillions,  their  representations  are 
found  with  less  contusion  by  planning  them  apart  and  using  visual  rays;  but  if  no  plan  is  used,  the  following 
method,  invented  by  the  elder  Malton,  may  be  adopted:  — 

2457.  Draw  BC,  the  line  intersecting  the  plane  of  the  sofite  of  the  corona.  Nos;  2.  and  3.,  through  the  proper 
point  j-  in  MQ  at  right  angles  to  it,  and  draw  xy  to  the  vanishing  point.  Produce  the  line  corresponding  to  A in 
No.  3.  to  A in  xy,  and  transfer  A to  1 in  BC,  so  as  to  be  proportional  to  it  in  respect  of  the  whole  extent. 
Then  set  off  the  proportional  widths  and  intervals  of  the  modillions,  as  shown  on  Nos.  2.  and  3.  on  BC,  and 
transfer  them  by  means  of  the  same  proportioning  point  by  which  s was  transferred  to  1 ; and  from  the 
points  2,  3 4,  5,  6,  &c.  in  xy  thus  obtained,  draw  on  the  perspective  of  the  sofite  by  the  use  of  the  vanishing 
point  the  lines  representing  the  tops  of  the  modillions  corresponding  to  2,  3,  4,  &c..  No.  2.  The  cymatium 
round  them  and  the  inner  angle  of  the  sofite  may  be  drawn  by  the  eye,  or  where  great  accuracy  is  required, 
the  mitre  or  diagonal  sections  may  be  determined  as  for  the  principal 
mouldings  already  described.  At  the  backs  of  the  modillions  the 
verticals  are  to  be  determined  either  by  means  of  visual  rays  from  a 
j'lan,  or  through  the  medium  of  intersections  of  the  perspective  lines 
( f the  upper  parts  of  them  on  the  sofite,  which  is  as  much  as  can  be 
lequisUe  for  guiding  us  to  a correct  delineation.  The  same  process  Is 
to  be  used  for  the  modillions  on  the  other  sides. 

The  following  is  an  easy  method  for  dividing  vanishing  lines  in 
perspective.  Let  AB,  CD  be  the  perspective  representation  of  two 
pa'allels,  no  matter  in  what  plane.  It  is  required  to  divide  the  given 
portion  of  AB  on  one  of  them  so  that  its  parts  shall  be  the  perspective 
represenr.ation  of  equal  portions  of  the  real  line  (or  in  any  assigned 
ratio).  Draw  BE  parallel  to  CD  and  equal  to  aB,  and  divide  it  into 
the  required  number  of  equal  parts  or  of  parts  in  the  desired  proper, 
tion  beginning  at  E.  Join  AE  and  produce  it  to  meet  CD  in  F.  From  F draw  lines  to  each  of  the  points 
of  division  1 QUS  of  the  line  AE,  and  they  will  cut  AB  in  the  required  points  of  subdivision  p g r s» 
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2458.  Sciography,  or  the  doctrine  of  shadows,  is  a branch  of  the  science  of  projectioti, 
ar  d some  preparation  has  been  made  for  its  introduction  here  in  Sect.  VI.  Chap.  I.  (1110, 
et.  seq.)  on  Descriptive  Geometry,  which,  if  well  understood,  will  remove  all  difficulty  in 
comprehending  the  subject  of  this  section. 

2459.  Ihe  reader  will  understand  that  in  this  work,  which  is  strictly  architectural,  the 
only  source  of  light  to  be  considered  is  the  sun,  whose  rays,  owing  to  his  great  distance, 
Bie  apparently  parallel  and  rectilineal.  It  is  moreover  to  'be  premised,  that  such  parts  ol 
any  body  as  may  be  immediately  ojiposcd  to  the  rays  of  light  arc  tcclmically  said  to  be  in 
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light,  and  the  remaining  parts  of  such  body  are  said  to  be  in  shade.  But  when  one 
body  stands  on  or  before  another,  and  intercepts  the  sun’s  rays  from  the  latter,  which 
IS  thereby  deprived  of  the  action  upon  it  of  the  rays  of  light,  the  part  so  deprived  of  the 
immediate  action  of  the  light  is  said  to  be  in  shadow.  It  seems  hardly  necessary  to  oh- 
serve,  that  the  parts  of  any  body  nearest  the  source  of  light  will  be  the  brightest  in 
appearance,  whilst  those  furthest  removed  from  it  will,  unless  under  the  action  of  reflected 
light,  be  the  darkest. 

2460.  It  has  been  the  practice,  in  architectural  drawings,  to  represent  the  shadows  of 
their  objects  at  an  angle  of  forty-five  degrees  with  the  horizon,  as  well  on  the  elevations  as 
on  the  plans.  The  practice  has  this  great  convenience,  namely,  that  the  breadth  of  the 
.shadow  cast  will  then  actually  measure  the  depth  of  each  projecting  member  which  casts 
it,  and  the  shadowed  elevation  may  be  thus  made  to  su|!])ly  a ])lan  of  the  external  parts  of 
Bie  building  Now,  if  in  the  elevation  the  shadows  be  cast  *at  an  angle  of  forty-five  deorces. 
it  will  on  a little  consideration  be  manifest,  that,  being  only  projections  of  a more  leno-th- 
ened  shadow  (for  those  on  the  plan  are  at  an  angle  of  forty-five  degrees),  the  actual  shadow 
seen  diagonally  must  be  at  such  an  angle  as  will  make  its  projection  equal  to  forty-five 
degrees  upon  the  elevation  ; because  all  elevations,  sections,  and  plans,  being  themselves 
nothing  more  than  projections  of  the  objects  they  represent,  are  determined  by  perpen- 
dicular, horizontal,  or  inclined  parallel  lines  drawn  from  the 

points  which  bound  them  to  the  plane  of  projection,  and  simi- 
larly, a shadow  in  vertical  projection,  which  forms  an  angle  of 
forty-five  degrees  with  the  horizon,  can  only  be  the  representa- 
tion on  such  projection  of  an  angle,  whose  measure  it  is  our 
business  new  to  determine. 

2461.  In  the  cube  ABCDEFGII  838.)  the  line  BD, 
forming  an  angle  of  forty-five  degrees  with  the  horizon,  is  a 
})rojection  or  representation  of  the  diagonal  BH  on  the  ver- 
tical plane  ABD  ; and  our  object  being  to  find  the  actual  angle 
AHB,  whereof  the  angle  ADB  is  the  projection,  we  have  the 
following  method.  Let  each  side  of  the  cube,  for  example, 

= 10.  Then  (by  907.)  AD2-f  DH2=  AH2. 


That  is,  lOxlO-flOx  10  = 200=  AH^,  consequently  A H = 14  •142100. 

As  BA II  is  a right  angle,  we  have  by  Trigonometry,  using  a table  of  logarithms,  — 
As  AH  ( = 14-14142100)  or  Ar.  Co.  Log.  . 9-8494850 

To  tangent  45^  . . . . 10-0000000 

So  AB  ( = 10-00000000)  log.  . . 1-0000000 


'I'o  tangent  of  angle  FHB  = 35°  16'  . =9 '8494850 

The  angle  ABII  is  therefore  54°  44^. 

Hence  it  follows,  that  when  shadows  are  projected  on  the  plan  as  w-ell  as  on  the  eleva- 
tion, at  an  angle  of  forty-five  degrees,  the  height  of  the  sun  v/hich  projects  them  must  be 
35°  16'. 

2462.  It  is  of  the  utmost  importance  to  the  student  to  recollect  this  fact,  because  it  will 
be  hereafter  seen  that  it  will  give  him  great  facility  in  obviating  difficulty  where  confusion 
of  lines  may  lead  him  astray,  being,  in  fact,  not  only  a check,  but  an  assistance  in  proving 
the  accuracy  of  his  \vork. 

2463.  We  now  proceed  to  submit  to  the  student  a series  of  examples,  containing  the 
most  common  cases  of  shadowing,  and  which,  once  well  understood,  will  enable  him  to 
execute  any  other  case  that  may  be  presented  to  his  notice. 

2464.  In  Jip.  839.  we  have  on  the  left-hand  side  of  the  diagram  the  common  astragal 
fillet  and  cavetto  occurring  in  the 

'Fuscan  and  other  pilasters,  above  in 
elevation  and  below  in  plan.  The 
right-hand  part  shows  the  same  con- 
nected with  a wall,  whereon  a shadow 
is  cast  by  the  several  parts.  LL  is  a 
line  showing  the  direction  of  the  light 
in  projection  at  an  angle  of  forty-five 
degrees.  It  will  on  experiment  be 
found,  by  a continuation  of  the  line, 
or  by  one  parallel  to  it,  to  touch  the 
side  of  the  astiagal  at  a,  whence  an 
horizontal  line  drawn  along  it  will 
determine  its  line  of  shade.  We  here  again  repeat,  to  prevent  misunderstanding,  that 
in  the  matter  we  arc  now  attempting  to  exphiin  we  arc  not  dealing  with  reflected  light, 
nor  with  the  softening  off  of  shadows  aiq>arcnt  in  convex  objects,  but  arc  about  to 
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determine  the  mere  boundaries  of  shade  and  shadow  of  those  under  consideration.  'ITe 
rest  must  be  learned  from  observation,  for  the  circumstances  under  which  they  are  seen 
must  constantly  vary.  This,  however,  we  think,  we  may  safely  state,  that  if  the  bound- 
aries  of  shade  and  shadow  only  be  accurately  given  in  a drawing  (however  complex), 
the  satisfaction  they  will  afford  to  the  spectator  will  be  sufficient,  without  further  refme- 
fnent.  But  it  is  not  to  be  understood  from  this  that  we  discountenance  the  refine- 
ment of  finish  in  architectural  subjects  ; all  that  we  mean  to  say  is,  that'it  is  not  necessary. 
To  return  to  the  diagram  : it  is  manifest  that  if  the  boundary  of  shade  be  at  a from  that 
point  parallel  to  the  direction  of  the  light  a line  ab  will  determine  the  boundary  of  shadow 
on  the  fillet  at  b,  and  that  from  the  lower  edge  of  such  fillet  at  f a line  again  parallel  to 
the  direction  of  the  light  will  give  at  c the  boundary  of  the  shadow  it  casts  upon  the 
shaft  S,  As,  in  the  foregoing  ex))lanation,  a was  the  upper  boundary  of  shade,  so  by  pro- 
ducing the  horizontal  line  which  it  gave  to  a on  the  right-hand  side  of  the  diagram  we 
obtain  there  a corresponding  point  whence  a line  aa'  parallel  to  the  direction  of  the  light  is 
to  he  drawn  indefinitely  ; and  on  the  plana  line  an,  also  parallel  to  the  direction  of  the  light, 
cutting  the  wall  WW  whereon  the  shadow  is  cast  at  a.  From  the  point  last  found  a vertical 
line  from  a,  whei-e  the  shadow  cuts  the  wall  on  the  plan,  cutting  aa'  in  a',  will  determine  the 
point  a'  in  the  shadow.  The  point  e,  by  a line  therefrom  parallel  to  the  direction  of  the  light, 
will  determine  similarly  the  situation  e'  by  obtaining  its  relative  seat  on  the  diagonal  erf, 
which  perhaps  will  be  at  once  seen  by  taking  the  extreme  point  d of  the  projection  of  the 
astragal,  and  therefrom  drawing  dd'  parallel  to  the  direction  of  the  light.  From  the  line 
drf,  drawn  similarly  parallel  to  the  direction  of  the  light,  and  cutting  WW  in  rf,  we  have  the 
boundary  of  the  shadow  on  the  plan,  and  from  that  point  a vertical  rfd  being  drawn,  the 
boundary  of  shadow  of  the  extreme  projection  of  the  astragal  is  thus  obtained.  The 
Imundary  of  shadow  of  the  fillet  on  the  right-hand  side  at  h,  similarly  by  means  of  bb, 
and  by  the  vertical  bh'.  gives  the  boundary  point  of  the  shadow  from  b.  The  same 
operation  in  respect  of  cc  gives  the  boundary  of  shadow  from  c to  c'  in  the  latter  point. 
We  have  not  described  this  process  in  a strictly  mathematical  manner,  because  our  desire 
is  rather  to  lead  the  student  to  think  for  himself  a little  in  conducting  it ; but  we  cannot 
suppose  the  matter  will  not  be  perfectly  understood  by  him  even  on  a simple  inspection  of 
the  diagram. 

2-165.  In  the  diagram  {Jig.  840.) 
is  represented  a moulding  of  com- 
mon occurrence  in  architectural  sub- 
jects, and,  as  before,  the  right-hand 
side  is  the  appearance  of  its  shadow 
on  the  Avail  WW  on  the  plan.  It 
will  be  immediately  seen  that  LL 
being  the  projected  representation 
of  the  rays  of  light,  the  line  aa  de- 
termines the  boundary  of  shadoAv 
on  the  ovolo,  and  that  at  b,  the 
boundary  of  its  shade,  is  also  given 
by  a line  touching  that  point  parallel 
to  the  rays,  or  rather  projected  rays, 
of  light.  On  the  right-hand  side 
of  the  figure  oo',  drxAvn  indefinitely 
parallel  to  the  direction  of  the  light, 
and  determined  by  a vertical  from  a",  the  intersection  by  a" a"  with  the  wall,  Avill  give  o'a", 
the  line  of  shadow  of  oa'.  The  line  aa  determines  the  shadoAV  on  the  ovolo,  and  this 
continued  to  a'  horizontally  gives  also  a like  termination  to  a"  in  the  shadow  ; b,  the  bouu 
dary  upwards  of  the  ovolo’s  shade, 
is  represented  to  the  right  by  b',  and 
to  the  right  on  the  plan  by  5,  Avhence 
by  a vertical  cutting  the  line  b'b"  in 
b",  the  boundary  of  shadow  which 
b'  Avill  cast  is  obtained,  cc  on  the 
plan  is  in  projection  the  distance 
of  the  line  of  shade  c'  from  the 
wall  whereon  the  shadoAv  is  cast, 
and  its  place  in  the  shadow  is  at 
c",  ee"b"  being  the  length  of  hori- 
zontal shadow  produced  by  the  cir- 
cumstances. 

In  jig.  841.,  which,  it  will  be  seen, 
is  a common  fillet  and  cavetto,  I.L 
is,  as  before,  the  direction  of  the 
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Tight,  and  aa  gives  tlie  boundary  of  shadow,  as  well  of  the  fillet’s  lower  edge  as  of  the 
lower  edge  of  the  cavetto  itself.  In  respect  of  the  right-hand  side  of  the  figure,  -a  a'  is  a 
line  showing  in  profile  the  extent  of  jirojection  of  the  fillet  before  the  wall  line  WW,  and 
from  a'  a line  drawn  indefinitely  parallel  to  the  direction  of  the  light,  and  terminated  by 
the  intersection  of  a vertical  from  a in  n",  will  give  the  point  a'  in  the  shadow.  So  is 
bb  found  through  a vertical  from  h on  the  wall,  by  a line  drawn  parallel  to  the  direction 
of  the  light  from  b on  the  plan.  The  several  jjoints  being  connected  by  lines,  we  gain  the 
boundaries  of  the  shadow,  wherein  a'a'"  is  re))rescntcd  by  a"a". 

2466.  Fig.  842.  exhibits  a fillet  and  cyma  reversa  or  ogee,  wberein,  as  before,  LL  is  lli« 
direction  of  the  light  at  a similar 
angle  to  that  used  on  the  plan.  ^ 

From  the  lower  edge  of  the  fillet,  ^ 

])arallel  to  the  direction  of  the 
light,  is  obtained  the  point  a on 
the  ogee,  and  from  b a similarly 
parallel  line  gives  the  boundary  of 
shadow  in  c.  A line  from  o in  di- 
rection of  the  light,  drawn  indefi- 
nitely, intercepted  by  a vertical 
line  from  d',  its  projection  on  the  • 
plan  in  d determines  o'd,  the 
boundary  of  the  shadow  of  the 
fillet  on  the  wall  WW.  cc'"  is 
the  line  of  profile  of  the  project- 
ing boundary  in  elevation,  of  the 
shade  of  the  ogee  before  the  wall, 
whereon  its  shadow  is  terminated 
from  c and  c"'  by  a vertical  c'"  c". 
bb',  the  boundary  of  shade  of  the 
ogee  itself,  is  found  in  shadow  by  the  line  b b'"  drawn  indefinitely  parallel  to  the  direction 
of  the  light,  and  terminated  by  a vertical  from  //,  the  point  on  the  wall  correspondent  to 
b on  the  plan,  the  place  of  the  shade’s  point  in  the  elevation.  By  the  junction  of  the 
lines  so  found,  we  shall  have  the  outline  of  the  shades  and  shadows  cast.  It  is  here  to 
be  observed,  that  the  portion  of  light  a'h'  which  the  moulding  retains  is  represented  in 
the  shadow  by  a"b'",  all  the  other  parts  of  its  curved  form  being  hidden,  first  by  the  pro- 
jection of  the  fillet,  and  secondly  by  the  line  of  shade  bb",  which  acts  in  the  same  way  as  the 
fillet  itself  in  producing  the  line  aa',  for  the  moment  the  light  is  intercepted,  whether  by 
a straight  or  curved  profile,  shadow  must  follow  the  shade  of  the  moulding,  whatever  it 
be  ; and  this  is  by  the  student  to  be  especially  observed. 

2467.  Fig.  84.3.  exhibits  the  mode  of  obtaining  the  shadows  and  shade  In  the  cyma 
recta.  LL  is  the  direction  of  the 
light,  i>arallel  whereto  the  line  ab 
determines  the  line  of  horizon-  \. 

• tal  shadow  cast  by  the  lower  edge 
of  the  fillet  upon  the  cyma,  and 
cd  that  of  the  under  part  of  the 
cyma  itself  upon  the  fillet  at  d. 
cc'  is  the  upper  boundary  of  the 
shade  of  the  cyma,  and  e the  point 
for  determining  the  shadow  of  the 
lower  fillet,  the  points  abed  corre- 
sponding with  abed  on  the  plan. 

WW  on  the  right  hand  is  the  face 
of  the  wall,  whereto  the  lines  e'e", 
d'd",  cc",  b'h",  and  a a"  are  drawn 
parallel  to  the  direction  of  the 
light.  From  'c"6"a"  vertical 
being  drawn,  cutting  the  indefi- 
nite lines  oo',  a'a",  &c.  parallel 
to  the  direction  of  the  light  in 
e",  d'",  c",  b",  and  a",  we  have  the 

form  of  the  shadow  in  elevation.  'The  part  from  b'  to  c'  of  the  cyma  being  in  light,  its 
shadow  will  be  the  curve  c b",  wherein,  if  it  be  required  on  a large  scale,  any  number 
of  points  may  be  taken  to  determine  its  form  by  means  of  correspondent  points  on  the  plan 
as  for  the  parts  already  described. 

2468.  Fig.  844.  is  the  plan  and  elevation  of  some  steps,  surrounded  by  a wall,  and  F in 
the  plan  is  a square  pillar  standing  in  front  of  them.  It  will  be  seen  that  the  hue  A B 
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rorrespoiuls  witli  ab  on  the  plan,  as  do  the  points 
F^,  F,  G,  II  witli  efgh,  from  which  verticals  deter- 
mine them  in  the  elevation.  The  projection  of  the 
plinth  on  the  lower  step  is  found  by  KI  and  a 
corresponding  line  and  vertical,  wliich,  to  j)revent 
confusion,  is  not  shown  on  the  ])Ian.  The  shadow 
of  the  square  pillar  F is  found  in  a similar  manner 
by  the  line  CD  corresponding  to  cd  on  the  plan,  the 
shadows  on  the  steps  being  also  determined  by  the 
points  I.,,  M,  N,  O,  through  the  medium  of  verticals 
from  1,  m,  n,  o.  Tlie  left-hand  side  of  the  shadow  of 
the  pillar  is  determined  in  a similar  way  by  the 
line  pq,  and  QR  in  the  elevation  is  given  by  qr  in 
the  plan,  and  is  the  line  representing  the  back  ps 
of  the  top  of  the  pillar.  It  will  be  observed  that 
we  have  not  described  any  of  the  preceding  dia- 
grams in  a strict  way,  neither  shall  we  do  so  in 
those  that  follow,  presuming  that  the  reader  has, 
from  the  perusal  of  the  section  on  Descriptive  Geo- 
metry acquired  sufficient  knowledge  to  follow  the 
several  lines. 

2469.  The  Jig.  845.  is  a sort  of  skeleton  plan 
and  elevation  of  a modillion  cornice,  but  deprived 
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of  a corona,  so  as  to  show  the  shadows  of  the  modillions,  independent  of  any  connectioA 
with  other  parts  of  the  assemblage.  FG,  HI,  and  AB  parallel  to  the  direction  of  the  light 
determine,  by  means  of  verticals  from  d and  i,  the  ])oints  of  shadows  from  the  correspond- 
ent points  c,  1,  the  points  D,  L,  and  I,  whereof  L is  the  point  of  shadow  of  M. 

2470.  In^^.  846.  we  approach  a little  nearer  to  the  form  of  a modillion  cornice.  The 
line  EF  determines  the  shadow  of  the  corona,  and  AB  by  means  of  the  lines  cd,  Ik,  and  the 
verticals  dD,  kK,  the  boundary  of  the  side  FIL  of  the  modillions.  A line  also  drawn 
horizontally  from  B will  give  the  under  sides  of  their  shadows.  FG  is  a line  representing 
the  shadow  cf  the  corona. 

2471.  Fig.  847 . gives  the  finished  modillion,  and  the  lines  Aa,  Bb,  Cc,  Dd  will  deter- 
mine, by  horizontal  lines  drawn  from 
them,  the  shadows  which  we  are  seek- 
ing. Tlie  auxiliary  lines,  to  which  no 
letters  are  attached,  cannot  fail  of  being 
understood  ; but  if  difficulty  arise  in 
com.prehending  them,  it  will  be  removed 
by  planning  the  several  points,  and 
therefrom  drawing  on  the  plan,  to  meet 
what  may  be  called  the  frieze,  vertical 
lines  to  intercept  those  from  the  corre- 
spondent points  in  the  elevation,  and  the 
operation  will  be  facilitated,  perhaps, 
by  projecting  the  form  of  the  curved 
lines  (as  seen  in  the  figure)  whereof 
the  modillion  is  formed. 

2472.  Fig.  8 18.  will  scarcely  require  a description.  It  is  a geometrical  elevation  of  the 
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I>oric  triglyph  and  frieze,  with  the  usual  acces- 
sories. AB  gives  the  boundary  of  shadow  on 
the  femora  of  the  triglyph,  AC  the  boundary  of 
shadow  on  the  light  sides  of  the  glyphs,  and  AD 
of  the  shadow  of  the  corona  on  the  frieze. 

H473.  Fig.  849.  is  a skeleton  representation 
of  a three-quarter  column,  forming  part  of  an 
arcade.  'I’lie  abacus  is  the  mere  block  of  material  AK.  In  the  plan  ab  shows  the 
length  of  the  line  of  shadow  AB.  and  is  determined  by  the  vertical  bB.  In  tlie  same  way, 
CD  is  found  by  cd  and  the  vertical  dD.  KG  is 
the  representation  of  kg  on  the  plan,  and  by  a 
vertical  from  g the  line  GH  is  also  determined; 

H giving  also  by  the  horizontal  line  FII,  in  which 
II  is  already  found,  the  situation  of  shadow  of  the 
point  E of  the  abacus,  as  also  by  a vertical  from 
f.  LMN  are  places  of  the  shadow  of  the  column 
on  the  impost  moulding  of  the  arch,  whereof  two 
correspondent  points  are  seen  in  1 and  n. 

2474.  The  form  of  shadow  of  the  console  in 
fig.  850.  will  be  seen  on  inspection  to  have  been 
found  from  tbe  lines  aa,  cc,  dd.  See.  on  the  eleva- 
tion, corresponding  with  aa,  cc,  dd.  Sec.  on  the 
section,  all  which  are  parallel  to  the  direction  of 
the  light,  and  sufficiently  explain  themselves. 

247.5.  Fig.  851.  is  the  elevation  and  section  of 
a hemispherical  niche,  wherein  are  shoAvn  the 
shadows  cast  thereon  by  tbe  vertical  wall  in  which 
it  is  placed.  Through  the 
centre  O draw  DD  at  right 
angles  to  the  direction  of  the 
light,  and  from  O draw  0.\ 
parallel  to  the  direction  of  the 
light:  A will  be  found  the  point 
in  the  wall  casting  the  longest 
shadow.  Produce  AO  indefi- 
nitely ; and  from  a,  the  corre- 
sponding point  in  the  section 
to  A on  the  elevation,  draw  aa', 
parallel  to  it,  which  will  cut 
the  surface  of  the  niche  in  a'. 

Draw  the  horizontal  line  a'  a" 
cutting  AO  produced  in  a'", 
and  a"  will  represent  in  the 
shadow  the  point  A in  the  cir- 
cumference. Take  any  other 
point  B in  the  edge  of  the  niche,  and  by  means  of  a line  drawn  therefrom  horizontally  we 
have  the  cori'espondent  point  b of  B in  the  section.  From  B draw  in  the  direction  of  the 
light  the  line  Bb'"  b",  cutting  DD  on  the  diameter  in  b'"  ; transfer  the  point  h"'  in  the 
elevation  to  b in  the  section,  and  draw  bb'  in  the  direction  of  the  light  indefinitely. 
Then  with  Bb'"  as  a radius  from  b as  a centre,  describe  an  arc  cutting  bb'  in  b' ; and 
from  b'  draw  the  horizontal  line  b'  b",  cutting  Bb"'  produced  in  b",  and  b"  will  be  the 
point  in  the  shadow  corresponding  to  B in  the  elevation.  To  avoid  the  confusion  which 
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■vroulcl  follow  the  description  of  the  remainder  of  the  operation,  we  have  not  encum- 
hered  the  diagram  with  more  letters  of  reference  ; the  lines  showing,  on  inspection, 
similar  applications  of  the  process  for  all  parts  of  the  curve.  The  fact  is,  that  the  whole 
of  the  shadow  may  be  completed  by  taking  the  line  DD  as  the  transverse  axis  of  an 
ellipsis,  and  finding  the  semi-conjugate  axis  Oa  by  the  means  above  described,  for  Da"D  is 
a semi-ellipsis  in  form,  inasmuch  as  it  is  the  projection  of  a section  of  a hemisphere.  This 
example  is  applicable  to  the  shadow  of  a cylindrical  niche  with  a hemispherical  head.  The 
line  NN  shows  the  shadow  of  the  portion  of  the  head,  and  the  remainder  is  obtained  bv 
the  mere  intersection  of  lines  in  the  direction  of  the  light  from  different  points  to  the  left 
of  N,  of  which  enough  has  been  already  given  in  the  previous  examples  to  make  the  appli- 
cation intelligible. 

‘2476.  Fig.  852.  is  the  representation  of  a pediment  wherein  the  section  A is  that  of  the 
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mouldings  of  the  pediment  at  its 
apex.  In  the  section,  ah  drawn 
from  the  projection  a of  the  corona 
in  the  direction  of  the  light,  de- 
termines the  point  b therein,  where- 
from the  horizontal  line  intercepted 
by  the  line  ah  in  the  elevation,  also 
drawn  parallel  to  the  direction  of 
the  light,  gives  the  point  b in  the 
elevation.  A line  from  b,  parallel 
to  the  inclined  sides  of  the  pedi- 
ment on  the  left,  will  give  the  shadow 
of  the  corona  on  the  tympanum  on 
that  side,  and  similarly  the  line  of 
shadow  from  b on  the  right  side,  cd 
determines  the  line  of  shadow  on  the 
frieze,  and  B is  the  section  of  the 
shadow  of  the  assemblage  of  mould- 
ings on  the  right. 

2477.  In  Jig.  853.  is  given  the 
plan,  elevation,  and  section  of  a 
square  recess,  covered  with  a cylin- 
drical head.  The  lines  A A,  *BB, 
CC  of  the  elevation  are  determined 
by  aa,  bb,  and  cc  of  the  plan  ; and  in 
the  .section  c'c'  is  the  representation  of 
the  line  cc  of  the  plan.  D,  the  point 
at  wliich  the  direction  of  the  light 
begins  to  touch  the  circular  head, 
is  d'  in  the  section. 

2478.  Fig.  854.  is  the  elevation  of 
an  arch,  below  which  is  its  plan  and  the 
shadow  cast  by  it  on  the  plane  upon 
which  it  stands.  A A is  shown  by 
aa  on  the  plan,  the  corresponding 
points  in  the  rear  of  the  arcli  being 
a a',  and  a"  a"  the  points  in  the 
shadow.  In  a similar  way,  by  BB 
corresponding  with  hh’  on  the  plan 
the  points  b"  b"  are  obtained  in  the 
shadow. 

2479.  Fig.  855.  is  the  j)lan  and 
elevation  of  the  upper  j)art  ofa  house, 
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wherein  the  iippc  r story  is  occupied 
by  an  attic  in  the  centre,  against 
which,  on  each  flank,  the  sloping  roof  j;- 
IS  terminated.  aa  on  the  plan  in 
the  direction  of  the  light,  produced 
to  intersect  the  hip  at  b,  gives,  by  a 
vertical  to  B on  the  elevation,  the 
direction  BB  of  the  shadow  thereon  ; 
and  BB  cut  by  A A in  the  direction 
of  the  light,  the  length  BA  of  the 
line  of  shadow,  which  may,  by  let- 
ting fall  the  vertical  Aa,  determine 
the  length  aa  on  the  j)lan.  'I’he 
line  of  shadow  ac  is  determined  by 
letting  fall  a vertical  from  C,  where 
the  line  of  shadow  is  intercepted 
by  the  hip  of  the  roof ; and  from  c e 
the  shadow  will  be  found  on  trial  to  ^ 
return  as  shown  in  the  diagram.  E 
and  D on  the  elevation  are  found, 
as  seen  in  previous  examples,  in  ee,  and  d on  the  jdan,  and  their  shadows  at  e'e'  and  d'. 

2480.  What  is  called  an  attic  base  is  given  in  plan  and  elevation  hy  fy.  850.  The  me- 
thod  of  obtaining  the  shadows  thereof 
in  plan  and  elevation  is  now  to  be 
explained.  It  is  an  example  which 
constantly  occurs  in  architectural 
subjects,  and  should  be  well  studied 
and  understood.  The  operations  re- 
quisite for  obtaining  a representation 
of  the  lines  of  shadow  of  the  different 
mouldings  in  this  example  depend 
upon  the  principles  developed  in  the 
preceding  subsections.  The  lower 
portion  of  the  figure  exhibits  the 
plan,  and  the  middle  portion  the  ele- 
vation of  the  attic  base  in  question. 

The  uppermost  portion  of  it  presents 
three  sections  of  the  mouldings  of  the 
base  in  question  cut  in  three  different 
places  parallel  to  the  direction  of  the 
light.  This  last  portion  of  the  figure 
is  not  absolutely  necessary,  inasmuch 
as  the  profiles  in  question  might 
have  been  obtained  upon  the  eleva- 
tion ; but  we  have  preferred  keeping 
it  separate  to  prevent  a confusion  of 
subsidiary  lines.  There  is  moreover 
another  advantage  in  thus  separating 
the  parts  from  each  other,  namely, 
that  of  immediately  and  more  dis- 
tinctly seeing  the  lines  at  each  select- 
ed place,  in  wliich  the  rays  of  light 
separate  the  parts  actually  in  light 
from  those  in  shadow ; and  where 
the  student  is  likely  to  meet  with 
matters  of  perplexity,  nothing  should  be  left  untried  to  save  his  time,  and,  what  is  often 
more  important,  his  patience.  The  mode  to  be  adopted  is  as  follows : — 

Make  on  the  plan  any  number  of  sections  a'a'a'a',  b'b'b'b'  in  the  direction  of  the  light,  and 
draw  on  the  elevation  the  corresponding  sections  aaaa,  bibb.  LL  being  the  direction  of  the 
light,  draw  parallel  thereto  tangents  to  the  curves  of  the  convex  mouldings,  and  the  bounda- 
ries of  their  shades  will  be  obtained,  as  will  also  those  of  their  shadows,  by  continuing  them 
from  such  boundaries  till  they  cut  the  other  parts  in  each  section,  as  will  be  more  especially 
seen  at  cc.  It  will  be  recollected  that  in  our  first  mention  of  the  projected  representation  of 
the  line  of  light  and  shadow  we  found  that  it  was  an  angle  of  54“  44'  of  the  diagonal  of  a 
cube.  This  angle  is  set  out  in  xyz  on  the  plan.  We  have  therefore  another  mode  of 
finding  the  boundaries  of  shade  and  shadow  on  the  moulding,  by  developing  the  sections 
‘iiia'a,  b'b'b'b',  c‘lc.,as  at  A,  B,  and  C,  and  drawing  tangents  yz  to  the  convex  mouldings  for 
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boundarios  of  shade  thereon,  and  continuing  them,  or  otherwise,  for  the  other  parts,  aa 
shown  in  the  diagram. 

2481.  In  Jig.  857.,  which  represents 
the  capital  of  a column,  a similar  me- 
thod is  used  to  that  last  mentioned  for 
obtaining  tlie  shades  and  shadows,  by 
means  oi'  a a' a a'  and  h'b'h'b',  which  are 
shown  on  the  elevation  by  aaaa  and 
bbbb.  We  apprehend  this  will  be  un- 
derstood by  little  more  than  inspec- 
tion of  it. 

It  is  obvious  that  the  means  here 
adopted  for  obtaining  the  lines  of 
shadow  are  precisely  similar  to  those 
used  in  the  preceding  example.  In 
this,  however,  the  sections  of  the  ca- 
pital parallel  to  the  direction  of  the 
light  are  made  on  the  elevation,  and 
it  will  be  seen  that  many  of  them  are 
not  required  to  obtain  an  accurate 
boundary  of  the  lines  of  shadow 
sought ; for  after  having  obtained 
those  points  from  which  the  longest 
shadow  falls,  and  on  the  other  side 
those  where  the  line  of  shadow  com- 
mences, a curve  line  of  an  elliptical  nature  connects  the  points  found.  If  the  drawiiv^  to 
l>e  made  be  on  a large  scale,  it  may  then  be  worth  the  architect’s  while  to  increase  the 
number  of  points  wherefrom  the  shadow  is  to  be  projected,  so  as  to  produce  the  greatest 
possible  accuracy  in  the  representation. 

2482.  The  shadows  of  an  Ionic  cajiital  are  given  in  Jig.  858.  The  shadow  of  the  volute 
on  the  column  is  obtained  by  any  number  of  lines  A A,  BB,  CC,  &c.  from  its  different 
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parts  and  verticals  from  their  corresponding  ones  aa,  bh,  cc.  Sec.  on  the  plan,  and  similarly 
the  shadow  of  the  capital  on  the  wall.  In  this  example,  as  in  those  immediately  preceding, 
the  employment  of  sectional  lines  parallel  to  the  direction  of  the  light  is  again  manifest. 
The  use  of  them  is  most  especially  seen  in  the  example  of  the  Corinthian  capital  which 
follows.  As  a general  rule,  it  may  be  hinted  to  the  student  of  sciography,  that  in  the  diffi- 
culties that  may  occur,  they  will  be  most  expeditiously  and  clearly  resolved  by  the  use 
of  the  sectional  lines,  whereon  we  have  thought  it  proper  so  much  to  dilate. 

2483.  The  Corinthian  capital  in  Jig.  859.  will  require  little  more  than  inspection  to 
understand  the  construction  of  its  sciography  ; and  all  that  we  think  necessary  to  particu- 
larise are  the  developed  projections  A,  B,  C,  D,  E,  F of  the  abacus  and  the  leaves,  whereon 
the  termination  of  the  shadows  at  angles  of  54°  44',  as  explained  in  Jig.  856.,  give  their 
respective  depths  on  the  elevation. 

There  is  another  method  of  arriving  at  the  result  here  exhibited,  by  drawing  sectional 
lines  parallel  to  the  direction  of  the  light  through  the  different  parts  and  leaves  of  the 
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capital  on  its  elevation,  as  in  fig.  857.,  and  such  was  the  mode  we  were  formerly  in  the  habit 
of  adopting.  It  however  induces  such  a confusion  of  lines,  that  we  have  long  since  aban- 
doned it,  and  have  no  hesitation  in  recommending  the  process  here  given  as  the  best  and 
most  likely  to  avoid  confusion.  It  is  of  course  unnecessary,  in  making  drawings,  to  project 
more  than  the  shadow  of  one  capital,  as  in  a portico,  or  elsewhere,  similar  capitals,  similarly 
exposed  to  the  light,  will  project  similar  shadows,  so  that  the  projection  on  one  serves  for 
the  projection  on  all  of  them. 

2484.  For  instruction  upon  the  mode  in  which  reflected  light  acts  upon  objects  in  shade 
and  shadow,  we  must  refer  the  learner  to  the  contemplation  of  similar  objects  in  relief. 
'I'he  varieties  of  reflexes  are  almost  infinite  ; and  though  general  rules  might  be  laid  down, 
they  would  necessarily  be  so  complicated,  that  they  would  rather  puzzle  than  instruct,  and 
under  this  head  we  recommend  the  study  of  nature,  which  will  be  found  the  best  instructress 
the  student  can  procure. 


Sect.  IV. 

GENERAI.  PRINCIPLES  OF  COMPOSITION. 

2485.  The  end  of  architecture,  without  whose  aid  no  other  art  can  exist,  is  not  merely 
to  please  the  eye,  but  so  to  provide  against  the  changes  of  the  seasons  as  to  be  serviceable 
to  man.  Pleasure  to  the  eye  may,  however,  result  from  the  useful,  well  combined  with  the 
beautiful  modifications  whereof  it  is  susceptible.  It  is  in  combining  thus  that  the  genius 
of  the  architect  is  exhibited.  The  art  of  decorating  a well-proportioned  edifice  is  a very 
secondary  and  comparatively  easy  part  of  his  work,  though  requiring,  of  course,  the  early 
cultivation  of  his  taste  and  an  intimate  acquaintance  with  the  parts,  whereof  tins  may 
be  taught  and  that  acquired ; but  the  distribution  and  arrangement  of  the  several  portions 
on  the  plan,  upon  which  every  accessory  is  dependent,  requires  great  knowledge  and 
considerable  experience.  And  in  this  is  involved  not  only  the  general  convenience  and 
effect  of  the  building,  but  what  is  of  much  consequence  to  the  proprietor,  the  cost  of  the 
work.  None  bat  those  practically  conversant  with  the  planning  of  a building  would 
believe  the  saving  that  may  be  produced  by  proper  distrilrution.  In  the  case  of  many 
external  breaks,  for  instance,  much  addition  arises  in  the  length  of  walls  er.closing  the 
edifice,  without  generally  increasing  the  convenience  of  the  interior,  but  alwavs  when  the 
elevation  comes  to  be  adapted  to  the  plan,  with  the  certainty  of  breaking  up  the  niassc.s, 
and  destroying  the  simplicity  of  the  effect.  This  is  mentioned  merely  as  an  instance  of 
simplicity  of  plan  always  producing  simj)licity  of  section  and  elevation. 
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2486.  All  ornament  in  arcliitecture  is  non-essential,  inasmuch  as  the  pleasure  received 
bv  the  eve  is  not  its  end.  To  juiblic  and  private  utility,  the  welfare  and  comforts  of  indi- 
viduals. wliich  are  the  ends  of  the  art,  every  other  point  must  he  sacrificed;  and  it  is  o..ly 
when  these  have  liecn  accomplished  tliat  we  are  to  think  of  decoration.  An  anecdote  is 
related  of  a certain  nolileman,  who,  having  boasted  to  a friend  of  the  beauty  of  the  facade 
of  Ids  liouse.  which  within  was  exceedingly  ill  contrived,  was  told  that  he  thought  tli3  peer 
would  do  well  to  take  the  house  opposite,  that  he  might  be  thus  always  able  to  look  at  it. 
Tliose  who  make  the  internal  parts  of  an  edifice  subservient  to  the  project  of  a fa9ade, 
and  adjust  their  plan  and  section  to  the  elevation,  must  be  considered  as  making  the 
end  of  less  im))ortance  than  the  ornament  of  the  building.  Those  who  work  in  this 
mode  produce  little  variety  in  their  designs,  which,  numerous  though  they  be,  consist 
of  but  few  different  combinations,  whilst  those  that  result  from  the  natural  order  of  making 
the  f,i9ade  sidiservient  to  tlie  internal  parts,  which  the  plan  and  section  impose,  are 
susceptd)le  of  infinite  variety  and  decoration. 

2487.  It  is  not.  however,  to  be  supposed  that  we  are,  in  what  has  been  said,  sanctioning 
the  student’s  neglect  of  careful  comi)osition  and  adjustment  of  the  fa9ades.  U))on  the 
adaptation  of  tlie  different  fronts  of  the  building  to  sort  with  the  internal  convenience, 
the  •’■reatest  care  should  be  bestowed.  It  is  from  these  his  reputation  is  likely  to  flow,  be- 
cause they  are  the  parts  most  susceptible  of  comprehension  by  the  public.  The  architect  will, 
upon  every  succeeding  day’s  experience,  find  that  the  two  objects  are  not  incompatible  ; 
but  if  such  a case,  which  is  possilile,  arise,  he  had  far  better  sacrifice  the  fa9ade,  consider- 
ing first  the  comforts  of  those  who  are  to  inhabit  the  house,  and  then  the  gratification 
of  those  who  are  only  to  look  at  it. 

2488.  Durand  has  well  observed  that  compositions  conducted  on  the  above  princijiles 
must  jilease.  “ Has  not  nature,”  says  that  author,  “attached  pleasure  to  the  satisfaction  of 
our  wants,  and  are  our  most  lively  pleasures  other  than  the  satisfaction  of  our  most  press- 
ing wants  ? These  wants  are  better  satisfied  in  the  interior  distribution  of  a building  than 
in  the  exterior.”  ^Vho  leaves  the  Pantheon  without  more  satisfaction  than  he  expected 
from  the  view  of  the  portico,  fine  though  it  he?  Again,  faulty  as  are  both  St.  Peter’s  and 
St.  Paul’s,  will  any  one  who  understands  the  subject  aver  that  he  has  received  more  plea- 
sure from  their  respective  fii9ades  than  from  their  noble  interiors?  The  pleasurable  sensa- 
tions produced  by  both  are  entirely  dependent  on  their  interior  distribution.  But  when  we 
find  that  in  the  former  of  these  buildings  there  is  no  mockery  of  a dome,  the  interior  and 
exterior  being  as  far  dependent  on  each  other  as  the  circumstances  of  construction  would 
jiennit,  whilst  the  dome  of  the  latter  is  worse  than  a mockery,  the  interior  and  exterior 
ilomes  having  nothing  in  common  with  each  other,  the  last  being  no  more  than  a timber 
leaded  aiipurtenance  to  the  fabric.  Wren,  with  all  his  greatness,  for  great  he  was,  shrinks 
into  nothingness  by  the  side  of  Michael  Angelo,  although  the  external  form  of  the  dome  oi 
London  be  more  elegant  than  that  of  the  Vatican.  This  is  a strong  but  not  a forced  illus- 
tration of  our  o})lnions,  the  good  sense  whereof  must  be  left  for  appreciation  to  our  readers, 
wlio,  we  doubt  not,  on  a little  reflection,  will  concur  with  us. 

2-lSy.  In  ninety-nine  cases  out  of  a hundred  the  student  will  find  that  a good  distribution 
of  his  jilan  leads  him,  with  anything  like  ordinary  tact,  to  the  composition  of  good  sections 
and  good  elevations,  far  better.  Indeed,  than  he  could  arrive  at  by  pursuing  an  opposite 
course.  In  domestic  Gothic  architecture,  this  is  notorious,  for  in  that  a regular  distribu- 
tion of  the  openings  would  often  jiroduce  the  tamest  and  least  picturesque  effect.  The 
Gothic  architects  placed  windows  internally  where  only  they  would  be  serviceable,  letting 
them  take  their  chance  in  the  exterior.  It  is  not  to  be  understood,  because  such  would  be 
rather  outr^,  that  this  method  will  exactly  suit  the  principles  of  composition  in  Italian  archi- 
tecture ; but  it  is  well  known  to  practical  men  that  a required  opening  in  a particular  place, 
instead  of  being  a blemish,  may  be  converted  on  many  occasions  into  a beauty.  Indeed,  it 
IS  incontrovertibly  true  that  distribution  and  disposition  are  the  first  objects  that  should 
engage  the  architect’s  attention,  even  of  him  whose  great  aim  is  to  strike  the  attention  by 
ornament,  which  can  never  please  unless  its  source  can  be  traced  to  the  most  convenient 
and  economical  distribution  of  the  leading  parts.  Theorists  may  be  laughed  at,  but  it  does 
not  move  us,  nor  dimlni.sh  our  regret  to  see  many  architects  without  any  other  theory  than 
that  whereon,  in  an  inverted  position,  their  own  wild  fancies  are  grafted.  If  what  we  have 
stated  be  true,  and  from  the  nature  of  things  we  cannot  imagine  a controversy  can  arise 
iqion  our  observations,  the  talent  of  the  architect  is  to  be  estimated,  as  Duraird  properly 
ob  erves,  according  to  his  solution  of  the  two  following  problems:  — 

hirst.  For  a given  sum,  as  in  private  buildings,  to  erect  the  most  convenient  and  suit- 
able house  for  his  employer. 

Second.  The  requisites  in  a building  being  given,  as  in  public  buildings,  to  erect  it  at 
the  smallest  possible  expense. 

24  90.^  An  investigation  of  all  the  modes  of  accom])lishing  these  desiderata  can  only  be 
fully  eff'etted  in  a work  of  much  larger  extent  than  this;  but  we  have,  in  the  practical 
pa;ts  ot  our  volume,  so  prepared  the  reader,  that  he  will  not  generally  be  at  a loss  in  respect 
ol  the  construction  of  a building,  whatever  its  nature  or  destination 
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‘2490flE.  For  tlie  tliorongh  compreliension  of  a projected  edifice,  at  least  three  drawings 
jre  necessary,  the  plmt,  the  sevtion,  and  tlie  elevation.  The  first  is  a horizontal  section  of  Tt, 
the  second  the  vertical  section,  wliich  shows  the  building  as  if  it  were  cut  in  half,  tliat  lialf 
nearest  the  spectator  being  removed  from  its  plan,  so  as  to  permit  the  inner  parts  to  heiome 
visible,  and  the  third  is  the  geometrical  appearance  of  the  front  represented  as  if  viewed 
from  an  infinite  distance,  in  which  no  coinergence  of  the  lines  would  be  seen. 

24906.  In  making  a design,  it  is  always  better  to  put 
the  general  idea  together  on  a single  slieet  of  paper,  and 
consequently,  in  most  cases,  on  a small  scale.  Tliis, 
in  afterwards  making  the  drawings,  is,  as  may  be  ne- 
•^cessary,  increased  in  size.  The  three  parts  being  drawn 
under  one  another,  as  shown  in  Ji^.  895ii.,  wherein  tlie 
middle  diagram  is  the  plan,  the  lower  one  the  section, 
and  the  upper  one  the  elevation.  By  thus  beginning  on 
a single  slieet,  in  which  the  whole  is  before  the  eye,  the 
corresponding  lii  es  are  more  readily  transferred  from 
one  ]iart  to  another.  I laving  drawn  through  the  middle 
of  the  paper  the  vertical  A A,  cut  at  right  angles  by 
the  horizontal  line  BB,  draw  the  required  centres  or 
axes  of  the  walls  CC  and  DD,  and  supposing  the  build- 
ing is  to  be  square,  with  the  same  opening  of  the  com- 
passes set  out  the  axes  of  the  return  walls  EE  and 
FF.  Having  determined  the  thickness  of  the  walls, 
one  half  may  be  set  out  on  each  side  the  axes,  as  in 
^ ee,  ff,  CC,  and  dd,  and  then  the  lines  showing  the  thick- 
**  nesses  of  the  walls  may  be  drawn.  The  width  of 
openings  in  the  walls  may  be  next  set  out,  half  on  each 
side  the  axes  BB  and  A A,  first  drawn  towards  hb  and 
aa,  and  the  lines  drawn  to  their  places.  Having  thus 
proceeded,  we  shall  discover  that  not  only  has  the  plan 
been  drawn,  but  at  the  same  time  a considerable  portion 
of  the  section  and  elevation.  'I'o  distinguish  the  voids 
from  the  solids,  the  latter  should  be  coloured  or 
hatched,  and  then  the  next  step  will  be  as  follows  : — 

I^arallel  to  the  principal  axis  BB,  draw  the  ground  lines 
GG  and  GG.  From  these  lines  the  heights  of  the 
building,  its  cornice  and  opening,s,  may  be  set  up  in  the 
section  and  elevation  ; and  afterwards,  the  height  of  the 
roof  and  projection  of  the  cornice  having  been  de- 
termined, they  may  be  set  out  and  drawn.  In  the 
section,  as  in  the  plan,  it  is  usual  either  to  colour  or 
liatch  tlie  solid  parts,  as  we  have  done  in  the  figure. 

2490c.  Sim]de  as  the  above  process  maybe,  it  contains 
the  wh'de  elementary  part  of  the  mechanical  process 
necessary  for  making  a design.  It  might  have  been 
conducted  on  a more  complicated  mass,  but  had  we  done 
so,  it  w ould  not  have  been  so 'well  understood,  and  we 
therefore  deprecate  any  observations  on  the  simpleness 
of  our  process  by  those  wdio  have  been  lirought  to  know 
these  things  by  practice  and  experience.  We  do  not, 
however,  feel  we  should  discharge  our  duty  before 
closing  this  section,  without  a censure  on  the  attempt 
to  convert  drawings  of  geometrical  elevations  and  sc*c- 
tions  into  picturesque  representations,  because  such 
practice  is  not  only  injurious  to  the  art,  but  is  dishonest,  and  has  a tendency  to  mislead 
the  architect’s  employer;  and  we  are  sorry  to  say  that  it  is  not  unfrequently  done  with 
such  a view.  We  denounce  it,  and  without  hesitation  aver  that  the  casting  of  shadows 
on  a design  is  only  admissible  for  the  purpose  of  showing  the  relative  depths  of  projecting 
parts;  and  when  so  admitted,  the  medium  should  be  confined  to  Indian  ink  or  sepia,  and 
thrown  in  merely  in  masses,  the  apertures  being  just  slightly  filled  in  with  the  same 
3olour. 
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WORKING  DRAWINGS. 

2491.  Working  drawings  are  those  made  of  tlie  parts  at  large  for  executing  the  works, 
wMiich  could  not  be  well  done  from  drawings  on  a small  scale,  wherein  tlie  small  parts 
would  not  be  either  sufficiently  defined,  or  could  not  be  figured  so  as  to  enalde  the  work- 
man to  set  out  his  work  with  accuracy.  They  are  generally  in  outline,  except  the  sectional 
parts,  which  are  frequently  tinted  to  bring  the  profiles  more  readily  before  the  eye. 

2491a.  It  is  obvious  that  tliough  drawings  made  to  a twelfth  or  a twenty-fourth  part  of 
Iheir  ival  size  may  well  enough  supply  tl.e  wants  of  the  workman  where  there  is  no 
complication  in  the  distribution  and  arrangement,  and  where  there  is  a simple  treatment 
of  regular  forms,  of  right  angles  and  the  like ; yet  in  all  cases  wherein  we  have  to 
deal  with  the  minor  details  of  architecture,  and  in  construction,  where  the  variety  of  forms 
used  is  infinite  from  the  variety  of  the  circumstances,  nothing  short  of  drawings  of  the 
full,  or  at  the  least  of  half,  the  size  will  safely  guide  the  workman. 

2491i‘.  The  art  of  making  w'crking  drawings,  which  must  have  been  well  understood  at 
all  periods  of  the  practice  of  arcliitecture,  involves  a thorough  knowledge  of  projection,  or 
descriptive  geometry,  and  consists  in  expressing  bylines  all  that  occurs  for  the  develop- 
ment of  every  part  of  the  details  of  a building,  in  plan,  elevation,  and  profile,  each  part 
being  placed  for  the  use  of  the  workman  with  clearness  and  precision.  All  tlie  rules  by 
which  working  drawings  are  wrought  are  dependent  on  the  matter  in  this  work  already 
communicated  to  the  reader,  excepting  only  those  details  of  the  orders,  and  some  other 
matters,  which  will  be  found  in  book  III.  But  we  shall  here,  nevertheless,  briefly  replace 
before  him  the  leading  principles  whereon  working  drawings  are  to  be  prepared.  And 
first,  he  is  to  recollect  that  solids  are  only  represented  by  the  faces  opposite  to  the  eye  ; 
secondly,  that  the  surfaces  by  which  solids  are  enclosed  are  of  two  sorts,  that  is,  rectilinear 
or  curvilinear.  Those  bodies  in  which  these  properties  are  combined  may  be  divided  into 
three  sorts;  1.  Those  which  are  bounded  by  plane  surfaces,  such  as  prisms,  pyramids,  and 
generally  all  straiglit  work.  2.  Those  in  which  there  is  a mixture  of  stiaight  and  curved 
lines,  as  cylinders,  cones,  or  portions  of  them,  voussoirs  of  vaulting,  and  the  like;  and  3. 
'I'hose  solids  wherein  a double  flexure  occurs,  as  in  the  sphere,  spheroid,  and  in  many 
cases  of  voussoirs. 

2491c.  We  should,  however,  unnecessarily  use  our  limited  space  by  further  entering  on 
these  matters,  on  which  enough  has  been  said  in  previous  sections.  The  plain  truth  is,  that 
working  drawings  are  to  be  so  made  for  the  use  of  the  artificer  as  to  embody  on  a scale,  to 
prevent  any  mistake,  all  the  information  which  this  work  has  already  given  on  construction, 
and  that  which  follows  in  the  more  refined  view  of  architecture  as  a fine  art. 

2491c/.  In  works  whose  magnitude  is  not  of  the  first  class,  the  drawing  of  every  part, 
both  in  construction  and  in  those  which  involve  the  work  as  one  of  art,  should  be  given 
of  the  full  size  whereof  it  is  proposed  to  be  executed.  Where  the  building  is  large, 
as  also  the  parts,  this  may  be  dispensed  with  ; but  then  it  becomes  (the  detail  being 
drawn  on  a smaller  but  fully  intelligible  scale)  the  duty  of  the  architect  to  see  that  the 
drawings  he  furnishes  are  faithfully  drawn  out  to  the  full  size  by  the  artificer  on  proper 
moulds.  Often  it  is  useful — never,  indeed,  otherwise — to  offer  up,  as  it  is  called,  small 
])oitioiis  of  mouldings  on  the  different  parts  of  a building,  to  ascertain  what  the  effect  may 
be  likely  to  be  at  the  heights  fixed  for  their  real  places.  In  these  matters  he  should  leave 
no  means  untried  to  satisfy  himself  of  the  effect  which  his  first  drawings  in  small  is  likely  to 
produce  when  executed. 

2491  e.  We  have  presumed  that  the  architect  is  so  far  educated  as  to  have  acquired  a 
full  knowledge  of  all  that  rules  can  teach,  and  that,  strictly  speaking,  he  has  proportioned 
his  work  in  conformity  with  them.  Still,  in  real  practice,  there  are  constantly  so  many 
circumstances  which  concur  in  making  it  almost  necessary  to  depart  from  established 
rules,  such  as  surrounding  buildings,  wlierc  it  is  of  importance  to  give  predominance  to  a 
part  for  the  purpose  of  making  it  a feature,  that  the  expedient  of  trying  a portion  of  the 
proposed  detail  in  the  place  it  is  actually  to  occupy,  is  a matter  that  we  would  advise  every 
architect  to  adopt  after  he  has  made  and  studied  the  working  drawings  whereof  we  treat. 

2491/.  We  have,  not  alluded  to  the  matters  of  carpentry  and  joinery,  in  wffiich  it  is  often 
necessary  to  give  the  artificer  information  by  means  of  working  drawings;  but  themetliods 
of  trussing  in  carpentry,  and  of  framing  in  joinery,  often  require  working  drawings.  What 
has  already  been  exhibited  under  those  heads  (2031,  e/ seg-.)  will  prevent  his  being  left 
ur. instructed,  and  will,  moreover,  have  afforded  such  information  as  to  prejiare  him,  by  the 
exercise  of  his  own  ingenuity,  for  such  cases  as  may  not  have  been  specially  given  in  the 
examples  liereln  contained.  We  therefore  here  close  our  observations  under  this  section  • 
by  an  intimation  to  the  student,  that  the  })roper  jireparation  of  working  drawings  for  the 
use  of  the  artificer  tests  his  acejuaintance  with  the  theory  and  practice  of  the  art,  and  is 
cf  the  utmost  inij)ortance  to  the  pocket  of  the  employer,  which  it  is  his  duty  as  a gentleman 
incessantly  to  protect. 
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BEAUTY  IN  ARCHITECTURE, 

2192.  The  existence  of  architecture  as  a fine  art  is  dependent  on  expression,  or  tlie 
faculty  of  representing,  by  means  of  lines,  words,  or  other  media,  the  inventions  which  the 
architect  conceives  suitable  to  the  end  proposed.  That  me?  is  twofold ; to  be  useful,  and 
to  connect  the  use  with  a pleasurable  sensation  in  the  spectator  of  the  invention.  In 
eloquence  and  poetry  the  end  is  to  instruct,  and  such  is  the  object  of  the  higher  and  histo- 
rical classes  of  painting ; but  architecture,  though  the  elder  of  the  arts,  cannot  claim  the 
rank  due  to  painting  and  poetry,  albeit  its  end  is  so  much  more  useful  and  necessary  to 
mankind.  In  the  sciences  the  end  is  utility  and  instruction,  but  in  them  the  latter  is  not 
of  that  high  moral  importance,  however  useful,  which  allows  them  for  a moment  to  come 
into  competition  with  the  great  arts  of  painting,  poetry,  and  eloquence.  It  will  be  seen 
that  we  here  make  no  allusion  to  the  lower  branches  of  portrait  and  landscape  painting, 
but  to  that  great  moral  and  religious  end  which  fired  the  mind  of  Michael  Angelo  in  the 
Sistine  Chapel,  and  of  Raffaelle  Sanzio  in  the  Stanze  of  the  Vatican  and  in  the  Cartoons. 
Above  the  lower  branches  of  painting  just  mentioned,  the  art  whereof  we  treat  occupies 
an  exalted  station.  In  it  though  the  chief  end  is  to  produce  an  useful  result,  yet  the  ex- 
pression on  which  it  depends,  in  common  with  the  other  great  arts,  brings  each  within  the 
scope  of  those  laws  which  govern  generally  the  fine  arts  whose  object  is  beauty.  Beauty, 
whatever  difference  of  opinion  may  exist  on  the  means  necessary  to  produce  it,  is  by  all 
admitted  to  be  the  result  of  every  perfection  whereof  an  object  is  susceptible,  such  perfec- 
tions being  altogether  dependent  on  the  agreeable  proportions  subsistent  between  the 
several  parts,  and  those  between  the  several  parts  and  the  whole.  The  power  or  faculty  of 
inventing  is  called  genius.  By  it  the  mind  is  capable  of  conceiving  and  of  expressing  its 
conceptions.  Taste,  which  is  capable  of  being  acquired,  is  the  natural  sensation  of  a mind 
refined  by  art.  It  guides  genius  in  discerning,  embracing,  and  producing  beauty.  Here 
we  may  for  a moment  pause  to  inquire  what  may  be  considered  a standard  of  taste,  and 
that  cannot  be  better  done  than  in  the  words  used  on  the  subject  by  Hume  (Essay  xxiii. ): 
“ The  great  variety  of  tastes,”  says  that  author,  “ as  well  as  of  opinion,  which  prevails  in  the 
world,  is  too  obvious  not  to  have  fallen  under  every  one’s  observation.  Men  of  the  most 
confined  knowledge  are  able  to  remark  a difference  of  taste  in  the  narrow  circle  of  their 
acquaintance,  even  where  the  persons  have  been  educated  under  the  same  government  and 
have  early  imbibed  the  same  prejudices.  But  those  who  can  enlarge  their  vie«v  to  con- 
template distant  nations  and  remote  ages  are  still  more  surprised  at  the  great  inconsistence 
and  contrariety.  We  are  apt  to  call  barbarous  whatever  departs  widely  from  our  own 
taste  and  apprehension,  but  soon  find  the  epithet  of  reproach  retorted  on  us,  and  the 
highest  arrogance  and  self-conceit  is  at  last  startled  on  observing  an  equal  assurance  on  all 
sides,  and  scruples,  amidst  such  a contest  of  sentiment,  to  pronounce  positively  in  its  own 
favour.”  True  as  are  the  observations  of  this  philosopher  in  respect  of  a standard  of  taste, 
we  shall  nevertheless  attempt  to  guide  the  reader  to  some  notion  of  a standard  of  taste  in 
architecture. 

2493.  There  has  lately  grown  Into  use  in  the  arts  a silly  pedantic  term  under  the  name  of 
.Aesthetics,  founded  on  the  Greek  word  'AtadrjTiKhs,  one  which  means  having  the  power  of 
perception  by  means  of  the  senses;  said  to  be  the  science  whereby  the  first  principles  in  all 
thp  arts  are  derived,  from  the  effect  which  certain  combinations  have  on  the  mind  as  con 
nected  with  nature  and  reason:  it  is,  however,  one  of  the  metaphysical  and  useless  additions 
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to  noincncliiture  in  the  arts,  in  which  the  Cerman  writers  abound,  and  in  its  application  to 
architecture  of  least  value;  because  in  that  art  form  is  from  construction  so  limited  by 
necessity,  that  sentiment  can  scarcely  be  said  to  be  further  connected  with  the  art  than  is 
necessary  for  keeping  the  subordinate  parts  of  the  same  character  as  the  greater  ones  under 
which  they  are  combined  ; and,  furtl'er,  for  thereby  avoiding  incongruities. 

It  is  well  knownthat  all  art  in  relation  to  nature  is  subject  to  those  laws  by  which 
nature  herself  is  governed,  and  if  we  were  certain  that  those  roles  of  art  which  resulted 
from  reason  were  necessarily  and  actually  connected  with  sensation,  there  would  be  nc 
dillicultv  in  framing  a code  of  laws  whereon  the  principles  of  any  art  might  be  firmly 
founded.  “ Priiuii)les  in  ait,”  as  well  defined  by  Payne  Knight,  ‘‘are  no  other  than  the 
trains  of  ideas  which  arise  in  the  mind  of  the  artist  out  of  a just  and  adequate  consider- 
ation of  all  those  local,  temporary,  or  accidental  circumstances  upon  which  their  propriety 
or  impropriety,  their  congruity  or  incongruity,  wholly  depend.”  By  way  of  illustrating 
the  observation  just  made,  we  will  merely  allude  to  that  maxim  in  architecture  which 
inculcates  the  proju  iety  of  placing  openings  over  openings  and  ])lers  over  piers,  disallowing, 
in  other  words,  the  placing  a pier  over  an  opening  without  the  exhibition  of  such  pre- 
}>aration  below  as  shall  satisfy  the  mind  that  security  has  been  consulted.  There  can  be 
no  doubt  that  a dejiarture  from  the  maxim  creates  an  unpleasant  sensation  in  the  mind, 
which  would  seem  to  he  immediately  and  intimately  connected  with  the  laws  of  reason ; 
but  there  is  great  difficulry  in  satisfying  one’s  self  of  the  precise  manner  in  which  this 
operates  on  the  mind,  without  a recurrence  to  the  primitive  types  in  architecture,  and 
thence  pursuing  the  impiiry.  But  in  the  other  arts  the  types  are  found  in  nature  herself, 
and  hence  in  them  no  difficulty  occurs  in  the  establishment  of  laws,  because  we  have  that 
same  nature  whereto  reference  may  be  made.  We  shall  have  to  return  to  this  subject  in 
the  section  on  the  Orders  of  Architecture,  to  which  we  must  refer  the  reader,  instead  ot 
pursuing  the  subject  here. 

249.5.  Throughout  nature  beauty  seems  to  follow  the  adoption  of  forms  suitable  to  the 
exjnession  of  the  end.  In  the  human  farm  there  is  no  part,  considered  in  respect  to  the 
end  for  which  it  was  formed  by  the  great  Creator,  that  in  the  eye  of  the  artist,  or  rather, 
in  this  case  the  better  judge,  the  anatomist,  is  not  admirably  calculated  for  the  function  it 
lias  to  discharge ; and  without  the  accurate  representation  of  those  parts  in  discharge  of 
their  several  functions,  no  artist  by  means  of  mere  expression,  in  the  ordinary  meaning  of 
that  word,  can  hope  for  celebrity.  This  arises  from  an  inadequate  representation  having 
the  ajipearance  of  incompetency  to  discharge  the  given  functions  ; or,  in  other  words,  they 
appear  unfit  to  answer  the  end. 

2496.  We  are  thus  led  to  the  consideration  of  fitaess,  which,  after  all,  will  be  found  to  be 
the  basis  of  all  proportion,  if  not  proportion  itself.  Alison,  in  his  Esaay  on  Tubte,  says, 
“ I ajqirehend  that  the  beauty  of  proportion  in  forms  is  to  be  ascribed  to  this  cause,” 
(fitness)  “and  that  certain  proportions  affiect  us  with  the  emotion  of  beauty,  not  from  any 
original  capacity  in  such  qualities  to  excite  this  emotion,  but  from  their  being  expressive 
to  us  of  the  fitness  of  the  jiarts  to  the  end  designed.”  Hogarth,  who  well  understood  the 
.subject,  concurs  with  Alison  in  considering  that  the  emotion  of  pleasure  which  jnoportion 
affords  does  not  resemble  the  pleasure  of  sensation,  but  rather  that  feeling  of  satisfaction 
arising  from  means  properly  adapted  to  their  end.  In  his  Analysis  of  Btauty  that  great 
jiainter  places  the  question  in  its  best  and  truest  light,  when,  speaking  of  chairs  and  tables, 
or  other  common  objects  of  furniture,  he  considers  them  merely  as  fitted  from  their  pro- 
portions to  the  end  they  have  to  serve.  In  the  same  manner,  says  Alison,  “the  effect  of 
disproportion  seems  to  me  to  bear  no  resemblance  to  that  immediate  painful  sensation 
which  we  feel  from  any  disagreeable  sound  or  smell,  but  to  resemble  that  kind  of  dissatis- 
faction which  we  feel  when  means  are  unfitted  to  their  end.  Thus  the  disproportion  of  a 
chair  or  table  does  not  affect  us  with  a simple  sensation  of  pain,  but  with  a very  observ- 
able emotion  of  dissatisfaction  or  discontent,  from  the  unsuitableness  of  their  construction 
for  the  purposes  the  objects  are  intended  to  serve.  Of  the  truth  of  this  every  man  must 
judge  from  his  own  exjierience.”  We  cannot  refrain  from  continuing  our  extracts  from 
this  most  intelligent  author.  “ The  habit,”  he  says,  “ which  we  have  in  a great  many 
familiar  cases  of  immediately  conceiving  this  fitness  from  the  mere  appearance  of  the  form, 
leads  us  to  imagine,  as  it  is  expressed  in  common  language,  that  we  determine  proportion  by 
the  eye,  and  this  quality  of  fitness  is  so  immediately  expressed  by  the  material  form,  that  we 
are  sensible  of  little  difference  between  such  judgments  and  a mere  determination  of  sense; 
yet  every  man  must  have  observed  that  in  those  cases  where  either  the  object  is  not 
familiar  to  us  or  the  construction  intricate  our  judgment  is  by  no  means  speedy,  and  that 
we  never  discover  the  proiiortion  until  we  jireviously  discover  the  principle  of  the  machine 
or  the  means  by  which  the  end  is  produced.” 

2497.  Hie  nature  of  the  terms  in  which  we  converse  shows  the  dependence  of  proportion 
on  fitness,  for  it  is  the  sign  ot  the  quality'.  The  natural  answer  of  a person  asked  why  the 
proportion  of  any  building  or  machine  pleased  him,  would  be,  because  the  object  by  such 
propoition  was  lit  or  proper  for  its  end.  Indeed,  proportion  is  but  a synonyme  of  fitness, 
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for  if  the  form  be  well  contrived,  and  the  several  parts  be  properly  adjusted  to  their  end, 
we  immediately  express  oiir  oi)inion  that  it  is  well  proportioned. 

2498.  There  is,  however,  between  proportion  and  fitness,  a distinction  drawn  bv  our 
author,  whicli  must  be  noticed.  “ Fitness  exjwesses  the  relation  of  the  whole  of  the  means 
to  the  end  ; proportion,  the  proper  relation  of  a part  or  parts  to  their  end.”  Rut  the  dis- 
tinction is  too  refined  to  be  of  importance  in  onr  consideration  ; for  the  due  projjortion  of 
])arts  is  simply  that  jiarticular  form  and  dimension  wliich  from  experience  has  been  found 
best  suited  to  tbe  ol  ject  in  view.  “ Proportion,”  tlierefore  continues  Alison,  “is  to  be 
considered  as  ajtitlieable  only  to  forms  composed  of  parts,  and  to  exiiress  the  relation  of 
propriety  between  any  part  or  parts  and  the  end  they  are  destined  to  serve.” 

2499.  Forms  are  susceptible  of  many  divisions,  and  consequently  proportions;  but  these 
are  only  subordinate  to  the  threat  end  of  the  whole.  Thus,  for  Instance,  in  the  constantly 
varying  forms  of  fashion,  say  in  a chair  or  table,  tlie  merely  ornamental  parts  may  bear  no 
relation  to  the  general  fitness  of  the  form,  but  they  must  be  so  contrived  as  to  avoid 
unpleasant  sensation,  and  not  to  interfere  with  the  general  fitness.  If  we  do  not  under- 
stand the  nature  of  its  fitness,  we  cannot  judge  of  the  proportion  properly.  “ No  man.” 
says  Alison,  “ ever  presumes  to  s’peak  of  the  proportions  of  a machine  of  the  use  of  which 
he  is  Ignorant.”  When,  however,  we  become  acquainted  with  the  use  or  purjiose  of  a 
particular  class  of  forms,  we  at  the  same  time  accpiire  a knowledge  wdiich  brings  under  our 
view  and  acquaintance  a larger  circle  of  agreeable  proportions  than  the  rest  of  the  world 
understand;  and  those  parts  which  by  others  are  legarded  with  indifference,  we  contem- 
plate with  pleasure,  from  our  superior  knowledge  of  their  fitness  for  tlie  end  designed. 
The  proportions  of  an  object  must  not  in  strength  be  carried  beyond  what 
is  required  for  fitness,  for  in  that  case  they  will  degenerate  into  clumsiness, 
whilst  elegance,  on  the  contrary,  is  the  result  of  the  nicest  adjustment  of 
proportion. 

2500.  Fitness  cannot  exist  in  any  architectural  object  without  cquilihrimn 
in  all  the  parts  as  well  as  the  whole.  The  most  complete  and  perfect  notion 
that  can  be  conceived  of  stahiliti/,  which  is  the  result  of  equilibrium,  may 
be  derived  from  the  contemplation  of  an  horizontal  straight  line  ; whilst, 
on  the  contrary,  of  instability  nothing  seems  more  expressive  than  a vertical 
straight  line.  These  being,  then,  assumed  as  the  extremes  of  stabilitv  and 
instability,  by  carrying  out  the  gradations  between  the  two  extremes,  we 
may,  extending  in  two  parts  the  vertical  line,  obtain  various  forms,  more  or 
less  expressive  of  stability  as  they  approach  or  recede  from  the  horizontal 
line.  In  fiq.  860.  we  have,  standing  on  the  same  base,  the  general  form  of 
the  lofty  Gothic  spire  ; the  ])leasing,  solid,  and  enduring  form  of  the  Egyptian 
pyramid;  and  that  of  the  flat  Grecian  pediment;  which  last,  though  in  its 
inclination  adjusted  on  different  grounds,  which  have  been  examined  in 
Rook  II  Chap.  HI.  subsect.  2027,  cGscy.,  is  an  eminent  instance  of  .stability.  Kifr.  S6n. 

The  spire,  from  its  height  and  small  base,  seems  to  possess  but  a tottering  equilibrium 
compared  with  the  others. 

2501.  Stability  is  obviously  dependent  on  the  laws  of  gravitation,  on  which,  under  the 
division  of  statics,  not  only  the  architect,  but  the  painter  and  sculptor,  should  bestow  consi- 
derable attention.  We  cannot  for  a moment  suppose  it  will  be  disputed  that  at  least  one 
of  the  causes  of  the  beauty  of  the  pyramid  is  a satisfactory  impression  on  the  mind  of  the 
state  of  rest  or  stability  it  possesses.  Rest,  repose,  stability,  balance,  all  meaning  nearly 
the  same  thing,  are  then  the  very  essential  ingredients  in  fitness;  and  therefore,  in  architec- 
tural subjects,  instability,  or  the  appearance  of  it,  is  fatal  to  beauty.  Illustrations  of  this 
exist  in  the  famous  Asinelli  and  Garisendi  towers  at  Bologna,  and  at  Pisa  in  the  cele- 
brated leaning  Campanile. 

2502.  It  may  be  objected  to  what  we  have  written,  that  fitness  alone  will  not  account 
for  the  pleasure  which  arises  in  the  contemplation  of  what  are  called  the  orders  of  archi- 
tecture, and  Alison  seems  very  much  to  doubt  whether  there  be  not  some  other  cause  ot 
beautv.  It  wull,  however,  be  our  business  to  show  how  the  ancients,  their  inventors,  con- 
sidered principally  their  fitne.ss  ; and  upon  these  grounds  to  show,  moreover,  how  the 
proportions  in  ancient  examples  varied,  and  may  be  still  further  varied,  without  infringing 
upon  the  principles  which  guided  them  in  the  original  invention.  Payne  Knight  has  well 
observed,  “ that  the  fundamental  error  of  imitators  in  all  the  arts  is,  that  they  srervilely 
copy  the  effects  which  they  see  produced,  instead  of  supplying  and  adopting  the  principles 
which  guided  the  original  artists  in  producing  them  ; wherefore  they  disregard  all  those 
local,  temporary,  or  accidental  circumstances  upon  which  their  pro]>riety  or  impropriety, 
their  congruitv  or  incongruity,  wholly  depend.”  “ Grecian  temples.  Gothic  abbeys,  and 
feudal  castles  were  all  well  adapted  to’their  respective  uses,  circumstances,  and  situations; 
the  distribution  of  the  parts  subservient  to  the  purposes  of  the  whole  ; and  the  ornaments 
and  de ‘Orations  suited  to  the  character  of  the  parts,  and  to  the  manners,  habits,  and  em- 
pliiyments  of  the  persons  who  were  to  occupy  them  : but  the  house  of  an  English  noble- 
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man  of  Ine  18th  or  19th  century  is  neither  a Grecian  temple,  a Gothic  abbey,  nor  a 
feudal  castle  ; and  if  the  style  of  distribution  or  decoration  of  either  be  employed  in 
it,  such  changes  and  mrdificatl  *ns  should  be  admitted  as  may  adapt  it  to  existing  circum- 
stances, otherwise  the  s ale  of  its  exactitude  becomes  that  of  its  incongruity,  and  the  de- 
viation from  principle  proportioned  to  the  fidelity  of  imitation.”  'This  is  but  anothei 
a})pllcation  of  the  principle  of  fitness  which  we  have  above  considered,  the  chief  foundation 
of  beauty  in  the  art.  We  have  shown  how  it  is  dependent  on  stability  as  a main  source  of 
fitness,  and  here  subjoin  some  maxims  which  will  lead  the  student  to  fitness  in  his  designs, 
and  prevent  him  from  running  astray,  if  he  but  bring  himself  to  the  belief  that  they  are 
reasonable,  and  founded  ii))on  Incontestable  grounds,  which  we  can  assure  him  they  are. 

First.  Let  that  which  is  the  stronger  part  always  bear  the  weaker. 

Second.  Let  solidity  be  always  real,  and  not  brought  to  apjrear  so  by  artifice. 

'I'hird.  Let  nothing  be  introduced  into  a composition  whose  presence  is  not  justified  by 
necessity. 

I'ourth.  Let  unity  and  variety  be  so  used  as  not  to  destroy  each  other. 

Fifth.  I..et  nothing  be  introduced  that  is  not  subordinate  to  the  whole. 

Sixth.  Let  symmetry  and  regularity  so  reign  as  to  combine  with  order  and  solidity. 

Seventh.  Let  the  proportions  be  of  the  simplest  sort. 

Eighth.  Let  him  recollect  that  nothing  is  beautiful  which  has  not  some  good  and 
useful  end. 

If,  after  having  made  his  design,  he  will  scrupulously  test  it  by  these  maxims  seriatim, 
and  will  strike  out  what  is  discordant  with  the  tenor  of  them,  he  will  have  overcome 
a few  of  the  difficulties  which  attend  the  commencement  of  his  career. 

2503.  We  are  not  of  the  same  opinion  with  those  who,  on  a geometrical  elevation  of  a 
building,  draw  lines  from  its  apex,  which,  bounding  the  principal  parts  of  the  outline,  find 
a pyramidal  form,  and  thence  infer  beauty  of  general  outline.  If  those  who  favour  such  a 
notion  will  but  reflect  for  a moment,  they  must  see  that  this  cannot  be  a test  of  its  efi’ect, 
inasmuch  as  the  construction  of  a geometrical  elevation  of  any  edifice  supposes  it  to  be 
viewed  at  an  infinite  distance,  whereas,  in  fact,  it  is  most  generally  viewed  under  angles 
which  would  puz/le  the  ino.st  learned  architect,  without  full  investigation,  to  discover  the 
jjrimary  lines  which  they  assume  to  be  the  causes  of  its  beauty.  The  obscurations  and 
foreshortenings  that  take  place  are  at  imlnts  of  view  near  the  building  itself ; and,  however 
judicious  it  may  be  to  form  the  general  masses  in  obedience  to  such  a system,  so  as  to  pro- 
duce an  effect  in  the  distance  that  may  be  in  accordance  with  the  principle,  it  would  be 
extremely  dangerous  to  lay  the  principle  down  as  a law.  The  finest  view  of  St.  Paul’s  is 
perhaps  a little  east  of  Fetter  Lane,  on  the  northern  side  of  Fleet  Street ; but  it  would 
))uzzle  any  one  to  discover  its  pyramidal  form  from  that  point  of  view. 

2504.  The  beauty  of  the  proportions  of  architecture  in  the  interiors  of  buildings  is 
dependent  on  those  which  govern  the  exteriors.  Much  has  been  said  on  proportions  of 
rooms,  w hich,  hereafter,  we  shall  have  to  notice : we  mean  the  proportions  of  their  length 
to  their  breadth  and  height.  That  these  are  important,  we  cannot  deny  ; but  whether  the 
beauty  of  a room  is  altogether  dependent  on  the  due  adjustment  of  these,  we  have  some 
doubts  ; that  is,  under  certain  limits.  We  here  address  ourselves  more  particularly  to  that 
fitness  which,  in  ornamenting  a ceiling,  for  example,  requires  that  the  beams  which  appear 
below  the  general  surface  should  invariably  fall  over  piers,  and  that  in  this  respect  cor- 
responding sides  should  be  uniform.  In  the  study  of  this  point,  Inigo  Jones  is  the  great 
English  master  who  has  left  the  student  the  most  valuable  examples  of  this  branch  of 
the  art. 

2505.  It  may,  perhaps,  be  useful  to  observe  generally  that  the  bare  proportions  of  the 
interiors  of  apartments  depend  on  the  purposes  for  which  they  are  intended,  and  according 
to  these  we  seek  immediately  for  the  expression  of  their  fitness.  This  point,  therefore, 
involves  on  the  part  of  the  architect  so  general  an  acquaintance  with  the  most  refined 
habits  of  his  em])loyers,  that  we  should  be  almost  inclined  to  agree  with  Vitruvius  on  the 
multifarious  qualifications  necessary  to  constitute  a good  one.  Certain  it  is  that  no 
instructions  he  can  receive  for  building  a mansion  will  qualify  him  without  an  intimate 
acquaintance  with  the  habits  of  the  upper  classes  of  society. 

2506.  We  have  already  stated  that  it  is  hopeless  to  arrive  at  a fixed  standard  of  taste. 
'I  hat  considered  vvorthy  of  the  appellation  will  not  be  so  considered  in  another.  “ The 
sable  Africans,”  says  Knight,  quoting  from  Mungo  Park,  “view  with  pity  and  contempt 
the  marked  deformity  of  the  Europeans,  whose  mouths  are  compressed,  their  noses  pinched, 
their  cheeks  shrunk,  their  hair  rendered  lank  and  flimsy,  their  bodies  lengthened  and 
emaciated,  and  their  skins  unnaturally  bleached  by  shade  and  seclusion,  and  the  baneful 
influence  of  a humid  climate.”  In  the  countries  of  Europe,  where  some  similarity  of  taste 
may  be  expected,  the  tyranny  of  fashion,  no  less  than  that  of  habit  and  circumstance,  has, 
and  always  will  have,  its  influence  on  the  arts.  Within  the  short  space  of  even  a few 
months  we  have  seen  wffiat  is  called  the  renaissance  style  of  architecture  imported  from 
Fiance,  drawdng  into  its  vortex  all  cki-sses  of  persons;  many  of  them  among  the  highei 


Chai*.  I. 


BEAUTY  IN  Alien  IT  EC  TURK. 


8n 


ranks,  possessed  of  education  to  have  patronised  he'ter  taste;  and  in  archile>.ture,  and  sonie 
other  arts,  no  one  solves  the  (luestion  of  what  is  really  right  by  saying  that  there  have  been 
errors  in  the  tastes  of  ditierent  ages. 

2507.  'I'he  specimens  of  Greek  .sculpture,  whose  beauty  is  founded  in  nature  her.self, 
will  throughout  all  time  excite  the  admiration  of  the  world  ; because  in  this  case,  tlie 
standard  or  type  being  nature,  mankind  generally  may  be  supposed  to  be  competent  judges 
of  the  productions  of  the  art.  But  it  is  very  different  in  architecture,  wl)o.se  types  in 
every  style  are,  as  respects  their  origin,  uncertain  ; and  when  we  are  asked  whetlier  there 
be  a real  and  permanent  ])rinciple  of  beauty  in  the  art,  though  we  must  immediately  rejily 
in  tlie  affirmative,  we  are  at  the  same  time  constrained  to  refer  it  to  the  (piality  of  fitne.ss. 
If  this  were  not  the  case,  how  could  we  extend  our  admiration  to  the  various  stvles  of 
Egyptian,  Grecian,  Roman,  Gothic,  and  Italian  architecture?  These  at  first  appear,  com- 
pared with  each  other,  so  dissimilar,  that  it  seems  impos.sible  to  assign  beauty  to  one  witliout 
denying  it  to  the  rest.  But  on  examination  each  will  be  found  so  fitted'  to  its  end,  that 
such  cause  alone  will  be  found  to  be  the  principal  source  of  the  pleasure  that  an  educated 
mind  receives  from  each  style;  and  that  thence  it  arises,  rather  than  from  any  certain  or 
definable  combinations  of  forms,  lines,  or  colours  that  are  in  themselves  gratifying  to  the 
mind  or  agreeable  to  the  organs  of  sensation.  If  tliis  be  true,  what  becomes  of  tlie  doctrine 
of  the  German  assthetical  school,  so  vaunted  of  by  self-constituted  critics  and  reviewer.s, 
who  pass  their  judgment  ex  ca.hedrd  on  works  they  have  never  .seen,  and,  strange  to  say, 
are  tolerated  for  a moment  by  the  public?  The  truth  is,  the  public  rarely  give  them.selves 
the  trouble  to  judge  ; and  unless  led,  which  is  easily  done  by  the  few,  do  not  undertake  the 
trouble  of  judging  for  themselves.  That  the  Egyptian  pyramid,  the  Grecian  and  the 
Roman  temple,  the  early  Christian  basilica,  the  Gothic  cathedral,  the  Florentine  ])alace, 
the  Saracenic  mosque,  the  pagoda  of  the  East,  are  all  beautiful  objects,  we  apprehend  none 
will  dispute ; but  there  is  in  none  of  them  a common  form  or  standard  by  which  we  can 
judge  of  their  beauty : the  only  standard  on  which  we  can  fall  back  is  the  great  fitness  of 
them,  under  their  several  circumstances,  for  the  end  proposed  in  their  erection. 

2508.  We  are  thus  unavoidably  driven  to  the  conclusion  that  beauty  in  its  application 
to  architecture  changes  the  meaning  of  the  word  with  every  change  of  its  application  ; for 
those  forms  which  in  one  style  are  strictly  beautiful  on  account  of  their  fitness,  ajjplied  to 
another  become  di.sgusting  and  absurd.  By  way  of  illustrating  this,  let  us  only  picture  to 
ourselves  a frieze  of  Grecian  triglyphs  separating  the  nave  and  clerestory  of  a Gothic 
cathedral.  From  what  we  have  been  taught  to  consider  the  type  of  the  Doric  frieze  con- 
nected with  its  triglyphs  an  idea  of  fitness  immediately  arises  in  the  mind  ; but  we  cannot 
trace  its  fitness  in  a dis.similar  situation,  neither  can  we  comment  on  such  an  incongruity 
better  than  in  the  oft-quoted  lines  of  Horace : — 

“ Humano  capiti  cervicem  pictor  eqninam 
Jtmgere  si  velit,  et  varias  inducere  pluitias 
Undique  collatis  membris,  ut  turpiter  atrum 
Desinet  in  piscem  inulier  formosa  supernb  ; 

Spectatum  admissi  risum  teneatis  amici  ? ” 

The  influence  of  circumstances  in  every  age  has  imparted  to  each  style  of  architecture  its 
peculiar  beauty  and  interest ; and  until  some  extraordinary  convulsion  in  society  give  the 
impetus  to  a new  one,  we  are  constrained  to  follow  systems  which  deprive  us  of  other 
novelty  than  those  of  changes  which  are  within  the  spirit  of  the  universally  establi.shed 
laws  of  the  art.  Turn  to  the  Gothic  churches  of  the  present  day,  — the  little  pets  of  the 
church  commissioners  and  clergy.  What  objects  of  ineffable  contempt  the  best  of  them 
are ! The  fact  is,  the  religious  circumstances  of  the  country  have  so  changed  that  they  are 
wholly  unsuitable  in  style  to  the  Protestant  worship.  Had,  with  the  scanty  means  afforded 
to  the  architects,  such  a model  as  St.  Paul’s,  Covent  Garden,  been  adopted,  we  might  have 
seen  a number  of  edifices  in  the  country,  though 

“ Facies  non  omnibus  una 
Nec  diversa  tamen,” 

that  might  have  been  an  honour  to  the  age  in  which  we  live,  and  suitable  to  the  circum- 
stances of  the  times. 

2509.  Unity  and  harmony  in  a work  necessarily  enter  into  that  which  is  beautiful  ; and 
it  will  not  therefore  require  any  argument  to  show  that  from  a mixture  of  styles  in  any 
building  incongruity  and  unfitness,  and  consequently  a want  of  unity  and  harmony,  mu.st 
be  the  result.  Hence  we  cannot  agree  with  those  wise  reviewers  who  advocate  the  jjos- 
sibility  of  amalgamating  the  arch  with  the  severe  Grecian  style.  We  leave  them  to  their 
dreams,  and  trust  that  before  we  give  them  credence  we  may  have  some  proof  of  their 
practical  power  in  this  respect. 

2510.  Symmetry  is  that  quality  which,  as  its  name  imports,  from  one  part  of  an  assem- 
blage of  parts  enables  us  to  arrive  at  a knowledge  of  the  whole.  It  is  a subordinate,  but 
nevertheless  a necessary,  ingredient  in  beauty.  It  is  necessary  that  parts  performing  the 
same  office  in  a building  should  be  strictly  similar,  or  they  would  not  ex  vi  termini  be 
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symmetrical ; so,  v/hen  relations  are  strictly  established  between  certain  parts,  making  one 
the  measure  of  another,  a disregard  of  the  symmetry  thus  induced  cannot  fail  of  destroying 
l)cauty.  But  here  again  we  have  to  say,  that  for  want  of  attention  to  the  similarity  of  the 
parts,  or  neglect  of  the  established  relations  on  which  the  whole  is  founded,  they  have  lost 
their  symmetry,  and  have  thus  become  for  their  purpose  ; so  that  thus  again  we  return 
to  fitness  as  the  main  foundation  of  beauty. 

2511.  Colour  al)stractedly  considered  has  little  to  do  with  architectural  beauty,  which  is 
founded,  as  is  sculpture,  on  fine  form.  We  are  here  speaking  generally,  and  are  not  inclined 
to  assert  that  the  colour  of  a building  in  a landscape  is  unimportant  to  the  general  ettect  of 
that  landscape,  or  that  the  colours  used  on  the  walls  of  the  interior  of  a building  are 
unessential  considerations  ; but  we  do  not  hesitate  to  say  that  they  are  of  minor  consequence 
in  relation  to  our  art.  We  believe  it  would  be  difficult  to  paint  (we  mean  not  in  the 
sense  of  the  artist)  the  interior  of  the  banqueting  room  at  Whitehall,  were  it  restored  to 
its  original  destination,  and  divested  of  the  ruinous  accessories  which  from  its  original  pur- 
pose have  turned  it  from  a bamiueting  room  into  a chapel,— we  believe,  we  say,  that  it  would 
be  difficult  to  paint  it  so  as  to  destroy  its  internal  beauty.  But  as  we  intend  to  be  short 
under  this  head,  we  shall  (]UOte  a brochure  touching  on  this  subject  published  by  us  in  18.37. 

2512.  One  of  the  beauties  tending  to  give  effiect  to  the  edifices  of  Greece  has  been  on 
the  testimony  of  almost  all  travellers,  the  colour  of  the  materials  whereof  they  are  com- 
posed. Dr.  Clarke  observes  that  a warm  ochreous  tint  is  diflused  over  all  the  buildings  of 
the  Acropolis,  which  he  says  is  peculiar  to  the  ruins  of  Athens.  “ Perhaps,”  .says  the 
author.  “ to  this  warm  colour,  so  remarkably  characterising  the  remains  of  ancient  buildings 
at  Athens,  Plutarch  alluded”  (7/i  Vita  Pericles)  “in  that  beautiful  passage  cited  by 
Chandler,  where  he  affirmed  that  the  structures  of  Pericles  possessed  a peculiar  and  un- 
p tralleled  excellence  of  character ; a certain  freshness  bloomed  upon  them  and  preserved  their 
faces  uninjured,  as  if  they  possessed  a never-fadiny  spirit,  and  had  a soul  insensible  to  aye."  It 
is  singular  that  recent  discoveries  have  incontestably  proved  that  this  species  of  beauty  at 
all  events  did  not  originally  exist  in  them,  inasmuch  as  it  is  now  clearly  ascertained  that  it 
was  the  practice  of  the  Greeks  to  paint  the  whole  of  the  inside  and  outside  of  their  temples 
in  party  colours.  It  had  been  some  time  known  that  they  were  in  the  habit  of  painting 
and  picking  out  the  ornaments  on  particular  parts  of  their  buildings  ; but  M.  Schaubert, 
the  architect  of  the  King  of  Greece,  found  on  examination  that  this  fell  far  short  of  the  ex- 
tent to  which  this  species  of  painting  was  carried,  and  M.  Semper,  another  German  archi- 
tect, has  fully  corroborated  the  fact  in  his  examination  of  the  Temple  of  Theseus.  The 
})ractlce  was  doubtless  imported  into  Greece  from  Egypt,  and  was  not  to  be  easily  aban- 
doned, seeing  the  difficulty  of  falling  away  from  the  habits  of  a people  whence  it  seems 
certain  the  arts  of  Greece  more  immediately  came.  It  is  by  no  means  uncommon  for  a 
person  to  be  fully  alive  to  all  the  beauties  of  form,  without  at  the  same  time  having  a 
due  feeling  or  perception  of  the  beauty  resulting  from  harmony  in  colouring.  It  is 
therefore  not  to  be  assumed  that  the  Greeks,  though  given  to  a practice  which  we  would 
now  discourage,  possessed  not  that  taste  in  other  respects  which  has  worthily  received 
the  admiration  of  posterity.  The  practice  of  painting  the  inside  and  outside  of  buildings 
has  received  the  name  of  polychromatic  architecture,  and  we  shall  here  leave  it  to  the 
consideration  of  the  student  as  a curious  and  interesting  circumstance,  but  certainly  with- 
out a belief  that  it  could  add  a charm  to  the  stupendous  simplicity  and  beauty  of  such 
a building  as  the  Parthenon. 

2513.  After  all  that  we  have  said  of  fitness,  it  will  be  expected  that  in  decoration  it  shall 
form  a principal  Ingredient.  By  the  term  decoration  we  understand  the  combination  of 
objects  and  ornaments  that  the  necessity  of  variety  introduces  under  various  forms,  to 
embellish,  to  enrich,  and  to  exjdain  the  subjects  whereon  they  are  employed.  The  art  of 
decoration,  so  as  to  add  to  the  beauty  of  an  object,  is,  in  other  words,  that  of  carrying  out 
the  emotions  already  produced  by  the  general  form  and  parts  of  the  object  itself.  By  its 
means  the  several  relations  of  the  whole  and  the  parts  to  each  other  are  increased  by  new 
combinations ; new  images  are  presented  to  the  mind  whose  effect  is  variety,  one  great 
source  of  pleasure.  From  these  observations  two  general  rules  may  be  deduced  in  respect 
of  decoration.  First,  that  it  must  actually  be  or  seem  to  be  necessary.  Second,  that 
such  objects  must  be  employed  in  it  as  have  relation  to  the  end  of  the  general  object  of 
the  design.  We  are  not  to  suppose  that  all  parts  of  a work  are  susceptible  of  ornament. 
Taste  must  be  our  guide  in  ascertaining  where  decoration  is  wanted,  as  well  as  the  quantity 
requisite.  The  absence  of  it  altogether  is  in  many  cases  a mode  of  decoration.  As  in 
language  its  richness  and  the  luxuriance  of  images  do  not  suit  all  subjects,  and  sim])licity 
in  such  cases  is  the  best  dress,  so  in  the  arts  of  design  many  subjects  would  be  rather 
impoverished  than  enriched  by  decoration.  We  must  therefore  take  into  consideration  the 
character  of  the  building  to  be  decorated,  and  then  only  apply  such  ornament  as  is  neces- 
sary and  suitable  to  that  character.  AVe  may  judge  of  its  necessity  if  the  absence  of  it 
c-auses  i dissatisfaction  from  the  void  space  left;  of  its  suitablene.ss,  by  its  develo])ing  tlie 
character.  History  has  recorded  the  contempt  with  which  that  decorator  was  treated  who 
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ornamented  the  senate  house  with  statues  of  wrestlers,  and  the  gymnasium  with  statues  of 
senators. 

2514.  By  some  the  art  of  architecture  itself  has  been  considered  nothing  more  than 
that  of  decorating  the  buildings  which  protection  from  the  elements  induces  us  to  raise. 

2515.  The  objects  which  architecture  admits  for  decoration  result  from  the  desire  of 
producing  variety,  analoyy,  and  allegGry.  We  here  follow  Quatremere  de  Quincy.  ( Encuc. 
Method.)  The  first  seems  more  general  than  the  others,  as  being  common  amon<«-  all 
nations  that  practise  building.  It  is  from  this  source  we  have  such  a multitude  of  cut- 
work,  embroidery,  details,  compartments,  and  colours,  more  or  less  minute,  which  are 
found  in  every  species  of  architecture.  It  would  be  useless  for  the  most  philoso))hical 
mind  to  seek  for  the  origin  of  the.se  objects  in  any  want  arising  out  of  the  mere  construc- 
tion, or  in  any  political  or  superstitious  custom.  Systems  of  conjecture  might  he  exhausted 
without  arriving  one  point  nearer  the  truth.  Even  in  the  most  systematic  of  the  dilferent 
kinds  of  architecture,  namely,  that  of  the  Greeks,  we  cannot  avoid  perceiving  a great  nund)cr 
of  forms  and  details  whose  origin  is  derived  from  the  love  of  variety,  and  tliat  alone.  In  a 
certain  point  of  view,  thus  considered,  an  edifice  is  nothing  more  than  a piece  of  furniture, 
a vase,  an  utensil,  the  ornaments  on  which  are  placed  more  for  the  purpose  of  pleasing  the 
eye  than  any  other.  Such,  for  instance,  are  the  roses  of  caissons  in  ceilings  and  sofites,  the 
leaves  round  the  bell  of  the  Corinthian  capital,  the  Ionic  volutes,  and  many  others,  besides 
universally  the  carving  of  mouldings  themselves.  These  ornaments,  drawn  from  the  store- 
house of  nature,  are  on  that  account  in  themselves  beautiful ; but  it  is  their  transference  to 
architecture,  which  in  the  nature  of  things  can  li^ve  but  a problematical  and  conjectural 
origin,  that  seems  to  indicate  a desire  to  vary  tlie  surface.  Unless  it  was  the  desire  of’ 
variety  that  induced  them,  we  know  not  what  could  have  done  so. 

2516  It  has  been  well  oh.served  by  the  author  we  have  just  (juoted.  that  though  the  art 
has  been  obliged  to  acknowledge  that  many  of  its  decorations  depend  in  their  application 
on  such  forms  as  necessity  imposes,  and  in  the  formation  of  them  on  cnance,  cajirice,  or 
whatever  the  love  of  variety  may  dictate,  yet  in  the  disposition  of  them  there  must  reign 
an  order  and  arrangement  subordinate  to  that  caprice,  and  that  at  this  point  commences 
the  difference  between  architecture  as  an  art  subservient  to  laws  which  are  merely  de- 
))endent  on  the  pleasure  imparted  to  the  eye,  and  those  which  depend  on  the  mere  me- 
chanical disposition  of  the  building  considered  as  a piece  of  furniture.  Architecture,  of  all 
the  arts,  is  that  which  produces  the  fewest  emotions  of  the  minds  of  the  many,  because  it 
is  the  least  comprehensible  in  regard  to  the  causes  of  its  beauty.  Its  images  act  indirectly 
on  our  senses,  and  the  impressions  it  seems  to  make  appear  reducible  chieffy  to  magnitude, 
harmony,  and  variety,  which  after  all  are  not  qualities  out  of  the  reach  of  an  architect  of 
the  most  ordinary  mind,  and  therefore  not  — at  least  the  first  and  last — unattainable 
where  economy  does  not  interfere  to  prevent  the  result  to  be  attained. 

2517.  Analogy,  the  second  of  the  objects  by  which  decoration  is  admitted  into  archi- 
tecture, seems  to  be  resultant  from  the  limited  nature  of  all  human  inventions  in  the  arts, 
and  the  power  of  being  unable  to  invent  except  by  imitation  and  alteration  of  the  forms  of 
objects  ])re-existent.  It  is  most  difficult  to  discard  altogether  what  have  been  considered 
types  in  architecture,  and  that  difficulty  has  so  prevailed  as  to  limit  those  types  to  their 
most  probable  origin  in  the  case  of  the  orders. 

2518.  The  reader  will  begin  to  perceive  that  our  analogy  in  decoration  tends  upon  trees 
for  columns,  the  ends  of  beams  for  triglyplrs,  and  the  like.  Whatever  truth  there  may  be 
in  this  analogy,  it  is  now  so  established  as  to  guide  the  rules  of  decoration  that  are  in  • 
volved  in  it  ; and  it  must  be  conceded,  that  if  we  are  desirous  of  imitating  the  peculiar  art 
of  any  country,  we  have  no  hope  of  success  but  by  following  the  forms  which  the  con- 
struction in  sucli  country  engenders  ; and  we  must  admit  that,  as  far  as  external  circum- 
stances can  direct  us,  the  architecture  of  Greece,  which,  modified,  has  become  that  of  the 
whole  of  Europe,  and  will  become  that  of  America,  seems  so  founded  on  the  nature  of 
things,  that,  however  xve  may  doubt,  it  would  not  be  prudent  to  lead  the  reader  away  from 
the  consideration,  and  perhaps  from  a belief,  that  such  is  the  truth.  Without  holdii.g 
ourselves  bound  by  the  analogy  of  the  types  of  the  tree  and  the  cross  beam,  which  aj)])car 
to  have  guided  the  architects  of  Greece,  we  can  without  hesitation  assert,  that  wliencvcr 
those  have  been  abandoned  the  art  has  fallen  on  the  most  flagrant  vices  ; rvitness  the 
horrors  of  the  school  of  Borromini,  where  the  beams  are  broken,  pediments,  which  are  the 
gables  of  roofs,  are  broken  into  fantastic  forms,  and  none  of  the  parts  seem  naturally  con- 
nected with  each  other.  The  works  of  the  school  in  question  seem  indeed  so  broken  up, 
that  the  study  of  them  would  almost  convince  an  impartial  and  competent  judge  that  the 
converse  of  its  practice  is  sufficiently  beautiful  to  establish  the  truth  of  the  tyj)es  whereon 
we  have  here  and  before  expressed  our  scepticism.  “Sitot,”  says  De  Quincy,  “que  le  genie 
decorateur  s’est  cru  libre  des  entraves  de  I’analogie,  toutes  les  formes  caracteristiipies  se 
sont  contournees,  pervertees,  et  denaturees,  au  point  qu’il  y a entr’elles  et  celle  de  la  bonne 
architecture,  ))lus  de  distance  (ju’entre  celles-ci  et  les  tyqies  de  la  primitive  construction.” 

l519.  In  the  dccoratioi  of  architecture,  neither  of  the  other  two  means  cmi)loyed  are 
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more  important  than  that  ocular  lanj^uaofe  which  architecture  occasionally  employs  in  its 
ornaments.  By  its  use  architecture  is  almost  converted  into  painting,  and  an  edifice  be- 
comes a ])icture,  or  a collection  of  pictures,  through  the  aid  of  the  sculptor.  We  shall 
refer  to  no  other  building  than  the  Parthenon  to  prove  the  assertion.  Here  the  history  of 
the  goddess  is  embodied  in  the  forms  of  the  building,  and  to  the  decoration  thus  intro- 
duced the  subordinate  parts  of  the  sculpture,  if  it  be  not  heresy  so  to  call  them,  is  kept  so 
under  that  we  are  almost  inclined  to  cry  out  against  their  not  having  been  principals  in- 
stead of  accessories.  This  is  the  true  principle  upon  which  buildings  should  be  decorated 
to  im])ress  the  mind  of  the  spectator  with  the  notion  of  beauty,  and  the  principle  which, 
carried  out,  no  matter  what  the  style  be,  will  insure  the  architect  his  most  ample  reward, 
reputation.  The  matter  that  is  supplied  by  allegory  for  decoration  in  architecture  may  be 
considered  under  three  heads  — attributes,  figures,  and  paintings. 

2520.  The  first  takes  in  all  those  foliages,  ])lants,  flowers,  and  fruits,  which  from  their 
constant  use  in  sacrifices  were  at  last  transferred  from  the  altar  to  the  walls  of  the  temple. 
The  garlands,  festoons,  cha])lets,  and  crowns  which  we  find  sculptured  on  temples  seem  to 
have  had  their  origin  from  the  religious  ceremonies  performed  in  them;  as  do  the  instru- 
ments of  sacrifice,  vases,  the  heads  of  the  victims,  paterae,  and  all  the  other  objects  em- 
ployed in  the  worship  of  the  ancients.  Thus,  in  architecture,  these  have  become  conven- 
tional signs,  indicating  the  destination  of  the  buildings  to  which  they  are  applied.  From 
the  particular  application  of  some  ornaments  on  temples  we  derive  in  the  end  a language 
in  the  arts  of  imitation.  It  was  thus  that  the  eagle  grasping  in  his  talons  the  attribute  of 
Jupiter,  came  to  represent  eternity  and  omnipotence;  the  myrtle  and  dove  of  Venus,  the 
passion  of  love  ; the  lyre  and  laurel  of  Apollo,  to  point  to  harmony  and  glory  ; the  spear 
and  helmet  of  Mars,  to  represent  war.  Palms  and  crowns  became  the  emblems  of  victory, 
as  did  the  olive  the  emblem  of  peace.  In  the  same  way  the  ears  of  corn  of  Ceres,  the 
serpent  of  Esculaplus,  the  bird  of  Minerva,  and  the  cock  of  Mercury  were  equivalent  to 
the  expression  of  abundance,  science,  and  vigilance.  Instruments  of  the  arts,  sciences,  in 
short,  all  objects  useful  to  the  end  for  which  an  edifice  is  erected,  naturally  become  signs  of 
that  edifice ; but  applied  otherwise  become  absurd.  Wbat,  for  instance,  could  be  more 
ridiculous  than  placing  ox  sculls  and  festoons  on  the  frieze  of  a Protestant  church  ? — and 
yet  this  has  been  done  in  our  own  days. 

2521.  Figures  of  men  and  animals  come  under  the  second  head.  The  application  of 
these  may  be  seen  to  their  highest  perfection  in  the  Parthenon,  to  which  we  have  already 
alluded.  They  may  be  introduced  in  low,  high,  or  full  relief.  In  the  last  case  their 
situation  is  usually  that  of  a niche.  We  shall  say  no  more  on  the  subject  of  figures  than 
that  of  course  they  must  have  relation  to  the  end  for  which  the  edifice  is  erected,  and  if 
not  in  that  respect  perfectly  intelligible  are  worse  than  useless. 

2522.  The  walls  of  Pompeii  furnish  ancient  examples  of  the  decoration  obtained  by  the 
aid  of  painting,  as  do  the  loggie  of  the  Vatican  and  the  ceilings  of  the  Farneslna  modern 
examples  of  it.  Herein  the  moderns  have  far  surpassed  anything  we  know  of  the  ancient 
application  of  painting.  Sculpture,  however,  seems  more  naturally  allied  to  architecture 
than  painting,  and,  except  in  purely  decorative  painting  on  walls  and  ceilings,  the  intro- 
duction of  it  seems  bounded  within  narrow  limits.  The  rules  as  to  fitness  of  the  subjects 
mtroduced,  applicable  to  the  first  two  heads,  are  equally  so  under  that  of  painting. 


Sect.  II. 

THE  ORDERS. 

2523.  An  order  in  architecture  is  a certain  assemblage  of  parts  subject  to  uniform  esta- 
blished proportions,  regulated  by  the  office  that  each  part  has  to  perform.  It  may  be 
compared  to  what  organisation  is  in  animal  nature.  As  from  the  paw  of  a lion  his  dimen- 
sions may  be  deduced,  so  from  a trlglyph  may  be  found  the  other  parts  of  an  example  of 
the  Doric  order,  and  from  given  parts  in  other  orders  the  whole  configuration  may  be 
found.  As  the  genus  may  be  defined  as  consisting  of  essential  and  subservient  parts,  the 
first-named  are  the  column  and  its  entablature,  which,  as  its  name  imports,  is  as  it  were 
the  tabled  work  standing  on  the  column.  The  subservient  parts  are  the  mouldings  and 
detail  into  which  the  essential  parts  are  subdivided,  and  which  we  shall  hereafter  separately 
consider.  The  species  of  orders  are  five  in  number,  Tuscan,  Doric,  Ionic,  Corinthian,  and 
('omjiosite,  each  of  whose  mass  and  ornaments  are  suited  to  its  character  and  the  ex- 
pression it  is  intended  to  possess.  These  are  the  five  orders  of  architecture,  in  the  proper 
understanding  and  ajiplication  whereof  is  laid  the  foundation  of  architecture  as  an  art. 

1 he  characters  of  strength,  grace,  and  elegance,  of  lightness  and  of  richness,  are  dis- 
tinguishing features  of  the  several  orders,  in  which  those  characters  ought  to  be  found 
not  only  in  the  column  employed,  but  should  pervade  the  whole  composition,  whereof  the 
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column  is,  as  it  were,  the  rej^ulator.  The  mode  of  setting  up,  or,  as  it  is  teclinicallv 
termed,  profiling  an  order,  will  be  given  in  a siibseijuent  part  of  this  section.  Here  we 
shall  merely  observe  that  the  entablature  is  subdivided  into  an  architrave,  which  lies 
immediately  upon  the  column,  a frieze  lying  on  the  architrave,  and  a cornice,  which  is  its 
uppermost  subdivision.  The  height  of  these  subdivisions  together,  that  is,  tlie  whole 
lieight  of  the  entablature,  is  one  fourth  that  of  the  column  according  to  the  iiractice  of  the 
ancients,  who  in  all  sorts  of  entablatures  seldom  varied  from  that  measure  either  in  excess 
or  defect.  “ Palladio,  Scamozzi,  Alberti,  Barbaro,  Cataneo,  Delorme,  and  others,”  savs 
Sir  William  Chambers,  “of  the  modern  architects,  have  made  their  entablatures  much 
lower  in  the  Ionic,  Composite,  and  Corinthian  orders  than  in  the  Tuscan  or  Doric.  Tliis, 
on  some  occasions,  may  not  only  be  excusable  but  highly  proper ; particularly  where  the 
intercolumniations  are  wide,  as  in  a second  or  third  order,  in  private  houses,  or  inside 
decorations,  where  lightness  should  be  preferred  to  dignity,  and  where  expense,  with  every 
impediment  to  the  conveniency  of  the  fabric,  are  carefully  to  be  avoided  ; but  to  set 
entirely  aside  a proportion  which  seems  to  have  had  the  general  approbation  of  the 
ancient  artists  is  surely  presuming  too  far.” 

2524.  As  rules  in  the  fine  arts  which  have  obtained  almost  universal  adoption  are 
founded  on  nature  or  on  reason,  we  may  be  pretty  certain  that  they  are  not  altogether 
empirical,  albeit  their  origin  may  not  be  immediately  apparent.  The  grounds  on  which 
such  rules  are  founded  will,  however,  in  most  cases  become  known  by  tracing  them  to 
first  principles,  which  we  shall  here  endeavour  to  do  in  respect  of  this  very  important 
relation  of  height  between  the  column  and  its  entablature.  We  were  first  led  into  this 
investigation  by  the  perusal  of  a work  by  M.  Lebrun,  entitled  Theorie  de  V Architecture 
Crecque  et  Romaine  deduite  de  V analyse  des  Monumens  antiques,  fob  Paris,  1807  ; but  our 
results  differ  very  widely  from  those  of  Lebrun,  as  will  be  seen  on  reference  to  that  work. 

2525.  One  of  the  most  obvious  principles  of  proportion  in  respect  of  loads  and  supj)orts, 
and  one  seemingly  founded  on  nature  herself,  is,  that  a support  should  not  be  loaded  with 
a greater  mass  or  load  than  itself;  or,  in  other  words,  that  there  should  be  an  equality 
between  weights  and  supports,  or,  in  the  case  in  point,  between  the  columns  and  en- 
tablature. In  respect  of  the  proportion  of  the  voids  below  the  entablature  between  the 
columns  or  supports,  a great  diversity  of  practice  seems  to  have  prevailed,  inasmuch  as 
we  find  them  varying  from  1 ‘03  to  2 "IS,  unity  being  the  measure  of  the  supports.  I.ebrun 
makes  the  areas  of  the  supports,  weights,  and  voids  equal  to  one  another,  and  in  what 
may  be  termed  the  monumental  examples  of  the  Doric  order,  such  as  the  Parthenon,  &c., 
he  seems  borne  out  in  the  law  he  endeavours  to  establish ; but  in  lighter  examples,  such 
as  the  temple  (Ionic)  of  Bacchus  at  Teos,  where  the  supports  are  to  the  voids  as  1 : 2-05, 
and  in  the  temple  of  Minerva  Polias,  where  the  ratio  is  as  1 ; 218,  he  is  beyond  all 
(|uestion  incorrect : indeed  there  hardly  seems  a necessity  for  the  limitation  of  the  voids 
he  prescribes,  seeing  that,  without  relation  separately  to  the  weight  and  support,  sta- 
bility would  be  obtained  so  long  as  the  centre  of  gravity  of  the  load  fell  within  the  ex- 
ternal face  of  the  support.  If  it  be  admitted  that,  as  in  the  two  examples  above  men- 
tioned, the  voids  should  be  equal  to  the  supports  jointly,  we  have  a key  to  the  rule,  and 
instead  of  being  surprised  at  the  apparently  strange  law  of  making  the  entablature  one 
fourth  of  the  height  of  the  column,  we  shall  find  that  no  other  than  the  result  assumed 
can  flow  from  the  investigation. 

2526.  In  fig.  861.  let  AB  be  the  height  of  the  column,  and  let  the  distance  between  the 
columns  be  one  third  of  the  height  of  the  column=:CD.  Now  if 
A B be  subdivided  into  four  equal  parts  at  a,  b,  and  c,  and  the  hori- 
zontal lines  ad,  be,  and  cf  be  drawn  ; also,  if  CD  be  divided  hori- 
zontally into  four  equal  parts,  and  lines  be  drawn  perpendicularly 
upwards  intersecting  the  former  ones,  the  void  will  be  divided  into 
sixteen  equal  parallelograms,  one  half  whereof  are  to  be  the  measure 
of  the  two  whole  supports  BC  and  DE  ; and  DE  being  then  made 
equal  to  one  half  of  CD,  it  will  be  manifest,  from  inspection,  that 
the  two  semi-supports  will  jointly  be  equal  to  eight  of  the  parallelo- 
grams above  mentioned,  or  one  half  of  the  void.  We  have  now  to 
place  the  entablature  or  weight  A GUI  upon  the  supports  or  co- 
lumns, and  equal  to  them  in  mass.  Set  up  from  A to  F another 
row  of  parallelograms,  each  equal  to  those  above  mentioned,  shown 
on  the  figure  by  AFKI.  These  will  not  be  equal  to  the  supports 
by  two  whole  parallelograms,  being  in  number  only  six  instead  of 
eight  ; dividing,  therefore,  8,  the  number  in  the  sui)ports,  l)y  6,  the 
number  already  obtained,  we  have  1 '333,  &c.,  which  is  the  height 
to  be  assigned  to  AG,  so  that  the  weight  may  exactly  equal  the 
supports,  thus  exceeding  one  quarter  of  the  height  of  the  siq)port  (or  column)  by  of 
such  quarter,  a coincidence  sufficient  to  corroborate  the  reason  on  which  the  law  is 
founded. 
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2.VJ7.  From  an  inspection  of  the  fips.  8n'l,  8C2.  868,  it  appears  that  when  the  void  is  one 
third  the  heiglit  of  tlie  supports  in  widtli,  the  supports  will 
he  6 diameters  in  lieight ; wlien  one  fourth  of  their  height, 
tliey  will  he  8 diameters  high  ; also  that  the  interoolumni- 
ati(in,  called  systylos  or  of  two  diameters,  is  constant  hy  the 
arrangement.  VVhen  the  surface  of  the  columns,  as  they 
appear  to  the  eye,  is  equal  to  that  of  the  entablature,  and 
the  voids  are  equal  to  the  sum  of  those  surfaces,  the  height 
of  the  entablature  will  always  he  one  third  of  that  of  the 
columns.  Thus,  let  the  diameter  of  the  columns  be  = l, 
their  height  = A,  their  number  = n.  Then  the  surface  of 
the  columns  is  wA;  that  of  the  entablature  the  same.  As 
the  surface  of  the  voids  is  double  that  of  the  columns,  the 
width  of  the  intercolurnniations  is  double  the  width  of  the 
columns,  that  is,  2w  diameters,  which,  added  to  the  n dia- 
meters of  the  columns,  gives  3?i  diameters  for  length  of  the  «r-a, 

entablature;  therefore,  the  surface  of  this  entablature  is  Hh.  862.  Fig.  863. 

nh,  and  its  length  being  3«,  its  height  must  exactly. 

2528.  Trying  the  principle  in  another  manner,  let  Jig.  864.  be  the  general  form  of  a 
tetrastyle  temple  wherein  the  columns  are  assumed  at  pleasure  8 diameters  in  height. 


Fig.  861. 
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Tlien  4 X 8 = 32  the  areas  of  the  supports;  and  as  to  fulfil  the  conditions  the  three  voids 
are  equal  to  twice  that  area,  or  64,  they  must  consequently  be  in  the  aggregate  equal  to  8 
diameters,  for  ®g‘‘  = 8,  and  the  whole  extent  will  therefore  be  equal  to  12  diameters  of  a 
support  or  column.  To  obtain  the  height  of  the  entablature  so  that  its  mass  may  equal 
that  of  the  supports,  as  the  measures  are  in  diameters,  we  have  only  to  divide  32,  the 
columns,  by  12,  the  whole  extent  of  the  facade,  and  we  obtain  two  diameters  and  two 
thirds  of  a diameter  for  the  height  of  the  entablature,  making  it  a little  more  than  one, 
quarter  of  the  height  of  the  column,  and  again  nearly  agreeing  in  terms  of  the  diameter 
with  many  of  the  finest  examples  of  antiquity.  If  a pediment  be  added,  it  is  evident,  the 
dotted  lines  AC,  CB  being  bisected  in  a and  h respectively,  that  the  triangles  AEa,  6FB 
are  respectively  equal  to  CDa  and  D5C,  and  the  loading  or  weight  will  not  be  changed. 

2529.  Similar  results  will  be  observed  in  fig.  865.,  where  the  height  is  ten  diameters,  the 
number  of  columns  6,  the  whole  therefore  180,  the  supports  being  60.  Here  fg  = 3J 
diameters  will  be  the  height  of  the  entablature.  This  view  of  the  law  is  further  borne  out 
by  an  analysis  of  the  rules  laid  down  by  Vitruvius,  book  iii.  chap.  2, ; — rules  which  did 
not  emanate  from  that  author,  but  were  the  result  of  the  practice  of  the  time  wTerein  he 
lived,  and,  within  small  fractions,  strongly  corroborative  of  the  soundness  of  the  hypothesis 
of  the  voids  being  equal  to  twice  the  supports.  Speaking  of  the  five  species  of  temples, 
after  specifying  the  different  ir.tercolumniations,  aiid  recommending  the  eustylos  as  the 
most  beautiful,  he  thus  directs  the  formation  of  temples  with  that  interval  between  the 
columns.  “ The  rule  for  designing  them  is  as  follows:  — The  extent  of  the  front  being 
given,  it  is,  if  tetrastylos,  to  be  divided  into  111  parts,  not  including  the  projections  ot 
the  base  and  plinth  at  each  end;  if  hexastylos,  into  18  parts;  if  octastylos,  into  24^ 
parts.  One  of  either  of  these  parts,  according  to  the  case,  whether  tetrastylos,  hexa- 
stylos, or  octastylos,  will  be  a measure  equal  to  the  diameter  of  one  of  the  columns.”  . . . . 
“ 'file  heights  of  the  columns  will  be  8^  parts.  Thus  the  intercolurnniations  and  the 
heights  of  the  columns  will  have  proper  proportion.”  In  the  same  chapter  he  gives 
<iirections  for  sotting  out  arasostyle,  diastyle,  and  systyle  temples.  The  tetras  ylos,  he  states, 
is  ) 1 ^ parts  wide  and  8^  high ; the  area  thereforeof  the  vvliolefront  becomes  1 1 x 8^  = 97|. 
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TIk*  four  columns  are  4 x 8^  = 34,  or  very  litth'  more  tlian  one  tliird  of  the  wliole  area  ; the 
ruuaining  two  thirds,  speaking  in  round  numbers,  being  given  to  the  intercolumnsor  voids. 
The  hexastylos  (see/9.  865.)  is  18  parts  wide  and  8^  high  ; the  whole  area  therefore  is 
18  X 8i  = 153.  The  six  columns  are  6 x 8^  = 51,  or  exactly  one  third  of  the  whole  area; 
tlie  voids  or  intercolumns  occupying  the  remaining  two  thirds.  The  octastylos  is  24  parts 
wide  and  8^  high.  Then  24^  x 8^  = 208^.  The  eight  columns  are  8x8^  = 68,  bein-r  a 
triHe  less  than  one  third  of  the  area,  and  the  voids  or  intercolumns  about  double,  or  the 
remaining  two  thirds.  The  average  of  the  intercolumns  in  the  first  case  will  be 

diameters.  In  the  second  case  diameters.  In  the  third  case 

diameters. 

‘2530.  A discrepancy  between  practice  and  theory,  unless  extremely  wide,  must  not  be  allowed  to  interfere 
with  principles,  and  therefore  no  hesitation  is  felt  in  submitting  a synoptical  view  of  some  of  the  most  cele- 
brated examples  of  antiquity  in  which  a comparison  is  exhibited  between  the  voids  and  supports  • certain  it 
is  that  in  every  case  the  former  exceed  the  latter,  and  that  in  the  earlier  examples  of  the  Doric’  order  the 
ratio  between  them  nearly  approached  equality.  In  comparing,  however,  the  supports  with  the  weights 
there  is  every  appearance  of  that  part  of  the  theory  being  strictly  true  ; for  in  taking  a mean  of  the  six 
examples  of  the  Doiic  order,  the  supports  are  to  the  weights  as  1 : 116  ; in  the  five  of  the  Ionic  order  as 
1 : 1-05  ; and  in  the  four  of  the  Corinthian  order  as  1 : 1-04,  a coincidence  so  remarkab'e  that  it  must  be 
attributed  to  something  more  than  accident,  and  deserves  much  more  extended  consideration  than  it  has 
hitherto  received. 


Building. 

Order. 

.Number  of 
(Columns. 

Supports. 

U'eights. 

Voids. 

Temple  of  Jupiter  Nemeus 

Doric 

6 1 

1 1-00 

0 7<J 

1 03 

Parthenon  - - - - - 

— 

8 

H 0 

1 07 

104 

Temple  at  Bassae  - . - - 

— 

6 

1(0 

M4 

1-16 

Temple  of  Minerva  at  Sunium 

— 

6 

100 

IMO 

1-17 

Temple  of  Theseus  at  Athens  - 

— 

6 

1-00 

113 

1-21 

'J’emiile  of  Jupiter  Panhellenius 

— 

6 

1 00 

1*45 

’ '36 

Temple  of  Krectheus  _ _ - 

Ionic 

6 

rno 

0-S9 

1-24 

Temple  of  Fortuua  Virilis  at  Borne  - 

— ; 

; 4 

100 

115 

P71 

Temple  on  the  lyssns 

— 

4 

l-(;0 

0 06 

1-7-2 

Temple  of  Bacchus  at  Teos 



8 

l-Ol) 

1-35 

2-0 1 

Temple  of  Minerva  Polias,  Athens  - 



4 

1 0.) 

lOl 

2 18 

Portico  of  Septimius  Severus  - 

Corinthian. 

6 

1 00 

0 03 

1 37 

Maison  Carrie  at  Nismes 

— 

6 

l-(,0 

Oi‘3 

1-58 

Temple  at  Jackly  « - - - 

_ 

6 

1 00 

0 00 

1-62 

Pantheon  at  Home  - - - - 

— 

8 

1-00 

1-43 

1-84 

If  instead  of  taking  the  apparent  bulk  of  a column,  tnat  is,  as  a square  pier,  we  take  its  real  bulk,  which  is 
about  three  quaiters  (f ) that  of  asquare  pierof  thesame  diameter  and  lieight ; 
the  height  of  the  entablature  will  be  one  fourth  of  the  height  of  the  column  ; 

for|of|  = |. 

There  is  a curious  fact  connected  with  the  hypothesis  which  has  been  sug- 
gested that  requires  notice  ; it  is  relative  to  llie  area  of  the  points  of  support 
for  the  edifice  wliich  the  arrangement  affords.  In  Jt'g.  86h  the  hatched  squares 
represent  the  plans  of  quarter  piers  of  columns  in  a scries  of  iiitereolumnia- 
tions  every  way,  such  intercolumniations  being  i f two  diameters,  or  lour 
semidiameters.  These,  .added  to  the  quarter  piers,  make  six  semidiameteis, 
wh  se  square  36  is  therefore  the  area  to  be  covered  with  tlie  weight.  The 
four  quarter  piers  or  eolumns=4,  hence  the  points  of  support  are  of  the  area 
= 0-1 11.  Now  in  the  list  (1.583.)  of  the  principal  buildings  in  Em  ope  tlie  mean 
ratio  is  0 168,  differing  only  0 057  from  the  result  here  given  ; hut  if  we  select 
the  following  buildings  tlie  mean  will  be  found  to  differ  much  less. 

Temple  of  Peace  - 0 Pi7 

S.  Paolo  fuori  le  MuiH-  0 118 

S.  Sabino  - . 0 100 

S.  I'ilippo  Neri  - - 0'120  Sum=0'474.  Mean-  ‘*f-=0'118. 

4 

MOULniNGS. 

2531.  The  subservient  parts  of  an  order,  called  mouldings,  and  common  to  all  the  Romatv 
orders,  are  eight  in  number.  They  are — 1.  The  ovolo,  echinus,  or  quarter  round,  (^tig.  867.) 
It  is  commonly  found  under  the  abacus  of  capitals ; and  is  also  almost  always  placed 
between  the  corona  and  dentils  in  the  Corinthian  cornice : its  form  gives  it  the  appearance 
of  seeming  fitted  to  support  another  member.  It  should  he  used  only  in  situations  above 
the  level  of  the  eye.  2.  The  talon,  ogee,  or  reversed  cyma  (Jig.  868.)  is  also,  like  the  ovolo.  a 
moulding  fit  for  the  support  of  another.  3.  The  cyma,  cyma  rexta,  or  cymatium  (Jig.  869.) 
seems  well  contrived  for  a covering  and  to  shelter  other  members;  it  is  only  used  properly 
for  crowning  members,  though  in  Palladio’s  Doric,  and  in  other  examples,  it  is  found 

occasionally  in  the  bed  mouldings  under  the  corona.  4.  The  torus  (Jig.  870.),  like  the 

astragal  presently  to  be  mentioned,  is  shaped  like  a rope,  and  seems  intended  to  bind^and 
strengthen  the  parts  to  which  it  is  applied;  while,  5.  The  scof/«  or  trochihs  (fg.  871.), 
placed  between  the  fillets  which  always  accompany  the  tori,  is  usually  below  the  eye;  its 
use  being  to  separate  the  tori,  and  to  contrast  and  strengthen  theefieci  of  other  mouldings 
as  well  as  to  impart  variety  to  the  profile  of  the  base.  6.  The  cavetto,  mouth,  or  holLuu' 
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{fig.  872.)  is  chiefly  used  as  a crowning  moulding,  like  the  cyma  recta.  In  bases  and 
capitals  it  is  never  used.  By  workmen  it  is  frequently  called  o.  casement.  7.  Tlie  astragal 
(fig.  873.)  is  nothing  more  than  a small  torus,  and,  like  it,  seems  applied  for  the  purpose  of 
binding  and  strengthening.  The  astragal  is  also  known  by  the  names  of  head  and  baguette. 
8.  'J'he  fillet,  listel,  or  annulet  (fig.  874.)  is  used  at  all  heights  and  in  all  situations.  Its 
chief  oflice  is  the  separation  of  curved  mouldings  from  one  another. 

2.532.  In  Grecian  examples,  the  sections  of  mouldings  are  obtained  by  portions  of  an 
ellipse,  parabola  or  hyperbola,  all  parts  of  a conic  section,  so  that  they  give  a greater 
delicacy  of  outline  than  do  the  Roman  examples.  “ These  latter,”  writes  J.  B.  Pap  worth, 
in  his  edition  (1826)  of  the  work  by  Sir  W.  Chambers  on  Civil  Architecture,  “produced 
similar  quantities  of  middle  tint,  light,  and  shadow  ; the  Greeks  carefully  avoided  this 
sameness,  and  judiciously  and  tastefully  made  the  shadows  to  prevail  distinctly.  Hence 
in  all  their  works  we  find  the  result  of  a superior  understanding  of  the  principles  and 
eflects  of  light  and  shade,  which  are  opposed  to  each  other,  and  relieved  with  great  skill; 
whereas,  in  tlie  Roman  style,  being  divided  and  broken,  they  are  certainly  less  beautiful 
and  less  capable  of  affording  the  charms  of  reflected  light  than  the  vestiges  of  Grecian  art, 
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which  by  their  well- 
studied  proportions 
merit  respect  and  imi- 
tation.” Sir  William 
observes  on  these  dif- 
ferent mouldings  that  their  inventors  meant  to  express 
something  by  their  different  figures,  and  that  the 
destinations  above  mentioned  may  be  deduced  not 


only  from  their  figures,  but  from  the  practice  of  the  ancients  in  their  most  esteemed 
works;  the  cyma  and  cavetto  are  constantly  used  as  finishings,  and  never  applied  where 
strength  is  required ; the  ovolo  and  talon  are  always  employed  as  supporters  to  the 
essential  members  of  the  composition,  such  as  the  modillions,  dentils,  and  corona;  the  chief 
use  of  the  torus  and  astragal  is  to  fortify  the  tops  and  bottoms  of  columns,  and  sometimes 
of  pedestals  ; and  the  scotia  is  employed  only  to  separate  the  members  of  bases,  for  which 
purpose  the  fillet  is  likewise  used  not  only  in  bases  but  in  all  kinds  of  profiles. 

2533.  The  names  of  the  Greek  mouldings  are  the  same  as  those  already  mentioned  ; and 
there  is  another  (^fig.  8745  ) called  from  its  appearance  a bird'sA>eah  moulding,  comprising 
the  outline  of  the  echinus  hollowed  out  below  and  then  brought  down  with  a curve 
into  the  fascia.  It  is  chiefly  used  in  the  capital  of  an  anta  or  pilaster,  as  in  fig.  883. 
Fig.  8675.  is  a quirked  ogee,  having  a separation  from  the  fascia  above  to  obtain  a depth 
of  shadow.  Fig.  8685.  is  a quirked  ovolo.  Fig.  867u.  is  used  in  the  cap  of  the  Doric 
order.  Fig.  869or.,  the  cyma  recta,  used  as  the  crowning  member  of  a cornice,  was  often 
elegantly  decorate  !.  Fig.  868c.  is  an  ogee  projecting  furiher  than  th.e  ordinary  form. 
Fig.  S14c.  is  an  outline  of  tlie  base  of  tlie  Cboragic  Monument  of  lAsicrates  at  Atliens, 
showing  a combination  of  mouldings  ; three  of  the  mouldings  being  inverted.  Examples 
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of  Greek  ca])itals  arc  given  on  pages  906  and  907,  in  addition  to  those  in  F/"s  88  5 
and  887. 

2534.  The  sim|)Iest  method  of  describing  the  contours  of  mouldings  in  Roman  or 
Italian  architecture  is  to  form  them  of  quadrants  of  circles,  as  shown  in  Figs.  867 
to  874.  Wliere  circumstances  justify  a variation,  the  ovolo,  talon,  cyma,  scotia,  and 
cavetfo,  may  be  either  described  from  the  summits  of  equilateral  triangles,  or  be 
composed  of  portions  of  the  ellipsis,  but  tlie  section  of  the  torus  and  astragal  is  always 
semicircular. 


ORNAMENTS  OF  MOULDINGS, 

2535.  In  ornamenting  the  profile  of  an  order,  repose  requires  that  some  mouldings  should 
be  left  plain.  If  all  were  enriched,  confusion  instead  of  variety  would  result.  Except  for 
particular  purposes,  the  square  members  are  rarely  carved.  There  are  but  few  examples 
in  the  l>est  age  of  the  art  in  which  the  corona  is  cut ; indeed  at  this  moment  the  only  one 
that  occurs  to  us  wherein  work  is  in  fine  style  is  that  of  the  three  columns  in  the 
Campo  Vaccino.  So  where  the  ovolo  above  and  talon  below  it  are  carved,  the  dentil 
band  between  them  should  be  uncut.  Scamozzi,  in  the  third  chapter  of  his  sixth  book, 
inculcates  that  ornaments  should  be  neither  profuse  nor  abundant,  neither  are  they  to  be 
too  sparingly  introduced.  Thus  they  will  be  approved  if  applied  with  judgment  and  dis- 
cretion. Above  all  things,  they  are  to  be  of  the  most  beautiful  forms  and  of  the  exactest 
proportions ; ornaments  in  buildings,  being  like  the  jewels  used  for  the  decoration  of 
princes  and  princesses  and  persons  of  high  rank,  must  be  placed  only  in  proper  situations. 
Neither  must  variety  in  ornaments  be  carried  to  excess.  We  have  to  recollect  that,  being 
only  accessories,  they  must  not  obtrude  upon  but  be  kept  subordinate  to  the  main  object. 
Thus  ornaments  applied  to  mouldings  should  be  simple,  uniform,  and  combining  not  more 
than  two  distinct  forms  in  the  same  enrichment ; and  when  two  forms  are  used  on  the  same 
moulding  they  should  be  cut  equally  deep,  so  that  an  uninterrupted  appearance  may  be 
preserved.  Mouldings  of  the  same  form  and  size  on  one  and  the  same  profile  should  be 
similar;  and  it  is  moreover  a requisite  of  the  greatest  importance,  so  to  distribute  the 
centres  of  the  ornaments  employed  that  the  centre  of  one  may  fall  exactly  over  the  centres 
of  those  below,  of  which  the  columns  of  the  Campo  Vaccino  form  an  example  for  imitation 
in  this  respect.  Nothing  is  more  offensive  than,  for  example,  to  see  the  middle  of  an  egg 
placed  over  the  edge  of  a dentil,  and  in  another  part  of  the  same  moulding  to  see  them 
come  right,  centre  over  centre,  and  the  like  negligent  and  careless  distribution.  This  may 
always  be  avoided  by  making  the  larger  parts  regulate  the  smaller.  Thus  where  there  are 
modillions  they  must  be  made  to  govern  the  smaller  ornaments  above  and  below  them,  and 
these  smaller  ones  should  always  be  subdivided  with  a view  to  centring  with  the  larger 
parts.  The  larger  parts  are  dependent  on  the  axes  of  the  columns  and  their  inter- 
columniations  ; but  all  these  must  be  considered  in  profiling  the  order.  It  will  of  course 
be  necessary  to  give  the  ornaments  such  forms  as  may  be  consistent  with  the  character  of 
the  order  they  enrich.  The  enrichment  of  a frieze  depends  upon  the  destination  of  the 
building,  and  the  ornaments  may  have  relation  to  the  rank,  quality,  and  achievements  of 
the  proprietor.  We  do  not  agree  with  Chambers  in  condemning  the  introduction  of  arms, 
crests,  and  cyphers,  as  an  unbecoming  vanity  in  the  master  of  the  fabric.  These  may  often 
1)6  so  introduced  as  to  indicate  the  alliances  of  the  family,  and  thus  give  a succinct  history 
of  its  connections.  In  Gothic  architecture  we  know  the  practice  induced  great  beauty 
and  variety.  We  have  before  observed,  in  Sect.  I.  of  this  Book  (2520.),  that  the  instru- 
ments and  symbols  of  pagan  worship  are  highly  indecorous,  not  to  .say  ludicrous,  on 
edifices  devoted  to  the  Christian  religion. 

2536.  In  carving  ornaments  they  must  be  cut  into  the  solid,  and  not  carved  as  if  they 
were  applied  on  the  solid,  because  the  latter  practice  alters  their  figure  and  proportion.  In 
fact,  every  moulding  slmuld  be  first  cut  with  its  contour  plain,  and  then  carved,  tlie  most 
prominent  part  of  the  ornament  being  the  actual  surface  of  the  moulding  before  carving, 
observing  that  all  external  and  re-entering  angles  are  kept  plain,  or  have  only  simple  leaves 
with  the  central  filament  expressed  on  or  in  the  angle.  In  the  circular  temple  of  Tivoli 
the  principle  of  cutting  the  ornament  out  of  the  solid  is  carried  out  so  far,  that  the  leaves, 
as  usual  in  most  examples  of  the  Corinthian  order,  instead  of  being  mere  appliquees  to  tbe 
bell  of  the  capital,  are  actually  cut  out  of  it. 

2537.  The  degree  of  relief  which  ornaments  ought  to  have  is  dependent  on  their  distance 
from  the  eye  and  the  character  of  the  composition : these  matters  will  also  regulate  the 
degree  of  finish  they  ought  to  possess.  There  are  some  mouldings  whose  profile  is  in- 
dicative of  bearing  weight,  as  the  ovolo  and  talon,  which  by  being  deeply  cut,  though 
themselves  heavy  in  character,  are  thereby  susceptible  of  having  great  lightness  ini])arted  to 
them,  whilst  such  as  the  cyma  and  cavetto  should  not  be  ornamented  deep  in  the  solid.  I he 
imitation  from  nature  of  the  objecis  represented  should  be  carefully  observed,  the  result 
whereof  will  impart  beauty  and  interest  U)  the  work  on  which  such  attention  is  bestowed. 
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CIIAllACTKUS  OF  THE  ORDERS. 

2.538.  In  the  First  Book  of  this  work,  Sect.  XI.  (133,  et  seq.)  we  have  considered  the 
lilstory  of  tlie  five  orders  of  architecture;  we  shall  here  offer  some  general  observations 
u))on  them  before  proceeding  to  the  detail  of  each  separately.  Tlie  orders  and  their  several 
characters  and  qualities  do  not  merely  appear  in  the  live  species  of  columns  into  which  they 
have  been  subdivided,  but  are  distributed  throughout  the  edifices  to  which  they  are  applied, 
the  column  Itself  being  the  regulator  of  the  whole  composition.  It  is  on  this  account  the 
name  of  orders  has  been  apj)lied  to  the  differently  formed  and  ornamented  supports,  as 
columns,  which  have  received  the  names  of  the  Doric,  Ionic,  Corinthian,  Tuscan,  and 
Composite  orders,  whereof  the  three  first  are  of  Grecian  origin,  and  the  two  last,  it  is  sup- 
|)osed,  of  Italian  or  Roman  origin.  Each  of  these,  by  the  nature  of  its  proportions,  and 
the  character  resulting  from  them,  produces  a leading  quality,  to  which  its  dimensions, 
form,  and  ornaments  corresj)ond.  But  neither  of  the  orders  is  so  limited  as  to  be  confined 
w’ithin  the  expression  of  any  single  quality.  Thus  the  strength  indicated  in  the  Doric  order 
is  ca])able  of  being  modified  into  many  shades  and  degrees  of  that  quality.  We  may  satisfy 
ourselves  of  this  in  an  instant  by  reference  to  the  early  compared  with  the  later  Doric 
column  of  the  Greeks.  Thus  the  columns  of  the  temple  at  Corinth  are  only  four  diameters 
high,  while  those  of  the  portico  of  Philip  are  six  and  a half. 

2.539.  As  the  Doric  seems  the  expression  of  strength,  simplicity,  and  their  various  modes, 
so  the  Ionic,  by  the  rise  in  height  of  its  shaft  and  by  the  slenderness  of  its  mass,  as  well 
as  by  the  elegance  of  its  capital.  Indicates  a quality  intermediate  between  the  grave  solidity 
of  the  Doric  and  the  elegant  delicacy  of  the  Corinthian.  Bounded  on  one  side  by  strength, 
and  by  elegance  on  the  other,  in  the  two  orders  just  named,  the  excess  of  elegance  in  the 
Corinthian  order  ends  in  luxury  and  richne.ss,  whereof  the  character  is  imprinted  on  it. 

2540.  We  cannot  here  refrain  from  giving,  in  the  words  of  the  excellent  Sir  Henry 

^^’otton,  a quaint  and  homely,  but  most  admirable  description  of  these  five  orders,  from  his 
Elements  of  Architecture.  “ First,  the  Tuscan  is  a plain  massive  rural  pillar,  re.sembling 
some  sturdy,  well-limbed  labourer,  homely  clad,  in  which  kind  of  comparisons,  Vitruvius 
himself  seemeth  to  take  pleasure.”  (Lib.  iv.  cap.  1.  ) . . . The  ort/er  is  the  gravest 

that  hath  been  received  into  civil  use,  preserving,  in  comparison  of  those  that  follow,  a more 
masculine  aspect  and  little  trimmer  than  the  Tuscan  that  went  before,  save  a sober  garnish- 
ment now  and  then  of  lions'  heads  in  the  cornice,  and  of  triglyphs  and  metopes  always  in  the 
frize."  . . . “ To  discern  him  will  be  a piece  rather  of  good  heraldry  then  of  architecture, 
for  he  is  knowne  by  his  place  when  he  is  in  company,  and  by  the  peculiar  ornament  of  his 
frize,  before  mentioned,  when  he  is  alone.”  . . . “ The  lonique  order  doth  represent  a kind 
of  feminine  slendernesse  ; yet,  saith  Vitruvius,  not  like  a light  housewife,  but,  in  a decent 
dressing,  hath  much  of  the  matrone."  . . . “ Best  known  by  his  trimmings,  for  the  bodie 
of  this  columne  is  perpetually  chaneled,  like  a thick-pleighted  gowne.  The  capitall  dressed 
on  each  side,  not  much  unlike  women’s  wires,  in  a spiral  wreathing,  which  they  call  the 
Ionian  voluta."  . . . “ The  Corinthian  is  a columne  lasciviously  decked  like  a courtezan, 
and  therefore  in  much  participating  (as  all  inventions  do)  of  the  place  where  they  were 
first  born,  Corinth  having  beene,  without  controversie,  one  of  the  wantonest  towns  in  the 
world.”  . . . “In  short,  as  plainness  did  characterise  the  Tuscaji,  so,  much  delicacie  and 
varietie  the  Corinthian  pillar,  besides  the  height  of  his  rank.”  . . . “ The  last  is  the  com- 
pounded order,  his  name  being  a briefe  of  his  nature  : for  this  pillar  is  nothing  in  effect  but 
a medlie,  or  an  amasse  of  all  the  precedent  ornaments,  making  a new  klnde  by  stealth,  and 
thougli  tlie  most  richly  tricked,  yet  the  poorest  in  this,  that  he  is  a borrower  of  his  beautie.” 
Each  of  the  orders,  says  De  Quincy,  is,  then,  in  the  building  to  which  it  is  applied,  the 
governing  principle  of  the  forms,  taste,  and  character  of  that  system  of  moral  order  met 
with  in  Grecian  architecture  which  alone  seems  to  have  suited  the  physical  order  of  pro- 
portions with  each  part,  so  that  what  is  agreeable,  ornate,  and  rich  is  equally  found  in  the 
whole  as  in  the  parts. 

2541.  On  the  two  Latin  orders  we  do  not  think  it  recessary  to  say  more  than  that  they 
will  be  fully  described  in  following  pages.  I’he  inveiuion  of  new  orders  must  arise  out  of 
other  expressions  of  those  (jualities  which  are  already  sufficiently  well  and  beautifully 
expressed  ; hence  we  consider,  with  De  Quincy,  to  attempt  such  a thing  would  be  vain. 
Chambers  thus  expresses  himself  on  this  subject,  without  the  philosophy  of  De  Quincy, 
yet  with  the  feelings  of  a learned  and  experienced  architect : “ The  Ingenuity  of  man  has, 
hitherto,  not  been  able  to  produce  a sixth  order,  though  large  premiums  have  been  offered, 
and  numerous  attempts  been  made,  by  men  of  first-rate  talents  to  accomi)lish  it.  Such  is 
the  fettered  human  imagination,  such  the  scanty  store  of  its  ideas,  that  Doric,  Ionic,  and 
Corinthian  have  ever  floated  uj)))ermost,  and  all  that  has  ever  been  produced  amounts  to 
nothing  more  than  different  arrangements  and  combinations  of  their  parts,  with  some 
trifling  deviations,  scarcely  deserving  notice;  the  whole  tending  generally  more  to  diminish 
than  to  increase  th.e  beauty  of  the  ancient  orders.”  .Again:  “ The  suppression  of  parts  ol 
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tlie  ancient  orders,  with  a view  to  produce  novelty,  has  of  late  years  been  practised  among 
us  with  full  as  little  success  ; and  though  it  is  not  wished  to  restrain  sallies  of  imagination, 
nor  to  discourage  genius  from  attempting  to  invent,  yet  it  is  apprehended  that  attempts  to’ 
alter  the  primary  forms  invented  by  the  ancients,  and  established  by  the  concurring  apjiro- 
bation  of  many  ages,  must  ever  be  attended  with  dangerous  conse(]uences,  must  always  be 
difhcult,  and  seldom,  if  ever,  successful.  It  is  like  coining  words,  which,  whatever  mav  be 
their  value,  are  at  first  but  ill  received,  and  must  have  the  sanction  of  time  to  secure  them 
a current  reception.” 

25*12.  In  the  progress  of  the  five  orders,  from  the  Tuscan  up  to  the  Composite,  taking 

seven  diameters  for  the  height  of  the  Tuscan  column,  and  eleven  for  that  of  the  Composite, 

if  the  entablature  be  taken  of  the  same  absolute  height  in  all,  and  at  the  same  time  in 
height  one  quarter  of  that  of  the  column,  we  shall  have  the  height  of  the  entablature  in 
terms  of  the  diameter  of  the  column,  as  follows  : — 

In  the  Tuscan  order  . ^ of  ^ = 1^  entablature  diameters  high. 

In  the  Doric  order  . | of  f = 2 entablature  diameters  high. 

In  the  Ionic  order  . ^ of  ^ = 2|  entablature  diameters  high. 

In  the  Corinthian  order  ^ of  = 2.i  entablature  diameters  high. 

In  the  Composite  order  ^ of  y = 2^  entablature  diameters  high. 

HEIGHT  AND  DIMINUTION  OF  COLUMNS. 

2543.  Vitruvius  tells  us  that  the  ancients  were  accustomed  to  assign  to  the  Tuscan 
column  seven  of  its  diameters  for  the  height ; to  the  Doric,  eight ; to  the  Ionic,  nine ; and 
to  the  Corinthian  and  Composite,  ten.  Scamozzi,  the  leader  of  the  moderns,  adopts 
similar  proportions.  But  these  are  not  to  be  considered  as  more  than  an  approximation  to 
the  limits,  nor  as  relating  to  the  proportions  between  the  heights  and  diameters  of  the 
ancient  Doric  examples,  whereof  in  our  First  Book  we  have  examined  certain  specimens. 
This  work  cannot  be  extended  to  a representation  of  the  variety  under  which  the  orders 
have  appeared  in  their  various  examples  of  each  order.  The  works  in  which  they  are 
contained  must  be  consulted  for  particulars  of  detail  in  this  respect.  Our  intention  is  to 
give  general  information  on  the  subject,  and  to  follow,  with  few  exceptions,  in  that  respect, 
the  ])recepts  of  Vignola,  as  tending  to  the  most  generally  pleasing  results,  and  as  being 
also  those  which  have  been  adopted  on  the  Continent  for  general  instruction  in  the  art. 

2544.  We  have  already  spoken  (2524,  et  seq.')  of  the  general  proportion  of  the  height  of 
the  entablature  to  that  of  the  column  as  one  fourth,  and,  without  returning  to  the  discussion 
of  the  pro])riety  of  that  ])roportion,  will  only  here  incidentally  mention  that  Scamozzi,  Bar- 
baro,  Alberti,  and  Palladio  have  not  assigned  so  great  a height  to  their  entablatures,  chiefly 
it  appears,  because  they  seemed  to  consider  the  slenderness  of  the  columns  in  the  more  deli- 
cate orders  unsuited  to  the  reception  of  heavy  burdens.  If,  however,  the  reader  will  bear  in 
recollection  what  has  been  said  at  the  beginning  of  this  section  relative  to  the  supports  and 
weights,  it  will  directly  occur  to  him  that  the  practice  these  great  masters  sanctioned  is 
not  founded  upon  just  deductions.  Chambers  seems  to  have  had  a glimpse  of  this  theory, 
but  without  any  notion  of  its  developement,  when  he  says,  “ It  must  be  remembered  that, 
though  the  height  of  an  entablature  in  a delicate  order  is  made  the  same  as  in  a massive 
one,  yet  it  will  not,  either  in  reality  or  in  appearance,  be  equally  heavy,  for  the  quantity  of 
matter  in  the  Corinthian  cornice  A (Jiff.  875.)  is  considerably  less  than  in  the  Tuscan 
cornice  B,  and  the  increased  number  of  parts  composing  the  former  of  these  will  of  course 
make  it  appear  far  lighter  than  the  latter.”  He  was,  however,  nearer  the  exact  truth 
where  he  speaks  in  a previous  passage  of  the  possibility  of  increasing  the  intervals  between 
the  columns. 

2545.  The  diminution  or  tapering  form  given  to  a column,  whereof  all  tlie  authors  find 
the  type,  whether  truly  or  not,  in  that  of  the  trunk  of  a tree,  in  the  ancient  examples,  some- 
times commences  from  the  foot  of  the  shaft,  sometimes  from  a (Quarter  or  one  third  of  its 
height,  in  which  case  the  lower  part  is  a perfect  cylinder.  Though  the  latter  method  has 
been  mostly  adopted  by  modern  artists,  the  former  seems  more  to  have  prevailed  among  the 
ancients.  Of  the  method  of  entasis,  that  is,  of  swelling  columns  as  they  rise,  \ve  have  already 
spoken  in  the  First  Book  ( 144. ).  A curve  of  diminution,  if  we  may  so  term  it,  in  which  the 
lower  pait  does  not  much  vary  from  the  cylinder,  but  never  much  exceeding  its  boundary 
for  the  height  of  one  third  upwards,  is  the  best,  and  to  something  like  that  we  now  come. 
Blondel  j(  Aeso/z<t/on  des  quutre  principaux  T’rohlemes  d' Arcidtecture')  says,  that  the  best  and 
simplest  instrument  for  the  diminution  of  columns  is  that  invented  by  Nicomedes  for 
describing  the  first  conchoid,  which,  applied  at  the  bottom  of  the  shaft,  gives,  by  continued 
motion,  both  the  swelling  and  the  diminution.  \ ignola  had  not  strictly  anticijiateil  Blondel 
ill  this  method,  which,  it  is  said,  was  that  used  for  the  columns  in  the  Bantheon  ; but  the 
old  master  had  come  so  near  to  it  that  we  shall  first  describe  Vignola’s  method,  and  then 
that  proposed  by  Blondel.  Vignola  having  already  spoken  of  the  common  practice,  says, 
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(Stampanl’s  edit.  Dei  cinque  Orditii  d' Architettum,  Roma,  1770,  cap.  7.  p.  51.),  “In  re- 
spect of  this  second  mode,  it  is  my  own  discovery,  and  will  be  soon  understood  by  the 
figure,  though  not  so  well  known  as  the  first  named.  The  measures  of  the  column 
having  been  fixed,  namely,  the  height  of  the  shaft  and  its  upper  and  lower  diameters, 
from  C {Jig-  876.),  draw  an  indefinite  line  through  D perpendicular  to  the  axis  of  the 
column.  From  A,  the  extreme  point  of  the  upper  semi-diameter,  to  B,  a point  in  the 
axis,  set  oft’  CD  the  lower  semidiameter.  Through  B from  A draw  the  line  ABE,  cutting 
tlie  indefinite  line  CD  in  E,  and  from  the  point  of  intersection  E and  through  the  axis  of 
the  column  draw  any  number  of  rays,  as  EBa,  whereon,  from  the  axis  towards  the  circum- 
ference, setting  off  the  interval  CD,  any  number  of  points  aaa  may  be  found,  and  through 
them  a curve  being  drawn  gives  the  swell  and  diminution  of  the  shaft. 

2546.  This  method  is  so  far  defective  as  to  require  the  curve  to  be  drawn  by  hand  on 
the  application  of  a flexible  ruler  through  the  points  found.  To  remedy  the  defect,  Blon- 
del,  who  on  investigation  of  the  curve  found  it  to  be  a conchoid,  applied  the  instrument 
of  Nicomedes  for  the  purpose,  the  descrijftion  of  which  instrument  here  follows.  The 
height  of  the  shaft  and  the  upper  and  lower  diameters  of  the  column  having  been  deter- 
mined, as  also  the  length  (^g.  876.)  of  the  line  CDE,  take  three  rulers,  FG,  ID,  and  AH, 
of  which  let  FG  and  ID  be  fastened  together  at  right  angles  in  G.  From  top  to  bottom 
let  a dovetail  groove  be  cut  down  the  middle  of  FG,  and  at  E on  the  ruler  ID,  whose 
length  from  the  centre  of  the  groove  in  FG  is  the  same  as  that  of  the  point  of  intersection 
from  the  axis  of  the  column,  fix  a pin.  On  the  ruler  AH  set  oft'  the  distance  AB  equal 
to  the  lower  semidiameter  of  the  column  CD,  and  at  the  other  end  of  the  ruler  cut  a slit 
through  it  from  H to  K,  the  length  whereof  mu.st  at  least  be  equal  to  the  dift’erencc  in 
length  between  EB  and  ED,  and  its  breadth  sufficient  to  admit  the  pin  fixed  at  E to  pass 
through  the  slit,  and  allow  the  ruler  to  slide  thereon.  Now,  tlie  middle  of  the  groove  in 
the  ruler  FG  being  placed  exactly  over  the  axis  of  the  column,  the  ruler  AH  in  moving 
along  the  groove  will  with  its  extremity  A describe  the  curve  AaaC,  which  curve  is  the 
same  as  that  produced  by  Vignola’s  method,  except  that  the  operation  is  performed  by  the 
continued  motion  of  the  ruler  AH.  If  the  rulers  be  of  an  indefinite  size,  and  the  pins  at 
E and  B be  made  to  move  along  their  respective  rulers,  so  as  to  be  able  to  increase  or 
diminish  at  pleasure  the  lengths  AB  and  DE,  the  instrument  will  answer  for  drawing 
columns  of  any  size. 

‘2547.  The  diminution  of  the  column  as  respects  quantity  is  rarely  in  ancient  examples 
less  than  one  eighth  of  the  lower  diamtiter  of  the  column,  nor  often  more  than  one  sixth,  as 
will  be  seen  in  the  subjoined  examples.  One  sixth  is  the  diminution  recommended  by 
Vitruvius,  and  followed  by  Vignola,  in  all  his  orders,  except  the  Tuscan.  In  the  following 
tal)le  the  first  column  contains  the  order  ; the  second,  the  example  ; the  third,  the  height 
of  the  column  in  English  feet  and  decimal  parts  of  a foot  ; the  fourth  column  shows  its 
diameter  in  similar  terms  ; and  the  fifth  the  ratio  of  diminution.  The  dimensions  are  from 
Perrault,  reduced  here  from  French  to  English  feet. 
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Older. 

Examples. 

Height  of 
Column  in 
Englisli  Feet. 

Di.-\meter  of 
Column  in 
Englibh  Feet. 

Ratio  of 
Diminution. 

Doric 

Theatre  of  Marcellus 

22-386 

3-198 

0-200 

Coliseum 

• 

24-384 

2-805 

O' 077 

Ionic 

Temple  of  Concord,  now  of  Saturn 

. 

38-376 

4-485 

0-182 

Temple  of  Fortuna  Virilis 

- 

• 

24-340 

3-109 

0- 1 25 



Coliseum 

. 

. 

24-518 

2-909 

0- 166 

Corinthian 

Temple  of  Peace 

• 

. 

. 

52-400 

6 041 

0111 



Portico  of  Pantheon  - 

• 

• 

. 

38-998 

4-7!  6 

0- 1 00 

Altars  of  Pantheon 

. 

. 

- 

11.548 

1-465 

0133 



Temple  of  Vesta 

• 

. 

. 

29-226 

3-109 

0-111 

— 

Temple  of  the  Sybil  at  Ti:  ill 

- 

. 

20-254 

2-487 

0133 

— 

Temple  of  Faustina  - 

- 

• 

- 

38-376 

4-796 

01 33 

Temnle  of  the  Dioscuri 

. 

. 

39-975 

4-840 

0-111 

Basilica  of  Antoninus  - 

• 

. 

. 

39-442 

4-752 

0-106 

Arch  of  Constantine  - 

. 

. 

23-097 

3-4.35 

0-117 



Interior  of  Pantheon  - 

• 

- 

• 

29-314 

3-642 

0133 



Portico  of  Septimius  - 

- 

. 

. 

39-442 

3-G32 

0-125 

Composite. 

Baths  of  Diocletian 

• 

- 

37-310 

3-5.53 

0-200 



Temple  of  Bacclius 

• 

- 

11-371 

1-443 

0-111 

Arch  of  Titus  - 

• 

• 

17-056 

2-102 

0117 

— 

Arch  of  Septimius  Severus 

• 

• 

- 

23-097 

2-877 

0-117 

2548.  The  recommendation  of  Vitruvius  (lib.  iii.  c.  2.)  to  give  different  degrees  of 
diminution  to  columns  of  different  heights  has  been  combated  by  Perrault  in  his  notes  on 
the  passage  ; and  we  are,  with  Chambers,  of  opinion  that  Perrault  is  right  in  his  judgment, 
inasmuch  as  the  proper  point  of  view  for  a column  fifty  feet  high  {fig.  876.  unshaded  part) 
ought  not  to  be  at  the  same  distance  as  for  one  of  fif.een,  the  point  being  removed  more 
distant  as  the  column  increases  In  height,  and  therefore  the  apparent  relation  between  the 
upper  and  lower  diameters  would  appear  the  same.  For  supposing  A to  be  a point  of  view 
whose  respective  distance  from  each  of  the  columns  fig  FG,  is  equal  to  the  respective 
Iicights  of  each,  the  triangles  fiAg  FAG  will  be  similar;  and  Afi  or  AA,  which  is  the  .same, 
will  be  to  Ag,  as  A F,  or  its  equal  AH,  is  to  AG:  therefore,  if  de  be  in  reality  to  be  as 
DE  is  to  BC,  it  will  likewise  be  apparently  so : *br  the  angle  dAe  will  then  be  to  the  angle 
bAcy  as  the  angle  DAE  is  to  the  angle  BAG;  and  if  the  real  relations  differ,  the  apparent 
ones  will  likewise  differ.  “ When,  therefore,”  observes  Chambers,  “a  certain  degree  of 
diminution,  which  by  experience  is  found  pleasing,  has  been  fixed  upon,  there  will  be  no 
necessity  for  changing  it,  whatever  be  the  height  of  the  column,  provided  the  point  of  view 
is  not  limited;  but  in  close  places,  where  the  spectator  is  not  at  liberty  to  choose  a proper 
distance  for  his  point  of  sight,  the  architect,  if  he  inclines  to  be  scrupulously  accurate,  may 
vary ; tliough  it  is,  in  reality,  a matter  of  no  importance,  as  the  nearness  of  the  object 
will  render  the  image  thereof  indistinct,  and,  consequently,  any  small  alteration  imper- 
ceptible.” Our  author  afterwards  adds:  “ It  must  not,  however,  be  imagined  that  the 
same  general  proportions  will  in  all  cases  succeed.  They  are  chiefly  collected  from  the 
temples  and  other  public  structures  of  anti()uity,  and  may  by  us  be  employed  in  cl.urches, 
palaces,  and  other  buildings  of  magnificence,  where  majesty  and  grandeur  of  manner  should 
be  extended  to  their  utmost  limits,  and  where,  the  composition  being  generally  large,  the 
parts  require  an  extraordinary  degree  of  boldness  to  make  them  distinctly  perceptible  from 
the  proper  general  points  of  view.” 

SUBDIVISION  OF  ENTABLATURES. 

2549.  We  have  spoken  of  the  entablature  as  the  fourth  part  of  the  height  of  the  column. 
In  general  terms,  its  subdivisions  of  architrave,  frieze,  and  cornice  are  obtained  by  dividing 
its  height  into  ten  equal  parts,  whereof  three  are  given  to  the  architrave,  three  to  the  frieze, 
and  four  to  the  cornice ; except  in  the  Roman  Doric  order,  in  which  the  whole  height  of 
the  entablature  is  divided  into  eight  parts,  of  which  two  are  given  to  the  architrave,  three 
to  the  frieze,  and  three  to  the  cornice.  From  these  general  proportions  variations  have 
been  made  by  different  masters,  but  not  so  great  as  to  call  for  particular  observation.  I hey 
deviate  but  little  from  the  examples  of  antiquity ; and  the  ease  with  which  they  may  be 
recollected  render  them  singularly  useful. 

MODE  OF  MEASURING  THE  ORDERS. 

2550.  J^everal  methods  have  been  used  for  forming  the  scale  of  equal  parts,  by  wffiich  the 
ortlers  are  measured;  but  they  are  all  founded  on  the  diameter  of  the  column  at  the  bottom 
of  the  shaft;  for  those  that  use  the  module  or  semi-diameter  as  the  measuring  unit  (which 
all  have  done  in  the  Doric  order)  must  still  recur  to  the  diameter  itself.  The  authors  have 
also  usually  divided  it  into  thirty  parts,  but  all  concur  in  measuring  by  an  unit  founded 
on  the  diameter.  We  shall  follow  the  practice  of  Vignola  in  descriliing  the  orders,  that 
master  dividing  the  diameter  into  two  equal  parts,  of  which  each  is  the  unit  of  the  scale  for 
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profiling  the  orclcr.  The  module  for  the  two  first  orders,  the  Tuscan  and  Doric,  is  divided 
into  twelve  parts  or  minutes;  and  for  the  Ionic,  Corinthian,  and  Composite  orders  into 
eighteen  parts,  by  which  minute  fractions  are  avoided. 

For  drawing  or  profiling,  as  it  is  called,  an  order,  the  proper  way  is  to  set  out  tlie 
height  of  the  leading  ])arts  and  their  projections,  and  then  proceed  to  the  subdivisions  of 
each.  As  a general  rule,  we  may  mention  that  it  is  usual  to  make  projections  of  cornices 
nearly  or  quite  equal  to  their  heights. 

APPLICATION  OF  THE  ORl>ERS. 

2552.  The  application  of  the  orders  among  the  ancients  was  exceedingly  extensive. 
Porticoes  abounded  about  their  cities  ; their  temples  were  almost  groves  of  columns,  with 
which  also  were  profusely  decorated  their  theatres,  baths,  basllicie,  and  other  public 
buildings,  as  were  no  less  the  courts,  vestibules,  and  halls  of  their  private  dwellings.  The 
moderns  have  in  a great  measure  imitated  their  example,  and  their  use  has  very  much 
exceeded  the  limits  of  propriety.  The  maxim  of  Horace,  “ Nee  Deus  intersit,”  has  in  no 
case  been  more  violated  by  architects  than  in  the  unnecessary  introduction  of  the  orders  on 
the  facades  of  their  buildings.  The  test  of  fitness  being  applied  to  their  employment  is 
the  best  that  the  young  architect  can  adopt. 
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2.553.  The  reader,  in  fig.  877.,  has  before  him  the  geometrical  representation  of  the  Tuscan 
order  and  its  details.  A shows  the 
plan  of  the  sofite  of  the  cornice,  and 
B is  a plan  of  the  capital.  The  exam- 
ple is  from  Vignola’s  profile,  whereon 
we  consider  it  proper  to  remark,  in 
conformity  with  an  opinion  before  ex- 
jiressed  (2532,  2533.),  that  the  ovolo 
which  crowns  the  cornice  is  an  im- 
proper moulding  for  the  situation  it 
occupies.  The  substitution  for  it  of 
a fillet  and  cyma  recta  would  have 
been  much  more  suitable,  and  would 
have  also  been  more  pleasant  in 
effect. 

2554.  “ The  Tuscan  order,”  says 
Chambers,  “ admits  of  no  ornaments 
of  any  kind ; on  the  contrary,  it  is 
sometimes  customary  to  represent  on 
the  .shaft  of  its  column  rustic  cinc- 
tures, as  at  the  Palace  Pitti  in  P'lo- 
rence,  that  of  the  Luxembourg  in 
Paris,  York  Stairs  in  London,  and 
many  other  buildings  of  note.  This 
practice,  though  frequent,  and  to  be 
found  in  the  works  of  many  cele- 
brated architects,  is  not  always  ex- 
cusable, and  should  be  indulged  with 
caution,  as  it  hides  the  natural  figure 
of  the  column,  alters  its  proportions, 
and  affects  the  simplicity  of  the 
whole  composition.  There  are  few 
examples  ot  these  bandages  in  tin? 
remains  of  antiquity,  and  in  general  it  will  be  advisable  to  avoid  them  in  all  large  designs, 
reseiving  the  rustic  work  for  the  intercolumniat  ions,  where  it  may  be  employed  with  great 
pi opi  icty,  to  produce  an  opposition  which  will  help  to  render  the  aspect  of  the  whole 
composition  distinct  and  striking.”  Our  author  proceeds  to  observe,  that  “ in  smaller 
works,  ot  which  the  ]iarts  being  few  are  easily  comprehended,  they  may  be  sometimes 
tolerated,  sometimes  even  recommended,  as  they  .serve  to  diversify  the  forms,  are  produc- 
tive of  strong  contrasts,  and  contiibute  very  considerably  to  the  masculine  bold  aspect  of 
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the  composition.”  Lc  Clerc  allows  their  propriety  in  the  gates  of  citadels  and  prisons, 
and  also  considers  them  not  out  of  place  tor  gates  to  gardens  or  pa’-ks,  for  grottoes,  foun- 
tains, and  baths.  Delorme  made  abundant  use  of  them  in  several  parts  of  the  'riiuilleries, 
covering  them  with  arms,  cyphers,  and  other  ei.richments.  They  are  to  be  found  in  the 
detail  of  the  Louvre,  with  vermiculated  rustics.  De  Chambrai,  who  banishes  the  'I'uscan 
order  to  the  country,  nevertheless  admits  that  the  Tuscan  column  may  be  consecrated  to 
the  commemoration  of  great  men  and  their  glorious  actions,  instancing  Trajan’s  column, 
one  of  the  proudest  monuments  of  Roman  splendour,  as  also  the  Antonine  column. 

2555.  Llaving  adjusted  the  size  of  the  module  with  its  subdivisions  of  twelve  parts, 
so  that  the  paper  or  other  material  on  which  the  order  is  profiled  may  contain  the  whole 
of  the  order,  it  always  being  understood  that  the  representation  for  practical  purposes  need 
not  include  the  whole  height  of  the  shaft  of  the  column,  whose  minuti®  of  diminution 
may  form  the  subject  of  a separate  drawing,  the  first  step  is  to  draw  a perpendicular  line 
for  the  axis  of  the  column.  Parallel  to  the  base  lines  are  then  to  be  drawn,  according  to 
the  dimensions  (parts  of  the  module)  given  in  the  table  subjoined  ; and  the  beginner,  zji 
well  as  the  more  practised  man,  is  recommended  not  to  set  up  these  as  they  are  given 
separately,  but  in  every  case  to  add  the  succeeding  dimensions  to  those  preceding  rather 
than  to  set  them  off  one  by  one,  which,  on  a small  scale,  causes  minute  errors  in  reading 
off  from  the  scale  to  become  in  the  end  large  in  amount.  By  the  adoption  also  of 
such  a practice  the  work  corrects  itself  as  it  proceeds.  As  the  heights  are  set  up,  the 
projection  of  each  member  from  the  axis  of  the  column  is  to  be  set  off,  and  this  should 
be  always  done  on  both  sides  at  the  same  time,  by  which  gulling  of  the  paper  from 
the  point  of  the  compasses,  and  errors  in  other  respects,  are  avoided.  The  Jig.  878.  is 
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but  the  detail  on  a larger  scale  of  the  general  representation  exhibited  in  that  preceding 
The  measures  of  each  part  are  given  in  the  following  table. 
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Table  of  the  Parts  of  the  Tuscan  Order. 


Mouldings  whereof  the  Parts  are  composed. 


Cornice  A, 
16  parts. 


Frieze  B, 
14  parts. 

Architrave  C, 
12  parts. 


Entablature. 

^ . f Quarter  round 

Cymatium,  , . . . 

and  parts.  ] . . . . 

Conge,  or  cavetto  - 

Corona  _ - - 

Drip  . - - - 

Sinking  from  corona,  or 
hollow  > - - 

Fillet  - - - - 

Bed  moulding  Ogee  - 


Fillet. 

Fascia. 


Fillet,  or  listel 
r Conge,  or  small  cavetto  - 
1 Fascia  - - - - 


The  height  of  the  drip  under  the  corona  is  taken  on  that 
member,  and  that  of  the  hollow  in  the  height  of  the 
fillet. 

Column. 


Capital  D, 
12  parts. 


Shaft, 

12  modules. 


Base,  E, 
12  parts. 


Cornice  G, 
6 parts. 
Die  F, 

44  parts. 

Base, 

6 parts. 


Fillet  - 

Conge,  or  cavetto  - 
Band  - 
Ovolo  - 
Fillet  - 

Conge,  or  cavetto  - 
Neck,  or  Hypotracheliou 
\ Bead  - 
Fillet  - 

Con<je,  or  cavetto  - 


Abacus. 


Cymatium. 


Astragal,  or 
necking. 


Shaft. 


‘o'-* 

f Shaft  - 

1 Conge,  or  apophyge 
r Fillet  - 

Torus  - - - 

[ Plinth  - - 


Pedestal. 


I Cymatium.  | 

{ - 

{ ■ 


Listel  - - - 

Ogee  - 
f Die,  or  dado 
1 Conge,  or  apophvge 
r Fillet  - - ' - 

I Plinth  - 


Heights  of 
Mouldings  in 
Parts  of  a 
Module. 

Projection  | 
from  the  Axis  of| 
Column  in  Parts 
of  a Module. 

4 

271 

1 

h 

23^ 

1 

22i 

5 

22i 

211 

{ 

19ri 

1 

2 

14 

4 

13i 

14 

91 

2 

2 

8 

1 

141 

1 

131 

2 

131 

3 

13\ 

1 

101 

1 

3 

H 

1 

11 

1 

2 

101 

1 

1 1 mod.  8 parts. 

9-i 

H 

12 

1 

13.1 

5 

I6i 

6 

ie.‘ 

' 2 

20.1 

4 

20 

3 mod.  4 parts. 

161 

2 

16-1 

1 

181 

5 

201 

2556.  Vitruvius  in  this  order  forms  the  columns  six  diameters  high,  and  makes  their 
diminution  one  quarter  of  the  diameter.  lie  gives  to  the  base  and  capital  each  one  module 
in  height.  No  pedestal  is  given  by  him.  Over  the  capital  he  places  the  architrave  of 
timber  in  two  thicknesses  connected  together  by  dovetailed  dowels.  He  however  leaves 
the  height  unsettled,  merely  saying  that  their  height  should  be  such  as  may  be  suitable  to 
the  grandeur  of  the  work  where  they  are  used.  He  directs  no  frieze,  but  places  over  the 
architrave  cantilevers  or  mutuli,  projecting  one  fourth  part  of  the  height  of  the  column, 
including  the  base  and  capital.  He  fixes  no  measure  for  the  cornice,  neither  does  he  give 
any  directions  respecting  the  intercolumniations  of  this  order.  The  instructions  are  not  so 
specific  as  those  which  he  lays  down  for  the  other  orders,  and  there  have  been  various 
interpretations  of  the  text,  which  unfortunately  cannot  in  any  of  the  suppositions  be  tested 
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on  ancient  remains.  The  whole  height,  according  to  the  measuring  unit  winch  we  have 
adopted  from  Vignola,  is  16  modules  and  3 parts. 

2557.  Ralladio  makes  the  lieight  of  his  Tuscan  column  6 diameters,  and  diminishes  the 
shaft  one  fourth  of  a diameter.  The  height  of  the  base  and  capital  are  each  half  a diameter. 
He  provides  no  pedestal,  but,  instead  thereof,  places  the  base  of  the  column  on  a zoeeolo, 
or  lofty  plinth,  whose  height  is  equal  to  the  diameter  of  the  column.  He  leaves  the  inter- 
columniation  unsettled,  merely  hinting  that  as  the  architraves  are  of  timber,  they,  the 
intercolumniations  may  be  wide.  The  whole  height  by  him  assigned  to  the  order  is  9 
diameters  and  three  quarters  of  the  column.  The  whole  height  according  to  our  scale  is 
1 9 modules  and  6 parts. 

2558.  Serlio  makes  the  column  of  the  order  5 diameters  exclusive  of  base  and  cajiital, 
each  of  which  are  half  a diameter  in  height,  and  his  diminution  is  one  quarter  of  the 
diameter.  He  gives  half  a diameter  to  the  height  of  the  architrave,  and  an  eijual  height 
to  the  frieze  and  to  the  cornice.  His  pedestal  is  with  a plinth  and  base,  a die,  and 
cymatium,  the  Avhole  being  a third  of  the  height  of  the  column.  He  gives  no  rules  for  the 
intercolumniations,  though  in  book  4.  he  inserts  a diagram  wherein  intercolumns  appear, 
merely  saying  that  they  are  equal  to  3 diameters.  The  total  height  according  to  our 
measure  is  19  modules  and  3 parts. 

2559.  Scamoz/.i  makes  the  shaft  of  his  column  6 diameters,  and  diminishes  it  one  fourth 
part  of  its  diameter.  The  heights  of  the  base  and  capital  are  each  half  a diameter.  To 
the  entablature  he  assigns  for  height  one  fourth  of  the  height  of  the  column,  including  its 
base  and  capital,  less  half  its  diameter.  He  j)laces  a soit  of  triglyph  in  the  frieze,  which 
arises  from  a misconception  of  the  text  of  Vitruvius.  The  height  of  his  pedestal  is  a fourth 
part  of  that  of  the  column,  with  base  and  capital,  less  half  a diameter.  The  whole  height 
in  our  measure  is  21  modules  and  9 parts. 


Sect.  IV. 


THE  DORIC  ORDER. 


2560.  The  Doric  order  of  the  moderns  is  of  two  sorts  : mutular  and  denticular,  the 
former  is  represented  in  Jig.  879.  A is  a plan  of  the  sofite  of  the  corona  ; B,  a plan  of  the 
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c-apital  i and  C,  a plan  of  the  base.  In  the  frieze  the  channelled  projections  are  called 
Irlili/ph,  and  the  spaces  between  them  metopa-,  winch  should  in  breadtn  be  c.iual  to  tne.f 
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hei^^ht,  which  is  that  of  the  frieze.  The  shaft  is  usually  channelled  with  twenty  Jlvtts. 
Over  the  triglynhs  are  distributed  mntules  or  inodillions,  and  another  peculiarity  is  the 
iiitroduction  of  gnttoi  or  drops,  which  decorate  the  sofite  of  the  cornice  and  the  feet  of  the 
triglyphs. 

‘J56T.  Daviler,  speaking  of  the  two  Doric  entablatures  given  by  Vignola,  admires  the 
elegance  of  their  composition,  and  scarcely  knows  which  of  them  to  select  as  the  most 
beautiful.  “ The  first  ” (or  denticular),  hereafter  immediately  subjoined,  says  Chambers, 
following  that  author,  “ which  is  entirely  antique,  is  the  lightest,  and  consequently  pro- 
perest  for  interior  decoration  or  objects  intended  for  near  inspection  ; the  other,  composed 
by  Vignola  himself  from  various  fragments  of  antiquity,  being  bolder,  and  consisting 
of  larger  parts,  seems  better  calculated  for  outside  works  and  places  where  the  point  of 
view  is  either  distant  or  unlimited.  On  polygonal  plans,  however,  the  mutule  cornice 
must  be  avoided,  because  the  sofites  of  the  angular  mutules  would  form  irregular  and  very 
disagreeable  figures  : neither  should  it  be  employed  in  concaves  of  small  dimensions,  for 
the  same  reason ; nor  in  places  where  frequent  breaks  are  requisite,  it  being  extremely 
difficult,  often  impossible,  to  prevent  the  mutules  from  penetrating  and  mutilating  each 
other  in  various  unsightly  manners ; and  wherever  this  cornice  is  used  on  a convex  surface, 
the  sides  of  the  mutules  must  be  made  parallel,  for  it  would  be  both  disagreeable  and  un- 
natural to  see  them  broader,  and  consequently  heavier  in  front  than  where  they  spring  out 
of  the  mutule  band.”  We  have  elsewhere  observed  that  there  is  very  great  difficulty  in 
distributing  the  parts  of  the  Doric  entablature,  on  account  of  the  intervals  between  the 
centres  of  the  triglyphs,  which  necessarily  confine  the  composer  to  intercolumniations 
divisible  by  three  modules,  thus  producing  spaces  which  are  often  too  wide  or  too  narrow 
for  his  purposes. 


Fig.  880. 

In  /f<7.  880.  the  entablature  of  the  mutular  Doric  order  is  given  to  a larger  scale 
that,  that  of  the  preceding  figure ; and  we  subjoin,  as  in  the  Tuscan  order, 
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Table  of  Parts  of  thf.  Entablature  of  the  IMutui.ar  Doric. 


Mouldings  whereof  the  Parts  are  composed. 


Cornice  A, 
18  parts. 


I'rieze  B, 
18  parts. 


Fillet  of  the  corona 
Cyma  - - - 

Fillet  . 

Cyma  reversa  - 
Corona 
Cyma  reversa 
INIiitule 
Drip 

Gntta  of  the  mutule 
Echinus,  or  (piarter  round 
Fillet  - - - 

Capital  of  the  triglyj)h 

Triglyph 

Metope 


Architrave  C, 
12  parts. 


I.istel  - 

Capital  of  the  guttaj 
Guttle 
First  fascia 
Second  fascia  - 


HclKht.s  of 
Mouldings  in 
Parts  of  a 
Module. 


Projections 
from  Axis  of 
Column  in  Parts 
of  a Module. 


30 

23.1 

281 

28* 

26 

13' 

11 

101 

lo 

12 

111 

Hi 

101 

10 


D is  the  plan  of  a triglyph  to  double  the  scale. 
E is  the  ])lan  of  the  round  or  stjuare  guttae. 

F is  the  elevation  of  the  triglyph  and  its  guttae. 


2563.  To  obviate  the  difficulties  mentioned  in  2561.  relative  to  the  triglyphs,  they  have 
often  been  omitted  and  the  entablature  left  plain,  as  in  the  Coliseum  at  Rome,  the  colon- 
nades of  St.  Peter’s  of  the  Vatican,  and  in  many  other  buildings.  This,  says  Chambers,  is 
an  easy  exj)edient ; but  as  it  robs  the  order  of  its  principal  characteristic  distinction,  the 
remedy  is  a desperate  one,  and  should  only  be  employed  as  a last  resource. 

2564.  The  Doric  order  was  used  by  the  ancients  in  temples  dedicated  to  IMinerva,  to 
IMars,  and  to  Hercules.  In  modern  buildings,  Serllo  (lib.  iv.  c.  6.)  recommends  it  in 
churches  dedicated  to  saints  remarkable  by  their  suffiering  for  the  Christian  faith.  Le  Clerc 
suggests  its  use  for  military  buildings.  “It  may,”  says  Chambers,  “ be  employed  in  the 
houses  of  generals,  or  other  martial  men,  in  mausoleums  erected  to  their  memory,  or  in 
triumphal  bridges  and  arches  built  to  celebrate  their  victories.” 

2665.  As  the  diflerence  between  the  mutular  and  denticular  Doric  lies  entirely  in 
the  entablature,  we  give  in  the  following  table  the  whole  of  tire  details  of  the  order. 


observing,  that  from  the  capitals  downwards,  the  measures  assigned  to  them  are  the 
same  for  each.  Fip.  881.  represents  tire  entablature  of  tlie  denticular  Doric  and  its  parts, 
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which,  with  those  of  the  capital,  base,  and  pedestal,  are  In  fig.  882.  given  to  a largei 
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bcale,  as  we  have  before  represented  the  parts  of  the  Tuscan  order.  The  general  table  is 
subjoined  : — 


1 

Members  composing  the  Order. 

Heights  in 
Paris  of  a 
Module. 

Projections  in 
Parts  of  a 
Module  from 
Axis  of  Column. 

Entabi.atlire. 

■ Fillet  of  corona’  _ _ - 

1 

34 

Cavetto  - - - . 

3 

31 

Fillet 

1 

26 

Cyina  reversa  - - - - 

4 

30 

Corona  - - - - 

4 

28i 

A,  Cornice, 

Drip  - - - - _ 

\ 

27i 

1 8 parts. 

Fillet 

i 

25 

Gutta  under  the  corona 

24  L 

Dentil  - 

3 

15 

Fillet 

1 

13 

Cyina  reversa  - - - - 

2" 

Capital  of  triglyph  . 

2 

11 

n.  I’rieze, 

r Triglyph 

18 

10.1 

18  parts. 

L Metope  - - « - 

18 

10 
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Members  composing  the  Order. 

II(Mglit.s  in 
Parts  of  a 
Module. 

Projections  in  ] 
Parts  of  a ' 

Module  frorr 
Axis  of  Col'va.n. 

• 

T/istel 

2 

1 

1 1 

C,  Architrave, 

Ca))ltal  of  guttae 

- 

_ 

2 

10  parts. 

Gutta^ 

- 

- 

H 

11 

Fascia 

- 

- 

10 

10 

Column. 

Listel 

- 

. 

151 

Cyma  reversa  - 

- 

- 

I5i 

14 

Rand  - 

- 

_ 

n 

D,  Capital, 

Echinus  or  quarter  round 
Three  annulets 

- 

9i 

H 

13^ 
1 1 1 

12  parts. 

Neck  of  ca))ital 

- 

_ 

2 

4 

1 1 2 
10 

fOvolo 

_ 

1 

12 

Astragal  ■{  Fillet 

- 

- 

2 

L Conge 

- 

- 

10 

SuAIT  OF  THE  CoLUJIN,  14  modulcS. 

Apophyge  or  conge 

- 

_ 

2 

12 

K,  15a.se, 
1 2 parts. 

Filla  - 

_ 

_ 

2 

14 

Astragal 

Torus 

- 

- 

l| 

4 

143 

17 

1 

Plinth 

- 

- 

6 

17 

Pedestal. 

■ Listel 

_ 

_ 

23 

F,  Cornice, 

Echinus 

- 

- 

22f 

G parts. 

Fillet  - 
Corona 

“ 

3 

“2 

o 1 3 

21 

. Cyma  reversa  - 

- 

- 

18^ 

Die  of  the  Pedestal,  4 modules. 

Conge 

_ 

_ 

1 

17 

Fillet  - 

. 

_ 

18 

G,  Rase, 

Astragal 

- 

- 

1 

183 

10  parts. 

Inverted  cyma 

- 

- 

2 

19 

Second  plinth 

- 

- 

- 21 

21 

^ Fir.st  plinth 

“ 

" 

4 

211 

9566.  Vitruvius,  with  more  clearness  than  in  the  others,  describes  the  Doric  order 
(book  iv.  chap.  iii. ).  lu  order  to  set  out  its  proportions,  he  tells  us,  though  not  giving  a 
direct  rule,  that  its  pedestal  is  composed  of  three  parts,  the  cymatium  or  cornice,  the  die, 
and  the  base  ; and  that  the  base  and  cimatium  are  composed  of  many  mouldings,  whose 
individual  proportions,  however,  he  does  not  give.  He  assigns  no  particular  base  to  the 
Doric  order;  but,  nevertheless,  places  under  half  a diameter  in  height  the  attic  base,  whose 
members  are  the  plinth,  small  fillet,  scoti  i,  and  the  upper  torus  with  its  superior  and  inferior 
(illets,  together  with  the  apophyge  of  the  column.  He  gives  to  the  projection  of  the  base 
a fifth  part  of  the  diameter  of  the  column.  The  height  of  the  shaft  he  makes  of  6 diameters, 
and  its  diminution  a sixth  part  of  the  diameter.  The  capital’s  height  he  makes  equal  to 
half  a diameter,  and  divides  it  into  three  parts,  one  for  the  abacus  and  its  cymatium. 
another  for  the  echinus  and  its  fillets,  the  third  for  the  hypotrachelium.  lo  the  arcliitrave  he 
assigns  the  height  of  one  half  diameter  of  the  column,  and  to  the  frieze  50  parts  of  the  module 
^sjinidiameter  divided  into  30  p.irts),  including  the  fascia,  forming  the  capital  of  the  tri- 
glyphs. His  cornice  consists  of  30  parts  of  the  module,  and  its  projection  40.  The  whole 
height  which  he  gives  to  the  order  is,  in  the  measure  here  adopted,  I 7 modules  and  ‘20  parts. 

9567.  Palladio  makes  the  Doric  peue.stal  rather  less  than  2.^  dianieters  of  the  column, 
dividing  it  into  three  parts,  the  base,  die,  and  cymatium.  To  the  die  he  assigns  nearly  a 
diameter  and  one  third  of  the  column.  To  the  cymatium  a little  more  than  one  third  of 
the  diameter.  He  u.ses  the  attic  base  to  the  order,  but,  for  the  sake  of  carrying  off  the 
water,  turns  the  j.linth  into  an  inverted  cavetto  (^u^do).  ending  in  the  projection  of  the 
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cyinatium  of  ihe  pedestal.  'I'o  the  shaft  of  the  column  he  assigns  various  proportions, 
directing  that  if  accompanied  with  pilasters,  it  should  be  of  the  height  of  diameters, 
and  if  entirely  isolated,  7 or  at  most  8 diameters  high.  He  cuts  the  shaft  into  24  flutes, 
and  diminishes  it  the  tenth  part  of  its  diameter.  The  height  of  his  capital  is  half  a 
diameter,  and,  like  the  annotators  on  Vitruvius,  he  decorates  the  neck  or  fiieze,  as  tliey 
both  call  it,  witli  roses,  adding,  however,  other  flowers,  and  making  its  projection  a little 
more  than  a fifth  part  of  the  diameter.  To  the  architrave,  frieze,  and  cornice  lie  gives  a 
little  more  than  one  fourth  part  of  the  height  of  the  column,  so  that  the  whole  height  ol 
fits  order  is  in  our  measure  24  modules  and  a fraction  above  2^  parts. 

2568.  Serlio  makes  the  height  of  the  pedestal  of  his  column  a little  less  thnn  3 dia- 
meters, with  its  base,  die,  and  cymatium.  The  height  of  the  die  is  set  up  eijual  to  the 
diagonal  of  a square,  formed  on  the  plinth  of  the  column.  The  height  of  the  cymatium, 
according  to  the  strict  text  of  Serlio,  should  not  be  less  than  that  of  the  base ; but  he 
altogether  omits  any  mention  of  its  projection.  His  base  is  the  attic  base,  to  which  he 
assigns  a projection  of  a (juarter  of  a diameter.  The  column  is  6 diameters  high,  and  has 
20  flutes.  His  ca])ital  differs  only  from  that  of  Vitruvius  in  its  projection,  which  is  rather 
more,  d'he  architrave  and  frieze  do  not  much  differ  from  those  already  described.  The 
projection  given  to  the  cornice  is  equal  to  its  height.  The  whole  height  in  our  measures 
amounts  to  23  modules  and  5 parts. 

2569.  The  Doric  order  as  described  by  Scamozzi  is  not  very  dissimilar  to  those  already 
described.  The  pedestal  is  by  him  made  2 diameters  and  a little  more  than  a quarter,  witli 
a base,  die,  and  cymatium,  and  the  projection  barely  a quarter  of  the  diameter  of  the 
column,  to  which  he  gives  the  attic  base.  His  column  is  7i  diameters  bigh,  and  the  dimi- 
nution a fifth  part  of  the  diameter.  There  are  26  flutes  on  the  shaft,  separated  from  each 
other  by  fillets,  wdiose  wddth  is  one  third  of  the  flute.  This  author  gives  three  different 
sorts  of  capitals  for  the  order  : the  first  has  three  annulets  ; the  second  has  only  the  low-er 
annulet,  the  two  upper  ones  being  changed  to  an  astragal ; the  third,  instead  of  the  two 
lower  annulets,  has  a cyma  reversa.  Lastly,  above  the  corona  he  places  a cyma  reversa, 
and  in  the  other  parts  does  not  vary  much  from  the  preceding  authors,  especially  in  the  frieze 
and  architrave,  except  that  in  the  last  he  uses  two  fasciae.  To  the  cornice  he  assigns  the 
projection  of  five  sixths  of  a diameter  of  the  column.  His  whole  entablature  is  a little  less 
than  one  fourth  the  height  of  the  column,  including  base  and  capital.  The  whole  height 
of  the  order  in  our  measures  is  23  modules  and  8 parts. 

2570.  In  ,/?_(/.  883.  the  profile  of  the  Grecian  Doric  from  the  Parthenon  at  Athens 
is  given.  Though  very  different  to  those  we  have 
already  described  of  this  order,  the  resemblance  is 
still  considerable.  Its  character  is  altogether  sacred 
and  monumental,  and  its  application,  if  capable  of  ap- 
plication to  modern  i)uri)oses,  can  scarcely  be  made  to 
any  edifice  whose  general  character  and  forms  are  not 
of  the  severest  and  purest  nature.  The  various  absurd 
situations  in  which  the  Grecian  Doric  has  been  in- 
troduced in  this  country,  has  brought  it  into  disre- 
pute ; added  to  which,  in  this  dark  climate  the  closene.ss 
of  the  intercolumnlations  excludes  light,  which  is  so 
essential  to  the  disj)lay  of  architecture  under  the  cloudy 
skies  with  wdiich  we  are  constantly  accompanied  in 
high  latitudes,  'i'he  diameter  of  tlie  columns  in  the 
original  is  6 feet  2-7  inches. 

2571.  Lest  we  may  be  reproached  with  neglecting 
to  submit  to  the  student  in  this  place  (and  the  remark 
etjually  a])plies  to  the  following  section  on  the  Ionic 
order)  more  examples  of  the  Grecian  Doric,  we  would 
here  observe  that  this  work  is  not  to  stand  in  place  of 
a parallel  of  the  orders.  Nothing  would  have  been 
easier  than  to  have  placed  before  him  an  abundance 
of  examples ; but  they  must  be  sought  elsewhere, 
masmuch  as  the  nature  of  our  labours  requires  general,  not  special,  information  in 
this  res])ect.  We  have  not,  however,  re(ra;r.ed  in  the  first  book  (142,  et  seq.)  from  entering 
into  details  respecting  the  Grecian  Doric,  which  we  consider  much  more  valuable  to  the 
reader  than  would  be  the  exhibition  of  a series  of  profiles  of  its  principal  examples.  We 
Mave,  moreover,  at  that  place,  suggested  some  criteria  of  tlieir  comparative  antiquity.  We 
do  not  think  the  nice  copying  of  a profile  into  a modern  work  any  other  than  a disgraceful 
exhibition  of  tuc  want  of  ability  in  the  man,  we  cannot  call  him  artist,  who  adopts  it,  and 
shall  be  much  better  pleased  to  leave  the  student  in  doubt,  so  that  he  may  apply  himself 
/./•o  re  nuia  to  the  matter  which  calls  his  genius  into  plav.  From  what  we  have  said  on 
Hit  order,  in  Sect.  II.  of  this  Book,  (252.3,  ct  ,eq.),  relative  to  the  order,  and  on  moulding. 
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(2532,  et  scq.),  it  must  be  (luite  clear  that  tlie  variety  of  every  order,  keeping  to  first  prin- 
ciples, has  not  been  yet  exhausted,  neither  is  it  likely  to  be  so. 


Table  of  tjie  Pakts  of  the  Gkecian  Doric  (Parthenon). 


Heights  ill 

I’rojections  In 
Parts  of  a 
Module  from 

Members  composing  the  Order. 

Parts  oC  a Mo- 
dule and  Deci- 

mals. 

Axis  of  Culuini* 

Entablature. 

[■Fillet  - 

_ 

. 

OiiO 

22-10 

Echinus 

- 

- 

312 

20-40 

Fillet,  with  sunk  cyma  reversa 

- 

2-20 

A,  Cornice, 

Corona 

_ 

_ 

4-88 

18-98 

15 ‘3 2 parts. 

Fillet  - 

- 

_ 

1-10 

18-80 

Capital  of  mutules 

. 

_ 

1 -10 

Mutules 

_ 

_ 

0-32 

18-66 

Bead  and  capital  of  triglyphs 

- 

- 

2 00 

11-46 

B,  Frieze, 

(■  Frieze  (in  metope) 

_ 

. 

15*12 

lq-88  parts.  | 

[ Triglyph 

- 

- 

14-88 

11-40 

■ Fillet  - 

_ 

. 

1 -50 

12-50 

C,  Architrave, 

Caj)  of  guttae  - 

- 

- 

1 -00 

12-40 

1 7 '10  parts. 

Gutta? 

- 

_ 

0-20 

Architrave  below  guttae 

- 

- 

14-40 

11-20 

Column, 

Abacus 

_ 

_ 

4-40 

12-90 

D,  Ca])ital,  , 

Echinus  - - _ 

Fillets  and  hollows,  with  cavetto 

- 

3 60 
0-80 

12-60 

1 1 •!  6 parts 

Neck  - 

_ 

_ 

2-20 

9-44 

1 

L Groove  or  sinking 

- 

- 

0-16 

Shaft  - - - 

20-30 

1 at  bottom  1 2 00 

First  step  or  plinth 

- 

- 

6-90 

12-80 

Second  step  or  plinth  - 

. 

- 

6-70 

21-80 

'I'hird  step  or  plinth 

- 

- 

6-90 

30-84 

2572.  The  minutias  of  the  Grecian  Doric,  as  we  have  just  oF>served,  cannot  be  given  in 
a general  work  of  this  nature.  In  its  smaller  refinements  it  requires  plates  on  a much 
larger  scale  than  this  volume  allows.  The  reader,  therefore,  must  be  referred  to  Sfuart's 
Antiquities  of  Athens  (original  edition),  and  the  publications  of  the  Dilettanti  Society,  for 
further  information  on  the  subject  of  the  Grecian  Doric.  All  that  was  here  possible  was  to 
give  a general  idea  of  the  order.  In  the  figure,  E is  the  section  of  the  capitals  of  the  inner 
columns  of  the  temple  on  a larger  scale.  DD  relate  to  the  principal  columns.  E is  a 
section  of  one  of  the  antaj  or  pilasters  to  double  the  scale  of  the  capital.  The  centre  inter- 
coluuiniation  4 modules  from  axis  to  axis  of  columns.  The  principal  Grecian  Doric 
examples  are — the  Parthenon,  the  temple  of  Theseus,  the  projiylajum  and  the  portico  of 
the  Agora  at  Athem  *.  the  temple  of  Minerva  at  Sunium;  the  temple  at  Corinth  ; qt 
Jupiter  Nemanis,  between  Argos  and  Corinth;  temjile  of  Apollo  and  portico  of  Philip  in 
the  island  of  Delos;  the  temple  of  Jupiter  Panhellcnius  at  Egina,  and  of  Apollo  Epicurius 
at  Pliigalia;  the  two  temples  at  Selinus  ; that  of  Juno  Lucina  and  Concord  at  Agri- 
gentum;  the  temple  at  Egesta,  and  the  three  temples  at  Paestum.  (See  142,  et  seq.) 
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2573.  Of  the  Tonic  order  there  are  many  extant  examples,  both  Grecian  and  Roman  ; 
and,  excejit  the  debased  later  examples  of  the  latter,  there  is  not  that  wide  difference 
between  them  that  exists  between  the  Grecian  and  Roman  Doric.  The  Ionic  has  been 
considered  as  deficient  in  appearance  as  compared  with  the  other  orders,  on  account  of 
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the  irregularity  of  its  cajiital,  wliich,  on  the  return,  presents  difficulties  in  use.  These 
difficulties  are  not  obviated  by  the  practice  of  the  Greeks,  who  made  an  angular  volute  on 
each  extremity  of  the  principal  fa9ade,  and  then  returned  the  face  of  the  capital.  With 
all  our  respect  for  Greek  art,  we  think  the  expedient,  though  ingenious,  a deformity ; 
albeit,  in  the  case  of  the  type  being  a timber  architrave,  we  must  admit  that  the  face  of  the 
capital  should  He  in  the  direction  of  the  superincumbent  beam. 

2574.  In  the  example  given  {Jig.  884.)  we  have,  as  in  the  examples  of  the  preceding 
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orders,  selected  the  profile  of  Vignola  as  the  most  elegant  of  the  moderns  ; and  the  reader 
will  here  recollect  that  in  the  Ionic,  Corinthian,  and  Composite  orders,  the  module  or  semi- 
diameter of  the  column  is  divided  into  18  parts.  In  the  figure,  A is  a plan  of  the  sofite  of 
the  cornice,  and  B a plan  of  the  capital.  The  method  of  tracing  the  volute  will  be  given 
in  a subsequent  figure  : previous  to  which,  as  in  the  orders  already  given,  we  subjoin  a table, 
showing  the  heights  and  projections  of  the  parts  of  the  order. 


Projections 

Members  composiiig  the  Order. 

Heights  in  Parts 
of  a Module. 

from  Axis  of 
Column  in  Parts 

of  a Module. 

Entablature. 

Fillet  of  cyma 

_ 

46 

Cvma  recta 

- 

. 

. 

5 

Fillet  - 

- 

_ 

1 

41 

Cyma  re  versa 

- 

- 

2 

40.1 

('orona 

_ 

. 

6 

38.‘ 

A,  cornice. 

■ Fillet  of  the  drip 

- 

- 

1 

29| 

34  parts. 

Ovolo 
A stragal 

" 

* 

4 

1 

28j 

25 

Fillet 

Dentel  fillet 

- 

- 

1 

2 

Iri 

241 

21 

Dentels 

_ 

. 

6 

24 

Fillet  - 

. 

. 

1 

20 

Cyma  re  versa  - 

- 

- 

- 

4 

191 

B, 

Frieze  - 

- 

- 

27 

15 
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1 

Members  composing  the  Order. 

I 

lleiphts  in  Parts 

Projections 
from  Axis  of 

of  a .'lodule. 

Colnnnn  in  I’arts 

of  a Module. 

C,  Architrave, 
22.^  parts. 

Listel 

Cyma  reversa  - 
First  fascia 
Second  fascia  - 

* 

• 

. 

' 

I 6 

20 

19^ 

17 

16 

15  ! 

Third  fascia 

- 

- 

- 

1 

f Capital  on  the  side 

- 

- 

. 

20  ! 

L Capitul  on  the  coussinet,  or  cushion 

- 

1 

16 

1 

Col.UMX. 

j 

Fillet  - 

- 

- 

. 

1 1 

20 

Cyma  reversa  - 

- 

- 

. 

! 2 

191 

Listel  - 

- 

. 

. 

1 j 

in 

1- 

22 

E,  Capital, 
17  parts. 

Channel  of  the  volute  - 
Ovolo 

- 

- 

3 

5 

f Bead 

- 

- 

_ 

2 

18 

.'\stragal  | Fillet 

- 

- 

. 

1 

17 

i Conge,  or  cavetto 

- 

- 

o 

1 " 

15 

f above 

_ 

1 

15 

Shaft  of  the  column 

! 

below 

! 16  mod.  6 parts. 

- 

- 

' - 

18 

Apophyge 

- 

- 

- 

i 2 

18 

■ Fillet  - 

- 

- 

- 

20 

'Forus  - 

- 

- 

- 

5 

22|  ' 
20J 

Fillet  - 

- 

- 

- 

1 

1 

2 

Scotia  - 

- 

- 

. 

20  1 

F,  Base, 

Fillet  - 

- 

- 

. 

\ 

2 

22 

1 9.^  parts. 

Two  beads 

- 

. 

_ 

221  1 

Fillet  - 

- 

- 

. 

1 

22  1 

1 

Scotia  - 

. 

. 

. 

2 

21 

Fillet  - 

. 

. 

I 

a 

24 

1 

Plinth 

- 

- 

25 

Pedestal. 

■ Fillet  - 

35 

Cyma  reversa  - 

U 

34  ? 

Corona 

3 

33.^ 

G,  Cornice, 

Fillet  of  the  drip 

1 

5 

30 

1 1 ^ parts. 

Ovolo  - 

3 

29.* 

Bead  - 

1 

27 

F'illet  - 

1 

261  1 
25 

Conge 

11 

Die,  4 modules 

12^ 

1 mod.  7.  1 

Conge 

2 

25 

Fillet  - 

1 

27 

H,  Base, 

Bead  - 

u 

28 

10  parts. 

Cyma  reversa  - 

- 

3 

Fillet  . 

. 

§ 

312 

Plinth 

” 

4 

33 

The  flutes  in  this  order  are  separated  by  a listel. 

2575.  The  letters  to  the  leading  divisions  of  the  above  table  refer  to  the  Jip.  885., 
wherein  the  parts  are  drawn  to  a larger  scale,  and  w'herein  I is  the  eye  of  the  volute,  pre- 
sently to  be  described. 
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Fig.  886.  shows  the  method  of  drawing  the  volute,  the  centre  of  whose  ey«‘,  as  it 
is  found  by  the  intersection  of  an  horizontal  line  from  E,  the  bottom  of  th# 
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8f;7 

echinus,  with  a vertical  from  1),  the  extremity  of  the  cyma  reversa.  On  the  point  of 
intersection,  with  a radius  eijual  to  one  part,  describe  a circle.  Its  vertical  diameter  is 
called  the  cathetus,  and  forms  the  diagonal  of  a square,  whose  sides  are  to  be  bisected,  and 
through  the  points  of  bisection  (see  I,  Jig.  885.)  the  axes  1,  .3  and  2,  4 are  to  be  drawn, 
each  being  divided  into  6 equal  parts.  The  points  thus  found  will  serve  for  drawing  the' 
exterior  part  of  the  volute.  Thus,  placing  the  point  of  the  compasses  in  the  iioint  1,  with 
the  radius  1 D,  the  quadrant  DA  is  described.  With  the  radius  2A  another  cpiadrant  may 
be  described,  and  so  on.  Similarly,  the  subdivisions  below  the  points  used  for  the  outer 
lines  of  the  volute  serve  for  the  inner  lines.  The  total  height  of  the  volute  is  16  parts  of 
a module,  whereof  9 are  above  the  horizontal  from  E,  and  7 below  it. 

2577.  Vitruvius,  according  to  some  authors,  has  not  given  any  fixed  measures  to  the 
pedestal  of  this  order.  Daniel  Barbaro,  however,  his  commentator,  seems  to  think  other- 
wise ; and,  on  this  head,  we  shall  therefore  follow  him.  The  height  of  the  pedestal  is  made 
nearly  a third  part  (including  its  base  and  cymatium)  of  the  height  of  the  column.  'I’o 
the  base  of  the  column  he  assigns  half  a diameter,  and  to  the  shaft  itself  nearly  8 diameters, 
its  surface  being  cut  into  24  flutes,  separated  by  fillets  from  each  other.  Ilis  method  of 
describing  the  volute  is  not  now  thoroughly  understood  ; and  it  is,  perhaps,  of  little 
importance  to  trouble  ourselves  to  decypher  his  directions,  seeing  that  the  mode  of  forming 
it  is  derived  from  mathematical  principles,  as  well  understood  now  as  in  the  days  of  the 
author.  The  architrave  he  leaves  without  any  fixed  dimensions,  merely  saying  that  it  must 
be  larger  or  smaller  according  to  the  height  of  the  columns.  He  prescribes,  however,  that 
tlie  architrave,  frieze,  and  cornice  should  together  be  somewhat  le.ss  than  a sixth  part  of  the 
height  of  the  column,  with  its  base  and  capital.  The  total  height  he  makes  the  order, 
according  to  our  measures,  is  25  modules  and  nearly  9 oarts. 

2578.  Palladio  gives  to  the  pedestal  2 diameters  and  nearly  two  thirds  of  the  height  or 
tlio  column.  He  adopts  the  attic,  though  without  rejecting  the  Ionic  base,  and  makes  it 
half  a diameter  high,  adding  to  it  a small  bead,  which  he  comprises  in  the  height  of  the 
shaft,  which  he  makes  8 diameters  in  height.  To  the  architrave,  frieze,  and  cornice,  taken 
together,  he  assigns  a little  less  than  one  fifth  of  the  height  of  the  column,  including  its 
base  and  capital,  and  makes  the  projection  of  the  cornice  equal  to  its  height.  The  total 
height  of  the  order,  in  our  measures,  is,  according  to  him,  27  modules  and  nearly  8 parts. 

2579.  Serlio,  in  this  order  more  than  any  of  the  others,  varies  from  Vitruvius.  To  the 
pedestal  he  gives,  including  base,  die,  and  cymatium,  a little  more  than  a third  part  of  the 
height  of  the  column,  with  its  base  and  capital.  To  the  shaft  of  the  column  he  gives 
7 diameters,  and  diminishes  it  a sixth  part  of  its  diameter.  His  capital  is  that  of  Vitruvius, 
as  far  as  we  can  understand  that  master.  His  mode  of  constructing  the  volute  differs  from 
other  authors.  His  directions  are,  that  having  found  the  cathetus,  which  passes  through 
the  centre  of  the  eye,  it  must  be  divided  into  eight  parts,  from  the  abacus  downwards,  one 
whereof  is  to  be  the  size  of  the  eye  of  the  volute,  four  remain  above  the  eye,  and  three 
below  that  part  comprised  below  the  eye.  The  cathetus  is  then  divided  into  six  parts, 
properly  numbered  by  figures  from  1 to  6.  With  one  point  of  the  compasses  in  1,  and 
the  other  extended  to  the  fillet  of  the  volute,  he  describes  a semicircle,  and  so  on  with 
semicircles  consecutively  from  2 to  6,  which  will  ultimately  fall  into  the  eye  of  the  volute. 
We  cannot  speak  in  high  terms  of  Serlio’s  method,  and  therefore  have  thought  it  unne- 
cessary to  accompany  the  description  with  a figure.  It  is  rather  a clumsy  method,  and  we 
fear,  if  exhibited  in  a figure,  would  not  satisfy  our  readers  of  its  elegance.  The  height  of 
his  architrave,  frieze,  and  cornice  together  is  a little 
less  than  a fourth  part  of  the  height  of  the  column, 
including  the  base  and  capital.  The  whole  height  of 
his  order,  in  our  measures,  is  25  modules  and  6 parts. 

2580.  Scamozzi  directs  that  the  pedestal  shall  be 
with  its  base  and  cornice  two  diameters  and  a half  of 
the  column.  He  uses  the  attic  base,  and,  like  Pal- 
ladio, gives  an  astragal  above  the  upper  torus.  To  the 
shaft  of  the  column  he  assigns  a height  of  little  less 
than  8 diameters,  and  makes  its  diminution  a sixth 
part  of  the  diameter.  He  adopts  the  angular  capital, 
something  like  the  example  of  that  in  the  temple  of 
Fortuna  Virilis.  The  height  of  his  architrave,  frieze, 
and  cornice  is  a little  less  than  a fifth  part  of  the 
height  of  the  column,  with  its  base  and  capital.  The 
total  height  of  his  order,  in  our  measures,  is  26  mo- 
dules. 

2581.  The  principal  examples  of  the  Grecian  Ionic 
are  in  the  temples  of  Minerva  Polias,  of  Erectheus, 
and  the  aqueduct  of  Hadrian,  at  Athens  ; in  the 
temple  of  Minerva  Polias  at  Priene  ; of  Bacchus  at 
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Teos  ; of  Apollo  Didymapus  at  Miletus  ; and  of  the  small  temple  on  the  Ilyssus,  near 
Athens,  whereof  in  Ji«/.  887.  the  profile  is  given,  and  below,  a table  of  the  heights  and 
projections  of  the  parts.  It  is  to  he  observed,  that  in  the  Grecian  Ionic  volute  the  fillet 
of  the  spiral  is  continued  along  the  face  of  the  abacus,  whilst  in  the  Roman  example's 
it  rises  from  behind  the  ovolo.  Some  of  the  Athenian  examples  exhibit  a neck  below  the 
echinus,  decorated  with  flowers  and  plants.  The  entablatures  of  the  early  Ionic  are 
usually  very  simple.  The  architrave  has  often  only  one  fascia,  the  frieze  is  generally  plain, 
and  the  cornice  is  composed  of  few  parts.  In  Book  I.  Chap.  II.  (153,  ct  seq.)  we  have 
already  examined  the  parts  of  the  Grecian  Ionic,  and  thereto  refer  the  reader. 


Table  of  the  Parts  of  the  Grecian  Ionic  in  the  Temple  on  the  Ilyssus. 


Heights  in 

Projections  in 

Members  composing  the  Order. 

Parts  of  a Mo- 
dule and  Deci- 

Parts of  a 
Module  from 

mals. 

Axis  of  Column 

Entablature. 

Fillet  - 

. 

restored. 

restored. 

Cyma  recta 

- 

► 

restored. 

restored. 

Fillet  - 

- 

restored. 

restored. 

Cornice,  sup- 

Echinus 

- 

. 

2*040 

.34*440 

posed  height 

Corona 

- 

- 

6*240 

33  *960 

18*33  parts. 

Drip  - 

- 

- 

4*680 

Cyma  reversa  - 

- 

- 

2*700 

20*520 

Fillet  - 

- 

- 

0*720 

Echinus 

- 

- 

1*260 

■ 18*360 

Frieze 

- 

- 

29*901 

17*400 

■ Fillet  - 

1 *920 

30*520 

Architrave, 

Echinus 

. 

2*520 

20*100 

33*66  parts. 

Bead  - 

- 

- 

1 *200 

17  880 

Fascia 

- 

- 

27  *600 

17*160 

Column. 

■ Echinus 

_ 

2*040 

19*860 

P'illets,  or  beads  of  volutes 

1 *050 

Channel 

- 

7*320 

Fillets,  or  beads  of  volutes 

1*050 

Capital,  19*32 

Channel 

- 

0*600 

parts. 

Cathetus 

. 

17*550 

Echinus 

- 

4*650 

18*960 

Bead  - 

. 

- 

1*080 

17*250 

Fillet  - 

- 

0*450 

15*720 

Conge 

- 

1 *080 

Shaft  - 

- 

17mod.7*110 

above  15*360 
below  18*000 

' Apophyge 

- 

1*080 

Fillet  - 

- 

0*450 

18*960 

Bead  - 

- 

1*080 

19*320 

Base,  33*27 

Horizontally  fluted  torus 

6*120 

22*500 

parts. 

Fillet  - 

- 

0*450 

22*500 

Scotia 

- 

6*000 

21*840 

Fillet 

. 

0*450 

23*640 

Torus 

- 

5*760 

24*960 

Plinth 

- 

11*880 

26*520 

The  height  from  the  top  of  the  echinus  to  the  centre  of  the  eye  of  the  volute  is  15*72 
parts.  Total  projection  of  the  volute  from  axis  of  column,  27*90.  The  flutes  are  ellip- 
tical  on  plan  (^y.  887.),  and  tlie  distance  between  axes  of  columns,  6 mod,,  3*2^  pts. 


2581a  An  Ionic  capital  from  the  celebrated  Temple  of  Diana,  at  Ephesus,  can  now  be 
seen  at  the  British  Museum  having  licen  recovered  during  the  explorations  made  in  1872, 
b>  Mr.  J.  T.  Wood.  The  shaft  was  6 feet  1 in.  diam.,  and  a part  of  its  base  was  found  m 
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2582.  For  the  Corinthian  order,  we  must  seek  examples  rather  In  Rome  than  in  any  part 
tf  Greece.  The  portico  at  Athens,  and  the  arch  of  Hadrian  at  Athens,  do  not  furnish  us 
with  specimens  of  art  comparable  with  the  three  columns  in  the  Campo  Vaccino,  belonging, 
as  is  generally  supposed,  to  the  temple  of  Jupiter  Stator.  Those  in  the  temple  near  Mylassa, 
and  the  Incantata,  as  it  is  called,  at  Salonica,  do  not  satisfy  the  artist,  as  compared'  with 
the  examples  in  the  remains  of  the  temple  of  INIars  Ultor  at  Rome,  the  temple  of  V’esta 
at  Tivoli,  and  others,  for  which  the  reader  may  refer  to  Desgodetz. 


2583.  The  reader  is  again  here  reminded  that  the  module  or  sem 


diameter  is  to  be 


Fig.  888. 


dirided  into  eighteen  parts,  "in  fig.  888.  is  a representation  of  the  Corinthian  order,  whose 
measures  are  given  in  the  following  table  : — 


Members  composing  the  Order. 

Heights  in 
Parts  of  a 
Module. 

Projections 
from  Axis  in 
Parts  of  a 
Module. 

Entablature. 

Fillet  of  cornice 

. 

- 

- 

1 

53 

Cyma  recta 

- 

- 

5 

53 

Fillet 

- 

- 

- 

4 

48 

Cyma  reversa 

- 

- 

- 

n 

45i 

Corona 

- 

- 

- 

5 

46 

Cima  reversa  - 

- 

- 

- 

U 

45^ 

A,  cornice, 

Modillion 

- 

- 

- 

6 

44}^ 

S6  parts. 

Fillet  (remainder 

of  modillion  band) 

- 

i 

28^ 

Ovolo 

- 

- 

• 

4 

28 

Bead 

- 

- 

- 

1 

25 

Fillet 

. 

- 

- 

i 

24^ 

Dentils 

_ 

- 

- 

H 

24 

Fillet  - 

_ 

- 

- 

20 

. Cvnia  reversa 

- 

- 

- 

3 

I9i 
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Members  composing  the  Order. 


B,  frieze  - 


C,  architrave, 
27  parts. 


D,  capital, 
42  parts, 
(/y.  890.) 


Shaft, 

1 7 modules 
1 ^ part. 


' E,  base, 
i 14  i i)arts. 


F,  Cornice, 
14J  j)arts. 


Die, 

91.^  parts 


G,  Base, 
14^  parts. 


“^Frieze,  1 mod.  parts  higli 

- 

■ Fillet  - - 

- 

Cyma  reversa  - 

- 

Bead  - - - 

- 

First  fascia 

- 

Cyma  reversa  - 

- 

Second  fascia  - 

- 

Bead 

. 

Third  fascia 

- 

COLU.MN. 

Echinus 

Fillet 

Lower  member  of  abacus 
Inverted  echinus  of  the  bell 
Large  volutes  - 
Upper  small  leaves 
Large  leaves  - 
Lower  leaves 


Astragal 

Fillet 

Conge 

Shaft 


Apophyge 

Fillet 

Torus 

Fillet 

Scotia 

Fillet 

Two  beads 

Fillet 

Scotia 

Fillet 

Torus 

Plinth 


Upper  part 


Lower  part 


Pedesta  l. 


Fillet 

Cyma  reversa 

Corona 

Throat 

Bead 

Fillet 

Frieze 

Bead 

Fillet 

Conge 

Die  - - - 

Fillet 

. Conge 

Bead 

Inverted  cyma  reversa 

• Fillet 

'Forus 

Plinth 

- 

Heights  In 
Tarts  of  a 
Module. 

Projections 
from  Axis  in 
Parts  of  a 
M.^dule. 

. 

15 

I 

20 

4 

\9\ 

1 

17 

7 

o 

Ib'i 

6 

15^ 

1 

15> 

5 

15 

1 

2 f 

diagonally  36, 
on  plan  33^, 

I 1 

3 

2 

22§ 

6 

34 

4 

12 

at  top,  24^  i 

12 

at  top,  20^  i 

2 

18  ! 

1 

i 

1 

15  1 

- 

18  1 

2 

20 

H 

2ii 

3 

22 

\ 

20i  i 

n 

20  i 

24 

1 

22 

\ 

2ii  I 

n 

24  ! 

23 

\ 

4 

25 

6 

2.7 

i 

§ 

1 

33^ 

n 

33  i 

3 

32 

IJ 

303 

1 

26i 

25^ 

5 

25 

li 

261 

3 

26\ 

u 

25 

87i 

25 

25 

26i 

n 

3 

26| 

1 

SOJ 

.3 

32‘ 

6 

32.1 

1 
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0 Modules 


11  Pay  ft 


Fig.  889. 


2584.  Fig.  889.  sliow.s  the  details  of  the  entablature,  &c.  and  also  the  profile  and  front 
of  the  Corinthian  modillion  to  a larger  scale.  On  the  profile  is  shown  the  caisson  or  sunk 
panel  on  the  sofite  of  the  corona.  The  height  is  six  parts,  and  the  projection  sixteen.  As 
seen  in  the  figure,  a distance  equal  to  three  parts  and  a half  is  taken  for  the  height  of  the 
smaller  volute,  and  on  this  distance  a scale  of  sixteen  equal  parts  is  made ; the  figure  shows 
the  dimensions  to  be  given  to  the  small  squares,  whose  angles  serve  as  centres  to  describe 
the  curves.  Having  drawn  the  line  AB,  it  is  divided  into  four  equal  parts  by  lines  per- 
pendicular to  it,  which,  meeting  vertical  lines  from  A and  B,  give  the  points,  which  serve 
as  centres  for  striking  the  curve  of  the  modillions.  The  acanthus  leaf  which  supports  it, 
as  well  as  the  curves  which  form  the  profile  of  the  roses  in  the  caisson,  are  also  struck  by 
compasses. 

2285.  In  Jig.  890.,  which  exhibits  the  method  of  drawing  the  Corinthian  capital,  one  halt 
of  the  plan  shows  the  capital  in  plan,  and  the  other  half  of  it  laid  down  diagonally.  Having 
drawn  the  axis  of  the  plan  correspondent  to  the  axis  of  the  elevation  of  the  capital,  with  a 
radius  equal  to  two  modules,  describe  a circle,  which  divide  into  sixteen  equal  parts 
Their  lines  of  division  will  each  correspond  to  the  centre  of  each  leaf,  llie  vase  of  thi 
capital  is  determined  by  a circle  whose  radius  is  14^  parts.  The  figure  shows  the  circles 
which  bound  the  leaves  upwards  on  the  vase. 

258G.  The  elevation  shows  the  height.s  whereon  arc  carried  the  projections  of  the  plan. 
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Above  the  leaves  come  the  sixteen  volutes,  whereof  the  eight  larger  ones  support  the  foui 
angles  of  the  abacus,  and  the  eight  smaller  ones  support  the  flowers  which  decorate  tlie 
middle  of  the  abacus.  The  volutes  seen  in  profile  may  be  drawn  geometrically  with  the 
compasses,  but  they  are  always  more  agreeable  and  easy  when  drawn  by  the  eye  with  a 
hand  which  feels  the  contours. 

The  different  parts  of  the  capital  are  as  follow : A,  plan  of  the  leaves  and  abacus  ; B, 
plan  of  the  larger  and  smaller  volutes  ; C,  the  vase  or  body  of  the  capital ; D,  the  first 
tier  of  leaves  ; E,  the  second  tier  of  leaves  ; F,  the  caulicolus  ; G,  the  larger  volute  ; II, 
the  smaller  volute  ; I,  the  flower  ; K,  the  abacus ; L,  the  lip  of  the  vase. 

2587.  Vitruvius  is  scanty  in  the  information  he  gives  on  the  Corinthian  order,  and  what 
he  says  respecting  it  relates  more  to  the  origin  of  the  capital  and  the  like  than  to  the  pro- 
portions of  the  detail.  He  makes  the  capital  only  1 diameter  high,  and  then  forms  upon 
the  plan  a diagonal  2 diameters  long,  by  means  whereof  the  four  faces  are  equal  accord- 
ing to  the  length  of  the  arc,  whose  curve  will  be  the  ninth  part  in  length  and  its  height 
the  seventh  part  of  the  capital.  He  forms  the  order  with  a pedestal,  with  base  and  cornice, 
as  Daniel  Barbaro  would  have  it.  The  whole  height  given  to  it  in  our  measures  is  about 
27  modules  and  2 parts. 

2588.  Palladio  uses  the  pedestal  with  its  ordinary  subdivisions,  making  it  between  a 
third  and  fourth  part  of  the  height  of  the  column,  including  its  base  and  capital.  To 
the  base  he  gives  1 module,  the  shaft  of  the  column  a little  less  than  8 diameters,  and 
places  twenty-four  flutes  upon  it,  which  two  thirds  downwards  are  channelled,  and  on  the 
other  or  lower  third  neatly  fitted  with  convex  pieces  of  segments  of  cylinders  called  cab- 
Inujs.  He  makes  the  capital  1 diameter  and  a sixth  in  height,  giving  it  two  tiers  of 
leaves,  caulicoli,  and  abacus.  'I'o  the  architrave,  frieze,  and  cornice  he  assigns  a little  le  s 
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than  a fifth  part  of  the  column,  including  the  base  and  capital.  The  whole  hel'rht  given 
to  the  order  by  this  author  is  about  27  modules  and  10  parts  of  our  measures.  ® 

2589.  Serlio  makes  his  pedestal  pretty  nearly  as  the*  rest.  To  the  base  of  the  column 
he  assigns  half  a diameter  for  the  height,  when  that  is  about  level  with  the  eye,  but  when 
much  above  it  he  directs  all  the  members  to  be  increased  in  height  accordingly,  as  where 
one  order  is  placed  above  another,  he  recommends  the  number  of  parts  °to  be  dimi- 
nished. ^ To  the  shaft  of  the  column  he  gives  a little  more  than  7 diameters,  and  to 
the  capital  the  same  height  as  that  given  by  Vitruvius,  wdiom,  nevertheless,  he  considers 
in  error,  or  rather  that  some  error  has  crept  into  the  te.xt,  and  that  the  abacus  oiurht  not  to 
be  included  in  the  height.  The  height  of  the  architrave,  frieze,  and  cornice  h%  makes  a 
little  less  than  a fourth  part  of  the  column,  including  its  base  and  capital.  The  whole  of 
the  order,  according  to  him,  is  28  modules  and  a little  more  than  I part  of  our  measures. 

2590.  Scamozzi  gives  to  the  pedestal  of  this  order  the  height  of  3 diameters  and  one 
third,  composing  it  with  the  usual  parts  of  base,  die,  and  cornice  ; to  the  base  of  the 
column  the  same  height  and  mouldings  as  Palladio.  To  the  shaft  of  the  column  he 
assigns  the  height  of  8 diameters  and  one  third,  and  diminishes  it  on  each  side  an  eighth 
part  of  its  thickness  at  bottom.  The  capital  is  of  the  same  height  as  that  by  Palladio.  The 
architrave,  frieze,  and  cornice  he  directs  to  be  a little  less  than  a fifth  part  of  the  height  of 
the  column.  By  our  measures  the  whole  height  of  his  order  is  30  modules  and  20  parts. 
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THE  COMPOSITE  ORDER. 


2591.  The  Composite  order,  as  its  name  imports,  is  a compound  of  others,  the  Corin- 
thian and  Ionic,  and  was  received  into  the  regular  number  of  orders  by  the  Romans. 
Philander,  in  his  notes  on  Vitruvius,  has  described  its  proportions  and  character.  Its 
capital  consists,  like  the  Corinthian,  of  two  ranges  of  acanthus  leaves  distributed  over  the 
surface  of  a vase,  but  instead  of  the  stalks  or  branches,  the  shoots  appear  small  and  as 
though  flowering,  adhering  to  the  vase  and  rounding  with  the  capital  towards  its 
middle.  A fillet  terminates  the  vase  upwards,  and  over  the  fillet  an  astragal  is  placed, 
and  above  that  an  echinus,  from  wdiich  the  volutes  roll  themselves  to  meet  the  tops 
of  the  upper  tier  of  leaves,  on  which  they  seem  to  rest.  A large  acanthus  leaf  is  bent 
above  the  volutes,  for  the  apparent  purpose  of  sustaining  the  corner  of  the  abacus,  which 
is  dissimilar  to  that  of  the  Corinthian  order,  inasmuch  as  the  flower  is  not  supported  by  a 
stalk  seemingly  fixed  on  the  middle  of  each  face  of  the  abacus.  The  principal  examples  of 
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the  order  are  at  Rome,  in  the  temple  of  Bacchus,  the  arches  of  Septimius  Severus,  of  the 
Goldsmiths,  and  of  Titus  ; also  in  the  baths  of  Dioclesian. 

2592.  Fig.  891.  (see  preceding  page)  is  a representation  of  Vignola’s  profile  of  the  order. 
Its  measures  are  subjoined  in  the  following  table ; — 


Heights  in 

Projections  from 

Members  composing  the  Order. 

Parts  of  a 

Axis  in  Parts  of 

Module. 

a Module. 

Entablature. 

Fillet  of  cornice 

. 

_ 

. 

n 

51 

Cyma  recta 

- 

_ 

- 

- 

5 

51 

Fillet 

- 

- 

- 

. 

1 

46 

! 

Cyma  reversa 

- 

- 

- 

2 

451 

Bead 

- 

_ 

- 

- 

1 

43I 

1 A,  Cornice, 
36  jiarts. 

Corona 

Cyma  under  the  corona 
Fillet 

- 

5 

I 

43 

41 

33 

Cyma  reversa 

. 

- 

4 

32^ 

Fillet  of  the  dentils 

. 

_ 

- 

4 

28 

Dentils 

- 

. 

. 

- 

29 

Fillet 

- 

- 

. 

- 

23 

Ovolo 

- 

- 

- 

- 

5 

22 

Bead 

_ 

1 

17 

B,  Frieze, 
27  parts. 

Fillet 

Conge 

Upright  face 

; 

- 

- 

- 

1 

3 

16\ 

15 

15 

Apophyge 

- 

- 

- 

- 

7 

22 

Fillet 

_ 

. 

. 

. 

1 

22 

Cavetto 

. 

- 

_ 

2 

20^ 

C,  Architrave, 
27  jiarts. 

Ovolo 

Bead 

First  fascia 

- 

- 

- 

■ 

3 

10 

20 

171  ' 

17 

Cyma  reversa 

. 

. 

. 

2 

16§ 

15 

Second  fascia 

- 

- 

- 

8 

COLUJIN. 

Echinus  and  fillet 

_ 

_ 

2 

20f 

Lower  member  of  abacus 

- 

4 

diagonally  32.^ 

Capital, 
4 2 Jiarts. 

Volute 

- 

- 

- 

12 

diagonally  30§ 

Bend  of  upper  leaves 

. 

.3 

24 

Upper  leaves 

- 

. 

_ 

9 

22I 

20i 

I9i 

Bend  of  lower  leaves 

- 

. 

3 

Lower  leaves 

- 

- 

- 

9 

• Astragal 

- 

_ 

_ 

2 

171 

161 

15‘ 

15 

Fillet 

_ 

. 

1 

Conge 

- 

- 

• 

2 

Column, 

r Above 

1 6 mod.  12  Jiarts. 

Shaft  -{ 

1 6 mod.  1 2 parts. 

I Below 

. 

18 

Apophyge 

- 

. 

2 

20 

Fillet 

- 

- 

n 

20 

Conge 

- 

. 

_ 

2 

20  ' 

Fillet 

- 

- 

- 

n 

20 

Torus 

- 

- 

_ 

22 

Fillet 

. 

- 

_ 

I 

20i 

Scotia 

. 

. 

. 

2 

20 

E,  Base  of  co- 

Fillet 

_ 

. 

2 

1 

21| 

21| 

201 

lumn,  18  parts. 

Bead 

_ 

. 

_ 

1 

Fillet 

- 

. 

- 

2 

2 

• 

Scotia 

- 

- 

- 

Fillet 

■“'^3 

23 

1 

Torus 

- 

_ 

4 

25 

1 

Plinth 

• 

6 

25 
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Members  composing  the  Order. 

Heights  in 
Parts  of  a 
Module. 

Projcclioni  from  | 
Axis  in  Parts  of  i 
a Module.  | 
1 

Pedestai.. 

■ Fillet 

3 

1 

1 

33 

Cyma  reversa 

- 

- 

- 

H 

321 

Corona 

- 

- 

- 

8 

31^ 

F,  Cornice, 

Cvma  recta 

- 

- 

. 

^ 3 

28^  1 

26i  1 

\4  parts. 

Fillet 

- 

- 

- 

1 

•i 

Cavetto 

- 

- 

- 

1 

25\ 

Frieze 

- 

- 

- 

5 

25  1 

. Bead 

- 

- 

' 

1 

! 27  i 

Fillet 

. 

. 

. 

1 

27  \ 

Conge 

- 

- 

- 

25 

Die,  94  parts. 

Die 

- 

- 

- 

883 

25 

Apophvge 

- 

- 

- 

2 

1 27 

Fillet  ' 

- 

- 

- 

1 

27 

Bead 

. 

- 

- 

1 

1 27^ 

30^ 
31  J 
33 

G,  Base, 

Inverted  cyma  reversa 
Fillet 

- 

- 

3 

1 

12  parts. 

Torus 

. 

- 

- 

3 

. Plinth 

- 

- 

- 

4 

33 

1 

2598,  The  flutes  in  this  order  are  separated  by  a fillet  between  them,  and  are,  when 
used,  twenty-four  in  number. 
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2594.  Fig.  892.  (see  preceding  page)  shows  the  parts  of  the  entablature,  base,  and  pedestal 
to  a larger  scale,  a.\\A.Jig.  893.  gives,  similarly,  a more  intelligible,  because  larger,  represent- 


ation ol  the  mode  of  setting  up  the  capital,  which,  as  we  have  already  observed,  has  only 
eight  volutes.  In  this  figure  A is  the  plan,  as  viewed  frontwise;  B,  that  of  the  capital, 
viewed  diagonally ; C,  the  vase  or  body  of  the  capital ; D,  the  first  tier  of  leaves  ; E,  the 
second  tier  of  the  same  ; F,  the  volutes ; G,  the  flower  ; H,  the  abacus. 

2595.  Vitruvius  has  not  given  any  instructions  on  this  order;  we  are  therefore  obliged 
to  begin  our  parallel,  as  in  the  other  orders,  with  — 

2596.  Palladio,  whose  examples  of  it  are  light  and  much  decorated.  To  the  pedestal’s 
height  this  master  assigns  3 diameters  and  three  eighths  of  the  column,  adding  to  it  a 
lower  plinth  of  the  height  of  half  a diameter.  He  makes  the  base  of  tbe  column  half  a 
diameter  'n  height,  and  assigns  to  the  shaft  8-diameters  and  a little  more  than  one  fourth,  and 
cuts  on  it  twenty-four  flutes.  The  height  of  this  capital  is  1 diameter  and  a sixth,  his 
volutes  being  very  similar  to  those  he  prescribes  for  his  Ionic.  I'he  architrave,  frieze,  and 
cornice  he  makes  a little  less  than  a fifth  part  of  the  height  of  the  column.  The  whole 
height  of  his  profile  in  our  measures  is  30  modules  and  1 2 parts. 

2597.  Serlio  seems  to  have  founded  his  profile  of  this  order  upon  the  example  in  the 
Coliseum  at  Rome.  He  makes  the  height  of  the  pedestal  a little  less  than  4 diameters  of 
the  column.  To  the  shaft  of  the  column  he  assigns  8 diameters  and  a half.  To  the 
height  of  the  capital  he  gives  1 diameter,  differing  therein  from  his  profile  of  the 
('orinthian  order  in  the  disposition  of  the  volutes  and  leaves.  His  entablature,  which  is  a 
little  less  in  height  than  one  fourth  of  tlie  column,  he  divides  into  three  equal  parts  for  the 
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architrave,  frieze,  and  cornice  Tlie  total  height  of  his  profile  in  our  measures  is  32  mo- 
dules and  9 parts,  being  much  higher  than  that  of  Palladio. 

2598.  Scamozzi’s  profile  greatly  resembles  that  of  Palladio.  Ills  pedestal  is  3 dia- 
meters,  and  the  base  of  his  column  half  a diameter  in  height.  The  shaft  of  hiscolumiv 
without  base  or  capital,  is  8 diameters  and  one  twelfth  high,  and  the  capital  1 dianietei 
and  a sixth.  The  entablature^  is  one  fifth  part  of  the  column  in  height,  and  the  whole 
of  the  profile  in  our  measures  is  nearly  29  modules  and  7 parts. 


Sect.  VIII. 

PEDESTALS. 

2599.  We  think  it  necessary  to  devote  a small  portion  of  our  labour  to  the  consider- 
ation of  pedestals,  on  account  of  the  great  difference  which  exists  in  the  examples  of  the 
orders,  and  this  we  shall  place  in  a tabular  form,  previous  to  the  general  remarks  it  will  he 
necessary  to  make. 


Table  showing  the  Height  of  Pedestals  in  ancient  and  modern  Works. 


Mouldings 

Total 

Plinth  in 

above 

Die  in 

Cornice  in 

Minutes. 

Plinth  in 

Minutes. 

Minutes. 

Height  ill 

Minutes. 

IMinutcs. 

Doric  j 

f Palladio 

26 

14 

80 

20 

140 

[ Scamozzi 

30 

15 

68* 

22! 

136,', 

■ Temple  of  Fortuna  Vi- 

rilis 

44 

19? 

93? 

25\ 

17 

1803 

Ionic 

Coliseum 

33  i 

9.i 

8l| 

141.1 

162* 

150 

Palladio 

28j 

975 

211 

. Scamozzi 

30 

15 

82.1 

221 

Arch  of  Constantine  - 

29 

153 

29.1 

228 

Corinthian 

Coliseum 

Palladio 

23 

23i 

Hi 

78 

93 

19i 

19 

131^ 

150 

Scamozzi 

30 

15 

1321 

221 

2(X) 

' Arch  of  Titus 
Arch  of  the  Gold- 

55 

30 

141 

29 

255 

smiths 

46 

25X 

144.1 

25  i 

241 

Composite 

Arch  of  Septimius  Se- 

verus 

30 

30| 

140.1 

291 

1 821 

Palladio 

33 

17 

133 

17 

200 

, Scamozzi 

30 

15 

1121 

22* 

180 

2600.  The  minutes  used  in  the  above  table  are  each  equal  to  one  sixtieth  of  the  diameter 
of  the  shaft. 

2601.  Wliether  the  pedestal  is  to  be  considered  a component  part  of  an  order  is  of  little 
importance.  There  are  so  many  cases  that  arise  in  designing  a building,  in  which  it 
cannot  be  dispensed  with,  that  we  think  it  useful  to  connect  it  with  the  column  and 
entablature,  and  have  consequently  done  so  in  the  examples  already  given  of  the  several 
orders.  Vitruvius,  in  the  Doric,  Corinthian,  and  Tuscan  orders,  makes  no  mention  of 
pedestals,  and  in  the  Ionic  order  he  seems  to  consider  them  rather  as  a necessary  part  in 
the  construction  of  a temple  than  as  belonging  to  the  order  itself. 

2602.  A pedestal  consists  properly  of  three  parts,  tlie  base,  the  die,  and  the  cornice. 
“ Some  authors,”  says  Chambers,  “ are  very  averse  to  pedestals,  and  compare  a column 
raised  on  a pedestal  to  a man  mounted  on  stilts,  imagining  they  were  first  introduced 
merely  through  necessity,  and  for  want  of  columns  of  a sufficient  length.  “ It  is  indeed 
true,”  he  continues,  “ that  the  ancients  often  made  use  of  artifices  to  lengthen  their 
columns,  as  appears  by  some  that  are  in  the  baptistery  of  Constantine  at  Rome  ; the  shafts 
of  which,  being  too  short  for  the  building,  were  lengthened  and  joined  to  their  bases  by  an 
undulated  sweep,  adorned  with  acanthus  leaves ; and  the  same  expedient  has  been  made 
use  of  in  some  fragments  which  were  discovered  a few  years  ago  at  Nismes,  contiguous  to 
the  temple  of  Diana.  Nevertheless,  it  doth  not  seem  proper  to  comprehend  pedestals  iu 
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the  nun  her  of  these  artifices,  since  there  are  many  occasions  on  wliich  they  are  evidently 
necessary,  and  some  in  which  the  order,  were  it  not  so  raised,  would  lose  much  of  its 
beautiful  appi'arance.  Thus,  within  our  churches,  if  the  columns  supporting  the  vault 
were  placed  immediately  on  the  ground,  the  seats  would  hide  their  bases  and  a good  part 
of  their  shafts ; and  in  the  theatres  of  the  ancients,  if  the  columns  of  the  scene  had  been 
placed  immediately  on  tbe  stage,  the  actors  would  have  hid  a considerable  part  of  them 
from  the  audience ; for  which  reason  it  was  usual  to  raise  them  on  very  high  pedestals, 
as  was  likewise  necessary  in  their  triumphal  arches  ; and  in  most  of  their  temples  the 
columns  were  placed  on  a basement  or  continued  pedestal  (st^lobata),  that  so  the  whole 
might  be  exposed  to  view,  notwithstanding  the  crowds  of  people  with  which  these  places 
were  frequently  surrounded.  And  the  same  reason  will  authorise  the  same  practice  in  our 
churches,  theatres,  courts  of  justice,  or  other  public  buildings  where  crowds  frequently 
assemble.  In  interior  decorations,  where,  generally  speaking,  grandeur  of  style  is  not  to 
be  aimed  at,  a pedestal  diminishes  the  parts  of  the  order,  which  otherwise  might  appear 
too  clumsy  ; and  has  the  farther  advantage  of  placing  the  columns  in  a more  favourable 
view,  by  raising  their  base  nearer  to  the  level  of  the  spectator’s  eye.  And  in  a second  order 
of  arcades  there  is  no  avoiding  pedestals,  as  without  them  it  is  impossible  to  give  the 
arches  any  tolerable  proportion.  Sometimes,  too,  the  situation  makes  it  necessary  to 
employ  pedestals,  an  instance  of  which  there  is  in  the  Luxembourg  at  Paris;  where,  the 
body  of  the  building  standing  on  higher  ground  than  the  wings,  the  architect  was  obliged 
to  raise  the  first  order  of  the  wings  on  a pedestal,  to  bring  if  upon  a level  with  that  of  the 
body  or  corps  delogis  of  the  building,  which  stands  immediately  on  the  pavement.” 

2603.  The  dies  of  pedestals  are  occasionally  decorated  with  tablets  or  with  sunk  panels 
whose  margins  are  moulded ; but,  generally  speaking,  such  practices  are  to  be  avoided. 
In  very  large  pedestals  the  surface  may  be  thus  broken,  as  in  single  monumental  columns, 
which,  at  best,  are  but  paltry  substitutes  for  originality.  Habit  has  reconciled  us  to  view 
with  pleasure  the  Trajan  and  Antoninc  columns,  the  monument  of  London,  and  the  co- 
lumn of  Napoleon  in  the  Place  Vendbme  at  Paris,  in  each  of  which  the  pedestals  are 
ornamented  in  some  way  or  other,  so  as  to  tell  in  some  measure  the  story  of  the  person 
in  whose  honour  they  were  erected,  or,  as  in  the  basso-relievo  of  the  London  column,  the 
event  which  it  records.  But  care  must  be  taken  when  inscriptions  are  used  to  preserve 
a rigid  adherence  to  truth,  and  not  to  perpetuate  a lie,  as  was  the  case  in  the  monument 
just  named,  against  a most  worthy  portion  of  the  people  of  the  British  empire. 

2604.  As  respects  the  employment  of  pedestals,  we  should  advise  the  student,  except 
under  very  extraordinary  circumstances,  to  avoid  the  use  of  them  under  columns  which 
are  placed  at  a distance  from  the  main  walls  of  an  edifice,  as,  for  example,  in  porches 
peristyles,  or  porticoes,  — a vice  most  prevalent  in  the  Elizabethan  architecture,  or  rather 
the  cinque-cento  period,  which  the  people  of  this  day  are  attempting  with  all  its  ab- 
surdities to  revive.  Here  we  must  again  quote  our  author,  Sir  William  Chambers, 
wdiose  excellent  work  we  have  used  above,  and  on  wdiich  we  shall  continue  to  draw  largely. 
“With  regard,”  he  says,  “to  the  application  of  pedestals,  it  must  be  observed,  that 
when  columns  are  entirely  detached,  and  at  a considerable  distance  from  the  w’all,  as 
when  they  are  employed  to  form  porches,  peristyles,  or  porticoes,  they  should  never  be 
placed  on  detached  pedestals,  as  they  are  in  some  of  Scamozzi’s  designs,  in  the  temple 
of  Scisi  (Assisi)  mentioned  by  Palladio,  and  at  Lord  Archer’s  house,  now  Lowe’s  hotel,  in 
Covent  Garden  ; for  then  they  indeed  may  be  compared  to  men  mounted  on  stilts,  as  they 
have  a very  weak  and  tottering  appearance.  In  compositions  of  this  kind,  it  is  generally 
best  to  place  the  columns  immediately  on  the  pavement,  wdiich  may  be  either  raised  on  a 
continued  solid  basement,  or  be  ascended  to  by  a flight  of  fronting  steps,  as  at  St.  Paul’s, 
and  at  St.  George’s  Bloomsbury  ; but  if  it  be  absolutely  necessary  to  have  a fence  in  the 
iutercolumniations,  as  in  the  case  of  bridges  or  other  buildings  on  the  water,  or  in  a second 
order,  the  columns  may  then,  in  very  large  buildings,  be  raised  on  a continued  plinth,  as  in 
the  upper  order  of  the  western  porch  of  St.  Paul’s,  which  in  such  case  will  be  sufficiently 
high  : and  in  smaller  buildings,  wherever  it  may  not  be  convenient  or  proper  to  place  the 
balustrade  between  the  shafts,  the  columns  may  be  placed  on  a continued  pedestal,  as  they 
are  in  Palladio’s  designs  for  Signor  Cornaro’s  house  at  Piombino,  and  at  the  villa  Arsieri, 
near  Vicenza,  another  beautiful  building  of  the  same  master.”  The  same  author  continues: 
“ The  base  and  cornice  of  these  pedestals  must  run  in  a straight  line  on  the  outside  through- 
out, but  the  dies  are  made  no  broader  than  the  plinths  of  the  columns,  the  intervals  between 
them  being  filled  with  balusters,  which  is  both  really  and  apparently  lighter  than  if  the 
whole  pedestal  were  a continued  solid.”  'Hie  author  quoted  then  proceeds  to  caution  the 
student  against  the  employment  of  triangular,  circular,  and  polygonal  pedestals,  and  such 
as  are  swelled  and  have  their  die  in  the  form  of  a baluster,  or  are  surrounded  by  cinctures. 

'I'hese  extravagances  were  rife  in  the  age  of  Louis  XV.,  but  notwithstanding  the  zeal  of 
the  jobbing  upholsterers  and  decorators  of  the  present  day,  who  are  the  curse  of  all  archi- 
tectural art,  we  hope  they  will  never  be  permanently  revived  in  this  country,  though  their 
introduction  has  already  proceeded  to  a considerable  extent 
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Sect.  IX. 

INTERCOLUMNIATIONS. 

2605.  An  mtercoliimniatlon  is  the  clear  distance  between  two  columns  measured  at  the 
lower  diameter  of  their  shafts.  This  distance  must  depend  principally  on  the  order  em- 
ployed : in  the  Tuscan,  for  example,  the  nature  of  its  composition  allows  a greater  width 
between  columns  than  would  be  admissible  in  the  Corinthian  order,  independent  of  whal 
has  already  been  stated  in  Sect.  II.  (2524,  et  seq.^  in  respect  of  supports  and  loading;  and 
this  because  of  the  enrichments  of  the  several  orders  requiring  that  they  should  take  their 
departures  (to  use  a phrase  borrowed  from  another  science)  from  the  axes  of  their  re- 
spective columns.  The  ancient  names  (which  are  still  preserved)  of  the  different  inter- 

- columniations  are  described  by  Vitruvius  in  his  second  and  fourth  books.  They  are the 

prjenostyle,  wherein  the  space  between  the  columns  is  1 diameter  and  a half,  as  its  etymology 
from  TTVKvos  and  cttvXos  imports  (thick  in  columns),  an  intercolumniation  used  onlv  in  the 
Ionic  and  Corinthian  orders;  the  systyle  (crua-TuAos,  with  columns  a little  more*  apart), 
wherein  the  interval  between  the  columns  is  a little  greater  ; the  eiisfyle  (everruXos,  or  well- 
contrived  interval),  w'herein  the  intercolumniation  is  of  2 diameters  and  a quarter  ; the 
(Unstyk  {hiaarvXos,  with  a more  extended  interval  between  the  columns),  having  an  inter- 
columniation of  .S  diameters;  and  the  arceostyle  (apaioarvXos,  with  few  columns),  wherein 
the  interval  is  4 diameters.  In  the  Doric  order  the  triglyphs  necessarily  regulate  the 
intercolumniations,  inasmuch  as  the 
triglyph  should  fall  over  the  axis  of 
the  column  ; hence  the  intercolumnia- 
tions in  this  order  are  either  systyle 
monotriglyph  (that  is,  with  a single  tri- 
glyph in  the  intercolumniation),  or 
]1  diameter;  diastyle,  or  of  2^  dia- 
meters; or  araeostyle,  which  will  make 
the  interval  4 diameters,  as  w'ill  be 
immediately  understood  on  refer- 
ence to  Jiy.  894. ; wherein  A is  the 
sysytle  monotriglyph  intercolumnia- 
tion of  .8  modules  ; B,  that  of  the  dia- 
style, or  6 modules ; and  C,  the  arjeo- 
style,  or  of  8 modules.  The  inter- 
columniation marked  D serves  for 
the  application  of  coupled  columns,  wherein  the  rule  seems  necessarily  to  be  that  the  space 
between  the  columns  may  be  increased,  so  that  the  requisite  number  of  supports  accord- 
ing to  the  order  and  intercolumniation  is  preserved. 


Fig.  895. 


2606.  The  intervals  of  the  Tuscan  order  are  indicated  895.,  wherein  A show’s  the 

intercolumniation  called  eustyle  of  4^  modules;  B,  the  diastyle  of  6 modules;  and  C,  the 
araeostyle  of  8.  D,  of  1 module,  is  the  space  of  coupled  columns. 

The  intercolumniations  in  this  order  are  scarcely  susceptible  of  rules  ether  than  those  we 
have  indicated  in  our  previous  discussion  on  the  orders  generally  in  Sect.  II.  (2523,  e(  seq.), 
wherein  w’e  have  entered  on  the  subject  at  such  length  that  we  refrain  from  saying  more 
in  this  place.  We  may,  however,  observe,  that  the  application  of  the  principles  there 
mentioned  are  so  intimately  connected  with  this  section,  that  the  separation  of  one  from  the 
other  would  destroy  all  our  scheme  for  keeping  the  student  in  the  right  path.  Hereafter 
the  principles  in  question  will  be  applied  to  and  tested  on  arcades. 
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2b'07.  lufig.  896.,  of  Ionic  inter- 
columniations,  A is  the  eustyle  ar- 
rangement ; B,  that  of  the  diastyle  ; 

C,  that  of  the  arasostyle  ; and  D,  that 
of  coupled  columns. 

2608.  Fig.  897.  is  a similar  .ap- 
plication of  the  intercolumniations  to 
the  Corinthian  order,  wherein  also  A 
exhibits  the  eustyle  ; B,  the  diastyle  ; 
and  C,  the  araeostyle  intervals : D 
also  sliowing  the  space  used  of  1 mo- 
dule for  coupled  columns. 

2609.  Sir  William  Chambers,  for 
whose  observations  we  have  much 
respect,  — and,  indeed,  to  whose  va- 
luable labours  we  acknowledge  our- 
selves much  indebted,  — seems  to  have 
had  a distant  glimpse  of  the  doc- 
trine of  equal  weights  and  supports, 
but  knew  not  exactly  how  to  jus- 
tify his  notions  on  the  subject.  He 
therefore  avoids  the  main  question  by 
attributing  the  pycnostyle  interco- 
luniniation  rather  to  necessity  than 
choice  ; observing,  that  “ as  the  ar- 
chitraves were  composed  of  single 
stones  or  blocks  of  marble,  extending 
from  the  axis  of  one  column  to  that 
of  another,  it  would  have  been  diffi- 
cult to  lind  blocks  of  a sufficient 
length  for  diastyle  intervals  in  large 
buildings.”  But  this  is  a rea.son  al- 
together unsatisfactory,  inasmuch  as 
we  know  that  they  were  sufficiently 
masters  of  masonry  to  have  conquered  any  such  difficulty.  We  are  much  more  inclined  to 
agree  with  him  when  he  says  (always,  however,  reverting  to  the  principle  of  equal  supports 
and  weights),  “ With  regard  to  the  araeostyle  and  Tuscan  intercolumniation.s,  they  are  by 
much  too  wide  either  for  beauty  or  strength,  and  can  only  be  used  in  structures  where 
the  architraves  are  of  wood,  and  where  convenience  and  economy  take  place  of  all  other 
considerations:  nor  is  the  diastyle  sufficiently  solid  in  large  compositions.”  These  consider- 
ations, however,  may  be  always  safely  referred  to  the  doctrines  laid  down  in  Section  1 1, 
of  this  Chapter,  already  alluded  to;  and,  indeed,  that  reference  is  justified  by  the  instruc- 
tions of  Vitruvius  in  the  second  chapter  of  his  third  book,  wherein  he  directs  that  the 
thickness  of  the  column  should  be  augmented  in  an  enlarged  intercolumniatlon : as,  for 
example,  supposing  the  diameter  of  a column  in  the  pycnostyle  species  to  be  taken  one 
tenth  of  the  height,  it  should  in  an  ara?ostyle  be  one  eighth;  arguing,  that  if  in  an  arseostyle 
the  thickness  of  the  columns  exceed  not  a ninth  or  tenth  ])art  of  their  height,  they  appear 
too  slender,  and  in  the  pycnostyle  species  the  column  at  one  eighth  of  its  height  is  clumsy 
and  unpleasant  in  appearance.  Upon  this  passage  Chambers  observes,  “ that  the  intention 
of  Vitruvius  was  good,  but  the  means  by  which  he  attempts  to  compass  it  insufficient. 
His  design  was  to  strengthen  the  supports  in  proportion  as  the  intervals  between  them 
were  enlarged ; yet  according  to  the  method  proposed  by  him  this  cannot  be  effected, 
since  one  necessary  consequence  of  augmenting  the  diameter  of  the  column  is  enlarging  the 
intercolumniation  proportionably.  Palladio  and  Scamozzi  have  however  admitted  this 
precept  as  literally  just,  and  by  their  manner  of  a])plying  it  have  been  guilty  of  very  con- 
siderable absurdity.”  We  are  not  at  all  inclined  to  admit  the  truth  of  the  opinion  of 
Chambers;  for,  again  reverting  to  the  doctrine  of  the  supports  and  loading,  which  was  un- 
known to  him,  it  is  to  be  remembered  that  increase  in  the  s.pace  of  the  intercolumniation 
immediately  involves  increase  of  weight  in  the  load  or  entablature,  and  therefore  seems 
to  demand  increase  of  diameter  to  the  supports.  Palladio  and  Scamozzi  were  not  there- 
fore guilty  of  the  absurdity  laid  to  their  charge. 

2610.  Among  the  other  reasons  for  our  adopting  the  practice  of  Vignola  is  that  he  has 
observed  so  much  uniformity  in  his  intercolumniations,  except  of  the  Doric  order,  wherein 
the  triglyphs  prevent  it,  aware  as  we  are  that  the  practice  has  by  many  able  writers  been 
much  condemned.  Chambers  even  says  that  his  practice  in  this  respect  is  “preferable  to 
any  other,  as  it  answers  perfectly  the  intention  of  Vitruvius,  preserves  the  character  of  each 
order,  and  maintains  in  all  of  them  an  equal  degree  of  real  solidity.” 
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2611.  With  the  exception  of  the  Doric  order,  wherein  the  most  jieifect  ananpement  of 
the  detail  results  from  the  interval  produced  by  the  ditriglyph,  there  can  be  no  doubt  that, 
abstractedly  considered,  the  diastyle  and  eustyle  intercoluinniations  are  very  convenient 
in  use,  and  may  be  employed  on  most  occasions,  except,  as  just  mentioned,  in  the  Doric 
order. 

2612.  In  setting  out  the  intervals  between  columns  especial  care  must  be  taken  that  the 
centres  of  modillions,  dentils,  and  other  ornaments  in  the  entablature  fall  over  the  axes  < f 
the  columns.  It  is  on  this  account  that  Vignola  gives  about  two  diameters  and  a third  to 
the  intervals  in  all  the  orders  except  the  Doric,  instead  of  two  diameters  and  a quarter,  as 
required  by  Vitruvius;  an  alteration  which  removes  the  difficulty  and  greatly  simplifies  the 
rules. 

2613.  Cases  from  many  circumstances  often  occur  where  greater  intercolumniations 
than  the  eustyle  and  diastyle  are  too  narrow  for  use,  and  the  moderns,  headed  by  Perrault, 
have  adopted  an  interval  which  that  master  has  called  araeosystyle.  This  disposition  is 
obtained  without  infringing  on  the  law  of  weights  and  supports,  to  which  we  have  already 
so  often  alluded.  In  it  the  columns  are  coupled,  as  .shown  in  the  preceding  figures,  the  in- 
terval being  formed  by  swo  systyle  intercoluinniations,  the  column  separating  them  being, 
as  Chambers  observes,  “ approached  towards  one  of  those  at  the  extremities,  sufficient  room 
being  only  left  between  them  for  the  projection  of  the  capitals,  so  that  the  great  space  is 
3i  diameters  wide,  and  the  small  one  only  half  a diameter.”  One  of  the  finest  ex- 
amjiles  of  this  practice  is  to  be  seen  in  the  fa9ade  of  the  Louvre,  (see  Jig.  176.)  which  in 
many  respects  mu.st  be  considered  as  the  finest  of  modern  buildings.  The  objections  of 
Hlondel  to  the  practice  are  not  without  some  weight,  but  the  principal  one  is  the  extra 
expense  incurred  by  it ; for  certain  it  is  that  it  requires  nearly  double  the  number  of 
columns  wanted  in  the  diastyle,  besides  which  it  cannot  be  denied  that  it  causes  con- 
siderable irregularities  in  the  entablatures  of  the  Doric,  Corinthian,  and  Composite  orders, 
which,  however,  are  not  apparent  in  the  other  two.  It  is,  nevertheless,  so  useful  in  cases 
of  difficulty  which  constantly  arise,  that  we  should  be  sorry  to  exclude  the  practice  alto- 
gether, though  we  cannot  recommend  it  for  unlimited  adoption. 

2614.  A great  many  expedients  have  been  employed  to  obviate  the  irregularity  of  the 
modillions  in  the  Corinthian  and  Composite  orders,  arising  from  the  grouping  of  columns. 
We,  on  this  head,  agree  with  Chambers,  whose  instructions  we  subjoin  in  his  own  words  : 

“ The  simplest  and  best  manner  of  proceeding  is  to  observe  a regular  distribution  in  the 
entablature,  without  any  alteration  in  its  measures,  beginning  at  the  two  extremities  of  the 
building,  by  w'hich  method  the  modillions  will  answer  to  the  middle  of  every  other  column, 
and  be  so  near  the  middle  of  the  intermediate  ones,  that  the  difference  will  not  easily  be 
perceivable.  The  only  inconvenience  arising  from  this  practice  i.s,  that  the  three  central 
intercolumniatlons  of  the  composition  will  be  broader  by  one  third  of  a module  than  is 
necessary  for  eleven  modillions:  but  this  is  a very  trifling  difference,  easily  divided  and 
rendered  imperceptible  if  the  extent  be  anything  considerable.”  In  the  Doric  order,  the 
grou))ing  of  columns  is  not  so  easily  managed,  and  therein  our  author  recommends  the 
expedient  employed  by  Palladio,  in  the  Palazzo  Chiericato,  and  in  the  Basilica  at  Vicenza. 
In  the  last-named,  the  coupled  columns  are  only  21  minutes  apart,  thus  making  the  space 
between  the  axes  2 modules  and  21  minutes,  that  is,  6 minutes  beyond  the  breadth  of  a 
regular  metope,  and  2 half-triglyphs.  To  conceal  the  excess,  the  triglyphs  are  31  minutes 
broad,  and  their  centres  are  carried  1 minute  within  the  axis  of  the  column,  and  the 
metope  is  3 minutes  broader  than  the  others.  These  small  differences  are  not  perceptible 
without  a verj  critical  and  close  examination  of  the  distribution.  In  this  arrangement 
the  attic  base  of  Palladio  should  be  employed,  because  of  its  small  projection,  and  the 
larger  intercolumniation  must  be  aicEostyle. 

2615.  Intercolumniations  should  be  preserved  of  equal  width  in  all  peristyles,  galleries, 
porticoes,  and  the  like  ; but  in  loggias  or  porches,  the  middle  interval  may  be  wider  than 
the  others  by  a triglyph,  a modillion  or  two,  and  a few  dentils,  that  is,  if  there  be  no 
coupled  columns  at  the  angles  nor  groupings  with  pilasters,  in  which  cases  all  the  other 
intervals  should  be  of  the  same  dimensions.  It  has  been  observed  by  Blondel,  that  on 
occasions  where  several  rows  of  columns  are  used,  as,  for  instance,  in  the  curved  colo’.mades 
of  the  piazza  of  St.  Peter’s,  the  columns  ought  as  mu-ch  as  po.ssible  to  be  in  straight  lines, 
because  otherwise  the  arrangement  can  only  be  understood  by  viewing  it  from  the  centre  of 
the  figure  employed.  The  observation  is  well  worth  the  students  consideration,  for  the 
resulting  effect  of  a departure  from  this  rule,  as  Chambers  has  projierly  observed,  is 
“ nothing  but  confusion  to  the  spectator’s  eye  from  every  point  of  view.”  'I’he  same 
author  condemns,  and  with  justice,  though  in  a smaller  degree,  the  use  of  “ engaged 
pilasters  or  half  columns  placed  behind  the  detached  columns  of  single,  circular,  oval,  or 
polygonal  peristyles,  as  may  be  seen  in  those  of  Burlington  House.  W herefore,  be 
says,  “in  buildings  of  that  kind,  it  will  perhaps  be  best  to  decorate  the  back  wall  of  the 
peristyle  with  windows  or  niches  only.”  VV’e  can  hardly  supjrose  it  here  necessary  to 
caution  the  student  against  the  use  of  intercolumniations  without  reference  to  the  absolute 
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size  of  them  : they  must  not  he  less  than  three  feet  even  in  small  buildings,  because,  af 
Sir  William  Chambers  seriously  says,  “there  is  not  room  for  a /a^  person  to  pass  between 
tliem.” 

2616.  Before  leaving  the  subject  which  has  furnished  the  preceding  remarks  on  inter- 
columniations,  we  most  earnestly  recommend  to  the  student  the  rc-'perusal  of  Section  II.  ol 
tliis  Book.  The  intervals  between  the  columns  have,  in  this  section,  been  considered  more 
with  regard  to  the  laws  resulting  from  the  distribution  of  the  subordinate  parts,  than  with 
relation  to  the  weights  and  supports,  which  seem  to  have  regulated  the  ancient  practice  : 
but  this  distribution  should  not  prevent  the  application  generally  of  the  principle,  which 
may  without  difficulty,  as  we  know  from  our  own  experience,  he  so  brought  to  bear  upon 
it  as  to  produce  the  most  satisfactory  results.  We  may  be  perha])s  accused  of  bringing  a 
fine  art  under  mechanical  laws,  and  reducing  refinement  to  rules.  We  regret  that  we 
cannot  bind  the  professor  by  more  stringent  regulations.  It  is  certain  that,  having  in  this 
resi)cct  carried  the  point  to  its  utmost  limit,  there  will  still  be  ample  opportunity  left  for 
him  to  snatch  that  grace,  beyond  the  reach  of  art,  with  the  neglect  whereof  the  critics  are 
wont  so  much  to  taunt  the  artist  in  every  branch. 
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2617.  An  arcade,  or  series  of  arches,  is  perhaps  one  of  the  most  beautiful  objects  at- 
tached to  the  buildings  of  a city  which  architecture  affords.  The  utility,  moreover,  of 
arcades  in  some  climates,  for  shelter  from  rain  and  heat,  is  obvious ; but  in  this  dark 
climate,  the  inconveniences  resulting  from  the  obstruction  to  light  which  they  offer,  seems 
to  preclude  their  use  in  the  cities  of  England.  About  public  buildings,  however,  where 
the  want  of  light  is  of  no  importance  to  the  lower  story,  as 

‘in  theatres,  courts  of  law,  churches,  and  places  of  public  amuse- 
ment, and  in  large  country  seats,  their  introduction  is  often 
the  source  of  great  beauty,  when  fitly  placed. 

2618.  In  a previous  section  (2524.)  we  have  spoken  of 
Lebrun’s  theory  of  an  equality  between  the  weights  and  sup- 
ports in  decorative  architecture : we  shall  here  return  to  the 
subject,  as  applied  to  arcades,  though  the  analogy  is  not,  per- 
haps, strictly  in  point,  because  of  the  dissimilarity  of  an  arch  to 
a straight  lintel.  In  Ji^.  898.  the  hatched  part  AEMFDCOB 
is  the  load,  and  ABGH,  CUIK  the  supports.  The  line  GK 
is  divided  into  six  parts,  which  serve  as  a scale  to  the  diagram, 
the  opening  HI  being  four  of  them,  the  height  BH  six,  NO 
two,  and  OM  one.  From  the  exact  quadrature  of  the  circle 
being  unknown,  it  is  impossible  to  measure  with  strict  accu- 
racy the  surface  BOC,  which  is  necessary  for  finding  by  sub- 
traction the  surface  AEMFDCOB  ; but  using  the  common 
method,  we  have 

15C2x  7854 


AD  X AE 


= to  that  surface ; or,  in  figures. 


6 X 3 - ^ j j 

Now  the  suports  will  be  IKx  ICx2  (the  two  piers) 
1x6x2 


the  piers ; or,  in  figures, 
12-00. 


That  is,  in  the  diagram  the  load  is  very  nearly  equal  to  the  supports,  and  would  have  been 
found  quite  so,  if  we  could  have  more  accurately  measured  the  circle,  or  had  with  greater 
nicety  constructed  it.  But  we  have  here,  where  strict  mathematical  precision  is  not  our 
object,  a sufficient  ground  for  the  observations  which  follow,  and  which,  if  not  founded  on 
something  more  than  speculation,  form  a series  of  very  singular  accidents.  We  have  chosen 
to  illustrate  the  matter  by  an  investigation  of  the  examples  of  arcades  by  Vignola,  because 
we  have  thought  his  orders  and  arcades  of  a higher  finish  than  those  of  any  other  master; 
but  testing  the  hypothesis,  which  we  intend  to  carry  out  by  examples  from  Palladio,  Sca- 
mozzi,  and  the  other  great  masters  of  our  art,  not  contemplated  by  Lebrun,  the  small 
differences,  instead  of  throwing  a doubt  upon,  seem  to  confirm  it. 

2619.  In  Jig.  898.  we  will  now  carry,  therefore,  the  consideration  of  the  weights  and 
su))ports  a step  further  than  Lebrun,  by  comparing  them  with  the  void  space  they  sur- 
round, that  is,  the  opening  HBOCI  ; and  here  we  have  the  rectangle  HBCI  = HB  x HI, 
that  is,  6x4  = 24,  and  the  semicircle  BOC  equal,  as  above,  to  ^^^-^^^  = 6*28.  Then 
24  4 6-28  = 30-28  is  the  area  of  the  whole  void,  and  the  weight  and  support  being  11  -72  + 
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l2  = ‘23-72,  arc  a little  more  than  two  thirds  the  areas  of  the  whole  void  ; a proportion 
wliich,  if  we  are  to  rely  on  the  approval  of  ages  in  its  application,  will  he  found  near  the 
limits  of  what  is  beautiful. 

2620.  We  shall  now  refer  to  the  examples  of  Vignola  alluded  to  ; but  to  save  the  repe- 
tition  of  figures  in  their  numbers,  as  referred  to,  each  case  is  supposed  in  what  immediately 
follows  as  unconnected  with  the  entablatures  which  they  exhibit,  it  being  our  intention  to 
take  those  into  separate  consideration. 


2621.  Suppose  the  Tuscan  example  {jig.  899.)  without  an  entablature,  we  have  the 

. Supports,  9’75  x 3 = 29*25 

The  whole  of  rectangle  above  them,  4*25  x 9*5  = 40*375 

T * u 6*5 X 65 X 78.54 

Less  semi-arch, o = 1 6 *o 

23*775 

53  025  solid  parts. 

riie  area  of  the  void  is  16*6  + 9*75  x 6*5  = 79*97,  whereof  53*025,  the  portion  of  solid 
parts,  is  not  widely  different  from  two  thirds. 

In  Vignola’s  Doric  example,  {Jig.  900.),  again  without  the  entalilature,  we  have 

Supports,  10*5  X 3 = 31*50 

The  whole  rectangle  above  them,  5*5  x 10  0 = 55  *00 
Less  semi-arch,  ^ = 19 ‘24 

35*76 

67*26  solid  parts. 

The  area  of  the  void  is  1 9*24  + 10*5  x 7 = 92*74,  whereof  67*26,  the  portion  of  solid  parts, 
is  not  much  diflerent  from  two-thirds. 

In  the  Ionic  example  (^Jig.  901.),  still  without  considering  the  entablature,  the  following 
will  result : — 

Supports,  12-64  x 2*66=  33*61 

The  whole  rectangle  above  them,  10*88  x 5*2  =56*57 

. , G-4xG  4x  7854 

Less  semi-arch,  ^ = lb5J» 

40*49 

74*10  solid  parts. 

The  area  of  the  void  is  16*08  + 12*64  x ^ = 105*82,  whereof  74*10,  the  portion  of 
solid  parts,  difter.s  little  in  amount  from  two  thirds  of  the  void. 
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Fig.  901. 


Fig.  902. 


In  the  Corinthian  example  {Jig.  902. ),  not  taking  into  consideration  the  entablature,  the 
following  is  the  result ; — 

Supports,  14-11  X 8-55=  ’ 50  09 

Tlie  whole  rectangle  above  them,  1 r.S8  x 5 '88  = 66 '62 
Less  semi-arch,  =23*65 

=32-97 

83-06  solid  parts. 

The  area  of  the  void  is  23-65+14*111  x 7 •’76  = 133*1 5,  whereof  83-06,  the  portion  of 
solid  parts,  is  somewhat  less  than  two  thirds  of  the  void. 

2622.  The  result  which  flows  from  the  above  examination  seems  to  be  that,  without 
respect  to  the  entablature,  the  ratio  of  the  solid  part  to  that  of  the  void  is  about  -666. 
Bearing  this  in  mind,  we  shall  next  investigate  the  ratio  of  the  supports  and  weiglits,  con- 
sidering the  entablature  above  the  arcade  as  a part  of  the  composition  ; and  still  following 
Vignola,  whose  examples,  as  we  have  above  stated,  do  not  so  much  differ  from  those  of 
other  masters  as  to  make  it  necessary  to  examine  those  of  each,  we  will  begin  with  tliat 
architect’s  Tuscan  arcade,  without  pedestals,  exhibited  in  Jig.  899.  on  the  preceding  page. 
In  this  example,  from  centre  to  centre  of  pier, 

'Fhe  whole  area,  in  round  numbers,  17-5  x 9-5  - - - =166  2 

A r • u 6 5 X G'5  x '7854  . „ 

Area  of  semi-arch, ^ — - - =16*6 

Rectangle  under  it,  9*75  x 6*5  - - =63-3 

Total  void,  therefore,  =79-9 

86  3 

Entablature,  9*5  x 3*5  =33*2 

Leaves  for  the  supporting  parts  - - - - - 53-1 

In  this  example,  therefore,  the  supporting  parts  are  53,  those  supported  33,  and  the 
voids  79.  The  ratio  between  the  solid  and  void  parts  = -9,  and  the  ratio  of  the  sujiports 
to  the  weights  is  33=  62. 

i he  distance  between  the  axes  of  the  columns  is  9 modules  and  6 parts  ; the  height  of 
tlie  s(;ml-arch,  3 modules  and  3 parts  ; and  between  the  crown  of  it  and  the  under  side  of 
the  arcliitrave  is  1 module;  the  whole  height,  including  entablature,  being  17  modules 
and  a half. 
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2823.  Following  the  same  general  method,  we  submit  the  Doric  arcade  ( fia  JOG  ^ 

iJC  A. 1*  ^ / 

:202  0 


without  pedestal.  Measuring,  as  before,  from  centre  to  centre  of  piers. 

The  whole  area,  in  round  numbers,  20*2  x 10 

Area  of  semi-arch  ^-^  2 - - =19-2 

Rectangle  under  it,  10’5  x 7 - - =73 ’5 

Total  void,  therefore. 

Entablature,  10x4  *2 

Leaves  for  the  supporting  parts  - - . _ _ 

In  this  example,  therefore,  the  supporting  jiarts  are  87,  those  supported  42,  and  tlic 
voids  92.  The  ratio  between  the  solid  and  void  parts  is  -85,  and  the  ratio  of  the  supports 
to  the  weights  is  ||=  -63.  ^ ^ 

The  distance  between  the  axes  of  the  columns  is  10  modules,  the  height  of  the  semi-arch 
is  3 modules  and  8 parts,  and  between  the  croAvn  of  it  and  the  underside  of  the  architrave 
is  2 modules  ; the  whole  height,  including  the  entablature,  being  20  modules  31  parts. 

2824.  The  Ionic  arcade,  without  pedestal,  is  shown  in  Jig.  901.  The  measurements 
as  above,  from  centre  to  centre  of  pier,  ' 


92-7 

109-3 
42  0 

87-3 


The  whole  area,  22-84  x 10-88  in  round  numbers 


Area  of  semi- arch. 


6-4  xC-4x -7854 


- =248-3 


Rectangle  under  it,  12-64  x 7-1 


- =16  1 
- =89-7 


Total  void,  therefore,  =105-8 


Entablature,  10-88  x 4*8 


140-5 

52-2 


Leaves  for  the  supporting  parts 


88  -3 


Hence,  in  the  example,  the  supporting  parts  are  88,  those  supported  52,  and  the  voids 
105  ; so  that  the  ratio  of  the  voids  to  the  solids,  in  this  order,  is  -8,  and  the  ratio  of  the 
supports  to  the  weights  does  not  materially  differ  from  the  other  orders,  being  ||=  -6. 

The  distance  between  the  axes  of  the  columns  is  10  modules  16  parts,  the  height  of  the 
semi-arch  is  3.1  modules  3 parts,  and  between  the  crown  of  it  and  the  under  side  of  the 
architrave  is  2 modules ; the  whole  height,  including  the  entablature,  being  22  modules 
13^  ])arts, 

2625.  Fig.  902.  represents  the  Corinthian  arcade  without  pedestal.  The  measurement, 
as  before,  is  from  centre  to  centre  of  pier. 


The  whole  area,  25-2  x 11  *33,  in  round  numbers 
Area  of  semi-arch,  = 23-6 

Rectangle  under  it,  14-11  x 7-76  = 109-5 


= 288-5 


Total  voids,  therefore,  = 133  1 


155-4 

Entablature,  10-36  X 5-6  - - - - - - 58-0 

Leaves  for  the  supporting  parts  - - - - -97-4 

In  the  Corinthian  example,  therefore,  the  supporting  parts  are  97,  those  supported  58, 
and  the  voids  133.  The  ratio  between  the  solid  and  void  parts  = -8,  and  the  ratio  of  Xl 
supports  to  the  weights  ||=-59.  The  distance  between  the  axes  of  the  columns  i:» 
11  modules  and  6 parts,  the  height  of  the  semi-arch  is  3 modules  16  parts,  and  between 
the  crown  of  it  and  the  under  side  of  the  architrave  is  2 modules  3^  parts ; the  whole 
height,  including  the  entablature,  being  25  modules  31  parts. 

2626.  The  laws  laid  down  by  Chambers  for  regulating  arcades  are  as  follow  : — “ The 
void  or  aperture  of  arches  should  never  be  much  more  in  height  nor  much  less  than 
double  their  width;  the  breadth  of  the  pier  should  seldom  ex-jeed  two  thirds,  nor  be  less 
than  one  third  of  the  width  of  the  arch,  according  to  the  character  of  the  composition, 
and  the  angular  piers  should  be  broader  than  the  rest  by  one  half,  one  third,  or  one  fourth." 
. . . “ The  height  of  the  impost  should  not  be  more  than  one  seventh,  nor  need  it  ever  be 
less  than  one  ninth  of  the  width  of  the  aperture,  and  the  archivolt  must  not  be  more  than 
one  eighth  nor  less  than  one  tenth  thereof.  The  breadth  of  the  console  or  mask,  which 
serves  as  a key  to  the  arch,  should  at  the  bottom  be  equal  to  that  of  the  archivolt,  and 
its  sides  must  be  drawn  from  the  centre  of  the  arch.  The  length  thereof  ought  not  to 
be  less  than  one  and  a half  of  its  bottom  breadth,  nor  more  than  double.” 
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26'^7  The  ratios  that  have  been  deduced  by  comparing  the  void  and  solid  parts,  if  there 
be  anv  reason  in  the  considerations  had,  show  that  this  law  of  making  arches  in  arcades  of 
the  height  of  2 diameters  is  not  empirical,  the  following  being  the  results  of  the  use  of  the 
ratios  in  the  arcade  without,  and  that  with  pedestal,  of  which  we  shall  presently  treat.  Thus 

Diameters.  Diameters 

Tuscan  arcade  without  pedestal,  -g.  J jfj’/  = 2 -0 ; with  pedestals,-^  =1-84 

Doric  arcade  without  pedestal,  =2'0  y-^Q  = 2-00 

2*2*0 

Ionic  arcade  without  pedestal,  =2-2  jjVq  = 2-00 

Corinthian  arcade  without  pedestal, =2*3  j2.q  = 2'08 

2628.  In  the  examples  of  the  arcades  with  pedestals,  we  shall  again  repeat  the  process  by 
winch  the  results  are  obtained,  first  merely  stating  them  in  round  numbers,  Fij.  903  is  a 


Fig.  903 

Tuscan  arcade  from  Vignola’s  example,  as  will  be  the  following  ones.  In  this  the  wliole 
area  is  306,  omitting  fractions,  the  area  of  the  void  is  1 56,  that  of  the  entablature  50, 
and  the  supports  100.  The  ratio  of  the  supported  part  (the  entablature),  therefore, 
is  ’5,  and  the  supports  and  weights  are  very  nearly  ecjual  to  the  void  The  height  of 
the  pedestal  is  almost  3 modules  and  8 parts,  the  opening  9 modules  6 parts,  and  the 
width  of  the  whole  pier  4 modules  and  3 parts. 

The  detail  of  the  above  result  is  as  follows  . — 


The  whole  area,  22\30  x 13-75 
Area  of  semi-arch,  — ^ ^ 

= 35-43 

= 306*62 

Below  that,  12*75  x 9‘75  - 

= 121*12 

Total  voids,  therefore, 

= 156*55 

Entablature,  13*75  x 3*66  - 

m m m m 

150-07 
B 50-32 

Leaves  for  supporting  parts 

• m m m 

99-75 
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It  will  be  seen  that  we  have  taken  the  numbers  in  the  preceding  paragrajdi  without  supply- 
ing strictly  the  decimal  parts  that  arise  from  the  multiplication  and  subtraction  of  tli« 
several  portions  compared.  The  coincidence  of  the  hypothesis  with  the  a))parent  law  is  tiu 
less  remarkable  in  this  example  than  it  will  he  found  in  those  that  follow  ; and,  scej)- 
tical  as  we  at  first  were  on  the  appearances  which  ])ointed  to  it,  we  cannot,  after  the  ex* 
amination  here  and  hereafter  given,  do  otherwise  than  express  our  conviction  that,  in  cairy- 
iiig  out  the  principles,  no  unpleasant  combination  can  result. 


2629.  Fig.  904.  exhibits  the  Doric  arcade,  whose  whole  area  from  centre  to  centre  of 
columns  is  374.  The  area  of  the  void  is  189,  that  of  the  entablature  62,  and  of  the  sup- 
portino-  parts  1 12.  The  ratio  of  the  entablature  to  the  supports  is  therefore  ff5=  '55,  and 
that  of  the  supports  and  weights  to  the  voids  ‘9.  The  height  of  the  pedestal  is  almost 
5 modules  and  4 parts,  the  opening  10  modules,  and  the  width  of  a pier  4 modules  and 

^s  in  the  preceding  example,  we  think  it  will  be  useful  to  detail  the  process  by  which 
the  general  results  stated  have  been  arrived  at.  It  is  curious  and  interesting  to  observe 
the  similarity  between  the  cases.  It  is  scarcely  possible  to  believe  that  accident  could 
have  produced  it.  May  not  the  freemasons  of  the  middle  ages  have  had  some  aws  of  this 
nature  which  guided  their  operations  ? But  we  will  now  proceed  to  the  calculation. 

The  whole  area,  25  4 X 14-75  - - - - =374-65 

. ^ lO'Ox  10-0  X ’7854 

Area  of  semi-arch,  ^ 

Below  that,  12-75  x 9*75 


39-27 
= 150-00 


Total  voids,  therefore, 


- =189-27 


Entablature,  14*75  X 4-25 
Leaves  for  supporting  parts 


185-38 
= 62-68 


122-70 


Herein,  as  before,  the  general  result  in  llic  preceding  paragraph  has  been  given  in  round 
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mimbers,  that  the  mind  of  the  reader  may  not  l)c  distracted  from  the  general  proportions. 
The  detail  again  corroborates  the  liypothesis,  as  in  the  preceding  subsection  was  predicated, 
§ud  the  further  we  proceed,  as  will  be  presently  seen,  its  truth  becomes  more  manife->t. 


I 1 i J 1 1 1 1 1 1 1 1 1 1 f 1 1 ! 1 

0 12  3 4 6 0 7 8 S 10  11  12  13  14  15  IG  17  le  Modules 

Fig.  905. 


2630.  The  Ionic  arcade  with  a pedestal  is  shown  in  Jig.  905.  The  whole  area  is  448 
between  the  axes  of  the  columns;  that  of  the  void,  228.  The  entablature’s  area  is  73, 
and  the  supporting  parts  146.  The  ratio,  therefore,  of  the  load  to  the  support  is 
and  supports  and  weights  are  very  nearly  equal  to  the  void.  The  height  of  the  pedestal  is 
6 modules,  the  opening  11  modules,  and  the  width  of  a pier  4 modules  and  12  parts. 

Once  more  returning  to  the  detail  on  which  the  above  proportions  are  based,  and  which 
in  this  as  in  the  following  example  we  think  it  better  to  supply,  observing,  as  before,  that 
the  numbers  above  stated  are  given  roundly,  we  shall  have  in  the  Ionic  arcade, 


Whole  area,  28*66  x 15*66 
Area  of  semi  arch,  -- 

= 47*01 

“ 

= 448*81 

Below  it,  16*5  X 11 

= 181*50 

Total  area 

of  voids,  therefore, 

= 228*51 

Entablature,  15*66  x 4*7 

_ 

• • • 

220*30 
= 73*50 

Leaves  for  supporting  parts  - 

- 

• 

146*80 

VVhejice  it  will  be  seen  that  the  round  numbers  first  given  are  shown  to  be  sufficiently 
accurate  for  exemplification  of  the  law,  and  that  the  further  we  examine  the  hypothesis  the 
more  closely  we  find  it  connected  with  the  theory  of  weights  and  loads  that  has  occupied  a 
xery  considerable  portion  of  this  Book,  and  which  we  hope  may  not  have  had  the  effect  of 
exhausting  the  reader’s  patience.  We  trust  we  shall  have  his  pardon  for  pursuing  the  course 
we  taken. 
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Fig.  906. 


2631.  Fig.  906.  is  an  arcade  with  pedestals  of  the  Corinthian  order.  Its  total  area  is 
5‘i8,  that  of  the  void  284,  the  area  of  the  entablature  84,  and  that  of  the  supporting 
parts  159.  Hence,  the  ratio  of  the  load  to  the  support  is  and  the  supports  and 

weight  are  equal  in  area  to  the  void  within  a very  small  fraction.  The  height  of  the 
pedestal  is  6i  modules,  the  opening  is  12  modules  wide,  and  the  width  of  a pier  is 
4 modules  and  9 parts. 

We  here  close  the  curious  proofs  of  a law  whose  existence,  we  believe,  has  never  been 
suspected  by  modern  architects.  It  was  clearly  unknown  to  Rondelet,  and  but  for  the 
work  of  Lebrun  already  quoted,  we  might  never  have  been  led  to  the  investigation  of  it. 
That  author  himself,  as  we  believe,  did  not  entertain  any  notion  of  it. 


In  the  Corinthian  arcade  with  pedestal  we  have 

Whole  area,  32x16*5- 

A f • V.  12x12x*7854  gfi.ng 
Area  of  semi-arch,  ^ = 56  *05 

Below  it,  19  X 12  - :=228'C)0 

Total  area  of  voids,  therefore, 

Entablature,  16*5  x 5*09  - - - - • 

Leaves  for  supporting  parts  - - - - - 


= 528  00 


= 284  -05 

243*95 
= 84*10 

159-85 


Thus,  again,  the  law  seems  to  be  borne  out,  and  to  prove  that  the  assumptions  we  have 
been  making  are  not  those  of  empiricism. 

2632.  In  Jig.  907.  are  collected  the  imposts  and  archivolts  used  in  the  arcades  of  the 
different  orders. 
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2S.83.  We  are  not  of  the  opinion  of  Sir  William  Chambers  in  respect  of  the  arcades 
wliich  Vignola  has  given  ; that  author  had  not,  we  think,  critically  examined  their  compo- 
sition, and  we  confess  we  do  not  think  his  own  examples  are  improvements  on  those  of  the 
master  in  question;  but  we  are  willing  to  admit  that  in  the  examples  of  arcades  with 
pedestals,  they  would  have  been  much  improved  by  assigning  a greater  height  generally 
to  the  plinths  of  the  pedestals,  which  are,  doubtless,  much  too  low,  and  might  be  well 
augmented  by  adding  to  them  a portion  of  the  dies  of  the  pedestals. 

2684.  Great  as  is  our  admiration  of  Palladio,  we  do  not  think  it  necessary  to  say  more 
relative  to  his  arcades,  than  that  he  has  given  only  designs  of  arches  with  pedestals,  and 
that  their  height  is  from  one  and  two  thirds  to  two  and  a half  of  their  width.  His  piers 
are  generally  3^  modules,  except  in  the  Composite  order,  wherein  they  are  modules. 

2635.  Scamozzi  makes  his  Tuscan  arch  a little  less  than  double  its  width,  increasing  the 
height  gradually  to  the  Corinthian  arch  with  pedestals  to  nearly  twice  and  a half  the 
width.  He  diminishes  his  piers  as  the  delicacy  of  the  order  increases,  his  Corinthian 
piers  being  only  3^  modules  in  width.  We  do  not,  however,  think  it  necessary  to  dwell 
longer  on  this  part  of  the  subject,  and  shall  close  it  by  observing  that  the  impost  of  the 
arch  should  not  much  vary  from  half  a module  in  height,  and  that  the  width  of  the 
archivolt,  which  should  touch  the  shaft  of  the  column  or  pilaster  in  the  geometrical  ele- 
vation, at  its  springing,  is  necessarily  prescribed  by  the  width  of  pier  left  after  setting  out  the 
column  upon  it.  Where  columns  are  used  on  piers,  their  projection  must  be  such  that  the  most 
prominent  member  of  the  impost  should  be  in  a line  with  the  axis  of  the  column  on  the 
transverse  section.  In  Ionic,  Composite,  and  Corinthian  arcades,  however,  it  may  project 
a little  beyond  the  axis  of  the  columns,  to  avoid  the  disagreeable  mutilations  which  are 
otherwise  rendered  necessary  in  the  capitals.  Arcades  should  project  not  less  than  their 
width  from  the  front  of  the  wall  which  backs  them.”  With  regard  to  their  interior  deco- 
ration,” says  Chambers,  “ the  portico  may  either  have  a flat  ceiling  or  be  arched  in  va- 
rious manners.  Where  the  ceiling  is  flat,  there  may  be  on  the  backs  of  the  piers,  pilasters 
of  the  same  kind  and  dimensions  with  the  columns  on  their  fronts  ; facing  which  pilasters 
there  must  be  others  like  them  on  the  back  wall  of  the  portico.  Their  projection  as  well 
as  that  of  those  against  the  back  of  the  piers  may  be  from  one  sixth  to  one  quarter  of  their 
diameter.  These  pilasters  may  support  a continued  entablature,  or  one  interrupted  and 
running  across  the  portico  over  every  two  pilasters  to  form  coffers  ; or  the  architrave  and 
frieze  only  may  be  continued,  while  the  cornice  alone  is  carried  across  the  portico  over  the* 
pilasters  as  before,  and  serves  to  form  compartments  in  the  ceiling,  as  is  done  in  the  vestibule 
of  tlie  Massini  palace  at  Rome,  and  in  the  great  stable  of  the  King’s  mews,  near  Charing 
C’ross,”  — no  longer  in  existence,  having  been  destroyed  to  make  way  on  its  site  for  the 
execrable  mass  of  absurdity  to  which  the  government  who  sanctioned  it  have  facetiously 
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given  th<!  name  of  National  Gallery.  Chambers  thus  continues  : — “ Where  the  portico 
is  arched,  either  with  a semi-circular  or  elliptical  vault,  the  hacks  of  the  ]>iers  and  the 
inner  wall  of  the  portico  may  be  decorated  with  pilasters,  as  is  above  described,  supporting 
a regular  continued  entablature,  from  a little  above  which  the  arch  should  take  its  spring, 
that  no  part  of  it  may  be  hid  by  the  projection  of  the  cornice.  The  vault  may  he  eni  iehed 
with  compartments  of  various  regular  figures,  such  as  hexagons,  octagons,  scpiares,  and 
the  like,  of  which,  and  their  decorations,  several  examples  are  given  among  the  designs 
for  ceilings.”  Of  these  we  shall  hereafter  give  figures  in  the  pro])cr  place.  “ Rut  when 
the  vault  is  groined,  or  composed  of  flats,  circular  or  domical  coves,  sustained  on  ])en- 
dentives,  the  pilasters  may  be  as  broad  as  are  the  columns  in  front  of  the  piers,  but  they 
must  rise  no  higher  than  the  top  of  the  impost,  the  mouldings  of  which  must  finish  and 
serve  them  instead  of  a capital,  from  whence  the  groins  and  pendentives  are  to  spring,  as 
also  the  bands  or  arcs-doubleaux  which  divide  the  vault.” 

26.S6.  In  the  examples  of  arcades,  we  have  followed  those  given  by  Chambers,  as  ex- 
hibiting a variety  which  may  be  instructive  to  the  student,  and  at  the  same  time  aflbrd 
hints  for  other  combinations.  Fig.  908.  is  one  of  the  compositions  of  Seilio,  and  is  ar. 


Fig.  909. 


expedient  for  arching  in  cases  where  columns  have  been  provided,  as  in  places  where  the 
use  of  old  ones  may  be  imposed  on  the  architect.  The  larger  aperture  may  be  from 

to  5 diameters  of  the  column  in  width,  and  in  height  double  that  dimension.  The 
smaller  opening  is  not  to  exceed  two  thirds  of  the  larger  one,  its  height  being  determined 
by  that  of  the  columns.  Chambers  thinks,  and  we  agree  with  him,  that  this  sort  of  dis- 
position might  be  considerably  improved  by  adding  an  architrave  cornice  or  an  entablature 
to  the  column,  by  omitting  the  rustics  and  by  surrounding  the  arches  with  archivolts.  It 
is  not  to  be  inferred,  because  this  example  is  given,  that  it  is  inserted  as  one  to  be  followed 
except  under  very  peculiar  circumstances.  Where  an  arrangement  of  this  kind  is  adopted, 
care  must  be  used  to  secure  the  angles  by  artificial  means. 

2637.  Fig.  909.  is  given  from  the  cortile  of  the  castle  at  Caprarola  by  Vignola,  a struc- 
ture which  in  the  First  Book  of  this  work  we  have  (346.  ) already  mentioned.  The  height  of 
the  arches  is  somewhat  more  than  twice  their  width.  From  the  under  side  of  the  arch  to 
the  top  of  the  cornice  is  one  third  of  the  height  of  the  arch,  the  breadth  of  whose  pier  is 
equal  to  that  of  the  arch,  and  the  aperture  in  the  pier  about  one  third  of  its  breadth. 

2638.  A composition  of  Bramante,  executed  in  the  garden  of  the  Belvedere  at  Rome,  is 
given  at  Jig.  910.  The  arch  in  height  is  somewhat  more  than  twice  its  width,  and  the 


F.g.  911. 
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breadth  of  the  pier  equal  to  the  opening.  By  dividing  the  latter  into  twelve  parts  we 
have  a measure  which  seems  to  have  prevailed  in  the  mind  of  the  architect,  inasmuch  as 
two  of  them  will  measure!  the  parts  of  the  pier  supporting  the  archivolts,  four  the  space 
for  the  two  columns,  two  for  the  intervals  between  the  niche  and  the  columns,  and  four  for 
the  niche.  Half  the  diameter  of  the  arch  measures  the  height  of  the  pedestal  ; the  columns 
are  of  the  height  of  ten  diameters,  and  their  entablature  one  quarter  of  the  height  of  the 
columns.  The  impost  and  archivolt  are  each  equal  to  half  a diameter  of  the  column. 

26S9.  Fig.  911.  is  an  example  whose  employment  is  not  uncommon  in  the  designs  of 
Palladio,  and  was  considered  by  our  great  countryman  Inigo  Jones  to  be  worthy  of  his 
imitation.  The  arch  may  be  taken  at  about  twice  its  width,  and  the  pier  not  less  than 
one  nor  more  than  two  thirds  of  the  width  of  the  aperture. 


Fi«.912. 


Fig.  913. 


2640.  The  example  in  fig.  912.  is  from  the  hand  of  Vignola,  and  was  executed  for  one 
of  the  Borghese  family  at  Mondragone,  near  Frascati.  In  it  the  arch  is  a little  more 
in  height  than  twice  its  width,  and  the  breadth  of  the  pier  columns  supporting  the  arth 
includes  a little  less  than  the  width  of  the  arch  itself.  We  are  not  quite  satisfied  in  having 
here  produced  it  as  an  example,  though,  compared  with  the  following  one,  we  scarcely 
know  whether  we  should  not  on  some  accounts  prefer  it. 

2641.  The  last,  example  {fig.  913.)  is  one  by  that  great  master,  Palladio,  from  the  basilica 
at  Vicenza.  From  the  figure  it  is  impossible  to  judge  of  its  beauty  in  execution,  neither 
can  any  imitation  of  it,  unless  under  circumstances  in  every  respect  similar,  produce  the 
sensation  with  which  the  building  itself  acts  on  the  spectator  ; yet  in  the  figure  it  appears 
meagre  and  nothing  worth.  We  can  therefore  easily  account  for  the  conduct  of  the  critics,  as 
they  are  called,  who,  never  having  seen  this  master’s  works,  indulge  in  ignorant  speculations 
of  the  pictorial  effects  which  his  compositions  produce.  Though  not  entirely  agreeing 
with  Chambers  in  his  concluding  observations  on  arcades  and  arches,  we  may  safely 
transfer  them  to  these  pages.  “ The  most  beautiful  proportion,”  he  observes,  “ for  com- 
positions of  this  kind  is,  that  the  aperture  of  the  arch  be  in  height  twice  its  width ; that 
the  breadth  of  the  pier  do  not  exceed  that  of  the  arch,  nor  be  much  less ; that  the  small 
order  be  in  height  two  thirds  of  the  large  columns,  which  height  being  divided  into  nine 
parts,  eight  of  them  must  be  for  the  height  of  the  column,  and  the  ninth  for  the  height  of 
the  architrave  cornice,  two  fifths  of  which  should  be  for  the  architrave  and  three  for  the 
cornice.  The  breadth  of  the  archivolt  should  be  equal  to  the  superior  diameter  of  the 
small  columns,  and  the  keystone  at  its  bottom  must  never  exceed  the  same  breadth.” 


Sect.  XL 

ORDERS  ABOVE  ORDERS. 

2642.  Vitruvius,  in  the  fifth  chapter  of  his  book  “ On  the  Forum  and  Basilica,”  in  both 
which  species  of  buildings  it  is  well  known  that  orders  above  orders  were  employed,  thus 
instructs  his  readers;  — “ The  upper  columns  are  to  be  made  one  fourth  less  than  those 
Delow”  {quarta  parte  minores  quam  inftriores  sunt  constitvendee)^  “ and  that  because  the  latter, 
being  loaded  with  a weight,  ought  to  be  the  stronger  ; because,  also,  we  should  follow  the 
practice  of  nature,  which  in  straight-growing  trees,  like  the  fir,  cypress,  and  pine,  makes 
the  thickness  at  the  root  greater  than  it  is  at  top,  and  preserves  a gradual  diminution 
throughout  their  height.  Thus,  following  the  example  of  nature,  it  is  rightly  ordered  that 
bodies  which  are  uppermost  should  be  less  than  those  below,  both  in  respect  of  height  and 
thickness.”  It  is  curious  that  the  law  thus  given  produces  an  exactly  similar  result  to  that 
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Inid  dowr.  by  Scainozzi,  p.  2.  lib.  v.  cap.  ii.,  whereon  we  shall  have  more  presci  (!y  to  speak. 
Galliani,  Chambers,  and  others  have  considered  the  ahove-cjiioted  passage  of  Vitruvius  in 
connection  with  another  in  chap.  vii.  of  the  same  hook,  which  treats  of  the  portico  and  other 
parts  of  the  theatre,  wherein  the  author  states,  after  giving  several  to  this  question  unim- 
portant details,  “ The  columns  on  this  pedestal”  (that  of  the  ui)per  order)  “ are  one  fourth 
less  in  (quarta  parte  minores  uhitudine  sint)  “ than  the  lower  columns.”  The  reader 

will  here  observe  the  word  altitudine  is  introduced,  which  docs  not  appear  in  the  passage 
first  quoted  ; and  we  beg  him,  moreover,  to  recollect  that  the  last  quotation  relates  entirely 
to  the  scene  of  the  ancient  theatre,  in  which  liberties  were  then  taken  with  strict  architec- 
tural proportion  as  much  as  they  are  in  these  later  days.  Those  who  think  that  because 
Vitruvius  interlarded  his  work  with  a few  fables,  he  is  therefore  an  author  not  worth 
consulting,  as  ephemeral  critics  have  done  in  respect  of  that  great  master  of  the  art,  Pal- 
ladio, may  opine  we  have  wasted  time  in  this  discussion  ; but,  adopting  the  old  maxim  of 
Horace,  “ Non  ego  paucis  offendar  maculis,”  we  shall  leave  them  to  the  exposure  which, 
with  the  instructed  architect,  their  own  ignorance  will  ultimately  inflict  on  them,  and  to 
the  enjoyment  of  the  felicity  attendant  on  a slight  knowledge  of  the  subject  a person  is  in 
the  habit  of  handling. 

2643.  We  will  now  place  before  the  student  our  own  reading  and  explanation  of  the 
passage  of  Vitruvius  relative  to  the  use  of  orders  above  orders,  and  attempt 
to  show  what  we  conceive  to  be  its  real  meaning.  In  Jig.  914.  the  diagram 
exhibits  an  Ionic  placed  above  a Doric  column  : the  entablature  (which 
however  does  not  belong  to  the  consideration)  being  in  both  cases  one 
fourth  of  the  height  of  the  column.  Inasmuch  as  in  our  previous  rules 
(following  Vignola)  it  will  be  recollected  that  the  module  of  the  Doric 
order  is  subdivided  into  twelve,  whilst  that  of  the  Ionic  is  subdivided  into 
eighteen  parts,  we  must,  for  the  purpose  of  obtaining  an  uniformity  of 
measures  in  both  orders,  reduce  those  of  either  to  the  other  to  obtain  si- 
milar dimensions.  Instead,  therefore,  of  measuring  the  upper  order  by  itself, 
which  would  not  afford  the  comparison  sought,  we  shall  have  to  reduce 
its  established  measures  to  those  of  the  lower  one,  or  Doric,  and  this,  as 
well  as  the  measurement  of  the  lower  order  itself,  is  taken  in  modules  and 
decimal  parts  of  its  semidiameter.  Thus,  the  lower  order  being  2 modules 
at  its  bottom  diameter  and  1 '666  modules  at  its  upper  diameter,  the 
mean,  without  descending  to  extreme  mathematical  nicety,  may  be  taken 
at  1’833,  which  multiplied  by  the  height,  18  modules  = 32*994,  the  area  of 
a section  through  the  centre  of  the  column.  Now  if  the  upper  columns 
are  to  be  the  same  thickness  at  the  bottom  as  the  lower  ones  are  at  the  top, 
that  is,  1 *666  module  of  the  lower  order,  their  upper  diameters  will  be  1 -.387 
(that  is,  five  sixths  of  the  lower  diameter),  and  the  mean  will  be  1 '.526, 
which,  multiplied  by  16,  the  height,  = 24*416  the  area  of  a section  down 
the  centre  of  the  column,  and  just  one  fourth  less  than  that  of  the  lower 
column.  The  investigation  tends  to  show  us  that  we  should  not  lightly 
treat  the  laws  laid  down  by  Vitruvius  and  his  followers  at  the  revival  of 
the  arts,  for  we  may  be  assured  that  in  most  cases  tin  y are  not  empirical, 
but  founded  on  proper  principles.  We  cannot,  however,  leave  this  point 
without  giving  another  reason,  which  is  conclusive  against  Chambers’s 
construction  of  the  passage  ; it  is,  that  supposing  the  upper  column’s  lower 
diameter  to  be  the  same  or  nearly  so  as  the  lower  column’s  upper  diameter, 
if  the  fourth  part  had  relation  to  the  height  instead  of  the  bulk,  we  should  have  had  the 
absurdity  in  the  illustration  above  given,  of  an  Ionic  column  in  the  second  order  only 
six  and  three  quarters  diameters  high,  whilst  the  lower  or  Doric  is  nine  diameters  in  height. 

2644.  Scamozzi,  we  doubt  not,  thought  as  we  have  expressed  ourselves  on  this  subject,  and 
we  here  translate  the  words  he  uses  in  the  eleventh  chapter  of  his  sixth  book  (second  part). 
“ Hence  it  is  more  satisfactory,  and  they  succeed  better  and  are  more  pleasing  to  the  eye, 
when  these  columns  (the  upper  ones)  are  made  according  to  their  proper  diminution,  so 
that  the  lower  part  of  the  upper  column  may  be  just  the  thickness  of  the  upper  part  of  the 
lower  one,  and  so  from  one  to  the  other,  as  may  be  seen  in  the  Ionic  order  ot  the  Theatre 
of  Marcellus  and  other  edifices;  and  this  is  the  reason  and  natural  cause  that  it  is  the  same 
as  though  out  af  a long  and  single  tree  the  shafts  were  cut  out  one  after  the  other.” 

264o.  The  laws  of  solidity  seem  to  require  that  where  more  than  one  order  is  used,  the 
strongest  is  to  occupy  the  lower  situation  ; thus  the  Doric  is  placed  on  the  I uscan,  the 
Ionic  on  the  Doric,  the  Corinthian  on  the  Ionic,  and  the  Composite  on  the  Corinthian; 
though,  with  respect  to  the  last,  we  find  examples  of  importance  wherein  the  reverse  has 
been  the  case.  Two  tiers  of  columns  should  not  be  of  the  same  order,  neither  should  an 
intermediate  order  be  omitted;  such,  for  instance,  as  placing  the  Ionic  on  the  I uscan 
column,  or  the  Corinthian  on  the  Doric;  for  by  this  practice  many  irregularities  are 
introduced,  especially  in  the  details  of  the  memL'/crs. 
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2646.  Frontwise  the  axes  of  the  upper  and  lower  columns  must  be  in  the  same  vertical 
plane,  but  viewed  in  flank  this  is  not  absolutely  necessary;  they  should  not,  however,  deviate 
too  much  from  it.  In  the  theatre  of  Marcellus  the  axes  of  the  upper  columns  are  nearly  a 
foot  within  those  of  the  Doric  below  them  ; but  circumstances  required  this,  and  there  is 
no  great  objection  to  the  practice  if  the  solidity  of  the  structure  be  not  lessened  by  it. 
Chambers  observes  that  the  retraction  should  never  be  greater  than  at  the  theatre  of 
IMarcellus,  where  the  front  of  the  plinth  in  the  second  order  is  in  a line  with  the  top  of  the 
shaft  in  the  first.  When  the  colun\ns  are  detached,  they  should  be  placed  centrally  over 
each  other,  so  that  the  axes  of  the  upper  and  under  ones  may  form  one  continued  line,  by 
which  means  solidity  is  gained  as  well  as  a satisfactory  result  to  the  eye.  As  to  the  false 
bearings  of  the  bases  of  the  upper  order  on  the  profile,  this  is  a matter  neither  really  aftect- 
ing  stability  nor  the  appearance  of  the  design. 

2647.  In  England  there  are  not  many  examples  of  orders  above  orders,  while  on  the 
Continent  the  practice  has  not  been  uncommon  ; but  it  is  always  a matter  of  great  difficulty 
so  to  arrange  them  as  to  avoid  irregularities  where  triglyphs  and  modillions  in  the  same 
design  meet  in  the  composition.  We  have  used  the  figures  of  Chambers  for  our  illustration 
here,  because  they  are  nearly  coincident  with  the  rules  of  Vitruvius  and  Scamozzi,  and  we 
shall  now  place  them  before  the  reader,  observing  that  the  irregularities  alluded  to  are 
almost  altogether  avoided. 


2648.  Fig.  915.  exhibits  the  Doric  over  the  Tuscan  order.  The  intervals  A,  B,  and  C 
are  respectively  2|,  4^,  and  6^  modules  ; and  A',  B',  and  C',  3,  5i,  and  8 modules  of  their 
order.  The  entablature  of  the  lower  order  is  3|  modules,  the  column,  including  base 
and  capital,  being  14  modules  high  ; and  the  entablature  of  the  upper  order  is  4 modules 
high,  the  column  with  its  base  and  capital  being  1 6 modules  in  height. 

2649.  The  distribution  of  the  Doric  and  Ionic  orders  is  given  in  fig.  916.,  wherein  the 
Intervals  A,  B,  and  C are  respectively  3,  5r‘,  and  8 modules  ; D,  *7  module;  and  A',  B',  C', 
and  D'  respectively  4,  7,  10,  and  modules.  The  Doric  order  in  this  example  is  20 
modules  high,  whereof  4 are  assigned  to  the  entablature;  the  Ionic  22  modules  high, 
whereof  4 belong  to  the  entablature. 

2650.  In  fig.  917.  is  represented  the  Corinthian  above  the  Ionic  order;  the  intervals 
A,  B,  C,  D are  respectively  5,  6,  7,  and  1 modules,  and  those  of  A',  B',  C'  D'  respectively 
6-4,  7*6,  8-8,  1*6  modules;  the  lower  order  is  224  modules  high,  18  being  given  to  the 
column  with  its  base  and  capital ; and  the  upper  or  Corinthian  order  is  24l  modules  high, 
whereof  20  belong  to  the  height  of  the  column,  including  its  base  and  capital. 

2651.  The  last  (^fig.  918.)  is  of  the  Corinthian  order  above  and  Composite  below.  In 
the  lower  order  the  intervals  A,  B,  C,  D are  4'j,  6,  7,  and  1 modules  respectively,  and 
A'.  B',  C',  and  D',  in  the  upper  order,  6,  7*6,  8-8,  and  1*6  modules  respectively.  The 
whole  height  of  the  Corinthian  order  is  25  modules,  whereof  5 are  given  to  the  entablature; 
the  Composite  order  here  is  241  modules,  of  which  20  belong  to  the  column,  including  the 
base  and  capital. 

2652.  We  insert  the  observations  of  Chambers  relative  to  the  above  four  figures,  which. 
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as  we  have  adopted  them,  shall  be  in  his  own  words.  “ Among  the  intercolumniations 
tliere  are  some  in  the  second  orders  extremely  wide,  such  as  the  Ionic  interval  over  tlie 
Doric  arcEOStyle  ; the  Composite  and  Corinthian  intervals  over  the  Ionic  and  Composite 
arceostyle,  which,  having  a weak  meagre  appearance,  and  not  being  sufficiently  solid, 
excepting  in  small  buildings,  are  seldom  to  be  suffered,  and  should  seldom  be  introduced, 
'fhe  most  eligible  are  the  eustyle  and  diastyle  for  the  first  order,  which  produce  nearly 
the  diastyle  and  araeostyle  in  the  second.”  Speaking  of  the  use  of  pedestals  in  orders 
above  orders,  the  author  thus  proceeds ; — “ Many  architects,  among  which  number  are 
Palladio  and  Scamozzi,  place  the  second  order  of  columns  on  a pedestal.  In  compositions 
consisting  of  two  stories  of  arcades  this  cannot  be  avoided,  but  in  colonnades  it  may  and 
ought ; for  the  addition  of  the  pedestal  renders  the  upper  ordonnance  too  predominant,  and 
the  projection  of  the  pedestal’s  base  is  both  disagreeable  to  the  eye  and  much  too  heavy  a 
load  on  the  inferior  entablature.  Palladio,  in  the  Barbarano  palace  at  Vicenza,  has  placed 
the  columns  of  the  second  story  on  a plinth  only,  and  this  disposition  is  best ; the  height  of 
the  plinth  being  regulated  by  the  point  of  view,  and  made  sufficient  to  expose  to  sight  the 
whole  base  of  the  column.  In  this  case  the  balustrade  must  be  without  either  pedestals  or 
half  balusters  to  support  its  extremities,  because  these  would  contract  and  alter  the  form 
of  the  column  ; its  rail  or  cap  must  be  fixed  to  the  shafts  of  the  columns,  and  its  base  made 
level  with  their  bases ; the  upper  torus  and  fillet  of  the  columns  being  continued  in  the 
interval,  and  serving  as  mouldings  to  the  base  of  the  balustrade.  The  rail  and  balusters 
must  not  be  clumsy  ; w^herefore  it  is  best  to  use  double-bellied  balusters,  as  Palladio  has 
done  in  most  of  his  buildings,  and  to  give  the  rail  a very  little  projection,  that  so  it  may 
not  advance  too  far  upon  the  surface  of  the  column,  and  seem  to  cut  into  it.  In  large 
buildings  the  centre  of  the  baluster  may  be  in  a line  with  the  axis  of  the  column  ; but  in 
small  ones  it  must  be  within  it,  for  the  reason  just  mentioned.  The  height  of  the  balus- 
trade is  regulated  in  a great  measure  by  its  use,  and  cannot  well  be  lower  than  three  feet, 
nor  should  it  be  higher  than  three  and  a half  or  four  feet.  Nevertheless,  it  must  neces- 
sarily bear  some  proportion  to  the  rest  of  the  architecture,  and  have  nearly  the  same  relation 
to  the  lower  order,  or  whatever  it  immediately  stands  upon,  as  when  a balustrade  is  placed 
thereon  chiefly  for  ornament.  Wherefore,  if  the  parts  are  large,  the  height  of  the  balustrade 
must  be  augmented,  and  if  they  are  small  it  must  be  diminished ; as  is  done  in  the  Casino 
at  Wilton,  where  it  is  only  two  feet  four  inches  high,  which  was  the  largest  dimension  that 
could  be  given  to  it  in  so  small  a building.  But  that  it  might,  notwithstanding  its  lowness, 
answer  the  intended  purpose,  the  pavement  of  the  portico  is  six  inches  lower  than  the  bases 
of  the  columns,  and  on  a level  with  the  bottom  of  the  plat-band  that  finishes  the  basement.” 
We  must  here  leave  this  subject,  recommending  the  student  to  an  intimate  acquaintance 
with  the  various  examples  that  have  been  executed,  and  further  advising  him  to  test  each  of 
th«'  examples  that  may  fall  under  his  notice  by  the  principles  first  adverted  to  in  this  section, 
as  the  only  true  means  of  arriving  at  a satisfactory  result. 
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2653.  As  the  disi)OsItIon  of  one  arcade  upon  another  is,  under  certain  regulations,  subject 
to  the  same  laws  of  voids  and  solids  as  the  simple  arcade  of  one  story,  which  has  formed  the 
subject  of  a previous  section,  we  shall  no  furtlier  enter  into  the  rules  of  its  combination 
than  to  offer  a few  general  observations  on  the  matter  in  question  ; and  herein,  even  with 
the  reproach  of  a want  of  originality,  we  shall  draw  largely  on  our  much-quoted  author, 
Chambers,  whose  language  and  figures  we  are  about  to  use.  So  sound,  indeed,  is  the 
doctrine  of  Chambers  in  this  respect,  and  so  well  founded  on  what  has  been  done  by  those 
whom  we  consider  the  greatest  masters,  that  we  should  not  be  satisfied  without  transferring 
his  dicta  to  these  pages,  and  that  without  any  alteration. 

26’54.  “ The  best,”  says  Chambers,  “ and,  indeed,  the  only  good  disposition  for  two 
stories  of  arcades,  is  to  raise  the  inferior  order  on  a plinth,  and  the  superior  one  on  a 
pedestal,  as  Sangallo  has  done  at  the  Pallazzo  Farnese  ; making  both  the  ordonnances  of 
an  equal  height,  as  Palladio  has  done  at  the  Basilica  of  Vicenza.” 

2655.  “ Scamozzi,  in  the  thirteenth  chapter  of  his  sixth  book,  says  that  the  arches  in  the 
second  story  should  not  only  be  lower,  but  should  also  be  narrow'er,  than  those  in  the  first ; 
supporting  his  doctrine  by  several  specious  arguments,  and  by  the  practice,  as  he  says,  of  the 
ancient  architects  in  various  buildings  mentioned  by  him.  In  most  of  these,  however,  the 
superior  arches  are  so  far  from  being  narrower,  that  they  are  either  equal  to  or  wider  than 
the  inferior  ones.  In  fact,  his  doctrine  in  this  particular  is  very  erroneous,  entirely  con- 
trary to  reason,  and  productive  of  several  bad  consequences  ; for  if  the  upper  arches  be 
narrower  than  the  lower  ones,  the  piers  must  of  course  be  broader,  which  is  opposite  to 
all  rules  of  solidity  whatever,  and  exceedingly  unsightly.  The  extraordinary  breadth  of 
the  pier  on  each  side  of  the  columns  in  the  superior  order  is  likewise  a great  deformity ; 
even  when  the  arches  are  of  equal  widths  it  is  much  too  considerable.  Palladio  has,  in  the 
Cnrita  at  Venice,  and  at  the  Palazzo  Thiene  in  Vicenza,  made  his  upper  arches  wider  than 
the  lower  ones,  and  I have  not  hesitated  to  follow  his  example  ; as  by  that  means  the 
weight  of  the  solid  in  the  superior  order  is  somewhat  diminished,  the  fronts  of  the  upper 
piers  bear  a good  proportion  to  their  respective  columns,  and  likewise  to  the  rest  of  the 
composition.” 

2656.  “In  a second  story  of  arcades  there  is  no  avoiding  pedestals.  Palladio  has, 
indeed,  omitted  them  at  the  Carita,  but  his  arches  there  are  very  ill  proportioned.  'I’he 
extraordinary  bulk  and  projection  of  these  pedestals  are,  as  before  observed,  a considerable 
defect ; to  remedy  which  in  some  measure  they  have  been  frequently  employed  without 
bases,  as  in  the  theatre  of  Marcell  us,  on  the  outside  of  the  Palazzo  Thiene,  and  that  of  the 
Chiericato  in  Vicenza.  This,  however,  helps  the  matter  but  little  ; and  it  will  be  best  to 
make  them  always  with  bases  of  a moderate  projection,  observing  at  the  same  time  to 
reduce  the  projection  of  the  bases  of  the  columns  to  ten  minutes  only,  that  the  die  may  be 
no  larger  than  is  absolutely  necessary  ; and  in  this  case  particular  care  must  be  taken  not 
to  break  the  entablature  over  each  column  of  the  inferior  order,  because  the  false  bearing 
of  the  pedestal  in  the  second  order  will  by  so  doing  be  rendered  far  more  striking,  and  in 
reality  more  defective,  having  then  no  other  support  than  the  projecting  mouldings  of  the 
inferior  cornice.  There  is  no  occasion  to  raise  the  pedestals  of  the  second  order  on  a 
plinth,  for  as  they  come  very  forward  on  the  cornice  of  the  first  order,  and  as  the  point 
of  view  must  necessarily  be  distant,  a very  small  part  only  of  their  bases  will  be  hid  from 
the  eye.” 

2657.  “ I'he  balustrade  must  be  level  with  the  pedestals  supporting  the  columns;  its 
rail  or  cornice  and  base  must  be  of  equal  dimensions,  and  of  the  same  profile  with  theirs. 
It  should  be  contained  in  the  arch  and  set  as  far  back  as  possible,  that  the  form  of  the  arch 
may  appear  distinct  and  uninterrupted  from  top  to  bottom  ; for  which  reason,  likewise,  the 
cornice  of  the  pedestals  must  not  return  nor  profile  round  the  piers,  which  are  to  be  con- 
tained in  straight  perpendicular  lines  from  the  imposts  to  the  bases  of  the  pedestals.  The 
back  of  the  rail  may  either  be  made  plain  or  sunk  into  a panel  in  form  of  an  open  surbase, 
for  so  it  will  be  most  convenient  to  lean  upon,  and  it  should  be  in  a line  with  or  somewhat 
recessed  within  the  backs  of  the  piers.  The  back  part  of  the  balustrade  may  be  adorned 
with  the  same  mouldings  as  the  bases  of  the  piers,  provided  they  have  not  much  projec- 
tion ; but  if  that  should  be  considerable,  it  will  be  best  to  use  only  a plinth  crowned  with 
the  two  upper  mouldings,  that  so  the  approach  may  remain  the  more  free.” 

2658.  Ill  fig.  919.  is  a Doric  above  a Tuscan  arcade,  from  the  example  given  hy 
Chambers,  whereon,  before  giving  the  dimensions  of  the  different  parts,  we  shall  merely 
observe  of  it  that  the  voids  or  arcades  themselves  are  in  round  numbers  to  the  solids  as  295 
to  205,  being  vastly  greater.  We  are  inclined  to  think  that  the  voids  in  this  case  are  rather 
too  great  in  volume,  and  that,  had  they  been  reduced  to  one  half  their  height  exactly,  tlie 
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proportions  would  have  been  somewhat  more  pleasing.  It  is 
true  that  a trifling  irregularity  would  have  been  introduced 
into  the  triglyphs  of  the  upper  order,  or  rather  the  metopse 
between  them ; but  that  might  have  been  easily  provided  against 
by  a very  trifling  alteration  in  the  height  of  the  frieze  itself. 

This  fault  of  making  the  voids  too  large  iiervades  Chambers’s 
examples,  and  but  that  we  might  have  been  thought  too  pre- 
suming we  should  have  slightly  altered  the  proportions,  little 
being  requisite  to  bring  them  under  the  laws  which  we  have 
thought  to  be  founded  on  reason  and  analogy.  We  have  indeed 
tliroughout  this  work  refrained  from  giving  other  than  approved 
examples,  preferring  to  confine  ourselves  to  observations  on 
them  when  we  have  not  considered  them  faultless. 

2659.  In  the  figure  the  clear  width  of  the  lower  arcade  is 
7§,  and  its  height  Mi  modules.  The  width  of  each  pier  is  1 
module.  Of  the  upper  arcade  the  width  is  9;^,  and  the  height 
IH  *2.33  modules.  The  width  of  the  piers  is  module  each. 

The  height  of  the  plinth  of  the  lower  order  is  1,^  module,  that 
of  the  column,  including  base  and  capital,  14i  modules,  the 
entablature  3^.  The  height  of  the  pedestal  of  the  upper  order 
is  3'733  modules,  of  the  column  with  its  base  and  capital  16, 
and  of  the  entablature  3 '733  modules.  In  the  proportions 
between  the  voids  and  solids  above  taken  the  balustrade  is  not 
considered  as  a solid,  because,  in  fact,  it  is  nothing  more  than 
a railing  for  the  protection  of  those  using  the  upper  story. 

As  we  have  expressed  our  desire  to  give  the  examples  of  others 
rather  than  our  own,  we  feel  bound  to  recommend  the  student 
to  set  up  the  diagram  in  question,  with  the  simple  alteration  of  reducing  the  solids 
nearly  to  an  equality  with  the  voids,  which  may  be  done  with  sufficient  accuracy  by  as- 
signing to  the  lower  arcade  a module  less  in  width  than  Chambers  has  done  ; and  we 
venture  to  say  that  he  will  be  surprised  at  the  difference,  as  regards  grace  and  elegance, 
which  will  result  from  the  experiment.  It  is  to  be  understood  that  no  change  is  proposed 
in  the  other  dimensions  of  the  ordonnance,  the  width  of  piers,  orders,  entablatures,  all  re- 
maining untouched. 

2660.  In  fig.  920.  we  give  another  example  from  Chambers,  which,  in  our  opinion, 
requires  a rectification  to  bring  it  into  proper  form.  Herein  the  Ionic  is  used  above 
the  Doric  arcade,  and  the  voids  to  the  solids  are  as  3*33  to 
than  equal  to  them.  In  this,  as  in 
the  former  example,  w'e  should  have 
preferred  a greater  equality  between 
the  solids  and  voids,  though  in  that 
under  consideration  there  is  a nearer 
approximation  to  it. 

2661.  In  the  figure  the  clear  width 
of  the  lower  arch  is  81,  and  its  height 
16^  modules;  the  width  of  each  pier 
is  1 module.  Of  the  upper  arcade 
the  width  is  10.^,  and  the  height  20.1 
modules.  The  width  of  the  piers  is 
1 J module  each.  The  height  of  the 
plinth  of  the  lower  order  is  11  module 
that  of  the  column,  including  the  base 
and  capital,  1 6^  modules,  and  of  the 
entablature  4 modules.  The  height 
of  the  pedestal  of  the  upper  order  4 
modules,  of  the  column,  including 
base  and  capital,  18  modules,  and  of 
the  entablature  4,  and  of  the  balus- 
trade above  it  3l. 

2662.  The  dimensions  of  the  Ionic 
and  Corinthian  arcades  in  fig.  921. 
are  as  follow  : — Clear  width  of 
lower  arch  9 modules,  its  height  18| 
modules.  The  width  of  each  pier  is 
1 module.  Of  the  upper  arcade  the 
width  of  an  arch  I5§  modules,  and  its 
height  23  modules.  The  width  of 
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'J'he  liel<;lit  of  the  plinth  to  the  lower  order  is  1|  module; 
of  the  column,  including  base  and  ca])ital,  18  modules;  the 
entablature  4.t  modules.  I'he  pedestal  of  the  upper  order 
is  41  modules  high;  column,  including  base  and  capital,  20 
modules;  entablature  41  modules;  and,  lastly,  the  balus- 
trade is  modules  in  height. 

2663.  Fig.  922.  is  an  arrangement  adopted  by  Palladio 
in  his  basilica  at  Vicenza,  being  tlie  dimensions,  or  nearly, 
of  the  arcades  on  the  flanks.  The  intermediate  ones  are 
much  wider.  In  the  basilica,  however,  the  entablature 
breaks  round  the  columns  of  the  orders.  The  width 
between  the  axes  of  the  columns  of  the  lower  order  is  15 
of  their  modules.  The  arch  is  15  modules  high  and  7^ 
wide.  The  order  wherefrom  the  arch  springs  is  105  modules 
high;  from  axis  to  axis  of  the  small  columns  in  the  lower 
arcade  is  9 modules.  The  height  of  the  plinth  is  li  module, 
of  the  principal  columns,  including  bases  and  plinths,  16J 
modules,  and  of  their  entablature  4 modules.  In  the  upper 
arcade  the  distance  between  the  axes  of  the  principal 
columns  is  1 8 of  their  modules.  Their  pedestals  are  4 
modules  high,  the  columns,  including  bases  and  capitals,  1 8 
modules,  and  entablature  4 modules  high.  The  width  of  the 
arch  is  9f  modules,  and  its  height  20|  modules.  The  height 
of  the  small  columns  is  1 1-733  modules  high,  including 
their  entablature. 

2664.  The  use  of  arcades  above  arcades  seems  from  its 

nature  almost  confined  to  public  buildings,  as  among  the 
ancients  to  their  theatres  and  amphitheatres.  In  the  in-  Fir.  922. 

terior  quadrangles  or  courts  of  palaces  they  have  been  much  employed  on  the  Continent, 
and  in  the  magnificent  design  made  by  Inigo  Jones  for  the  palace  at  AVhitehall  are  to 
be  found  some  very  fine  examples. 


SrxT.  XIII. 

BASK.-VIENTS  AND  ATTICS. 

2665.  When  the  order  used  for  decorating  the  facade  of  a building  is  jilaced  in  the  middle 
v»r  second  story,  it  is  seated  on  a story  called  the  basement.  The  proportion  of  its  height  to 
the  rest  must  in  a great  measure  depend  on  the  use  to  which  its  apartments  are  to  be 
appropriated.  “ In  Italy,”  observes  Chambers,  “ where  their  summer  habitations  are  very 
frequently  on  that  floor,  the  basements  are  sometimes  very  high.  At  the  palace  of  Porti, 
in  Vicenza,  the  height  is  equal  to  that  of  the  order  placed  thereupon ; and  at  the  Thiene, 
in  the  same  city,  its  height  exceeds  two  thirds  of  that  of  the  order,  although  it  be  almost 
of  a sufficient  elevation  to  contain  two  stories;  but  at  the  Villa  Capra,  and  at  the  Loco 
•\rsieri,  both  near  Vicenza,  the  basement  is  only  half  the  height  of  the  order  ; because  in 
both  these  the  ground  floor  consists  of  nothing  but  offices.”  It  may  hence  be  gathered  that 
no  absolute  law  can  be  laid  down  in  reference  to  the  height  of  a basement  story.  Yet  we  may- 
state,  generally,  that  a basement  should  not  be  higher  than  the  order  it  is  to  support,  for  it 
would  in  that  case  detract  from  the  principal  part  of  the  composition,  and,  in  fact,  would  be 
likely  to  interfere  with  it.  Besides  which,  the  principal  staircase  then  requires  so  many  steps 
that  space  is  wasted  for  their  reception.  “ Neither,”  says  Chambers,  “ should  a basement 
lie  lower  than  half  the  height  of  the  order,  if  it  is  to  contain  apartments,  and  consequently 
have  windows  and  entrances  into  it ; for  whenever  that  is  the  case  the  rooms  will  be  low, 
the  windows  and  doors  very  ill  formed,  or  not  proportional  to  the  rest  of  the  composition, 
as  is  observable  at  Holkham:  but  if  the  only  use  of  the  basement  be  to  raise  the  ground 
lloor,  it  need  not  exceed  three,  four,  or  at  the  most  five  or  six  feet  in  height,  and  be  in  the 
form  of  a continued  pedestal.” 

2666.  Basement  stories  are  decorated  generally  with  rustic  work  of  such  various  kinds, 
that  we  fear  it  would  be  here  impossible  to  describe  or  represent  their  varieties.  Many 
are  capriciously  rock-worked  on  their  surface,  others  are  plain,  that  is,  with  a smooth  sur- 
face. The  height  of  each  course,  including  the  joints,  should  on  no  account  be  less  than 
one  module  of  the  order  which  the  basement  supports  ; their  length  may  be  from  once  and 
a half  to  thrice  their  height.  As  respects  the  joints,  these  may  be  square  or  chamfered 
oir.  When  square  joints  are  used,  they  should  not  be  wider  than  one  eighth  part  gf  the 
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heif^ht  of  the  rustic  Itself,  nor  narrower  than  one-tenth,  their  depth  not  exceeding  their 
width.  When  tlie  joints  are  chamfered,  the  chamfer  should  he  at  an  angle  of  fortv-fne 
degrees,  and  the  whole  width  of  the  joint  from  one  third  to  one  fourth  of  the  hei'^ht  o'f  the 
rustic.  ® 

2667.  The  courses  arc  sometimes  (often  on  the  Continent)  laid  without  showing  vertical 
joints  ; hut,  as  Chambers  says,  this  “ has  in  general  a bad  appearance,  and  strikes”as  if  the 
building  were  composed  of  boards  rather  than  of  stone.  Palladio’s  method  seems  far  pre- 
ferable, who,  in  imitation  of  the  ancients,  always  marked  both  the  vertical  and  the  hori- 
zontal joints  ; and  whenever  the  former  of  these  are  regularly  and  artfully  disposed,  the 
rustic  work  has  a very  beautiful  appearance.”  We  shall  presently  make  a few  remarks  on 
the  subject  of  rustics;  but  here,  to  continue  and  finish  that  more  immediately  under  con- 
sideration, have  to  add,  that  when  a high  basement  is  used,  it  is  not  uncommon  to  crown  it 
with  a cornice,  as  may  be  seen  in/.9.  909.  ; but  the  more  common  practice  is  to  use  a plat- 
band only  (as  mjig.  91 1.),  whose  height  should  not  be  greater  than  that  of  a rustic  exclu- 
sive of  the  joint.  Of  a similar  height  should  be  made  the  zoccolo  or  plinth  ; but  this  mav, 
and  ought,  perhaps,  to  be  somewhat  higher.  When  arches  occur  in  basements,  the  plat- 
band, which  serves  for  the  impost,  should  be  as  high  as  a course  of  rustics,  exclusive  of  tlie 
joint ; and  if  the  basement  be  finished  with  a cornice,  such  basement  should  have  a regularly 
moulded  base  at  its  foot ; the  former  to  be  about  one  thirteenth  of  the  whole  hei'dit  of  the 
basement,  and  the  base  about  one  eighteenth,  without  the  plinth. 

2668.  The  Attic  — which  is  used  instead  of  a second  order  where  limits  are  prescribed 
to  the  height  of  a building,  examples  whereof  may  be  seen  at  Greenwich  Hospital,  and  in 
the  Valmarano  palace,  by  the  great  Palladio,  at  Vicenza — should  not  exceed  in  height 
one-third  of  the  order  whereon  they  are  placed,  neither  ought  they  to  be  less  than  one 
quarter.  Bearing  some  resemblance  to  a pedestal,  the  base,  die,  and  cornice  whereof  they 
are  composed  may  be  proportioned  much  in  the  same  way  as  the  respective  divisions  of 
their  prototypes.  They  are  sometimes  continued  without,  and  sometimes  with,  breaks 
over  the  column  or  pilaster  of  the  order  which  they  crown.  If  they  are  formed  with 
pilasters,  such  ought  to  be  of  the  same  width  as  the  upper  diameter  of  the  order  under 
them,  never  more.  In  projection  they  should  be  one  quarter  of  their  width  at  most. 
They  may  be  decorated  with  sunk  moulded  panels  if  necessary  ; but  this  is  a practice 
rather  to  be  avoided,  as  is  most  especially  that  of  using  capitals  to  them  — a practice  much 
in  vogue  in  France  under  Louis  XV. 

2669.  We  now  return  to  the  subject  of  the  rock-worked  rustic,  whereof,  above,  s(*me 
notice  was  promised.  The  practice,  though  occasionally  used  by  the  Romans,  seems  to  have 
had  its  chief  origin  in  Florence,  where,  as  we  have  in  a former  Book  (329.)  observed,  each 
palace  resembled  rather  a fortification  than  a private  dwelling.  Here  it  was  used  to  excess  ; 
and  if  variety  in  the  practice  is  the  desire  of  the  student,  the  buildings  of  that  city  will 
furnish  him  with  an  almost  infinite  number  of  examples.  The  introduction  of  it  gives  a 
boldness  and  an  expression  of  solidity  to  the  rustics  of  a basement  which  no  other 
means  afford.  In  the  other  parts  of  Italy  it  was  sparingly  applied,  but  with  more 
taste.  Vignola  and  Palladio  seem  to  have  treated  it  as  an  accident  productive  of  great 
variety  rather  than  as  a means  of  decoration.  The  last-named  architect  has  in  the  Palazzo 
Thiene  carried  it  to  the  utmost  extent  whereof  it  is  susceptible.  Yet,  with  this  extreme 
extent  of  application,  the  design  falls  from  his  hands  full  of  grace  and  feeling.  To  imitate 
it  would  be  a dangerous  experiment.  De  Brosse  failed  at  tlie  Luxembourg,  and  produced 
an  example  of  clumsiness  which  in  the  Palazzo  Pitti  does  not  strike  the  spectator. 

2670.  Rustics  and  rockwork  on  columns  are  rarely  justifiable  except  for  the  purpose  of 
some  particular  picturesque  effect  which  demands  their  prominence  in  the  scene,  or  street 
view,  as  in  the  gateway  at  Burlington  House  in  Piccadilly, — of  which  a good  view,  with 
the  house  itself,  is  to  be  seen  in  the  “ Builder”  for  1854,  p.  559.  It  was  pulled  down 
about  1867. 


Sect.  XIV. 

ri  CASTERS. 

2671.  Pilasters,  or  square  columns,  were  by  the  Romans  termed  ant<£,  by  the  Greeks 
parastaicB.  This  last  word  implies  the  placing  one  object  standing  against  another,  a suffi- 
ciently good  definition  of  the  word,  inasmuch  as  in  ninety-nine  cases  out  of  a hundred  they 
are  engaged  in  or  backed  against  a wall,  or,  in  other  words,  arc  portions  of  square  columns 

projecting  from  a wall.  , j.  j / 

2672.  It  is  usual  to  call  a square  column,  when  altogether  disengaged  from  tlie  wall, 
a pillar  or  pier ; and  we  are  inclined  to  think,  notwithstanding  the  alleged  type  of  trees, 
that  the  primitive  supports  of  stene  buildings  were  quite  as  likely  to  have  been  square 
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as  round,  and  that  the  inconvenience  attendant  upon  square  angles  uiay  have  led  the 
earliest  builders  to  round  ott'  the  corners,  and  gradually  to  bring  them  to  a circular  plan. 
Isolated  pillars  are  rarely  found  among  the  examples  left  us  by  the  ancients;  the  little 
temple  at  Trevi  furnishes,  indeed,  an  example,  but  not  of  the  best  period  of  the  art.  7'he 
principal  points  to  be  attended  to  in  their  use  are  their  projection,  diminution,  the  mode 
of  uniting  the  entablature  over  them  with  that  of  their  columns,  and  their  flutings  and 
capitals. 

2673.  In  respect  of  the  projection  of  pilasters,  Perrault  says  they  should  project  one  half, 
and  not  exceed  that  by  more  than  a sixth,  as  in  the  frontispiece  of  Nero,  unless  circumstances 
require  a different  projection.  The  pilasters  of  the  Pantheon  project  only  a tenth  part  of  their 
width  ; and  sometimes,  as  in  the  forum  of  Nerva,  they  are  only  a fourteenth  part.  But  when 
pilasters  are  to  receive  the  imposts  of  arches  against  their  sides,  they  are  made  to  project  a 
fourth  part  of  their  diameter;  and  this  is  a convenient  proportion,  because  in  the  Corinthian 
order  the  capital  is  not  so  much  disfigured.  Hence,  when  pilasters  are  made  to  form  re-en- 
tering angles,  they  should  project  more  than  half  their  diameter.  Many  and  various  opinions 
have  been  formed  on  the  propriety  of  diminishing  pilasters.  Perrault,  with  whom  we  incline 
to  agree,  thinks  that  when  one  face  only  projects,  pilasters  should  not  be  diminished. 
Those  at  the  flanks  of  the  portico  of  the  Pantheon  are  without  diminution.  But  when 
pilasters  are  on  the  same  line  as  columns,  we  want  to  lay  the  entablature  from  one  to  the 
other  without  any  projection,  in  which  case  the  pilaster  must  be  diminished  in  the  same 
degree  as  the  column  itself,  speaking  of  the  front  face,  leaving  the  sides  undiminished,  as  in 
the  temple  of  Antoninus  and  Faustina.  When  the  ])ilaster  has  two  of  its  faces  projecting 
from  the  wall,  being  on  the  angle,  and  one  of  those  faces  answers  to  a column,  such  face  is 
diminished  similarly  to  the  column,  as  in  the  portico  of  Septimius,  where  the  face  not  cor- 
responding to  the  column  receives  no  diminution.  There  are,  however,  ancient  examples 
where  no  diminution  is  practised,  as  in  the  interior  of  the  Pantheon,  where  it  is  so  small  as 
not  to  be  very  apparent,  being  much  less  than  that  of  the  column,  as  is  also  the  case  in  the 
temple  of  Mars  Ultor,  and  in  the  arch  of  Constantine.  In  these  cases,  the  custom  of  the 
ancients  is  sometimes  to  ))lace  the  architrave  plumb  over  the  column,  which  brings  it 
within  the  line  of  the  pilaster.  This  may  be  seen  in  the  temple  of  Mars  Ultor,  in  the 
interior  of  the  Pantheon,  and  in  the  portico  of  Septimius.  Sometimes  this  excess  is  divided 
into  two  parts,  one  whereof  goes  to  the  excess  of  projection  of  the  architrave  above  the 
column,  and  the  other  half  to  the  deficiency  of  extent  above  the  pilaste»*,  as  in  the  forum  of 
Nerva.  The  whole  matter  is  a problem  of  difficult  solution,  which  Chambers  has  avoided, 
but  which,  with  reference  to  the  examples  we  have  cited,  will  not  be  attended  with  diffi- 
culty to  the  student  in  his  practice. 

2674.  We  have  above  seen  that  pilasters,  when  used  with  columns,  are  subject  to  the 
form  and  conditions  of  the  latter.  As  to  their  flutings  we  are  left  more  at  liberty.  In 
the  j)ortico  of  the  Pantheon  we  find  the  pilasters  fluted  and  the  columns  plain.  This, 
liowever,  may  have  been  caused  by  the  difficulty  of  fluting  the  latter,  which  are  of 
granite,  whilst  the  pilasters  are  of  marble.  On  the  other  hand,  we  sometimes  find  the 
columns  fluted  and  the  pilasters  plain,  as  in  the  temple  of  Mars  Ultor,  and  the  portico  of 
.Septimius  Severus.  Generally,  too,  it  may  be  observed  that  when  pilasters  project  less  than 
half  their  diameter,  their  return  faces  are  not  fluted.  In  respect  of  the  number  of  the  flutes, 
if  tile  examples  of  the  ancients  were  any  guide,  there  could  have  been  no  fixed  rule,  for  in 
the  portico  of  the  Pantheon,  the  arch  of  Septimius  Severus,  and  that  of  Constantine,  seven 
flutes  only  are  cut  on  the  pilasters,  whilst  the  flutes  of  the  pilasters  in  the  interior  of  the 
Pantheon  are  nine  in  number.  This,  however,  is  to  be  observed,  that  the  flutes  must 
always  be  of  an  odd  number,  except  in  re-entering  pilasters,  wherein  four  are  placed  instead 
uf  three  and  a half,  and  five  instead  of  four  and  a half,  when  the  whole  pilaster  would  have 
nine.  This  is  done  to  prevent  the  ill  effect  which  would  be  producpd  in  the  capital  by  the 
bad  falling  of  the  leaves  over  the  flutes. 

2675.  We  shall  hereafter  give  from  Chambers  some  representations  of  pilaster  capitals, 
which,  except  as  regards  their  width,  resemble  those  of  the  order  they  accompany.  The 
practice  of  the  ancients  in  this  respect  was  very  varied,  .\mong  the  Greeks  the  form  of  the, 
pilaster  capital  was  altogether  different  from  that  of  the  column,  seeming  to  have  no 
relationslrip  to  it  whatever;  but  on  this  point  the  student  must  consult  the  works  on  Gre- 
cian antiquities,  an  example  whereof  will  be  found  in  Jio.  883. 

2676.  A pilaster  may  be  supposed  to  represent  a column  and  to  take  its  place  under 
many  circumstances;  and,  notwithstanding  all  that  was  said  on  tlie  subject  by  the  Abbe 
Eaugier,  many  years  ago,  against  the  employment  of  pilasters  altogether,  we  are  decidedly 
of  opinion  that  they  are  often  useful  and  important  accessories  in  a building.  It  would  be 
difficult  to  enumerate  every  situation  wherein  it  is  expedient  to  u.se  pilasters  rather  than 
insulated  or  engaged  column.s.  In  internal  apartments,  where  the  space  is  restricted,  a co- 
lumn appears  heavy  and  occupies  too  much  room.  The  materials,  morever,  which  can  be 
obtained,  often  restrict  the  architect  to  the  u.se  of  pilasters,  over  which  the  projections  of 
the  entablature  are  not  so  great  ; indeed,  as  tlie  author  in  the  Enci/clopedie  Methodirjue  ob- 
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•SCM-VCS,  a pilaster  may  be  consuleied  as  a eoluiuii  In  bas-relief,  and  is  thus,  from  the 
diminished  (jnantity  of  labour  and  material  in  it,  simpler  and  more  economical  in  appli- 
cation. That  in  houses  and  jjalaees  of  the  second  class  tlie  decoration  by  i)ilasters  is  of 
great  service  may  be  amply  shown  by  reference  to  the  works  of  Hramante,  San  (Jallo. 
Palladio,  and  the  other  great  masters  of  Italy,  no  less  than  in  this  country  to  those  of 
.lones.  Wren,  and  Vanbrugh. 

2611.  In  profiling  the  capitals  of  Tuscan  and  Doric  pilasters  there  can  of  course  arise 
no  difficulty  ; they  follow  the  jirofiles  of  those  over  the  columns  themselves.  In  the  capitals, 
however,  of  the  other  orders,  some  difficulties  occur  : these  are  thus  noticed  hy  Chambers. 
“ In  the  antique  Ionic  capital,  the  extraordinary  projection  of  the  ovolo  makes  it  necessary 
either  to  bend  it  inwards  considerably  towards  the  extremities,  that  it  may  pass  behind  the 
volutes,  or,  instead  of  keeping  the  volutes  flat  in  front,  as  they  commonly  are  in  the  an- 
ticjue,  to  twist  them  outwards  till  they  give  room  for  the  passage  of  the  ovolo.  Le  Clerc  ” 
( Tmlte  d' Architecture')  “ thinks  the  latter  of  these  expedients  the  best,  and  that  the 
artifice  may  not  be  too  striking,  the  projection  of  the  ovolo  may  be  considerably  diminished, 
as  in  the  annexed  design  ” (./?//.  92S.  ),  “ which,  as 
the  moulding  can  be  seen  in  front  only,  will 
occasion  no  disagreeable  effect.” 

2578.  “ The  same  difficulty  subsists  with  re- 
gard to  the  passage  of  the  ovolo  behind  the  an- 
gular Ionic  volutes.  Le  Clerc  therefore  advises 
to  open  or  spread  the  volutes  sufficiently  to  leave 
room  for  the  ovolo  to  pass  behind  them,  as  in 
the  design  ” (Jin.  924.)“  annexed;  which  may 
be  easily  done,  if  the  projection  of  the  ovolo  is 
diminished.  Inigo  Jones  has  in  the  Banqueting 
House  made  the  two  sides  of  the  volutes  parallel 
to  each  other,  according  to  Scamozzi’s  manner, 
and  at  the  same  time  has  continued  the  ovolo 
in  a straight  line  under  them,  so  that  the  volutes 
have  an  enormous  projection  ; which,  added  to 
the  other  faults  of  these  capitals,  renders  the 
whole  composition  unusually  defective  and  ex- 
ceedingly ugly.” 

2679.  “ What  has  been  said  with  regard  to  the  passage  of  the  ovolo  behind  the  volutes 
in  the  Ionic  order  is  likewise  to  be  remembered  in  the  Conq)oslte  ; and  in  the  Corin- 
thian the  lip  or  edge  of  the  vase  or  basket  may  be  bent  a little  inwards  toxvards  its  ex- 
tremities, by  which  means  it  xvill  easily  pass 
behind  the  volutes.  The  leaves  in  the  Corin- 
thian and  Composite  capitals  must  not  project 
beyond  the  top  of  the  shaft,  as  they  do  at  San 
Carlo  in  the  Corso  at  Home,  and  at  the  Ban- 
queting House,  Whitehall ; but  the  diameter  of 
the  capital  must  be  exactly  the  same  as  that  of 
the  top  of  the  shaft.  And  to  make  out  the 
thickness  of  the  small  bottom  leaves,  their  edges 
may  be  bent  a trifle  outwards,  and  the  large 
angular  leaves  may  be  directed  inwards  in  their 
approach  towards  them,  as  in  the  annexed  de- 
sign  ” {fig.  925.),  “ and  as  they  are  executed  in 
the  church  of  the  Roman  college  at  Rome. 

When  the  small  leaves  have  a considerable 
thickness,  though  the  diameter  of  the  capital  is 
exactly  the  same  as  that  of  the  shaft,  in  each 
front  of  the  Composite  or  Corinthian  pilaster 
capital,  there  must  be  two  small  leaves  with 
one  entire  and  two  half  large  ones.  They  must 
be  either  of  olive,  acanthus,  parsley,  or  laurel, 
massed,  divided,  and  wrought,  in  the  same 
manner  as  those  of  the  columns  arc,  the  only 
difference  being  that  they  will  be  somewhat  broader.” 

2680.  It  is  desirable  to  avoid  the  use  of  pilasters  at  inward  angles  penetrating  each 
other,  because  of  the  irregularity  such  practice  produces  in  the  entablatures  and  capitals. 
One  break  is  quite  as  much  as  should  be  ever  tolerated,  thougli  in  many  of  the  churches  in 
Rome  they  are  multiplied  with  great  profusion  of  mutilated  capitals  and  entablatures ; 
“ than  which,”  observes  Cliambers,  “ nothing  can  be  more  confused  or  disagreeable.” 
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2681.  Neither  should  columns  be  allowed  to  penetrate  each  other,  as  they  do  in  the 
court  of  the  Louvre,  inasmuch  as  the  same  irregularity  is  induced  by  it  as  we  have  above 
.noticed  in  the  case  of  pilasters. 


Sect.  XV. 

CAKYATIDES  AND  TEKMANS. 

S682.  I'he  origin  of  caryatides  we  have  in  the  First  Book  (1 65,  etseq.')  so  far  as  regarus 
our  own  opinions,  explained,  and  in  that  respect  we  shall  not  trouble  the  reader.  Our  object 
in  this  section  is  merely  to  offer  some  observations  on  the  use  of  them  in  modern  practice. 
The  figures  denominated  Persians,  Atlantes,  and  the  like,  are  in  the  same  category,  and  we 
shall  not  therefore  stop  to  inquire  into  their  respective  merits  ; indeed,  that  has  already  been 
sufficiently  done  in  the  book  above  alluded  to.  The  writer  of  the  article  in  the  En- 
cuclopedie  Mdhodique  has,  we  think,  thrown  away  a vast  deal  of  elegant  writing  on  the  sub- 
ject of  caryatides ; and  using,  as  we  have  done,  to  some  extent,  that  extraordinary  work, 
we  think  it  necessary  to  say  that  we  cannot  recommend  anything  belonging  to  that  article 
to  the  notice  of  the  reader,  except  what  is  contained  in  the  latter  part  of  it,  and  with  that 
we  do  not  altogether  agree. 

2683.  The  object,  or  apparent  object,  in  the  use  of  caryatides  is  for  the  purpose  of  support. 
There  is  no  case  in  which  this  cannot  be  better  accomplished  by  a solid  support,  such  as  a 
column,  the  use  of  the  attic  order,  or  some  other  equivalent  means.  But  the  variety  in 
quest  of  which  the  eye  is  always  in  search,  and  the  picturesque  effect  which  may  be  in- 
duced by  the  employment  of  caryatides,  leads  often  to  their  necessary  employment.  The 
plain  truth  is,  that  they  are  admissible  only  as  objects  necessary  for  an  extreme  degree  of 
decoration,  and  otherwise  employed  are  not  to  be  tolerated.  There  can,  as  we  imagine, 
be  no  doubt  that  the  most  successful  application  of  these  figures  as  supports  was  by  Jean 
Gougeon  in  the  Louvre;  as  was  the  most  unfortunate  in  the  use  of  them  in  a church 
in  the  New  Road,  which  at  the  time  of  its  erection  was  much  lauded,  but  which  we  hope 
will  never  be  imitated  by  any  British  architect. 

2684.  As  to  the  use  of  what  are  called  Persians  or  male  figures,  originally  in  Persian 
di esses,  to  designate,  as  Vitruvius  tells  us,  the  victory  over  their  country  by  the  Greeks,  the 
observations  above  made  equally  apply,  and  in  the  present  day  their  application  will  not 
bear  a moment’s  suspense  in  consideration. 

2685.  We  have  been  much  amused  with  the  gravity  wherewith  Sir  William  Chambers, 
n jt  with  his  usual  sound  sense,  treats  the  claims  of  the  personages  whose  merits  we  are  dis- 
cussing : he  says,  “ Male  figures  may  be  introduced  with  propriety  in  arsenals  or  galleries  of 
armour,  in  guard-rooms  and  other  military  places,  where  they  should  represent  the  figures 
of  captives,  or  else  of  martial  virtues ; such  as  strength,  valour,  wisdom,  prudence,  fortitude, 
and  the  like.”  He  writes  more  like  himself  when  he  says,  “ There  are  few  nobler  thoughts 
in  the  remains  of  antiquity  than  Inigo  Jones’s  court  ” (in  the  design  for  the  great  palace  at 
Whitehall),  “ the  effect  of  which,  if  properly  executed,  would  have  been  surprising  and 
great  in  the  highest  degree.”  (See  Jig.  207.) 

2686.  What  is  called  a terminus,  which  is,  in  fact,  nothing  more  than  a portion  of  an 
inverted  obelisk,  we  shall  not  observe  upon  further  than  to  say  that  it  is  a form,  as  applied 
to  architecture,  held  in  abhorrence.  For  the  purpose,  when  detached  and  isolated,  of  sup- 
porting busts  in  gardens,  it  may  perhaps  be  occasionally  tolerated : further  we  have  no- 
tHng  to  say  in  its  favour.  Those  who  seek  for  additional  instruction  on  what  are  called 
termini,  may  find  some  account  of  them,  as  the  boundary  posts  of  land  among  the  Romans, 
in  books  relating  to  the  antiquities  of  that  people. 

2687.  We  shall  now  proceed  to  submit  some  examples  of  caryatides  for  the  use  of  those 
whose  designs  require  their  employment.  Fig.  926.  is  from  a model  of  Michael  Angelo 
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Biionnrotti,  and  is  extracted  from  tlie  Trcatine  on  Civil  ArvhiUctinC,  by  Sir  William 
riiambcrs,  as  are  the  succeeding  examples. 

‘2fi88.  l'i(js.  927.  and  928.  are  also  designs  by  Michael  Angelo,  which,  though  not 
fiesigned  for  a building,  are  well  adapted  for  the  purpose  under  certain  conditions. 

2689.  Fig.  929.  is  the  design  of  Andrea  Biffi,  a sculptor  of  Milan,  in  the  cathedral  of 
which  city  it  is  one  of  the  figures  surrounding  tlie  choir.  The  statue  possesses  nuicn  grace, 
and  was  admirably  suited  to  the  edifice  wherein  it  was  employed. 

2690.  Fig.  930.  comes  from  Holland,  having  been  executed  by  Artus  (iueUinus  in  the 
j-udgment-hall  of  the  Stadthouse  at  Amsterdam. 


Fig.  S30.  Fig.  9.31.  t ig.  93‘4  Fig.  933.  Fig.  934. 

2691.  Fig.  931.  is  by  Michael  Angelo,  and  is  at  the  Villa  Ludovisi  at  Rome. 

2692.  Fig.  932.  is  from  the  design  by  the  last-named  master  for  the  monument  of  Pope 
Julius,  whereof  we  have  had  occasion  already  to  make  mention  in  the  First  Book  of  this 
work.  (335.) 

2693.  Fig.  933.  is  a representation  of  one  of  the  celebrated  caryatides  by  Jean  Gougeon 
in  the  Swiss  guard-room  of  the  old  Louvre  at  Paris,  and  does  not  deserve  less  admira- 
tion than  it  has  received.  The  scale  on  which  this  and  the  preceding  figures  are  given 
does  not  admit  of  so  good  a representation  as  we  could  wish. 

2694.  Fig.  934.  is  from  the  arch  of  the  goldsmiths  at  Rome,  being  thereon  in  basso 
rilievo,  but  considered  by  Chambers  as  well  as  ourselves  a suitable  hi  it  for  carrying  out 
the  purpose  of  this  section. 


Sect.  XVI. 

B.\I.USTKA1)F.S  AND  BALUSTEKS. 

2695.  A baluster  is  a species  of  column  used  as  an  ornamental  railing  in  front  of 
windows,  or  in  arcades,  or  on  the  summit  of  a building,  whose  professed  object  is  the 
protection  of  its  inhabitants  from  accidents : analogously,  too,  it  consists  of  a capital,  shaft 
and  base. 

2696.  The  baluster  is  not  found  in  the  works  of  the  ancients,  and  we  believe  it  owed 
its  introduction  in  architecture  to  the  restorers  of  the  arts  in  Italy,  in  which  country  a vast 
variety  of  examples  are  to  be  found.  They  made  their  first  appearance  in  the  form  of 
stunted  columns,  not  unfrequently  surmounted  by  a clumsily-shaped  Ionic  capital.  The 
term  is  said  to  have  had  its  rise  (with  what  truth  we  cannot  pronounce)  from  the  Latin 
balaustium,  or  the  Greek  (SaXavorriov,  the  flower  of  the  wild  pomegranate,  to  which  in  form 
the  architectural  baluster  is  said  by  some  to  bear  a resemblance.  The  writer  in  tne 
Encyclopedie  Methodique  has  taken  the  opportunity,  in  the  article  “ Balustre,”  of  launching  his 
anathema  against  the  use  of  it,  but  we  by  no  means  agree  with  him ; and  instead  of  calling 
it,  as  he  does,  “ U7ie  invention  mesqume,"  we  incline  to  think  that  it  was  almost  the  only 
invention  of  the  modern  architects  that  deserves  our  admiration.  It  is  true  that  the  form 
has  been  abused  in  every  possible  shape ; but  we  are  not,  in  art  more  than  m morals,  to 
arrive  at  the  conclusion  that  anything  is  bad  because  it  has  been  abused  and  misapplied. 
Such,  then,  being  the  case,  3ve  shall  proceed  in  a serious  vein  to  consider  its  proportions, 
founded  on  the  best  examples  that  have  come  to  our  hands.  We  must  first  premise  with 
J.  F.  Blondel,  that  balusters  and  balustrades,  which  last  are  a series  of  the  first,  should  in 
form  and  arrangement  partake  of  the  character  of  the  edifice.  They  have  even  been  in 
their  species  so  subdivided  as  to  be  arranged  under  as  many  classifications  as  the  orders 
themselves,  a distinct  sort  having  been  assigned  for  employment  with  each  order.  VV’^e  are 
not  quite  certain  that  such  an  arrangement  is  necessary,  but  are  rather  inclined  to  think  it 
fanciful ; though  we  are  quite  willing  to  allow  that  Avhere  the  lighter  orders  are  employed. 
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the  balustrades  to  be  used  over  them  are  susceptible  of  a more  minute  and  lighter  sub- 
division of  their  parts. 

2697.  The  general  rules  to  be  observed  in  the  use  of  the  balustrade  are,  that  its  balusters 
be  of  an  odd  number,  and  that  the  distance  between  them  should  be  equal  to  half  their 
larger  diameter,  from  wduch  will  result  an  equality  between  the  open  and  solid  spaces.  Blon- 
del  disapproves  of  a half  baluster  on  the  flanks  of  a subdivision  of  a balustrade:  in  this  we 
dissent  from  him,  and  would  always  recommend  its  adoption  if  possible.  In  respect  of  the 
detailed  proportions  of  the  balusters  themselves,  we  are  to  recollect  that  the  subdivisions 
are  of  the  capital,  the  shaft  or  vase  of  the  baluster,  and  its  base.  For  proportioning  these 
to  one  another.  Chambers  (and  we  think  the  proportions  he  uses  not  inelegant)  divides  the 
whole  given  height  into  thirteen  equal  parts,  whereof  the  height  of  the  baluster  is  eight, 
that  of  the  base  three,  and  of  the  cornice  or  rail  two.  If  the  baluster  is  required  to  be  lesa, 
he  divides  the  height  into  fourteen  parts,  giving  eight  to  the  baluster,  four  to  the  base,  and 
two  to  the  rail.  He  calls  one  of  these  parts  a module  for  the  measurement  of  the  rest,  and 
that  measure  we  think  convenient  for  adoption  in  this  work.  The  module  he  divides  into 
nine  parts. 

2698.  Balusters  intended  for  real  use  in  a building,  as  those  employed  on  steps  or  stairs, 
or  before  windows,  or  to  enclose  terraces,  should  not  he  less  than  three  feet  in  height,  nor 
more  than  three  feet  six  inches  ; that  is,  sufficiently  high  to  give  security  to  the  persons  using 
them : but  when  merely  used  as  ornamental  appendages,  as  in  crowning  a building,  they 
should  bear  some  proportion  to  the  parts  of  the  building.  Chambers  says  that  their  height 
never  ought  to  exceed  four  fifths  of  the  height  of  the  entablature  on  which  they  are  placed, 
nor  should  it  ever  be  less  than  two  thirds,  without  counting  the  zoccolo  or  plinth,  the  height 
of  which  must  be  sufficient  to  leave  the  whole  balustrade  exposed  to  view  from  the  best  point 
of  sight  for  viewing  the  building.  We  can  scarcely  admit  these  rules  to  pass  without  noting 
the  examples  in  Palladio’s  works,  which  give  a much  greater  latitude  for  variety.  When 
balusters  fill  in  between  the  pedestals,  as  in  the  facade  of  the  Palace  Chiericato  at  Vicenza, 
the  balustrade’s  height  is  of  course  regulated  by  that  of  the  pedestal  itself ; but  in  the 
court  of  the  Porti  palace  the  crowning  balustrade  is  not  higher  than  the  cornice  of  the 
entablature  on  which  it  stands.  The  same  proportion  is  observed  in  the  atrium  of  the 
Carita  at  Venice.  In  the  Valmarana  palace  the  height  of  the  balustrade  is  equal  to  that 
of  the  entablature  of  the  small  order.  It  is  true  that  in  a few  instances  this  master  made 
the  height  of  the  balustrade  equal  to  that  of  the  whole  entablature,  and  Inigo  Jones  has  in 
some  instances  followed  his  example ; but  this  was  not  the  general  practice  either  of  the 
one  or  the  other. 

2699.  We  have  already  said  that  the  baluster  generally  varies  in  form,  so  as  to  be 
appropriate  to  the  order  over  which  it  is  used.  It  is  moreover  to  be  observed  that  the 
baluster  is  susceptible  of  a pleasing  variety  of  its  form  by  making  it  square  instead  of  cir- 
cular on  the  plan,  whereof  examples  are  given  in  Jigs.  938,  939,  and  940.  ; but  when  the 
situation  requires  an  expression  of  solidity,  almost  all  the  circular  examples  we  submit  to 
the  reader  may  be  changed  from  a circular  to  a square  form  on  the  plan,  and  thus  as  re- 
quired we  may  obtain  the  character  suitable  to  their  respective  situations.  These  changes, 
from  one  to  another  form  in  details  of  this  description,  are  in  their  adoption  much  mo  e 
the  index  to  the  capacity  and  genius  of  the  architect  than  the  restless  and  capricious  longing 
after  variety  recently  exhibited  in  some  of  the  latest  works  produced  in  the  city  of  London, 
works  which  reflect  no  credit  on  the  age  in  which  we  live.  In  Jig.  935.  is  given  a baluster 


Fig.  955. 


Fig.  9.', 6. 


Fig.  937. 


suitable  to  the  Tuscan  order;  and  using  tlie  module  of  nine  parts  above  mentioned,  the 
lollowing  is  a table  of  its  dimensions:  — 
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! 

rrojections  in 

Itriglits  in 

I'arts  of  a 

Members. 

i 

I’arts  of  a 

Module  from 

Module. 

Centre  of 
Baluftcr. 

1 

Fillet 

3 

27.> 

Rail, 

(^orona 

- 

- 

2 modules. 

Quarter  round 

. 

- 

Fillet  ■ 

- 

- 

’ Abacus 

. 

. 

in 

Cvma  reversa 

. 

.. 

4 

Neck 
Astragal  1 

- 

- 

5 

27 

•n 

Baluster, 
8 modules. 

Fillet  j ■ 
Centre  of  belly 

- 

. 

13 

From  same  to  astragal 

- 

- 

9 

Astragal  "1 
Fillet  J ■ 

- 

- 

H 

10^  fillet 

Inverted  cyma 

- 

- 

. Plinth 

- 

- 

^3 

13 

Inverted  cavetto 

. 

. 

5 

Pedestal, 

Fillet 

- 

- 

o 

3 modules. 

Astragal 

- 

- 

5 

Plinth 

- 

- 

15 

24 

2700.  \njiy.  936.  is  given  the  form  of  a baluster  suited  to  the  Doric  and  Ionic  orders, 
which  also  the  table  of  dimensions  is  subjoined  : — 


Projections  in 

HeiRlits  in 
Parts  of  a 

Parts  of  a 

Members. 

Module  from 

Module. 

Centre  of 
Baluster. 

^ Fillet 

. 

2 

27 

Rail, 

2 modules. 

Cyma  reversa 

- 

- 

- 

? 

Corona 

Quarter  round 

- 

- 

■ 

7 

4 

22 

. Fillet 

- 

- 

- 

U 

" Abacus 

_ 

- 

- 

11 

Echinus 

- 

- 

- 

Fillet 

- 

- 

- 

1 

Neck 

- 

- 

- 

5 

5 

Astragal  1 
Fillot  1 ■ 

- 

- 

- 

3 

! 

Baluster, 
8 modules. 

Centre  of  belly 
From  same  to  astragal 

- 

- 

<)  7 

1 

9 

Astragal 

- 

- 

- 

o 

1 7 

Fillet 

- 

- 

- 

1 1 

Inverted  cavetto 

- 

- 

- 

1 6 

10  .ui)per  part) 

Fillet 

- 

- 

- 

1 02 
-i 

Plinth 

- 

- 

12* 

Fillet 

_ 

- 

- 

n 

Pedestal, 

Inverted  ogee 
Fillet 

- 

- 

- 

5 

n 

3 modules. 

Astragal 

- 

- 

- 

H 

23| 

Plinth 

“ 

■ 

" 

15 

2701.  A suitable  baluster  for  the  Corinthian  or  Composite  order  is  exhibited  in  fg.  937., 
whereof  the  measures  are  as  follow  ; — 
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1 

J’rojectioiis  in 

1 

i 

Heights  in 

I’arts  of  a 

i 

Jl'-inbers. 

1 

Parts  of  a 

Module  from 

! 

Module. 

Centre  of 
I5alu.«ter.  | 

Fillet 

- 

_ 1 

1 2 
^ 3 

26'^ 

Echinus 

- 

- 

Rail, 

Fillet 

. 

_ 

1 

Corona 

_ 

_ 

63 

2 modules. 

Cyma  reveisa 

- 

- 

Astragal  1 

0-2 

Fillet  J 

“3 

1 

Abacus 

- 

5 

10| 

Ecliinus 
Fillet  } 

- 

- 

3 

Cavetto  J 

“3 

Neck 

- 

- 

5 

43 

Astragal  1 

1 

1 ‘^2 

Fillet  J ■ 

I 

Baluster, 
8 modules. 

Centre  of  belly 
From  same  to  astragal 
Astragal  1 

■ 

■ 

0 2 

12 

Fillet  J ■ 

-3 

Scotia 

- 

- 

^13  (at  top) 

Fillet 

- 

- 

1 

Astragal 

- 

- 

Plinth 

- 

- 

6 

12 

Fillet  1 
Astragal  J 

- 

- 

i 

2§ 

1 

Pedestal, 

Inverted  cyma  recta  - 

- 

- 

1 

3 modules. 

Fillet 

- 

- 

j 1 

1 

Astragal 

- 

- 

4 

1 

Plinth 

- 

- 

1 

1 

2702.  The  Tuscan  baluster  (/^r.  938.)  is  suitable  for  terraces  and  basements;  its  rail 


Fig.  938. 


Fig.  939. 


Fig.  940. 


Fig.  941  Fig.  912. 


Fig.  943. 


and  pedestal  may  be  the  same  height  as  in  the  Jiff.  935.  Its  principal  measures  being 
follow : — 


as 


Heights  in 

Projections  in 

Parts  of  a 

Members. 

Parts  of  a 

Module  from 

Module. 

Centre  of 
Baluster. 

Abacus 

_ 

3 

6 

Cyma  reversa 
Neck  1 

- 

2 

f 3 

Fillet  J 

“ ” 

4 

1 

Baluster 
5 modules. 

fat  top 

Rustic  belly  1 

_ 

27 

n 

fat  bottom. 

> 

- • 

n 

Bottom  of  belly  1 
Fillet  J ■ 

- 

n 

Inverted  cavetto  and  fillet 

s 

3 

. Plinth 

- 

n 

Chap.  I. 
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Other  foriTis  of  Tuscan  balusters  are  jrlven  in  ftps.  9;59.  and  9 10.,  but  it  is  not  ne- 
cessary to  give  the  detail  of  the  parts,  as  the  proportions  are  sudiciently  i)reserved  in  tin* 
figures. 

2703.  The  double-bellied  baluster  is  used  in  situations  where  greater  lightness  is 
required  from  the  smallness  of  the  parts  and  the  delieaey  of  the  profiles.  The  proportions 
for  the  bases  and  rails  need  not  vary  from  those  already  given.  Perhaps  they  need  not  bu 
(juite  so  large. 

2704.  Fip.  941.  Is  an  example  of  a double-bellied  baluster,  suitable  to  the  Doric  order 
Its  parts  are  as  follow  : — 


Members. 


Heigbo!  in 
Parts  of  a 
Module. 


Projections  in 
Parts  of  a 
Module  from 
Centre  of 
Baluster. 


Baluster, 
8 modules. 


Abacus 
Echinus  | 

Fillet  J * 

Upper  part  - 
Middle  part  - 
Lower  part  - 

Fillet  I 

Inverted  echinus  J 
Plinth 


4^  8 

H 


24^ 

''4  neck 

l8  belly 

6 centre 

24? 

|8  belly 

l4  neck 

8 

2705.  In  Jig.  942.  we  give  an  example  of  the  double-bellied  baluster  for  the  Ionic  order, 
and  its  measures  are  subjoined  : — 


Members. 

Heights  in 
Parts  of  a 
Module. 

Projections  in 
Parts  of  a 
Module  from 
Centre  of 
Baluster. 

Baluster, 
10  modules. 

■ Abacus  _ _ _ _ 

Fillet  and  cyma  reversa 

Upper  part  - - - - 

Middle  part  - - - - 

Lower  part  - - - - 

Inverted  cyma  and  fillet 

Plinth  . . - - 

30^ 

9 

30^ 

4^ 

9 

|4l  neck 
I9  belly 
centre 
|9  belly 
1 4^  neck 

9 

2706.  The  last  example  we  shall  give  of  the  double-bellied  baluster  (Jig.  943.)  is  suit- 
•able  to  the  Corinthian  order.  The  measures  are  as  follow  ; — 


Members. 

Heights  in 
Parts  of  a 

Module. 

Abacus 

5 

Echinus  and  fillet 

. 

- 

4 

Neck 

. 

- 

Astragal  and  fillet 

- 

- 

Upper  part  - 

- 

- 

£9 

Baluster, 

1 12  modules. 

Middle 

- 

- 

6 

Lower  part  - 

- 

- 

29 

Fillet  and  astragal 

_ 

- 

31 

Neck 

- 

- 

5\ 

Fillet  and  inverted  echinus 

- 

4 

Plinth 

“ 

" 

5 

Projections  in 
Parts  of  a 
Module  from 
Centre  of 
Baluster. 


11 

I 5^  at  top 
111  at  belly 

fll  at  belly 
1 5^  at  bottom 

1 1 
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2707.  We  do  not  deem  it  necessary  to  give  any  examples  of  the  scroll  and  Guiloclic 
balustrades,  which  were  so  much  in  vogue  during  the  reigns  of  Louis  XIV.  and 
Louis  XV.,  though  the  i)resent  taste  seems  almost  to  recpiire  it.  As  that  taste  has  been 
mainly  generated  by  house  decorators,  as  they  are  called,  and  upholsterers,  these  gentry 
will  soon  find  out  another  means  of  amusing  the  public,  by  driving  them  out  of  fasliion 
and  finding  all  that  is  beautiful  in  some  renovated  and  equal  absurdities. 

2703.  We  have  already  observed  that  the  intervals  between  balusters  should  not  be  more 
than  half  the  diameter  of  the  l^aluster  at  its  thickest  part  ; to  this  we  may  here  add,  tliaC 
they  should  not  be  less  than  one  third  of  that  diameter.  The  ])edestals  for  supporting  the 
rail  ought  neither  to  be  too  freejuent  nor  too  far  apart  ; for  in  the  first  case  they  impart  a 
heavy  appearance  to  the  w'ork,  and  in  the  last  the  work  will  seem  weak.  Seven  or  nine 
balusteisare  good  numbers  for  a group,  besides  the  two  half  ones  engaged  in  the  i)edestals. 
The  disposition,  how^ever,  and  number  of  the  pedestals  depend  on  the  places  beloxv  of  the 
piers,  columns,  or  pilasters,  for  over  these  a pedestal  must  stand  ; and  when,  therefore,  it 
happens  that  tlie  intervals  are  greater  than  are  re<}uired  for  the  reception  of  nine  balusters, 
the  distance  may  contain  two  or  three  groups  each,  flanked  wdth  half  balusters,  and  the 
width  of  the  dies  separating  the  groups  may  he  from  twm  thirds  to  three  quarters  the  width 
of  the  principal  pedestals.  The  rail  and  base  should  not  be  broken  by  projections,  but 
run  in  unbroken  lines  between  the  pedestals. 

2709.  When  the  principal  pedestals  stand  over  columns  or  pilasters,  their  dies  should  nut 
be  made  wider  than  the  top  of  the  shafts,  and  on  no  account  narrow'er ; 
indeed,  it  is  better  to  flank  them  on  each  side  wdien  the  ranges  are  long 
with  half  dies,  and  give  a small  i)rojection  to  the  central  j)edestal,  and 
to  let  the  base  and  rail  follow  the  projection  in  their  profile.s.  This 
l>ractice  wdll  give  real  as  well  as  apparent  .solidity  to  the  balustrade. 

2710.  Fiy.  944.  shows  the  application  of  a balustrade  to  a portion 
of  a staircase,  and  herein  the  same  proportions  are  observed  as  on 
level  ranges.  Some  masters  have  made  the  mouldings  of  the  different 
members  of  the  baluster,  follow  the  ralie  or  inclination  of  the  steps; 
but  the  practice  is  vicious  : they  should  preserve  their  horizontality,  as 
exhibited  in  the  figure,  in  which,  at  A and  R,  is  also  shown  the  me- 
thod in  which  the  horizontal  are  joined  to  the  inclined  mouldings 
of  the  base  and  rail.  In  the  balustrades  of  stairs  the  spaces  between 
the  balusters  are  usually  made  narrower  than  they  are  on  level  beds ; 
and  Le  Clerc  recommends  that  the  height  of  tlie  plinth  should  be 
equal  to  that  of  the  steps  ; but  this  is  not  absolutely  required,  though 
it  must  on  no  account  be  less. 

2711.  The  bulbs  or  bellies  of  balusters  and  their  mouldings  may  be 
carved  and  otherwise  enriched  ; indeed,  in  highly  decorated  interiors, 
this  seems  requisite. 

2712.  The  following  observations  as  to  the  height  of  statues  placed  upon  balustrades 
are  from  Sir  William  Chambers  : — “ When  statues  are  ])laced  upon  a balustrade  their 
height  should  not  exceed  one  quarter  of  the  column  and  entablature  on  which  the  balus- 
trade stands.  Their  attitudes  must  be  upright,  or,  if  anything,  bending  a little  forward.s, 
but  never  inclined  to  either  side.  Their  legs  must  be  close  to  each  other,  and  the  draperies 
close  to  their  bodies,  for  whenever  they  stand  straddling  with  bodies  tortured  into  a variety 
of  bends,  and  draperies  waving  in  the  wind,  as  those  placed  on  the  colonnades  of  St. 
Peter’s,  they  have  a most  disagreeable  effect,  especially  at  a distance,  from  whence  they 
appear  like  lumps  of  unformed  materials,  ready  to  drop  upon  the  heads  of  })assengers. 
The  three  figures  placed  on  the  pediment  of  Lord  Spencer’s  house,  in  the  Green  Park, 
which  were  executed  by  the  late  ingenious  Mr.  Spang,  are  well  composed  for  the  purpose.” 

2713.  “ The  heights  of  vases  placed  upon  balustrades  should  not  exceed  two  thirds  of 
the  height  given  to  statues,”  says  the  same  author.  We  are  not  altogether  averse  to  the 
application  of  either  statues  or  vases  in  the  predicated  situations,  but  we  think  the  greatest 
discretion  is  required  in  their  employment.  When  it  is  necessary  to  attract  the  eye  from 
an  indispensably  obtrusive  roof,  they  are  of  great  value  in  the  composition  ; but  we  shall 
not  further  enter  on  this  point  of  controversy,  for  such  it  is,  inasmuch  as  many  object  to 
their  use  altogether,  and  have  considerable  reason  on  their  side.  We  must,  however,  briefly 
state  the  ground  of  objection,  and  Chambers’s  answer  as  respects  statues.  There  are,  he 
says,  some  “ who  totally  reject  the  practice  of  placing  statues  on  the  outsides  of  buildings, 
founding  their  doctrine,  probably,  upon  a remark  which  I have  somewhere  met  with  in  a 
French  author,  importing  that  neither  men,  nor  even  angels  or  demi-gods,  could  stand  in 
all  weathers  upon  the  tops  of  houses  or  churches.” 

2714.  “The  observation  is  wise,  no  doubt,”  (we  doubt  the  wisdom  of  it,)  “yet,  as  a 
piece  of  marble  or  .stone  is  not  likely  to  be  mistaken  for  a live  demi-god,  and  as  statues, 
when  properly  introduced,  are  by  far  the  most  graceful  terminations  of  a composition,  one 
of  the  most  abundant  sources  of  varied  entertainment,  and  amongst  the  richest,  most 
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(liiral)le,  and  elegant  ornaments  of  a structure,  It  may  be  hoped  they  will  still  continue  to 
he  tolerated.”  We  fear  that  if  the  only  reasons  for  their  toleration  were  those  assigned  bv 
«he  author,  their  doom  would  soon  be  sealed. 


Skct.  XVII. 


PEDIMENTS. 

2715.  A pediment,  whose  etymology  is  not  quite  clegr,  consists  of  a portion  of  the 
horizontal  cornice  of  the  building  to  which  it  is  applied,  meeting  two  entire  continued 
raking  cornices,  and  enclosing  by  the  three  boundaries  a space  which  is  usually  plain, 
called  the  tympanum.  It  is  not,  however,  necessary  that  the  upper  cornice  should  be 
rectilinear,  inasmuch  as  the  cornice  is  sometimes  formed  by  the  segment  of  a circle.  Tlie 
airangement  in  question  was  the  llomnn  fastigium,  and  is  the  French /rontow.  The  Greeks 
called  pediments  aeroi,  or  eagles;  why,  tliis  is  not  the  place  to  inquire.  The  origin  of  the 
pediment,  according  to  authors,  seems  to  have  arisen  from  the  Inclined  sides  of  the°primitive 
hut.  This  is  a subject,  however,  which  in  the  First  Book  (subsec.  5.)  has  been  already 
considered,  and  we  shall  therefore  in  tliis  section  confine  ourselves  to  its  employment  in  the 
architecture  of  the  day. 

2716.  Of  the  varied  forms  which,  by  masters  even  of  acknowledged  talent,  have  been 
given  to  the  pediment,  whether  polygonal,  with  curves  of  contrary  flexure,  with  mixed 
forms,  broken  in  the  horizontal  part  of  the  cornice  or  in  the  raking  parts  of  it,  or  reversed 
m its  office  with  two  springing  inclined  sides  from  the  centre,  we  propose  to  sav  no  more 
than  that  they  are  such  abuses  of  all  rules  of  propriety,  that  we  shall  not  further  notice 
them  than  by  observing  that  in  regular  architecture  no  practice  is  to  be  tolerated  where 
the  pediment  is  composed  otherwise  than  of  two  raking  unbroken  and  one  horizontal 
unbroken  cornice,  or  of  the  latter  and  one  continued  flexure  of  curved  line.  To  these 
only,  therefore,  we  now  apply  ourselves. 

2717.  Generally,  except  for  windows  and  doors,  the  pediment  ought  not  to  be  used, 
but  as  a termination  of  the  whole  composition  ; and  though  examples  are  to  be  found 
without  number  in  which  an  opposite  practice  has  obtained,  the  reader,  on  reflection,  will 
be  convinced  of  the  impropriety  of  it,  if  there  be  the  smallest  foundation  for  its  origin  in 
tlie  termination  of  the  slant  sides  of  the  hut. 

2718.  I'he  use  of  the  pediment  in  the  interior  of  a building  is,  perhaps,  very  questionable, 
though  the  greatest  masters  have  adopted  it.  We  tliink  it  altogether  unnecessary  ; if  the 
i>yramidal  form  is  desirable  for  anv  particular  combination  of  lines,  it  may  be  obtained  by 
a vast  number  of  other  means  than  that  of  the  introduction  ot  tne  pediment.  Hence  we 
are  of  opinion  that  the  attempted  apology  for  them  in  Sir  William  Chambers’s  work,  is  alto- 
gether weak  and  unworthy  of  him,  and  only  to  be  explained  by  that  master’s  own  practice. 

2719.  Vitruvius  ordains  that  neither  the  modillions  nor  dentils  wdiich  are  used  in  the 
horizontal  cornice  should  be  used  in  the  sloping  cornices  of  a pediment,  inasmuch  as  they 
rejiresent  parts  in  a roof  which  could  not  appear  in  that  pciHion  : and  the  remains 
generally  of  antiquity  seem  to  bear  him  out  in  the  assertion  ; but  the  Roman  remains  seem 
to  bear  a different  testimony  to  the  validity  of  the  law',  and  to  our  own  eyes  the  trans- 
gression affords  pleasure,  and  w'e  should  recommend  the  student  not  to  feel  himself  at  all 
bound  by  it ; for,  as  Chambers  most  truly  observes,  ‘‘  The  disparity  of  figure  and  enrich- 
ment between  the  horizontal  and  inclined  cornices  are  such  defects  as  cannot  be  compen- 
sated by  any  degree  of  jiropriety  whatever,  and  therefore  to  me  it  appears  best,  in  imitation 
of  the  greatest  Roman  and  modern  architects,  always  to  make  the  two  cornices  of  the 
same  profile,  thus  committing  a trifling  imjiropriety  to  avoid  a very  considerable  deformity.” 

2720.  Different  sized  pediments  in  the  same  fj^ade  are  |, 
to  be  avoided  ; but  as  respects  their  forms  in  ranges  of 
windows  and  niches  a pleasing  variety  is  often  obtained  by 
making  them  alternately  curved  and  rectilinear,  as  in  the 
temi)le  at  Nismes  and  in  the  niches  of  the  Pantheon  at 
Rome. 

2721.  In  the  horizontal  part  of  a cornice  under  a pe- 
diment the  tw'o  upper  mouldings  are  always  omitted,  and 
the  intersection  of  the  inclined  with  the  horizontal  lines, 
supj)osing  the  inclined  members  of  the  cornice  to  he  of  the 
same  lieight  as  those  which  are  horizontal,  will  not  fall  into 
the  profile  {fig.  945.)  whereof  AB  and  BC  are  the  lead- 
ing lines.  To  obviate  this  inconvenience,  some  architects 
have  made  a break  in  the  cvmatium  and  fillet,  as  shown 
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iu  the  figure.  But  this  is  a bad  practice,  and  to  it  we  prefer  either  making  the  cyma  and 
fillet  higher,  as  the  dotted  line  AD  indicates,  or  altogether  lowering  the  height  of  the  cyma 
on  the  horizontal  line,  If  the  inclined  cornice  is  joined  on  each  side  by  horizontal  ones,  the 
best  expedient  is  to  give  only  such  small  projection  to  the  cyma  as  that  it  may  meet  the 
inclined  sides. 

2722.  The  heights  of  pediments  should  be  regulated  by  their  lengths,  independent  of  the 
consideration  of  climate.  (See  Book  II.  Chap.  III.  Sect.  IV.  2027.)  Thus,  when  the  base  of 
the  pediment  is  short,  the  height  of  the  pediment  may  be  greater ; and  when  long,  it  should 
be  diminished  ; for  in  the  former  case  the  inclined  cornice  leaves  but  scanty  space  for  the 
tympanum,  and  in  the  latter  case  the  tympanum  will  appear  overcharged.  From  one  fifth 
to  one  quarter  of  the  length  appears  to  have  been  agreed  on  as  the  limits  ; but  we  subjoin, 
from  a work  by  Stanislas  L’Eveille  {Considerations  sur  les  Frontons,  4to.  Paris,  1824),  the 
method  which  we  consider  the  best  for  determining  the  height  of  a pediment,  observing,  by 
the  way,  that  a strict  adherence  to  the  ordinary  rules  for  finding  the  height  may  produce 
the  absurdity  of  a pediment  higher  than  the  columns  by  which  it  i.s  borne,  a condition 
which  would  not  at  all  accord  with  the  view  we  have  taken  of  the  orders  in  Sect.  II. 


Chap.  1.  of  this  Book.  In  fig.  946.  we  have  a synoptical  view  of  pediments  of  vanou'j 
extents,  and  as  the  letters  applied  to  the  central  pediment  will  apply  to  all  the  rest,  we 
shall  restrict  our  descidption  to  that.  Suppose  the  points  a and  b to  be  the  extremities 
of  the  fillet  of  the  corona.  Then,  with  a radius  equal  to  ah,  from  the  points  a and  6, 
describe  the  arcs  ax,  bz,  and  from  their  intersection  x Avith  the  same  radius  let  the  arc  ayh 
be  described.  From  y,  as  a centre,  with  a radius  equal  to  the  height  of  the  horizontal 
part  of  the  cornice,  describe  the  portion  of  the  circle  / g,  and  from  a and  b draAv  thereto 
tangents  intersecting  in  y.  Then  yb  and  ya  will  be  the  proper  inclination  of  the  fillet  of 
the  corona  to  Avhich  the  other  members  of  the  inclined  parts  will  necessarily  be  parallel. 

272.8.  We  conclude  this  section  by  the  words  of  Chambers.  “ The  face  of  the  tympan 
is  always  placed  on  a line  perpendicular  with  the  face  of  the  frieze ; and  Avhen  large,  may 
be  adorned  with  sculpture,  representing  the  arms  or  cypher  of  the  owner,  trophies  of 
various  kinds,  suited  to  the  nature  of  the  structure,  or  bas-reliefs,  representing  either 
allegorical  or  historical  subjects  ; but  when  small  it  is  much  better  left  plain.” 


SixT.  XVI 11. 
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2721.  In  many  cases  the  fa9ades  of  buildings  are  erected  without  any  of  the  orders 
appearing  in  the  design,  other,  perhaps,  than  those  which  are  applied  as  the  dressings  of 
windows,  niches,  or  doors.  The  palaces  of  Florence  and  Rome  abound  with  such  examples, 
in  most  of  which  the  edifice  is  crowned  with  a cornice,  which  adds  dignity  to  the  building, 
producing  a play  of  light  and  shadoAv  about  it  of  the  utmost  importance  as  regards  its 
picturesque  effect.  The  moderns  have  generally  failed  in  this  fine  feature  of  a building, 
and  it  is  only  Avithin  the  last  feAV  years,  in  this  country,  that  a return  to  the  practice  of  the 
old  masters,  a practice  properly  appreciated  by  Jones,  Wren,  Vanbrugh,  and  Burlington, 
lias  manifested  itself.  If  a building  be  entirely  denuded  of  pilasters  and  columns,  and 
there  are  very  few  common  instances  that  justify  their  introduction,  it  seems  rational  to 
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clecliice  the  proportion  of  the  height  and  profile  of  its  cornice  from  the  proportions  that 
would  he  given  to  it  if  an  order  intervened. 

2125.  If  we  consider  the  height  of  the  crowning  cornice  of  a building  in  this  way,  and 
as  the  portion  of  an  entablature  whose  height  is,  as  in  the  case  of  an  order,  one  fifth  of  that 
of  the  building,  we  should  immediately  olitain  a good  proportion  by  dividing  the  whole 
height  into  25  parts  and  giving  two  of  them  to  the  height  of  the  cornice.  For  the 
entablature  being  one  fifth  of  the  whole 
height,  and  its  general  division  being  into 
10  parts,  four  whereof  are  given  to  the 
cornice,  we  have  for  its  height  the  -jg  of  5 = 

= ^^3,  or  the  twelfth  and  a half  part  of  the 
total  height  of  the  building  = 0-08. 

Now  there  are  circumstances,  such  as 
when  the  piers  are  large,  and  in  other 
cases  when  the  parts  are  not  very  full  in 
their  profiles,  which  may  justify  a de- 
parture from  the  strict  application  of  this 
rule ; but  it  will  be  seen  that  in  the 
following  ten  m ell -known  examples  the 
j>ractice  has  not  much  differed  from  the 
theory,  nearly  the  greatest  deviation  being 
in  the  celebrated  cornice  of  the  Farnese 
palace,  which  is  here  placed  {Jig.  947.)  as 
an  extraordinary  work  of  art  in  connection 
with  the  building  it  crowns.  'I'he  ex- 
amples alluded  to  are  as  follow,  and  we 
shall  begin  with  those  of  earlier  date, 
the  diminution  in  height  being  almost  a chronological  table  of  their  erection,  with  the 
exception  of  those  by  Palladio  : — 


In  the  Spannocchi  palace,  at  Siena,  the  cornice  is  •jgig  of  the  whole  height  of  building, 
or  g3^=-081. 

In  the  Picolomini  palace,  at  Siena,  the  cornice  is  of  the  whole  height  of  building, 
or  2^7  ^-074. 

In  the  Pojana  palace,  built  by  Palladio,  at  Pojana,  in  the  Vicentine  territory,  the  cornice 
is  of  the  whole  height  of  building,  or  gJg  = 071. 

In  the  Strozzl  palace,  at  Florence,  the  cornice  is  of  the  whole  height  of  building, 
or  2!  = -06  9. 

In  the  Pandolfini  palace,  at  Florence,  by  Raffaelle,  the  cornice  is  g^oo 
height  of  building,  or  59  = '069. 

In  the  Villa  Montecchio,  by  Palladio,  the  cornice  is  of  the  whole  height  of  building, 
or  ^=-069. 

In  the  Villa  Caldogno,  by  Palladio,  the  cornice  is  of  the  whole  height  of  building, 
or  29  = '069. 

In  another  villa  by  Palladio,  for  the  family  of  Caldogno,  the  cornice  is  g^g  of  the  whole 
height  of  buildliTg,  or  g'3=-066. 

In  the  Farnese  palace,  at  Rome,  the  cornice  is  y^g  of  the  whole  height  of  building,  or  g'7 
= •059. 

In  the  Gondi  palace,  at  Florence,  the  cornice  is  gg^g  of  the  whole  height  of  building,  or  53 
= ’057. 


From  these  examples  it  appears  that  the  mean  height  of  the  cornices  under  consideration 
is  something  more  than  one  fifteenth  of  the  height  of  the  building,  and  experience  shows 
that,  except  under  particular  circumstances,  much  more 
than  that  is  too  great,  and  much  less  too  little,  to  satisfy 
an  educated  eye.  The  grace  beyond  the  reach  of  art 
is,  if  we  may  use  an  Ilibernlcism,  in  the  power  of  few, 
but  the  bounds  have  been  passed  with  success,  as  is 
testified  in  the  Farnese  palace.  It  may  be  objected  to 
the  system  that  we  have  generally  adopted  in  this  work, 
that  we  are  too  much  reducing  the  art  to  rules.  But 
this  is  a practice  of  which  the  painter  is  not  ashamed 
in  the  proportions  of  the  human  figure,  and  we  must 
remind  our  reader  and  the  student  that  all  rules  are  more 
for  the  purpose  of  restraining  excess  than  bounding  the 
flights  of  genius. 

2726.  Fig.  948.  is  an  entablature  by  Vignola,  which 
jLOssesses  great  beauty,  and  has  been  often  imitated  in 

various  ways  for  crowning  a building;  this  must  be  con-  riij. ‘iis. 
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sidcifd  more  in  relation  to  a building  than  a mere  cornice,  and  requires  rustic  quoins,  if 
possible,  at  the  angles  when  used.  Chambers,  speaking  of  this  example,  says,  that  “ when 
it  is  used  to  finish  a plain  building,  the  whole  height  is  found  by  dividing  the  height  of 
the  whole  front  into  eleven  parts,  one  of  which  must  be  given  to  the  entablature,  and  the 
remaining  ten  to  the  rest  of  the  front.”  We  suspect  that  the  smallness  which  is  assigned 
by  this  author  to  its  height  has  been  induced  by  some  error,  and  that  a better  rule  would 
be  induced  by  assigning  to  the  cornice  its  proper  height,  according  to  the  laws  above 
liinted  at,  and  proportioning  the  rest  of  the  entablature  from  the  cornice  thus  obtained. 


2727.  In  Jigs.  949,  950,  and  951.  are  given  three  examples  of  block  cornices  (tbe 
second  being  by  Palladio),  whose  proportions  the  figures  sufficiently  show  without  here 
giving  a detail  of  tlieir  parts.  The  height  of  either  should  not  be  less  than  one  fifteenth  of 
the  height  of  the  building. 


2728.  Figs.  952.  and  953.  are  block  cornices,  which  we  have  adopted  from  Chambers, 
the  first  being  from  a palace  at  Milan,  and  the  other,  by  llafiiielle,  in  a house  in  the 
Lungara  at  Rome.  The  height  of  these,  says  the  author,  and  we  agree  with  him,  need 
not  exceed  one  sixteenth  part  of  the  whole  front,  nor  should  either  be  less  than  one 
eighteenth.  Fig.  954.  is  what  is  called  an  architrave  cornice,  which  was  frequently  employed 
by  the  old  masters.  It  seems  well  adapted  to  the  entablatures  of  columns  bearing  arches, 
being  rather  in  the  nature  of  an  impost ; but  it  is  useful,  changing  it  to  suit  the  order  in 
cases  where  the  height  does  not  admit  of  the  whole  of  the  entablature  being  used  over  the 
order. 


Sect.  XIX 
pkofii.es  of  doors. 

2729.  One  of  our  objects  in  this  work  has  been  to  impress  throughout  on  the  minds  of 
our  readers  that  architecture  does  not  depend  on  arbitrary  law’s;  and  though  we  may  not 
have  proved  satisfactorily  to  the  student  that  the  precise  laws  have  been  exactly  stated,  w'e. 
trust  we  have  exhibited  sufficient  to  show  and  convince  him  that  there  was  a method  and 
limit  in  the  works  of  the  ancients  w hich  in  the  best  times  prevented  the  artists  from  falling 
on  either  side  into  excess. 

2730.  In  Jig.  955.  we  give  a door  with  its  architrave,  frieze,  and  cornice,  without  re- 
lation to  mouldings,  but  merely  considered  in  the  masses.  Its  proportions  correspond 
with  those  most  usually  adopted ; that  is,  its  height  is  twice  its  width,  the  entablature  is 
one  fourth  of  the  height  of  the  opening,  and  the  architraves  on  each  side,  together,  two 
sixths  of  the  w’idth.  The  opening,  therefore,  measuring  it  in  terms  of  the  width  of  the 
architrave,  will  be  6 parts  w’ide  and  12  high,  and  its  area  consequently  72  parts.  Now 
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it  will  be  loiuicl  that  tlie  solid  parts  of  this  are  exactly  on  their 
face  two  thirds  of  this  area  ; for  up  to  the  top  of  the  oi)ening  eacli 
architrave  being  equal  to  12,  the  sum  will  he  24  ; and  the  entabla- 
ture being  8 wide  and  8 (one  fourth  of  twelve)  high,  8 x 8 = 24; 
which  added  to  24  for  the  architraves  gives  48  for  the  solids,  and 

= as  above  stated.  The  same  analogy  does  not  seem  to  hold 
in  respect  of  doors  and  windows,  of  making  the  voids  erjual  to  the 
supports  and  weights,  as  in  intercolumniations ; nor  indeed  ought 
we  to  expect  to  find  it,  for  the  conditions  are  totally  different, 
inasmuch  as  no  door  can  exist  except  in  a wall,  whereas  the  office 
of  columns  is  connected  with  the  weight  above  only.  VVe  trust, 
therefore,  we  have  shown  enough  to  k^eep  the  reader’s  mind  alive 
to  some  such  law  as  above  developed,  without  insisting  very  strongly 
on  a minute  attention  to  it  in  detail. 

2731 . We  shall  now,  before  submitting  any  examples  of  doorways  f'K-  9W. 

to  the  reader,  touch  upon  some  important  points  that  must  he  attended  to;  the  first  of  which 
is,  that  all  gates  and  doors,  independent  of  all  other  considerations,  must  he  of  sufficient  siz* 
for  convenient  passage  through  them.  Hence  internal  doors  must  never  he  reduced  undci 
2 feet  9 or  10  inches,  and  their  height  must  not  he  under  6 feet  10  inches  or  7 feet,  so  as  1o 
admit  the  tallest  person  to  pass  with  his  hat.  These  are  minimum  dimensions  for  ordinary 
liouses  in  the  principal  floors;  hut  for  houses  of  a superior  class,  which  are  provided  with  what 
may  he  called  state  apartments,  widths  of  4,  5,  and  6 feet,  folding  doors  and  the  like,  will  not 
he  too  great  for  the  openings,  and  the  heights  will  of  course  he  in  proportion.  The  entrance 
doors  of  private  houses  ought  not  to  he  under  8 feet  6 inches,  nor  ordinarily  more  than 
6 feet  in  width ; hut  in  public  buildings,  where  crowds  of  people  assemble,  the  minimum 
width  should  he  6 feet,  and  thence  upwards  to  10  or  12  feet.  No  gate  should  he  less  than 
9 feet  wide;  and  when  loaded  waggons  or  carts  are  to  pass  through  it,  11  or  12  feet 
will  not  be  too  much.  As  a general  observation  we  may  mention  that  all  doors  should  open 
inwards,  for  otherwise  the  person  entering  pulls  the  door  in  his  face,  which  is  an  inconvenient 
mode  of  entering  a room.  Also  when  the  width  of  a door  is  greater  than  3 feet  8 inches 
it  should  be  formed  in  two  flaps,  by  which  three  advantages  accrue  : first,  that  the  door 
will  not  occupy  so  much  space  for  opening ; second,  that  each  door  will  he  lighter ; and, 
third,  that  the  flaps  will  more  nearly  fold  into  the  thickness  of  the  wall.  Chambers  pro- 
perly says,  “ That  in  settling  the  dimensions  of  apertures  of  doors  regard  must  he  had  to 
the  architecture  with  which  the  door  is  surrounded.  If  it  he  placed  in  the  intercolumniation 
of  an  order,  the  height  of  the  aperture  should  never  exceed  three  quarters  of  the  space 
between  the  pavement  and  the  architrave  of  the  order ; otherwise  there  cannot  be  room  for 
the  ornaments  of  the  door.  Nor  should  it  ever  he  much  less  than  two  thirds  of  that 
space,  for  then  there  will  he  room  sufficient  to  introduce  both  an  entablature  and  a 
jjediment  without  crowding  ; whereas  if  it  he  less  it  will  appear  trifling,  and  the  inter- 
columniation will  not  be  sufficiently  filled.  The  apertures  of  doors  placed  in  arches  are 
regulated  by  the  imposts,  the  top  of  the  cornice  being  generally  made  level  with  the  top 
of  the  impost ; and  when  doors  are  placed  in  the  same  line  with  windows,  the  top  of  the 
aperture  should  he  level  with  the  tops  of  the  apertures  of  the  windows ; or  if  that  he 
not  practicable  without  making  the  door  much  larger  than  is  necessary,  the  aperture 
may  be  lower  than  those  of  the  windows,  and  the  tops  of  all  the  cornices  made  on  the  same 
level.” 

2782.  To  say  that  the  principal  door  of  a building  should  if  possible  be  in  the  centre  of 
the  front  would  seem  almost  unnecessary ; hut  it  is  not  so,  perhaps,  to  inculcate  the  necessity 
of  its  being  so  situated  in  connection  with  the  internal  arrangement  of  the  building  as  to 
lead  with  facility  to  every  part  of  it,  being,  as  Scamozzi  observes  (Parte  Secunda,  lib.  vi. 
c.  4.),  like  the  mouth  of  an  animal  placed  in  the  middle  of  the  face,  and  of  easy  communi- 
cation with  the  inside.  In  the  internal  distribution  the  doors  should  as  much  as  possible 
be  opposite  one  another  on  many  accounts,  not  the  least  whereof  is  the  facility  thus  given 
to  ventilation  ; but  such  a disposition  also  gives  the  opportunity  of  a far  better  display  of 
a series  of  rooms,  which  on  occasions  of  fetes  imparts  great  magnificence  to  the  apartments. 
In  this  climate  it  is  well  to  avoid  too  great  a number  of  doors,  and  they  should  never,  if 
it  can  be  avoided,  be  placed  near  chimneys,  because  of  subjecting  to  draughts  of  air  those 
who  sit  near  the  fire.  Generally  the  doors  in  a room  should  be  reduced  to  the  smallest 
number  that  will  suit  the  distribution,  and  the  practice  of  making  feigned  or  blank  doors, 
though  sometimes  necessary,  should  if  possible  be  excluded. 

2733.  The  ornaments  with  which  doors  are  decorated  must  of  course  depend  on  the 
building  in  which  they  are  used ; and  as  this  is  a matter  in  which  common  sense  must 
direct  the  architect,  it  is  hardly  necessary  to  say  that  the  ornaments  applied  to  them  in  a 
theatre  would  ill  suit  a church. 

2734.  The  composition  and  designing  of  gates  and  their  piers  must  of  necessity  suit  the 
occasion,  as  well  as  the  folding  gates  attached  to  them,  for  the  enclosure  of  the  parks. 
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gardens,  and  other  places  they  are  to  serve.  There  are  few  finer  examples  in  the  higher 
class  of  this  species  of  design  than  the  celebrated  gates  at  Hampton  Court. 

2735.  The  evil  days  on  which  we  have  fallen  in  this  country,  in  respect  of  the  arts,  pre- 
cludes the  hope  of  again  seeing  the  doors  of  our  buildings  ornamented  with  bassi  relievi  and 
bronze  ornaments,  a practice  common  among  the  ancients  no  less  than  among  the  revivers 
of  the  arts;  witness  the  doors  of  St.  Peter’s,  and,  above  all,  those  monuments  of  the  art,  the 
doors  of  the  baptistery  at  Florence  by  Lorenzo  Ghiberti,  wherein  art  rises  by  being  made 
only  subservient  to  the  holy  purpose  to  which  it  is  the  mere  handmaid.  In  the  mention 
of  doors  those  of  San  Giovanni  Laterano  at  Rome  must  not  be  omitted;  they  have  the  credit 
of  having  been  the  enclosures  to  the  temple  of  Saturn  in  the  ancient  city. 

2736.  The  manufacture  of  doors  has  been  already  sufficiently  noticed  in  the  Secon  1 
Book;  and  it  therefore  only  remains  for  us  to  subjoin  a few  examples,  which,  we  think, 
among  many  others,  deserve  the  attention  of  the  student. 


Fig.  957. 


Fig.  956. 


Fig.  958. 


2737.  Fig.  956.  is  an  external  doorway  designed  and  executed  by  Vignola,  at  Caprarola, 
not  a great  distance  north  of  Rome  ; it  must  speak  for  itself:  if  the  reader  be  of  our 
mind,  he  will  see  in  it  a beautiful  handling  of  the  subject;  but  we  cannot  further  answer  for 
our  opinion,  knowing  as  we  do  that  some  of  the  reviewers  of  these  days  may  find  out  that 
it  possesses  no  (Esthetic  beauties.  There  are  cases  where  imitation  has  been  permitted;  and 
the  sanction  for  our  opinion  is,  that  it  has  been  imitated  by  one  wborn  we  and  all  others 
hold  in  reverence  at  Greenwich  Hospital,  though,  as  we  think  with  Chambers,  for  th2 
worse.  “ The  aperture  is  in  the  form  of  an  arch,  and  occupies  somewhat  more  than  two 
thirds  of  the  whole  height.  It  is  adorned  with  two  rusticated  Doric  pilasters  and  a re- 
gular entablature.  The  height  of  the  pilasters  is  16  modules,  that  of  the  entablature  4. 
The  width  of  the  aperture  is  7 modules,  its  height  14,  and  the  breath  of  each  pier  is 
3 modules.”  To  the  detail  of  Chambers  we  have  to  add  that  the  void  in  this  example, 
which  has  no  analogy  to  that  which  as  a general  rule  we  gave  in  the  commencement  of 
the  section,  is  about  one  third  of  the  area  of  the  whole  design,  the  void  being  to  such  area 
as  7-57  to  20-88. 

2738.  Fig,  957.  is  a design  by  the  last-mentioned  master,  in  which  the  void  is  as  nearly 
as  possible  equal  to  one  third  of  the  area,  the  supports  another,  and  the  weights  the  other 
third  : in  other  terms,  the  aperture  occupies  two  thirds  of  the  whole  height  and  one  haR 
of  the  •whole  breadth,  being,  in  fact,  a double  square.  Its  entablature  has  an  alliance  with 
the  Tuscan  order,  and  the  cornice  is  etjual  to  one  fifteenth  of  the  whole  height  of  the  door. 
These  two  examples  are  especially  external;  those  which  follow  are  from  their  i ature 
applicable  in  general  form  to  either  external  or  internal  doorways. 

2739.  Fig.  958.  is  a doorway  in  the  Cancellaria  at  Rome,  and  is  from  the  design  of 
V'ignola.  Tlie  width  is  one  half 
the  height,  and  the  height  of  the 
entablature  is  equal  to  one  third 
of  the  height  of  the  aperture.  The 
breadth  of  the  architrave  is  one 
fifth  of  the  aperture’s  width,  and  the 
pilasters  below  the  consoles  are 
half  as  broad  as  the  architrave. 

It  is  heavy,  as  might  have  been 
expected  from  the  ])roportion  be- 
tween the  voids  and  the  solids. 

2740.  Fig.  959.  is  a design  by 
Michael  Angelo  Buonarotli,  and  its 
aperture  may  be  twice  its  height. 


Fi({.  959. 


Fig.  9C0. 
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the  whole  entablature  a quarter  of  its  height,  ami  the  architrave  one  sixth  of  the  width 
of  the  aperture.  The  face  of  the  pilasters  or  columns  at  tlie  sides  must  he  regulated 
by  the  lower  fascia  of  the  architrave,  and  their  breadth  is  to  be  a semidiameter. 

2741.  Fiff.  9C0.  is  by  Vignola,  and  is  in  the  Farnese  palace  at  Rome.  The  opening  is 
twice  the  width  in  height,  and  the  entablature  is  three  elevenths  of  the  height  of  tlie  aper- 
ture, one  of  the  foregoing  elevenths  being  given  to  the  architrave.  The  whole  of  the  orna- 
ment on  the  sides  is,  including  architraves  and  pilasters,  equal  to  two  sevenths  of  the  width 
of  the  aperture.  The  cornice  is  Composite,  with  modillions  and  dentils,  and  the  frieze  is 
enriched  with  a laurel  band. 

2742.  Fig.  961.,  another  of  the  examples  given  by  Chambers,  is  believed  to  be  by 
Cigoli.  The  void  is  rather  more  in  height  than  twice  its  width.  The  impost  of  the  a;cii 
is  equal  to  half  a diameter,  the  columns  arc  rather  more  than  nine  diameters  high,  anu 
rusticated  with  five  square  cinctures.  The  entablature  is  not  so  much  as  one  quaitei  ol 
the  height  of  the  column,  and  its  tablet  is  equal  to  the  width  of  the  aperture. 


Tig.  961. 


Fig.  962. 


Fig.  963. 


2743.  Fig.  962.  is  by  Inigo  Jones,  and  the  aperture  may  be  twice  as  high  as  it  is  wide. 
The  architrave  may  be  a sixth  or  seventh  of  the  width  of  the  aperture,  the  top  of  it  being 
level  with  the  astragal  of  the  columns,  which  are  Corinthian,  and  ten  diameters  in  height. 
They  must  be  so  far  removed  on  each  side  from  the  architrave  as  to  allow  the  full  projec 
tion  of  their  bases.  The  entablature  may  be  from  two  ninths  to  one  fifth  of  the  column, 
and  the  pediment  should  be  regulated  by  the  rules  given  in  Sect.  XVII.  (2722.). 

2744.  Fig.  963.  is  by  Serlio.  The  aperture  may  be  a double  square,  or  a trifle  less  ; 
the  diameter  of  the  columns  a quarter  of  the  width  of  the  aperture,  or  a trifle  less;  their 
height  8 to  8^  diameters;  the  entablature  about  a quarter  of  the  height  of  the  columns, 
and  the  pediment  should  be  drawn  in  conformity  with  the  directions  in  Sect.  XVH. 


Skct.  XX. 

WINDOWS. 

2745.  Windows,  of  all  the  parlj  of  a building,  are  those  which  require  the  greatest  nicety 
in  adjustment  between  the  interior  and  exterior  relations  of  them.  'J'he  architect  wlio 
merely  looks  to  the  effect  they  will  produce  in  his  facades  has  done  less  than  half  his  work, 
and  deserves  no  better  name  or  rank  than  that  of  a mere  builder.  It  seems  almost  use- 
less to  observe  that  the  windows  of  a building  should  preserve  the  same  character,  that 
those  in  each  story  must  be  of  the  same  height,  and  that  the  openings  must  be  directly  over 
one  another.  Blank  windows  are,  if  possible,  to  be  avoided . they  always  indicate  that 
the  architect  wanted  skill  to  unite  the  internal  wants  of  the  building  with  its  external  de- 
coration. Windows,  moreover,  should  be  as  far  removed  as  the  interior  will  permit  from 
the  quoins  of  a building,  because  they  not  only  apparently,  but  really,  weaken  the  angles 
when  placed  too  near  them. 

2746.  Vitruvius,  Palladio,  Scamozzi,  and  Philibert  de  I’Orme,  besides  many  other  mas- 
ters, have  given  different  proportions  to  them  as  connected  with  the  apartments  to  be 
lighted.  That  these  should  be  different  is  indicated  by  the  different  places  in  which  those 
masters  have  written.  Nothing,  indeed,  seems  so  much  to  disallow  general  laws  as  the 
proportion  of  windows  to  an  anartment;  according  to  the  climate,  the  temperature,  the 
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Icnjjlli  of  the  days,  the  general  clearness  of  the  sky,  the  wants  and  customs  of  commerce 
and  of  life  generally.  In  hot  climates  the  windows  are  always  few  in  numher  and  small  m 
dimension.  As  we  approach  those  regions  where  the  sun  has  less  power  and  the  winter  is 
longer,  we  observe  always  an  increase  in  their  size  and  number,  so  as  to  enable  the  in- 
habitants to  take  as  much  advantage  as  possible  of  the  sun’s  light  and  rays.  It  seems, 
therefore,  almost  impossible  to  give  general  rules  on  this  subject.  We  sliall  on  this  account 
endeavour,  in  the  rules  that  this  section  contains,  to  confine  ourselves  to  the  sizes  which 
seem  suitable  in  this  climate,  as  resuects  the  proportion  of  light  necessary  for  the  comfort 
of  an  apartment. 

2747.  It  is  a matter  of  experience  that  the  greatest  quantity  of  light  is  obtained  for  an 
apartment  when  lighted  by  an  horizontal  aperture  in  the  ceiling.  Of  this  a very  extra- 
ordinary verification  is  to  be  found  in  the  Pantheon  at  Rome.  This  edifice,  whose  clear 
internal  diameter  is  142  feet  G inches,  not  including  the  recesses  beliind  the  columns,  is 
nearly  74  feet  high  to  the  springing  of  the  dome,  which  is  semicircular.  The  total  clear 
number  of  cubic  feet  in  it  may  therefore  be  taken  in  round  numbers  at  1,9G4,460  cubic 
feet.  Those  avIio  have  visited  it  well  know  that  it  is  most  sufficiently  and  pleasingly 
lighted,  and  this  is  effected  by  an  aperture  (the  eye,  as  it  is  technically  called,)  in  the  crown 
of  the  dome,  which  aperture  is  only  27  feet  in  diameter.  Now  the  area  of  a circle  27  feet 
in  diameter  being  rather  more  than  572  feet,  it  follows  that  each  superficial  foot  of  the 
area  lights  the  astonishing  quantity  of  nearly  3380  cubic  feet.  Independent  of  all  consi- 
derations of  climate,  this  shows  the  amazing  superiority  of  a light  falling  vertically,  where 
it  can  be  introduced.  But  in  a majority  of  cases  the  apertures  for  light  are  introduced  in 
vertical  walls ; and  the  consequence  is,  that  a far  greater  area  of  them  for  the  admis- 
sion of  light  becomes  necessary.  In  considering  the  question  it  must  be  premised  that 
a large  open  space  is  supposed  before  the  windows,  and  not  the  obstructed  light  which 
it  is  the  lot  of  the  inhabitants  of  closely-built  streets  to  enjoy.  Again,  it  is  to  be  recollected 
that  in  the  proportioning  of  windows  it  is  the  apartments  on  the  principal  ffoor  that  are  to 
be  considered,  because  their  width  in  all  the  stories  must  be  guided  by  them,  the  only  va- 
riety admissible  being  in  the  height.  In  this  country,  where  the  gloom  and  even  darkness 
of  wet,  cloudy,  and  foggy  seasons  so  much  prevails,  it  is  better  to  err  on  the  side  of  too 
much  rather  than  too  little  light,  and  when  it  is  superabundant  to  exclude  it  by  means  of 
shutters  and  blinds.  We  are  not  very  friendly  to  the  splaying  of  windows,  because  of  the 
irregularity  of  the  lines  which  follows  the  practice;  but,  it  must  be  admitted,  it  often  be- 
comes necessary  when  the  walls  are  thick,  and  in  such  cases  a cons'iderable  splay  on  the 
inside  increases  the  light  in  effect  by  a great  diminution  of  shade.  It  is  well,  if  possible, 
to  have  an  odd  number  of  windows  in  an  apartment ; nothing  w'herein  contributes  more 
to  gloom  than  a pier  in  the  centre. 

2748.  We  do  not  think  it  necessary  to  advert  to  the  rule  of  Palladio  for  the  dimensions 
of  windows  given  in  the  first  book  of  his  work,  chap.  25.  ; because,  were  it  true  for  the 
climate  of  northern  Italy,  it  w'ould  not  be  so  for  that  of  Great  Britain ; neither  are  we  at 
all  satisfied  with  that  which  in  his  practice  Sir  William  Chambers  says  he  adopted,  and 
which  is  as  follows,  in  his  own  words ; — “ I have  generally  added  the  depth  and  height’ 
we  suppose  width  “ of  the  rooms  on  the  principal  floor  together,  and  taken  one  eighth 
part  thereof  for  the  width  of  the  window  ; a rule  to  which  there  are  few  objections : ad- 
mitting somewhat  more  light  than  Palladio’s,  it  is,  I apprehend,  fitter  for  our  climate  than 
his  rule  would  be.”  This  rule  is  empirical,  as  indeed  is  that  on  which  we  place  most 
dependence,  and  to  which  we  shall  presently  introduce  the  reader,  being  ourselves  inclined 
to  the  belief  that  in  the  lighting  a room  there  is  a direct  relation  between  the  area  of  the 
aperture  admitting  the  light  and  the  quantity  of  cube  space  in  the  room.  Indeed  the  law 
which  we  are  about  to  give  is  one  founded  on  the  cubic  contents  of  the  apartment ; and  if 
the  results  bore  a regular  ratio  to  that  quantity,  the  discussion  would  be  at  an  end,  for  we 
should  then  have  only  to  ascertain  the  cubic  contents,  and,  knowing  how  much  an  area  of 
light  one  foot  square  would  illuminate,  the  division  of  one  by  the  other  would  supply  tiui 
superficies  of  windows  to  be  provided.  Our  own  notion  on  this  subject  is,  that  1 foot  super- 
ficial of  light  in  a vertical  wall,  supposing  the  building  free  from  obstruction  by  high 
objects  in  the  neighbourhood,  will  in  a square  room  be  sufficient  for  100  cube  feet  if  placed 
centrally  in  such  room.  It  will,  however,  immediately  occur  to  the  reader,  that  this  rule 
cannot  in  many  cases  satisfy  the  requirements  of  an  apartment  as  respects  the  quantity  of 
light  necessary  for  its  proper  illumination.  The  subject  is  beset  with  numerous  difficulties, 
which  to  overcome  requires  the  greatest  skill.  In  the  case  of  an  apartment,  long  as  com- 
pared with  its  width,  it  is  well  known  to  every  practical  architect  that  windows  of  the  same 
collective  area  at  either  of  the  narrow  ends  of  such  apartment  will  light  it  much  more 
effectively  than  if  the  same  area  of  light  were  admitted  on  either  of  the  long  sides,  and  most 
specially  so,  if  it  should  happen  that  on  such  long  side  there  were  a pier  instead  of  a window 
in  the  centre  of  such  side.  In  illustration  of  what  we  mean,  let  us  refer  the  reader  to  the 
ball  room  at  W indsor  Castle,  an  apartment  90  feet  long,  34  feet  wide,  and  33  feet  high, 
ibis  room  is  lighted  from  the  northern  narrower  side  by  a window  nearly  occupying  the 
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n'idtli,  and  is  supplied  by  an  abundance  ofliglit.  Hut  bad  the  same  quantity  of  light  been 
admitted  from  either  of  the  long  sides  of  the  room,  so  many  masses  of  shadow  would  have 
been  introduced  through  the  inter])Osition  of  piers,  that  its  efiect  would  have  diflered  most 
widely  from  the  cheerful  and  airy  aspect  it  now  ])resents.  We  have  taken  this  as  an 
example  that  more  ])resently  occurs  to  us,  hut  the  reader  from  his  observation  will  have  no 
di^culty  in  supplying  instances  in  corroboration  of  our  impressions  on  this  subject. 

But  we  shall  now  proceed  to  give,  in  the  author’s  own  words,  the  rules  of  which  we 
have  sj)oken.  That  author  is  liol)ert  Morris,  and  the  work  (j noted  is  Lectures  on  Archi- 
tecture, cousistiug  of  Rules  founded  on  HarmonicU  and  Arithmetical  Proportions  in  Building. 
London,  8vo.  1734.  “ There  are  rules,  likewise,  for  proportioning  of  light  according 

to  the  magnitude  of  the  room  by  which  any  room  may  he  illuminated,  more  or  less, 
according  to  the  uses  of  them,  and  at  the  same  time  preserve  an  external  regularity  ; 
which,  as  it  is  on  an  uncommon  basis,  I shall  explain  to  you  as  well  as  I conveniently 
can.  Let  the  magnitude  of  the  room  he  given,  and  one  of  tho.se  proportions  I have 
proposed  to  he  made  use  of  or  any  other  ; multiply  the  length  and  breadth  of  the  room 
together,  and  that  product  multiply  by  the  height,  and  the  square  root  of  that  sum  will 
he  the  area  or  superficial  content  in  feet,  i^:c.  of  the  light  recpiired.” 


2749.  “Example.  Suppose  a room  {fig.  964.),  whose  magnitude  is  tlie  arithmetical 
proportion  of  5,  4,  and  3,  and  is  20  feet  long,  16  feet  broad,  and  12  feet  high,  the  cube  or 
product  of  its  length,  breadth,  and  height  multiplied  together  is  3840,  the  scpiare  root  of 
which  sum  is  62  feet.  If  the  height  of  the  story  is  12  feet  as  before  mentioned,  divide 
that  62  feet  into  three  windows ; each  window  will  contain  20  feet  8 inches  of  superficial 
light,  and  those  will  he  found  to  he  3 feet  2t  inches  broad,  and  6 feet  5 inches  high,  which 
are  windows  of  two  diameters.” 

2750.  “ Let  us  now  suppose  another  room  on  the  same  range  whose  height  is  12  feet,  as 
the  preceding  example  is,  and  its  proportion  {fig.  965.)  shall  he  the  cube.  The  product  of 
that  cube  is  1728,  and  its  root  is  41  feet  4 inches,  or  thereabouts:  divide  that  41  feet 
4 inches  in  two  parts  for  twm  window.s,  and  each  will  he  20  feet  8 inches  of  superficial 
'light,  and  those  will  he  two  diameters  in  height,  and  the  magnitude  the  same  as  the  pre- 
ceding room.” 

2751.  “ For  example  sake,  I will  only  suppose  one  more  room  {fig.  966  ) upon  the  same 
range,  and  1 2 feet  in  height, 
whose  proportion  shall  he  the 
arithmetical  of  3,  2,  and  1 ; 
that  is,  its  height  being  12 
feet,  the  breadth  will  be  24 
and  length  36,  the  product  of 
those  numbers  multiplied  to- 
gether will  be  10368,  and  its 
root  101  feet  8 inches,  or 
thereabouts : divide  this  room 
into  five  windows,  each  win- 
dow will  have  20  feet  4 inches 
superficial  light,  and  the  mag- 
nitude will  he  near  or  equal  to 
the  others,  and  if  the  proportion  he  6,  4,  and  3,  and  coved,  the  light  is  the  same.” 

2752.  “ There  is,”  says  the  author,  rather  perhaps  simply,  “ hut  one  objection  to  this 
rule  to  make  it  universal  for  all  kinds  of  proportioned  rooms  on  the  same  floor,  and  that 
is,  the  square  root  doth  not  always  happen  to  he  exact  enough  for  to  make  them  alike;  but 
as  the  variation  will  he  so  small,  it  may  he  made  use  of ; and  if  the  area  something  exceeds 
the  standard  of  the  principal  room,  that  room  may  he  converted  to  a use  which  requires 
more  than  standard  light,  and  the  necessities  of  families  sometimes  require  it.  But,  how- 
ever, the  rule  will  serve  for  the  purpose  near  enough  for  any  ])iactice.  ’ 
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27  5.3.  “If  you  extund  the  rule  to  larger  rooms,  the  same  methods  will  be  preservec 
even  if  the  height  be  continued  through  two  stories,  if  the  upper  windows  be  made  square 


and  to  have  two  tire  ” (tiers)  “ of  windows.  Let  us  suppose  the  room  (^fg.  967.)  with  two 
tire  of  windows  in  height,  to  be  50  feet  long,  40  feet  wide,  and  .SO  feet  high,  the  arith- 
metical proportion  of  5,4,  and  .S,  the  product  of  those  numbers  multiplied  together  will  be 
60000,  the  square  root  of  which  sum  is  245  superfical  feet;  divide  that  sum  for  the  tire" 
(tiers)  “ of  windows  into  three  parts,  or  take  one  third  of  it,  and  that  makes  the  attic  or 
square  windows  81  feet  8 inches  superficial  light ; divide  this  into  5 windows,  and  they  are 
4 feet  and  half  an  inch  square,  and  the  five  lower  windows,  consisting  of  16.S  feet  4 inches 
superficial  light,  being  what  remains  out  of  the  245  feet,  the  root,  each  of  these  windows  is 
4 feet  and  half  an  inch  by  8 feet  1 inch,  or  two  diameters,  which  245  feet,  the  whole  sum 
of  the  square  root  of  the  room,  will  suflficiently  illuminate  the  same.” 

2754.  The  extreme  piers  should  not,  if  possible,  be  less  than  half  the  width  of  the 
principal  piers.  This  cannot  always  be  obtained,  but  a much  less  width  causes  great 
irregularity,  and  that  more  especially  when  one  of  such  end  piers  falls  opposite  a chimney 
breast,  besides  causing  a great  mass  of  shadow  on  the  other  side  of  the  chimney,  whicli 
has  a tendency  towards  making  the  room  dark  and  gloomy. 

2755.  Windows  in  the  same  story  should  be  similar.  There  may  be  an  occasional  de- 
viation for  a great  central  window^  but  such  deviation  must  be  used  with  much  caution. 
Another  practice,  most  properly  rei)robated  by  Chambers,  is  that  of  intermitting  the  archi- 
trave and  frieze  of  an  order  in  the  intervals  between  the  columns  to  make  room  for  windows 
and  their  enrichments,  as  on  the  flanks  of  the  Mansion  House  in  the  city  of  London ; a 
practice  from  which  Sir  Christopher  Wren  was,  unfortunately,  not  exempt,  as  may  be 
noticed  in  St.  Paul’s  Cathedral. 

2756.  What  are  called  Venetian  windows  are  occasionally  allow’able,  when  so  ranged 
and  introduced  as  not  to  interfere  with  the  composition,  — a task  often  difficult  to  effect. 
'I'hey  should  not  be  much  repeated,  as  in  the  front  at  Holkham,  where  they  become  actually 
disgusting.  Though  in  the  examples  which  follow  there  be  two  which  are  composed 
with  semicircular-headed  centres,  we  do  not  approve  of  the  general  use  of  examples  de- 
signed on  such  principles,  and  would  advise  the  student  rather  to  study  the  composition  ol 
the  Venetian  window,  when  required,  as  in  Jig.  968., 
which  we  do  not  present  as  one  of  beauty,  but  rather 
of  projjriety,  where  the  want  of  light  to  the  apartment 
renders  a Venetian  window  expedient.  The  method 
of  making  sashes,  shutters,  and  the  other  accessories  of 
windows  has  been  described  in  a previous  section ; we 
tlierefore  proceed  to  offer  a few  of  the  most  celebrated 
examples  of  windows.  It  is  not  necessary,  after  the 
investigation  relative  to  the  voids  and  solids  of  doors, 
to  pursue  the  inquiry  into  the  relative  proportions  of 
windows  as  respects  that  part  of  the  subject.  They 
are,  in  a measure,  in  regard  to  windows,  subject  to 
the  same  principles,  and  this,  by  trial,  will  be  immedi- 
ately apparent  to  the  student;  and  we  therefore  shall 
not  stop  for  such  investigation. 


Fig.  968 


Chap.  I. 


WINDOWS. 


919 


,'ec 

ie 


2757.  Fig.  9G9.  is  after  the  lower  stc'iy  of  windows  at  St.  Peter’s  at  Home,  by  Michael 
Angelo,  and  is  rather  less  than  the  double  square  in  height.  Tlie  architrave  is  one  seventh 


Fis.  970. 


of  the  aperture’s  width,  being  the  same  as  that  of  the  pilasters.  The  length  of  the  consoles 
is  one  third  of  the  width  of  the  aperture,  and  the  entablature  one  quarter  of  its  height. 

2758.  Fig.  970.  is  from  the  Mattei  palace  at  Rome,  and  is  the  design  of  Bartoloinet; 
Ammanati.  It  possesses,  though  rather  heavy,  considerable  beauty,  and  well  deserves  tlie 
attention  of  the  student.  Chambers,  from  whom  we  have  selected  many  of  our  examples 
in  this  and  others  sections,  says,  “the  parts  made  somewhat  less  would  succeed  better,  as 
would  also  a pediment  instead  of  the  sloped  covering  at  top  ; ” but  we  entirely  disagree 
with  him,  and  are  of  opinion  that  what  he  proposes  would  ruin  the  design. 


Fig.  971. 

2759.  Figs.  971.  and  972.  are  the  compositions  of  Bernardo  Buontalenti.  The  aper- 

tures are  a double  square,  or  something  less,  the  architraves  a sixth  or  seventh  of  the 
apertures,  and  the  pilasters  may  be  about  the  same.  Ihe  height  of  the  entablature  should 
not  be  more  than  a quarter  that  of  the  aperture,  nor  much  less.  The  greatest  length  of 
the  consoles  should  not  exceed  half  the  width  of  the  aperture,  nor  should  their  least  length 
be  less  than  one  third  of  it.  , , j t>-  t 

2760.  Fig.  973.  is  from  the  old  Louvre  at  Paris,  and  is  by  the  celebrated  1 lerrc  Lescot, 
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abbot  of  Clugny  in  the  reigns  of  Francis  I.  and  Henry  II. 
dissimilar  from  tlie  two  last  examples. 


Its  proportions  are  not  much 


F«.  975. 


2761.  Fig.  974.  is  a window  constantly  used  by  Palladio.  Tlie  opening  is  a double 
scjuare,  the  breadth  of  the  architrave  equal  to  one  sixth  of  the  aperture,  and  the  frieze  and 
cornice  together  equal  to  double  the  height  of  the  architrave.  The  breadth  of  the  con- 
soles equal  to  two  thirds  the  width  of  the  architrave.  The  breaks  over  the  consoles  in  the 
bed  mouldings  of  the  cornice  are  perhaps  not  strictly  correct,  but  are  deviations  from  pro- 
priety which  may  be  tolerated.  The  breaks  in  the  upper  vertical  parts  of  the  architrave 
would  perhaps  be  better  omitted.  The  practice  generally  should  be  avoided,  except  in 
cases  where  a greater  length  of  cornice  is  wanted  for  the  purpose  of  filling  the  bare  walls 
to  which  the  windows  are  applied. 

2762.  Fig.  975.  is  from  the  Banqueting  House  at  Whitehall,  by  Inigo  Jones.  The 
aperture  is  a double  square,  the  entablature  one  fourth  of  its 
height,  and  the  architrave  somewhat  more  than  one  sixth  of  its 
width. 

2763.  Fig.  976.  is  by  Michael  Angelo,  and  executed  at  the 
Farnese  palace  at  Rome.  It  possesses  all  the  wildness  and 
fancy  of  the  master,  and  though  abounding  with  faults,  is 
redeemed  by  its  grandeur  and  originality. 

2764.  In  Jig.  977.  is  given  the  design  by  Ludovico  da  Cigoli 
of  a window  from  the  ground  floor  of  the  Renuccini  palace 
in  Florence.  It  can  scarcely  be  properly  estimated  without  its 
connection  Avith  the  fa9ade,  to  the  character  whereof  it  is  in 
every  respect  suitable. 

2765.  Fig.  978.  is  a design  of  Palladio,  nearly  resembling 
that  executed  in  the  Barbarano  palace  at  Vicenza.  It  has 
been  imitated  by  Inigo  Jones,  and  perhaps  improved  on  by  him, 
in  the  flanks  at  GreenAvich  Hospital. 


Fl«.  !>56. 
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2 <66.  Fig,  979.  is  also  by  Palladio,  and  executed  by  him  in  the  Porto  palace  at  Vicenza. 
^67.  Fig.  980.  is  the  design  ot  RaflTaelle  Sanzio,  and  Avorthy  of  the  reputation  of  that 
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great  painter  and  architect.  It  is  executed  in  the  PandoUinl  palace  at  Florence,  on  the 
principal  floor.  'Hie  height  of  the  aperture  is  a very  little  inoie  than  Iw  1 'c  its  width,  the 
architrave  is  one  seventh  the  width  of  the  aperture.  'I'he  columns,  which  are  Ionic.*  are 


Fig.  982.  Fig.  983. 

2769.  Fiq.  982.  is  from  the  principal  floor  of  the  Palazzo  Tliiene  at  Vicenza.  'n»t 
aperture  is  two  and  two  tenths  of  its  width  in  height;  the  columns  are  nine  diameters  high, 
and  one  quarter  engaged  in  the  wall.  The  under  sides  of  the  Ionic  capitals  are  level  with 
the  top  of  the  aperture,  having  angular  volutes  with  an  astragal  and  fillet  below  the  volute. 
The  bases  are  Tuscan,  and  there  are  on  each  shaft  five  rustic  dies  of  an  equal  breadth. 


Fig.  9S0.  Fig.  981. 

9 diameters  high,  and  should  be  as  much  detached  from  the  wall  as  possible.  The  distance 
of  them  from  the  architrave  of  the  window  is  a quarter  of  a diameter,  which  is  also  the 
distance  of  the  entablature  from  the  top  of  the  same  architrave.  The  total  height  of  the 
entablature  is  two  ninths  of  that  of  the  column,  and  the  height  of  the  pediment  is  one 
quarter  of  its  base  or  somewhat  less.  The  pedestals  are  one  quarter  of  the  height  of  the 
whole  order. 

2768.  Fig.  981.  Is  one  of  the  windows  of  the  Bracciano  palace  at  Rome,  by  Bernini. 
The  aperture  is  more  than  a double  square,  and  the  architrave  about  one  sixth  the  M-idth 
of  the  aperture.  The  entablature  is  only  one  fifth  of  the  height  of  the  columns,  in- 
cluding their  sub-plinths,  and  the  pediment  is  less  in  height  than  one  quarter  of  its  extent. 
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whose  inner  sides  are  on  a line  w ith  the  sides  of  the  aperture,  and  their  projection  equal  to 
that  of  the  plinth  of  the  base,  that  is,  one  fifth  of  a diameter  of  the  column.  The  keystones 
incline  forwards  towards  the  top,  and  they  are  hatched,  only  the  surface  being  left  rough, 
as  are  likewise  the  dies  on  the  columns,  except  at  their  angles,  which  are  rubbed  smooth. 
The  entablature  is  Ionic,  the  architrave  consisting  of  only  two  fasciaa,  the  frieze  swelled, 
and  the  dentil  band  placed  immediately  on  the  frieze,  without  any  intervening  mouldings, 
a j)ractice  not  very  unusual  with  Palladio.  The  pedestals  are  rather  more  than  one  third 
the  height  of  the  columns.  The  dies  and  balusters  stand  on  the  platband  of  the  basement, 
which  was  done  to  diminish  the  projection. 

2770.  Fiff.  983.  is  a design  by  Inigo  Jones,  which  has  been  much  used  in  this  country. 
It  is  rather  higher  than  a double  square.  The  width  of  the  architrave  is  one  fifth  that  of 
the  aperture,  and  the  rustics  are  a trifle  less  than  the  third  of  it.  The  entablature  is  two 
ninths  of  the  height  of  the  opening,  and  the  height  of  the  pedestal  is  or  nearly  so,  of 
the  height  of  the  aperture  and  pedestal  taken  together. 


2771.  Fig.  984.  is  the  design  of  a Venetian  window  by  Colin  Campbell,  the  compiler 
of  the  three  first  volumes  of  the  Vitruvius  Britannicus  ; and  ^ 

2772.  Fig.  98.5.  is  very  similar  to  the  Venetian  windows  in  the  west  fa9ade  of  the  Horse 
Guards,  executed  by  Kent.  It  is  perhaps  as  favourable  an  example  of  this  species  of 
window  as  can  be  produced. 


Sect.  XXI. 

NICHES  AND  STATUES. 

27*73.  A niche  is  a recess  constructed  in  the  thickness  of  a wall  for  the  reception  of  different 
objects,  such  as  statues  more  especially,  but  occasionally  also  for  that  of  busts,  vases, 
and  tripods.  Vitruvius  makes  no  mention  of  niches,  and  but  for  an  inscription  published 
by  Visconti  in  the  Monumenti  Gabini  we  should  not  have  known  that  they  were  by  the 
ancients  called  zoihecce,  or  places  for  the  reception  of  a figure.  Our  English  word  niche  is 
evidently  derived  from  the  Italian  nicchio,  a shell. 

2774.  In  the  early  Greek  temple  the  niche  is  not  found;  at  a later  period,  as  in  the 
monument  of  Philopappus,  we  find  a circular  and  two  quadrangular-headed  niches  occupied 
in  the  time  of  Stuart  by  statues ; and  it  does  not  seem  improbable  that  in  the  Gymnasia, 
Agora,  Stadia,  &c.  of  the  nation  mentioned,  the  use  of  the  niche  was  not  uncommon.  But 
the  different  forms  of  the  ancient  tomb,  and  the  early  methods  of  sepulture,  would  soon 
suggest  to  the  Greeks  and  Romans  the  use  of  the  niche,  especially  in  such  tombs  as  were 
devoted  to  the  use  of  a particular  family.  These  sepulchres,  whose  subdivisions  were 
called  columbaria,  had  their  walls  ornamented  with  small  niches  for  the  reception  of 
cinerary  urns,  or  those  containing  the  ashes  of  the  dead.  In  these,  a large-sized  niche 
occupies  the  principal  place  in  the  apartment,  and  in  this  was  deposited  the  urn  or  sarco- 
phagus of  the  head  of  the  family. 

2”  75.  The  small  temples  {ccdicula)  of  the  Romans  are  often  found  decorated  with  niches  ; 
and  in  the  small  building  on  the  Lake  of  Albano,  generally  supposed  to  have  been  a 
Nympheum,  we  find  each  side  of  the  interior  dressed  with  six  niches,  whose  height  suffi- 
ciently indicates  that  they  were  provided  for  the  reception  of  statues.  In  the  temple  of 
Diana,  at  Nismes,  in  the  South  of  France,  which  is  now  considered  to  have  been  a portion 
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of  TliermcT,  as  the  great  aqueduct  ran  near  it,  the  interior  has  t«o  sides  decorated  v\itli  six 
Corinthian  columns,  and  in  the  wall  between  each  column  is  a niche  (called  tabernacle  by 
the  moderns).  Tiach  is  placed  on  a pedestal,  and  at  ihe  sides  have  ])ilasteis  alternately 
surmounted  by  segmental  and  triangular  pediments.  We  do  not,  ho«  ever,  consider  it 
necessary  to  enumerate  the  various  Roman  works  wherein  the  niche  finds  a place,  and  shall 
therefore  do  no  more  than  refer  the  student  to  the  I’antheon,  the  temple  of  Peace,  the  arch 
of  Janus,  at  Rome,  and  to  its  exuberant  employment  at  Palmyra,  Raalbec,  and  Si  alato. 
The  buildings  cited  will  furnish  him  with  examples  of  all  sorts  and  characters. 

2776.  The  dresses  of  niches  seem  to  bear  an  analogy  to  those  of  windows  and  doors  in 
their  form  and  decoration ; the  niche  may  really  be  considered  as  an  opening  in  a wall, 
and  indeed  there  are,  in  the  arch  of  Claudius  Drusus,  now  the  Porta  Maggiore,  at  Rome! 
openings  used  as  niches,  in  which  an  object  placed  may  be  seen  from  either  s’ide  of  the* 
wall.  It  therefore  appears  not  improper  to  dress  the  niche  with  the  ornaments  which 
custom  has  sanctioned  for  doors  and  windows.  The  author  of  the  article  “ Niche"  in  the 
Encyclopedie  Methodique,  has  divided  niches  into  three  classes.  The  first  are  such  as  are 
square  on  the  plan,  and  either  square  or  circular-headed.  These  are  the  simplest,  and  are 
without  dressings  of  any  sort.  Second,  such  as  are  sijuare  on  their  plans,  and  with  stjuare 
heads,  but  ornamented  with  dressings,  or  crowned  with  a simple  platband  supported  by  two 
consoles.  In  the  third  class  are  included  all  niches  whose  plan  and  heads  are  semicircular, 
cither  ornamented  with  festoons,  or  with  dressings,  or  with  columns  and  entablature.' 
These,  says  the  author,  are  to  be  Introduced  into  buildings  according  to  their  several  cha- 
racters, from  simple  to  highly  enriched,  as  requisite. 

2777.  Some  architectural  authors  have  laid  down  positive  rules  for  the  proportions  of 
niches.  According  to  others  the  proportion  is  found  in  a niche  twice  and  a half  its  width 
in  height ; and  indeed  this  produces  a proportion  not  inelegant.  But  in  considering  the 
classes  separately,  they  have  divided  the  width  of  the  niches  invariably  into  twelve  parts. 
'I'o  a niche  of  the  first  class  they  give  twenty-eight  of  such  parts;  to  one  of  the  second 
class,  thirty ; and  to  one  of  the  third  class,  thirty-one  parts.  This  reduction,  however,  of 
the  proportions  of  a niche  seems  to  us  to  partake  of  empiricism  ; and  we  would  rather 
always  trust  to  an  educated  eye  than  to  rules  which  seem  to  have  no  basis  on  fitness  and 
propriety.  It  is,  moreover,  to  be  recollected  that  all  rules  of  art  can  be  considered  only  as 
mean  terms,  serving  more  as  approximations  than  positive  laws  for  the  guidance  of  the 
artist  in  the  different  combinations  he  imagines. 

2778.  The  use  of  tiers  of  niches  over  each  other  Is  condemned  by  J.  F.  Blondel,  unless 
separated  by  a line  of  entablature  between  them,  which  may  seem  to  indicate  the  existence 
of  a floor ; otherwise,  he  ol)serves,  one  figure  seems  to  stand  on  the  head  of  another. 
This,  however,  is  an  abuse  of  reasoning  ; not  that  it  is  to  be  understood  that  we  think  the 
practice  very  allowable.  The  recommendation  of  this  master  in  respect  of  the  relation 
between  niches  and  the  statues  that  are  to  occupy  them  is  worthy  of  attention.  He 
opposes,  and  we  think  with  great  propriety,  the  placing  a statue  without  a plinth  in  the 
niche.  The  plinth  is,  indeed,  necessary  to  the  good  effect  of  every  statue  ; and  to  pretend 
that  the  imitation  in  marble  could  or  ever  was  intended  to  be  mistaken  for  the  object  it 
imitates,  would  be  to  leave  behind  all  those  matters  of  convention  in  art  for  which  the 
spectator  is  w-ell  prepared.  In  architectural  decoration,  no  less  than  in  the  abstract  imita- 
tion of  the  objects  of  sculpture,  no  one  is  desirous  of  believing  them  natural  and  living,  but 
only  as  models  of  imitation. 

2779.  The  following  observations  are  from  Chambers,  relative  to  the  size  of  the  statues 
u.sed  in  niches.  “ The  size  of  the  statue  depends  upon  the  dimensions  of  the  niche ; it 
should  neither  be  so  large  as  to  seem  rammed  into  it,  as  at  Santa  IMaria  Maggiore,  in 
Rome,  nor  so  small  as  to  seem  lost  in  it,  as  in  the  Pantheon,  where  the  statues  do  not 
occupy  above  three  quarters  of  the  height  of  the  niche,  and  only  one  half  of  its  w'idth. 
Palladio,  in  arched  niches,  makes  the  chin  of  his  statues  on  a level  with  the  toj)  of  the  im- 
post (springing),  so  that  the  whole  head  is  in  the  coved  part.  In  the  nave  of  St.  Peter’s,  at 
Rome,  the  same  proportion  has  been  observed,  and  it  has  a very  good  effect.  I’he  distance 
between  the  outline  of  the  statue  and  the  sides  of  the  niche  should  never  be  less  than  one 
third  of  a head,  nor  more  than  one  half,  whether  the  niche  be  square  or  arched  ; and  when 
it  is  square,  the  distance  from  the  top  of  the  head  to  the  soffite  of  the  niche  should  not  ex- 
ceed the  distance  left  on  the  sides.  The  statues  are  generally  raised  on  a i)linth,the  heiglit 
of  which  may  be  from  one  third  to  one  half  of  a head ; and  sometimes,  where  tlie  niches 
are  very  large  in  proportion  to  the  architecture  they  accompany,  as  is  the  case  when  an 
order  comprehends  but  one  story,  the  statues  may  be  raised  on  small  pedestals,  by  which 
means  they  may  be  made  lower  than  usual,  and  yet  fill  the  niche  sufficiently,  it  being  to  be 
feared  lest  statues  of  a proper  size  to  fill  such  niches  should  make  the  columns  and  entabla- 
ture appear  trifling.  The  same  expedient  must  also  be  made  use  of  whenever  the  statues 
in  the  niches,  according  to  their  common  proportions,  come  considerably  larger  than  those 
placed  at  the  top  of  the  building.  A trifling  disparity  w-ill  not  be  easily  perceived,  on  ac- 
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count  of  the  distance  between  their  respective  situations;  hut  if  it  be  preat,  it  has  a 
very  bad  eflect ; and  therefore  tliis  must  be  well  attended  to  and  remedied,  cither  by  the 
above-mentioned  method,  or  hy  entirely  omitting  statues  at  the  top  of  the  building,  leaving 
the  balustrade  either  free,  or  ])lacing  thereon  vases,  trophies,  and  other  similar  ornaments.” 
Further  on  in  the  same  work,  the  author  says  that  “ niches,  being  designed  as  repositories 
for  statues,  groups,  vases,  or  other  works  of  sculpture,  must  be  contrived  to  set  off  the 
things  they  are  to  contain  to  the  best  advantage;  and  therefore  no  ornaments  should  ever 
be  introduced  within  them,  as  is  sometimes  injudiciously  practised,  the  cove  of  the  niche 
being  either  filled  with  a large  scollop  shell,  or  the  whole  inside  with  various  kinds  of  pro- 
jecting rustics,  with  moulded  compartments,  either  raised  or  sunken,  or  composed  of  dif- 
ferent coloured  marbles,  for  all  these  serve  to  confuse  the  outline  of  the  statue  or  group. 
It  is  even  wrong  to  continue  an  impost  within  the  niche,  for  that  is  of  considerable  dis- 
advantage to  the  figures,  which  never  appear  so  perfect  as  when  backed  and  detached  on  a 
plain  smooth  surface.  An  excess  of  ornaments  round  the  niche  should  likewise  be  avoided, 
and  particularly  masks,  busts,  boys,  or  any  representation  of  the  human  figure,  all  which 
serve  to  divide  the  attention,  and  to  divert  it  from  the  principal  object.” 

2780.  “The  depth  of  the  niche  should  always  be  sufficient  to  contain  the  whole  statue, 
or  whatever  else  it  is  to  contain,  it  being  very  disagreeable  to  see  statues,  or  any  other 
weighty  objects,  with  false  bearings,  and  su])ported  on  consoles  or  other  projections,  as  is 
sometimes  done,  and  in  the  case  of  niches,  the  side  views  become  exceedingly  uncouth  ; foi 
in  these  a leg,  an  arm,  a head,  in  short,  those  j)arts  alone  which  project  beyond  the  niche 
ap))ear  and  look  like  so  many  fragments,  stuck  irregularly  into  the  wall.”  We  trust  wi; 
shall  be  excused  for  this  and  many  other  long  quotations  from  Chambers,  on  account  of  the 
strong  common  sense  with  which  they  abound,  though  not  always  expressed  in  the  most 
elegant  language  that  might  have  been  selected. 

2781.  We  conclude  the  section  with  a few  examples  of  niches,  whose  general  propor- 
tions are  sufficiently  to  be  derived  from  the  figures  which  represent  them,  and  wdiich, 
therefore,  will  not  require  our  more  minute  description  in  this  place,  the  diagrams  them- 
selves being  the  more  useful  mode  of  submitting  the  subject  to  the  student. 


2782.  Fig.  986.  is  the  simple  niche,  square  and  circular  in  the  head  and  in  the  plan  ; in 
the  latter  we  have  before,  as  a general  rule,  given  the  proportion  of  its  height  as  tw'ice  and  a 
half  that  of  its  width  ; but  the  former,  or  the  s(juare-headed  one,  may  be  a double  square, 
yet  it  never  should  exceed  in  height  twice  and  a half  its  width. 

278.8.  Fig.  987.  is  a common  form  of  using  the  niche  where  the  opening  ol  windows 
with  which  it  is  accompanied  requires  a correspondent  square  recess  for  the  niches,  as  also 
ill  interiors  where  the  leading  lines  may  require  such  an  expedient. 

2784.  Fig.  988.  shows  the  method  of  introducing  niches  in  a rusticated  basement,  w-hich 
is  often  requisite.  The  rustics  are  received  on  a flat  ground,  in  which  the  niche  is  formed. 
'I'lie  reader  is  not  to  understand  that  any  of  the 
figures  are  intended  as  models  for  imitation,  but 
merely  as  modes  on  which,  in  using  them,  he  may 
•SO  w^ork  as  to  reduce  them  to  his  owm  views  in 
the  design  whereon  he  is  engaged. 

278.5.  Fig.  989.  is  from  the  plate  of  Palladio’s 
Hall,  and  exhibits  the  violation  of  Cham- 
bers’s excellent  maxim  of  not  allowing  the  impost 
to  be  continued  round  the  springing  of  the  niche. 

If  niches  are  merely  introduced  for  play  of  light 
and  shadow  without  reference  to  their  reception 
ot  statues,  the  practice  of  this  abuse  may  be  to- 
lerated ; but  certainly  not  in  cases  w'here  statues 
are  to  be  placed  in  them. 

2786.  Fig.  990.  is  the  niche  accompanied  by 
entablature,  |)cdimcnt,  architraves,  consoles,  and 
pedestals,  as  in  the  windows  wiiich  have  already 
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l)ecn  given,  and  their  proportions  will  .serve  as  a guide  in  this;  the  only  dlirercnce  beinji^ 
that  a niche  is  inserted  within  the  architrave  of  the  opening. 

2787.  Fiff.  991.  is  imitated  from  one  of  the  niches  of  the  Pantheon,  for  the  details 
whereof  the  reader  may  refer  to  Desgodetz. 


Skct.  XXII. 


Cimi.NEY  PIECES. 


2788.  It  is  not  our  intention  to  devote  much  of  a space,  necessarily  restricted,  to  the 
consideration  of  designs  for  chimney  pieces ; not  because  we  consider  them  unworthy  of  the 
serious  attention  of  the  student,  nor  because  the  ever-varying  fashion  of  the  day  seems  to 
create  a desire  for  new  forms,  but  because  they  come  under  the  category  of  doors  and  win- 
dows (strange  as  it  may  seem)  in  respect  of  the  relation  of  the  void  to  the  solid  parts.  We 
are  not  aware  that  any  view  of  this  nature  has  heretofore  been  involved  in  the  consideration 
of  them,  but  we  are  not  the  more  on  that  account  to  be  driven  from  our  hypothesis.  The 
examples  of  chimney  pieces  that  have  been  given  by  Chambers,  and,  before  him,  by  old 
Serlio,  were  but  fashions  of  their  respective  days ; and  if  it  be  possible  to  establish  some- 
thing like  a canon  on  which  they  might  be  designed,  we  apprehend  it  would  be  useful  to 
the  student. 

2789.  A chimney  piece  is  the  ornamental  decoration  applied  to  the  aperture  of  a chimney 
opening,  and  it  seems  but  reasonable  that  in  its  general  distribution  it  should  be  subject  to 
those  laws  which  regulate  the  ornaments  of  other  openings.  The  forms  and  fancies  into 
which  this  ornament  of  a room  may  be  changed  are  infinite,  and  we  therefore  consider  that 
if  its  appendages  can  be  drawn  into  a consistent  shape  we  shall  be  of  service  in  the  few 
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remarks  subjoined.  In  Jig.  992.  the  chimney  opening  to  be  decorated  is  4 0 wide  and 
3 feet  6 inches  high;  its  area  is  therefore  equal  to4;0x3:6  = 14  feet.  The  principle 
here  recommended  is  to  make  the  two  supporting  pieces  eijual  to  one  half  of  that  area,  or 
seven  feet,  and  the  supported  piece  B equal  to  the  other  half.  Now,  as  the  height  is  3 : 6, 
we  shall  have  ^ = 2 for  the  width  of  the  two  piers,  that  is,  each  will  be  one  foot  wide.  By 
the  addition  of  these  to  the  width  of  the  opening,  the  dimension  becomes  six  feet ; and  as 
B is  to  contain  seven  feet  superficial,  it  follows  that  | = 1 g is  the  height  of  B that  it  may 
contain  7 feet. 

2790.  In  ^g.  993.  we  have  shown  the  method  of  developing  the  principle;  in  it  the 
supports,  load,  and  void  bear  the  same  relation  to  each  other  as  in  the  preceding  figure. 
The  entablature  is  divided  into  three  equal  parts  for  the  architrave,  frieze,  and  cornice,  and 
trusses  are  placed  on  the  pilasters  by  the  sides  of  the  architrave.  The  tablet  is  of  course 
not  absolutely  required,  and  the  trusses  may  be  formed  of  leaves  instead  of  being  plain,  as 
here  shown. 

2791.  Fig.  994.  is  another  mode  of  using  the  proportions  given  in  Jig.  992.,  and  upon 
it,  as  well  as  that  last  given,  we  have  only  to  observe,  they  are  not  introduced  as  specimens 
of  design,  but  solely  with  the  view  of  illustrating  a principle.  The  projection  of  chimney- 
pieces  should  not  generally  be  greater  than  the  whole  width  of  the  support,  nor  less  than 
lalf. 

2792.  We  wish  we  could  give  some  rule  for  adjusting  the  size  of  a chimney  opening  to 
that  of  the  room  it  is  to  warm.  Morris,  in  his  Lectures  on  Architecture,  before  quoted, 
imagined  that  he  had  found  out  one,  and  he  speaks  with  confidence  on  the  results  which 
follow  its  use ; but  we  confess  we  are  not  satisfied  with  them.  We  nevertheless  should 
be  wrong  in  omitting  it,  and  therefore  give  his  words  for  the  consideration  of  the  student. 
'I'he  first  rule  is  as  follows:  — “ To  find  the  height  of  the  opening  of  the  chimney  from  any 
given  magnitude  of  a room,  add  the  length  and  height  of  the  room  together,  and  extract 
the  square  root  of  that  sum,  and  half  that  root  will  be  the  height  of  the  chimney.”  'I’he 
second  rule  is  as  follows  ; — “ To  find  the  breadth  of  a chimney  from  iny  given  magnitude 
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of  ii  room,  add  the  length,  breadth,  and  height  of  the  room  together,  and  extract  the  square 
root  of  that  sum,  and  half  that  root  will  be  the  height  of  the  chimney.”  The  third  rule  lie 
gives  is,  “ To  find  the  depth  of  a chimney  from  any  given  magnitude,  including  the  breadth 
and  height  of  the  same,  add  the  breadth  and  height  of  the  chimney  together,  take  one 
fourth  of  that  sum,  and  it  is  the  depth  of  the  chimney.”  His  fourth  and  last  rule  is,  “ To 
find  the  side  of  a square  or  funnel  proportioned  to  clear  the  smoke  from  any  given  depth 
of  the  chimney,  take  three  fourths  of  the  given  depth,  and  that  sum  is  the  side  of  the 
square  of  the  funnel.  Observe,  only,  that  in  cube  rooms  the  height  is  equal  to  the  breadth, 
and  the  foregoing  rules  are  universal.”  The  rules  given  by  Chambers  are  extremely  vague 
and  "eneral.  He  says  tliat  “ in  the  smallest  apartments  the  width  of  the  aperture  is  never 
made  less  than  from  three  feet  to  three  feet  six  inches  ; in  rooms  from  twenty  to  twenty- 
four  feet  square,  or  of  equal  superficial  dimensions,  it  may  be  four  feet  wide ; in  those  of 
twenty-five  to  thirty,  from  four  to  four  and  a half ; and  in  such  as  exceed  these  dimensions, 
the  aperture  may  be  extended  to  five  or  five  feet  six  inches  ; but  should  the  room  be 
extremely  large,  as  is  frequently  the  case  of  halls,  galleries,  and  salons,  and  one  chimney  of 
these  dimensions  neither  afford  sufficient  heat  to  warm  the  room  nor  sufficient  space  round 
it  for  the  company,  it  will  be  much  more  convenient,  and  far  handsomer,  to  have  two 
chimney  pieces  of  a moderate  size  than  a single  one  exceedingly  large,  all  the  parts  of 
which  would  appear  clumsy  and  disproportioned  to  the  other  decorations  of  the  room.” 
It  is  well  so  to  place  the  chimney  as  that  persons  on  entering  a room  may  at  once  see  it. 
In  this  climate  a cheerfulness  is  imparted  by  the  sight  of  a fire ; but  it  is  not  to  be  so 
placed  as  to  be  opposite  a door,  neither  ought  it,  if  possible  to  be  avoided,  to  be  so  placed 
as  to  have  a door  on  either  side  of  it.  There  are,  however,  circumstances  under  which 
even  the  last-named  category  cannot  be  avoided,  but  it  is  always  well  if  it  can.  The  fact 
is,  that  the  further  the  door  can,  generally  speaking,  be  removed  from  a chimney,  the  better; 
and  the  architect  must,  if  the  plan  admit  it  (and  he  ought  so  to  distribute  his  parts),  avoid 
all  cross  draughts  of  air  in  a room.  Angular  chimneys  are  only  admissible  in  small  rooms 
where  space  and  other  considerations  permit  no  other  means  of  introducing  a chimney. 
We  can  hardly  think  it  necessary  to  say,  with  Chambers,  that  “whenever  two  chimneys  are 
introduced  in  the  same  room  they  must  be  regularly  placed,  either  directly  facing  each 
other,  if  in  different  walls,  or  at  equal  distances  from  the  centre  of  the  wall  in  which  they 
both  are  placed.  He  observes,  however,  with  a proper  caution  to  the  student,  that  “ the 
Italians  frequently  put  their  chimneys  in  the  front  walls,  between  the  windows,  for  the 
benefit  of  looking  out  while  sitting  by  the  fire  ; but  this  must  be  avoided,  for  by  so  doing 
that  side  of  the  room  becomes  crowded  with  ornaments,  and  the  other  sides  are  left  too 
bare ; the  front  walls  are  much  weakened  by  the  funnels,  and  the  chimney  shafts  at  the 
top  of  the  building,  which  must  necessarily  be  carried  higher  than  the  ridges  of  the  roofs, 
have,  from  their  great  length,  a very  disagreeable  effect,  and  are  very  liable  to  be  blown 
down.”  All  these  objections,  however,  may  be  easily  answered,  and  the  funnels  collected, 
or  shafts,  as  they  then  become,  be,  with  skill,  made  even  ornamental  to  a building.  It  is 
in  cases  like  these  that  the  power  of  the  architect  above  the  artisan  is  manifest. 

2793.  Where  the  walls  of  a building  are  sufficiently  thick,  their  funnels  rise  within  the 
thickness  of  the  walls,  but  in  walls  of  a mean  thickness  this  cannot  be  accomplished,  for 
under  such  circumstances  the  walls  and  chimney  pieces  will  necessarily  j)roject  into  the 
rooms,  and  if  the  break  be  great,  the  effect  is  unpleasant ; but  this  may  always  be  obviated 
by  making  arched  recesses  on  each  side,  which,  in  commoner  rooms,  may  be  occupied  by 
presses  or  closets,  thus  enabling  the  architect  to  carry  the  cornice  unbroken  round  the 
room,  a point  which  should  never  be  forgotten,  inasmuch  as  by  the  cornice  or  entablature 
of  the  apartment  being  carried  round  it  without  a break,  which  gives  the  ceiling  an  unbroken 
and  regular  form,  a regularity  is  preserved  infinitely  more  satisfactory  to  the  eye  than  the 
disagreeable  appearance  of  a broken,  and,  we  may  say,  disjointed  cornice. 

2794.  Of  the  materials  employed  in  the  construction  of  chimney  pieces,  nothing  more  is 
reijuisite  than  to  say  that  the  costliness  of  the  material  must  follow  the  wealth  of  the 
founder  of  the  building.  Marble,  however,  is  the  material  usually  employed,  and  the 
various  sorts  known  are  not  unfrequently  intermixed,  so  as  to  produce  a pleasing  effect. 
When  the  aid  of  the  sculptor  is  called  in,  much  latitude  is  allowed  in  the  proportions ; but 
on  this  head  we  hope  we  may,  without  prejudice,  deliver  our  opinion,  that  the  effect  has 
never  amounted  to  anything  like  what  might  have  been  expected  from  his  extraneous  aid : 
and  the  solution  is  easy : his  object  is  not  to  produce  a work  in  harmony  with  the  apart- 
ment, but  rather  to  exhibit  his  own  powers. 

2795.  In  the  external  appearance  of  chimney  shafts,  so  as  to  group  them  with  the 
Inilldlng  to  which  they  belong,  no  architect  can  be  put  in  competition  with  Sir  John  Van- 
brugh. Those  of  Blenheim,  Castle  Howard,  and  other  of  his  buildings,  exceed  all  praise, 
and  deserve  the  closest  investigation  of  the  student.  They  become  in  his  works,  as  they 
.always  should  do,  parts  of  the  building,  inseparably  connected  with  it,  and  their  removal 
would  detract  from  the  majesty  of  the  structure  with  which  they  are  connected.  On  this 
point  we  are  certain  that  the  best  advice  that  can  be  given  to  the  student  is  a constant 
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contemplation  of  the  works  of  Vanbrugh.  In  these  days  there  seems  to  l»e  a return  to 
good  feeling  in  this  respect;  and  we  hope  it  will,  for  the  credit  of  the  Englislj  school,  be 
followed  up. 


Sect.  XXIII. 

STAIRCASES.  . 

2796.  A staircase  is  an  enclosure  formed  by  walls  or  partitions,  or  both,  for  the  reception 
of  an  ascent  of  stairs,  with  such  landings  as  may  be  necessary.  Of  the  construction  ot 
stairs  we  have  treated  in  previous  sections  ; this  will  be  conKned  to  general  observations  on 
them  and  their  enclosures. 

2797.  Scarcely  any  subdivision  of  a building  is  of  more  importance,  as  respects  the 
character  of  the  architect  and  tlie  comfort  and  pleasant  occupancy  of  it  by  his  employer,  than 
its  principal  and  subordinate  staircases.  There  is,  moreover,  no  part,  perhaps,  in  which 
more  room  is  left  for  architectural  and  picturesque  display.  In  our  own  country  there 
are  some  extraordinary  examples  of  great  heauty  produced  in  staircases  on  comparativelv 
small  scales ; whence  the  student  may  learn  that  without  great  space  he  may  produce  very 
imposing  effects.  One  of  these  may  be  still  seen,  though  in  a very  neglected  state,  as  are 
most  of  the  buildings  attached  to  the  collegiate  church  of  Westminster,  at  one  of  the  pre- 
bendal  houses  there  built  by  our  great  master  Jones.  It  is  a specimen  of  his  consummate 
skill  as  an  artist,  and  well  worth  the  attention  of  the  student,  if  he  can  obtain  admittance  to 
view  it ; but  if  he  cannot,  we  may  refer  him  to  some  plates  executed  from  drawings  made 
by  us  many  years  since,  and  published  in  the  first  and  best  edition  of  Illustrations  of  the 
Public  Buildings  of  London  (Lond.  1828).  The  extreme  space  occupied  by  the  staircase  in 
question  does  not  exceed  24  by  23  feet ; and  within  these  small  dimensions  he  contrived  a 
staircase  fit  for  a palace.  So  highly  did  the  late  Sir  John  Soane  think  of  this  bijou  that  he 
had  a series  of  drawings  made  to  illustrate  its  parts,  and  exhibited  them  in  his  lectures  at 
the  Royal  Academy. 

2798.  It  is  almost  unnecessary  to  impress  upon  the  student  that  an  excess  rather  than  a 
deficiency  of  light  is  requisite  in  a staircase,  and  that  it  should  he  easily  accessible  from  all 
parts  of  the  building.  Those  laws  upon  which  the  ease  of  persons  ascending  and  descending 
depend  will  form  the  subject  of  two  subsections  shortly  following  (2804.  and  2814.),  to  whicli 
we  particularly  recommend  the  reader’s  attention.  They  are  of  the  utmost  importance, 
and  we  record  with  surprise  that  they  have  not  been  attended  to  by  architects  generally  of 
late  years.  We  have  crept  up  staircases  in  houses  of  consequence,  which  deserved  little  more 
than  the  name  of  ladders,  and  we  are  sorry  to  say  that  this  defect  is  found  even  in  the  works 
of  Chambers  himself;  but  never  in  those  of  Jones  and  Wren.  We  shall  with  these  re- 
marks proceed  to  further  observations  on  the  subject,  which  has  already  been  partially 
touched  upon  in  2176.  et  seq. 

2799.  We  know  little  of  the  staircases  of  the  Greeks  and  Romans,  and  it  is  remarkable  that 
Vitruvius  makes  no  mention  of  a staircase,  as  an  important  part  of  an  edifice  ; indeed  his 
silence  seems  to  lead  to  the  conclusion  that  the  staircases  of  antiquity  were  not  constructed 
with  the  luxury  and  magnificence  to  be  seen  in  more  recent  buildings.  The  best  preserved 
ancient  staircases  are  those  constructed  in  the  thickness  of  the  walls  of  the  pronaos  of 
temples  for  ascending  to  the  roofs.  Of  this  sort  remains  are  found  in  several  peripteral 
temples.  That  of  the  temple  of  Concord  at  Agrigentum  is  still  entire,  and  consists  of 
forty-one  steps.  According  to  Pausanias,  similar  staircases  existed  in  the  temple  of  the 
Olympian  Jupiter  at  Elis.  They  were  generally  winding  and  spiral,  like  the  inside  of  a 
shell,  and  hence  are  called  scale  a lumaca  by  the  Italians,  and  by  the  French  escaliers  en 
liniagon.  Sometimes,  as  in  the  Pantheon  at  Rome,  instead  of  being  circular  on  the  plan, 
they  are  triangular;  so  were  they  in  the  temple  of  Peace,  and  in  the  baths  of  Dioclesian. 

2800.  Very  few  vestiges  of  staircases  are  to  be  seen  in  the  ruins  of  Pompeii ; from  which 
it  may  be  inferred  that  what  there  were  must  have  been  of  wood,  and,  moreover,  that  few 
of  the  houses  were  more  than  one  story  in  height.  Where  they  exist,  as  in  the  building  at 
the  above  place  called  the  country  house,  and  some  others,  they  are  narrow  and  incon- 
venient, with  steps  sometimes  a foot  in  height.  Occasionally,  too,  we  find  private  stair jases 
mentioned,  as  in  the  description  of  Pliny’s  Tusculan  villa,  where  one  was  placed  by  the  side 
of  the  dining  room,  and  appropriated  to  the  use  of  the  slaves  who  served  the  repast. 

2801.  The  author  of  the  article  “ Escalier”  in  the  Encyc.  Method,  observes  that  the  mag- 
nificence of  the  staircase  was  but  tardily  developed  in  modern  architecture,  and  that  it  owed 
much  of  its  luxury  to  the  perfection  to  which  a knowledge  of  stereotomy  brought  the 
science  of  masonry.  The  manners  too  and  the  customs  of  domestic  life  for  a length  of 
time  rendered  unnecessary  more  than  a staircase  of  very  ordinary  description.  Thus  in 
the  earliest  palaces  the  staircases  seem  to  have  been  constructed  for  the  use  of  the  inha- 
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bitants  only,  possessing  in  fact  no  more  beauty  than  we  now  give  to  a back  staircase.  They 
are  for  the  most  part  dark,  narrow,  and  inconvenient.  Even  in  Italy,  which  in  the  splen- 
dour of  its  buildings  preceded  and  surpassed  all  the  other  nations  of  Europe,  the  staircase 
was,  till  a late  period,  extremely  simple  in  the  largest  and  grandest  palaces.  Such  are  the 
staircases  of  the  Vatican,  Bernini’s  celebrated  one  being  comparatively  of  a late  date.  The 
old  staircases  of  the  Tuilleries  and  of  the  Louvre,  though  on  a considerable  scale,  are,  from 
their  simplicity,  construction,  and  situation,  little  in  unison  with  the  richness  of  the  rest 
of  these  palaces.  And  this  was  the  consequence  of  having  the  state  apartments  on  the 
ground  floor.  When  they  were  removed  to  a higher  place,  the  staircase  which  conducted 
to  them  necessarily  led  to  a correspondence  of  design  in  it. 

2802.  It  will  be  observed  that  our  observations  in  this  section  are  confined  to  internal 
staircases.  Large  flights  of  steps,  such  as  those  at  the  Trinitd  de'  Monti  and  Araceli  at 
Rome,  do  not  come  within  our  notice,  being  unrestricted  in  their  extent,  and  scarcely 
subject  to  the  general  laws  of  architectural  composition.  In  these  it  should  however  be 
remembered  that  they  must  never  rise  in  a continued  series  of  steps  from  the  bottom  to  the 
summit,  but  must  be  provided  with  landings  for  resting  places,  as  is  usually  the  case  in  the 
half  and  quarter  spaces  of  internal  stairs.  An  extremely  fine  example  of  an  external  flight  of 
stairs  may  be  cited  in  those  descending  from  the  terrace  to  the  orangery  at  Versailles.  For 
simplicity,  grandeur,  design,  and  beauty  of  construction,  we  scarcely  know  anything  in 
Europe  more  admirable  than  this  staircase  and  the  orangery  to  which  it  leads. 

2803.  The  selection  of  the  place  in  which  the  staircase  of  a dwelling  is  to  be  seated, 
requires  great  judgment,  and  is  always  a difficult  task  in  the  formation  of  a plan.  Palladio, 
the  great  master  of  the  moderns,  thus  delivers  the  rules  for  observance  in  planning  them, 
that  they  may  not  be  an  obstruction  to  the  rest  of  the  building.  He  says,  “ A particular 
place  must  be  marked  out,  that  no  part  of  the  building  should  receive  any  prejudice  by 
them.  'I'here  are  three  openings  necessary  to  a staircase.  The  first  is  the  doorway  that 
leads  to  it,  which  the  more  it  is  in  sight  the  better  it  is ; and  1 highly  approve  of  its 
being  in  such  a place  that  before  one  comes  to  it  the  best  part  of  the  house  may  be  seen, 
for  although  the  house  be  small,  yet  by  such  arrangement  it  will  appear  larger : the  door, 
however,  must  be  obvious,  and  easy  to  be  found.  The  second  opening  is  that  of  the  win- 
dows through  which  the  stairs  are  lighted  ; they  should  be  in  the  middle,  and  large 
enough  to  light  the  stairs  in  every  part.  The  third  opening  is  the  landing  place  by  which 
one  enters  into  the  rooms  above  ; it  ought  to  be  fair  and  well  ornamented,  and  to  lead 
into  the  largest  places  first.” 

2804.  “ Staircases,”  continues  our  author,  “ will  be  perfect,  if  they  are  spacious,  light, 
and  easy  to  ascend  ; as  if,  indeed,  they  seemed  to  invite  people  to  mount.  They  will  be 
clear,  if  the  light  is  bright  and  equally  diffused  ; and  they  will  be  sufficiently  ample,  if  they 
do  not  appear  seanty  and  narrow  in  proportion  to  the  size  and  quality  of  the  building. 
Nevertheless,  they  ought  never  to  be  narrower  than  4 feet”  (4  feet  6 inches  English  *),  “so 
that  two  persons  meeting  on  the  stairs  may  conveniently  pass  each  other.  They  will  be 
convenient  with  respect  to  the  whole  building,  if  the  arches  under  them  can  be  used  for 
domestic  purposes;  and  commodious  for  the  persons  going  up  and  down,  if  the  stairs  are 
not  too  steep  nor  the  steps  too  high.  Therefore,  they  must  be  twice  as  long  as  broad. 
The  steps  ought  not  to  exceed  6 inches  in  height ; and  if  they  be  lower  they  must  be  so  to 
long  and  continued  stairs,  for  they  will  be  so  much  the  easier,  because  one  needs  not  lift 
the  foot  so  high  ; but  they  must  never  be  lower  than  4 inches.”  (These  are  Vicentine 
inches.)  “ The  breadth  of  the  steps  ought  not  to  be  less  than  a foot,  nor  more  than  a foot 
and  a half.  The  ancients  used  to  make  the  steps  of  an  odd  number,  that  thus  beginning  to 
ascend  with  the  right  foot,  they  might  end  with  the  same  foot,  which  they  took  to  be  a 
good  omen,  and  a greater  mark  of  respect  so  to  enter  into  the  temple.  It  will  be  sufficient 
to  put  eleven  or  thirteen  steps  at  most  to  a flight  before  coming  to  a half-pace,  thus  to  help 
weak  people  and  of  short  breath,  as  well  that  they  may  there  have  the  opportunity  of 
resting  as  to  allow  of  any  person  falling  from  above  being  there  caught.”  We  do  not  pro- 
pose to  give  examples  of  other  than  the  most  usual  forms  of  staircases  and  stairs;  their 
variety  is  almost  infinite,  and  could  not  even  in  their  leading  features  be  compassed  in  a 
work  like  this.  The  varieties,  indeed,  would  not  be  usefully  given,  inasmuch  as  the  forms 
are  necessarily  dependent  on  the  varied  circumstances  of  each  plan,  calling  upon  the 
architect  almost  on  every  occasion  to  invent  pro  re  natd. 

2805.  Stairs  are  of  two  sorts,  straight  and  winding.  Before  proceeding  with  his  design, 
the  architect  must  always  take  care,  whether  in  the  straight  or  winding  staircase,  that  the  per- 
son ascending  has  what  is  called  headway,  which  is  a clear  distance  measured  vertically  from 
any  .step,  quarter,  half-pace,  or  landing,  to  the  underside  of  the  ceiling,  step,  or  other  part 
immediately  over  it,  so  as  to  allow  the  tallest  person  to  clear  it  with  his  hat  on;  and  this  is 
the  rninimum  height  of  headway  that  can  be  admitted.  To  return  to  the  straight  and 
winding  staircase,  it  is  to  be  observed,  that  the  first  may  be  divided  into  two  Jlights,  or  be 

• The  Vicentine  foot  is  about  13  G inches  English. 
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made  quite  square,  so  as  to  turn  on  tlie  four  sides  round  a close  or  o])en  newel,  as  in  fig.  995. 
in  which  the  former  is  the  case,  light  being  obtained  by  windows  in  the  walls  which  enclose 
the  newel ; or,  as  in  fig.  996.  : in  which  case,  the  newel  is  open,  and  the  light  may  be  received 
either  from  a vertical  light  above,  or  from  side  windows  in  the  walls.  Palladio  says  these 
two  sorts  of  stairs  were  invented  by  Sig.  Ludovico  Cornaro,  a gentleman  ot  mucli  genius, 
who  erected  for  himself  a magnificent  palace  at  Padua. 

2806.  Of  winding  or  spiral  stairs,  some  are  circular  on  the  ])lan,  either  open  or  with  a 
solid  newel ; others  elliptical,  also  with  open  or  solid  newels.  1 hose  w ith  the  open  newel 
aie  preferable,  because  of  their  allowing  the  staircase  to  be  lighted  additionally,  it  requisite, 
by  the  light  obtainable  from  above ; besides  which,  persons  passing  up  and^  down  may  see 
each  other.  Palladio  thus  directs  the  setting  out  of  spiral  staircases.  “ Ihose,’  he  says, 
» which  have  a newel  in  the  middle  are  made  in  this  manner.  The  diameter  being  divided 
into  three  parts,  two  are  given  for  the  steps,  and  the  third  is  for  the  newel  ; or,  otherwise, 
the  diameter  may  be  divided  into  seven  parts,  three  of  which  are  for  the  newel  and  lour 
for  the  steps.  “Thus,”  he  says,  “ was  made  the  staircase  of  the  column  of  Irajaii  at  Koine  , 
and  if  the  stairs  are  made  circular,”  (that  is,  the  treads  segments  of  circles  on  the  plan,) 
“ they  will  be  handsomer  and  longer  ” (of  course)  “ than  if  made  straight. 

2807.  “ But  as  it  may  happen  that  the  space  will  not  give  room  for  these  measures, 
the  diameter  may  be  reduced  and  divided  according  to  tbe  plates.”  Ihe  essence  ot  t lesv 
plans,  omitting  tbe  step  whose  plan  is  segmental,  we  here  subjoin. 

2808.  Fig.  997.  is  a plan  and  section  of  a staircase  with  a solid  newel,  in  whic  i 
whole  diameter  is  divided  into  twelve  parts,  and  ot  these  foui  are  given  to  tie  nev. e 
and  the  remainder  divided  equally  between  the  steps. 
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2F09.  Fig.  998.  is  the  plan  and  section  of  a spiral  staircase  with  an  open  newel,  wherein 
the  diameter  is  divided  into  four  parts,  two  being  given  to  the  newel,  and  the  remainder 
equally  divided  between  the  steps. 

2810.  Fig.  999.  is  the  plan  and  section  of  an  elliptical  staircase  with  an  open  newel.  The 
conjugate  diameter  is  divided  into  four  parts,  whereof  two  are  given  to  the  conjugatf, 
diameter  of  the  newel,  and  the  remainder  one  on  each  side  to  the  steps. 

2811.  In  fig.  1000.  the  same  staircase  is  given,  but  with  a solid  newel,  and  of  course  re- 
quiring many  openings  on  the  sides  to  light  it. 

2812.  It  is  not  the  difficulty  of  multiplying  the  examples  of  staircases  which  prevents 
our  proceeding  on  this  head,  but  the  space  into  which  our  work  is  to  be  condensed.  Enough 
of  example  has  been  given,  by  using  portions  of  the  exam])les,  to  meet  every  case,  the  deco- 
ration being  dependent  on  the  design  of  tlie  architect,  and  the  distribution  on  his  good  sense 
in  the  aj)plication  of  what  we  have  submitted  to  him. 

2813.  There  is,  however,  one  important  ])oint  in  the  construction  of  a staircase  to  which 
we  must  now  advert,  and  that  is  easiness  of  ascent.  Blondel,  in  his  Cours  d' Architecture, 
was,  we  believe,  the  first  architect  who  settled  the  proper  relation  between  the  height  and 
width  of  steps,  and  his  theory,  for  the  truth  whereof,  though  it  bears  much  appearance  of 
it,  we  do  not  pledge  ourselves,  is  as  follows. 

2814.  Let  a.’ - the  space  over  which  a person  walks  with  ease  upon  a level  plane,  and 
z = tlie  height  which  the  same  person  could  with  equal  ease  ascend  vertically.  Then  if  h be 
the  height  of  the  step,  and  w its  width,  the  relation  between  h and  iv  must  be  such  that 
when  w — x,  h = 0,  and  when  A = 2,  w=0.  These  conditions  are  fulfilled  by  equations  of  the 
form  = ^ (x  — w)  and  w = x — 2h.  Blondel  assumes  24  (French)  inches  for  the  value  ol 
X,  and  1 2 for  that  of  2.  We  are  not  sufficiently,  from  experiment,  convinced  that  these  are  the 
l)roper  values;  but,  following  him,  if  those  values  be  substituted  in  the  equation  /t  = ^ (24  — w), 
and  w — 24  — ‘2h:  if  the  height  of  a step  be  5 inches,  its  width  should  be  24—  10  = 14  inches, 
and  it  must  be  confessed  that  experience  seetns  to  confirm  the  theory,  for  it  must  he  ob- 
served, and  every  person  who  has  built  a staircase  will  know  the  fact,  that  tire  merely 
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Fig.  999.  Fig.  1000. 

reducing  the  height  of  the  risers  without  giving  a correspondent  width  of  tread  to  the  step 
is  inconvenient  and  unpleasant. 


Skct.  XXIV. 

CEILINGS. 

2815.  Economy  has  worked  so  great  a change  in  our  dwellings,  that  their  ceilings  are, 
of  late  years,  little  more  than  miserable  naked  surfaces  of  plaster.  This  section,  therefore, 
will  possess  little  interest  in  the  eye  of  speculating  builders  of  the  wretched  houses  erected 
about  the  suburbs  of  tlie  metropolis,  and  let  to  unsuspecting  tenants  at  rents  usually  about 
three  times  their  actual  value.  To  the  student  it  is  more  important,  inasmuch  as  a well- 
designed  ceiling  is  one  of  the  most  pleasing  features  of  a room, 

2816.  There  is,  perhaps,  no  type  in  architecture  more  strictly  useful  in  the  internal  distrl 
bution  of  apartments  than  that  derived  from  timber  framing  ; and  if  the  reader  has  understood 
our  section  on  floors,  he  will  immediately  see  that  the  natural  compartments  which  are  formed 
in  the  carpentry  of  a floor  are  such  as  suggest  panels  and  ornaments  of  great  variety. 
Even  a single-framed  floor  with  its  strutting  or  wind-pieces  between  the  joists,  gives  us 
the  hint  for  a ceiling  of  coffers  capable  of  producing  the  happiest  effect  in  the  most  insig- 
nificant room.  If  the  type  of  timber-framing  be  applied  to  the  dome  or  hemispherical 
ceiling,  the  interties  between  the  main  ribs,  diminishing  as  they  approach  the  summit, 
form  the  skeletons  of  the  coffers  that  impart  beauty  to  the  Pantheon  of  Agrippa.  We 
allude  thus  to  the  type  to  inculcate  the  principle  on  which  ornamented  ceilings  are  designed, 
being  satisfied  that  a reference  to  such  type  will  insure  propriety,  and  bring  us  back  to  that 
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fitness  which,  in  the  early  part  of  this  Book,  we  have  considered  one  of  the  main  ingre- 
dients of  beauty.  If  the  panels  of  a ceiling  be  formed  with  reference  to  this  i)rincii>le, 
namely,  how  they  might  or  could  be  securely  framed  in  the  timbering,  the  design  will  be 
fit  for  the  purpose,  and  its  effect  will  satisfy  the  spectator,  however  unable  to  account  for 
the  pleasure  he  receives.  Whether  the  architrave  be  with  plain  square  panels  between  if 
and  the  wall,  as  in  the  temples  of  the  Egyptians,  or  as  at  a later  period  decorated  wdth  coffers, 
for  instance  in  the  Greek  and  Roman  temple,  the  principle  seems  to  be  the  same,  and  verifies 
ihe  theory.  The  writer  of  the  article  “Plafond”  in  the  Encyc.  Mtth.  has  not  entered  into  the 
subject  at  much  length,  nor  with  the  ability  displayed  in  many  other  parts  of  that  work  ; 
but  he  especially  directs  that  wdiere  a ceiling  is  to  be  decorated  on  the  plane  surface  with 
))aintlng,  the  comi)artments  should  have  reference  to  the  construction.  With  these  preli- 
minary observations,  we  shall  now  i)roceed  to  the  different  forms  in  use.  Ceilings  are  either 
flat,  coved,  that  is,  rising  from  the  walls  with  a curve,  or  vaulted.  They  are  sometimes, 
however,  of  contours  in  which  one,  more,  or  all  of  these  forms  find  employment.  When  a 
coved  ceiling  is  used,  the  height  of  the  cove  is  rarely  less  than  one  fifth,  and  not  more  than 
one  third  the  height  of  the  room.  This  w'ill  be  mainly  dependent  on  the  real  height  of 
the  room,  for  if  that  be  low  in  proportion  to  its  w'idth,  the  cove  must  be  kept  down  ; when 
otherwise,  it  is  advantageous  to  throw  height  into  the  cove,  which  will  make  the  excess  of 
the  height  less  api)arent.  If,  however,  the  architect  is  unrestricted,  and  the  proportiomi 
of  the  room  are  under  his  control,  the  height  of  the  cove  should  be  one  quarter  oi 
the  whole  height.  In  the  ceilings  of  rooms  whose  figure  is  that  of  a parallelogram, 
the  centre  part  is  usually  formed  into  a large  flat  ])anel,  which  is  commonly  decorated 
with  a flower  in  the  middle.  When  the  cove  is  used,  the  division  into  panels  of  the  ceil- 
ing will  not  bear  to  be  so  numerous  nor  so  heavy  as  when  the  ceiling  appears  to  rest  on 
the  walls  at  once,  but  the  same  sorts  of  figures  may  be  employed  as  we  shall  presently 
give  for  other  ceilings.  If  the  apartment  is  to  be  highly  finished,  the  cove  itself  may  be 


Fi«.  1001. 


decorated  with  enriched  panels,  as  in  the  Jiys.  1001,  1002,  100.3,  1004,  1005,  1006.  In  all 
ceilings  it  is  desirable  to  raise  the  centre  panel  higher  than  the  rest,  and  the  main  divi- 
sions  representing  the  timbers  in  flat  ceilings  should,  if  possible,  fall  in  the  centie  of  the 
piers  between  the  window  s. 

2817.  Fig.  1007.  shows  the  ceiling  of  a square  room  in  two  ways  as  given  on  each  side 
of  the  dotted  line,  or  it  may  be  considered  as  representing  the  ends  of  a ceiling  to  a room 
whose  form  is  that  of  a iiarallelogiam.  The  same  observation  ajiplies  to  1 008.  and 

1009.  Ihesofitesol  the  beams  should  in  aU  cases  approach  the  width  they  would  las 
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Fi«.  1007.  * Fig.  1008.  Fig.  1009. 


considered  as  the  sofites  of  architraves  of  the  columns  of  the  order  to  which  the  cornii*« 
belongs,  and  they  may  be  decorated  with  guiloches,  as  in  fg.  1010.,  or  with  frets.  (^Sec  tlie 
word  **  Fret”  in  Glossary.) 


Fig.  1010. 


2818.  In  the  two  following  figures  (101 1.  and  1012.)  are  given  four  examples  of  rooms 
which  are  parallelograms  on  the  plan,  and  above  each  is  a section  of  the  compartments. 


2819.  As  to  the  proportion  of  the  cornice,  it  ought  in  rooms  to  be  perhaps  rather  less 
tlian  in  halls,  salons,  and  the  exterior  parts  of  a building;  and  if  the  entablature  be  taken  at 
a fifth  instead  of  one  fourth  of  the  height,  and  a proportional  part  of  that  filth  lie  taken  for 
the  cornice,  it  cannot  be  too  heavy.  Perhaps  where  columns  are  introduced  it  will  be  better 
to  keep  to  the  usual  proportions.  Chambers,  if  followed,  would  make  the  proportions  still 
lighter  than  we  have  set  them  down.  He  says  that  if  the  rooms  are  adorned  with  an  entire 
order,  the  entablature  should  not  be  more  than  a sixth  of  the  height  nor  be  less  than  a 
seventh  in  flat-ceiled  rooms,  and  one  sixth  or  one  seventh  in  such  as  are  coved  ; and  that 
when  there  are  neither  columns  nor  pilasters  in  the  decoration,  but  an  entablature  alone, 
its  height  should  not  be  above  one  seventh  or  eighth  of  those  heights.  He  further  says 
that  in  rooms  finished  with  a simple  cornice  it  should  not  exceed  one  fifteenth  nor  be  less 
than  one  twentieth,  and  that  if  the  whole  entablature  be  used  its  height  should  not  he  more 
than  one  eighth  of  the  upright  of  the  room.  In  the  ceilings  of  staircases  the  cornices  must 
be  set  out  on  the  same  principles ; indeed  in  these,  and  in  halls  and  other  large  rooms,  the 
whole  of  the  entablature  is  generally  used.  In  vaulted  ceilings  and  domes  the  panels  are 
usually  decorated  with  panels  similar  to  those  in  Jigs.  1001,  1002,  1003,  1004,  1005,  100b., 
but  in  their  application  to  domes  they  of  course  diminish  as  they  rise  towards  the  eye  of 
the  dome.  (See  2837.) 


SKcr.  XNV, 

FKOrOKTIONS  OF  liOOMS. 

2S20.  The  use  to  which  rooms  are  appropriated,  and  their  actual  dimensions,  are  tlie 
principal  points  for  consideration  in  adjusting  the  proportions  of  apartments.  Abstractedly 
considered,  all  figures,  from  a sejuare  to  the  sesquialteral  proportion,  may  be  used  for  tlie 
plan.  Many  great  masters  have  carried  the  proportion  to  a double  square  on  the  plan  ; 
but  except  the%oom  be  subdivided  by  a break  the  height  is  not  easily  proportioned  to  it. 
This  objection  does  not  however  apply  to  long  galleries  which  are  not  restricted  in  length, 
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on  whidi  Cl)ambers  remarks,  “ tliat  in  this  case  the  extraordinary  length  renders  it  im- 
possible for  tlie  eye  to  take  in  the  whole  extent  at  once,  and  therefore  the  comparison  be- 
tween the  height  and  length  can  never  be  made.” 

2821.  The  fio-ure  of  a room,  too,  necessarily  regulates  its  height.  If  a room,  for  example, 
be  coved,  it  shonld  be  higher  than  one  whose  ceiling  is  entirely  flat.  When  the  plan  is 
sejuare  and  the  ceiling  flat  the  height  should  not  be  less  than  four  fifths  of  the  side  nor 
more  than  five  sixths ; but  when  it  leaves  the  square  and  becomes  parallelogramic,  the 
lieight  may  be  equal  to  the  width.  Coved  rooms,  however,  when  square,  should  be  as  high 
as  they  are  broad  ; and  when  ])arallelograms,  their  height  may  be  equal  to  their  width,  in- 
creased from  one  fifth  to  one  third  of  tlie  difference  between  the  length  and  width. 

2822.  The  height  of  galleries  should  be  at  least  one  and  one  third  of  their  width,  and  at 
the  most  j)erhaps  one  and  three  fifths.  “ It  is  not,  however,”  says  Chambers,  “ alway.s 
possible  to  obseiwe  these  proportions.  In  dwelling-houses,  the  height  of  all  the  rooms  on 
the  same  floor  is  generally  the  same,  though  their  extent  be  different ; which  renders  it 
extremely  difficult  in  large  buildings,  where  there  are  a great  number  of  different-sized 
rooms,  to  proportion  all  of  them  well.  The  usual  method,  in  buildings  where  beauty  and 
magnificence  are  preferred  to  economy,  is  to  raise  the  halls,  salons,  and  galleries  higher 
than  the  other  rooms,  by  making  them  occupy  two  stories ; to  make  the  drawing-rooms  or 
other  largest  rooms  with  flat  ceilings;  to  cove  the  middle-sized  ones  one  third,  a quarter,  or 
a fifth  of  their  height,  according  as  it  is  more  or  less  excessive  ; and  in  the  smallest  apart- 
ments, where  even  the  highest  coves  are  not  sufficient  to  render  the  proportion  tolerable,  it 
is  usual  to  contrive  mezzanines  above  them,  which  afford  servants’  lodging-rooms,  baths, 
jmcderlng -rooms,"  (now  no  longer  wanted  !)  “wardrobes,  and  the  like;  so  much  the  more 
convenient  as  they  are  near  the  state  apartments,  and  of  private  access.  The  Earl  of 
Leicester’s  house  at  Holkham  is  a masterpiece  in  this  respect,  as  well  as  in  many  others : 
the  distribution  of  the  plan,  in  particular,  deserves  much  commendation,  and  does  great 
credit  to  the  memory  of  Mr.  Kent,  it  being  exceedingly  well  contrived,  both  for  state  and 
convenience.” 

2823.  In  this  country,  the  coldness  of  the  climate,  with  the  economy  of  those  who  build 

siqieradded,  have  been  obstacles  to  developing  the  proper  proportions  of  our  apartments  ; 
and  the  consecjuence  is,  that  in  England  we  rarely  see  magnificence  attained  in  them.  AVe 
can  point  out  very  few  rooms  whose  height  is  as  great  as  it  should  be.  In  Italy,  the  rules 
given  by  Palladio  and  other  masters,  judging  from  their  works,  seem  to  be  sevenfold  in 
respect  of  lengths  and  breadths  of  rooms,  namely,  — 1.  circular  ; 2.  square  ; 3.  the  length 
equal  to  the  diagonal  of  the  square  ; 4.  length  e({ual  to  one  third  more  than  the  scjuare  ; 
5.  to  the  s(juare  and  a half ; 6.  to  the  square  and  two  thirds  ; or,  7.  two  squares  full.  As 
to  the  height  of  chambers,  Palladio  says  they  are  made  either  arched  or  with  a plain 
ceiling:  if  the  latter,  the  height  from  the  pavement  or  floor  to  the  joists  above  ought  to  be 
equal  to  their  breadth  ; and  the  chambers  of  the  second  story  must  be  a sixth  part  less 
than  them  in  height.  The  arched  rooms,  being  those  commonly  adopted  in  the  principal 
story,  no  less  on  account  of  their  beauty  than  for  the  security  afforded  against  fire,  if  s(iuare, 
are  in  height  to  be  a third  more  than  their  breadth  ; but  when  the  length  exceeds  the 
breadth,  the  height  proportioned  to  the  length  and  breadth  together  may  be  readily  found 
by  joining  the  two  lines  of  the  length  and  breadth  into  one  line,  which  being  bisected, 
one  half  will  give  exactly  the  height  of  the  arch.  Thus,  let  the  room  be  12  feet  long 
and  6 feet  wide,  ~ ® height  of  the  room.  Another  of  Palladio’s  methods  of 

proportioning  the  height  to  the  length  and  breadth  is,  by  making  the  length,  height,  and 
breadth  in  sesquialteral  proportion,  that  is,  by  finding  a number  which  has  the  same  ratio 
to  the  breadth  as  the  length  has  to  it.  This  is  found  by  multiplying  the  length  and  breadth 
together,  and  taking  the  square  root  of  the  product  for  the  height.  Thus,  supposing  the 
length  9 and  the  breadth  4,  the  height  of  the  arch  will  be  V9  x 4 = 6,  the  height  required  ; 
the  number  6 being  contained  as  many  times  in  9 as  4 is  in  6. 

2824.  The  same  author  gives  still  another  method,  as  follows ; — Let  the  height  be 
assumed  as  found  by  the  first  rule  ( = 9),  and  the  length  and  breadth,  as  before,  12  and  6. 
INIultiply  the  length  by  the  breadth,  and  divide  the  product  by  the  height  assumed;  then 

= 8 for  the  height,  which  is  more  tiiau  the  second  rule  gives,  and  less  than  the  first. 
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GENEIIAL  KEJIARKS. 

2825.  In  uiulcrtaking  to  point  out  some  of  the  mechanical  methods  of  ehtainlmr  pro- 
poi  tions  ot  length,  breadth,  and  height,  in  plans  and  elevations,  as  traceable  upon  geometric 
representations  of  the  design,  we  would  recall  the  reader’s  attention  to  the  admirable  re- 
luarks  on  the  true  natuie  of  iiroportion  made  by  the  author  of  this  Encvclopadia  in 
Sect.  I of  the  first  chapter  in  this  book. 

2826.  But,  however  just  those  remarks  may  he,  they  do  not,  any  more  than  any  of  the 
mechanical  means,  result  in  success  in  the  building  as  executed  and  seen  in  perspective. 
The  ever  varying  relation  between  the  sides  of  a mass,  such  as  a Greek  temple,  can  hardly 
be  supposed  to  be  at  every  moment  equally  beautiful  in  proportion,  and  the  Hnest  mediaval 
structure  equally  owes  t lie  satisfactory  effect  which  it  produces  to  the  specator’s  judicious 
choice  of  his  point  of  view.  Some  very  judicious  observations  on  the  rectification  of  pro- 
portions according  to  the  position  of  the  spectator  are  given  by  James  Pennethorne,  in  bis 
Elements  and  Mathematical  Principhs  of  the  Gieek  Architects,  8vo  , London,  1844. 

2S21.  Before  the  probable  effect  in  execution  of  an  intended  design  can  be  ascertained, 
the  designer  must  have  well  mastered  the  routine  of  drawing,  as  explained  in  the  several 
sections  on  Dkaw]ng,  Perspective,  and  Shadows,  given  in  this  work.  lie  should  like- 
wise have  familiarised  himself  with  the  varying  effects  of  the  changes  resulting  from  points 
of  view  and  alteration  of  liglit  upon  some  building  ot  which  he  may  have  oppoi  tunities  to 
inake  studies  in  the  usual  Geosietric  Drav^'INgs  (explained  2490a.  ef  scr/. ),  so  as  to  become 
imbued  with  that  sense  of  general  fitness  of  parts  to  the  whole,  which  is  meant  by  having  the 
“ compasses  in  one’s  eye.” 

2828-2837.  The  simpler  such  a building  may  be,  the  easier  it  will  be  at  first  to  begin  to 
acejuire  the  power  of  anticipating  correctly  the  effect  in  a design  if  it  be  executed  ; that 
povyer  can  then  be  applied  to  designs  of  more  complicated  character  resulting  from  the 
various  methods,  which  we  are  about  to  poicit  out,  of  obtaining  proportions. 


Sect.  II. 

horizontal  and  vertical  CO.MinNATIONS  OE  BCILDINGS. 

2838.  The  different  elements  of  a building  are  ranged  by  the  side  of  or  above  each  other, 
and  in  designing  an  edifice  both  these  combinations  must  be  kept  in  mind,  though  in  the 
study  of  the  subject,  in  order  to  lighten  the  labour,  they  may  be  separately  considered. 
The  two  species  of  disposition  are  horizontal,  as  in  plans,  and  vertical,  as  in  sections  and 
elevations. 

2839.  As  respects  horizontal  disposition  of  the  elements  of  a fabric,  beginning  with 
columns,  their  distance  in  the  same  edifice  should  be  equal,  but  that  distance  may  be  varied 
as  circumstances  require.  In  buildings  of  small  importance,  the  number  is  reduced  as 
much  as  possible,  on  the  score  of  economy,  by  increasing  the  distance  between  them  ; but 
in  public  buildings  they  should  be  introduced  in  greater  number,  as  contributing  to  the 
greater  solidity  of  the  edifice  by  affording  a larger  number  of  points  of  support.  They^ 
ought  not,  however,  to  be  at  all  introduced  except  for  the  formation  of  porticoes,  galleries, 
and  the  like  subdivisions.  The  least  distance  at  which  they  can  be  properly  placed  from  a 
wjdl  is  that  which  they  are  apart  from  one  another.  This  distance,  indeed,  suits  well 
enough  when  the  columns  are  moderately  wide  apart  ; but  when  tbe  intercolumniations 
are  small  compared  with  their  height  and  the  diameter  of  the  columns,  their  distance  from 
the  walls  in  porticoes  must  be  increased,  otberwise  these  would  be  much  too  narrow  for 
their  height,  affording  shelter  neither  from  the  sun’s  rays  nor  from  the  rain.  On  this 
account,  under  such  circumstances,  they  may  be  set  from  the  walls  tw-o  or  three  times  the 
distance  between  the  axes  of  the  columns.  From  this  arrangement  will  result  an  agreeable 
and  suitable  proportion  bctw'een  the  ])arts. 

28  10  'fhe  ceiling  of  a portico  may  be  level  with  the  under  side  of  the  architrave,  or  it 
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.-r.ay  be  sunk  the  depth  of  the  architrave,  which  may  return  in  a direction  towards  the  walls, 
thus  forming  sunk  panels  in  the  ceiling,  or  the  sinking  of  the  panels  may  be  as  much  as 
the  whole  height  of  the  entablature,  whose  mouldings  should  then  be  carried  round  them. 
When  several  ranks  of  columns  occur  in  a portico  the  central  part  is  sometimes  vaulted,  the 
two  central  columns  of  the  width  being  omitted.  The  method  of  disposing  pilasters  in 
respect  of  their  diminution  has  been  treated  of  in  a former  part  of  this  work.  (2671,  et  seq.) 

2841.  The  exterior  walls  which  enclose  the  building  should  run  as  much  as  possible  in 

straight  continued  lines  from  one  angle  to  another  ; a straight  line  being  the  shortest  that 
can  be  drawn.  The  internal  walls,  which  serve  for  subdividing  the  buildiiig  into  its  several 
apartments,  .should,  as  much  as  may  be,  extend  from  one  side  to  the  opposite  one.  Where 
they  are  irrtercepted  by  openings,  they  should  be  connected  again  above  by  lintels  or  other 
means.  ^ 

2842.  In  fip.  1013.  is  shown  the  method  of  forming  apian  or  horizontal  distribution,  anil 
combining  it  with  the  vertical  distribution  in  the  section 
and  elevation.  The  thing  is  so  simple  that  it  can  hardly 
want  explanation.  The  equidistant  parallel  axes  being 
drawn  and  cut  at  right  angles  by  similarly  equidistant 
ones,  the  walls,  according  to  the  required  accommoda- 
tions, are  jrlaced  centrally  upon  the  axes ; and  the 
columns,  pilasters,  &c.  upon  the  intersections  of  the 
axes,  'i'he  doors,  windows,  niches,  and  the  like  are  then 
placed  centrally  in  the  interaxes,  which  must  be  bisected 
for  that  jHirirose.  Above  and  below  the  horizontal  com- 
bination the  sjctlon  and  plan  are  to  be  drawn.  These 
vertical  combinations  are  infinite,  and  from  every  ]rlan 
many  sections  and  elevations  may  be  formed.  The  figur  e 
exhibits  a building  of  one  story  only,  with  a central 
apartment  occupying  the  height  of  two  stories.  Rut  on 
the  same  plan  a building  of  two  or  more  stories  may  be 
designed.  These  may  have  two  tiers  of  jrorticoes,  one 
above  the  other,  or  one  only  on  the  ground  story,  form- 
ing by  its  covering  a terrace  on  the  first  floor ; or  a 
portico  might  receive  on  its  columns  the  walls  of  the 
next  story,  and  thus  become  recessed  from  the  main 
front.  So,  again,  the  stories  may  be  equal  in  height,  or 
of  different  heights,  as  circumstances  may  require.  The 
most  usual  practice  is,  above  a basement  to  make  the 
succeeding  story  higher;  but  above  a princijral  floor  the 
height  of  succeeding  ones  is  diminished.  The  method 
of  ])lacing  orders  above  orders  does  not  require  that  any 
addition  should  be  made  to  what  has  been  said  on  that 
subject  in  Chap.  I.  Sect.  11.  of  this  Rook,  and  by  the 
same  methods  arcades  over  arcades  may  be  conducted. 

2843.  Not  the  least  important  of  the  advantages  re- 
sulting from  the  method  of  designing  just  submitted  to 
the  reader  is  the  certain  symmetry  it  produces,  and  the 
prevention,  by  the  use  of  these  interaxal  lines  on  each 
floor,  of  the  architect  falling  into  the  error  of  false 
bearings,  than  which  a greater  or  more  dangerous  fault 
cannot  be  committed,  more  especially  in  public  build- 
ings. The  subterfuge  for  avoiding  the  consequence  of 
false  bearirrgs  is  now  a resort  to  cast  iron,  a material 
beneficially  enough  employed  in  buildings  of  inferior 
rank;  but  in  those  of  the  first  class,  wherein  every  part 
should  have  a proper  point  of  support,  it  is  a practice 
not  to  be  tolerated.  Neither  should  the  student  ever 
lose  sight,  in  respect  of  the  ties  he  employs  in  a building, 
of  the  admirable  observation  of  Vignola  on  the  ties  and 
chains  proposed  by  Tibaldi,  in  his  design  for  the  bap- 
tistery at  Milan : “ Che  le  fabbriche  non  si  hanno  da 
sostenere  colle  stringhe  ; ” — Ruildlngs  must  not  depend 
on  ties  for  their  stability.  The  foregoing  figure  is  from 
Durand’s  Precis  d' Architecture.  We  now  submit,  in  Jig. 

101 8.,  an  illustration  of  the  principles  of  interaxal  division  Fi}?.  ioi5. 

from  the  celebrated  and  exquisite  Villa  Capra,  near  Vicenza,  by  Palladio,  wherein  it  will  be 
seen,  on  comparing  the  result  with  what  has  actually  been  executed,  how  little  the  design 
varies  from  it.  It  will  from  this  also  be  seen  how  entirely  and  inseparably  connected  with 
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tlio  Imrizontul  are  the  vertical  combinations  in  the  sec- 
tion and  elevation,  the  voids  falling  over  voids,  and  the 
solids  over  solids.  Whatever  the  extent  of  the  build- 
ing, if  it  is  to  be  regularand  symmetrical  in  its  compo- 
sition, the  principles  are  applicable,  and  that  even  in 
buildings  where  no  columns  are  used  ; for,  supposing 
them  to  exist,  and  setting  out  the  design  as  though 
they  did  exist,  the  design  will  prove  to  be  well  j)ro- 

porticned  when  they  are  removed.  The  full  appli-  [ ij— ! — |j  il— ' •! 

cation  of  the  principles  in  question  will  be  seen  in 
the  works  of  Durand,  the  Prtcis  and  Cours  d' Architec- 
ture, which  we  have  used  freely  ; and  where  we  have 
had  the  misfortune  to  differ  from  that  author,  we  have 
not  adopted  him. 

2844.  The  student  can  scarcely  conceive  the  infinite 
number  of  combinations  whereof  every  design  is  sus- 
ceptible by  the  employment  of  the  interaxal  system 
here  brought  under  his  notice;  neither,  until  he  has 
tested  it  in  many  cases,  will  he  believe  the  great 
mastery  in  design  which  he  will  ac(|uire  by  its  use. 

In  the  temples  and  other  public  buildings  of  the  an- 
cients, it  requires  no  argument  to  prove  that  it  was  the 
vital  principle  of  their  operations,  and  in  the  courts, 
cava^dia,  &c.  of  their  private  buildings  it  is  sufficiently 
obvious  that  it  must  have  been  extensively  used.  That  1 | 

its  use  in  the  buildings  of  those  who  are  called  the 
Gothic  architects  of  the  middle  ages  was  universal,  a ^ 
glance  at  them  will  be  sufficient  to  prove.  The  system  lil 
of  triangles  which  appears  to  have  had  an  influence  on 
the  })roportions  of  the  early  cathedrals  may  be  traced 
to  the  same  source  (see  the  early  translation  of  Vitru- 
vius by  Caesar  Cesarianus),  and  indeed,  followed  up  to 
that  source,  would  end  in  the  principle  contended  for. 

2845.  It  is  impossible  for  us  to  prove  that  the 
interaxal  system  was  that  upon  which  the  revivers  of 

our  art  produced  the  astonishing  examples  many  | 

whereof  are  exhibited  in  our  First  Book  ; neither 
can  we  venture  to  assert  that  it  was  that  upon  which 
our  great  master  Palladio  designed  the  example  above 
given,  unquestionably  one  of  his  most  elegant  works ; 
but,  to  say  the  lea.st  of  the  coincidence  which  has  been 
proved  between  the  actual  design  and  the  theory  upon 
which  it  appears  to  have  been  founded,  it  is  a very 
curious,  and,  if  not  true,  a most  extraordinary  circum- 
stance. Our  belief,  however,  is,  that  not  only  Pal- 
ladio but  the  masters  preceding  him  used  the  system 
in  question,  and  that  is  strengthened  by  the  mode 
(not  strictly,  we  allow,  analogous)  in  which  Scamozzi, 
in  the  tenth  chapter  of  his  third  book,  directs  the 
student  to  adopt  in  buildings  seated  on  plots  of  ground 
whose  sides  are  irregular. 

2846.  To  Durand,  nevertheless,  the  public  is  Qj 

greatly  indebted  for  the  instruction  he  has  imparted 
to  the  student  in  his  Precis  d' Architecture  more  espe- 
cially, and  we  regret  that  in  our  own  country  the  art 
is  treated  by  its  professors  too  much  in  the  manner 
of  a trade,  and  that  the  scramble  after  commissions 
his  prevented  their  occupation  upon  works  similar  to 
those  which  have  engaged  the  attention  of  professors 

on  the  continent.  The  fault,  however,  is  perhaps  not,  JZl. 

after  all,  so  much  attributable  to  them  as  to  a govern-  ' ” kik.  iui4. 

ment,  whatever  the  party  in  power,  till  within  the  last 

five  years  (nay  perchance  even  now)  totally  indifferent  to  the  success  of  the  fine  arts,  whose 
palmy  days  here  were  under  the  reign  of  the  unfortunate  Charles.  Our  feelings  on  this  sul)- 
ject,  and  love  for  our  art,  betray  us  perchance  too  much  into  expressions  unsuitable  to  the 
subject  under  consideration,  and  thereon  we  entreat,  therefore,  the  patience  of  our  readers, 
knowing  “ we  have  a good  conscience.” 

2847  Our  limits  preclude  the  further  enlargement  on  this  part  of  the  subject,  which  in 
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detail  would  occupy  the  pages  of  a separate  work,  and  which,  indeed,  from  its  nature, 
could  not  he  exhausted.  We  trust,  however,  enough  has  been  given  to  conduct  the  student 
on  the  way  to  a right  understanding  of  this  part  of  the  laws  of  composition. 


Sect.  III. 

SUliniVISIONS  AND  APARTMENTS  OF  BIHI.DINGS  AND  THKIR  POINTS  OF  SUPPORl. 

‘2848.  The  subdivisions,  apartments,  or  portions  whereof  a building  consists  are  almost  ai 
many  as  the  elements  that  separately  compose  them : they  may  be  ranked  as  porticoes, 
porches,  vestibules,  staircases,  halls,  galleries,  salons,  chambers,  courts,  &c.  &c.  All  these 
are  but  spaces  enclosed  with  walls,  open  or  covered,  but  mostly  the  latter,  as  the  case  may 
recpiire.  When  covered,  the  object  is  accomplished  by  vaults,  floors,  terraces,  or  roofs. 
In  some  of  them,  columns  are  employed  to  relieve  the  hearing  of  the  parts  above,  or  to  di- 
minish the  thrust  of  the  vaulting.  The  horizontal  forms  of  these  apartments  — a general 
name  by  which  we  shall  designate  them,  be  their  application  what  it  may  — are  usually 
scpiares,  parallelograms,  i)olygons,  circles,  semicircles,  &c.  ; their  size,  of  course,  varying 
with  the  service  whereto  they  are  applied.  Some  will  require  only  one,  two,  or  three  inter- 
axal  divisions  ; others,  five,  seven,  or  more.  It  is  only  these  last  in  which  columns  become 
useful ; and  to  such  only,  therefore,  the  system  is  usefully  applied.  The  parts  whereof  we 
speak  may  belong  to  either  public  or  private  buildings  : the  former  are  generally  confined 
to  a single  story,  and  are  covered  by  vaults  of  equal  or  different  spans  ; the  latter  have 
usually  several  stories,  and  are  almost  invariably  covered  with  roofs  or  flats. 

‘2849.  When  columns  are  introduced  into  any  edifice  to  diminish  the  action  of  the  vaults 
and  increase  the  resistance  to  their  thrust,  the  choice  of  the  species  of  vault  must  be  well 
considered.  If,  for  exarnfile,  the  vault  of  a sfpiare  apartment  {fiy.  1015.)  of  five  interaxal 


Fig.  1015.  Fig.  1016.  Fig.  1017. 


di\isions  be  covered  with  a quadrangular  dome,  or,  in  other  words,  a quadrantal  cove, 
mitred  at  each  angle,  twelve  columns  would  be  required  for  its  supjiort.  If  the  vault  were 
cylindrical  {fig-  1016.)  eight  columns  only  would  be  necessary  ; but  if  the  form  of  the 
covering  be  changed  to  the  groined  arch  {fig.  1017.),  four  columns  only  will  be  required. 
Siqiposing  a room  of  similar  form  on  the  plan  contained  seven  interaxal  divisions  each  way, 
twenty  columns  must  be  employed  for  the  coved  vault,  twelve  columns  for  that  whose 
covering  was  semi-cylindrical, and  still  but  four  for  thegroined  vault.  It  is  obviou.s,  therefore, 
keeiiing  economy  in  mind,  that  the  consideration  and  well  weighing  of  this  matter  is 
most  important,  inasmuch  as  under  ordinary  circumstances  we  find  it  possible  to  make  four 
columns  perform  the  office  of  twelve  and  even  twenty.  Here,  again,  we  have  proof  of  the 
value  of  the  interaxal  system,  whose  combinations,  as  we  have  in  the  previous  section  ob- 
served, are  infinite.  But  the  importance  of  the  subject  becomes  still  more  interesting  when 
we  find  that  economy  is  inseparable  from  that  arrangement  whose  adoption  insures  stability 
and  symmetry  of  the  parts.  These  are  considerations  whereof  it  is  the  duty  of  tlie  archi- 
tect who  values  his  reputation  and  character  never  to  lose  sight.  If  honour  guide  him  not, 
the  commission  wherewith  he  is  intrusted  had  better  have  been  handed  over  to  the  mere 
builder,  — we  mean  the  respectable  builder,  who  will  hone.stly  do  his  best  for  his  employer. 

‘2850.  What  occurs  in  square  apartments  occurs  equally  in  those  that  are  oblong,  for  the 
first  or  scpiare  is  but  the  element  of  the  last.  If  it  happen  that  from  the  interaxal  divisions 
contained  in  the  length  of  an  oblong  or  iiarallelogram,  the  subdivisions  will  not  allow  of  three 
bays  of  groins,  it  does  not  follow  that  the  arrangement  must  be  defective,  for  one  may  be 
obtained  in  the  middle  bay.  In  subdivisions  of  width,  allowing  five  interaxes,  at  least  four 
columns  would  be  saved,  and  in  those  ot  seven  interaxes  eight  columns  miglit  be  dispensed 
with.  (See  fig.  1018.) 

2851.  When  the  subdivisions  on  the  plan,  sujiposing  it  not  square,  take  in  five  interaxes 
wliiehinthe  longitudinal  extent  ot  the  apartment  include  several  bays  of  groins,  whose  num- 
ber must  always  be  odd,  one  column  is  sufficient  to  receive  each  springing  of  the  arch,  but 
in  those  of  seven  interaxal  divisions  two  columns  will  be  neces.sary.  (See///.  1019,  A.) 

‘2852.  It  the  vaulting  be  on  a large  scale,  its  weight  ami  thrust  are  necessarily  increased, 
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and  tlie  columns  may  bo  changed  into  pilasters  connected  with  tlie  trail,  walls,  as  in 
fig.  102J.,  or  as  II  in  the  preceding  figure. 

‘285.3.  'J'he  height  of  the  apartment  from  the  floor  to  the  springing  of  the  arches  will  l)c 
found  three  interaxes  in  apartments  whose  horizontal  combination  is  of  five  interaxes, 
and  four  and  a half  for  the  height  to  springing  of  such  as  are  of  seven  interaxal  divisions  on 
tlie  plan.  Where  the  comhinations  are  diflerent  in  tlie  adjoining  apartments  the  heights 
just  mentioned  afford  the  facility  of  lighting  the  larger  one  above  the  crown  of  the  lower 
one,  as  at  B in  fig.  1019. 
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2854.  Sometimes  the  springing  is  from  the  walls  themselves,  as  at  C,  fig.  1019.,  instea;! 
of  from  the  columns  as  at  L.  The  first  of  these  arrangements  should  he  permitted  only 
when  en  suite  with  the  apartment  there  is  another,  D,  wherein  the  springings  are  from 
columns.  When  the  apartment  is  the  last  of  the  suite,  the  springings  must  he  from  piers 
or  columns,  one  interaxis  at  least  from  the  wall.  If  all  these  matters  are  well  understood, 
as  also  the  sections  upon  the  orders,  and  upon  the  different  elementary  parts  of  a building, 
a graphic  combination  has  been  established  by  which  we  shall  he  much  aided  in  the  coin- 
jiosition  or  design  of  all  sorts  of  buildings,  and  enabled,  with  little  trouble,  and  in  a much 
shorter  period  of  time  than  by  any  other  process,  to  design  easily  and  intelligently.  To  do 
more  distinguishes  the  man  of  genius  from  the  man  who  can  be  taught  only  up  to  a certain 
point. 


Six-r.  IV. 

CO.MIUNATION  OF  THE  PARTS  IN  LEADING  FORMS. 

28.55.  Having  shown  the  mode  whereby  the  parts  of  a building  are  horizontally  and  verti- 
cally combined  in  the  several  apartments,  which  may  be  considered  the  grammar  ot  com- 
position, we  shall  now  show  its  application  in  the  leading  forms  or  great  divisions  of  the  plan. 
Keeping  in  mind  the  advantage,  upon  which  we  have  before  touched,  of  arranging  the  walls  of 
buildings  as  much  as  possible  in  straight  lines,  we  should  also  eijually  endeavour  to  dispose 
the,  principal  apartments  on  the  same  axes  in  each  direction.  Upon  first  thoughts  the  stu- 
dent may  think  that  a want  of  variety  will  result  from  such  arrangement,  but  upon  proper 
reflection  he  will  in  this  respect  be  soon  undeceived.  Ihe  combinations  that  may  be  made 
of  the  different  principal  axes  are,  as  above  stated,  numberless,  that  is,  cl  those  axes  whereon 
the  parts  may  be  advantageously  placed  so  as  to  suit  the  various  purposes  to  whicli  the 
budding  is  destined,  paying  also  due  regard  to  the  nature  r.i  tlie  ground  whereon  the 
labric  is  to  be  erected 


940 


PRACTICE  OF  ARCHITECTURE. 


Book  II I 


D 'I  I ’Dll 

ffl  n -m 

IS  •[!]  H 
[0  "H 


HH56.  Eet  us,  for  example,  take  a few  onlj^  of  the 
combinations  which  may  be  formed  from  the  simple 
s(juare,  as  in  the  first  sixteen  diagrams  of  1021., 
by  dividing  it  in  both  directions  into  two,  three, 
and  four  parts.  The  thick  lines  of  the  diagrams 
may  be  considered  as  representing  either  walls  or 
suits  of  apartments,  in  which  latter  case  the  open 
spaces  between  them  become  courts.  In  reference 
also  to  the  vertical  combinations  connected  with  the 
dispositions  in  (juestion,  some  parts  of  them  may  con- 
sist of  one,  other  parts  of  two  and  three  stories,  as 
well  for  additional  accommodation  of  die  whole  build- 
ing to  its  purpose  as  for  producing  variety  of  out- 
line in  the  elevation.  If,  as  in  some  of  the  dia- 
grams, we  omit  some  of  the  axes  used  for  the  divi- 
sion, such  omissions  produce  a new  series  of  subdivi- 
sions almost  to  infinity.  By  this  method  large  edifices 
may  be  most  advantageously  designed  ; it  enables  us 
to  apjily  to  the  different  leading  axes  the  combinations 
suitable  to  the  destination  of  the  building.  Considered 
however  as  merely  an  exercise  for  the  student,  the  use 
of  it  is  so  valuable  that  we  do  not  believe  any  other 
can  be  so  beneficially  employed  by  those  masters  who 
profess  to  teach  the  art.  We  have  not  gone  into  the 
subdivisions  of  the  circle  in  detail,  contenting  ourselves 
with  the  two  most  obvious  dispositions.  These  are 
susceptible  of  as  great  variety  as  the  square,  observing 
however  that  the  leading  axes  must  be  concentric. 

2857.  Following  up  the  method  just  proposed,  let 
us  imagine  a design  consisting  of  a certain  number  of 
similar  and  dissimilar  parts  placed  in  certain  relations 
to  each  other.  Now,  having  fixed  clearly  in  our  mind  the  relative  situations  of  the  several 
parts  and  the  mode  by  which  they  are  connected  with  each  other,  we  shall  have  a distinct  per- 
ception of  the  work  as  a whole.  We  may  abbreviate  the  expression  of  a design  by  a few 
marks,  as  in  Jiq.  1022,,  wherein  the  crosses  i epresent  square  apartments,  and  the  simple  lli.es 
are  tlie  expressions  of  parallelograms,  whose  relative  lengths  may  be  expressed  by  the  lengths  of 
the  lines.  The  next  step  might  be  to  ex- 
pand these  abbreviations  into  the  form 
given  in  Jir/.  1023.,  on  which  we  may  indi- 
cate by  curves  and  St.  Andrew’s  crosses, 
as  dotted  in  the  diagram,  the  way  in  which 
the  several  apartments  are  to  be  covered. 

2858.  We  may  now  proceed  with  the 
design;  but  first  it  will  be  well  to  consider 
one  of  the  apartments,  for  which  let  one  of 
tile  angles  B be  taken  (see  yiff.  1024.  and 
1025.).  Suppose  it,  for  instance,  to  be  five 
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or  any  other  number  of  interaxal  parts  square.  This,  then,  will  be  the  width  of  the  apartments 
whose  forms  are  that  of  a iiarallelogram ; and  inasmuch  as  in  this  apartment  the  diameter 
of  the  vault  will  be  diminished  by  two  interaxes,  which  results  from  the  use  of  the  four 
angular  columns,  the  groined  vault  will  be  of  the  width  of  three  interaxes,  and  the  same 
arrangement  will  govern  the  rest  of  the  apartments.  In  the  centre  an  open  court  is  at- 
tendant on  the  disposition,  as  indicated  by  the  diagram.  The  section  which  is  the  result 
of  the  combination,  subject  however  to  other  regulation  in  the  detail,  is  given  under  the 
plan  of  the  figure,  and  the  elevation  above  it  entirely  depends  upon,  and  is  regulated  by, 
the  joint  combination  of  the  plan  and  section.  The  example  is  given  in  the  most  general 
way,  and  with  the  desire  of  initiating  the  student  in  the  theory  of  his  art.  The  building 
here  instanced  might  serve  some  public  purpose,  sucb  as  a gallery  for  the  reception  of 
painting  or  sculpture,  or  at  least  give  the  hint  for  one;  but  our  object  is  not  to  be  mis- 
understood, — we  seek  only  to  give  the  tyro  an  insight  into  the  principles  of  composition. 

2859,  It  is  not  our  intention  to  enter  further  on  the  variety  which  follows  the  method  of 
designing,  of  which  the  foregoing  are  only  intended  as  hints;  but  we  cannot  leave  the 
subj(;ct  without  submitting  another  example  for  the  study  of  the  reader.  Our  desire 
is  that  of  establishing  general  principles,  whereof  1026.  is  a more  complete  illus- 
tration than  those  that  have  preceded  it.  The  abbreviated  form  of  the  horizontal  disposition 
Ls  .shown  at  A,  and  in  B it  is  further  extended,  and  will  be  found  to  be  very  similar  to  that 
of  No.  15.  in^'y.  1021.  In  the  example  the  interaxal  divisions  arc  not  drawn  through  the 
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•ilan,  but  it  will  be  Immediately  seen  that  the  space  allotted  to  the  wliole  width  of  the 
jpartments  is  three  in  number.  In  the  centre  a circular  apartment  is  introduced  ami 
covered  with  a dome,  which  might  have  been  raised,  in  the  vertical  combination,  another 
litory,  and  thus  have  added  more  majesty  to  the  elevation.  And  here  we  repeat,  that  in 


Fig.  1020. 
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designing  buildings  of  more  than  one  story,  (for  it  cannot  be  too  often  impressed  on  the 
mind  of  the  student),  the  combination  of  the  vertical  with  the  horizontal  distribution  will 
suggest  an  infinite  variety  of  features,  which  the  artist  may  mould  to  his  fancy,  although  it 
must  he  so  restrained  as  to  make  it  subservient  to  the  rules  upon  which  fitness  depends. 

2859a.  We  close  this  portion  of  the  subject  with  an  example  in  perspective  from  Uurand. 
T he  general  plan,  10i6.,  will  be  found  similar  to  No.  1 1 in  Jig.  1021.,  and  the  dis- 

tiibution  may  be  a good  practice  for  the  student  to  develope.  It  is  an  excellent  example 
for  exhibiting  of  what  plastic  nature  are  the  buildings  which  the  vertical  combinations  will 
adiidt  as  based  on  those  which  are  horizontal. 


SECf.  V. 

GENERAL  PRINCIPLES  OF  PROPORTION. 

(The  following  pages  of  this  section  were  originally  compiled  by  the  late  Edward  Cresy 
for  ids  Enci/clopudia  of  Civil  Engiueerivg,  published  by  Messrs.  Longmans,  wlio  have  now 
deemed  it  preferable  to  place  it  in  this  edition  of  Gwilt’s  Encyclopedia  of  Architecture^ 
as  being  in  every  respect  a more  suitable  place  for  it.)  (1867). 

TTiat  branch  of  the  principles  of  architecture  which  is  most  intimately  connected  with 
the  architect’s  practice,  t\\ki  proportioning  of  masses,  or  the  arrangements  for  the  supports  of 
an  edifice,  must  be  the  objects  of  his  unwearied,  study  and  attention.  We  shall,  therefore, 
here  endeavour  to  point  out,  as  briefly  as  possible,  the  general  features  which  in  this  respect 
belong  to  the  two  oldest  divisions,  viz.  the  Greek,  and  the  Roman,  architecture. 

That  part  of  Greece  which  lies  to  the  south  of  Thessaly,  near  the  foot  of  Mount  Othry.s, 
is  supposed  to  have  contained  the  capital  of  Flellen,  who  left  his  kingdom  to  his  three  sons 
/Eolus.  Dorus,  and  Xutlius,  tlie  second  son  becoming  the  founder  of  the  Dorian  race,  and 
the  youngest  that  of  the  Ionian. 

Architecture  can  hardly  be  said  to  have  existed  as  a science  until  the  Dorians  perfected 
tliat  style,  which  we  find  in  the  temples  and  other  buildings  scattered  throughout  those 
islands  and  countries  in  the  Mediterranean  Sea  which  received  Doric  colonies.  The 
dwellings  of  these  early  civlllsers  of  mankind  were  plain  and  simple  ; the  laws  of  Lycurgus 
forbade  the  use  of  any  carving  or  decoration,  their  doors  being  fashioned  only  with  the  saw, 
and  their  roofs  by  the  axe  ; but  in  their  temples  and  public  edifices,  they  were  encouraged 
to  bestow  more  labour  and  superior  workmanship  : the  Dorian  architecture  appears 
never  to  have  undergone  any  great  change  ; the  same  style,  and  almost  the  same  proportions, 
are  found  in  most  of  the  examples  that  have  been  spared  us. 

TTiese  people  spread  a knowledge  of  the  arts  of  construction  wherever  they  settled ; and 
we  find  them  at  a very  early  period  in  the  northern  districts  of  Greece,  under  the  Olympian 
clialn  of  mountains,  in  the  island  of  Crete,  on  the  eastern  side  of  the  northern  coast,  on  whicli 
IS  situated  the  town  of  Cnossus  with  its  harbours,  Heracleum  and  Apollonia,  at  winch 
latter  places  their  religious  rites  were  celebrated.  After  having  overrun  Thessaly,  they  sent 
from  thence  a colony  to  the  district  of  Driopis,  called  the  Doric  Tripolis,  between  (Eta 
and  Parna.ssus,  from  the  union  of  the  three  cities  Bajum,  Cytinium,  and  Erineus,  and, 
subsequently,  when  Acyjihas  was  added,  Tetrapolis. 

The  country  next  occupied  by  the  Doric  tribes  extended  from  the  river  Sperchius 
beyond  (Eta  to  Parnassus  and  Thermopylae,  but  the  most  important  of  their  migrations 
was  that  called  tlie  Return  of  the  Heraclidae.  After  this  period  they  were  for  a short  time 
driven  into  Attica,  where  they  received  protection  from  Theseus,  and  when  again  settled  in 
tlie  Peloponnesus,  they  sent  out  colonies  to  Rhodes,  Cnidus,  and  Cos,  led  by  princes  of  the 
Heraclidae  from  Argos  and  Epidaurus.  Another  colony  from  Troezen  was  established  at 
Halicarnassus.  The  towns  which  composed  the  Tripolis  of  Rhodes,  together  with  Cnidus, 
Cos,  and  Halicarnassus,  formed  the  Doric  league  called  Hexapolis,  but  after  the  separation 
of  the  latter  place,  Pentapolis  : this  league  met  on  the  Triapian  promontory  to  celebrate  the 
rites  of  Apollo  and  Ceres.  A colony  was  sent  from  Lindos  to  Telos ; others  from  Cos, 
Nisyrus  and  Calydna ; from  Argos  to  Carpathus,  now  the  island  of  Scapanta ; from 
Cnidus  to  Syme,  a town  of  Asia  Minor;  from  Megara  a migration  took  place,  which 
settled  at  Astypale.a,  one  of.  the  Cyclades  ; and  others  to  Anaphe,  Thera,  Phalegandros, 
Melos,  Myndus,  Mylasa,  Cryassa,  Synnada,  and  Norlcum  in  Phrygia. 

Ihe  Rhodians  founded  Gagae,  and  Corydalla  in  Lycia,  on  the  shores  of  Asia  Minor; 
Phaselis  on  the  confines  of  that  country;  Pamphylia;  and  Soli  in  Cilicia.  According  to 
Ihucydides,  about  713  years  before  Christ,  Antiphemus  led  a colony  from  Lindu.s,  and 
founded  the  town  of  Gela  in  Sicily. 
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Corinth  sent  out  nnmerous  colonies  from  T.echfcnin  in  the  Cresseir.  Cu’f.  which  founded 
Syracuse  about  760  years  before  Christ;  INIolycrion,  Clialcis,  towns  of  i^iolia  ; Salicuin  in 
Acarnania;  Amhracia  and  Anactorinm  in  Ei)irus ; I>eiicadia,  now  the  island  of  St. 
Maura,  which  was  formerly  joined  to  the  continent  by  a narrow'  istlimus  ; Corcyra,  on  the 
coast  of  Epirus;  Epldamnus  in  Macedonia;  Apollonia  Potidaea,  w'ith  several  otliers. 

Issa,  an  island  in  the  Adriatic,  was  ])copled  from  Syracuse  Alegara,  situated  between 
Corinth  and  Athens  on  the  Sinus  Saroivcus  after  it  became  a ]iart  of  tlie  territory  of  the 
Ileraclidaj,  sent  colonies  to  Astaciis  in  Bithynia  and  Chalcedon,  another  city  in  that  pro- 
vince oi>posite  to  Byzantium,  Selymbria  in  Thrace,  and  I.leracL-a  in  Pontns,  celebrated 
for  its  naval  power. 

Megara  also  colonised  Hybla  in  Sicily,  famous  for  its  wild  thyme  and  honev,  which 
pcoj)le  founded  Sellnus.  Sparta  founded  Tarentum  about  700  years  before  Christ,  wliicn 
at  one  time  comprised  thirteen  tributary  cities  within  its  g wernment,  and  could  muster 
103,000  foot  and  0000  horse. 

From  Gela,  which  was  colonised  from  Lindus  in  the  Island  of  Rhodes,  originated 
Agrigentum,  a place  of  considerable  importance  at  the  time  the  Cretan  Phalaris  olitained 
iiie  sovereignty  ; indeed  Crete  and  Rhodes  jointly  may  be  said  to  be  the  founders  of 
Agrigentum. 

In  following  the  progress  of  the  Ileraclida?  along  the  shores  of  the  Mediterranean  to  the 
Pillars  of  Hercules,  we  find  wherever  they  settled  those  beautiful  examples  of  construction 
in  masonry  which  we  can  never  be  weary  of  admiring  and  studying.  The  temples  in  the 
Doric  style  in  Sicily  are  of  great  beauty,  and  they  may  be  some  years  anterior  to  those  now 
remaining  in  Greece,  but  the  difference  cannot  be  very  great : those  at  Syracuse  and 

Agrigentum  were  constructed  from  the  spoils  obtained  when  I Hero  defeated  the  Carthaginian 
general  Ilamilcar  at  Ilimera,  and  those  at  Atliens  were  not  built  till  some  time  after  the 
defeat  of  Xerxes;  but  by  some  of  the  historians  it  is  said  that  both  battles  were  fought  on  the 
same  day,  that  wlillst  Iliero  was  obtaining  his  independence,  the  Persians  were  overthrown 
at  Salamis.  Some  time,  however,  elapsed  after  these  victories  before  the  Athenians  and  other 
states  of  Greece  which  had  been  engaged  in  the  war  recovered  their  j^rosjierous  condition  ; 
and  it  was  not  until  the  time  of  Pericles,  which  is  nearly  50  yeais  after  the  building  of  the 
temples  at  Agrigentum  and  Syracuse,  that  the  restoration  of  the  I’arthenon  and  other 
public  buildings  throughout  Greece  was  undertaken.  The  temples  at  Selinus  are  said  to 
have  been  built  when  the  city  was  founded,  620  years  before  Christ,  and  it  is  asserted  they 
were  entirely  destroyed  when  the  inhabitants  deserted  the  city  250  years  after  its  foun- 
dation : could  this  be  proved,  they  would  rank  among  the  first  erected. 

The  Propylea  at  Athens  was  built  by  Mnesicles  in  the  85th  Olympiad  ; and  a few  year.*) 
afterwards,  when  Pericles  governed,  Ictinus  completed  the  Parthenon,  and  jn'obably  the 
temple  of  Theseus.  The  temples  at  Sunium  and  Phygalia  were  also  the  work  of  that 
renowned  architect,  and  are  deservedly  ranked  for  their  ])roportlons  and  execution  among 
the  most  graceful  productions  of  Gr  eek  architecture.  The  temple  of  Jujilter  Panhellenlus 
in  the  Island  of  Egina  was  founded  by  Eacus  before  the  Trojan  war,  but  the  ruins  we 
now  admire  no  doubt  may  be  referred  to  the  time  of  Pericles. 

The  source  of  those  beautiful  effects  which  have  received  the  almost  instinctive  admi- 
ration of  every  age  and  country  can  only  be  traced  by  correct  measurement,  and  a careful 
observation  of  the  proportions  of  the  masses,  which  will  almost  irresistibly  convince  us  that  in 
temples  and  fronts  of  porticoes  one  general  law  prevailed,  and  was  applied  to  all  tetrastyle, 
hexastyle,  and  octastyle  arrangements,  based  upon  the  proportion  of  a cube.  This  is  found 
to  govern  most  of  the  designs  executed  from  the  time  of  Pericles  to  the  death  of  Alex- 
ander, the  golden  age  of  Greek  art,  when  sculptors,  painters,  architects,  and  engineers  were 
called  forth  to  vie  with  each  other  in  their  several  branches,  and  workmen  of  skill  and  in- 
genuity were  found  to  embody  the  suggestions  of  their  imagination  ; and  the  results  would 
lead  us  to  suppose  that  the  acme  of  perfection  was  attained,  for  since  that  period  none  of 
the  productions  either  in  sculpture  or  architecture  have  equalled  tl.ose  of  the  Greeks  in  the 
simple  elegance  of  their  design,  or  the  excellence  of  their  execution. 

Titrastyle  Porticoes  vvith  four  columns  exhibit  the  simplest,  and  perhaps  the  earliest, 
ai)plication  of  the  Doric  order;  the  entire  facade  is  comprised  within  a square,  the  height 
being  divided  into  three  portions,  the  upper  constituting  the  entablature,  and  the 
other  two-thirds  being  divided  equally  between  the  supports  and  their  three  intcrcolumnia- 
tions,  making  the  latter  a little  more  than  a diameter.  We  may  imagine  the  square  divided 
in  its  height  and  width  by  8,  making  altogether  64  compartments  of  equal  area  ; the  upper 
8 devoted  to  the  pediment  will  have,  when  the  inclined  sides  are  set  out,  a diminution  of  one- 
half  their  area,  four  whole  squares  being  rejected  in  those  parts  above  the  pediment,  the 
area  of  the  tympanum  being  only  equal  to  four.  The  entire  mass  is  thus  reduced  to  the 
area  of  60  of  these  squares,  which  are  thus  disjiosed  of ; 20  are  given  to  the  supports, 
or  5 cubes  to  each  column,  20  are  divided  between  the  three  intercolumniatlons, 
and  the  remaining  20  constitute  the  load  supported ; the  columns  are  5 diameters  in 
height,  and  bear  no  more  than  their  own  weight,  a due  harnjony  being  obtained  through- 
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out ; the  eye  is  satisfied  that  the  load  cannot  distress  its  supports,  and  the  spaces  between 
the  supporting  masses  are  again  proportioned  and  made  equal  to  either,  so  that  we  have  a 
triple  division,  — one,  the  per- 
pendicular arrangements  of  the 
supports,  another  their  just 
distribution  or  equal  distances, 
and  the  third,  the  entablature 
proportioned  to  the  strength 
that  is  to  carry  it,  all  of  which 
ire  comprised  within  the  boun- 
dary of  a square.  The  tetra- 
style  porticoes  that  remain  are 
not  numerous,  and  none  are 
perfect ; three  have  been  se- 
lected, which  will  enable  us  to 
test  the  idea  we  have  attempted 
to  define.  First,thatatEleusis, 
the  entire  width  of  which  is 

20  feet  6 inches,  the  height 

21  feet  6 inches;  and  if  we 

reject  half  the  height  of  the 
pediment  we  shall  have  a 
square  : the  united  dia- 

meter of  the  columns  only 
varies  5 inches  in  width 
from  those  of  the  intercolum-  Fig.  1027.  tbtbastyle  porticoes. 

niations. 

If  we  divide  the  height  into  three,  rejecting,  as  already  observed,  half  the  pediment,  which 
in  this  case  is  1 foot  ]i  inch,  we  have  for  the  height  of  the  square  20  feet  4 inches,  whilst 
the  entire  width  is  20  feet  6 inches,  a difference  not  very  great : this  divided  into  three,  and 
giving  two-thirds  to  the  height  of  the  columns,  would  make  them  only  13  feet  6 inches  and 
8 seconds,  whilst  they  really  are  14  feet  21  inches  in  height.  In  this  example  the  entire 
height,  which  we  may  call  21  feet  5^  inches,  is  divided  into  three,  two  parts  of  which 
constitute  the  height  of  the  columns. 

//I  the  Temple  of  Themis  at  Rhamnus,  the  width  is  20  feet  1 1 inches,  and  the  height 
the  same,  the  diameters  of  the  columns  being  in  excess  3 inches  only  above  the  width  of 
the  intercolumniations. 

In  the  Doric  Portico  at  Athens.,  the  entire  height  equals  nearly  the  width. 

Hexastyle  Porticoes.  — The  practice  of  the  Dorian  architects,  in  setting  out  a temple 
with  six  columns  in  front,  appears  sometimes  to  have  been  to  divide  the  width  into  twelve 
parts,  the  height  without  the  pediment  being  made  equal  to  eight  of  them ; thus  forming 
a fii9ade  within  a parallelogram  or  a square  and  a half:  as  the  ninth  division  in  height  cuts 
the  pediment  in  half,  we  have  thirty-six  squares  for  the  entablature  or  mass  supported, 
being  the  same  quantity  found  in  the  six  columns  and  the  five  intercolumniations;  at  other 
times  we  find  the  entire  width  divided  into  nine  parts,  and  six  given  to  the  height,  one  of 
which  indicates  the  pediment,  thus  rising  a ninth  : if  a circle  be  descril)ed  in  the  tympanum, 
and  a horizontal  line  drawn  through  the  centre,  cutting  oflT  a twelfth  of  the  height,  tlie 
remaining  being  divided  into  three  equal  parts,  the  upper  third,  or  entablature,  being 
the  part  supported,  the  remaining  | are  divided  between  the  columns  and  their  interspaces; 
thus  making  the  columns  equal  to  § of  the  height  com|)rised  between  the  centre  of  the 
tympanum  and  the  jilatform  upon  which  they  were  placed. 

If  we  take  each  of  these  nine  parts  as  5 feet,  we  have  45  feet  for  the  width,  30  for  the 
height,  including  the  5 feet  for  the  rise  of  the  pediment,  which  if  we  divide  by  the  horizontal 
line,  to  obtain  its  true  area  or  quantity,  we  shall  have  2 feet  6 inches  for  its  mean  height, 
and  6 feet  8 inches  for  that  of  the  level  entablature : for  as  we  have  observed,  these  two 
dimensions,  which  make  9 feet  2 inches,  must  be  equal  to  half  the  height  of  the  columns,  or 
the  whole  will  not  be  divided  into  three  parts ; or,  which  is  the  same  thing,  the  height  from 
the  centre  of  the  pediment  must  be  divided  into  three  parts,  and  the  upper  division  taken 
for  the  entablature.  These  proportions  are  exceedingly  simple  in  their  application ; if  it 
were  intended  that  the  columns  and  the  spaces  between  them  should  be  eijual,  half  the  width 
of  the  fa9ade,  or  22  feet  6 inches,  should  be  distributed  among  the  intercolumniations, 
and  the  other  half  divided  among  the  columns. 

The  Temple  of  2’heseus  at  Athens  is  one  of  the  best  preserved  as  well  as  the  most  admired, 
and  was  probably  erected  soon  after  the  Parthenon ; it  is  of  Pentelican  marble,  adorned 
with  admirable  sculptures.  The  total  width  of  its  hexastyle  portico  is  45  feet,  and  its  height, 
instead  of  30,  is  31  feet ; the  extra  foot,  which  prevents  it  being  an  exact  square  and  a half,  is 
given  to  the  pediment,  which  probably  has  undergone  some  change,  as  it  rises  much  more 
tiian  the  ninth  uf  its  whole  extent. 
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The  height  of  the  pediment  is 
level  cornice 
frieze 
architrave 
columns 


Feet.  In. 
5 9-75 

1 0-45 

2 8-55 

2 8-9 

18  8-8 


and  of  the  entire  fa9ade  - - - 31  0-4 

Feet.  In. 

half  the  pediment  - - - - 210  8 75 

the  level  entablature  - - - 6 5-9 

making  together  a dimension  nearly  equal  to  half  the  height  of  the  "I 
columns.  _ / ^ 

The  fa9ade  of  this  beautiful  temple  is  divided  equally  into  three  parts ; ^ is  given  to  the 
entablature,  and  the  other  two  to  the  columns  and  their  intercolumniations.  The  outer 
columns  are  3 feet  4-85  inches  in  diameter,  and  all  the  others  3 feet  3-4  inches.  The  middle 
intercclumniation  is  5 feet  3-95  inches,  the  next  two  each  5 feet  4’05  inches,  and  those 
towards  the  angles  4 feet  6-35  inches.  The  diameters  taken  together  are  20  feet,  and  the 
intercolumniations  25  feet,  so  that  the  columns  and  their  spaces  are  not  in  equal  proportions : 
the  former  would  have  required  a diameter  of  3 feet  9 inches,  which  would  have  made 
them  nearly  five  diameters  in  height,  instead  of  what  they  are;  they  would  have  been  heavier, 
it  is  true,  but  more  in  accordance  with  the  early  examples. 

The  Hexastyle  Temples  at  Rhamnus,  Suniuin,  Egina,  Eleusis,  and  Phygalia,  are  not  suffi- 
ciently perfect  to  enable  us  to  decide  whether  our  principles  would  apply  to  them  ; but 
from  the  judgment  we  can  form  from  their  remains,  they  appear  to  have  been  all  comprised 
in  a square  and  a half,  and  their  entablatures  and  pediments  in  the  proportion  of  a third 
of  the  whole. 

The  Hexastyle  Temple  at  Segesta  in  Sicily  is  sufficiently  perfect  to  enable  us  to  judge  of 


its  entire  proportions. 

Feet.  Iq 

Its  total  length  is  - - - - - -780 

and  height  - - - - - -50  8 

or  the  whole  facade  is  bounded  by  a square  and  a half. 

Feet.  In. 

The  height  of  the  columns  is  - - - 31  0 

entablature  - - - 1 1 4 

pediment  - - - - 8 4 


Total  50  8 
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9 16 


Fk  t.  In. 

Half  the  height  of  the  pediment  Is  - - - - 4 ‘2 

entablature  - • - - 1 1 4 

Total  height  of  superincumbent  ma.ss  - - - 1 5 6 

which  is  exactly  one-half  of  31  feet,  the  height  of  the  columns;  so  that  we  have,  as  far  as 
height  is  concerned,  ^ for  the  superincumbent  mass  or  entablature,  and  § for  the  column.*; 
and  their  intercolumniations. 

Feet. 

Tlie  columns  have  their  united  diameters  - - - 37 

The  intercolumniations  ditto  - - - - - 39 


so  that  they  are  not  in  exact  equality,  although  the  difference  is  not  considerable. 

At  Agrigentum  are  the  remains  of four  Hexastyle  Temples. — That  of  Juno  Lucina  is  without 
its  cornice  and  pediment ; the  diameter  of  the  columns  is  4 feet  6 Inches,  and  the  entire 
width  is  55  feet.  Tlie  united  diameter  of  the  six  columns  is  26,  and  of  the  five  intercolum- 
niations 29  feet. 

The  Temple  of  Concord  is  in  width  57  feet,  and  in  height  38  ; or  it  is  comprised  within 
square  and  a half. 

Feet.  In. 

The  height  of  the  columns  is  - - - 23  0 

entablature  - - - 8 0 

pediment  - - - 7 0 

38  0 


Feet  In 

Half  the  height  of  the  pediment  is  - - - - 3 6 

The  height  of  the  entablature  - - - - 8 0 

which  is  equal  to  half  the  height  of  the  column  - - 1 1 6 


Thus  one-third  of  the  entire  height  is  given  to  the  entablature  or  mass  supported.  The 
united  diameter  of  the  columns  is  28  feet,  and  that  of  the  intercolumniations  29  feet,  the 
latter  being  a little  in  excess. 

Temple  of  Hercules. — The  total  width  is  84  feet,  and  height  56,  which  is  a square  and  a 
half. 


Fret.  In. 

The  height  of  the  columns  is  - - - - - 33  6 

entablature  - - - - 13  0 

pediment  - - - - - 9 6 


Making  a total  height  of  - - - - 56  0 


The  united  diameter  of  the  columns  is  43  feet,  and  that  of  the  intercolumniations  41  feet. 
The  height  of  the  entablature  and  half  pediment  is  in  this  case  17  feet  9 inches,  instead  of 
16  feet  9 inches,  as  it  should  have  been  to  have  equalled  half  the  height  of  the  columns. 

Temple  of  Castor  and  Pollux  is  imperfect,  but  the  total  width  is  45  feet,  of  which  the 
diameters  of  the  six  columns  occupy  24  feet,  and  the  intercolumniations  21.  The  height  of 
the  columns  is  about  20  feet,  and  that  of  the  entablature  8 feet,  as  measured  on  the  flank. 
This  temple  nearly  agrees  in  width  with  the  temple  of  Theseus  at  Athens,  but  its  pro- 
portions vary  ; there  is  not  sufficient  remaining  to  judge  of  its  entire  form. 

At  Selinus  are  the  remains  of  five  hexastyle  temples.  In  one  the  total  extent  is  51  feet, 
of  which  the  united  diameters  of  the  columns  occupy  24,  and  that  of  the  five  Inter- 
columniations 27  feet.  The  height  of  the  entablature  is  about  1 1 feet,  but  that  of  the 
columns  and  pediments  has  not  been  yet  ascertained. 

The  second  temple  is  in  width  77  feet  6 inches,  the  diameters  of  the  columns  occupying 
37  feet,  and  the  live  intercolumniations  40  feet  6 inches  ; the  height  is  50  feet  8 inches,  so 
that  the  whole  fayade  is  included  in  a parallelogram,  having  a height  not  quite  equal  to 
two-thirds  its  extent,  or  a square  and  a half. 


llie  height  of  the  columns  is 
entablature 
pediment 


Ft.  In. 
29  4 

13  4 

8 0 


In  all 


*50  8 


which  is  a foot  less  than  the  required  height. 

In  this  example  there  is  not  an  exact  correspondence  between  the  columns  and  what  they 
support;  the  entablature  and  pediment  occupy  13,  the  intercolumniation  12,  and  the 
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columns  1 1 parts  out  of  the  whole  number,  36,  into  which  the  parallelogram  may  be  sup- 
posed  to  be  divided. 

The  third  temple  is  not  sufficiently  measured  to  enable  us  to  examine  into  its  propor- 
tions ; the  total  width  is  79  feet,  of  which  the  united  diameters  of  the  six  columns  occupy 
36  feet,  and  the  five  intercolumniations  43  feet. 

The  fourth  temple  is  in  width  84  feet  9 inches,  and  in  height  56  feet  6 inches  or  a squar*’ 
and  a half. 


The  height  of  the  columns  being 
entablature 
pediment 

In  all  the  height  is  - - 

The  height  of  half  the  pediment  is  - 
the  level  entablature 

Making  a height  equal  to  half  that  of  the  columns. 


Feet. 

In. 

34 

0 

11 

6 

11 

0 

56 

6 

Ft. 

In. 

- 

- 

5 

6 

- 

- 

11 

6 

- 

17 

0 

Thus  the  heights  are  in  just  proportion,  one-third  being  given  to  the  entablature  and 
pediment,  and  the  other  two-thirds  to  the  columns  and  their  intermediate  spaces,  which 
are  in  the  proportions  of  44  feet  9 inches  for  the  columns,  and  40  feet  for  the  five  inter- 
columniations. 

The  fifth  temple  is  81  feet  in  front,  the  six  columns  occupying  37  feet  8 inches,  and  the  five 
intercolumniations  43  feet  4 inches.  The  height  of  the  column  is  31  feet,  and  the  entabla- 
ture 15  feet  6 inches,  or  one-half  the  height  of  the  column,  so  that,  without  the  pediment, 
the  entablature  in  this  example  would  constitute  a third  ; and  if  the  pediment  had  only  risen 
7 feet  6 inches,  to  make  the  general  proportion  a square  and  a half,  tliese  columns  would 
have  had  more  to  sustain  than  any  other  example  we  have  yet  referred  to. 

Octastyle  Temples. — We  will  now  apply  these  principles  to  a fa9ade  with  eight  columns, 
and  endeavour  to  follow  the  same  system.  We  have  already  had  a square,  and  a square 
and  a half,  as  the  form  or  figure  within  which  the  design  was  comprised  : the  portico  of 
four  columns  being  circumscribed  by  the  one,  and  that  of  six  by  the  otlier  ; and  as  in  the 
octastyle  there  are  double  the  number  of  columns  contained  in  the  first,  a double  square  is 
required  to  comprise  it,  that  the  same  relative  proportions  may  be  obtained. 


After  the  width  of  the  fa9ade  is  determined,  it  is  divided  into  sixteen  parts,  and  ten  are  set 
out  for  the  height  to  the  top  of  the  tympanum  of  the  pediment ; which  generally  rising  a 
ninth  of  the  extent,  two  divisions  will  serve  to  denote  it,  and  if  a circle  be  inscribed  in  the 
tympanum,  and  a horizontal  line  drawn  through  the  centre,  we  shall  have  a parallelogram 
16  squares  in  width,  and  9 in  height. 

Six  squares  in  height  will  determine  the  under  side  of  the  entablature,  which,  if  divided 
equally  between  the  columns  and  their  intercolumniations,  would  give  48  squares  to  eacli, 
which  are  precisely  the  proportions  of  the  example  we  are  about  to  examine 
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The  Parthenon  or  Temple  of  Minerva  at  Athens  is  admitted  to  have  the  most  beautiful 
proportions  of  all  octastyle  Greek  examples  ; its  entire  width,  measured  in  the  front  of  the 
oolumns  at  the  base,  is  100  feet  9 inches,  and  its  height  to  the  centre  of  the  tympanum,  from 
the  level  of  the  platform  on  which  the  columns  are  placed,  51  feet  2|  inches,  20  inches  only 
beyond  what  it  should  be  to  accord  with  the  rules  laid  down.  Dividing  this  height  into 
three  parts,  we  have  in  round  numbers  17  feet  1 inch  for  each  : the  height  of  the 
entablature  and  half  pediment  is  17  feet,  and  that  of  the  columns  34  feet  2 inches,  precisely 
one-third  of  the  height  being  devoted  to  the  entablature,  the  lower  two-thirds  being  divided 
between  these  and  their  intercolumniations ; adding  all  the  diameters  together,  we  have 
49  feet  6 inches ; the  intercolumniations  being  5 1 feet  3 inches,  or  only  1 foot  9 inches  in 
excess  for  the  latter:  hence  if  a parallelogram  or  double  square  be  divided  into  401  squares, 
and  13^  be  given  to  the  columns,  the  same  quantities  to  the  intercolumniations,  the  en- 
tablature and  its  pediment,  we  should  have  the  general  proportions  of  the  Parthenon,  the 
difference  before  alluded  to  being  too  slight  to  produce  any  effect  on  the  eye  in  so  large  a mass. 
The  height  to  the  centre  of  the  pediment  is  51  feet  2|  inches,  consequently  the  width  to  make 
It  an  exact  double  square  should  have  been  102  feet  5 inches,  instead  of  100  feet  9 inehes : 
and  this  difference  may  have  been  occasioned  by  the  difficulty  of  setting  out  the  triglyphs 
or  from  the  idea  that  the  width,  as  measured  along  the  corona,  should  have  some  con- 
sideration, and  a mean  be  established. 

As  we  have  before  observed  that  the  Parthenon  is  considered  perfect  both  in  its  design 
and  execution,  a more  detailed  aecount  of  its  eonstruction  and  mouldings  will  be  the  best 
illustration  that  can  be  offered  on  the  subject  of  Greek  masonry,  premising  that  in  the  pre- 
sent instance  it  is  all  of  the  finest  marble  from  Pentelicus. 

The  Doric  Column  varies  considerably  in  its  proportions,  some  not  being  more  than  four 
diameters  in  height,  whilst  in  other  examples  they  are  from  that  to  six  and  a half : those 
we  are  now  considering  are  formed  of  twelve  blocks ; on  the  upper  and  lower  bed  of  each 
are  described  two  circles,  the  circumference  of  the  outer  being  9 inches  from  the  edge, 
whilst  the  inner  circle  is  only  20  inches  in  diameter.  The  space  between  these  is  not 
polished,  but  left  rough  as  from  the  chisel,  and  a little  sunk  for  the  purpose  of  retaining 
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a fine  mortar  or  cement.  In  the  centre  of  each  block  is  a square  hole,  measuring  5.^  inches 
on  each  side,  sunk  3 inches  in  depth  ; in  these  were  inserted  pieces  of  hard  wood,  6 inches 
in  length,  to  steady  the  blocks,  and  keep  them  from  being  displaced,  particularly  at  the 
time  the  flutes  were  worked,  or  the  exterior  was  undergoing  the  process  of  polishing. 
The  outer  columns  are  6 feet  3^  inches  in  diameter  at  bottom,  and  the  others  6 feet 
1-fg  inch,  the  upper  diameter  of  the  latter  being  4 feet  9^  inches:  their  total  height  is  34 
feet  inches,  or  nearly  five  diameters  and  a half ; the  diminution  is  not  regular,  there 
being  at  a certain  height  a swelling  or  entasis,  which  improves  the  outline,  and  destroys 
that  meagreness  which  is  the  result  of  a straight  line.  The  angular  column  is  a little  more 
in  diameter,  that  it  may  not  appear  less  than  the  others,  which  are  not  so  surrounded 
by  air. 

The  shafts  have  generally  twenty  flutes,  uniting  in  an  arris,  and  not  with  a square  fillet 
between  them,  as  in  the  other  orders;  they  are  elliptical  in  some  examples,  as  at  Paesturn, 
where  their  number  is  16  and  24;  the  heads  are  variously  finished.  The  capital  of  this 
order  varies  in  its  height  from  ^ to  | of  the  lower  diameter  of  the  columns,  and  the 
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abacus  is  sometimes  more  than  | longer  than  that  width,  all  these  proportions  depending 
more  upon  the  height  of  the  column  than  upon  its  lower  diameter. 


Fi".  1033.  SELixrxrrM.  Fip.  ios4. 

Under  the  abacus  is  the  echimis  or  ovolo,  which  is  beautifully  turned,  or  cut  like  tlie 
bell  or  profile  of  a flat  cup,  under  which  are  usually  from  3 to  5 annulets.  The  contoui 
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or  profile  of  the  echinus  is  a portion  of  a curve  formed  by  the  section  of  a cone.  Where 
the  capital  is  placed  on  the  column  is  another  sinking,  and  sometimes  three  ; and  the  true  and 
delicate  manner  in  which  these  lines  are  cut  gives  a charm  that  more  elaborate  sculpture  fails 
in  attaining. 

The  architrave  of  the  Parthenon,  which  extends  from  the  centre  of  one  column  to  that 
of  the  other,  is  in  three  thicknesses,  showing  two  joints  on  the  soffite.  The  frieze  is  admirably 
contrived  not  to  overload  the  architrave  ; the  triglyphs  are  each  in  a single  block,  3 feet 
wide  and  2 feet  3 inches  in  thickness.  On  each  side  is  a perpendicular  groove  1.^  inch 
deep,  into  which  the  sculptured  metopes  are  slipped,  the  clear  width  between  the  triglyphs 
being  4 feet  3^^^  inches,  and  the  angular  one  3 inches  less : at  the  back  of  the  metopes,  and 
between  the  triglyphs,  is  a hollow  space,  from  8 to  14  inches  deep.  The  metope  is  held  to 
the  back  of  the  frieze  by  a metal  cramp  in  the  form  of  an  H,  2 feet  long,  and  attached  on 
each  side  to  the  adjoining  triglyph  by  others  17  inches  in  length.  The  cornice  is  in  one 
thickness ; the  angular  block  covers  two  mutules,  each  of  the  others  one  space  and  a 
mutule.  For  further  particulars  of  the  construction  of  the  Parthenon,  and  for  several 
dimensions  omitted  by  Stuart,  the  writer  must  refer  to  some  imtes  he  added  a few  years 
after  his  return  from  Athens  to  his  wife’s  (Mrs.  Cresy)  translation  of  “ The  Lives  of  cele- 
brated Architects,  ancient  and  modern,  by  Francesco  Milizia,”  2 vols.  8vo.  1826. 

In  the  Doric  Order  we  may  trace  a reason  for  the  direction  given  to  the  several  lines, 
whether  perpendiculxr  or  horizontal  ; and  although  there  is  great  variety  in  the  form  of 
the  members,  yet  when  e.xamined  in  detail,  nothing  will  be  found  to  disturb  the  unity 
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of  the  design.  Tlie  voids  are  nicely  adjusted  to  the  solids,  and  all  those  parts,  as  the 
columns  and  triglyphs,  intended  as  supports,  are  striated  perpendicularly,  whilst  those  sup 
ported  are  decorated  with  members  and  mouldings  running  horizontally,  and  indicating 
rest  or  repose.  The  inclined  lines  of  the  pediment  are  the  only  exception  to  this  rule,  and 
they  are  composed  of  longitudinal  members,  placed  consistently  with  their  use,  viz.  that  of 
throwing  off  the  water  from  the  roof:  so  well-combined  a w'hole,  consisting  of  parts  all 
expressing  their  utility,  deserves  our  admiration  : even  the  annulets  under  the  echinus 
of  the  capital  indicate  so  many  cinctures  to  bind  the  tops  of  the  perpendicular  flutes 
together,  before  the  elegant  tazza  or  cup-like  vase  is  placed  between  the  shaft  and  the  abacus. 


Ionic  Proportions This  style  seems  very  nearly  coeval  with  the  Doric  : it  is  supposed  by 

some  commentators  to  be  of  Achaic  origin,  by  others  of  Persian  ; both  Greeks  a. id 
Persians  may  have  contributed  to  its  formation  ; the  term  Ionic  was  applied  to  it  by  Vitru- 
vius, from  its  being  first  used  by  the  inhabitants  ot  Ionia  ; the  few  perfect  examples  re- 
maining are  of  the  greatest  beauty,  both  in  design  and  execution. 

The  shores  of  Asia  Minor,  in  the  reign  of  Medon,  the  son  of  Codrus,  were  taken  pos- 
session of  by  a number  of  Greeks,  who  commenced  their  migration  about  a thousand  years 
before  Christ ; after  they  had  passed  from  Attica,  they  first  mixed  with  the  inhabitants  of 
Caria  and  the  Ijeleges.  Helen  the  son  of  Deucalion,  who  reigned  in  Phthia,  situated  be- 
tween the  rivers  Peneus  and  Asopus,  having  left  his  kingdom  to  his  eldest  son,  the  others 
sought  for  settlements  elsewhere:  Dorus  established  himself  in  the  neighbourhood  of 

Parnassus  and  Xuthus  in  Attica,  where  he  married  the  daughter  of  Erechtheus,  the  sove- 
reign of  Athens,  and  had  by  her  two  sons  Achseus  and  lo. 

lo  w'ith  a number  of  followers  from  Athens  went  into  the  Peloponnesus  and  established 
himself  at  iEgialus,  a place  on  the  sea-shore  lying  between  Elis  and  Sicyonia ; here  he 
married  the  daughter  of  Selinuntus,  king  of  that  district,  at  whose  death  he  succeeded  to 
his  dominions ; lo  built  Helice,  and  called  the  inhabitants  lonians.  Some  time  after  lo 
was  recalled  to  Athens  to  command  the  troops  in  a war  against  the  Thracians,  over  whom 
he  obtained  a victory  : the  Athenians  inconsequence  designated  themselves  lonians.  Attica 
was  divided  by  lo  among  four  tribes,  the  Geleontes,  the  Argades,  the  iEgicores,  and  the 
Ilopletes,  the  names  of  his  four  sons,  or  according  to  Strabo,  labourers,  artisans,  priests,  and 
guards. 

When  Ereclitheus  died,  Cecrops,  his  eldest  son,  succeeded,  and  Xuthus  his  other  son, 
was  driven  out  of  Attica  ; in  the  country  he  afterwards  inhabited  he  built  four  towns, 
(Knoe,  Marathon,  Probalinthus,  and  Tricorythus,  after  which  he  died  at  iEgialus ; his  son 
Acha-'us  then  passed  into  Laconia  and  Thessaly,  when  he  recovered  his  father’s  dominions; 
his  two  sons  Archandar  and  Architeles  went  into  Argos,  where  they  married  two  daughters 
of  Danaus,  one  of  the  royal  family  of  Argos.  I'he  Lacedaemonians  and  .^geans  were 
called  after  Achams  Achaeans,  until  the  return  of  the  Ileraclidae,  when  they  were  driven  out, 
and  obliged  to  flee  to  iEgialus  and  into  Attica,  where  the  lonians  again  received  them  on 
account  of  their  common  origin. 

At  the  death  of  Codrus,  his  youngest  son  Nileus  embarked  with  all  the  lonians  into 
Asia,  where  they  occupied  eight  of  the  Ionian  cities,  viz.  Miletus,  Ephesus,  Myus,  Teos, 
Priene,  Lebedos,  Erythrae,  and  Clazomene ; the  other  four  founded  by  the  lonians  were 
(^)lophon,  Phoca?a,  Samos,  and  Chios.  The  lonians  formed  themselves  into  twelve  states, 
Ix'cause,  according  to  Herodotus,  they  were  previously  so  divided  in  the  Pelopcnnesus;  the 
names  cf  the  cities  from  whence  they  were  ejected  were  Pellene  near  Sicyon,  ^Egira  and 
Alga;,  Bura,  Helice,  /Egium,  Rypac,  Patrae,  Pharas,  Olenus,  Dyme  and  Tritaea,  the  lust 
being  an  island. 

Tlie  inhabitants  of  Athens  who  migrated  from  the  Prytaneum  were  the  most  noble 


Chat.  II. 


PRINCIPLES  OF  PIIOPOK  riON. 


951 


omong  the  lonians.  though  all  who  celebrated  the  Aplurian  festival,  from  which  alone  the 
Ephesian  and  Colophonians  were  excluded,  were  afterwards  called  lonians. 

The  appellations  Doric,  Ionic,  and  Corinthian  are  derived  from  Vitruviiis:  but  it  ap. 
pears  doubtful  whether  these  terms  were  current  among  the  Greeks : that  author 
asserts  that  the  first  is  the  most  ancient;  ‘‘for  Dorus,  the  son  of  Llellen,  and  the  nymph 
Orseis,  built  the  temple  of  Juno  at  Argos  of  this  order  when  he  reigned  over  the  whole  of 
Achaia  and  Peloponnesus;  that  many  temples  afterwards  erected  throughout  Greece  were 
of  the  Doric  order,  but  by  command  of  the  Delphic  oracle  in  a general  assembly  of  the 
different  states  of  Greece,  thirteen  colonies  were  sent  into  Asia,  who  built  the  cities 
before  mentioned,  and  erected  temples;  among  the  first  they  dedicated  was  one  to  Apollo 
Panionios,  having  Doric  proportions,  and  another  to  Diana,  in  which  some  variations  was 
made.  The  first  was  of  a masculine  proportion,  the  other  feminine,  and  the  latter  was  the 
invention  of  the  Ionian  settlers,  and  afterwards  called  from  them  Ionic. 

But  if  it  be  difficult  to  trace  the  Ionic  order  to  its  origin,  we  may  analyse  its  proportions, 
and  compare  them  with  that  order  which  prevailed  so  universally  in  Greece,  which  will 
lead  us  to  remark  that  a very  great  change  took  place  when  the  rules  that  guided  the 
Doric  builders  were  laid  aside  : at  no  other  period  were  such  material  alterations  made  in 
the  proportions  of  the  masses,  the  columns,  entablatures,  and  intercolumniations ; to  the 
Corinthian,  so  universally  used  in  later  times  by  the  Romans,  the  feminine  proportiona 
were  applied  which  are  stated  by  Vitruvius  to  have  commenced  with  the  Ionian.s. 

There  is  of  course  much  fable  in  all  the  accounts  that  have  reached  us  upon  these  impor- 
tant changes,  but  among  them  is  one  which  seems  to  carry  with  it  some  semblance  of  truth, 
and  which  is  as  follows; — “when  Hermogenes  was  employed  to  erect  the  temple  oif 
Bacchus  at  Teos,  according  to  Vitruvius,  the  marble  was  prepared  for  one  in  the  Doric 
style  ; but  the  architect  changed  his  mind,  from  the  idea  that  other  proportions,  afterwards 
called  Ionic,  were  more  suitable  for  the  purpose,  almost  inducing  the  Inference  that  Hermo- 
genes was  the  inventor  of  those  delicate  proportions  ; he  appears  unquestionably  to  have  dis- 
played  great  skill  and  ingenuity  in  all  his  designs,  and  to  have  entertained  the  opinion  that 
sacred  buildings  should  not  be  constructed  with  Doric  proportions,  as  they  obliged  the 
adoption  of  false  and  incongruous  arrangements.” 

To  obtain  more  delicate  proportions,  without  sacrificing  the  great  principle  of  making  the 
weight  supported  equal  to  its  supports,  would  seem  at  first  difficult : in  the  example  of 
the  Doric  order  we  have  seen  this  practice  universally  adopted,  and  it  is  equally  evident 
in  the  Ionic,  though  not  exactly  after  the  same  method  ; the  columns  and  their  entablatures, 
or  what  they  carry,  agree  in  quantity,  but  their  distribution  is  different.  The  square  or 
figure  which  bounds  the  Ionic  fa9ade  is  divided  into  four  parts,  one  of  which  is  given  to  the 
entablature,  a second  to  the  columns,  and  the  other  two,  or  one  half,  are  distributed  among 
the  intercolumniations. 

In  the  quantity  of  material  for  constructing  the  two  varieties  of  temples  there  is  a con- 
siderable difference,  the  Doric  requiring  one-third  more  than  the  Ionic  ; for  example,  in  a 
Doric  tetrastyle  portico  where  the  area  was  12,  four  parts  would  be  given  to  the  entablature, 
four  to  the  columns,  and  four  to  the  intercolumniations.  In  the  Ionic  three  parts  would  be 
required  for  the  entablatures,  and  three  for  the  columns,  six  being  allowed  for  the  inter- 
columniations ; thus  one  temple  would  have  eight,  and  the  other  six  parts  solid  out  of 
twelve,  consequently,  with  a given  quantity  of  materials,  two  very  different  porticoes 
might  be  built,  without  making  any  change  in  the  proportions  wnich  the  columns 
bear  to  their  entablatures.  Hermogenes  could  construct  with  the  same  material  a much 
'arger  temple  in  the  Ionic  style  than  in  the  Doric  ; and  supposing  the  dimensions  already 
jleciued  upon,  there  would  be  a saving  of  labour  and  material : from  the  imperfect 
state  of  the  Ionic  temples  remaining,  it  is  scarcely  possible  to  enter  into  a thorough  exami- 
nation of  their  proportions;  that  on  the  llissus  at  Athens,  measured  by  Stuart,  no  longer 
exists,  but  its  dimensions,  given  by  that  very  accurate  delineator,  may  serve  our  purpose 
as  an  example  of  a tetrastyle  portico.  Its  entire  width  was  18  feet  inches,  and  height 
to  the  top  of  the  level  cornice  in  front  18  feet  4^  inches,  to  which  must  be  added  that  of 
the  tympanum  of  the  pediment : multiplying  the  width  by  the  height  of  the  entablature  and 
half  the  pediment,  which  together  is  5 feet  7 inches  and  10  parts,  we  have  for  the  area  of 
the  portions  supported  105  feet  4 inches  and  9 parts;  the  quantity  contained  in  the  four 
columns  is  found  by  multiplying  their  united  diameters,  7 feet  1 inch  and  7 parts,  with 
their  height,  14  feet  9 inches  and  4 parts,  giving  a product  of  105  feet  4 inches  and  9 parts 
as  their  area.  The  united  intercolumniations  in  this  example  are  1 1 feet  6 inches  and  2 
parts,  which  multiplied  by  the  height  of  the  columns  is  170  feet  1 inch  and  9 parts  for  the 
area;  40  feet  7 inches  and  9 parts  less  than  it  would  have  been  had  it  equalled  the  quantity 
contained  in  the  columns  and  their  entablature,  or  been  one-half  the  entire  area  of  the  facade. 

The  portico  of  this  elegant  example  of  Ionic  was  nearly  a square  without  the  pediment, 
and  the  supports  and  supported  are  in  exact  accordance  as  to  quantity,  whilst  the  inter- 
columniations are  about  1|  times  the  quantity  contained  in  the  columns,  instead  of 
double.  Departing  a little  from  the  proportions  before  us,  let  us  endeavour  to  set  out  a 
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portico,  as  already  done  for  the  Doric  order,  having  the  same  number  of  columns,  and  like 
the  tetrastyle  eustyle  of  Vitruvius,  divide  each  side  of  the  square  which  circumscribes  it 
into  111  parts,  premising  that  the  pediment  rises  a ninth  and  one  side  of  the  square  passes 
through  its  centre.  The  side  of  the  sijuare  being  divided  into  111  parts,  1 is  given  to  the 
diameter  of  the  columns,  3 parts  to  the  middle  intercolumniation,  and  2\  to  each  of  the 
others ; thus  the  sites  for  the  columns  are  obtained  ; dividing  the  upright  sides  of  the 
square  into  the  same  number  of  parts,  81  are  given  to  the  height  of  the  column,  and  the 
remaining  3 to  the  entablature  and  half  pediment. 

Multiplying  111  by  the  same,  we  have  for  the  entire  area  132^,  which  if  divided  into  4 is 
S3  and  a fraction  for  the  columns,  the  same  for  the  entablatures,  and  double  that  for 
the  intercolumniations  : the  columns  being  four  in  number  and  81  diameters  in  height, 
their  area  will  be  34  parts;  the  intercolumniations  being  71  in  their  united  width,  that 
multiplied  by  81,  their  height,  gives  63^  for  their  area,  and  the  entablature  being  3 high 
and  111  in  width,  we  have  for  its  contents  341  parts,  giving  a result  of  nearly  a fourth 
for  the  entablature  as  well  as  for  the  columns,  and  a half  for  the  intercolumniations.  By 
making  some  allowance  for  the  diminution  of  the  columns,  an  exact  agreement  between 
the  quantities  might  be  obtained  ; those  in  the  intercolumniations  would  then  be  found 
equal  to  those  in  the  entablature  and  its  supports,  or  half  the  entire  square  devoted  to  solid 
and  the  other  half  to  voids  ; had  the  columns  of  the  temple  on  the  Ilissus  been  about  1 inch  less 
in  diameter,  its  proportions  would  have  been  in  close  accordance  with  those  of  the  figure, 
where  the  4 columns  occupy  38  squares,  the  entablature  the  same  number,  and  the  inter- 
columniations 76. 

/orn'c  Hexastyle,  Temple  of  Erechtheus  at  Athens This  highly-enriched  example,  executed 

in  the  finest  marble,  is  in  height  without  the  pediment  26  feet  6^  inches,  and  in  width, 
measured  along  the  front  of  the  corona,  40  feet  6 inches,  so  that  this  portion  is  comprised 
within  a square  and  a half  or  nearly  so  ; the  lower  diameter  of  the  columns  is  2 feet  3^ 
inches,  and  the  upper  1 foot  Inches,  giving  a mean  of  2 feet  inches;  their  collected 
diameters  are  12  feet  9 inches,  whilst  that  of  the  intercolumniations  at  the  same  level  is  23 
feet  inches,  nearly  double  the  space  occupied  by  the  columns.  The  height  of  the  en- 
tablature without  the  pediment  is  4 feet  1 inches,  and  its  superficial  content  on  the  face 
190  feet,  and  adding  85  feet  for  the  area  of  the  tympanum,  we  have  altogether  2"  5 feet 
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supposing  the  tympanum  to  rise  a ninth  of  its  base  ; the  height  of  the  columns  is  21  feet 
7|  indies,  and  their  united  mean  diameter  12  feet  9 inches,  which  being  multiplied  together 
produce  275  feet  8 inches,  or  nearly  equivalent  to  the  area  of  the  mass  they  support.  To 
obtain  the  exact  quantity  of  mass  and  void,  the  mean  diameters  of  the  columns  as  well 
as  of  the  intercolumniations  should  be  taken  ; the  greater  the  probable  delicacy  of  ex- 
ecution, the  greater  is  the  necessity  for  the  architect  to  balance  his  quantities  exactly.  In 
the  subject  now  under  consideration  the  whole  is  comprised  within  a square  and  a half;  the 
supports  and  the  entablature  are  equal,  and  the  intercolumniations  as  much  as  the  two  to- 
gether or  one-half  the  whole.  The  height  of  the  architrave  is  2 feet  l^gg  inches  ; that 
of  the  frieze  1 foot  1 1^  inches,  and  the  level  part  of  the  cornice  10^-^|  inches. 

Roman  Tttrastyle.  Ionic  Temple  of  Fortuna  Virilis. — The  width  is  33  feet  6 inches,  and 
height,  including  half  the  pediment,  37  feet  1 inch,  comprising  an  area  of  1242  feet  4 inches, 
one  quarter  of  which,  313  feet  1 inch,  nearly  agrees  with  the  quantity  contained  in  the 
entablature  as  well  as  in  the  columns  which  support  it ; their  height  is  27  feet,  and  their 
united  diameters  12  feet  4 inches,  which  multiplied  together  produce  333  feet  for  the  area  of 
the  supports.  Tlie  height  of  the  entablature  with  half  the  pediment  is  10  feet  1 inch  : this 
multiplied  by  its  width,  33  feet  6 inches,  gives  337  feet  10  inches  for  the  area  of  that  supported : 
the  intercolumniations  are  together  21  feet  2 inches,  which  multiplied  by  tlieir  height,  27  feet, 
gives  571  feet  6 inches  for  their  area,  about  100  feet  less  than  the  quantity  comprised  in 
the  columns  and  entablature. 

Without  the  pediment  this  fa9ade  is  nearly  square ; its  proportions  rank  very  high  in 
the  estimation  of  all  admirers  of  Roman  architecture ; it  has,  however,  undergone  many  re- 
parations before  the  stucco  was  put  upon  the  columns;  they  were  lighter,  as  was  the  entab- 
lature, the  upper  members  of  the  cornice  being  somewhat  heavier  than  is  usual  in  the 
early  examples  of  this  order  ; if  divested  of  these  additions,  and  giving  a trifle  more  to  the 
intercolumniations,  we  shall  obtain  half  the  area  for  the  columns,  and  a quarter  for  each  of 
the  other  divisions  ; at  present  the  columns  equal  in  quantity  the  mass  they  carry. 

If  it  be  required  to  draw  a tetrastyle  portico  in  exact  accordance  with  the  rules  laid 
dotvn,  after  forming  the  square  each  side  should  be  divided  into  12  parts,  or  144  squares, 
arranged  like  those  of  an  abacus  ; one  of  these  divisions  on  the  base  would  become  the  dia- 
meter of  the  column,  and  nine  their  height,  the  other  eight  on  the  base  would  be  devoted  to 
the  intercolumniations,  and  the  upper  three  of  the  height  to  the  entablature.  1 he  columns,  9 
diameters  in  height,  would  thus  comprise  36  squares,  the  intercolumniations  72,  and  the 
entablature  and  half  pediment  36  ; consequently  the  columns  and  entablature  w’ould  be 
equal  in  quantity,  and  the  intercolumniations  half  the  whole,  or  equal  to  the  contents  of 
the  supports  and  supported. 

Roman  Hexastyle.  Corinthian,  Maison  Carree  at  Nismes.  — This  beautiful  temple  has 
undergDiie  several  restorations;  its  entire  width  and  height  to  the  apex  ot  the  pediment  is 
4,3  feet  8 inches,  from  whence  it  has  derived  its  name.  Ihc  height  ot  the  columns,  includ- 
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ing  base  and  capital,  is  29  feet  6 inches,  that  of  the  entablature  6 feet  9 inc  hes,  and  of  the 
pediment  7 feet  5 inches  ; taking  away  half  the  height  of  the  pediment,  we  have  39  feet 
11  inches  and  6 parts,  which  may  be  considered  as  40  feet ; this  multiplied  by  the  width 
produces  for  the  entire  area  1746  feet  8 inches.  The  superficial  content  of  pediment  ano 
entablature,  456  feet  8 inches,  is  obtained  by  multiplying  the  entire  width  by  10  feet  5\ 
inches,  the  height  of  the  entablature  and  half  the  pediment,  which  superficies  is  only  20  feet 
2 inches  more  than  a quarter  of  the  whole.  The  united  diameter  of  the  six  columns  is 
17  feet  6 inches,  and  that  of  the  intercolumniations  26  feet  2 inches,  so  that  they  are  in 
the  proportions  to  each  other  of  2 and  3,  the  whole  being  5,  one  having  an  area  of 
515  feet  9 inches,  the  other  772  feet ; when  added  together  they  are  nearly  three  times  the 
area  of  the  part  supported. 

The  proportion  between  the  columns  and  intercolumniations  of  the  temple  at  Assissi  is 
also  similar,  the  height  of  the  columns  is  32  feet  10  inches,  and  the  total  width  of  the  six 
52  feet,  which  dimensions  multiplied  together  produce  1707  feet  4 inches,  one-fifth  being 
341  feet  6 inches  nearly. 

The  area  of  the  columns  is  684  feet,  and  that  of  the  intercolumniations  1023  feet  4 inches, 
giving  a proportion  of  two-fifths  and  three-fifths.  The  entablature,  pediment,  and  pedestals 
upon  which  the  columns  are  j)laced  seem  to  have  undergone  a change  since  their  erection. 
If  the  whole  extent  of  an  hexastvle  portico  be  divided  into  18  parts,  and  one  be  called  the 
diameter,  to  obtain  the  same  proportions  as  those  laid  down  for  a tetrastyle  portico,  the  height 
up  to  the  centre  of  the  pediment  must  include  12  only  of  those  parts,  which  would  give  a 
portico  of  a square  and  a half,  comprising  216  squares  ; the  6 columns,  each  9 diameters 
in  height,  would  require  54  ; the  5 intercolumniations,  double  that  number,  or  108,  and  the 
entablature  and  half  pediment  54. 

Roman  Octastyle.  — The  Pantheon  at  Rome,  which  has  a portico  of  8 columns,  is  one  of 
the  best  examples  that  can  be  selected  for  examination.  The  total  width  is  109  feet  10 
inches;  the  diameters  of  the  eight  columns  39  feet  5 inches,  and  the  seven  intercolumnia- 
tions 70  feet  5 inches,  or  nearly  in  the  proportion  of  1 to  2.  The  height  of  the  columns  is 
46  feet  5 inches,  and  that  of  the  entablature  and  half  pediment  23  feet  2,1  inches,  together 
69  feet  7^  inches,  nearly  a square  and  a half,  the  area  of  which  is  7647  feet  2 inches. 


The  united  diameter  of  the  columns,  .39  feet  5 inches,  multiplied  by  their  height,  gives 
1829  feet  7 inches,  and  the  collected  intercolumniations  multiplied  by  the  same  height  will 
be  3268  feet  6 inches:  multiplying  109  feet  10  inches  by  23  feet  21  inches,  we  obtain  for 
the  area  of  the  entablature  and  pediment  2549  feet,  which,  rejecting  parts  of  an  inch,  will, 
when  added  to  the  two  other  calculations,  make  up  a sum  agreeing  with  the  entire  area. 

Feet. 

The  supported  is  . - _ . 2549 

The  area  of  columns  - 1829-7  ) 

of  intercolumniations  - 3268 -6  / 5098 

Together  - 


7647 
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A line  drawn  through  the  centre  of  the  pediment,  another  at  half  the  height  of 
the  columns,  and  a tliird  under  the  entablature,  would  divide  the  lieiglit  into  three 
equal  portions,  proving  that,  in  this  example,  the  Romans  made  the  part  supported  one- 
third  of  the  whole,  and  divided  the  other  two  between  the  columns  and  their  intercolumni- 
ations.  'Ihe  shaft  of  each  column  is  cut  out  of  a single  block  of  granite  ; they  are  not 
sufficiently  delicate  to  be  exactly  in  the  proportion  of  half  the  quantity  contained  in  the 
intercolumniations ; but  if  allowance  be  made  for  their  diminution,  the  difference  is  not 
very  great.  The  whole  width  being  109  feet  10  inches,  the  third,  36  feet  7 inches  and  4 
parts,  is  nearly  a mean  between  the  collected  diameters  of  the  top  and  bottom  of  the  shaft, 
making  the  intercolumniations  double  the  quantity  contained  in  the  supports,  or  equal  to 
that  of  the  supports  added  to  the  mass  they  carry.  The  whole  would  then  be  divided  into 
four,  as  in  the  previous  examples  of  the  Ionic,  and  two  portions  given  to  the  intercolumniations. 

The  Pantheon  Portico  is  a double  square  without  the  pediment,  or  nearly  so,  the  length 
of  the  level  cornice,  which  crowns  the  entablature,  being  double  the  height  of  the  order  : 
this,  no  doubt,  was  the  outline  cf  the  proportions  before  the  heavy  pediment  was  placed 
upon  it,  which  in  all  probability  was  heightened  beyond  the  ordinary  rise  of  a ninth,  for 
the  purpose  of  concealing  the  wall  behind  it.  The  Roman  proportions  are  frequently 
made  independently  of  the  pediment ; the  tetrastyle  porticoes  are  a square,  the  hexastyle  a 
square  and  a half,  and  the  octastyle,  as  in  this  instance,  a double  square  without  it. 

To  set  out  an  octastyle  portico,  in  which  half  the  pediment  should  be  comprised  within 
the  double  square,  after  dividing  the  width  into  24  and  the  height  into  12,  which  multi- 
plied produce  288  squares,  72  are  given  to  the  column,  the  same  to  the  entablature  ana 
half  pediment,  and  double  that,  or  144,  to  the  intercolumnations,  or  proportions  similar  to 
those  laid  down  for  the  tetrastyle  and  hexastyle  porticoes.  The  columns  in  such  a case 
would  be  nine  diameters  in  height,  the  entablature  and  half  pediment  three  : supposing  the 
latter  to  rise  a ninth  of  the  span,  the  remainder  would  be  distributed  among  architrave, 
frieze,  and  cornice. 

We  have  endeavoured  to  show  the  })roportlons  required  in  a tetrastyle,  hexastyle,  and 
octastyle  portico  among  the  Dorians,  the  lonians,  and  their  followers  the  Romans:  the 
square  and  a half,  or  the  double  square,  were  the  outlines  or  boundary  figures  from  whence 
the  other  proportions  were  deduced. 

The  great  difference  of  character  in  the  Doric  and  Ionic  designs  arises  from  the  distance 
at  which  the  columns  are  placed,  which  affects  the  proportions  of  the  entablature  laid 
upon  them,  as  well  as  that  of  the  columns  themselves  ; where  these  are  six  diameters  in 
height  or  consist  of  six  cubes,  they  are  made  to  carry  the  same  quantity,  whatever  may  be 
their  distance  apart,  and  where  drawn  out  to  nine  diameters,  they  have  only  their  own 
weight  to  support ; but  the  form  given  to  this  weight,  or  the  proportions  of  architrave,  frieze, 
and  cornice,  vary,  as  the  intercolumniations  are  of  one  or  more  diameters. 

It  has  been  too  generally  considered  that  the  orders  derived  their  proportions  from  the 
lower  diameter  of  the  columns,  without  reference  to  their  application  : this  has  produced  a 
variety  of  design,  but  at  the  same  time  occasioned  a great  departure  from  the  true  prlncijiles, 
and  led  to  very  important  errors.  The  Tuscan,  the  Doric,  the  Ionic,  the  Corinthian,  and 
Composite  orders  have  been  laid  down  in  modules  or  measures  of  various  kinds,  which  the 
young  architect  has  adopted  as  mere  isolations,  regardless  of  the  many  other  considerations 
which  have  stamped  beauty  on  his  model  ; hence  we  have  imitations,  but  soul  is  wanting. 

The  Doric  order  is  treated  of  as  so  many  diameters  in  height  according  to  its  age,  and  the 
entablature  is  said  to  be  heavy  or  light,  as  it  was  of  early  or  late  execution  ; the  other 
orders  have  been  chronicled  in  a similar  manner,  and  architecture  has  been  fettered,  and  its 
great  principles  lost,  or  at  least  neglected : it  is  true  that  the  outline  wliich  bounds  the 
figure  has  undergone  but  few  changes,  but  the  subordinate  parts  or  the  filling-iu  are  sus- 
ceptible of  interminable  variety.  An  object  inscribed  within  a circle  is  perliaps  the 
most  easily  compassed  by  the  eye,  next  that  within  the  square,  and  when  a building 
is  vast,  and  distance  is  necessary  to  comprise  a view  of  the  whole,  the  double  square ; 
beyond  this  the  ancients  seem  seldom  to  have  gone  for  the  proportions  of  their  fa9ades,  or 
of  a portico  intended  to  be  seen  in  front.  After  the  masses  were  proportioned,  their  de- 
corations were  more  various  than  the  buildings  themselves;  no  two  are  perfectly  alike, 
but  the  great  difference  is  in  their  ornaments  and  enrichments,  or  in  the  number  of  diameters 
contained  in  the  height  of  the  columns. 

The  Parthenon  and  Pantheon  porticoes  are  both  octastyle,  each  admitted  to  be  as  beau- 
tiful as  they  can  be  — one  the  perfection  of  sober  grandeur,  the  other  of  cheerful  lightness; 
one  Greek  Doric,  the  other  Corinthian,  both  comprised  within  a double  .square,  and  having 
their  columns  equal  in  quantity  to  the  mass  of  entablature  they  su{)port : wliere,  then,  is  the 
difference  between  the  two  examples?  It  results,  as  we  have  already  seen,  from  the  mate- 
rial in  the  one  occupying  two-thirds,  and  in  the  other  only  half  the  entire  area.  In 
the  fa9ade  of  the  Parthenon  the  eye  has  one-third  void  only  to  contrast  with  the  solid 
matter,  and  in  the  Pantheon  half,  which  proportions  seem  to  have  been  established  by  the 
lonians,  and  usually  adopted  by  the  Romans, 
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Tn  proportioning  the  architrave,  frieze,  and  cornice,  care  must  be  taken  that  no  more 
is  laid  upon  the  columns  than  their  own  bulk  : when  the  latter  are  one  diameter  apart, 
this  quantity  will  be  greater  in  height  than  when  they  are  further  distant ; so  that 
the  greater  the  intercolumnlation,  the  lighter  in  appearance  will  be  the  entablature,  the 
columns  still  bearing  the  same  weight,  nor  need  they  be  increased  after  it  is  ascertained 
Uiat  they  are  competent  to  their  duty  : to  do  so  would  be  to  employ  material  in  excess, 
n hich  it  should  be  the  aim  of  an  architect  to  avoid. 


If  we  now  examine  the  portico  of  the  Pantheon,  we  cannot  fail  to  perceive  the  agreement 
existing  between  the  parts  supported  and  their  supports. 

The  mean  diameter  of  the  columns  Is  - - 

Their  height,  including  capital  and  base 
Tlie  solid  content  of  each  - . - . 

Consequently  the  cube  of  the  whole  8 is 

- 

ft. 

- 4 

- 46 
76.5 

6027 

in. 

7 

5 

10  6 
0 

The  mean  width  of  the  architrave  and  frieze  is 
Their  height  . . - . . 

- 

ft. 

- 4 

- 6 

in. 

3 

8-3 

The  solid  contents  of  the  entire  length,  110  feet,  is 
Ihe  mean  width  of  the  cornice  is  7 feet,  length  114 
and  its  cubical  contents  - - . . 

feet,  height  3 ’6  feet,  "j 

3125 
i 2793 

11 

0 

The  solid  content  of  entablature 

5918 

11 

which  leaves  little  more  than  100  cubical  feet  of  difference  between  one  and  the  other; 
and  if  the  crown  moulding  returned  on  the  flank  be  comprised,  the  quantity  contained  in 
the  entablature  would  equal  that  of  the  eight  columns. 

The  pediment  is  omitted  altogether  in  this  calculation,  it  being  in  reality,  though  not 
in  appearance,  an  additional  load  for  the  eight  columns  beyond  their  regular  entablature, 
which  Is  of  marble,  and  weighs  probably  452  tons  ; the  granite  columns  with  their  marble 
bases  and  capitals  are  something  more  than  that  quantity,  and  these,  including  tiie  entabla- 
ture and  pediment,  probably  contain  upwards  of  1000  tons  of  material. 

T/te  Capitals  of  the  Columns  of  the  are  admitted  to  rank  among  the  best  examples 

found  in  Rome:  though  not  so  highly  and  elaborately  worked  as  those  which  decorate  the 
Colua^ns  of  the  temple  of  fJupiter  Stator)  the  Dioscuri,  yet  they  are  remarkable  for  the 
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elegant  arrangement  of  the  ornaments:  further  details  will  he  found  in  Taylor  8i 
Cresy’s  Architectural  Anti(juities  of  RoTnCf  whence  the  details  here  given  have  been  selected 


Fig  1045.  CAPITALS  OF  PANTHEON.  Fig.  1047. 


Although  the  IlomMis  aid  not  improve  the  arts  which  the  Greeks  had  spread  among 
them,  by  the  introduction  of  the  arch  they  materially  altered  the  character  of  the  archi- 
tecture practised  before  the  time  of  the  Republic;  this  feature  alone  produced  entirely 
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different  construction,  and  the  several  changes  it  has  since  undergone  in  form  have  served 
to  establish  a variety  of  styles,  as  we  shall  afterwards  find. 

Sewers,  aqueducts,  bridges,  theatres,  amphitheatres,  baths  and  triumphal  arches,  all 
exhibit  the  arch  in  its  most  useful  application,  and  as  did  the  halls  of  the  baths  vaulting 
of  stupendous  span;  the  dome  of  the  Pantheon  being  142  feet  6’  inches  in  diameter  in- 


ViK.  1048.  AKCUWAY,  lU  THE  “ SONGE  DE  POLII’IIILE." 


perfect  harmony  should  subsist  between  them  as  well  as  between  each  particular  member, 
however  subordinate ; as  in  the  well-formed  human  figure,  all  the  limbs  being  in  due  pro- 
portion, the  whole  when  combined  produces  true  symmetry  ; and  the  same  author  insists  very 
strenuously  on  a careful  study  of  the  rules  upon  which  this  is  founded,  proving  that  the 
effect  desired  cannot  be  produced  by  a mere  effort  of  fancy,  or  what  is  commonly  callfxl 
taste. 
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A building,  though  entirely  devoid  of  ornament,  may  be  rendered  beautiful  by  the 
justness  of  its  proportion,  and  the  richest  edifice  wanting  in  this  never  can  excite  admira- 
tion : facades  having  but  height  and  breadth,  these  two  dimensions  must  be  equal  to  each 
other,  if  w-e  adopt  the  symmetrical  proportions  prescribed  by  Vitruvius,  for  he  observes 
“ the  square  includes  the  human  figure  either  lying  down  or  standing  in  an  erect  jiosture, 
the  arms  being  stretched  out.”  Temples,  triumphal  arches,  and  other  buildings  left  us  by 
the  Greeks  and  Romans  were  decidedly  designed  upon  this  principle,  as  w’ere  most  of  the 
facades  of  the  religious  structures  erected  since  the  fall  of  the  Roman  empire. 

In  the  “ Songe  de  Poliphile,”  originally  published  in  Italian  by  Aldus  in  the  year  H99, 
are  some  observations  on  setting  out  a facade,  which  convey  some  idea  of  the  principles 
adopted  for  the  formation  of  a perfect  and  harmonious  design  on  the  revival  of  Roman 
architecture. 

Draw  a square  figure,  divided  by  three  perpendicular  and  three  horizontal  lines,  at 
equal  distances  from  each  other,  forming  sixteen  squares  ; on  the  top  of  the  square  add  a 
half  square,  which,  similarly  divided,  makes  altogether  twenty-four  squares  : in  the  lower 
S(]uare  draw  two  diagonals,  crossing  eight  squares  in  the  same  manner ; then  form  a lozenge 
above  the  great  square,  tracing  within  it  four  lines  on  the  four  principal  points  that  separate 
the  four  sides  of  the  void.” 

After  understanding  this  figure,  I thought  within  myself  what  can  modern  architects  do, 
who  esteem  themselves  so  learned  without  letters  or  principles?  They  neither  know  rules 
nor  dimensions,  and  therefore  corrupt  and  deform  all  sorts  of  buildings,  both  public  and 
private,  des])ising  nature,  who  teaclics  them  to  do  vvell  if  they  would  imitate  her : 
good  workmen,  besides  their  science, may  enrich  their  work  either  by  adding  to  or  diminishing 
therefrom,  the  better  to  please  the  eye,  but  the  mass  should  remain  entire,  with  which  all 
should  be  made  to  harmonise.  By  the  mass  is  understood  the  body  of  the  edifice,  which, 
without  any  ornament,  shovvs  the  knowledge  and  spirit  of  the  master,  for  it  is  easy  to 
embellish  after  any  invention  ; the  distribution  and  arrangement  of  the  parts  is  also  a matter 
of  consideration  ; hence  we  may  conclude  that  any  workmen  or  their  apprentices  know 
how  to  ornament  a w'ork,  but  to  invent  lies  only  in  the  heads  of  the  wise. 

Taking  from  the  square  and  a half,  the  lozenge  and  the  diagonal  lines  leaves  the  three 
perpendicular  and  the  three  horizontal,  except  that  in  the  middle,  w'hich  terminates  in  the 
centre  of  the  perpendicular,  cutting  it  into  four  parts  or  portions  ; by  this  rule  will  be  found 
two  perfect  squares,  one  above  and  one  below,  each  containing  four  small  squares,  which 
form  the  opening  or  doorway  ; now  if  you  take  the  diagonal  of  the  lower  square,  it  will  show 
you  what  thickness  must  be  given  to  the  centre  of  the  portico  ; if  you  carry  it  straight,  the 
line  will  serve  to  denote  the  architrave  : and  the  point  of  the  centre  of  the  upper  square 
win  show  you  the  centre  of  the  arch  or  curve  to  be  given  to  the  door  ; turning  a semicircle 
it  will  rest  on  the  transverse  line,  which  cuts  the  square  and  a half  into  two  equal  parts  ; but 
if  done  by  any  other  means  I do  not  esteem  it  perfect.  This  method  was  invented  by  an- 
cient and  expert  masons,  and  observed  in  their  arches  and  vaults,  to  give  them  both  grace 
and  solidity  ; the  pedestal  on  which  the  columns  rest  commences  at  the  level  of  the  pave- 
ment by  a plinth,  and  the  whole  is  a foot  high,  furnished  with  mouldings  ; one  portion 
is  divided  into  architrave,  frieze,  and  cornice,  the  latter  being  something  more  than  the 
others;  that  is  to  say,  if  the  architrave  and  frieze  contained  five  parts,  the  cornice  should 
be  six.  The  whole  twenty-four  squares  form  a square  and  a half;  then  divide  the  upper 
half  into  six  parts  by  five  horizontal  and  five  perpendicular  lines,  and  draw  a line  from  the 
centre  of  the  fifth  transverse  to  the  corner  of  the  great  perfect  square,  where  the  architrave 
commences ; then  draw  it  perpendicular  on  the  key  of  the  archivolt,  and  it  will  show  you 
the  height  to  be  given  to  the  frontispiece  above,  the  extremities  of  which  should  unite  and 
relate  to  the  projection  of  the  cymatlum  and  its  mouldings. 

General  Principles It  would  appear  that  all  the  principal  Roman  triumphal  arches  with 

single  openings  were  a square,  either  comprising  or  excluding  their  attics  : that  the  centre 
from  whence  the  archivolt  was  struck  was  the  centre  of  the  square,  or  if  the  fafade  was 
more  than  a square,  as  the  arch  of  Trajan  at  Ancona,  then  where  the  two  diagonals  crossed 
the  centre  was  fixed.  The  width  of  the  opening  is  generally  half  the  entire  extent,  some- 
times three  parts  out  of  seven. 

These  triumphal  arches  were  generally  surmounted  by  a group  of  figures,  or  the  car  and 
horses  of  the  conqueror,  accompanied  by  his  companions  in  arms  and  the  trophies  obtained 
from  the  enemy;  these,  as  shown  on  several  medals,  appear  to  be  equal  in  height  to  ^ of 
the  entire  edifice  upon  which  they  are  placed,  the  attic  and  entablature  representing  and 
the  columns  and  pedestals  the  other  §;  and  as  the  former  are  nearly  equal  in  their  height,  it 
follows  that  the  horse  and  his  rider,  or  the  car  and  its  triumphant  hero,  were  double  the 
height  of  the  pedestal  on  which  they  were  placed,  for  so  we  may  consider  the  attic 
which  contained  the  inscription,  the  body  of  the  arch  being  a perfect  square,  and  in  correct 
proportion,  without  the  attic.  The  depths  of  these  arches  varied  ; that  of  Constantine  at 
Rome  is  nearly  the  same  as  the  width  of  the  great  centre  opening;  many  of  the 
others  are  less  than  that  proportion ; but  it  seems  that  the  cube  was  the  measure  that 
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bouncl&J  the  propor- 
tions, as  shown  in  fig. 

1053.  The  several 
Roman  examples  se- 
lected differ  In  ar- 
rangement, but  not 
in  principle,  from  the 
description  given  by 
Poliphile : take  away 
the  pedestals  on  which 
the  columns  are 
placed,  and  then  four 
squares  in  height  in- 
clude half  the  tym-  ' 
panum,  and  eighteen  / 
squares  the  entire  j 
figure,  6 of  which  I 
may  be  considered  as  i 
devoted  to  the  arch, 1 
and  the  other  12  to  \ 
supports : or,  if  we 
comprise  the  whole 
facade  in  20  squares, 
and  abstract  the  8 
which  belong  to  the 
opening  between  the 
pedestals,  we  have  4 
for  each  pier  or  sup- 
port, and  4 for  the  en- 
tablature, the  supported  being  only  \ the  quantity  contained  in  the  two  supports  ; resistance 
to  the  arch,  or  its  thrust,  requires  a different  arrangement  from  that  of  a portico,  but  we 
nevertheless  find  definite  proportions  made  use  of,  and  a double  quantity  given  to  masses 
which  have  to  bear  weight  as  well  as  resist  thrust. 

The  Arch  of  Augustus  at  Rimini  has  the  height  of  its  order  determined  by  the  length 
of  the  frieze. 

The  Arch  of  Augustus  at  Aosta  resembles  that  of  Titus  in  arrangement ; it  is  a perfect 
square  compri.sing  the  attic. 


ARCH  OF  AUGUSTUS  AT  ROHM. 
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The  Arch  of  Scry  ins  at 
Pula  Is  a piTfect  square, 
without  attic,  like  that  of 
Titus. 

The  Arch  of  Titus  at 
Rome,  raised  by  the  senate 
and  Roman  people  to  com- 
memorate the  conquest  of 
Juda:a,  is  one  of  the  best 
examples  of  proportion  that 
remain : built  of  white 

marble,  it  is  a monument 
of  constructive  art,  some 
of  the  blocks  being  9 feet 
square,  and  2 feet  thick;  the 
arch  is  composed  of  eleven 
voussoirs  16  feet  deep. 

For  a detailed  account 
of  its  construction  and  or- 
nament the  reader  is  re- 
ferred to  the  “ Architectural 
Antiquities  of  Rome.” 

The  proportions  are  a 
square,  as  is  the  opening 
of  the  archway,  up  to  the 
springing;  and  not  a double 
s(|uare,  as  described  by 
Serlio.  The  pedestals  are 
in  height  nearly  half  the 
opening  of  tlie  archway, 
which  Palladio  observes 
was  the  ordinary  proportion 
given  by  the  ancients.  Tlie  entire  length  of  the  upper  member  of  the  cornice  in  this 
example  is  48  feet,  which  dimension  corresponds  with  the  entire  height,  almost  to  a fraction: 
the  width  of  the  opening  is  1 7 feet  6 inches,  a trifle  more  than  one-third  of  the  entire  width  : 
bounding  the  fa<;ade  by  a parallelogram,  excluding  the  attic,  and  drawing  two  diagonals, 
we  obtain  the  centre  from  which  the  arch  is  struck,  which  rule  will  apply  to  the  other 


Fig.  1051. 
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triumphal  arches  with  a single  opening,  though  varying  materially  from  the  principles 
laid  down  by  Poliphile,  and  adopted  by  Serlio  and  other  architects  at  the  revival  of  Italian 
architecture.  Ihe  Arch 
of  Titus  is  a square  com- 
prising its  entire  fa5ade ; 
that  of  Poliphile  a square 
up  to  the  under  side  of 
the  entablature  ; conse- 
quently, the  opening  of 
the  triumphal  way  is  in 
width  half  the  height 
to  the  top  of  the  impost 
upon  which  the  archivolt 
rests,  while  in  the  more 
ancient  the  entire  aper- 
ture without  the  arch  is 
a square. 

In  the  Arch  of  Poli- 
phile the  entablature  and 
pediments  are  nearly 
equal  in  quantity  to  each 
of  the  piers  upon  which 
they  are  carried  ; and  the 
piers  themselves  are  in 
width  only  one  quarter  of 
the  whole  breadth  of  the 
fa9ade  : it  will  be  found, 
however,  that  nearly  the 
same  proportions  exist  be- 
tween siqiports  and  sup- 
ported in  both  examples. 

The  Arch  of  Augustus 
at  Susa  has  a single 
arch : proportion  a square 
to  the  top  of  the  entabla-  Fig- 1053.  akch  ov  Augustus  at  susa. 

ture,  opening  a square  to  the  springing:  width  divided  into  four,  two  given  to  the  opening 
and  one  to  each  pier,  which  has  a three-quarter  column  at  the  angle ; attic  as  high  as  piers 
are  wide. 

la  arches  with  three  openings,  as  those  of  Septimus  Severus  and  Constantine,  these 
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Offcupy  one-h'.iff  tlic  wldlU,  and  the  piers  the  other : where  the  diagonals  of  the  figure 
cross  is  the  centre,  from  wliich  the  principal  arch  is  struck. 

The  Arch  of  Trajan  at  BeneventHm.  — Circle  struck  from  the  centre  which  describes  the 
archivolt ; comprises  all  within  it  except  the  attic;  division  of  width  into  seven,  two  for  each 
pier,  three  for  centre  ; attic  half  the  height  of  the  order. 


In  the  foregoing  examples,  we  have  attempted  to  show  that  the  beauty  which  belongs 
to  form  in  architecture  rests  upon  one  principle  based  on  the  laws  of  nature,  and  that  the 
first  element  in  a good  design  is  the  proportion  of  the  parts  as  well  as  the  whole;  nothing 
has  more  misled  the  critics  upon  this  subject,  as  well  as  architects  themselves,  than  im- 
plicitly following  the  rules  laid  down  for  drawing  the  orders.  In  treating  upon  the 
antique,  they  have  frequently  been  right  as  far  as  regards  the  letter,  but  essentially  wrong 
in  the  spirit.  The  laws  of  nature  do  not  vary,  nor  do  our  organs  of  sense  or  perception, 
and  what  was  apparently  fit  and  proper  in  the  opinions  of  the  Greeks  is  equally  so  at  the 
present  day  ; in  their  sculptures  we  never  find  a man  represented  carrying  more  than  his 
own  weight,  and  such  laws  ought  to  be  our  guide. 

After  the  destruction  of  the  Roman  empire,  the  character  impressed  upon  architecture 
by  the  Greeks  was  lost ; other  styles  arose  in  succession,  which  have  been  designated  as 
Byzantine,  Romanesque,  Lombardic,  Saxon,  Norman,  Saracenic,  and  1 ointed.  1 le  ve 
first  retained  the  semicircular  arch,  and  only  difiTered  in  the  quantity  of  material  em- 
ployed ; for  examples  of  the  three  first-mentioned  we  must  refer  to  a work  entitled 
« Architecture  of  the  Middle  Ages  at  Pisa,”  by  Edward  Cresy  and  G.  L.  Taylor,  containing 
measurements  made  in  1817. 
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MEDI/EVAL  ARCHITECTURE. 


Sect.  I. 

THE  STYLE  IN  GENERAL. 

The  question  that  first  naturally  arises  is,  What  is  Gothic  or  Mediaeval  architecture? 
Althougli  Rickman,  in  his  essay  mentioned  on  page  971,  gave  a sketch  in  which  lie  wished 
to  show  the  differences  between  Classic  and  Gothic  architecture,  the  first  real  attempt  at 
defining  the  chanicter  of  Mediaeval  art  seems  to  have  been  made  by  the  late  A.  W.  Pugin, 
who,  in  his  True  Principles  of  Pointed  or  Christian  Architecture,  1841,  enunciated  the  fol- 
lowing principles,  which  have  formed  the  keynote  for  the  various  works  and  lectures  on 
the  subject  since  written  and  delivered:  — 

1.  There  should  be  no  features  about  a building  which  are  not  necessary  for  convenience, 
construction,  or  propriety.  II.  All  ornament  should  consist  of  enrichment  of  the  essential 
construction  of  the  building.  III.  The  smallest  detail  should  have  a meaning  or  serve  a 
juirpose.  IV.  The  construction  itself  should  vary  with  the  material  employed.  V.  T he 
de''ign  should  be  adapted  to  the  material  in  which  it  is  executed.  VI.  Pointed  architec- 
ture does  not  conceal  her  construction,  but  beautifies  it.  VII.  Plaster,  when  used  for 
any  other  purpose  than  coating  walls,  is  a mere  modern  deception.  VIII.  A flat  roof  is 
contrary  to  the  spirit  of  the  style.  IX.  A splayed  form  is  necessary  for  piers,  arches, 
bascmoulds,  strings,  and  copings.  X.  All  mouldings  of  jambs  are  invariably  sunk  from 
the  face  of  the  work.  XI.  Large  stones  destroy  proportion.  XII.  The  jointing  of 
masonry  should  not  appear  to  be  a regular  feature.  XIII.  A joint  in  tracery  should 
always  be  cut  to  the  centre  of  the  curve  where  it  falls.  XIV.  The  external  and  internal 
appearance  of  an  edifice  should  be  illustrative  of,  and  in  accordance  with,  the  purpose  for 
which  it  is  destined.  XV.  It  is  a defect  to  make  the  two  sides  of  a design  correspondent 
if  their  purposes  dirter.  XVI.  The  picturesque  effect  of  the  ancient  buildings  results 
from  the  ingenious  methods  by  which  the  old  builders  overcame  local  and  constructive 
difficulties.  XVII.  The  elevation  should  be  subservient  to  the  plan.  XVIII.  Details 
are  multiplied  with  the  increased  scale  of  tlie  building. 

These  principles,  with  the  addition  of  the  subject  mentioned  in  the  next  paragraph, 
seiin  to  form  the  creed  of  the  most  advanced  foreign  archajologisis,  such  as  M.  Viollet  le 
Due,  for  the  consideration  of  the  spirit  of  the  style  has  been  neglected  in  favour  of  an  in- 
vestigation of  details  by  French  and  German  writers  on  architecture. 

“ Internal  altitude,”  writes  Pugin  in  the  same  work  (p.  66.),  “ is  a feature  which  would 
add  greatly  to  the  eflect  of  many  of  our  fine  English  churches,  and  I shall  ever  advocate 
its  ii'troduction,  as  it  is  a characteristic  of  foreign  pointed  architecture  of  which  we  can  avail 
ourselves  without  violating  the  ])rinciples  of  our  own  peculiar  style  of  Englisli  Christian 
architecture,  from  which  1 would  not  dejiart  in  this  country  on  any  account.  I once  stood 
on  the  very  edge  of  a precipice  in  this  respect,  from  which  I was  rescued  by  the  advice  and 
arguments  of  my  resjtected  and  revered  friend  Dr.  Rock,  to  whose  learned  researches  and 
observations  on  Christian  antiquities  I am  highly  ind-bted  and  to  whom  I feel  it  a bounden 
duty  to  make  this  public  acknowledgment  of  the  great  benefit  I have  received  from  his 
advice.  Captivated  by  the  beauties  of  foreign  pointed  architecture,  1 was  on  the  verge 
of  departing  from  the  severity  of  our  English  style,  and  engrafting  portions  of  foreign 
detail  and  arrangement.  This  I feel  convinced  would  have  been  a failure ; for  although 
the  great  principles  of  Christian  architecture  were  everywhere  the  same,  each  country  had 
some  peculiar  manner  of  developing  them,  and  we  should  continue  working  in  the  same 
parallel  lines,  all  contributing  to  the  grand  whole  of  Catholic  art,  but  by  the  very  variety 
increasing  its  beauties  and  its  interest.” 

1 his  author  claimed  for  pointed  architecture  the  merit  of  its  having  been  the  only  phase 
of  art  in  which  the  “ principles  ” had  been  carried  out,  and  is  supported,  with  some  reserva- 
tions,  l)y  \iollet  le  Due.  Our  space  is  too  limited  to  discuss  that  assertion  ; the  student  who 
desires  to  investigate  the  sul)ject  must  refer  to  Pugin’s  publication  for  his  arguments,  and 
uuist  guard  against  being  captivated  by  the  one-sided  illu.strations  given  as  “ contrast.” 
1-or  an  assertion  of  the  same  general  principles  in  regard  of  Classic  and  Modern  architect  ure, 
the  reader  is  referred  to  the  chapter  on  Beauty  in  Architecture,  in  the  present  work 
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(par.  2492,  ct  seq.),  written,  we  are  inclined  to  consider,  before  the  publication  of  Pugin’s 
propositions. 

A more  strictly  architectural  definition  of  the  term  Gvlfiic  architecture  has  been  deduced 
from  the  writings  of  various  investigators,  as  being  th.nt  combination  of  art  and  science  in 
building  vvliicb  followed  the  adoption,  during  the  middle  ages,  of  broken  arches  for  vaults, 
openings,  and  ornaments,  in  lieu  of  the  previously  existing  arches  of  continuous  lines. 
Tlie  term  Gothic  architecture,  according  to  such  writers,  does  not  acknowledge  as  its 
legitimate  productions  any  structures  that  are  point  vaulted  and  point  arched,  point 
vaulted  but  not  arched,  point  arched  but  not  vaulted,  or  neither  arched  nor  vaulted,  unless 
they  conform  to  rules  approved  by  the  builders  in  north-western  Europe  (and  especially 
in  England)  during  the  middle  ages.  These  regulations  are,  in  efiTect,  nine  : — I.  Day- 
light must  not  fall  upon  any  apparently  horizontal  plane  surface,  however  small,  except 
pavements,  steps,  seats,  and  tables.  II.  Every  arch  must  be  moulded  within  a chamfer, 
or  at  least  be  chamfered.  III.  Every  must  follow  the  plan  of  the  arch  or  arches 

which  it  receives.  IV.  Every  pillar  must  be  an  assemblage  of  juxtaposed  sliafts  or  mould- 
ings. V.  Every  pier  must  be  polygonal,  or  at  least  circular  in  plan.  VI.  Every  base  must 
follow  the  plan  of  the  pillar  or  pier  to  which  it  belongs,  or  at  least  be  either  polygonal 
(preferably  octagonal),  or  cylindrical  if  under  o shaft.  VII.  All  decoration  must  be  worked 
witliin  the  plane  of  the  walling  to  which  it  belongs,  except  in  the  cases  of  bases,  bands, 
capitals,  cornices,  copings,  and  dripstones.  VIII.  Roofs  of  high  pitch  and  flying  buttresses, 
spires,  and  pinnacles,  tracery  and  foliation,  are  incidental,  rather  than  peculiar,  features. 
IX.  The  continuous  arch  may  be  exceptionally  employed  when  it,  with  the  rest  of  the 
building  in  whicli  it  occurs,  exhibits  submission  to  the  preceding  regulations. 

These  regulations  were  observed  to  the  north  of  the  Loire  and  of  the  Alps,  which  was 
the  seat  of  what  may  be  designated  original  Gothic.  South  of  those  boundaries  we  have 
to  deal  with  what  may  be  designated  imitative  Gothic,  to  which,  as  a matter  of  course, 
appends  itself  one  of  the  two  divisions,  Christian  and  Mahomedan,  of  Pointed  art.  W'e 
take  it  for  granted  that  the  reader  is  already  convinced  that  the  Romanesque  and  Byzan- 
tine perfect  develoi)ments  of  Roman  construction  do  not  become  transitional  to  original 
or  imitative  Gothic  architecture  merely  by  the  introduction  of  the  pointed  arch  as  a mere 
fo;  m,  independent  of  the  regulations  above  enumerated.  On  the  contrary,  they  become 
new  styles,  with  their  own  periods  of  transition  and  development ; which,  by  those  writers 
who  do  not  feel  that  the  architecture  of  the  Mahomedans  has  been  as  consistent  as  that  of 
north-western  Europe,  are  at  present  considered  as  mere  solecisms,  deserving  to  have  the 
epithets  of  pointed  Romanesque  and  pointed  Byzantine  given  to  them. 

These  regulations,  therefore,  define  the  difference  between  Gothic  and  Pointed  architec- 
ture. They  exclude  from  the  title  of  Gothic  those  branches  of  the  transition  fi*om  Ro- 
manesque art  which,  in  Germany,  Italy,  and  the  Spanish  peninsula,  w'ere,  whatever  the 
period  might  be,  merely  imitation  Gothic  ; as  they  also  exclude  any  branch  of  the  pointed 
Byzantine  school,  which  was  employed  by  the  Normans  in  Sicily,  or  by  other  Christian 
communities. 

The  readers  who  are  desirous  of  considering  this  subject  more  in  detail  are  referred  to 
Freeman,  History  of  Architecture,  1849,  wherein  Chapter  I.  P^rt  II.  treats  upon  the 
“ Definition  and  Origin  of  Gothic  Architecture ; ” and  concludes  with  the  observation  : 
“ We  may  then  define  Gothic  architecture  as  a style  whose  main  principle  is  verticality,  ;t 
principle  suggested  by  the  pointed  arch,  and  carried  out  in  its  accompanying  details.”  A 
writer  in  the  Archaeological  Journal,  for  February  1847,  has  expressed  his  notion  that  “it 
would  be  very  possible  to  build  a thoroughly  good  Gothic  church,  taken  entirely  from  ancient 
examples,  without  a single  pointed  arch  throughout ; ” a principle  which  would  astonish 
most  of  the  talented  practitioners  of  the  present  day. 

An  eminent  amateur  has  written  a very  studied  and  elaborate  explanation  of  what  he 
considers  to  constitute  Gothic  architecture.  “ I believe,”  says  Mr.  Ruskin,  in  Stones  of 
Venice,  Vol.  II.  Chap.  VI.,  after  a short  inquiry  into  the  mental  power  or  expression, 
“ that  the  characteristic  or  moral  elements  of  Gothic  are  the  following,  placed  in  the  order 
of  their  importance:  — !.  Savageness;  II.  Changefulness;  III.  Naturalism;  IV.  Gro- 
tesquencss;  V.  Rigidity;  and  VI.  Redundance.  These  characters  are  here  expressed  as 
belonging  to  the  building.  As  belonging  to  the  builder  they  would  be  thus  expressed  : — 
I.  Savageness,  or  rudeness;  II.  Love  of  change;  III.  Love  of  nature;  IV.  Disturbed 
imagination  ; V.  Obstinacy  ; and  VI.  Generosity.  The  withdrawal  of  any  one,  or  any  two, 
will  not  at  once  destroy  the  Gothic  character  of  the  building  ; but  the  removal  of  a majority 
of  them  will.”  He  then  proceeds  to  examine  them  in  their  order;  but  our  limitid  space 
prevents  our  following  him  word  for  word,  and  we  have  found  it  necessary  to  curtail  some 
of  the  following  paragraphs. 

In  defining  its  outward  form,  he  states  that  the  most  striking  feature  is  that  it  is  corn- 
posed  of  pointed  arches.  “ I shall  say  then,  in  the  first  place,  that  Gothic  architecture  is 
that  which  uses,  if  possible,  the  pointed  arch  for  the  roof  proper  ;”  and  subsequently  adds, 
“ Our  definition  will  stand  thus  : Gothic  architecture  is  that  which  uses  the  pointed  arch 
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Fig.  1066. 


Fig.  1057. 


for  tlie  roof  proper,  and  the  gable  for  the  roof  mask.” — “All  good  Gothic  is  nothing  more 
than  the  development  in  various  ways,  and  on  every  conceivable  scale,  of  the  group  formed 
by  ihe  poinied  arch  for  the  bearing  line  below,  and  tbe  gable  for  the  protecting  line  above 
{fg.  10 '36'.).  Tlie  subject  of  the  masonry  of  the  pointed  arch  has 
been  discussed  in  Chapter  XI.  of  Volume  I.  (of  his  work),  and 
the  conclusion  deduced,  that  of  all  possible  forms  of  the  pointed 
arcli  (a  certain  weight  of  material  being  given), 
that  generically  represented  in  fg.  1057.  is  the 
strongest.  But  the  element  of  foliation  must 
enter  somewhere,  or  the  style  is  imperfect ; and 
our  final  definition  of  Gothic  will,  therefore, 
stand  thus:  — Foliated  architecture,  which  uses 
the  pointed  arch  for  the  roof  proper,  and  the 
gable  for  the  roof  mask.” 

The  figure  1057,  though  of  the  outline  as  given  by  Mr,  Ruskin,  really  exhibits  the  stone 
arch  erected  in  granite  across  the  chancel  of  the  Bruen  Testimonial  Church  at  Carlow, 
designed  by  the  late  J.  Uerick  {Builder,  1854,  p.  34.).  The  trefoiled  arch  exercises  a 
force  within  the  building  neutralising  the  outward  thrusting  force  of  the  lancet  arch,  the 
two  forces  producing  a state  of  rest. 

“A  few  plain  and  practical  rules,”  continues  Mr.  Ruskin,  “will  determine  whether  a 
given  building  be  good  Gothic  or  not,  and  if  not  Gothic,  whether  its  architecture  is  of  a 
kind  which  will  probably  reward  the  ])ains  of  careful  examination  : — I.  Look  if  the  roof 
rises  in  a steep  gable,  high  above  the  walls.  If  it  does  not  do  this,  there  is  something 
wrong;  the  building  is  not  quite  pure  Gothic,  or  has  been  altered.  II.  Look  if  the  prin- 
cipal windows  and  doors  have  pointed  arches,  with  gables  over  them.  If  not  pointed 
arches,  the  building  is  not  Gothic ; if  they  have  not  any  gables  over  them,  it  is  either  not 
])ure  or  not  fiist-rate.  If,  however,  it  has  the  steep  roof,  the  pointed  arch,  and  gable  all 
united,  it  is  nearly  certain  to  be  a Gothic  building  of  a very  fine  time.  III.  Look  if  the 
arches  are  cusped,  or  apertures  foliated.  If  the  building  has  met  the  first  two  con- 
ditions, it  is  sure  to  be  foliated  somewhere  ; but,  if  not  everywhere,  the  parts  which  are  not 
imfoliated  are  imperfect,  unless  they  are  large  bearing  arches,  or  small  and  sharp  arches  in 
groups,  forming  a kind  of  foliation  by  their  multiplicity,  and  relieved  by  sculpture  and 
rich  mouldings.  If  there  be  no  foliation  anywhere,  the  building  is  assuredly  imperfect 
Gothic.  IV.  If  the  building  meets  all  the  first  three  conditions,  look  if  its  arches 
in  general,  whether  of  doors  and  windows,  or  of  minor  ornamentation,  are  carried 
on  true  shafts  with  bases  and  capitals.  If  they  are,  then  the  building  is  assuredly 
of  the  finest  Gothic  style.  It  may  still,  perhaps,  be  an  imitation,  a feeble  copy,  or  a had 
example,  of  a noble  style  ; but  the  manner  of  it,  having  met  all  these  four  conditions,  is 
assuredly  first-rate.  If  its  apertures  have  not  shafts  and  capitals,  look  if  they  are  plain 
openings  in  the  walls,  studiously  simple,  and  unmoulded  at  the  sides.  If  so,  the  building 
may  still  be  of  the  finest  Gothic,  adapted  to  some  domestic  or  military  service.  But  if  the 
sides  of  tlie  window  be  moulded,  and  yet  there  are  no  capitals  at  the  spring  of  the  arch,  it 
is  assuredly  of  an  inferior  school.” 

“ The  next  tests  to  be  applied  are  in  order  to  discover  whether  the  building  be  good  archi- 
tecture or  not  ; for  it  may  be  very  impure  Gothic,  and  yet  very  noble  architecture  ; or  it 
may  be  very  pure  Gothic,  and  yet,  if  a copy,  or  originally  raised  by  an  ungifted  builder, 
very  bad  architecture  : — I.  See  if  it  looks  as  if  it  had  been  built  by  strong  men  ; if  it  has 
the  sort  of  roughness,  and  largeness,  and  nonchalance,  mixed  in  places  with  the  exquisite 
tendernes.s,  w'hich  seems  always  to  be  the  sign-n  anual  of  the  broad  vision  and  massy  power 
of  men  who  can  see  past  the  work  they  are  doing,  and  betray  here  and  there  something  like 
disdain  for  it.  If  it  has  not  this  character,  but  is  altogether  accurate,  minute,  and  scrupu- 
lous in  its  workmanship,  it  must  belong  to  either  the  very  best  or  the  very  worst  of  schools: 
the  very  best,  in  v.diich  exquisite  design  is  wrought  out  with  untiring  and  conscientious 
care,  as  in  the  Giottesque  Gothic ; or  the  very  worst,  in  which  mechanism  has  taken  th.e 
place  of  design.  On  the  whole,  very  accurate  workmanship  is  to  be  esteemed  a bad  sign. 
II.  Observe  if  it  be  irregular,  its  difi'erent  parts  fitting  themselves  to  different  purposes,  no 
one  caring  what  becomes  of  them  so  that  they  do  their  work.  III.  Observe  if  all  the 
traceries,  capitals,  and  other  ornaments,  are  of  perpetually  varied  des'gn.  IV.  Lastly, 
the  sculpture.  Preparatory  to  reading  it,  you  will  have  to  discover  whether  it  is 
legible  (and,  if  legible,  it  is  nearly  certain  to  be  worth  reading).  The  criticism  of  the 
building  is  to  be  conducted  precisely  on  the  same  piinciples  as  that  of  a book;  and  it  must 
depend  on  the  knovvledge,  feeling,  and  not  a little  on  the  industry  and  perseverance  of  the 
reader,  whether,  even  in  the  case  of  the  best  works,  he  either  perceives  theiu  to  be  great,  or 
feels  them  to  be  entertaining.” 

“ The  rariety  of  the  Gothic  schools,”  says  Mr.  Ruskin,  in  another  portion  of  the  same 
work,  “is  the  more  healthy  and  beautiful,  because  in  many  cases  it  is  entirely  unstudied, 
and  results,  not  from  mere  love  of  change,  but  from  prac'ical  necessities.  It  is  one  of  the 
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cliief  virtues  of  tlie  Gothic  builders,  that  they  never  suffered  ideas  of  outside  symmetries 
and  consistencies  to  interfere  with  the  real  use  and  value  of  what  they  did.  If  they  wanted 
a window  tliey  opened  one;  a room,  they  added  one;  a buttress,  they  built  one;  utterly 
regardless  of  any  established  conventionalities  of  external  appearance.  Every  successi\e 
architect  employed  upon  a great  work  built  the  pieces  he  added  in  his  own  way,  utterly 
regardless  of  tlie  style  adopted  by  his  predecessors.  These  marked  variations  were,  how- 
ever, only  permitted  as  part  of  the  great  system  of  perpetual  change  which  ran  through 
every  member  of  Gothic  design,  and  rendered  it  as  endless  a Held  for  the  beholder’s  impiiry 
as  for  tlie  builder’s  imagination  ; change,  which  in  tlie  best  schools  is  subtle  and  delicate, 
and  rendered  more  delightful  by  intermingling  of  a noble  monotony,  in  the  more  barbaric 
schools  is  somewhat  fantastic  and  redundant ; but,  in  all,  a necessary  and  constant  condition 
of  the  life  of  the  school.  Sometimes  the  variety  is  in  one  feature,  sometimes  in  another: 
it  may  be  in  the  capitals  or  crockets,  in  the  niches  or  the  traceries,  or  in  all  together,  but 
in  some  one  or  other  of  the  features  it  will  be  found  always.  If  the  mouldings  are  constant, 
the  surface  sculpture  will  change;  if  the  capitals  are  of  a fixed  design,  the  traceries  will 
change  ; if  the  traceries  are  monotonous,  the  capitals  will  change  ; and  if  ever,  as  in  some 
fine  schools,  the  early  English  for  example,  there  is  the  slightest  approximation  to  an 
unvarying  type  of  mouldings,  capitals,  and  floral  decoration,  the  variety  is  found  in  the 
disposition  of  the  masses,  and  in  the  figure  sculpture.” 
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The  divisions  of  Gothic  architecture  in  England,  as  made  by  King,  Dallaway,  Millet  \ 
and  others,  have  been  used  in  Book  I.  Chap.  HI.  ; but  their  subdivisions  and  nomenclature 
have  been  discarded  by  later  inve.stigators  ; and  many  tables  have  been  put  forward  of 
divi.sions  and  subdivisions.  Thus,  Britton’s  nomenclature  (1807)  was,  English  1189-1272; 
decorated  English  1272-1461  ; highly  decorated,  or  florid,  English  1461-1509;  debased 
Englisli  1625.  Miller.s’s  division  (1807)  was  early  English  1200-1300;  ornamented 
liinglish  1300-1460;  and  florid  English  1460-1537,  as  adopted  herein  in  Book  I.  E. 
Sliarpe  classifies  the  style  as,  Romanesque — Saxon  period  until  1066 ; Norman  1066-1145  , 
Gothic — transitional  1 145-1 190  ; lancet  1190-1245;  geometrical  1245-1315  ; curvilinear 
1315-1360;  and  rectilinear  1360-1550. 

The  following  table  introduced  by  Rickman,  Attempt  to  Discriminate,  §-c.,  shows  his 
nomenclature  and  the  duration  of  the  periods  ; these  names  have  maintained  themselves, 
in  consequence  of  their  general  appropriateness,  from  1819  to  the  present  time;  — 


Kings. 

Date. 

Name  of  Period. 

Remarks. 

William  I. 
William  11. 
Henry  I. 
Stephen. 
Henry  II. 

lOGG 
1087 
1100 
1135 
1154  to  lls9 

1 Norman.  | 

i 

Prevailed  little  more  than  124 
years  ; no  remains  really  known 
to  be  more  tlian  a few  years 
older  than  the  Conquest. 

Richard  I. 

1189 

] 1 

r 

Jolni. 
Henry  III. 
Edward  1. 

1 199 
1210 
1272  to  1307 

1 Early  English.  h 

i 1 

1 

Prevailed  about  118  years. 

Edward  11. 
Kdward  III. 

1307 
1327  to  1377 

1 Decorated  ' 

j English.  i 

[ 

Continued  perhaps  10  or  15  years 
huer ; prevailed  little  more  than 
70  years. 

Richard  11. 
Henry  IV. 
Henry  V. 
Henry  VI. 
Edward  IV. 
Edward  V. 
Richard  III. 
Henry  VII. 
Henry  VIII. 

1377 
1399 
1413 
1422 
1461 
1483 
1483 
1485 
1509  to  1546 

Perpendicular 

English. 

V 

Prevailed  about  169  years. 

Few,  if  any,  wiiole  buildings  exe- 
cuted in  this  st)le  later  tlian 
Henry  VIII. 

Tliis  style  used  in  additions  and  re- 
buildings, but  often  much  debased, 
as  late  as  1630  or  1640. 

The  reign  of  Richard  I.  was  the  chief  period  of  the  transition  from  the  Norman  to  the 
early  English  style ; that  of  Edward  I.  for  the  change  from  the  early  English  to  the 
decorated  style  (the  Eleanor  crosses  belonging  rather  to  the  latter,  than  to  the  former, 
style)  ; while  in  the  latter  part  of  the  long  reign  of  Edward  III.  the  transition  to  the 
perpendicular  style  commenced,  and  was  almost  completed  by  the  time  of  tlie  accession  of 
Richard  IL 
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SiiTiilar  tables  of  the  duration  of  styles  in  foreign  countries  have  been  given  in  the  section 
Pointed  Architecture,  in  Book  I. 

Rickman,  in  describing  the  style  to  which  he  gives  the  name  “ decorated,”  especially 
classes  under  that  style  tlie  tracery  in  which  the  figures  such  as  circles,  trefoils, 
ijuatrefoils,  &c.,  are  all  worked  with  the  same  moulding,  and  do  not  always  regularly 
join  each  otlier,  but  touch  only  at  points;  this,”  he  says,  “may  be  called  geometrical 
tracery.”  The  Rev.  G.  A.  b*oole,  Ecclesiastical  Architecture,  1848,  remarks  that  “ a very 
large  proportion  of  the  buildings  in  which  this  k.nd  of  tracery  is  used,  belongs  to 
the  previous  period,  called  early  English.  The  examples  which  might  have  been  sup- 
posed to  clear  up  the  difficulty  only  make  it  greater.  Thus,  in  speaking  of  the  chapter- 
house  at  York,  which  has  splendid  geometric  tracery,  he  says,  “ The  chapter-house 
is  of  decorated  character  ; ” yet  the  chapter-house  is  clearly  of  a character  which  prevailed 
during  a considerable  part  of  that  period  which  Rickman  assigns  to  the  early  English 
style.  The  general  tendency  has  likewise  been,  of  late,  to  range  with  the  early  Englisli 
by  far  tlie  greater  proportion  of  those  examples  which  answer  to  Rickman’s  definition  of 
geometrical  decorated ; a few  of  the  later  examples  only  being  treated  as  transition  from 
early  English  to  decorated.  The  mouldings,  it  is  true,  are  generally  of  perfectly  early 
English  character,  and  so  are  the  clusters  of  foliage,  the  bosses,  and  other  ornamental 
fljjpenJages.  Instances  occur  in  which  the  simple  early  English  lancet  was  used  during 
the  i)eriod  of  the  geometrical  tracery.  How,  then,  are  the  two  styles,  if  they  be  two,  to  be 
separated,  in  a system  which  is  in  part  chronological?  How  are  they  to  be  united,  in  a 
system  which  is  also  in  part  founded  on  similarity  of  parts? 

“It  is,  however,  ])erha|)s  the  most  perfect  of  all  the  styles  ; for  its  tracery  has  the  com- 
pleteness and  precision  of  the  perpendicular,  without  its  license  and  exuberance;  while  its 
minor  details  partake  of  the  boldness  and  sharpness  of  the  early  English,  which  need  not 
fear  to  be  compared  with  the  ornamental  accessories  of  any  subsequent  style.  Besides  the 
intrinsic  beauty  of  this  style,  it  is  important  as  affording  the  first  full  development  of  tracery 
and  of  ensiling,  with  all  tlieir  power  of  enriching  large  windows,  and  of  bringing  together 
several  lights  as  one  whole.” 

“ In  pursuing  the  study  of  media?val  arcliitecture,  it  may  be  held  as  an  axiom,”  Avrites 
Brandon,  Analysis  of  Gothic  Architecture,  “that  j)ersonal  inspection  of  the  old  churches  of 
England  is  the  on/y  by  which  it  can  be  possilde  now,  either  to  appreciate  the  genius  of 

our  mediaeval  architects,  or  to  sympathise  with  the  spirit  which  animated  them.  But  it  is 
))robable  that  even  experienced  observers  may  sometimes  be  misled  by  a practice  of  occa- 
sionally assimilating  work  in  a lat«.r  style  to  some  already  existing  portion  of  an  incomplete 
general  design.  Indeed  it  forms  a strongly  marked  exception  to  the  usual  practice  ; for  it 
Avas  a general  rule  Avith  the  builders  of  the  middle  ages  never  to  fall  back  upon  a past 
era  of  their  art,  even  Avhen  engaged  in  completing  structures  of  a bygone  age.”  He  then 
describes  tlie  proceedings  in  this  respect  at  St.  Alban’s  Abbey  Church,  at  Westminster 
Abbey,  and  at  Fotheringay  Church,  Northamptonshire. 

The  early  English  character  of  Westminster  Abbey  Church  has  been  so  Avell  preserved 
throughout,  that  in  many  cases  it  requires  a close  inspection  before  it  is  possible  to  detect 
the  presence  of  decorated  or  of  perpendicular  work.  Thus  the  AAundoAvs  in  the  aisles 
erected  by  Henry  V.  are  very  decidedly  of  early  decorated  character ; the  customary 
octagonal  and  moulded  cap  of  the  perpendicular  period  occupy  the  place  of  the  corre- 
sponding circular  and  foliated  members,  which,  had  the  Avindows  really  been  erected  some 
hundred  years  earlier,  would  assuredly  have  surmounted  the  boltels  placed  in  their  jambs. 


Fig.  1059.  AVE.STMINSTER  ABBEY  ; PILLAKS  OF  NAVE  (L,  EASTERN 
BAYS,  DECOUATED— M,  AVESTEUN  BAYS,  PEREENmCULAR.) 

In  the  earlier  plans  of  the  nave  piers  four  shafts  stand  clearly  detached  from  the  main 
I)ody  of  the  pier,  fiy.  1058. ; but  subsequently  the  pier  Avas  Avoi'ked  with  eight  shaft.s, 
>’(/•  1059.  (L)  ; and,  later  still,  Avith  eight  shafts,/?^.  1059.  (M)  all  attached  to  the  central 


Fig.  1058.  AVESTMIN.STER  ABBEY  ; TRANSEPT 
AND  CTIOU!.  EARLY  ENGLISH. 
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mass,  indicative  of  the  altered  fashion  of  the  day,  in  which  detached  slialts,  once  sueli  a 
favourite  feature,  were  entirely  discarded.  Jn  tlie  piers  they  worked  tlie  bands  of  the  l;5tli 

century  (N)  with  tl)e  mouldings  peculiar  to  the 
15th  (O).  Figures  1060,  both  drawn  to  the  same 
scale,  show  how  they  departed  both  from  tlie 
outline  and  size  of  the  original.  In  the  triforia, 
the  early  English  design  is  equally  apparent  in 
M the  earlier  and  later  portions  of  the  work  ; Init 
m the  mouldings  in  each  are  true  to  their  styles. 
^ Although  the  groining  is  tolerably  in  keeping 
throughout,  yet  in  the  aisles  and  in  the  later 
portion  of  the  vaulting,  the  original  spring  and  height  of  tlie  ridge 
rib  has  been  preserved,  while  to  the  elegant  acutely  pointed  lancx*t 
of  the  earlier  groining  an  obtusely  pointed  arch  has  been  ji re- 
ferred, Avhich,  consequently,  it  has  been  necessary  to  stilt,  Brandon 
gives  illustrations  of  the  early  English  and  perpendicular  arcades 
under  the  windows,  a feature  which,  though  long  disused  and  sup- 
planted by  a system  of  panelling,  is  yet  followed  out.  “ I am  not 
aware,”  writes  the  Bev.  J.  L.  Petit,  “ whether  sufficient  attention 
has  been  given  to  the  attempts  occasionally  made  by  the  mcdi;tval 
up.  leou.  architects  to  assimilate  their  work  to  the  portions  erected  in  an 

wESTMiNSTKu  ABBEY.  earlier  style.  In  some  instances,  as  in  the  chcirs  at  Isly  and 

Lincoln,  this  is  done  without  sacrificing  any  of  the  distinctive  features  of  the  style  tlien  in 
use  ; but  in  Beverley  Minster,  and  in  Whitby  Abbey,  the  case  is  different.  In  the  latter, 
the  whole  of  the  early  English  arrangement  of  the  ciioir,  as  regards  its  lancet  windows, 
is  continued  in  the  transept,  though  the  ornaments  with  >vhich  it  is  enriched  show  that 
this  part  clearly  belongs  to  the  decorated  period.  The  triforium  in  the  former  is  uniform 
throughout  the  whole  church,  for  the  same  is  continued  in  the  decorated  work,  except  the 
disuse  of  marble  in  the  shafts.” 

The  same  system  of  using  previous  ideas,  but  working  them  out  with  later  details,  is 
exemplified  in  the  Sketch  Book  of  Wilars  de  Honccort,  an  architect  of  the  middle  of  the 
16th  century.  In  comparing  his  sketches  with  drawings  from  the  original  works,  their 
extreme  inaccuracy  and  contempt  of  detail  is  ev  ident.  He  sketched  them  because  he  saw 
there  was  something  in  the  general  arrangement  which,  whth  alterations,  might  become 
useful.  He  therefore  drew  each  with  his  own  improvements  to  it.  As  to  the  details,  Wilars 
did  not  want  them,  for  he  was  perfectly  convinced  that  those  of  his  own  time  were  better 
than  anything  previously  executed.  The  reader  will  find  reviews  of  this  work  in  the 
Builder  for  1858,  with  some  woodcuts  of  the  illustrations. 

Besides  this  question  of  assimilation  of  style,  there  arises  that  of  similarity  of  work  in 
different  buildings,  resulting  from  the  super intennence  or  design  of  one  master  rrrind  ; but 
this  is  so  extensive  a subject  that  in  our  limited  space  we  dare  rrot  do  more  than  nanre  it 
for  the  attention  of  the  student  or  reader.  Another  interesting  irrrportant  point  is  that  of 
the  transition  from  orre  period  into  another,  such  as  the  decorated  into  the  perpendicular. 
A curious  example  of  this  exists  in  the  church  at  Edington,  in  Wiltshire,  an  account  of 
which,  with  woodcuts,  is  given  by  Parker,  in  the  6th  edition  of  Kicknran’s  Attempt,  1862. 


Sect.  III. 

MOULDINGS. 

It  will  probably  surprise  many  of  our  readers  that  even  so  late  as  1845,  the  statement 
was  made  that  “ but  little  acquaintance  with  mouldings  is  evinced  in  the  works  of  most 
modern  architects.”  Such  was  the  opinion  expressed  by  F.  A.  Paley,  when  he  published 
his  very  useful  Manual  of  Gothic  Mouldings.  “ Viewed  as  an  inductive  science,”  he  writes, 
“the  study  of  Gothic  mouldings  is  as  curious  and  interesting  in  itself  as  it  is  important  in 
its  results.  Any  one  who  engages  actively  in  it  will  be  amply  repaid,  if  only  by  the  en- 
larged views  he  will  acquire  of  the  ancient  principles  of  effect,  arrangement,  and  composi- 
tion. But  the  curves,  the  shadows,  and  the  blending  forms,  are  really  in  themselves 
extremely  beautiful,  and  will  soon  become  the  favourites  of  a familiar  eye ; though  viewed 
without  understanding  they  may  seem  only  an  unmeaning  cluster  of  holes,  nooks,  and 
shapeless  excrescences.  Perhaps  few  are  aware  that  any  group  can  be  analysed  with  }>er- 
fect  ease  and  certainly ; that  every  member  is  cut  by  rule,  and  arranged  by  certain  laws  of 
combination.  The  best  work  on  Gothic  mouldings  which  could  possibly  be  written  will 
do  no  more  than  set  him  in  the  right  way  to  obtain  a knowledge  of  the  subject  by  his  own 
research.  The  look  of  a moulding  is  so  very  different  in  section,  projected  in  a reduced  sixe 
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on  paper,  from  its  appearance  in  perspective  reality,  that  the  same  form  seen  in  the  one 
may  scarcely  be  recognised  in  the  other. 

“ Gothic  architecture  revelled  in  the  use  of  mouldings  ; — and  yet,  mouldings  are  merely 
the  ornamental  adjuncts,  not  the  essentials,  of  architecture.  Some  buildings  of  tlie  best 
periods  were  quite  devoid  of  tiiem,  whence  it  is  evident  that  they  are  not  necessary  even 
to  a perfect  design.  Boldness  and  simplicity  produce  effects,  different  indeed  in  their  kind, 
yet  not  less  solemn  and  striking  than  richness  of  detail.  If  the  uniformity  in  theii 
use  had  not  been  very  strict  and  close,  it  had  been  a liopeless  task  ever  to  master  the 
subject ; indeed,  if  there  had  not  been  a system  of  moulding,  there  would  have  been  no- 
tliing  to  investigate.  But  so  little  did  the  mediaeval  masons  depart  from  the  fixed  con- 
ventional forms,  that  we  often  find  a capital,  a base,  or  an  arch  mould  of  perfectly  the  same 
profile  in  an  abbey  or  a cathedral  which  we  had  copied  in  our  note-book  from  a village 
church  at  the  other  end  of  the  kingdom,  so  that  we  might  almost  suspect  that  the  very 
same  working  drawing  had  been  used  for  lioth.” — Thus  far  we  have  quoted  from  Paley,  to 
whose  work  we  shall  again  have  recourse  in  the  further  development  of  this  section;  hut  in  so 
condensed  a form,  that  it  should  not  prevent  the  student  from  himself  possessing  so  invaluaule 
a work,  of  which  a third  edition  was  issued  in  1865,  with  an  accession  of  illustrations. 

We  must  now  attempt  to  give  some  idea  of  the  nomenclature  of  mediaeval  mouldings. 
“ The  most  complete  specimen,”  writes  Professor  Willis,  in  his  Architectural  Nomenclature 
of  the  Middle  Ayes,  1844,  “is  that  preserved  to  us  by  William  of  Worcester,  or  Botoner,” 
who  was  born  in  Bristol,  in  1415,  and  is  now  best  known  by  a manuscript  note  book  re* 
maining  in  the  library  of  Corpus  Christ!  College,  Cambridge;  it  was  printed  in  177  8 
by  Nasmith.  Two  of  its  pages  contain  lists  of  technical  words  attached  to  roughly  drawn 
outlines  of  jamb  mouldings,  the  one  showing  the  north  door  of  St.  Stephen’s  Church,  the 
other  the  west  door  of  St.  Mary’s  Redcliffe  Church,  both  at  Bristol.  These  doors  are  still 
in  existence;  on  comparison,  the  former  agrees  perfectly  with  the  mouldings  of  the  south 
porch  of  the  church  in  question,  except  that  two  little  boltels  have  been  scraped  clean  off. 
The  west  door  of  Redcliffe  Church  has  undergone  a much  severer  skinning.  Fig.  1061. 
represents  the  outline  of  the  former  door  ; “the  names  given  to  the  mouldings  by  Botonei 
are,  A,  a cors  wythoute  ; B,  a casement,  C,  a bowtelle  ; D,  a felet ; E,  a double  ressaunt; 


F,  a boutel ; G,  a felet ; H,  a ressant ; I,  a felet ; K,  a casement  wyth  Levys  ; L,  a felet, 
a boutel,  a felet ; M,  a ressant ; N,  a felet;  O,  a casment  wyth  trayler  of  Levys;  F,  a 
felet,  a boutell,  a filet ; Q,  a casement ; R.  a felet ; S,  a casement ; T,  a felet ; U,  yn  the 
myddes  of  the  dore  a boutelle.”  Of  these  terms  (which  display  his  various  modes  of  spel- 
ling) perhaps  the  only  ones  needing  remark  are  K and  O,  which  are  identical,  and  have 
6(juare  leaves  or  flowers  in  them  of  the  usual  form,  set  at  regular  intervals,  forming  a long 
continuous  train.  “ Benet  le  Ffremason”  appears  to  have  worked  the  original  mouldings. 

The  section  of  the  mouldings  of  the  west  door  of  Redcliffe  Church  is  shown  in  Jig.  1062., 
to  which  the  names  were  also  attached,  the  additional  terms  obtained  being  “ A,  a chamfer ; 
C,  a double  Ressant  wyth  a filet;  O,  a Ressant  lorynier  ; M,  a lowryng  casement;  and  I, 
a grete  bowtelle.”  “ I cannot  help  pointing  out,”  writes  Professor  Willis,  “how  imperfect 
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a nomenclature  must  be,  wbicli  can  make  no  stronger  divtinction  betv>'cen  the  combinations 
E and  C,  than  by  calling  one  a ‘double  ressant,’  and  the  other  a ‘double  ressiint  with  a 
fillet’  The  universal  moidding  O,  in  fig.  10G2,  is  a ‘ ressant  lorymer.’”  Fig.  10G.3.  is  an 
outline  of  the  jamb  mouldings  as  they  appear  at  present,  engraved  from  a drawing  made 
expressly  for  us  by  Mr.  T.  S.  Pope,  of  Bristol,  and  exhibits  the  skinning  they  have 
undergo.. e. 

Mouldings  of  an  arch  or  jamb  are  said  to  be  grouped  when  they  are  placed  in  com- 
bination as  they  are  generally  found  ; but  a group  is  a branch  of  mouldings  or  separate 
members,  standing  prominent  or  isolated,  either  on  a shaft,  or  between  two  deej)  hollow.s. 
An  arch  of  two  or  more  orders  is  one  which  is  recessed  by  so  many  successive  planes  or 
retiring  arches  (see  fg.  10G5.  &c.),  each  placed  b.hind  or  beneath  the  next  before  it, 
reckoning  from  the  outer  wall  line.  The  accompanying  figures  exhibit  both  groups  and 
orders. 

We  have  adopted  the  usual  architectural  system  of  exhibiting  the  mouldings  in 
the  manner  of  a mould  or  pattern,  and  it  likewise  carries  out  the  principle  of  this  work. 
It  is  also  preferred  to  the  popular  w’ay  of  engraving  sections,  that  is,  by  an  apparently 
perspective  representation  of  a stone  cut  out  of  an  arch.  The  several' sets  of  figures 
are  all  drawn  to  scale.  The  examples  selected  are.  Fountains  Abbey,  Yorkshire,  for 
the  transition  and  for  the  early  English  period  ; Tintern  Abbey,  Gloucestershire,  for  the 
geometric  period;  Howden  Church,  Yorkshire,  for  the  late  decorated  period  ; and  Henry 
VII.’s  Chapel,  Westminster,  for  the  perpendicular  period.  For  tliose  from  the  three  first 
buildings,  we  have  to  express  our  grateful  acknowledgment  to  E.  Sharpe’s  Architeetuml 
Parallels,  2 vol.s.  fol.  1845-48,  a work  combining  technical  precision,  without  which 
it  would  be  useless  to  the  architect,  xvith  artistic  character,  by  which  it  will  recommend 
itself  to  every  one  interested  in  such  antiquities.  The  illustrations  of  Tintern  are  valuable 
examples  of  the  geometric  pjriod.  The  work  contains  many  geometrical  jilans.  elevations, 
and  sections  of  14  buildings,  with  all  the  principal  mouldings  to  a large  scale  (tho.se  herein 
are  all  reduced, and  therefore  less  useful),  with  an  additional  valuable  volume  of  the  mould- 
ings engraved  full  size.  For  the  illustrations  of  the  fourth  period  we  are  indebted  to 
Cottingham’s  work  on  the  Chapel,  fol.  1822-29,  perhaps  the  only  perfect  monograph  of  a 
large  structure  yet  published  in  England. 

One  reason  for  selecting  the  illustrations  in  this  manner  has  been  that,  with  the  very 
limited  space  at  our  disposal  for  so  extensive  a subject  as  the  detail  of  Gothic  architecture, 
we  could  not  emulate  either  the  very  satisfactory  work  which  now,  with  its  useful  illus- 
trations, passes  as  Rickman’s  Attempt  to  Discrinnnate  the  Styles  of  Architecture  in  England, 
8vo.  18G5,  Gth  edit.,  or  Brandon’s  Analysis  of  Gothic  Architecture,  wXhch  is  full  of  examples 
of  detail  drawn  to  scale.  Another  reason  was,  to  give  the  means  of  comparing  the  use  of 
details  in  similar  parts  of  edifices  of  nearly  the  same  general  dimensions;  otherwise  we 
could  merely  have  given  the  prettiest  selection  that  it  had  been  possible  to  have  made  for 
the  purpose. 

“ During  the  period  In  which  the  so-called  Anglo-Saxon  architecture  prevailed,  little 
decorative  work  was  done.  The  very  rude  carvings  are  extremely  shallow,  being  such  as 
could  be  xvorked  with  the  hammer  or  pick,  and 
without  the  chisel.  In  some  doors  and  larger  arches 
there  is  a regular  impost  at  the  springing,  having 
a rude  resemblance  to  Roman  mouldings;  other- 
wise the  jambs  and  arch  stones  are  merely  returned 
square.  The  tower  of  Sompting  Church  possesses 
early  carved  work,  and  lioltels  at  the  angles  of  the 
window  openings,  and  also  a very  peculiar  orna- 
mented string  course.  The  chancel  arch  at  Witter- 
ing Church,  Northamptonshire,  is  among  the  early 
attempts  at  moulding  observed  in  this  country, 
being  rough  andcoar^ely  chiselled  members,  gene- 
rally semi-cylindrical.  A square-edged  reveal  soon 
became  a boltel,  by  first  chamfering,  and  then  re- 
moving indefinitely  the  angles.  Thus,  a square- 
edged  arch  with  its  sub-arch  or  soffit  rib,  was  either 
worked  into  rounds  at  each  angle  or  into  pointed 
rolls;  or  some  edge.s  were  chamfered, others  worked 
into  rolls,  and  the  sub-arch  cut  away  into  a broad 
semi-cylindrical  rib. 

“ The  Norman  architects  never  got  much  be- 
yond the  plain  semi-cylindrical  roll  (fg.  1064.  '064.  foc.nt.u.n.s  auffv;  i.avi. 

does  not  show  even  so  much  work).  They  paid  more  attention  to  surface  sculpture 
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aiul  -sliallow  ornamental  work  in  the  arch.lvolts  and  soffits.  Some  of  the  early  mouldings 
aiui  ornaments  are  illustrated  iny?’//.  188,  in  Book  I. 

“ 'I’he  invention  of  the  pointed  bnltel,  contemporaneously  with  the  pointed  arch,  opened 
tlie  way  to  a great  number  of  new  forms,  all  more  or  less  referable  to  this  common  origin, 
in  varying  the  meml)ers  of  com- 
plex early  Enylish  groupings.  1 he 
first  and  l>y  far  the  most  important 
of  the.se  is  the  roll  and  JilUt,  as  A in 
fiys.  10G5.  and  lOGG.  It  is  the 
keynote  of  almost  all  the  subse- 
ipunt  formations.  The  charac- 
teristics of  the  mouldings  of  this 
style  may  be  d.  fined  to  be,  deep 
undercut  hollows  between  ])romi- 
nent  members,  which  comprise  a 
great  var  ety  of  jiointed  and  fil- 
leted boltels,  clustered,  isolated, 
and  rejieated  at  certain  inter- 
vals, a great  depth  or  extent  of 
moulded  surfaces,  and  the  gene- 
ral arrangement  in  rectangu- 
lar faces.  The  hollows,  giv- 
ing the  effect  of  a series  of 
detached  arches  or  ribs,  rising 
in  succe.ssion,  are  seldom  true 
circles  (A,  fig-  10G7.)  ; and, 
like  the  projecting  ])arts,  they 
assume  a great  number  of  ca- 
jiricious  forms.  They  are  not 
always  arranged  in  exact 
])hu/es ; the  student  must  be 
fully  prepared  to  find  great 
irregularity  in  this  respect. 

“ Early  English  mouhiings 
ma)'  be  said  to  comprise  the 
following  members;  — I.  Ihe 
plain  boltel  or  edge  roll  ; | 

'file  pointed  boltel  ; HI-  Ihe 
roll  and  fillet;  IV.  The 
scroll  moulding  (rare)  ; and 
V.  Angular  forms,  consist- 
ingof  chamfered  ridges  and 
Intervening  projections  of 
irregular  character.  The 
other  forms  chiefly  consist 
of  capricious  modifications 
of  the  roll  and  fillet.  The 
roll  and  triple fiUet  (of  which 

fig  10G7.,  is  a modifi- 
cation), is  much  used  in 
the  more  advanced  build- 
ings of  the  style,  and  was 
the  favourite  form  during 
the  reigns  of  Edwards  I. 
and  I I SoiU'  times  only 
one  side  hasa  fillet  attached, 
as  at  C,  and  others.  Three 
])ointed  rolls,  placed  to- 
gether somewhat  in  the 
shape  of  a fleur-de-lis,  form 


Fig.  t06G. 


laiTTEUX  ABBEY  ; NAVK. 


Fig.  1067. 


TINTERN  ABBEY  ; CHOIR. 


a combination  of  very  frequent  occurrence  fas  figs.  1097.  and  1104.),  with  many  minor 
varieties  of  shape.  The  fillet  is  almost  always  a narrow  edge  line.  The  irregular  shape 
and  the  freely  undulating  curve  of  the  roll  and  fillet  moulding  has  been  commonly  i re- 
ferred. Almost  every  comeivable  modification  of  the  plain  roll,  peaked,  depressed,  elliptical, 
grooved  at  the  end,  throated,  isolated,  and  combined,  might  be  found  and  catalogued  by  a 
Careful  observer,  d'he  seroU  moulding,  also  called  edge  moulding  or  ressnvt  lorymer,  as  O 
inyiy.  10G2.  and  D in  the  above  figures,  was  used  in  advanced  early  English  work  ; it  is 
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30  caller,  from  its  resemblance  to  a roll  of  thick  pa))er,  the  outer  edjro  of  which  overlaps 
the  side  exposed  to  view.  It  was  extensively  used  in  the  decorated  period.” 

The  exquisite  skill,  taste,  and  patient  labour  invariably  evinced  in  the  working  of  early 
English  mouldings,  are  truly  admirable.  'I'he  deepest  iiollows  are  all  as  clearly  and  per- 
fectly cut  as  the  most  prominent  and  conspicuous  details  ; and  as  much  so  in  the  village 
church  as  in  the  cathedral.  Some  examples  (of  doorways)  occur  at  Holton  and  Eurne'ss 
Abbeys,  whose  arch  mouldings  extend  5 to  6 feet  in  width. 

“ The  details  decorated  mouldings  are  for  the  most  jiart  identical  with  those  of  the 
preceding  style,  wdth  the  addition  of  some  new  members,  and  several  important  modifica- 
tions of  grouping.  The  latter  will  be  found  to  produce  an  entirely  different  effect,  thou<>-li 
in  description  the  distinction  may  appear  very  trifiing.  Much  greater  geometrical  precision 
in  drawing  both  the  hollows  and  the  projecting  members  prevailed.  Segments  of  circles, 
both  convex  and  concave,  were  much  used,  with  an  avoidance  of  strong  contrasts  of  liglit 
and  shade,  whicli  imparted  a more  pleasing,  though  much  less  striking,  effect.  'I'he  per- 
fection  of  moulding,  as  of  all  architectural  detail,  is  considered  by  many  to  have  been 
attained  in  this  period;  yet  rich  mouldings  in  it  are  of  rather  rare  occurrence.  Very 
often  plain  chamfers  are  used  in  all  the  windows,  doorways,  and  jiier  arches,  while  minoV 
parts,  such  as  bases,  sedilia,  and  the  like,  have  fine  and  elal)orate  details. 

“ There  appear  to  be  three  distinct  kinds  to  which  decorated  mouldings  may  be  generally 
referred  : — I.  The  plain  or  hollow  chamfer  of  two  or  more  orders,  which,  properly  speaking, 
is  only  the  step  preparatory  to  moulding.  II.  Roll  and  fillet  mouldings,  and  fillets  with 
hollows  between  each  group.  III.  A succession  of  double  ogees,  or  double  ressants, 
divided  by  hollows  of  three-quarters  of  a circle.  Sometimes  the  mouldings  of  1 1,  are  com- 
bined with  those  of  III.  The  mouldings  of  class  II.  are  generally  borne  by  jamb  shafts, 
now  engaged  in,  and  not  detached,  from  the  wall.  Those  of  III.  are  almo.st  always  con- 
tinuous, except  in  pier  arches,  where  they  constantly  occur.  Four  or  five  of  these  ti  gether 
give  a very  deep  and  rich  effect  to  a doorway.  One  member  of  a double  ogee  is  often 
considerably  larger  than  the  other,  or  those  of  one  order  of  different  size  from  the  others. 

“ 'Fhe  principal  forms  found  in  decorated  work  are  : — I.  Tiie  roll  and  fillet,  the  fillet  being 
extremely  broad,  often  as  much  as  .S  and  4 inches.  II.  The  roll  and  triple  fillet,  invariably 
producing  a fine  effect.  Its  edge  lines  are  sharp  and  delicate,  and  the  profile  beautifully 
relieved  by  the  deep  side  hollows  with  which  it  is 
necessarily  connected.  III.  'I'he  ogee.  IV.  The 
double  ogee,  or  double  ressant.  V.  The  scroll 
moulding,  or  ressant  lorifwer.  VI.  The  wave 

moulding,  which  may  be  cal'ed  the  undy-boltel 
(A  in  Jig.  1068. ),  from  its  gently  undulating  surface  : 
scarcely  any  method  of  moulding  is  so  common  in, 
or  so  characteristic  of,  this  period,  as  two  orders  of 
the  wave  moulding,  with  a hollow  between  them  : 
all  the  varieties  of  this  moulding  appear  to  occur 
without  any  definite  distinction  throughout  the 
ilecbrated  and  perpendicular  periods ; it  is  wider 
and  shallower  in  early  than  in  late  work  ; the  wavy 

line  is  even  at  times  very  faint.  VII.  The  plain,  Fif?.  1068.  howdex  ciiuncii ; cnoin. 
or  hollow,  chamfer  ; and  VI 1 1.  The  sunken  chamfer.  The  boltel,  or  three-quarter  round,  is 
used  very  sparingly.  The  hollows  are  usually  of  larger  size  than  those  of  the  early  English  ; 
and  there  is  this  general  difference  in  their  use,  that  in  this  style  they  divide  groitps,  in  the 
early  English,  individual  members.  A few  exceptional  instances  occur  of  a tongue-shaped 
member  projecting  from  the  inner  side  of  the  principal  roll  and  fillet ; this  is  a very  cha- 
racteristic detail  of  the  class  II. 

“ In  windows,  the  plane  in  which  the  mouldings  of  the  jamb  lie  is  seldom  coincident 
with  that  on  which  the  side  of  the  mullion  is  arranged,  for  this  would  in  most  cases  give 
too  great  thickness  to  the  latter.  The  difference  of  inclination  may  be  very  slight,  but  it 
requires  attention. 

“ In  mouldings  of  the  perpendicular  period,  a comparatively  meagre  save-trouble  method 
of  working  them  is  perceived.  Large  and  coarse  members,  with  little  of  minute  detail : 
wide  and  shallow  hollows ; hard  wiry  edges  in  place  of  rounded  softened  forms,  are  ail 
conspicuous  characteristics.  Their  general  arrangement  on  the  chamfer  ])lane  {Jigs.  1061. 
and  1062.),  which  is  a marked  feature  of  this  period,  gives  a flatness  unpleasing  to  the  eye 
in  comparison  with  the  rectangularly  recessed  grouping  of  the  two  preceding  styles, 
'riiree  peculiarities  are  so  common,  that  tlieir  absence  almost  forms  the  exception  to  the 
general  usage.  The^e  are : — I.  A wide  shallow  hollow,  usually  occupying  tlie  centre  of 
the  group,  and  equal  to  about  one  third  of  the  entire  width.  V hen  the  hollow  is  deep 
and  narrow,  it  is  generally  a mark  of  early  work  ; of  late,  when  wide  and  shallow;  and  of 
debased,  when  sunken  but  little  below  the  chamfer  plane.  One  or  both  ends  of  the  hollow 
are  sometimes  returned  in  a kind  of  quasi-boltel  (as  Jig-  1062.).  1 he  boltel  is  often 
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formed  from  a ]dane  l)v  sinking  a cliannel  on  cacli  face;  and  occasionally  it  stands  like  an 
excrescence  on  the  surface  of  a plane  (as  in  Jigs.  1061.  and  1062.);  hut  this  is  a departuro 
from  the  usual  practice,  as  well  as  from  the  principle  of  mouldings.  1 1.  The  constant  use  of 
boltels,  or  beads  of  three-quarters  of  a cirtle,  resembling  small  shafts.  And  III.  The  fre- 
quency of  the  double  ogee,  and  some  varieties  of  it  peculiar  to  the  period,  as  shown  in 
the  figures  above-named.  This  double  ogee  appears  to  be  composed  of  a semi-circular 
hollow  continued  in  a boltel.  All  varieties  may  be  considered  distinctive  criteria  of  tlie 
period.  Tlie  double  ressant  is  sometimes  of  a large  and  clumsy  size.  The  roll  and  fillet  was 
not  extensively  used  ; its  form  is  that  of  B,  Jig.  1071. 

“ Rich  and  good  perpendicidar  mouldings  are  not  very  common, most  examples  consisting 
but  of  three  or  four  very  ordinary  members,  offering  nothing  either  novel  or  interesting  to 
the  view.  The  doorways  are,  however,  often  very  deejrly  recessed,  and  the  engaged  jamb 
sha  ts  bear  isolated  groups  of  considerable  delicacy.  The  distinction  of  the  orders  is  often 
completely  lost  in  this  period,  while  it  is  seldom  undefinable  in  the  previous  one.  The 
chamfer  plane  in  many  cases  is  either  more  or  less  than  an  angle  of  4 5°.  Sometimes 
two  parallel  chamfer  planes  are  taken  for  the  basis  of  the  arrangement  of  the  mould- 
ings.” 

Among  the  characteristics  of  the  tertiary  French  style,  or  the  Flamboyant,  which  has 
been  described  and  illustrated  m pars.  546,  et.  seq.,  is  that  called  by  I’rofessor  Willis,  in  a 
most  ingenious  and  valuable  paper,  read  in  1840  before  the  Institute  of  British  Architects, 
mmtratio7i  or  interpenetration  of  the  different  mouldings  and  parts.  The  French  anti- 
quaries have  called  the  system  in  question  moulnres  prismatiques.  Neither  of  these  terms 
seem  satisfactory,  but  of  the  two  we  are  inclined  to  prefer  the  first  as  most  significant.  In 
the  paper  above  mentioned,  he  observes  that  the  practice  is  very  rarely  to  be  seen  in 
Ihiglish  buildings,  but  produces  an  instance  of  it  in  the  turrets  of  King’s  College  chapel, 
at  Cambridge  {Jig.  1069- ),  where  the  cornice  A of  the  pedestal  seems  to  pierce  the  plinths 
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vk'w  mi<rht  pass  for  mere  unincaning  onviTi.ents,  hut  will  he  found 
explicable  upon  this  system  of  interpenetration.”  Fig.  1072,  “is  a 
window  from  a house  near  Roanne,  at  the  base  of  whose  muHions, 
knobs  may  he  observed,  which  really  represent  the  Gothic  base  of  a 
square  muHion  on  the  same  plinth  with  the  hollow  chamfered  mullion, 
and  interpenetrating  with  it.”  The  Professor  also  states  that,  “ it  may 
perhaps  be  found  that  this  character  belongs  to  one  period,  or  one 
district,  of  the  Flamboyant  style;  ” but  from  our  own  observation,  we 
are  inclined  to  believe  it  to  have  been  universal  from  the  middle  of  the 

fifteenth  century  to  the  period  when  the  style  of  the  Renaissance  super- 

seded  it.  The  principles  on  which  it  is  conducted  certainly  prevailed  Fig.  1072. 

in  Germany  and  in  the  Low  Coiiutries,  as  Professor  Willis  afterwards  states.  A notion 
to  what  extent  it  proceeded  may  be  perceived  hy  fig.  1073,  taken  from  Mdller’s  Denhndltr 
der  Deutichen  Bau- 
kiinst,  1821,  and  ex- 
hibits on  the  plan  a 
series  of  interferences 
contrived  with  great 
ingenuity  and  a con- 
summate acquaint- 
ance with  practical 
geometry.  The  sub- 
ject is  the  plan  of  a 
tabernacle,  or  canopy, 
such  as  is  not  un- 
frequent in  churches 
on  the  Continent.  It 
shows,  says  Mdller, 
how  the  simple  and 
severe  architecture  of 
the  13th  and  14th 
centuries  had  been 
debased.  The  square 
BCDE  is  the  com- 
mencing figure. 

A comparison  of 
English  and  French 
mouldings  has  been 
made,  with  illustra- 
tions, by  the  Rev.  J. 

L.  Petit,  in  his  work,  A / 

Architectural  Studies  *' 

in  France,  8vo.  1854,  Fig.  10 <0. 

page  141.  Of  course  Viollet  le  "Due's  Diotionnaire  has  now  become  a well  of  information 
on  this  as  on  many  other  details.  Some  few  examples  are  given  at  the  end  of  the  ensuing 
chapter  of  this  Book.  Venetian  details  have  been  carefully  elucidated  by  J.  Ruskin,  in 
Stones  of  Venice,  Vol.  Ill  , 1853,  wherein  j)p.  221-249  are  devoted  to  the  examination  in 
succession  of  the  bases,  doorways  and  jambs,  capitals,  archivolts,  cornices,  and  tracery 
bars,  of  Venetian  architecture.  We  do  not,  however,  perceive  that  any  scale  or  dimension 
is  given  to  the  examples  illustrated,  the  absence  of  which  materially  lessens  the  u.seful- 
ness  of  the  examples.  German  details  may  be  sought  in  Mdller’s  work  before  quoted  ; 
in  King,  Study  Book  of  MetHceoal  Architecture  and  Art,  1860;  in  Statz,  Ungewitter,  and 
R iec h ensperger, CoMfc  Model  Book,  1859  ; and  in  HoflTstadt,  Gothisches  ADC  bueh,  1840. 
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PIERS  AND  COLUMNS. 

The  general  plans  of  the  piers  supporting  the  principal  arches  are  either  simple  or  com- 
pound ; simple,  when  composed  of  one  plain  member;  and  compound,  when  consisting  of 
a core  surrounded  by  smaller  sliafts,  detached  or  engaged.  Piers  of  the  earlie.st  period 
for  carrying  walls  were  square,  as  at  the  cathedral  at  Worms.  These  were  relieved  by 
engaged  shafts,  as  in  fig.  1074.  In  the  12th  century  the  shaft  begins  to  fake  tlie 
form  on  its  plan  of  a Greek  cross  (^fig.  1075.),  with  engaged  columns  in  its  angles  as 
well  as  on  its  principal  faces. 

For  the  benefit  of  those  making  surveys  of  buildings,  we  think  it  useful  tc  subjoin 
the  following  recommendation  from  the  “Remarks”  of  Professor  Willis: — “In  making 
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aicliitcctnral  notes,  the  plan  of  a pier  slioiilcl  always 
1)C  accompanii’d  with  indications  of  the  distribn- 
tion  of  its  parts  to  the  vaulting  ribs  and  arclies 
which  it  carries.  Tlie 
mere  plan  of  the  pier 
by  itself  conveys  but 
small  information  ; 
for  it  often  happens 
tliat  the  identical  pier 
.may  be  distributed 
in  many  different 
ways,  and  that  these 
differences  constitute 
the  only  characters 
that  distinguish  the 
Fi«.  1074.  practice  of  one  age  or 

country  from  another.  1075a.  shows  one  way  in  which  the  plan  alone  may  be  made 

to  convey  these  ])articulars.  The  dotted  lines,  drawn  from  the  respective  members  of  the 

pier,  mark  the  direction  of  the  ribs  and  arclies  ; and  upon  eacli  of  these,  at  a small  distance 
from  the  pier-,  are  placed  vertical  sections  of  these  ribs,  as  at  A BCD.” 


d5/t- 

rig.  1070a.  Fig.  1076.  FOUNTAINS  ABBEY;  NAVE. 

Norman  ]>iers  are,  in  their  earlier  form,  mostly  masses  of  wall,  with  rectangular  nooks 
containing  attached  shafts,  as  at  Winchester,  ^<7S.  1267  and  1268.  The  circular  (^17.  1076.) 
and  ( ctagonal  columns  seem  to  have  been  introduced  about  the  time  of  the  transition  ; 
and  continued  common  in  ordinary  parish  churches  throughout  the  early  English  and 
decorated  periods.  Complex  early  English  piers  are  so  varied  in  arrangement  that  it 
would  be  impossible  here  to  do  more  than  notice  their  general  characteristics,  which  consist 
principally  in  the  number  of  smaller  isolated  shafts  clinging  to  a central  column,  to  which 
tliey  are  at  intervals  attached,  in  reality  as  well  as  in  appearance,  by  rnoulded  bands  or 
fillets  (Westminster  Abbey,  j^'^.  1278. ),  wherein  a circular  sliaft  is  found,  with  four  detached 
(Jolonnettes  1058.),  and  with  eight  small  detached  shafts  at  Ely.  107T.  is 

a gracefully  de- 
signed pier.  One 
without  the  co- 
lonnettes, and 
with  broader  fil- 
lets, is  a very 
common  form  in 
the  early  English 
and  decorated  pe- 
riods, with  some 
varieties. 

Geometric  and 
decorated  piers 

Fig.  1077.  . FOUNTAINS  ABBEY;  CUOIR.  their  shaftS  Fig.  1078.  TINTEUN  ABBEY  ; PIER. 

engagea 

1078.  and  1079.),  so  that  a clustered  column  is  formed  by  working  out  the  surfaces  of  the 
mass  in  lines  and  hollow.s.  The  example  1059.  \ from  Westminster  Abbey,  has  four 
detached,  and  four  attached,  colonnettes  to  the  central  sliaft,  but  the  reason  for  this  excep- 
tional anangement  has  been  explained.  It  would  rc([uire  a volume  to  sot  forth  the  richuesa 
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and  extent  of  the  great  piers  in  catlicdrals  and  abbeys.  Piers  in  llie  perpendicular  period 
are  generally  of  oblong  or  parallelogrammic  plan,  the  longitudinal  direction  extending 
from  north  to  south  {fig.  1916.).  On  the  east  and  west  side^ 
half  shafts  are  attached,  which  bear  the  innermost  order  or 
soffit  mouldings  of  the  arch;  the  rest,  including  tlie  great 
hollow,  being  usually  continuous,  without  the  interrui)tion  of 
any  impost.  The  plan  of  the  pier  in  Henry  VII. ’s  Chapel  is  a 
fine  example  {fig.  1324.)  of  such  an  arrangement ; and  10.79. 
shows  the  continued  adoption  of  the  decorated  piers  in  the  later 
portion  of  tlie  nave  of  Westminster  Abbey.  Sometimes  tlie 
ground  plan  is  a square,  set  angleways  (as  in  the  nave  of 
Canterbury  Cathedral,  fig.  1299.,  and  at  Hath  Abbey  Church, 
fig.  1320.),  and  each  angle  may  have  an  engaged  shaft  of  a 
Fi;?.  1079.  iiowDLN  ciiuRcw.  circular  or  ogee  form. 
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The  mouldings  of  capitals  and  bases  are  more  definitely  marked  in  the  various  periods 
tl>an  any  other  kind  of  mouldings.  “ It  is  by  no  means  impossible,  even  for  an  experienced 
eye,  to  mistake  the  details  of  a decorated  for  those  of  a perpendicular  arch  ; but  no  one 
moderately  acquainted  with  the  subject  could  hesitate  in  pronouncing  the  style  of  a capital 
or  liase,  provided  it  possessed  any  character  at  all.  In  the  Norman  period,  M'hen  the  shaft 
was  round,  the  highest  and  lowest  members  only  were  square,  the  parts  immediately  next 
tliem  being  rounded  off  to  suit  the  shape  of  the  shaft  {fig.  1266. ).  This  is  seen  in  the 
ordinary  form  of  the  cushion  capital.  We  may  observe  the  lingering  reluctance  to  get  rid 
of  the  square  plinth,  in  the  tongue-shaped  leaves  or  other  grotesque  excrescences  which  are 
often  seen  to  issue  from  the  circular  mouldings  of  transition  Norman  bases.”  Fig.  1080.  is 
a curious  example  of  the  square  form  in  front  (N),  and  the  circular  moulded  form  in  rear,  of 
tlie  shaft,  shown  on  plan,  fig.  1076.  As  soon  as  a sub-arch  was  introduced  the  corners  of  the 


Kig.  1080.  Fig.  Iu81. 

FOUNTAINS  AUBJiV  ; NAVE.  ' FOUNTAINS  AliliEY  ; CIIOIE. 

Scale,  the  same  as  to  lig.  1084. 


Fig.  1082. 
TINTLICN  AbBEY. 


the  circular  capitals  and  base.  But  capitals  became  octagonal  before  plinths : and 
similarly  octagonal  plinths  were  retained  long  after  circular  capitals  had  become  universal. 
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Fig.  1081.  is  the  front  face  of  the  shaft  shown  in^^.  1077.,  as  is  also  fig.  1082.  of  that  of 
fig.  1018.,  &c. 

“ Capitals  may  be  divided  into  moulded  and  floriated.  In  the  latter,  the  foliage  in  tht 
transition  Norman  and  early  English  period  is  arranged  vertically,  in  the  decorated  it 

twines  horizontally,  or  rather  transversely, 
round  the  capital  (fig.  1083.).  In  the  per- 
pendicular, more  frequently  small  leaves  or 
paterae  are  set  like  studs  at  intervals  round 
the  shaft  above  the  neck.  The  capital  con- 
sists of  three  parts,  the  abacus,  the  bell,  and 
the  neck.  In  the  early  English  period  the 
abacus  is  almost  invariably  undercut.  In  the 
decorated  it  consists  of  the  scroll  moulding 
with  a cylindrical  roll  of  less  size  below  it. 
The  bell,  in  early  English  cajjs,  is  sometimes 
double,  with  a very  handsome  effect,  while  in 
decorated  work  it  is  seldom  so  deeply  under- 
cut. It  is  also  much  more  varied  by  elabo- 
rate and  capricious  forms,  as  by  a number  of 
fine  edge  lines  ; and  the  underpart  of  the  bell 
is  often  composed  of  a roll  and  fillet.  The 
necking  forms  an  important  detail  in  judging 
of  the  dates  of  the  work.  In  the  early  Eng- 
lish it  is  usually  of  a bold  annular  outline ; 
or  a semihexagon.  The  neck  during  the  de- 
corated period  is  almost  always  the  scrcll 
moulding,  but  many  other  forms  will  be  found 
to  occur.  Even  a practised  eye  may  occasion- 
ally be  deceived  in  the  date  of  capitals  of  the 
two  early  periods. 

“ The  capitals  in  the  perpendicular  period 
present  such  marked  features  that  they  are 
seldom  liable  to  be  mistaken.  The  mould- 
ings are  large,  angular,  meagre  and  few. 
Neither  abacus  nor  bell  is  clearly  defined. 
The  latter  is  reduced  to  a meagre  slope,  al- 
though it  sometimes  still  remains.  The  upper  part  of  the  abacus  is  usually  sloped  off  to  a 
sharp  edge,  and  the  section  of  the  moulding  below  resembles  the  letter  S inverted,  being  a 


Fig.  1085. 
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Fig.  1086.  Fig.  1084.  Fig.  1085. 
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Fig  1087.  Fig.  1088.  Fig.  1090.  Fig  1089. 
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tncro  corruption  of  the  decorated  scroll  moulding;  above  all,  the  capital  is  octagonal,  while 
tliat  of  tlic  preceding  styles  is  round.  The  shaft,  however,  is  circular  in  the  ix-rpendicular 
work,  while  octagonal  capitals  most  generally  occur  in  the  other  styles  in 
the  case  of  large  single  columns  of  the  same  shape.  'I'he  base  in  the 
later  stjle  is  generally  circular  in  its  upper 
I members  and  octagonal  below.  The  capitals 
are  often  embattled.  The  astragal  or  neck  is 
either  a plain  round  or  a kind  of  debased  scroll 
moulding  with  the  upper  edge  chamfered  as  in 
the  abacus.  It  will  be  found  that  a much  greater 
license  was  taken  in  designing  the  mouldings  of 
this  style  than  in  any  other.  Fi(/.  1092.  is  the 
section  of.  the  capital  of  the  shaft  to  the  arcli 
between  the  nave  piers  in  Henry  VII.’s  Chapel, 
(as  at  1325.).  Fiy.  1093.  is  the  l)ase  of 

shaft  to  nave  piers,  as  1324.  and  B,  in 

jftg.  1325.  Fig.  1094.  the  base,  and  cajjital  8 
inches  high,  to  the  vaulting  shafts  in  the  aisles; 
tlie  capitals  in  the  small  chapel  at  the  end  of 
the  building  are  nearly  the  same  in  section. 


Fif?.  1091. 
iiownKN  cmnicH, 
Vaulting  Shaft, 
CllOlK  AISLE. 


Fig.  1093.  Fig.  1094. 

IlKNItV  til’s  ClIAl'EL. 
Scale,  the  same  as  to  Fig.  1085. 
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The  bases  of  the  shafts  in  the  11th  and  12th 
centuries  are  often  chamfered  and  frequently 
moulded  in  the  Attic  form,  more  or  less  modified 
and  debased.  In  the  latter  period  the  Attic  base 
is  sometimes  found  almost  pure.  In  early  work 
the  base  consists  of  the  plinth  or  lower  step,  of  solid  masonry,  generally  square  (Ji9‘  1080. 
see  the  curious  modifications  of  it  in  the  plan  Ji9-  1076.),  but  in  early  English  often  octan- 
gular (Jig.  1077.  and  1081.);  and  the  base  mouldings,  a series  of  annular  rolls,  slojies,  or 
hollows,  taking  the  form  of  the  column.  In  decorated  and  perpendicular  columns,  the 
plinth  is  apparently  omitted,  and  the  base  is  divided  into  heights,  stages,  or  tables,  by 
gradually  spreading  courses,  each  separated  from  the  next  by  a plain,  or  by  a moulded. 
Older.  The  lower  part  of  the  base  Is  sometimes  octagonal  or  polygonal.  A cavetto  al)ove 
a quarter  round  is  a very  common  form  in  early  work.  A bold  annular  roll,  quirked  on 
the  under  side,  often  divides  the  shaft  from  the  plinth. 

The  early  English  base  is  very  similar  to  the  Attic  form,  the  chief  peculiarity  consisting 
in  the  hollow  being  cut  downwards  and  extended  from  half  to  three  quarters  of  a circle,  so 
that  it  is  capable  of  containing  water  (Jgs.  1081.,  1084.,  and  1085.).  The  earlier  the 
base  is  in  the  period,  the  shallower,  as  a general  rule,  is  this  water-holding  hollow  (fig. 
1086.).  A common  form  is  obtained  by  omitting  the  hollow  altogether,  and  thus  bringing 
the  rolls  into  contact  (like  Jg.  1088.).  In  very  rich  early  English  bases  there  are  often 
double  hollows  between  filleted  rolls,  and  below  these  occur  other  bold  annular  rolls,  single, 
double,  and  even  triple,  as  at  the  beautiful  Galilee  porch  at  Ely,  where  the  bases  are  worked 
out  of  Purheck  marble  and  were  polished.  The  spread  of  the  base  in  the  uppermost 
members  generally  equals  that  of  the  capital,  or  nearly  so.  By  far  the  commonest  decorated 
base  is  that  shown  in  Jig.  1087.  and  Jg.  1089.,  the  number  of  rolls  being  generally  three, 
but  often  only  two.  A few  modifications  may  be  perceived,  but  they  are  seldom  very 
complex.  The  large  spreading  roll  is  worked  out  of  the  block,  with  which  it  usually 
stands  flush,  and  is  separated  by  a quirk  or  angular  nook.  This  is  also  observable  in  the 
previous  style.  A simple  form  of  base  is  shown  ‘m  fig.  1091. 

The  prevailing  characteristic  of  the  bases  of  perpendicular  columns  is  a large  hell-shaped 
spread  in  the  upper  part,  often  double,  forming  the  contour  of  a double  ogee  in  section,  as 
fig.  1093.  ; and  is  one  of  the  ordinary  kind.  'I'he  lower  part  is  almost  invariably  octagonal, 
the  u|)per  being  generally  round,  but  also  fretjuently  octagonal,  irrespective  of  the  shape  of 
the  shaft  (fig.  1300.).  It  has  either  one  or  more  stages  sloping  off  by  a hollow  chamfer, 
or  by  a second  bell-shaped  slope.  The  first  member  of  the  base  is  always  an  annular  roll, 
res  mbling  the  neck  of  capitals  ; this  is  often  in  the  form  of  the  debased  roll  and  fillet. 
Edge  lines  scarcely  ever  occur.  Other  examples  of  bases  are  given  in  the  last  section  of 
this  book.  The  usual  distribution  of  the  t<ible  mouldings  of  a late  l)ase  consist  of  a plain 
slope  F (fig.  1320.),  reckoning  upwards  from  the  ground  line  C,  a flat  surface  E and  a 
prtyecting  moulding  D.  ~ 


In  more  elaborate  .structures,  the  number  of  these  base  tables 


3 R 2 


980 


PRACTICE  OF  architecturp:. 


Rook  II 


nml  inti'rmediatc  champs  or  fascia:  is  increrised,  and  t)ie  latter  are  often  carved  in  panels, 
kc.  'rtius  a second  table,  B,  is  introduced  aI>ove  the  ground  line  G.  Professor  Willis 
applies  the  term  “ground  table,  grass  table,  or  earth  table,”  to  the  slope  B,  and  states  ttiai 
sue')  tables  as  D the  term  “ ledgement  tables”  were  probably  applied. 


Sect.  VII. 


VAULTING  SHAFTS  AND  RIBS. 


When  the  main  shaft  supporting  the  clerestory  had  an  attached  circular  shaft  in 
front,  the  latter  was  often  carried  up  as  a shaft  to  the  roof  (Jig.  1266. ) The  point 
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Fiff.  1095.  Fig.  1096- 
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Fig.  1097.  Fig.  1098. 

Transrcrse  ami  Diagonal  Rib;  and  W.all  Rib — C'lloiK  AI.SLE. 
lOUSTAl.NS  ABBEY.  VAULTIXO  BIBS 


Fig.  1099. 

NAVE  AND  CHOIR. 

TINTERN  ABBEY. 


Fig.  1100. 
AISLE. 

VAULTINO  SHAFTS. 


has  not  yet  been  settled  whether  this  shaft  in  some  early  buildings  was.  or  was  not, 
so  carried  up  to  receive  the  cro.ss-rib  of  a vault,  or  simply  to  bear  the  beam  of  the 
roofing.  When  vaulting  became  more  general,  the  purpo.se  of  the  shaft  was  undis- 
guised 1278.x  and  being  made  correspondent  with  the  vaulting  ribs,  tlie  groups  of 
the  latter  ■w'ere  received  on  a colonnette 
or  on  small  columns.  The  vaulting  ribs 
at  St.  Saviour’s  (Southwark)  Church, 
are  given  in  fig.  662e.  In  the  latter 
part  of  the  15th  century  engaged  colon- 
nettes for  receiving  tlie  vault  ribs  rise 
from  corbels  jilaced  on  or  above  the 
capitals  of  the  shafts,  and  sometimes 
the  ribs  themselves  spring  from  the 
corbels  (figs.  1274.  and  1275.),  and 
later,  or  in  the  perpendicular  jieriod, 
the  older  form  was,  as  it  were,  reverted  to,  and  the  attached  circular  shaft  was  carried  up 
to,  and  received  the  vaulting  ribs,  as  in  figs.  1302.,  1307.,  1314.,  1317.,  and  1325. 

Corbels  very  fre- 
quently supplied  the 
place  of  capitals  both 
for  the  springing  of 
arch  mouldings  and  for 
vaulting.  These  corbels 
were  either  moulded  or 
carved  to  correspond 

with  the  capitals  (fig.  Fig.  iioi.  Fig.  1102.  Fig.  iioo. 

1 lOQ  nr  till  V wort.  NAVE  and  aisles.  NAVE  AND  CHOIR. 

. ■ , '■4  vie  Abies,  Transverse  Rib,  and  Diagon.il.  Wall  Rib.  Transverse  Rib  and  Diagonal, 

fashioned  into  a mass  tintern  abbey,  vaulting  ribs. 

of  foliage,  into  heads  of  males  and  females,  or  of  animals.  Even  whole  figures  were 
introduced,  occa.sionally  deformed  if  not  purposely  so  carved  for  admission  within  the 


Fig.  1105. 
CHOIR  AISLE. 


Fig.  1106.  Fig.  1107. 

CHOIR  AM)  AISLE.  CHOIR. 

Transverse  Rib  and  Diagonal.  Wall  rib. 

VAULTING  RIBS. 


space.  In  the  vaulted  sacristy  at  Winchester  College,  its  “springers  present  an  archbishop 
in  benediction,  a bisliop,  and  a king,  and  over  tlie  door  a guardian  angel.  Bosses  of 
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A and  B,  Kills  for  groining. 
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oak  leaves  and  roses  alternately,  carved  with  great  taste  and  ‘ subtilite,’  enrich  and  cover 
the  junction  of  tlie  libs. — The  uncouth  and  ^ 
barbaric  heads  in  the  corbels  whiuh  surround  il  Ji  I ! ] | j]  I 
tlie  principal  figures  contrast  with  their  gra-  r — ^ 
ciousness,  and  form  tliat  antithesis  wliicb  the 
great  masters  in  fine  arts  of  the  succeeding 
centuries  employed  so  abundantly.  'I'he  virgin 
patroness  presides  over  the  western  pinnacle  of 
tlie  chapel  ; tlie  angel  Michael  at  the  other 
termination  of  the  building  menaces  with  his 
flaming  falchion  the  several  demons  which 
might  approach  the  hall,  refectory,  cellar,  and  pig.  1109 
kitchen ; the  angel  Raphael  points  out  the  entrance  to  the  bouse 
of  prayer  at  New  College ; the  king  and  the  bishop  support  the  label 
of  the  gateways  to  the  college  at  Winchester,  and  the  entrance  of  the  chapel  ; and  as  the 
appointed  guardians  and  supporters  of  temporal  and  spiritual  things,  they  sustain  alter- 
nately the  corbels  or  springers  of  tlie  ceiling  of  the  chapel.  At  the  entrance  of  the  hall 
and  kitchen,  the  recreating  psaltery  and  bagpipes  are  affixed;  over  the  kitchen  window  is 
‘ excess,’  a head  vomiting  ; and  opposite  is  ‘ frugality  ’ in  the  figure  of  a bursar  with  his 
iron-bound  money  chest.  Over  the  master’s  windows  are  the  pedagogue  instructing,  and  a 
listless  scholar,  scarcely  attentive  to  the  book  he  holds  in  his  hand.  Elsewhere  we  recog- 
nise the  soldier,  the  scholar,  the  clergyman,  &c  , as  suggesting  the  various  professions  in 
which  the  inmates  may  occupy  themselves  in  after  life.  'I'he  inept  substitutions  for  these 
significant  and  appropriate  ornaments  are  amongst  tbe  most  palpable  evidences  of  the  in- 
sufficiency and  inaptness  of  our  mimicry  of  this  style,  in  most  instances  in  the  present  day; 
and  they  betray  great  ignorance  of  the  poetical  mind  and  spirit  of  mediarval  sculpture.” — 
Cockerell,  TAe  Wyheham  Buildings. 


Sect.  VIII. 

HOOD  MOULDINGS  AND  STRING  COUKSES. 

“ The  strings  consist  of  projecting  ledges  of  stones  carried  below  windows,  both  within 
and  without  a building,  round  buttresses,  and  other  angular  projections,  and  to  cornices, 
parapets,  tower  stages,  and  other  parts  of  edifices,  being  used  as  dividing  lines.  Though 
subordinate,  they  are  of  the  greatest  possible  importance  in  imparting  a character  to  a 
building.  They  at  once  relieve  naked  masonry,  and  bind  into  a wliole  the  seemingly  de- 
tached portions  of  a rambling  or  irregular  construction.  In  most  ca.ses,  especially  to 
windows,  a string  course  forms  a real  drip  or  weathering,  and  adapts  its  upper  surface 
es])ecially  to  this  end,  thus  becoming  what  is  termed  a hood  moulding,  which  when  used 
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Fig.  1110.  Fig.  1110a.  Fig.  11106.  Fig.  1110c. 

Fig.  1113. 

Fig.  1114.  Fig.  nil. 
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Fig.  1113. 

NORMAN 

PEKIOO. 

CHOIR  AISLES. 

NAVE  CLERESTORY.  AISLE. 

internally,  cannot  be  said  to  have  any  real  use  ; but  they  form  a decorative  finish  of  too 
important  a kind  to  be  neglected  with  impunity.” 

Norman  strinuj  courses  are  generally  full  of  edges  or  hard  chamfered  surfaces  {Jig.  1 I R).). 
In  most  cases  they  have  some  sculptured  decoration  of  tlie  style,  as  the  billet,  the  clievion. 


The  scale  of  the  Iasi  u-ii  Sections  is  the  same  as  that  attached  to  fig.  1085. 


the  hatched  or  serrated  moulding,  or  the  like  {Jig.  188.).  Figs.  1111.  and  1 1 12.  arc  amoiiy, 
tbe  simplest,  being  the  latest  in  the  period.  1 he  commone.st  early  English  strings  aie 
x\kQ  Jigs.  1114.  and  1115.;  the  under-cutting  giving  a bold  jirojection  is  a striking  teaiuie 
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of  tills  moulding  as  of  all  others  of  the  style.  The  most  frequent  decorated  form  isfg.  1116. 
Tliat  shown  on  Jigs.  1179.  and  1181.  is  also  very  common.  The  scroll,  with  a half- 

round  next  below  it,  fig.  1115,  is 
very  characteristic.  The  rounded 
form  of  the  upper  side,  or  weather- 
ing  (Jig.  1118.),  is  peculiar  to 
the  two  first  styles;  the  angular 
or  chamfered,  of  the  last  (Jig-s. 
1119.  and  1120.).  String  courses 
follow  the  principle  of  the  abacus 
of  the  capitals,  from  which  indeed 
they  are  often  continued  along 
the  wall  of  the  building. 

Perpendicular  strings  and  hood 
mouldings  are  generally  marked 
liy  the  plane  slope  of  the  upper  sur- 
face. The  details  of  the  parts 
underneath  are  so  varied  as  to  render  it  impos  ible 
here  to  give  any  account  of  them.  A characteristic 
mark  of  the  style  is  a small  boltel  in  the  lower 
part  ( fig.  1121.).  The  wall  often  recedes  above 
the  string,  or  even  overhangs  it.  Fig.  1122.  is 
the  section  of  the  “Angel  cornice”  over  the 
arches  in  Henry  VI I. ’s  chapel,  as  shown  in  the 
elevation,  1325.,  at  D.  Fig.  1123.  is  the 
cornice  and  base  over  it,  over  the  pantiling 
above  the  octagon  windows.  The  scale  is  the 
Pj,.  ,105  same  as  to  ^g.  1085 


Hg.  1121. 
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BASE  COURSES  OR  PLINTHS. 


This  term  is  applied  to  that  series  of  mouldings  formed  at  the  base  of  a wall,  which 
leads  the  eye  from  the  upriglit  face  gradually  into  the  ground.  The  lowest  course  of 
them  is  even  called  the  “ earth  table.”  The  early  examples 
are  very  plain,  consisting  of  one  or  of  more  chamfered  set-offs  at 
various  heights,  as  Jig.  1124. 

In  the  early  English  period,  the  roll  moulding 
was  introduced  at  the  upper  edge  of  a deep  cham- 
fer, as  Jigs.  1125.  and  1272.,  and  with  one  or  two 


Fig.  1124. 

FOUNTAINS  ABBEY. 
NAVE. 


Fig.  1125.  Fig.  112G.  Fig.  1127. 

FOUNTAINS  ABBEY.  TINTEKN  ABBEY,  HOWDEN  CHURCH. 

CHOIR.  NAVE,  ETC,  CHOIR. 


chamfered  set-offs.  They  then  became  very  similar,  as  in  the  transepts  of  Beverly  Min- 
ster, to  Jig.  1126.,  of  the  geometric  or  decorated  period,  in  which  the  tablet  or  slope 
took  a curved  or  ogee  outline,  and  was  generally  only  one  in  number,  finished  at  top 
by  a scroll  moulding,  with  occasionally  a string  above  it,  as  at  Ewerby.  The  height  of 


Chap.  IH. 


BASE  COURSES.  PARAPETS. 


983 


fig.  1126  is  very  small  for  so  large  a building.  The  basement 
not  much  more  defined.  Fig.  1277.  is  a riel. er  example. 

The  basement  in  the  perpendicular  period  is  one  of  the  glories 
of  the  style.  That  shown  in  fig.  1306.  from  Winchester,  may 
be  considered  very  plain,  as  is  also  that  at  Bath,  fig.  1319. 
Reversed  ogees  and  hollows,  variously  disposed,  are  the  prin- 
ci  al  members.  Fig.  1128.  being  the  Lasement  round  the 
outside  of  Henry  VI  I.’s  chapel,  will  aflbrd  some  idea  of  the 
work  bestowed  upon  tliis  feature.  Yelvertoft  Church,  North- 
amptonshire, has  four  rows  of  diagonal,  square,  and  circular 
panelling,  one  above  the  other  ( Rickman,  page  213.,  6th  edit.). 
In  Norfolk,  where  flint  work  was  used  in  the  erection  of  the 
building,  it  was  introduced  in  upright  panelling  in  the  lowest 
face,  above  an  ogee  moulding  (tbit/,  page  214.). 


Sect.  X. 


s 


-L :r 

The  Norman  period  may  be  said  not  to  have  exhibited  any 
parapet,  the  roof  being  finished  by  the  tiles  or  lead  work  pro- 
jecting over  the  wall  and  supported  by  a corl)el  blocking. 

During  nearly  the  whole  of  the  early  English  period,  the 
parapet  in  many  buildings  was  often  plain,  as  figs.  1 129.  and 
1126.;  or  with  a series  of  arches  and  panels;  or  with  quatre- 
foils  in  small  panels,  as  fig.  1277.,  which  is  of  the  next  period; 
or  plain,  with  a rich  cornice  under  it. 

In  the  decorated  period  it  was  still  plain  but  with  moulded  capping 
and  cornice,  as  figs.  1130.  and  1131.,  and  with  the  ball  flower,  as 
in  fig.  1128.,  but  also  closer  and  connected  by  tendrils;  it  is  often 
pierced  in  various  shapes,  of  which  quatrefoils  {fig.  1277),  in  circles, 
or  without  that  enclosure,  are  very  common ; but  another,  consisting 
of  a waved  line,  is  more  beautiful  and  less  usual ; the  spaces  are 
trefoiled.  Pierced  battlements  are  very  common,  with  a round  or 
square  quatrefoil.  The  plain  battlement  most  in  use  is  one  with 
small  intervals,  and  the  capping  moulding  only  horizontal. 

They  continued  to  be  used  in  the  perpendicular  period.  The 
trefoiled  j)anel  with  waved  line  is  seen,  but  the  dividing  line  is  more 
often  straiglit,  making  the  divisions  regular  triangles.  One  of  the 
finest  examples  of  a i)anelled  parapet,  consisting  of  quatrefoils  in 
squares  with  shields  and  flowers,  is  that  at  the  Beauchamp  Chapel, 

Warwick.  The  pierced  parapet  on  Henry  VI  I.’s  Chapel  1133.)  is 
a fine  example,  with  its  angle  pinnacle.  That  on  the  choir  at  Win- 
chester Cathedral  consists  of  upriglit  panelling  only  {fig.  1306.). 

Early  period  battlements  frequently  have  quatrefoils  either  for  the 
lower  compartments  or  on  the  top  of  the  panels  of  the  lower,  to 
form  the  higher.  The  later  examples  have  often  two  heights  of 
panels,  or  richly  pierced  quatrefoils  in  two  heights,  forming  an  inducted  henry  vn.’s  chapel. 
battlement.  They  have  generally  a running  cap  moulding  carried  round  the  indentations. 
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In  a few  late  buildings  tlie  capping  is  ornamented,  somewhat  like  a cresting  : and  in  a few 
instances  figures  resembling  soldiers  on  guard  have  been  carved  on  the  battlements. 

Plain  battlements  have  been  divided  into  four  descriptions.  I.  Of  nearly  equal  divi- 
sions, having  a plain  capping  running  round  the  outline.  II.  Of  nearly  equal  intervals, 


Fig  1131. 


TIXTEUN  ABBEY  ; CHOIR. 


Fig.  1132.  HOWDEN  CHURCH  ; CHOIR. 


and  sometimes  with  large  battlements  and  small  intervals,  the  capping  being  only  placed 
on  the  top,  and  the  sides  cut  plain.  III.  Like  the  last,  but  with  a moulding  running 
round  the  outline,  tlie  horizontal  capping  being  set  upon  it.  And  IV.  The  most  common 
late  battlement,  with  the  capping  broad,  of  several  mouldings  running 
round  the  outline,  often  narrowing  the  intervals  (Rickman).  It  is  sel- 
dom that  the  battlements  will  tell  the  age  of  the  building,  as  they  have 
been  so  often  rebuilt.  A small  battlement  differing  to  these  four  descrip- 
tions, is  shown  in  jiy.  1128.,  under  the  windows  of  Henry  VII. ’s  chapel. 

A few  more  words  may  be  said  in  the  section  Towers  and  Sfikes. 


Sect.  XI. 

MOULDINGS  IN  WOODWORK. 

“ If  this  kind  of  work  be  attentively  examined,  it  will  be  seen  that  it 
was  wrought  altogether  on  the  same  principles  as  the  corresponding 
sculpture  in  stone.  We  see  the  thoroughly  conventional  early  school, 
the  naturalesque  middle-pointed  school,  and  the  again  conventional  third- 
pointed  school  of  carvers,  succeeding  each  other  in  exactly  the  same 
way,  the  main  difference  between  the  two  being  that  the  work  in 
wood  is  ordinarily  very  much  more  thin,  flat,  delicate,  and  sharp,  than 
the  work  in  stone  ; that  it  has  always  some  limits  set  to  its  exuberance  ^ ^ 
by  the  nature  of  the  framework  in  which  it  was  wrought.  In  carpen- 
ter’s  work,  it  was  always  the  rule  only  to  mould  the  useful  members,  and 
so  it  was  also  as  regards  the  carving.  It  was  not  useful  or  convenient 
to  put  on  to  a piece  of  oak  framing  a mass  of  oak  to  be  carved  as  a 
boss  or  a stopping  to  a label  (this  sort  of 
device  was  reseiwed  for  the  ingenuity  of  nine- 
teenth century  architects),  and  so  it  will  be 
found  that  most,  of  the  old  wood-carving  is 
so  contrived  as  to  be  wrought  out  of  tlie 
same  plank  or  thickness  as  that  which  is 
moulded,  or  else  is  a separate  piece  of  wood 
— in  a spandril,  for  instance,  enclo.sed  within 
tlie  constructional  members.  The  spandrils 
in  the  arcades  behind  the  stalls  at  Winchester 
Catliedral  are  an  admirable  example;  they 
are  carved  in  thin  oak,  perforated  in  all  direc- 
tions, and  then  set  forward  about  half-an-inch 
in  advance  of  the  back  panelling.  Tlie  effect 
of  this  is,  as  m ly  be  siqiposcd,  to  give  the 


Fig.  1133. 


HENRY  VIl.’S  CHAl’EL 
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Fig.  STALLS;  Fig.  1155.  SCnKKX; 

WI.VC'lK.'iTlilt  ST.  MAUY’S  HOSPITAL, 

CaTHLUUAL.  ClllCHEST  -IL 


carving  the  most  distinct  relief  ; and  it  is  an  effect  strictly  lawful,  because  it  was  impossible 
in  other  material,  and  yet  natural  in  woodwork.  The  same  attention  to  the  material  will 
1)0  found  exemplified  very  remaikahly  in  all  old  wooden  mouldings.  The  accompanying 
illustrations  {Jiys.  lltH.  and  11.35)  will  show  bow  extraordinarily  minute,  delicate,  and 
sliarp  they  were.  In  the  stalls  at  Selby  we  see  an  elabo- 
rate cap,  only  1^  inches  high  ; at  Winchester,  a band  J tbs 
of  an  inch  in  height,  and  yet  consisting  of  four  distinct 
members,  and  showing  in  elevation  as  many  as  eight 


Fig.  1137.  Scale  2 in.  to  1 ft. 


Fig.  1136.  SCREEN';  NOPTIIFLEET. 


distinct  lines.  The  finish  of  the  wall  plates  in  the  porch  at  Horsemonden,  and  tlie 
carving  of  the  miserere  seat,  so  curiously  preserved  in  the  midst  of  woodwork  some  three 
hundred  years  later  in  date,  in  Henry  VII. ’s  chapel,  are  fair  illu.strations  of  the  goodness 
of  the  earlier  sculpture.” 

“ The  whole  of  the  early  mouldings  are  sharp,  delicate,  minute,  and  (juaintly  undercut. 
They  are  very  often  unlike  any  stone  mouldings,  just  as  many  wooden  traceries  (e  g.  tho.se 
of  the  screen  at  St.  iMary’s  hospital,  at  Chichester  {Jig.  11.35.),  and  the  stalls  at  Lancaster), 
are  quite  unlike  what  could  conveniently  be  executed  in  stone.  In  spite  of  a bad  fashion 
which  obtains  just  now,”  among  some  of  the  present  mediaeval  architects,  “ of  ignoring 
the  value  of  mouldings,  I maintain  that  they  prove  conclusively  tlie  existence  of  a school 
of  art  in  this  country  of  almost  unsurpassable  excellence.”  Street,  On  English  fi oor/wnrh 
in  the  13^/i  and  14/X  centuries,  read  at  the  Royal  Institute  of  Rntish  Architects,  2(  th 
February,  1865. 

As  an  example  of  early  work  we  give./?^s.  1136.  and  1 137.,  from  Bury,^  Womheork.  being 
the  details  of  the  screen  in  Northfleet  Church,  Kent.  IVI,  in  tlie  first  figure,  is  the  first 
column  (the  details  being  given  to  a larger  scale  at  S)  in  the  screen  abutting  upon  the 
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centre  opening,  the  arch  of  which  is  shown  at  N.  The  corresponding  positions  on  plan 

are  exhibited  ‘mfig.  1137.  The  section  O,  represents 
the  face  of  the  buttress  P , while  the  plan  Q is  that 
of  the  arch  mouldings  at  R. 

Fig.  1 1 38.  is  a section  of  the  screen  on  the  south 
side  of  the  chancel  at  Lavenham  Church,  Suffolk, 
wherein  the  details  N,  O,  and  P,  are  those  belonging 
to  the  buttress  Q,,  which  even  in  late  mediaeval  car- 
pentry was  not  omitted,  though  somewhat  out  of 
accordance  with  the  “ true  principles  ” attributed  to 
design  in  that  style. 

Fig.  1139  , being  the  capital  and  base  mouldings 
from  the  screen  in  Aldenham  Church,  Hertfordshire, 
are  of  the  perpendicular  period.  These  examples  are 
all  further  illustrated  in  Bury’s  work  above-men- 
tioned, as  well  as  Jigs.  1140.  to  1144.,  showing  the 
general  style  of 
mouldings  adopted 
for  seats  and  bench 
ends,  as  noticed  in 
par.  2192b.  Fig. 

1 140.  is  the  rail  of 
the  bench  ; Jig. 

1141.  the  division 
under  the  seat ; and 
Jig.  1142.  the  sec- 
tion of  the  arm  of 
the  stall  and  of 
a bench  end,  all 
at  Bridgenorth 
Church,  Somerset- 
shire. Fig.  1143. 
tage  Church, 


Fip.  1139. 

ALDENHAM,  IWKT3. 


the  arm  of  the  stalls  at  Wan- 
Berk  shire  ; and  Jig.  1144.  the  rail 
and  stall  mouldings  at  Swinbrook  Church,  Oxford- 
shire. The  ends  of  the  stall  even  in  Henry  VIl.’s 
chapel  are  worked  out  of  only  3-inch  planks,  and 
formed  into  three  attached  shafts,  similar  to  Jig.  1143. 
Oilier  notices  of  the  thickness  of  stutl'  are  given  in  par.  2\'J5d. 

Having  given  illustrations  of  the  principles  of  constructing  timber  roofs  during  the 
mediaeval  period,  we  now  append  some  of  their  details,  wliich,  on  comparison  with  the 

a 


Fig,  1138.  LAVENHAM,  SUFFOLK. 


I'm. 


Fig.  1140. 


Fig.  1141.  Fig.  1143.  Fig.  1143. 

SECTIONS  OF  MOULDINGS  TO  BENCHES. 


Fig.  1144. 


figures  just  given,  will  tend  to  show  the  mode  in  which  the  rougher  and  larger  timbers 
Were  ornamented,  especially  tliose  so  much  further  from  the  sigiit  than  screens  and  other 


Fig.  1148 


Fig.  1145. 


Fig.  1116. 

rULlIAM.  NOKFOLK 


Fig.  1147 
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like  decorative  work.  Fiy.  1145.  shows  the  rafters  used  at  Piilham  Church,  Norfolk 
701o.),  L being  the  main,  and  M the  common,  rafters,  with  the  boarding  N sunk 


Fifr.  1151. 


Fig.  1150. 

CAPEL  ST.  MARY, 


Fig.  1149. 
SUFFOLK. 


Fig.  1152. 


in  between  them 
tlie  collar-beam. 


Fig.  1H6.  is  the  purline;  fig.  1147. 
Ftg.  1149.  illustrates  the  rafters  in 


Fig.  1153. 

the  purline, 
A nalysis. 


the  wall  piece;  and  ,/?9.  1148. 
the  church  at  Capel  St.  Mary, 
Suffolk  (^fig.  701 7.),  O being 
the  section  of  the  common  rafter. 
Fig.  1150.  is  the  collar-beam 
with  the  arched  truss  under  it ; 
and  P the  ridge  piece ; fig.  1151. 
shows  the  moulded  cornice  abut- 
ting upon  the  hammei'-beam, 
fig.  1152.,  and  Q the  lower 
purline.  Fig.  1153.  gives  the 
details  of  the  roof  of  late  work 
at  Knapton  Church,  Norfolk 
{fig.  70D.),  being  the  section 
of  the  lower  hammer-beam  ; fig. 
1 154,  the  post  abutting  upon  itj 
fig.  1 155.  the  ridge  piece  ; and  II 
These  will  all  be  found  to  a larger  scale,  witli  the  other  details,  in  Brandon’s 
All  the  illustrations  from  figs.  1145.  to  1155.  are  drawn  to  the  same  scale. 

The  following  sections  repre- 
sent the  roof  timbers  in  the 
south  aisle  of  Lavenham  Church, 


Fig.  1154. 

KNAPTON,  NORFOLIC. 


Fig.  1155. 


Fig.  1156.  Fig.  1157.  Fig.  1158.  Fig.  1159.  Fig.  1160.  ST.  ALBAN’S. 

LAVENHAM,  SUFFOLK. 

Suffolk,  from  which  building  the  screen  in  fig.  1138.  was  also  derived.  Fig.  115G.  is  the 
cornice;  fig.  1157.  the  wall  strut,  and  fig.  1158.  the  purline.  ^ Fig.  1159.  is  the  cornice 
in  the  chancel  aisle.  These  are  likewise  derived  from  Bury,  U oodivurk. 
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WINDOWS. 

In  the  body  of  the  work  v/e  have,  under  each  period  of  Gothic  architecture,  given  a 
description  in  general  terms  of  the  windows  prevailing  at  the  several  times.  The  examples 
here  brought  together,  are  inserted  merely  for  the  purpose  of  showing  the  gradual  change 
in  their  forms  and  combinations,  which  are  almost  infinite  in  number,  and  yet  tliat  the 
latter  are  far  from  exhausted,  is  conclusively  shown  by  II.  W.  Billings,  in  his  work  on 
Gmmttric  Combinations  ; and  by  E.  Sharpe,  in  Dfxoraltd  Window  Tracery. 

The  earliest  windows  are  extremely  small,  always  semi-circular  headed,  or  nearly  so, 
and  without  moulded  archivolts.  They  are  usually  with  a single  light  {Jig.  12G6.),  except 

in  belfry  lowers,  where  we  often  find  them  divided  into 
two  by  a shaft  with  a capital,  as  in  the  tower  at  St. 
Alban’s  (yjy.  1160  ).  Tlie  simple  plain  head,  however, 
in  the  latter  part  of  the  early  period, 
was  more  or  less  ornamented  with  the 
chevron  or  zigzag,  and  other  orna- 


Fig  1161.  BEAUDESEIiT.  Fig.  H62.  CA.’<TE!:i!CUT.  Fig.  1105.  SAUSBUUY. 

ments  of  the  time,  as  \n  Jig.  1161.  Otie  of  the  greatest  anti  most  striking  changes 
brouglit  in  by  the  jiointed  style  was  that  of  introducing,  from  the  suddenly  elongated 
dimensions  of  itswii.dovvs,  a blaze  of  light  into  its  edifices,  which,  from  the  low  and  narrow 
sizes  of  their  predecessors,  were  masses  of  gloom.  From  the  beginning  of  the  12th 
century  we  see  them  lengthened  in  a surprising  manner, 
and  terminating  with  a lancet-head,  which  sometimes 
became  occasionally  cusped.  An  instance  of  the  simple 
lancet-head  is  given  \njiq.  1162.,  from  the  Trinity  C hapel 
iit  Canterlniry  Cathedral.  Sometimes  an  elegant  com- 
hination  is  obtained  by  grouping  lancet-headed  windows 
under  one  hood,  the  centre  rising  above  the  side  ones,  as 
at  Salisbury  Cathedral  {Jig.  1163.),  where  the  spaces  be- 
tween the  heads  are  ornamented,  or  have  a sunk  panel  or 
device.  These  spaces  are  frequently  pierced  with  foliated 
circles,  or  witln  trefoils  or  quatrefoils  not  enclosed.  In 
an  example  at  Lincoln  {Jig.  1164.),  the  height  of  the  group 
is  etjual,  but  the  light  of  tb.e  centre  being  wider  than  the 
Fig.  1164.  LINCOLN.  two  side  lights,  the  curvature  of  the  arches  of  tlie  latter 

is  neces.sarily  much  less  than  that  to  the  former,  and  the  effect  is  not  satisfactory. 
'I’iiere  were,  however,  many  other  arrangements  in  designing  these  lancet-headed 
windows  than  the  single  and  triple  ones  just  mentioned.  Two,  four,  and  five,  lights 
occasionally  form  the  group.  Of  the  last-named,  are  windows  at  Iithlingborough, 
in  Warwickshire,  and  at  Oundle,  in  Northamptonshire,  in  which  the  lights  on  the  sides 
gradually  rise  up  to  the  centre  one.  In  the  latter  ]iart  of  the  period,  heads  finish 
with  trefoils  ; the  mullions  are  moulded  and  finished,  both  inside  and  outside,  with  shafts 
or  colonettes,  from  tlie  capitals  of  which  spring  the  mouldings  of  the  subdivisions. 

The  finest  and  largest  group  of  early  English  lancets  in  the  kingdom  is  the  five,  com- 
monly called  ‘tlie  five  sister.s,’  in  the  north  transept  at  York  Cathedral,  completed  1250. 
'I'liey  are  each  about  5 feet  7 inches  wide,  and  nearly  60  feet  high,  and  in  the  interior 
have  a beauty  altogether  their  own,  not  surpassed,  if  it  be  equalled,  by  any  decorated 
or  perpendicular  window  in  the  kingdom.  The  rich  effect  of  the  arrangement  of  the 
two  storie*,  each  having  throe  lights,  at  tlie  east  end  of  Southwell  Minster,  is  well  deserving 
of  attention.  Ely  cathedral  has  internally  five  lights  over  three,  while  externally  three 
more  are  observed  over  the  five. 

At  Kilkenny  C'athedral  there  are  three  huge  jarly  English  lancets,  the  centre  one  being 
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62  feet  high  and  8 feet  wide.  The  detac  hed  shafts  are  fdleted  in  four  rows  ; the  mouldings 
over  are  formed  into  trefoil  arches.  In  the  soutli  side  of  the  clioir  of  St.  John’s  I’riorv,  in 
tlie  same  city,  is  a continuous  arcade  of  54  feet  of  lancets,  the  largest  pier  being  only  9 
indies  wide. 

These  filleted  hands  are  an  interesting  work,  as  they  are  found  in  many  parts  both  of 
Ireland  and  England.  Perhajis  the  most  remarkable  example  in  England  is  that  at 
Walsoken  Church,  near  Wisbeach,  where  the  chancel  arch  has  four  small  shafts  in  eacli 
pier,  all  banded  five  or  six  times  It  is  additionally  striking  from  its  greater  antitjuity 
than  any  of  the  Irish  examples,  being,  as  at  St.  Alban’s,  romanesque.  These  banded 
columns  and  roll  mouldings  find  their  counterpart  at  Margam  Abbey,  in  Glamorganshire, 
the  west  front  of  which  shows  a fine  triplet,  and  a doorway  below  banded  in  this  iieculiar 
manner.  Transactions  of  the  Institute  of  British  Architects,  1865-66,  pj).  80-86, 

The  foliations  seen  in  windows  belonging  to  the  earlier  exam|)les  of  this  style  in  England 
are  not  generally  cut  out  of  the  same  stone  as  the  head  of  the  arch  to  which  they  belong, 
but  form  the  tracery,  in  small  pieces,  and  these 
enter  into  the  class  of  plue  travenj,  i.e.  they  be- 
long to  the  flat  soffit,  and  not,  like  har  tracery^ 
to  the  outer  mouldings. 

By  perforating  the  space  between  the  heads  of 
two  adjoining  lajicet- headed  windows,  as  in  the 
old  painted  chamber  at  Westminster  1 165  ), 
the  elements  of  the  ornamented  window  are  ob- 
tained. To  cover  it,  however,  ornamentally,  the 
enclosing  arch  must  be  dejjressed  and  modified  ; 
and  at  Ely  {fig.  1166  ),  we  find  an  example  for 
illustrating  the  remark.  The  lozenge-shaped 
form  between  the  heads  of  the  arches  is  con- 
verted into  a circle  which,  as  well  as  the  heads 
of  the  lights  is  foliated.  Instead  of  a single 
circle  inserted  in  the  head  of  the  window,  we  then  have  them  with  three  foliated  circle.s,  as 


Fig.  11G7.  MEr.TOS  COLT.EGE.  Fig.  1168.  CATIIEDn.VL,  OXFOED.  Fig.  1 109.  ST.  OCEN,  ROUEiV. 


at  Lincoln,  one  above  and  two  below  ; the  same  cathedral  furnishing  an  example  in  the  east 
window  of  its  upper  part  having  one  large  circle  inclosing  seven  smaller  foliated  ones,  he- 
sides  its  containing  similar  ones  in  the  heads  of  the  two  leading 
divisions  below.  The  windows  just  described  belong  to  a transitional 
style  between  the  early  English  Gothic  and  the  decorated  ; but  the 
ornamented  windows  of  the  14th  century  exhibit  in  their  general 
form  and  details  a va^t  variance  from  them  in  the  easy  unbroken 
flow  of  the  tracery  with  which  they  abound. 

In  the  next  stage  come  the  examples  shown  by  1167.,  Meiton 
College  Chapel,  and  fig.  1168,,  the  Cathedral,  botli  at  Oxford;  the 
latter  whereof  has  a tendency  towards  the  Flaml)oyant  style,  which 
has  been  before  mentioned,  and  which,  in  tlie  14th  century,  had 
tlioroughly  established  itself  in  France,  as  may  be  seen  in  the  win- 
dows of  the  church  of  St.  Ouen,  at  Rouen,  exhibited  in  fig.  1169. 
It  may  be  observed  that  the  principal  lights  are  seldom  divided  by 
t'ansoms;  when  they,  however,  occur  they  are  mostly  plain,  and 
rarely  embattled.  Though  the  ogee  head  is  often  found,  the  usual 
form  is  that  of  the  simple-pointed  arch.  In  the  clerestory,  square- 
lieaded  windows  are  of  en  seen,  but  more  often  in  other  parts  of  the 
edifice.  In  the  preceding,  as  well  as  in  tliis  period,  occurs  the  win- 
^ d >w  bounded  by  three  equilalerally  segmental  curves  foliated  more 

Fig.  1170.  CAWSTON.  , , , . ' r ,1  . c 

or  less  as  the  date  mcreas<;s.  The  arrangement  of  the  tracery  ot 
windows  has,  by  the  French  antiquaries,  been  divided  into  two  classes — - and 
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Fig.  1171.  NonwicH. 


Fig.  1172.  AYI.SIIAM. 

and  indeed  became 


necessar)' 


for 


famhoyant.  Their  rnyonnant,  so  called  on  account  of  the  great  part  the  circle  plays  in 
it,  and  on  whose  radii  its  leading  forms  are  dependent,  was  flourishing  throughout  the 
11th  century  in  France.  The  fiamhoyant  or  tertiary  pointed  style  followed  it.  We  have 
already  observed  that  the  Continent  preceded  us  in  each  style  as  much  as  half  a century. 

After  this  comes  the  Florid  style,  in  which  the  edifices  seem  to  consist  almost  entirely  of 
windows,  and  those  of  the  most  hii^hly  ornamented  description.  It  is  scarcely  necessary  to 
do  more  than  exhibit  the  figures  for  a comprehension  of  the  nature  of  the  cliange  which 
took  place ; in  short  the 
introduction  of  the  Tudor 
arch  alone  was  sufficient 
hint  for  a totally  new  sys- 
tem. In  the  example  ( jig. 

1170.)  of  a window  at 
Cawston  Church,  Nor- 
folk, we  may  observe  the 
commencement  of  the  use 
of  transoms,  which  at 
length  were  repeated 

twice  and  even  more  in  tlie  height  of  the  window, 
aflbrding  stays  to  the  lengthy  mullions  that  came  into  use.  Fig.  1171.  is  an  example  of 
the  square-headed  window  of  the  period,  and  ^7.  1172.  of  a Tudor-headed  window  at 
Aylsham  Church,  Norfolk.  Another  example  may  be  referred  to  in  Jig.  200.,  and  in  the  seve- 
ral illustrations  given  under  the  section  principles  of  proportion,  at  the  end  of  this  chapter. 

Mullions  appear  to  have  been  introduced  about  the  end  of  the  12th  century  as  sul)- 
stitutes  for  iron  frames,  and  were  at  first  built  in  courses  that  corresponded  with  the 
other  work  of  the  wall  in  which  they  stood,  or  were  in  small  pieces.  But  as  early  as 
12.35  they  were  face-hedded  stones  dowelled  with  iron.  As  the  oxidation  of  the  metal 
M proved  injurious,  iron  was  superseded,  after  the  end  of  the  Hth  cen- 

tury, by  dowels  made  from  the  bones  of  sheep  or  from  the  horns  of 
deer.  Fig.  1173.,  from  the  west  windows  in  the  tomb-house  at 
Windsor,  temp.  Henry  VII.,  illustrates  the  arrangement  usually 
adopted  in  drawings  to  show  the  distance  from  centre  to  centre,  as 
at  M,  N and  O,  that  is  to  be  allowed  in  forming  the  length  of 
radius  employed  in  striking  the  curves  for  the  tracery.  Other  ex- 
amples of  such  sections  are  given  from  the  clerestory  of  the  nave  of 
Winchester  Cathedral,  Jig.  1303  ; Rouen  Cathedral,  Jig.  1290  ; 
King’s  College  Chapel, ; St.  George’s  Chapel,  Windsor,^/;. 
13  Ih’.;  and  from  Amiens  Cathedral,  ^(7.  1329. 

The  simplest  mullion  or  monifd  or  tracery  bar  would  be  a plain 
rectangular  block  of  stone.  The  next,  with  the  edges  chamfered, 
varied  by  substituting  a hollow  for  a plain  chamfer  ; by  giving  an 
ogee  form  to  the  chamfer;  and  by  cutting  out  a hollow  in  the 
chamfer  with  receding  angles  in.stcad  of  a receding  curve ; this  last 
Fig.  1173.  WINDSOR.  perhaps  peculiar  to  tlie  larly  decorated  style.  The  hollowed 

chamfer  is  the  only  moulding  ordinarily  made  to  carry  the  ball  flower  ornament  of  the 

14th  century,  and  the 
four-leaved  flower  of  the 
15th  century.  When  the 
tracery  becomes  at  all 
elaborate,  the  subordi- 
nation of  the  parts  is 
effected  by  giving  to  the 
jambs  and  mullions,  or 
perhaps  to  some  of  the 
mullions  only,  and  to 
some  of  the  tracery  bars, 
an  additional  order  of 
mouldings.  Then  the 
fillet  or  boltel  of  the 
outer  moulding  ( N,  in 
Jig.  1173.)  describes  the 
greater  lines  ; tl  .at  of  the 
inner  moulding  (O)  the 
smaller  lines  of  the  tra- 
cery and  the  whole  of 
the  cusping.  In  like 
manner  a third  order  is 
olten  added  by  the  same  means  and  for  the  same  j)urpose  (as  M).  Each  of  these  orders 
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Fig.  117G. 


TINTEKIJ  ABBEY, 


may  be  as  varied  as  was  tl.o  first.  Perhaps  the  most  common  form  for  the  first  is  the 
hollowed  chamfer,  and  for  the  second  and  third,  the  ressant  with  a (illet.  In  a very  few 

instances,  the  outer  fillet 
hecomes  a sharp  edge,  i.e. 
the  inullion  is  chamfered 
to  an  arris. 

Nothing  is  nxn-e  essen- 
tial to  the  good  elfect  of 
windows  (except  where 
the  imillions  are  treated 
as  shafts  under  a mass  of 
tracery  without  glazing), 
and  nothing  is  so  imich 
neglected  by  modern  ar- 
chitects, as  making  the 
miiHions  of  adequate 
thickness,”  writes  Mr. 
Denison,  in  Church  Build- 
ing.  “ The  modern  works 
are  very  seldom  more  than 
^th  of  the  width  of  the 
lights;  probably  about  4 
inches  in  the  ordinary  side 
windows,  and  sometimes 
less,  and  perhaps  a few  as 
much  as  7 or  8 inches  in 
large  east  and  we.st  windows.  In  the  east  window  of  Tintern  Abbey,  which  has  eight 
lights  1178.),  the  principal  mullion  is  15  inches  thick,  and  the  two  secondary  ones 

are  11  inches,  and  the  four 

, smallest  very  nearly  8 inche.s. 
At  Guisborough  Priory,  of 
the  geometrical  period,  a win- 
dow of  only  seven  lights  had 
two  princijial  mullions,  both 
as  thick  as  the  middle  one  at 
Tintern.  The  great  mullion 
of  the  east  window  at  Lin- 
coln is  about  2 feet  thick. 
Even  the  two  small  east  win- 
dows of  Guisborough,  with 
only  three  lights,  has  9-inch 
mullions,  and  those  at  Tintern 
7-inch.  Some  four-light  win- 
dows at  Whitby  have  the 
middle  mullions  about  1.8 
inches,  and  the  short  clere- 
story windows  of  Bridling- 
ton are  above  a foot  thick. 
No  mullion  ought  to  be  much 
less  than  one-third  of  tlie 
width  of  the  adjacent  light. 
The  lights  of  the  small  Guis- 
borough windows  are  exact'y 
three  times  the  width  of  the 
mullions;  the  aisle  windows 
Fig.  1178.  TINTERN  ABBEY.  EAST  WINDOW.  Fig.  1179.  of  Selby  arc  about  tlic  saiiie ; 

where  there  are  more  lights  than  these,  and  therefore  two  or  more  classes  of  mullions  are 
required,  the  larger  ones  must  be  considerably  more  than  this.  In  all  cases  the  depth 
from  back  to  front  ought  to  be  at  least  twice  the  width  or  thickness  from  side  to  side. 
There  are  a few  old  geometrical  windows,  with  ‘ thin  ’ mullions,  but  they  are  exceptions, 
and  do  not  look  well. 

“The  diderence  between  good  and  bad  windows,  strikingly  exhibited  in  the  same  church, 
may  be  seen  in  the  north  aisle  of  the  choir  at  Selby,  where  a set  of  windows  of  no  more 
than  three  lights,  and  those  rather  short  ones,  having  tracery  of  the  simplest  possible 
pattern,  only  three  quatiefoils  in  the  head,  aie  perhaps  the  most  beautiful  vvindows  of  the 
size  to  be  found  anywhere.  Above  them  in  the  clerestory  are  windows  of  four  lights  and 
much  more  elaborate  tracery,  and  yet  almost  as  ill-looking  as  any  inodern  ones.  ihe 
reason  is  that  the  lower  ones  are  deep  set,  and  have  thick  mullions  and  tracery,  and  big  i 
arche.s,  whereas  the  others  are  very  shallow,  on  account  of  the  passage  in  the  wall  ; tlie 
iiuillions  are  thin,  and  the  arches  are  low.” 
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WINDOW  JAMBS  AND  ARCH  PLANES. 

The  following  details  of  window  jambs  and  mouldings,  are  reduced  from  those  given  in 
the  valuable  publication  already  mentioi.ed,  namely  Sharpe’s  Architectural  Parallels.  Fig. 
1174.  is  the  plan  of  the 
jambs,  and  Jig.  1175.  of 
the  mouldings  of  tl)e  arch 
over  them,  to  the  early 
English  choir  at  Foun- 
tains Abl)ey,  Yorkshire. 

Figs.  1176.  and  1177.  are 
the  similar  portions  to  the 
geometric  choir  at  Tin- 
tern  Abbey,  Monmouth- 
shire. riiesame  publication 
gives,  amongst  its  nume- 
rous details,  the  elaborate 
grouping  of  mouldings  to 
the  magnificent  east  (jigs. 

1 1 78.  and  1 179. ) and  west 
(Jigs.  1180.  and  1181.) 
windows  of  this  building, 
which  is  somewhat  transi- 
tional to  the  decorated 
period,  and  of  very  great 
lieauty.  Fig.  1 1 82.  is  the 
jamb  mouldings  to  the 
decorated  east  window  at 
Howden  Church,  York- 
shire, showing  a passage 
in  the  wall,  which 
materially  deteriorates 
from  the  good  effect 
of  the  window. 


trations  are  from 
Henry  VII ’s  Chapel. 
Fig.  1 1 83.  is  the  wall 
jamb  to  the  first  cant 
of  the  angular  win- 
dows to  tlie  aisles. 
Fig.  1184.  is  the  first 
angle  mullion  of  the 
circular  or  bow  win- 
dows ; it  also  shows 
tlie  arrangement  for  the 
inullions  or  monials, 
and  (L)  the  mitring 


Fir.  nS3. 


HFNBY  VII.'S  CIIAPKI. 


F'tJ  llSl.  HEXi;v  VII.’S  CHAPEL. 


Fig.  1182.  IIOWDEX  CTII'nrn  : EA'^T  window.  Fig.  1180.  TINTER.V  AP.BEY  ; WEST  WINDOW.  Fig.  1181. 
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with  the  wall-work  inside.  J^i^.  1185.  is  the  jamb  mouldings  of  the  upper  range,  or 
the  clerestory  windows.  These  are  all  reduced  from  Cottingliam’s  work  on  this  buFlding, 

and  are,  to  some  extent,  shown  in  the  interior  eleva- 
tion of  the  bay,  given  in  fg.  1325. 

I he  section  of  tlie  jambs  to  the  windows  of  ilie 
clerestory  at  Winchester  Cathedral  is  given  in  Jig. 
1303.  ; to  the  windows  of  King’s  College  Chapel, 
Cambridge,  in  Jig.  1312.;  to  tliose  of  St.  George’s 
Chapel,  Windsor,  in  jig.  1316.  ; and  to  tliose  in  the 
clerestory  at  Amiens  Cathedral,  in  Jig.  1329. 

The  arch  planes  worked  in  the  same  buildings, 
have  been  placed  on  pages  971.,  972.,  and  973., 
while  the  series  of  mouldings  to  the  arches  of 
Henry  VII.’s  Chapel  will  be  found  very  poor  in 
comparison,  as  may  be  observed  in  Jig.  1325. 


Sect.  XIV. 

CIKCULAll  WINDOWS. 

The  large  circular  windows  so  frequently  seen  In 
the  transepts  of  churches,  and  sometimes  at  the 
west  ends  of  them,  and  going  by  the  general  name 
of  rose  windows,  seem  to  have  originated  from  the 
ocuU  with  wliich  the  tympana  of  the  ancient  basilicas 
were  pierced,  and  which  are  still  observable  in  monuments  of  the  11th  century.  Tor  the 
study  of  this  species  of  window  the  edifices  of  France  furnish  the  most  abundant  means, 
many  of  them  being  of  exquisite  composition,  and  in  our  opinion  far  surpassing  any  else- 
where to  be  seen.  Many  of  these,  from  Rouen,  Beauvais,  and  Amiens,  will  be  found 
illustrated  in  the  following  chapter  of  this  work. 

It  is  scarcely  previous  to  the  12th  century  that  they  can  be  fairly  called  rose  windows  ; 
before  that  period  they  are  more  properly  denominated  wheel  windows,  the  radiating 
mullions  resembling  the  spokes  of  a wheel  and  being 
formed  of  small  columns  regularly  furnished  with  bases 
and  capitals,  and  connected  at  top  by  semicircular 
arches  or  by  trefoils.  By  many  the  more  decorated 
circular  window  has  been  called  the  marigold  window, 
but  we  scarcely  know  why  tliat  should  have  been  done. 

Tlie  rose  windows  are  used  in  gables,  but  their  dimen- 
sions are  then  generally  smaller  and  they  are  often  en- 
closed in  segmental  curves  whose  versed  sines  form  an 
equilateral  triangle  or  a segmental  square. 

An  early  specimen  of  the  wheel  window  is  in  Bar- 
freston  Church  (^Jig.  180.  ),  wherein  it  is  manifestly  later 
than  the  other  parts  of  the  front.  The  example  from 
Patrixbourne  Church,  Kent  {Jig.  1186.),  is  a curious 
and  early  example  of  the  wheel  w indow  ; herein,  and 
indeed  in  all  the  minor  examples,  a single  order  of  columns  is  disposed  round  the  centre  { 


Fig.  1185.  HENRY  V1I.'S  CHAPEL. 


Fig.  1187. 


YORK.  1269.  A.D. 
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hut  in  the  south  transept  at  York  Cathedral  we  have  a noble  instance  of  this  species 
{fq  1 187.) — a double  order  of  columns  being  cmj)loyed,  connected  by  foliation  above  the 
cajutals  of  the  columns  ; this  example  is  of  the  13th  century.  As  the  early  style  came  in, 
tlic  columns  would  of  course  give  place  to  the  mullion,  as  in  the  elegant  specimen  from 
St.  David’s,  shown  in  Jig.  1 188.  The  two  following  examples  (^figs.  1189.  and  1190.)  from 
Westminster,  and  Winchester  Palace,  Southwark,  are  both  of  the  14th  century.  The  first 


Fig.  1189.  IVESTMINSTtR  ABDEY  CIIUKCII. 


Fig  1190. 


W1XCUE.STKU  rAI.ACE,  SOUTIl'.VAKK. 


is  not  the  original  window,  but  we  have  reason  to  believe  it  was  accurately  remade  from 
the  original  one.  'I'he  latter  is  a most  elegant  arrangement  flowing  from  the  continued  sides 

of  the  central  hexagon,  and  consequently 
forming  a series  of  equilateral  triangles  de- 
coratecl  with  foliation.  It  was  placed  in  the 
gable  of  the  great  hall  of  the  palace,  which 
liall  was  spanned  by  a timber  roof  of  very 
beautiful  and  ingenious  construction,  a few 
years  since  destroyed  by  fire,  after  which  the 
wall  containing  the  window  was  taken  down. 

During  the  period  of  the  three  last  exam- 
ples in  this  country,  the  French  were  making 
rapid  stiides  towards  that  era  in  which  their 
flamboyant  was  to  be  stifled  and  extin- 
guished by  the  introduction  of  the  renais- 
sance style,  about  which  we  have  already 
submitted  some  remarks,  and  produced 
some  examples.  In  the  church  of  St.  Ouen, 
at  Rouen,  the  circular  window  (^fig.  1191.), 
middle  of  the  14th  century,  exhibits  the 
extraordinary  difference  between  French  and 
Fig.  1191.  ST.  OUEN,  EOUEN.  Eiiglisli  cxamples  of  tlic  saiuc  date.  Beau- 

tiful as  many  of  the  English  examples  undoubtedly  are,  we  know  of  none  that  is  equal  to 
this  for  the  easy  and  elegant  flow  of  the  tracery  composing  it.  The  leading  points  it  will 
be  seen  are  dependent  on  the  hexagon,  but,  those  determined,  it  appears  to  branch  off  from 
the  centre  with  unchecked  luxuriance,  preserving,  nevertheles.s,  a purity  in  its  forms  quite 
in  character  with  the  exquisite  edifice  it  assists  to  light.  'I'he  details  of  this  window  may 
be  advantageously  studied  in  Pugin’s  Antiquities  of  Normandy,  and  in  the  larger  woodcut 
given  in  the  subsequent  chapter. 

Besides  these  examples  of  circular  windows,  others  will  be  found  of  varying  patterns, 
forming  the  centre  pieces  in  the  heads  of  large  windows,  as  at  the  churches  of  Easby, 
Howden,  Wellingborough,  and  at  St.  Alban’s  Abbey. 


Sect.  XV 

TRACERY  OF  WINDOWS. 

As  the  perpendicularity  of  the  style  changed,  at  the  beginning  of  the  13th  century,  from 
that  which  might  be  termed  horizontal,  so  did  the  comparatively  rude  and  clumsy  form  of 
its  ornament  assume  a lightness  founded  on  a close  observation  of  nature.  Its  sculpture 
is  endowed  with  life,  and  its  aspiring  forms  are  closely  connected  with  the  general  outlines 
bounding  the  masses.  The  models  used  for  decoration  are  selected  from  the  forest  and 
the  meadow'.  Among  the  flow'ers  used  for  the  angular  decorations  of  pinnacles  and  spires, 
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on  crockets,  and  in  similar  situations,  an  ornament  very  mucli  resemblinpj  tlie  Cyprij.cdiu’n 
calceolus,  or  lady’s  slipper,  and  the  iris,  are  of  constant  occurrence.  The  former  plant, 
however,  appears  to  be  found  only  in  the  woods  in  the  nortli  of  England,  and  now,  at 
any  rate,  it  is  very  rare. 

These  models,  however,  though  closely  and  beautifully  imitated  (says  Ramee),  are  sub- 
mitted to  reduction  within  such  boundaries  as  brought  them  to  a regular  and  geometrical 
form.  Thus  is  found  every  conceivable  description  of  ornament  brought  witiiin  the  limits 
of  circles,  squares,  and  triangles,  as  well  as  within  the  more  varied  forms  of  the  many- 
sided  polygons;  the  latter,  as  in  the  marigold  and  rose  windows,  being  again  subject  to 
the  circumscribing  circle ; these  polygonal  subdivisions  having  always  reference  to  the 
regulating  subdivisions  of  the  apsis,  as  will  be  further  referred  to  in  Chap.  IV. 

The  circle  obviously  presents  a boundary  for  a very  extended  range  of  objects  in  nature. 
In  the  vegetable  world,  a flower  is  scarcely  to  be  found  which,  within  it,  cannot  be  sym- 
metrically arranged.  Its  relations  afford  measures  for  its  subdivisions  into  two,  three, 

four,  and  six  parts,  and 
their  multiples,  by  the 
diameter  and  radius 
alone;  the  last  being  an 
unit,  upon  which  the 
equilateral  triangle  and 
hexagon  are  based ; 
moreover,  as  the  in- 
terior angles  of  every 
right-lined  figure  (^Eu- 
clid, prop.  32.  b.  1.), 
together  with  four  right 
angles,  are  equal  to 
twice  as  many  riglit 
angles  as  the  figure  has 

sides,  it  will  be  immediately  seen  that  the  interior  angles  in  the  equilateral  triangle,  tlie 
pentagon,  the  hexagon,  the  nonagon,  and  the  dodecagon,  are  divisible  by  the  sides  so  as  to 

clear  the  result  of  frac- 
tions. Thus,  in  the 
equilateral  triangle,  the 
number  of  degrees  sub- 
tended by  the  sides  is 
G0°.  In  the  pentagon 
the  number  is  108°  ; in 
the  hexagon,  120°;  in 
the  nonagon,  140°;  and 
in  the  dodecagon,  1 50°. 

(See  par.  1219.).  In- 
dependent, tlierefore,  of 
the  service  of  the  circle 
in  construction,  we  are 
not  to  be  surprised  at 

ure  in  architecture,  from  the  period  at  which  the  art  was 
to  become  truly  serviceable  to  mankind. 

In  respect  of  the  pentagon  {Jig.  1194.),  if  lines  be  drawn  from  each  angle  so  as  to 
connect  every  two  of  its  sides,  the  pentalpha  results;  a 
figure  in  much  esteem  in  the  13th  and  14th  centuries, 
and  used  among  the  Pythagoreans  as  a symbol  of  health, 
centuries  and  centuries  before. 

The  heptagon  and  undecagon,  whose  interior  angles 
are  not  divisible  without  a fraction  or  remainder,  were 
rarely  used  by  the  Freemasons ; an  instance  of  either  does 
not  occur  to  us. 

An  inspection  of  Jigs.  1192.  to  1198.  will  show  the  mode 
of  generating  from  the  several  polygons  the  lobes  of  circu- 
lar windows,  as  also  the  way  of  obtaining  the  centres  for 
the  lobes  in  a simple  and  symmetrical  manner.  In 
1192‘.  the  basis  of  formation  is  the  equilateral  triangle, 
and  three  lobes  are  the  result.  Those  of  four  lobes,  or 
quatrefoils  (^^.  1193.),  originate  from  the  square;  and  Fig.  U96. 

the  Cruciferae,  or  cruciform  plants,  Tetradynamia  of  Linnaeus’s  system,  seem  to  be  their 
types  in  nature. 

For  those  of  five  lobes,  resulting  from  the  pentagon  (Jig,  1194.),  types  arc  found  in  the 
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classes  Pcnfaiuliia,  Decandria,  and  Icosandria,  of  Linnaeus.  They  comprise  the  rose,  tlie 
apple,  cherry,  and  medlar  blossoms  ; those  of  the  strawberry,  the  myrtle,  and  many  others. 

For  circular  windows  consisting  of  six  lobes,  and  based  on  the  hexagonal  formation  (/y. 
1195.),  the  class  Hexandria  seems  to  furnish  the  type,  under  which  are  found  almost 
all  the  bulbous-rooted  flowers,  pinks,  &c.  These  observations  might  be  extended  to  a 

great  length  ; but  the 
writer  does  not  feel  in- 
clined to  pursue  the 
system  to  the  extent  to 
which  it  has  been  car- 
ried by  a German  au- 
thor (Metzger),  who 
bases  the  principles  o( 
all  pointed  architecture 
on  the  formations  of  the 
mineral  and  vegetable 
kingdoms.  In/?^,  1190’. 
the  octagon  is  the  base  ; 
in  Jiff.  1197.  the  nona- 
Fig.  1197.  goii ; aiid  1198.  lig.  iio^i 

the  dodecagon.  Beyond  the  last,  the  subdivision  is  very  rarely,  if  ever,  carried.  It  was 
not  that  all  these  types  were  selected  from  a mere  desire  of  assimilating  to  nature  the  deco- 
rations of  the  IStii  century,  but  it  sprung  from  that  deep  impression  of  the  utility  of 

geometrical  arrangement,  which  sought  in  the  vegetable 
kingdom,  and  elsewhere,  such  forms  as  fell  in  with  the 
outlines  adopted.  Similar  formations  based  upon  the 
arrangement  of  squares,  triangles,  and  polygons,  are  ex- 
hibited in  Jiffs.  13.35.  to  1339.,  in  the  latter  portion  of 
this  chapter,  as  obtained  from  the  decorations  of  Amiens 
Cathedral. 

jMr.  Denison  comments  upon  a particular  figure  in 
„window  tracery,  which  appears  to  him  to  be  very  bad, 
and  often  adopted.  He  calls  it  the  “ broken-backed 
cusp,”  (^ff.  1199.)  because  it  gives  the  feeling  that  it  is 
Fig.  1199.  Fig.  iQOO.  always  going  to  break  (like  Jiff.  1205.,  doorway).  By  it, 

the  cusps  are  made  a principal  instead  of  an  accessory;  the  proper  way  being  to  make  a 
sub-arch  at  the  back  of  the  lower  pair  of  cusps  (Jiff-  1200.),  a. id  to  tliicken  the  trefoil 
above  until  it  looks  like  a piece  of  solid  stonework,  and  having  a real  bearing  on  each  other, 
and  capable  of  resisting  pressure. 

Few  attempts  have  been  made  to  point  to  the  origin  of  tracery  and  its  ramifications. 
As  the  spaces  of  window  openings  went  on  increasing,  until  at  la  t they  became  gigantic, 
in  several  instances  exceeding  40  feet,  a construction  of  stone  framework  became  absolutely 
necessary.  This  framework,  as  we  find  in  examples  of  the  early  decorated  period,  was  at 
first  unornamented — mere  pillars  or  mullions  below,  with  segmental  curve.s,  crossing  each 
other,  to  fill  the  arch.  But  by  degrees  these  curves  changed  their  character,  and  assumed 
all  the  infinite  variety  we  now  know  under  the  term  tracery.  From  great  windows,  this 
class  of  decoration  descended  to  the  minor  parts  of  buildings ; and  at  last  we  find  that 
light,  fragile,  screen-work,  to  be  the  great  depository  of  this  kind  of  knowledge.  Fixed 
geometric  forms,  rather  than  mere  fancy,  as  the  foundation  of  composition,  are  ever  to  be 
preferred  as  of  the  utmost  importance  to  the  designer,  if  he  wishes  or  intends  to  arrive  at 
a successful  result. — Billings,  Injinity  of  Geometric  Desiffn, 

Our  limited  space  warns  us  to  refrain  from  the  further  elucidation  of  this  subject  ; but 
before  quitting  it,  we  can  refer  to  the  many  illustrations  of  the  further  development  oi 
“ tracery  and  geometric  forms,”  forming  a portion  of  the  prin- 
ciples OF  PROPORTION,  treated  hereafter,  wherein  examples  are 
given  from  Westminster  Abbey,  Beauvais,  Rouen,  and  othci 
cathedrals. 

To  aid  in  the  formation  of  tracery  a perfect  knowledge  ol 
practical  geometrical  drawing  is  requisite ; we  therefore  refer 
the  reader  to  that  section  in  Book  II.  where,  commencing  at 
par.  1007.,  he  will  find  other  more  useful  problems  that  will 
assist  him  in  his  designs.  We  append  another  application  Of  the 
problem  “ to  inscribe  a circle  in  a given  triangle,”  as  being  one 
of  those  more  generally  required  in  circular  forms,  and  perhaps  a 
quicker  method  than  those  above  described.  If  a five-lobed  figure  be  required,  as  in  Jiff. 
1201.,  obtain  the  triangle  ABC  from  the  five  divisions,  on  a base  line  B C at  a tangent 
to  the  circle ; bisect  B C and  join  A U.  Bisect  the  angle  ABC  by  a line  B E,  and 
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where  it  crosses  the  line  A D,  as  at  F,  will  l>e  tlte  centre  of  the  required  circle  or  lohe. 
A circle  with  the  radius  A F being  drawn,  the  other  centres  on  the  lines  of  divisicn.  as 
A G,  A H,  &c.,  are  readily  found. 

Another  usual  geometrical  problem  in  tracery  work  consists  in  finding  the  centre  of  a 
circle  placed  in  the  head  of  an  arch.  This  has  been  eluci- 
dated by  E.  W.  Tarn,  in  the  Duildtr  for  186.S,  p.  221. 

Let  A B C in  fg.  1202.  be  an  equilateral  arch,  and  the 
width  A B be  divided  into  three  e(|ual  portions  A D £ B. 

Let  the  arches  D F and  E G be  drawn  with  the  same 
radius  as  those  of  A and  B,  as  D H.  Then  it  is  re- 
(juired  to  find  the  centre  of  the  circle  which  shall  touch 
the  four  arcs.  Make  E I equal  to  ^ih  of  E B,  and  with, 
the  centre  A and  radius  A I draw  an  arc  cutting  the 

perpendicular  or  centre  line  of  the  window  in  K ; then  K is  the  required  centre,  and  K 
the  radius  of  the  circle. 


II 


Sect.  XVI. 


DOORWAYS. 

It  is  almost  needless  to  observe  that  through  the  several  changes  of  style  the  door- 
ways followed  their  several  forms;  our  duty  will,  therefore,  be  to  do  little  more  than 
present  the  representations  of  four  or  five 
examples  to  the  notice  of  the  reader.  The 
Prior’s  entrance  at  Ely  {Jig.  187.)  is  a fine 
specimen  of  a highly  decorated  Norman 
doorway.  The  earlier  Norman  doorways 
had  but  little  carving.  They  are,  as  in  Jig. 

1203.,  generally  placed  witliin  a semicir- 
cular arch,  borne  by  columns  recessed  from  — !-.> 
the  face  of  the  wall,  and  the  whole  sur- 
mounted with  a dripstone.  In  Jig.  187.  it 
will  be  seen  that  the  semicircular  head  of 
the  door  is  filled  in  level  with  the  springing, 
and  sculptured  with  a figure  of  our  Saviour 
in  a sitting  attitude  ; his  right  arm  is  raised, 
and  in  his  left  is  a hook.  AVhat  is  termed 
the  vesica  piscis  surround.*,  the  composition, 
which  is  supported  by  an  angel  on  each  side. 

These  representations  are  frequently  met 
with  in  Norman  doorways.  Many  examples 
are  composed  of  a series  of  recesses,  each 
spanned  by  semicircular  arches  springing 
from  square  jambs,  and  occupied  by  insu 
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lated  columns  ; though  sometimes  the  columns  are  wanting  and  the  recesses  run  down  tc 
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the  plinth.  The  arches  are  very  often  decorated  with  the  chevron,  zigzag,  and  other  Nor- 
man ornaments.  ^ • i i 

The  early  English  doorways  have  the  same  character  as  the  windows  of  the  period ; the 
smaller  ones  are  often  recessed  with  columns,  from  which  a pointed  arch  is  twined  with 
a cut  moulding  on  it  and  a dripstone  over  it.  Tlie  more  important  doors,  however,  are 
mostly  in  two  divisions,  separated  by  a pier  column,  and  with  foliated  heads.  These  are 
generally  grouped  under  one  arch,  springing  from  clustered  columns  on  each  side,  and  the 
space  over  the  open- 
ings is  filled  in,  and 
decorated  with  a qua- 
trefoil,  as  in  the  door- 
way to  the  chapter- 
house  at  Lichfiild 
(^Jig.  1204.).  Sculp- 
ture often  occurs  in 
the  arrangement.  The 
door  to  the  chapel  of 
St.  Nicholas,  at  Lynn 
{fig.  1205.),  is  a cu- 
rious example  of  the 
latter  part  of  the  de- 
corated period.  Fig. 

1 206. , from  Tatter- 
shall  Castle,  Lincoln- 
colnshire,  belongs  to 


fig.  12UC.  TATTEKSIIALL  CASThK. 


Fig.  1207.  ST.  GEOUOE’S  ClIAl’EL. 


the  Florid  English  or  perpendicular  period,  whose  simplest  doorways  usually  had  the 
depressed  or  Tudor  arch,  and  without  the  square  head  which  appears  in  the  example.  The 
more  ornamental  ones  were  crocketed,  and  terminated  with  finials,  as  appears  in  the  face 
of  the  porch  at  King’s  College  Chapel,  Cambridge  {fig.  1208.).  The  doorway  at  St. 
George’s  Chapel,  Windsor  {fig.  1207.),  though  later  in  date,  is  more  simple  than  the  last, 
notwithstanding  the  exuberance  of  ornament  and  tracery  which  had  then  very  nearly 
reached  its  meridian. 


Sect.  XVII. 

PORCHES. 

The  porch  is  a distinguishing  feature  both  in  ecclesiastical  and  domestic  architecture 
throughout  northern  Europe  during  the  whole  of  the  medicBval  period.  In  the  case  of  the 
smaller  churches  it  was  usually  attached  to  the  north  and  south  doors.  When  to  the 
north,  it  was  generally  built  of  stone,  while  the  south  porch  was  more  often  of  timber. 
In  France  the  porches  are  usually  of  very  grand  proportions  and  of  elaborate  structure. 

A Norman  porch,  with  an  upper  story  or  parvise,  a chamber  which  appears  to  have 
been  variously  appropriated,  occurs  on  the  north  side  of  Southwell  Minster,  Nottingham- 
shire, and  k arched  (Rickman,  p.  81.);  and  another  at  Sherborne,  Dorsetshire,  which 
is  groined.  The  example  at-  Malmesbury  Abbey  Church  is  perhaps  the  finest  of  the  few 
that  exist  of  this  period.  An  early  English  porch  with  a chamber  remains  on  the  north  side 
of  St.  Cross  Church,  Hampshire.  The  porch  at  Felkirk,  in  the  West  Riding  of  York- 
shire, of  late  early  English  or  early  decorated  date,  has  a roof  formed  of  stone  ribs  1 foot 
in  breadth  by  10  inches  in  depth,  plain  chamfered  at  the  angles,  placed  about  18  inches 
apart,  springing  from  a string  or  impost  about  4 feet  from  the  floor.  A complete  illus- 
tration of  this  interesting  example  is  given  in  Robson,  Mason's  Guide.  The  same  simple 
plan  is  followed  in  those  at  Barnack,  Northamptonshire,  and  at  Middleton  Cheney,  North- 
amptonshire. The  south  porch  at  St.  Mary’s  Uffingdon,  Berkshire,  is  groined.  This 
feature  was  extensively  u.sed  in  this  period,  as  at  Salisbury  and  Wells, 

A beautiful  example  of  a vaulted  roof  to  a shallow  porch  occurs  in  the  decorated  church 
at  Higham  Ferrars,  Northamptonshire  (Rickman,  p.  111.,  also  giving  a plain  vault  with 
richly  moulded  door  jambs  at  the  west  porch  of  Raunds  Church,  Northamptonshire). 
Stone  ribs  are  employed  in  the  vestry  or  chapel  at  Willingham  Church,  Cambridgeshire 
(Rickman,  p.  179.,  decorated);  the  chapel  is  14  feet  1 inch  long,  and  9 feet  9 inches  wide, 
as  shown  in  Lysons’  Cambridgeshire^  p.  285.  In  this,  and  in  the  following,  periods,  the 
groined  roof  became  common,  and  partook  of  all  the  varied  enrichment  exhibited  in  larger 
roofs.  The  porches  exceed  in  profuseness  of  decoration  those  of  the  preceding  style:  they 
were  almost  universally  adopted.  The  south  porch  of  Gloucester,  and  the  south-west 
porch  of  Canterbury  are  beautiful  examples.  In  the  former,  canopied  niches  occupy  the 
front  over  the  doorway,  the  front  being  crowned  with  an  embattled  parapet  of  pierced 
panelling,  and  at  the  quoins  are  turrets  embattled  and  finished  with  crocketed  pinnacles. 
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The  example  here  given  of  the  shallow  porch  at  King’s  College  Chapel,  Cambridge 
(Ji^.  1208.),  is  beautiful  in  design  anti  in  proportion.  The  north  porch  at  Beverley  Minster 
rises  somewhat  higher  than  the  aisle,  the  upper  part  forming  a jyarvise.  The  door  has  a 
fine  feathered  straight-sided  canojiy, 
over  one  of  ogee  form,  both  croe- 
keted.  It  is  flanked  with  niches, 
buttresses,  and  pinnacles ; the 
whole  front  is  panelled  and  crowned 
with  a lofty  central  pinnacle,  hav- 
ing a niche.  An  idea  of  it  will  be 
gained  from  the  illustration  given 
as  a frontispiece  to  the  present 
edition.  The  south  porch  of  Leve- 
rington  Church,  Cambridgeshire,  is 
groined,  and  also  has  carved  bosses. 

Over  it  is  a parvise  10  feet  1 inch  ' 
wide  and  H feet  4 inches  in  length. 

The  covering  (of  slabs  of  stone  ?) 
is  supported  by  six  arched  stone 
ribs,  placed  2 feet  1 inch  apart,  and 
9 feet  5 inches  span ; the  rib  is  4 
inches  wide,  G inches  in  depth,  and 
chamfered  on  the  lower  edge.  It 
has  a richly  perforated  stone  ridge 
ornament.  The  section  and  details 
are  given  in  B?iilder  for  1848,  p.  91, 
which  also  (iii.  598.)  illustrates  the 
south  porch  at  North  Walsham 
Cliurch,  Norfolk,  which  is  lofty 
and  open  to  the  roof,  it  not  having 
been  divided  into  stories.  It  is  a 
specimen  of  the  mixture  of  flint 
with  stone  details.  Tlie  south  porch  of  a church  near  Evesham,  in  Worcestershire;  the 
sacristy,  also  at  Felkirk  ; and  the  porches  at  the  churches  of  Strelly,  in  Nottinghamshire  ; 
of  All  Saints,  at  Stamford ; and  of  Arundel,  in  Sussex,  have  interesting  stone  roofs. 

In  the  case  of  domestic  buildings,  the  porch,  as  at  Wingfield  Manor  House,  Derbyshire, 
has  a story  over  the  entrance,  differing  from  those  at  Eltham,  Croydon,  Cow'dray  (which 
has  an  elaborate  groined  stone  roof),  and 
many  others,  having  only  one  story.  That 
at  Porchester  Casile  hall  was  the  whole 
height  of  the  building,  having  a room 
above  the  entrance  to  the  hall,  which  was 
elevated  on  a basement  story,  and  was 
reached  by  a flight  of  steps  occupying  the 
lower  story  of  the  porch.  At  Dartington 
Manor  House,  Derbyshire,  and  at  East 
Barsham,  Norfolk,  there  are  two  stories 
above  the  entrance,  an  arrangement  fre- 
(juently  observed  in  similar  erections,  as  at 
Thorpland  Hall,  Norfolk,  and  at  Eastbury 
House,  Essex,  erected  cir.  1572.  From 
the  architectural  prominence  given  to  this 
feature  in  domestic  buildings,  tne  designa- 
tion “ porch  house  ” was  often  employed. 
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So  very  exceptional  is  the  use  of  brickwork 
in  England  in  mediaeval  work,  at  any  rate 
until  the  common  brick  porches,  which 

were  added  in  the  17th  century,  that  we  . 

are  induced  to  notice  one  of  the  many  examples  in  this  material  executed  abroad,  in  Ger- 
many especially.  The  north  porch  of  Liibeck  Cathedral  (^Jig-  1209.  ),  is  described  by  G. 
E.  Street,  as  “ a 13th  century  addition,  of  two  bays  in  depth,  with  groining  piers  of  clustered 
shafts  with  sculptured  capitals,  and  a many-shafted  doorway  of  the  best  character.  Its 
interior  is  probably  mainly  of  stone,  but  the  exterior  is  all  of  brick,  1 he  archway  is  boldly 
moulded,  and  above  it  is  a horizontal  arcaded  corbel  table,  stepped  up  in  the  centre  to 
admit  the  arch.  The  gable  is  boldly  arcaded  upon  shafts,  and  has  a stepped  corbel  table, 
with  a double  line  of  moulded  bricks  above  it  next  to  the  tiles.  A couple  of  simple  open 
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arclies  are  pierced  in  each  side  wall,  and  there  are  flat  pilasters  at  the  angles.  In  the 
gable,  enclosed  within  the  arcading,  are  some  circular  openings,  one  of  which  is  cusped 
witli  small  foliations  formed  of  brick.  The  moulded  bricks  in  the  main  arch  are  of  two 
kinds  only,  one  a large  boltel,  the  other  a large  hollow,  and  these  arranged  alternately  wdth 
plain  square-edged  bricks,  produce  as  much  variety  as  is  needful.  The  jamb  of  tlie  door- 
way is  of  plain  bricks,  built  with  square  recesses,  in  which  detached  stone  shafts  are  placed. 
The  capitals  throughout  are  of  stone,  and  carved  with  simple  foliage.  Perhaps  no  other 
example  is  more  completely  all  that  it  should  be  in  the  use  of  its  materials.  The  exterior 
is  simple  in  all  its  details,  yet  sufficiently  enriched  by  their  skilful  arrangement  to  be 
thorougiily  effective;  whilst  in  the  interior,  where  more  adornment  was  naturally  required, 
brick  is  frankly  abandoned,  and  the  ricnly  moulded  and  .sculptured  ribs  and  archivolts  are 
all  of  stone,  though  1 have  no  doubt  the  vaulting  and  walls  are,  as  on  the  outside,  of  brick 
The  only  tracery  which  can  be  properly  executed  in  brick  is  in  fact  the  simplest  plait 
tracery  (and  even  this  requires  great  skill  and  care  in  its  execution),  or  that  simple  fringe 
of  cusping  round  an  opening  which  occurs  m the  porch,  and  which  may  be  executed  with 
ease  with  a single  pattern  of  moulded  brick  often  repeated.”  Church  Builder,  1863,  p.  56. 
We  have  somewhat  altered  the  arched  entrance  as  shown  in  Mr.  Street’s  sketch,  under- 
standing that  this  porch  has  been  lately  restored  in  this  manner. 
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TOWERS  AND  SPIRES. 

Europe  has  been  considered  by  ,T.  H.  Parker,  Transactions  of  the  Institute  of  British 
Architects,  to  be  indebted  to  Caen  and  its  neighbourhood  for  that  very  interesting  feature, 
the  Gothic  s])ire  of  stone.  He  has  also  traced  its  history  from  the  low  pyramid  of  Thaon 

Church,  Normandy,  dating  about 
the  end  of  the  I 1th  century,  shown 
in  fig.  1210.,  whereof  the  stones  are 
left  rough  within  and  overhang  one 
another,  while  at  the  base  a large 
))iece  of  timber  was  introduced  as 
if  to  bind  the  whole  together  {Jig. 
1211.),  which  has  now  entirely  de- 
cayed. The  apex  has  also  decayed 
or  been  removed.  The  spires  of 
Comornes  near  Bayeux  ; Basly  near 
Caen,  middle  of  1 2th  century  ; and 
Rosel,  are  of  the  same  character,  anti 
are  followed  by  those  at  Huppeau 
n ar  Bayeux,  which  is  considerably  taller,  but  of  about 
the  same  date  ; Vaucelles,  near  Caen  ; St.  I^oup,  near 
Bayeux  ; St.  Contest,  near  Caen  ; and  Bougy,  which  is 
of  a fine  transitional  character,  as  is  that  at  Douvres  ; the 
small  square  spires  at  the  east  end  of  St.  Stephen’s  at 
Caen ; and  the  elegant  lofty  octagonal  spire  with  square 
pinnacles  at  Ducy,  which  is  a little  earlier  than  the  ele- 
gant western  spires  of  St.  Stephen’s  at  Caen.  On  that 
building  are  altogether  eight  spires,  varying  in  date  from 
one  of  about  the  middle  of  the  12th  century  on  a stab 
turret ; the  two  pairs  of  early  Gothic  work  of  the  choir  ; 
i to  the  light  western  spires  which  possess  pinnacles  of  open 
work  at  the  angles  and  in  the  centre  of  each  face;  these 
date  about  12.30,  The  fine  spire  on  St.  Peter’s  Church,  at 
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C'.ien,  dates  at  the  beginning  of  the  Hth  century,  and  is  commonly  quoted  as  the  perfection 
of  a .spire  1212.  1213.  j.  It  is  octagonal,  with  openings  pierced  in  the  flat  sides. 

That  of  St.  Saviour’s  is  later  and  not  so  good.  Nearly  all  the  spires  in  this  district  have 
the  surface  of  the  stone  cut  to  imitate  shingles,  a clear  proof  of  their  having  had  a timber 
prototype.  The  .spires  at  Bayeux  Cathedral  were  probably  being  built  at  the  .same  time 
as  those  at  St.  Stephen's  Church,  which  they  resemble.  Secqueville  Church  has  one  of 
nearly  the  same  date. 

Of  later  date  are  the  spires  at  Bretteville,  Bernieres,  and  Langrune,  coming  up  to  the 
middle  of  the  1.3th  century.  They  are  all  of  elegant  design,  and  light  construction.  After 
these  are  the  unfinished  spires  of  Norrey  and  Audrieu,  closing  the  century.  Illustra- 
tions of  several  of  these  buildings  will  be  found  in  Britton’s  Normandy,  Mr.  Fergusson 
considers  that  the  spire  took  its  origin  from  the  gable  termination  seen  in  some  early 
foreign  towers. 
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A chronological  sketch  of  tin*  gradual  development  of  the  spire  in  Germany,  Uaa 

lately  been  attempted  by  W.  II.  Brewer,  in 
the  Builder  for  18G5, 
to  w'hich  we  can  here 
only  refer  the  reader, 
as  well  as  for  its 
very  peculiar  illus- 
trations. 

In  England,  dur- 
ing the  Norman  pe- 
i-M)d  the  west  end  of 
the  larger  churches 
sometimes  had 
towers  terminating 
the  aisles.  Another 
tower  rose  from  the 
intersection  of  tlie 
cr.ss  (the  smaller 
churches  had  but 
tills  one),  while  it 
was  only  of  suffi . 
cient  elevation  to 
break  the  long  line 
of  nave,  choir,  and 
transepts,  all  of  equal  o 
height.  The  roofs 
of  the  towers  were 

of  but  little  higher  pitch  than  the  rest.  The 
nearest  approach  to  spires,  in  form  if  not  in 
height,  were  found  in  the  pinnacles  sur- 
mounting the  angle  buttresses  in  the  larger 
churches.  During  the  early  English  period, 
towers  rise  to  a greater  elevation,  and  are 
very  generally  finished  with  a spire,  some- 
times of  great  height.  The  most  frequent 
spire  is  that  called  a broach  when  it  does  not 
rise  from  within  jiarapets,  but  is  carried  up 
on  four  of  its  sides  from  the  top  of  the  square  tower,  the  diagonal  faces  resting  on  squinches^ 
or  arches  thrown  across  the  corners  within,  and  finished  on  the  outside  in  a slope,  as  shown 
in  fig.  1214.  of  Warmington  Church,  Northamptonshire,  which  has  been  published  in 
detail  by  W.  Caveler.  A great  many  spires  consisted  of  wooden  frames,  covered  with  lead 
or  with  shingles;  and  these  in  general,  as  well  as  stone  spires  in  a few  instances,  were 
connected  with  the  tower  in  a different  w'ay  ; the  spire  itself  being  at  first  only  four-sided, 
and  the  angles  being  canted  off  a little  above  the  base,  to  form  the  octagon.  The  early 
English  spire,  completed  in  1222,  to  Old  St.  Paul’s  Cathedral  was  the  highest  in  Europe, 
being  500  feet  high,  according  to  Stow,  or  489  feet  as  calculated  by  Mr.  E.  B.  Ferrey. 

In  the  decorated  period,  Heckington  Church,  Lincolnshire,  one  of  the  most  beautiful 
and  perfect  models  in  the  kingdom  shows,  says  Rickman,  “a  very  lofty  tower  and  spire 
situated  at  the  west  end  {fig.  1215.),  the  four  pinnacles  which  crown  the  tower  are 
large  and  pentagonal'.  This  unusual  shape  has,  at  less  cost,  an  effect  fully  equal  to  an 
octagon,  and  the  pinnacles  are  without  crockets,  but  have  rich  finials  ; the  spire  is  plain, 
with  three  tiers  of  windows  on  the  alternate  sides.  The  whole  arrangement  of  this  steeple 
is  peculiarly  calculated  for  effect  at  a distance.”  The  details  of  this  work  are  given  in  Bow- 
man and  Crowther’s  useful  publication.  The  elaborately  arranged  octagon  at  Ely  Cathe- 
dral, the  design  of  Alan  de  Walsingham,  is  of  this  period.  The  work  entitled  Churches  of 
the  Archdeaconry  of  Northamptonshire,  1849,  illustrates  in  small  pictorial  views  several  of 
the  fine  lofty  west  towers  and  spires  of  this  and  the  succeeding  period,  erected  in  that 
locality. 

The  perpendicular  period  is  distinguished  by  the  splendour  and  loftiness  of  its  towers 
and  spires.  That  at  Salisbury,  for  example,  rises  to  the  height  of  about  387  feet.  That 
at  Norwich,  rebuilt  soon  after  1361,  is  318  feet  high.  St.  Michael’s  spire,  at  Coventry, 
built  1373-95,  is  the  most  beautiful  one  in  the  kingdom  ; it  does  not  rise,  like  those  at 
Salisbury  and  Norwich,  from  the  centre  of  a transeptal  church,  but  from  the  ground  ; and 
its  flying  buttresses,  and  extremely  taper  form,  give  it  great  advantage  over  every  spire 
which  rises  from  within  battlements.  The  broach  is  not  unfrequent  in  this  style,  and 
examples  ar^  chiefly  to  be  found  in  Northamptonshire.  Of  other  remarkable  spires  of 
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this  style  we  should  name  Whlttiesea,  in  Cambridgeshire  {Jig.  1216.);  Rushdon,  in 
Northamptonsl.ire  ; the  two  spires  of  St.  Mary  and  St.  Alkmiind,  at  Shrewsbury;  I augh- 
ton-cn-le-Morthen,  in  Yorkshire;  Chester-le- Street,  in  Durham;  and  finally,  Louth, 
ill  Lincolnshire,  of  which  latter  structure  the  building  accounts  are  given  in  the  Archaoloyia, 
vol  "x  , showing  its  completion  between  1501  and  1518. 

The  spire  of  the  tower  of  St.  Nicholas  Church,  at  Neivcastle-upon-Tyne,  from  its  pecrn 
liarity  of  standiiur  on  arched  ribs,  holds  a high  place  in  the  series;  it  is  the  type  of  whieh 
there  are  various  imitations.  The  best  known  are  St.  Giles’s,  at  Edinburgh  ; the  church 
at  Linlithgow;  the  college  tower  at  Aberdeen,  and  its  modern  imitation  by  Sir  C.  Wren, 
at  St  Dunstan’s-in-the-East  Church,  in  London.  Of  another  class  of  towers  of  this  period, 
that  of  Fotheringay  Church  is  the  type.  The  ordinary  square  tower  is  surmounted  by  an 
octagonal  lantern  of  much  smaller  dimensions,  connected  with  the  tower,  in  composition, 
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by  flying  buttresses  from  the  bases  of  the  angle  pinnacles.  The  tower  of  All  Saints’ 
Church,  at  Derby,  has  deservedly  a very  high  reputation  {Jig.  1217.).  It  is  late  in  the 
style;  as  is  also  the  fine  detached  campanile  at  Evesham.  The  tower  of  St.  Peter  Man- 
croft,  at  Norwich,  is  a good  specimen  of  flint  building  with  stone  panels.  The  most 
remarkable  of  the  perpendicular  towers,  both  in  itself  and  for  its  influence  in  the  ecclesi- 
astiial  architecture  of  a large  district,  is  that  of  Gloucester,  erected  about  1455.  'I'liis  noble 
tower  rises  above  200  feet  from  the  ground  and  about  100  feet  above  the  roof  of  the  choir. 
It  is  surmounted  by  a crenellated  parapet  flanked  by  four  turret-like  pinnacles,  all  of  deli- 
cate open  work,  to  the  very  finials,  of  a light  and  graceful  character  almost  beyond  the 
natural  capacity  of  stonework.  Among  the  more  important  imitations  of  it  are  St.  John’s, 
at  Glastonbury  ; St.  Stephen’s,  at  Bristol ; St.  Mary,  at  Taunton ; and  that  at  North 
I’etherton ; the  two  last  are  said  to  have  been  designed  by  the  same  architect. 

Beacons  were  sometimes  added  to  towers ; such  is  the  lantern  of  All  Saints’  Pavement, 
at  A^ork,  which  is  an  octagon  erected  upon  the  tower.  Hadleigh  Church,  in  Essex,  has  a 
beacon  in  an  iron  framework  placed  on  the  top  of  an  angle  turret. 

By  far  the  finest  west  front,  comprising  two  towers  of  the  perpendicular  period,  is  that  of 
Beverley  IVlinster.  What  the  west  front  of  York  is  to  the  decorated  style,  this  is  to  the 
perpendicular,  with  the  addition,  that  in  this  front  nothing  but  one  style  is  seen — all  is 
harmonious.  (See  frontispiece,  1218.)  Each  of  the  towers  has  four  large  and  eight 
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small  pinnacles,  and  a very  beautiful  battlement.  The  whole  front  is  panelled,  and  the 
buttresses,  which  have  a very  hold  projection,  are  ornamented  with  various  tiers  of  niclie- 
work  of  excellent  composition  and  most  delicate  execution.  We  may  here  iueidentally 
notice  that  the  east  front  is  fine,  hut  mixed  with  early  English,  which  style  extends  to  the 
transepts,  while  the  nave  and  aisles  are  decorated,  ti  rminating  with  perpendicular,  and 
finished  with  the  west  facade  above  noticed. 

In  concluding  this  portion,  we  cannot  withhold  naming  the  most  elaborate  work  on  the 
subject  of  this  section,  published  from  drawings  made  by  C.  Wickes,  in  3 vols.  fol.  185.3- 
59.  Its  chief  drawback  is  that  the  illustrations  are  pictorial  and  not  geometric,  which 
might  have  been  obviated  by  a plan  and  section  to  each.  Our  sketch  of  the  varieties  of 
towers  and  spires  will  be  found  filled  up,  in  Rev.  G.  A.  Poole’s  History  of  Ecclesiasticed 
Architecture. 

In  Ireland,  the  Dominican  Abbey,  commonly  called  the  Rlack  Abbey,  at  Kilkenny,  had 
a tower  placed  on  the  south  of  the  altar  in  a most  singular  way.  At  the  Franciscan 
Church,  the  tower  was  placed  at  the  cast  end  of  the  nave,  with  a chancel  at  the  end ; the 
tower  was  much  narrower  than  the  nave,  hut  exactly  the  width  of  the  lofty  arch  support- 
ing it,  so  that  now  the  roof  has  gone,  the  construction  appears  extremely  hold  and  hazard- 
ous. This  building  was  one  of  a numerous  class.  Except  the  round  towers,  which 
ceased  to  be  built  when  the  English  went  to  Ireland,  and  the  low  Cistercian  towers,  the 
Irish  churches  up  to  that  period  were  almost  towerless.  In  a few  instances  other  towers 
could  he  named,  as  the  fine  massive  one  of  the  Trinitarian  Friary,  at  A dare  ; hut  sud- 
denly, in  the  15th  century,  it  became  the  practice  to  build  to  the  Franciscan  and  Domin- 
ican structures  these  lofty  and  slender  additions.  The  nave  was  shut  out  from  the  choir 
by  two  transverse  walls  placed  close  together  and  pierced  each  with  a narrow  arch  ; above 
them  rose  the  slender  tower,  standing  as  it  were  on  the  apex  of  the  gables,  instead  of 
spreading  over  the  width  of  the  nave.  They  were  finished  with  a peculiar  hattlernented 
parapet.  There  is  no  instance  of  two  western  towers  to  the  media;val  churches  in  Ireland  ; 
and  a mediseval  spire  is  not  known  to  exist  in  that  country. 

In  Scotland,  the  spires  are  chiefly  of  the  middle  pointed  period,  hut  not  erected  until 
about  the  middle  of  the  15th  century.  Short  octagonal  stone  spires  form  a very  common 
termination  to  towers  of  late  date  ; they  generally  carry  small  pedimental  headed  lights 
either  on  all  or  on  the  cardinal  faces,  and  are  for  the  most  part  plain,  though,  as  at  Cors- 
torphine,  at  Aberdeen,  and  at  Crail,  in  Fifeshire,  they  are  handed  by  two  or  three  em- 
battled strings  or  corona;  into  stages.  Sometimes,  as  at  the  two  former  places,  there  arc 
small  pinnacles  at  the  angles ; while  at  Corstorphine,  and  St,  Andrew’s  at  Aberdeen,  a 
lumpish  semi-pyramidal  abutment  on  the  angles  is  extremely  suggestive  of  the  broach. 

The  construction  oi  the  tower  and  spire  is  of  such  importance  as  to  require  much  attention. 
A tower  built  for  the  reception  of  bells  intended  to  be  rung,  should  have  a solid  founda- 
tion, not  merely  four  arches  nearly  as  wide  as  the  tower  itself,  leaving  four  piers  not  much 
bigger  than  the  thickness  of  the  wall  which  they  support.  Bells  require  a tower  to  them- 
selves, for  it  is  known  that  they  will  spoil  the  best  clock  ever  fixed.  In  Sir  C.  Wren’s 
towers,  and  otliers  built  by  his  imitators,  the  substance  of  the  walls  was  concentrated  at 
the  angles,  leaving  a moderate  sized  arch  on  each  side,  and  only  the  same  internal  area  as 
would  exist  in  the  case  of  four  straight  walls.  This  is  sound  construction,  and  is  well 
displayed  in  the  tower  of  Antwerp  Cathedral.  Such  an  arrangement  also  admits  of  a 
staircase  being  carried  up  in  the  substance  of  the  wall,  without  diminisliing  strength, 
besides,  a desirable  object  in  some  large  towers,  doing  away  with  the  necessity  for  but- 
tresses. The  tower,  if  thus  carried  up  its  whole  height,  will  be  more  fit  to  support  an 
octangular  or  circular  spire  or  lantern.  The  mean  internal  area  should  be  half  the  external 
area,  and  then,  if  well  built  and  of  good  materials,  the  tower  will  safely  bear  as  many  bells 
as  can  be  hung  on  one  level. 

There  should  be  an  offset  to  support  the  ringing  floor  and  the  bell  floor,  so  that  no 
timber  be  run  into  the  wall  to  act  as  battering  rams.  Neither  should  a bell  be  hung  on 
cross  beams  resting  on  the  walls,  but  always  in  a trussed  cage.  As  regards  sound,  one 
level  of  bells  is  considered  better  than  two  tiers.  It  is  wonderful  that  some  of  the  early 
brick  or  stone  cones  or  pyramids  (shown  in  fg.  1211.)  have  stood,  for  tliey  were  evidently 
built  in  level  but  gathering  courses,  even  in  the  11th  century,  around  a light  frame  of  timber, 
which  was  either  removed  or  left  to  decay.  As  soon  as  the  principle  of  diminution  up- 
Tv'ard  was  acknowledged,  two  systems  of  construction  presented  themselves ; the  first  is 
direct  carriage  of  the  upper  storey  from  the  basement  floor ; the  other  is  a false-bearing  ; 
the  weight  being,  in  either  case,  throw'n  as  much  as  possible  upon  the  angles,  even  to  the 
extent  upon  each  floor  of  an  opening  in  the  centre  of  each  side,  which  is  the  weakest  part 
of  a blank  tower.  In  the  first  case  there  are  two  varieties,  one  being  the  pyramidal  roof 
square  on  plan  ; the  other  being  tlie  pyramidal  roof  octagonal  on  plan.  The  latter, 
whether  completed  externally  as  a broach  or  otherwise,  requires  to  be  carried  as  low 
down  the  tower  for  support  as  possible;  and  in  some  cases,  as  at  St.  Eeonard,  in  Irance, 
the  octagon  is  more  judiciously  placed  with  four  angles  over  the  centres  of  the  sides  ot  the 
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tower,  than  with  four  faces  over  the  corners  of  the  tower,  which  then  require  to  be  loaded  by 
pinnacles.  These  are  set  diagonally  more  advantageously  than  when  square  with  the 
tower,  because  they  thus  have  a larger  base.  The  greater  height  given  in  tlie  middle  of 
the  12th  century  to  tlie  spire  rendered  such  precaution  inevitable  ; and  at  the  same  time 
it  became  evident  that  if  the  spire  were  to  be  no  longer  square  on  plan,  it  must  not  seem 
to  rise  abruptly  out  of  a square. 

Octagonal  steeples,  with  octagonal  spires  not  built  tlirough,  but  resting  upon  them,  seem 
to  be  considered  now  as  dangerous  experiments  in  construction.  Yet  one  at  Guebwiller, 
in  France,  is  a central  steeple  of  four  stages,  including  the  pendentives.  At  Schelestadt  is 
another  of  the  same  kind.  Tliis  plan  does  not  seem  to  have  been  in  favour  after  the  com- 
mencement of  the  13th  century. 

When  the  French  architects  determined  to  trust  their  octagonal  spires  to  the  upper 
storeys  of  their  steeples,  they  seem  to  have  been  careless  about  allowing  the  pendentives  to 
approach  points  of  weakness.  The  student  will  gather  a good  lesson  on  this  point  from 
the  section  of  the  steeple  at  the  Abbaye  de  la  Trinite,  at  Vendome,  given  in  Viollet  le 
Due’s  Dictionnaire.  In  the  steeple  of  the  cathedral  at  Chartres,  the  pendentives  of  the 
octagon  sit  upon  the  four  pinnacles,  which  are  thus  each  obliged  to  take  a part  of  the 
weight  of  the  spire ; the  other  part  being  thrown  upon  the  four  faces  of  tlie  octagonal 
drum,  which  are  weighted  by  heavy  gables.  At  the  bottom  the  spire  is  31,^  in.  thick,  and 
at  top  ll|  in.  in  a length  of  156  ft.  8 in.,  built  of  hard  Berehere  stone.  The  roofs  of  the 
pinnacles  are  19f  in.  thick.  It  is  to  be  noticed  that  the  danger  of  a fall,  which  was  so 
imminent  as  to  cause  the  destruction  of  the  steeple  at  St.  Denis,  is  attiibuted  in  great  part 
to  the  increase  of  weight  given  to  it  during  a course  of  restoration,  by  using  the  stone  of 
St.  Pierre  instead  of  that  of  Vergele.  Some  French  spires  have  a very  curious  effect,  due 
to  the  presence  of  a simulated  hip  in  the  centre  of  their  sides  for  the  whole  or  part  of  the 
height : but  still  more  extraordinary  were  the  slits  in  that  of  St.  Denis,  and  the  slit  with 
two  transoms  in  that  of  St.  Nicaise,  at  Reims. 

The  spire  of  the  church  at  Langrune,  near  the  sea-coast,  north  of  Caen,  in  Normandy, 
has  at  its  base  in  the  interior,  a sort  of  buttress  of  thin  stone  resting  on  the  thicker  walls 
of  the  tower,  which  runs  up  for  a great  height  to  each  of  the  angles  and  sides  of  the  spire. 
They  are  pierced  so  as  to  afford  a free  passage  all  round  at  the  base  of  the  spire; 
and  may  have  been  provided  to  assist  in  strengthening  it  on  account  of  its  exposed  position. 
It  has  been  drawn  by  Rev.  J.  L.  Petit  in  his  Architectural  Studies. 

It  will  be  found  that  the  stone  spires  of  the  12th  century  were  high  in  regard  to  the 
rest  of  the  steeple.  The  proportions  at  St.  Denis  were  38 to  35  ; those  at  Chartres  are 
60  to  42  ; but  in  time  these  proportions  were  altered  so  much  that  the  spires  of  St,  Nicai.se 
at  Reims  (end  of  13th  century),  and  those  of  the  front  of  the  cathedral  in  that  city,  are 
scarcely  half  the  height  of  the  tower  instead  of  eijual  or  superior  to  it.  Murphy,  in  his 
account  of  the  Batalha,  remarks  that  no  settled  proportion  seems  to  have  been  observed 
in  the  dimensions  in  general ; they  varied  from  four  times  the  width  of  the  base  to  eight 
times. 

As  regards  the  jointing  of  the  stones  of  which  spires  are  composed,  their  secuiity 
seems  to  be  wholly  the  result  of  an  accurate  working  of  the  beds  and  vertical  joints,  and  the 
adhesion  of  naturally  good  and  properly  applied  mortar.  In  modern  work  it  is  question- 
able whether  such  aids  as  dowelling  and  cramping  should  be  altogether  dispensed  with, 
iron  must  not  be  used,  for  reasons  given  in  an  earlier  portion  of  this  work.  One  method 
used  at  present  to  steady  and  tie  in  the  spire,  is  that  of  the  insertion  of  an  intermediate 
stage  or  floor  of  timber  framing.  Sir  C.  Wren,  when  rebuilding  the  upper  portion  of  the 
(former)  spire  of  Chichester  Cathedral  which  had  been  forced  out  of  the  upright,  placed 
two  intermediate  stages  connected  with  a pendent  beam  of  timber  about  80  feet  in  length 
attached  to  the  finial  stone ; each  stage  was  about  3 inches  less  in  diameter  than  the  spire 
at  their  levels;  these  restored  the  spire  if  it  departed  from  the  upright.  A similar 
pendulum,  with  two  stages,  to  act  in  like  manner,  has  been  introduced  by  Gibbs  in  his 
spire  of  St.  Martin’s  in  the  Fields,  London.  Iron  rods  have  of  later  years  been  used  to 
effect  this  purpose. 

When  tlie  beds  of  the  stones  are  horizontal,  one  course  of  binders  secured  with  dove- 
tailed dowels  will  perhaps  be  enough  in  the  height ; but  when  the  beds  are  inclined, 
two  or  three  of  these  courses  in  its  height  would  be  an  effectual  means  of  preventing  its 
spread.  It  has  been  considered  that  a spire  is  stronger  when  the  beds  are  set  at  right 
angles  to  the  face,  but  if  not  well  set,  water  gets  in,  and  sudden  frosts  do  much  injury.  It 
is  probable,  however,  that  a large  number  of  steeples  would,  were  examination  possible,  be 
found  to  have  been  well  chained  with  timber  or  with  metal  The  former  material  appears 
to  have  been  employed  in  the  church  at  Chateauneuf  (Saone  et  Loire). 

The  spire,  built  cir.  1315,  of  St.  Aldate’s  Church,  Oxford,  had  to  betaken  down  in  1865. 
The  tower  is  about  56  feet  high  ; the  spire,  about  the  same  height  to  the  weathercock, 
was  for  10  feet  down  from  it  of  solid  stone,  similarly  to  that  shown  in  Jig.  1213. 
The  cause  of  its  failure  was  that  a 1^-inch  iron  bar  coupled  at  the  angles  and  inserted  in 
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tlie  first  course  of  stone  7 inches  tliick  at  the  base  of  the  spire,  liad  rusted,  in  some  place, 
entirely  through,  bursting  the  stone  inside  and  out.  The  angle  pinnacles  alone  sustained 
the  spire  for  many  years. 

Nearly  all  the  spires  of  Normandy  are  said  to  have  been  executed  in  tliin  slabs  of 
stone  ; they  are  all  al)out  7 inches  thick  at  the  bottom,  and  about  4 inches  thick  at  tlie 
top,  and  are  almost  all  executed  in  the  Creuilly  stone.  In  Caen,  especially,  that  stone 
was  employed  in  the  steeples,  though  it  had  to  be  brought  about  12  or  14  miles.  The 
joints  are  (probably)  set  at  right  angles  to  the  face  of  the  stone.  The  spire  at  Patalha 
is  about  7 inches  thick,  independent  of  the  carved  work,  though  almost  a fourth  part 
of  its  superficies  is  perforated  : its  stones  are  said  to  he  keyed  together  by  means  of 
dovetailed  pieces  of  pine  wood  (Murphy).  The  slender  st9ne  ribs  of  the  octagonal 
spire  of  Freiburg  Cathedral  are  girded  together  at  intervals  of  about  15  feet  by  means 
of  double  horizontal  ribs  or  bands  of  limestone ; in  the  middle  of  each  of  these  bands 
an  iron  cramp  is  inserted,  so  that  one  half  of  the  thickness  of  the  metal  is  fixed  in 
the  under  course  of  the  stone-work,  and  the  other  half  in  the  upper  course,  in  order  to 
prevent  all  thrust.  The  space  between  the  rib  and  the  horizontal  bands  is  filled  up  with 
perforated  tracery,  so  that  the  appearance  of  great  lightness,  united  with  great  boldness,  is 
imparted  to  the  whole.  Plate  XI.  of  Moller’s  work  shows  a careful  representation  of  the 
joints,  explaining  in  what  manner  the  stones  are  connected  together,  both  in  the  principal 
members  and  the  ornamental  parts.  The  spires  of  Strasburg  and  Constance  Cathedrals, 
and  that  of  St.  Stephen’s  Church  at  Vienna,  present  other  examples  of  open  work  spires. 
The  thickness  of  the  decorated  spire  to  the  staircase  in  the  north  tower  of  the  west  front 
of  Peterborough  Cathedral,  is  about  1 1 inches  at  2 feet  above  the  wall  of  the  tower, 
where  the  octagon  commences,  and  is  about  10  feet  diameter  (shown  in  Hobson,  Masons' 
Guide).  The  methods  adopted  of  strengthening  Salisbury  spire  and  tower,  are  related  by 
Price  in  his  work  published  in  1730,  wlio  states  that  it  is  400  feet  higli  from  the  pave- 
ment to  the  extreme  top,  but  to  the  top  of  the  capstone  or  ball  only  387  feet  as  previously 
noticed.  It  is  only  9 inches  thick  at  the  bottom,  diminishing  to  7 inches. 

The  outline  of  a tower  in  ele\ation  should  be  a jrarabolic  curve,  for  strength  as  well  as 
appearance,  as  it  will  not  then  present  a top-heavy  appearance.  'I'he  difficulty  in  de- 
signing a tower  and  spire  in  the  Homan  or  Italian  style  is  to  prevent  a telescopic  effect ; 
and  in  the  medic-eval  style  the  appearance  of  an  extinguisher  is  too  often  obtained.  Tlie 
entasis  to  the  spire,  and  due  diminution  of  the  tower  (though  the  former  is  usually  held 
not  to  have  existed,  some  spires  being  formed  of  two  and  even  three  lines  at  different 
angles),  are  desirable  both  for  appearance  and  strength.  They  are  common  features  in 
Essex  and  Middlesex,  and  the  absence  of  them  may  be  noticed  by  any  one  going  from 
Essex  into  Suffolk,  the  round  towers  in  which  county  have  the  entasis,  but  not  those  of 
later  date.  The  tower  of  All  Saints’  Church,  Colchester,  possesses  it,  and  diminishes 
from  21  feet  to  19  feet,  having  internally  an  offset  at  each  floor  and  at  the  roof,  so  that 
no  timbers  run  into  the  walls. 

A mathematical  method  of  setting  out  the  entasis  for  a spire  was  furnished  by  Mr. 
Thomas  Turner,  of  Hampstead,  to  the  Builder  for  1848,  through  the  late  Pn-fessor 
Cockerell,  R.A.  But  as  he  states  that  the  ordinates  may  be  obtained  very  nearly  true 
by  taking  a thin  lath  and  bending  it  to  the  extent  required,  we  do  not  consider  it  necessary 
here  to  do  more  than  to  refer  to  the  paper.  In  the  reconstruction  of  the  spire  to  St. 
Stephen’s  Church,  at  Vienna,  an  iron  framework  was  introduced  to  support  the  light  stone 
ribs,  until  near  to  the  summit,  which  was  made  wholly  of  iron. 

The  iron  spires  at  Rouen,  Bruxelles,  and  Auxerre,  are  the  only  three  w’e  have  noted. 
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EFFECT  OR  USE  OF  NUMBERS. 

The  introduction  into  this  work  of  the  investigation  of  the  principles  of  proportion,  as 
propounded  by  the  late  E.  Cresy,  renders  it  necessary  that  some  preliminary  details  should 
be  considered,  before  the  student  passes  on  to  those  pages.  These  details  will  consist  of 
the  result  of  the  use  of  numbers,  as  given  by  the  late  Mr.  Gwilt  and  appended  to  the  pre- 
vious editions,  and  of  the  enquiry  by  modern  investigators  into  the  use  of  the  triangle,  anil 
of  the  square  during  the  mediaeval  period.  The  subject  is  interesting,  and  a very  enticing 
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one,  nnd  we  regret  that  our  limited  space  will  not  allow  us  to  do  more  than  merely  enter 
upon  it.  We  would  w'arn  the  student  that  should  he  feel  inclined  to  devote  any  time  to 
this  subject  himself,  he  must  not  he  content  with  the  measurements  he  may  usually  find 
in  publications,  but  must  found  his  theories  on  those  taken  by  himself  to  be  in  any  degree 
certain  of  his  deductions. 

The  plan  on  which  the  earlier  Christian  churches  were  constructed,  wrote  Mr.  Gwilt, 
was  that  of  a cross  : he  omitted  to  notice,  however,  the  Italian  basilican  plan  and  the 
domical  Greek  plan  ; but  he  justly  observes  that  (in  western  Europe)  after  the  10th  cen- 
tury it  would  perhaps  be  difficult  to  find  a cathedral  deviating  from  a cruciform  plan.  At 
the  beginning  of  the  9th  century,  in  an  inauguration  (of  a 
church)  sermon,  the  preacher  observes,  “In  dextro  cornu 
altaris  quae  in  modum  cruris  colistructa  cst ; ” and  again,  “ In 
medio  ecclesiae  quae  est  instar  crucis  constructa."  (Acta  SS. 
Benedict.)  Round  churches,  as  at  Aix  la  Chapelle,  in  Ger- 
many, Ilieux  and  Merinville,  in  France,  with  Little  Maple- 
stead,  Cambridge,  Northampton,  and  the  Temple  Church, 
London,  in  England,  are  not  enough  in  number  to  affect  the 
rule.  It  Was  in  the  13th  century  that  the  termination  of  the 
choir  was  changed  from  a circular  to  a polygonal  form.  The 
general  ordonnance  of  the  plan  was,  however,  not  changed, 
and  seems  almost  to  have  .sprung  from  the  laws  and  propor- 
tions upon  which  surfaces  and  solid  bodies  are  dependent. 
The  square  and  its  diagonal,  the  cube  and  its  sides,  appear, 
at  least  the  latter  or  the  side  of  the  former  (Jiff.  1219.),  to 
furnish  the  unit  on  which  the  system  is  based.  Hence  the 
numbers  3,  5,  and  7,  become  the  governing  numbers  of  the 
(litferent  parts  of  the  building.  The  unit  in  the  I.atin  cross,  placed  at  the  intersection  of 
the  nave,  gives  the  development  of  a perfect  cube,  according  to  the  rules  of  descriptive 
geometry.  Here  are  found  the  number  3,  in  the  arms  of  the  cross  and  the  centre  square  ; 
the  number  5,  in  the  whole  number  of  .squares,  omitting  the  central  one ; and  the  number 
7,  counting  them  in  each  direction.  The  foot,  however,  of  the  cross  was,  in  time,  length- 
ened to  repetitions  of  five  and  six,  and  even  more  times.  In  monumental  churches,  formed 
on  such  a system,  there  necessarily  arises  an  unity  of  a geometrical  nature  ; and  the 
geometrical  principles  emanating  therefrom  guided  not  only  -their  principal,  but  their 
secondary,  detail.  Even  before  the  13th  century  there  seems  to  have  been  some  relation 
between  the  number  of  bays  into  which  the  nave  was  longitudinally  divided,  and  the 
exterior  and  interior  divisions  whereof  the  apsis  consisted;  but  after  the  introduction  of  the 
j)ointed  style,  this  relation  became  so  intimate,  that  from  the  number  of  sides  of  the  apsis 
the  number  of  bays  in  the  nave  may  be  always  predicated,  where  the  work  has  been  carried 
out  as  it  was  originally  designed.  From  the  examination  of  many,  indeed  most,  of  the 
churches  in  Flanders,  this  circumstance  had  been  long  known  to  us;  but  for  its  first  pub- 
licity, the  antiquary  is  indebted,  we  believe,  to  M.  Ramee,  in  1843. 

The  connection  of  the  bays  of  the  nave  with  the  terminating  polygon  of  the  choir  was 
such,  that  the  polygon  is  inscribed  in  a circle,  whose  diameter  is  the  measuring  unit  of  the 
nave,  and  generally  of  the  transe])ts,  and  forms  always  the  side  of  the  square  intercepted 
by  them.  It  is  most  frequently  octagonal  (Jiff.  1220.),  and  gene- 
rally formed  by  three  sides  of  the  octagon.  When  this  is  used, 
the  governing  number  will  be  found  to  be  8,  or  some  multiple  ot 
it.  Thus,  in  the  Abbaye  aux  Hommes,  at  Caen  (this,  however, 
is  previous  to  the  13th  century),  the  termination  of  the  choir  is 
by  a double  octagon,  and  the  number  of  bays  in  the  nave  is  eight. 
The  same  occurs  at  St.  Stephen’s,  at  Vienna  ; in  the  Church  of 
St.  Catherine,  at  Oppenheim  ; at  Lichfield  Cathedral  ; at  Tewkes- 
bury Abbey,  and  at  almost  every  example  that  is  known. 

It  may  be  well  here  to  observe,  that  English  cathedrals,  partly  from  their  great  defi- 
ciency in  symmetry,  on  account  of  their  not  having  been  finished  on  their  original  plans, 
do  not  afford  that  elucidation  of  the  theory  that  is  found  in  those  on  the  Continent.  In 
twenty.four  instances  of  them  we  have  sixteen  in  which  the  terminations  are  square  instead 
of  polygonal ; when  polygonal,  the  rule  seems  to  have  been  always  followed.  It  must  be 
noted,  however,  that  in  contradistinction  to  the  rest  of  Europe,  England  kept  steadily,  as 
a rule,  to  a square  east  end  ; and  though  at  Canterbury  and  Tewkesbury,  and  a few  other 
noted  examples,  the  circular  form  appears,  yet  often,  as  at  Peterborough  and  Westminster, 
the  curved  apse  was  capped  with  a rectilinear  addition,  protesting,  as  it  were,  against  the 
foreign  element. 

An  eastern  termination  of  the  choir  in  three  bays  may  be  produced  from  the  octagon,  by 
omitting  the  sides  in  the  direction  of  the  length  of  the  building,  as  in  Jiff.  1221.  In  ^ff.  1222. 
the  three  sides  M'ill  be  found  to  be  those  of  a hexagon ; and  in  this  case  the  number  6 
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Cfoverns  the  other  parts.  Examples  of  this  arrangement  are,  tlie  minster  at  Freiburg-im- 
Ereisgan  ; the  cathedral  at  Cologne,  where  the  apsis  is  do- 
decagonal,  and  there  are  six  hays  in 
the  nave ; and  the  abbey  at  West- 
minster, where  the  eastern  end  is 
iiexagonal,  and  there  are  found 
twelve  bays  in  tlie  nave.  In  re- 
1221.  sjicct  of  a nonagonal  termination,  1222. 

the  most  extraordinary  instance  of  a coincidence  with  the  above-mentioned  rules  occurs 
in  the  duomo  of  Milan,  commenced  at  the  end  of  the  Hth  century.  Its  apsis  is  formed 
by  three  sides  of  a nonagon,  and  the  bays  in  the  nave  are  nine  in  number.  One  third  of 
tlte  arc  contained  under  the  side  of  an  equilateral  triangle  seems  to  be  the  governing  di- 
mension. 'I'he  number  3,  submultiple  of  9,  pervades  the  structure.  There  are  three  havs 
in  the  choir,  and  the  like  number  in  the  transepts  The  vault  of  the  nave  is  subtended  by 
an  equilateral  triangle.  Tlie  lower  jirincipal  windows  are  each  designed  in  three  havs. 
The  plan  of  the  columns  in  the  nave  in  each  quarter  contains  three  principal  subdivisions, 
and,  in  a transverse  section  of  the  nave,  the  voids  are  just  one-third  of  the  solids.  These  are 
curious  points,  and  much  more  worthy  of  investigation  than  many  of  the  unimportant 
details  which  now-a-days  so  much  occupy  the  attention  of  archaeologists.  If  the  stem  of 
the  plant  is  right,  the  leaves  and  fruit  will  be  sure  to  grow  into  their  proper  forms. 

Figs.  1223.  and  1224.  show  the  decagonal  terminations  of  an  apsis.  In  the  first,  a side 
of  the  polygon  faces  the  east ; in  the  second,  the  angle  of  the  polygon  is  on  the  axis  of  the 
church.  The  last  case  is  of  rare 
occurrence.  Examjiles  of  it  are, 
however,  found  in  the  church  at 
Morienval,  and  in  the  choir  of 
the  dom-kirche  of  Naumburg. 

'I’he  first  case  is  illustrated  by 
a variety  of  examples — such  are  I 'g*  1224. 

the  cathedrals  at  Heims,  Rouen,  Paris,  Magdeburg,  and  Ulm,  with  the  churches  of  Ste. 
Elizabeth  at  Marburg,  that  at  St.  Quentin,  &c.,  and,  in  this  country,  the  cathedral  at  Peter- 
borough ; all  of  which  have  cither  five  or  ten  bays  in  the  nave.  The  dodecagon,  as  a 
termination,  is  subject  to  the  same  observations  as  the  hexagon  : indeed  they  were  antici- 
pated by  the  mention  of  the  cathedral  at  Cologne.  Under  the  figure  of  the  heptagon  must 
be  classed  the  magnificent  cathedral  of  Amiens,  wherein  seven  chapels  radiate  round  the  choir 
end,  and  there  are  as  many  bays  in  the  nave  (^fig.  237.).  The  choir  at  Beauvais  is  terminated 
by  a double  heptagon  ; and,  had  the  church  been  completed,  it  would  doubtless  have  had 
seven  or  fourteen  bays  in  the  nave.  At  Chartres,  the  choir  is  also  terminated  by  a double 
liepfagon,  and  the  nave  contains  seven  bays.  In  the  duomo  at  Florence,  the  eastern 
termination  is  octagonal,  and  there  are  four  bays  in  the  nave;  this  is  an  example  of  the 
expiring  Gothic  style  in  Italy. 

On  an  examination  of  the  principal  churches  on  the  Continent,  in  and  after  the  13th 
century,  it  would  appear  that  the  practice  of  regulating  the  details  was  dependent  on  the 
number  of  sides  in  the  apsis,  or  of  bays  in  the  nave.  Thus,  if  the  choir  is  terminated  by 
three  bay.s,  formed  on  an  octagonal  plan,  we  find  3,  or  a multiple  of  it,  is  carried  into  the 
subdivision  of  the  windows.  So,  if  the  number  5 is  the  dominant  of  the  apsis,  that 
number  will  be  found  transferred  to  the  divisions  of  the  windows  ; and  in  like  manner  the 
remainder  is  produced.  There  are  two  or  three  other  matters  affecting  the  monuments  of 
art  erected  in  and  after  the  13th  century.  The  aisles  are  usually  half  the  width  of  the 
nave,  though  instances  occur  where  the  width  is  equal.  Many  churches  have  two  apsides — 
such  are  the  cathedrals  at  Nevers,  and  at  St.  Cyr;  and  in  Germany,  St.  Sebald  at  Nurem- 
berg; the  dom-kirche  at  Mayence ; the  abbey  church  at  Laach  ; the  cathedrals  of  Bam- 
berg, Worms,  and  others.  So  far  Mr.  Gwilt. 

“ It  remains  to  observe,”  writes  Professor  Cockerell,  in  the  ArchcBological  Journal,  1845 
“ upon  the  mysterious  numbers  employed  by  Wykeham  in  the  plans  of  his  chapels  at  Win- 
chester and  Oxford,  which  are  divided  longitudinally  by  7,  and  transversely  by  4,  equal 
parts.  In  the  first,  the  chapel  consists  of  6 of  these  parts,  and  the  ante-chapel  of  1 ; in 
the  second,  the  chapel  consists  of  5,  and  the  ante-chapel  of  2 ; the  width  being  equal  to 
4,  corresponding  with  the  entire  figure  of  the  vesica  piscis." 

The  recurrence  of  the  number  7,  “ a number  of  perfection,”  is  constant ; accordingly  we 
find  it  employed  in  the  following  remarkable  instances,  sometimes  in  the  nave,  and  some- 
times in  the  choir.  In  the  cathedrals  of  York,  Westminster,  Exeter,  Bristol,  Durham, 
Lichfield,  Paris,  Amiens,  Chartres,  and  Evreux  ; in  the  churches  of  Hornsey,  Waltham, 
Build  was,  St.  Alban’s  (Norman  portion),  and  Castle  Acre;  and  in  St.  George’s  Chapel, 
at  Windsor,  lioslyn  Chapel,  and  many  otliers.  See  also  the  notice  on  page  1011. 
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Sect.  II.  j 

EARLY  USE  OF  GEOMETRY  AND  OF  A MEASURE.  | 

The  idea  is  now  generally  sanctioned,  that  the  mediasval  architects  had  some  settled  ! 

system  of  proportioning  their  designs  either  by  simple  geometric  forms  or  by  combinations  | 

of  them.  It  will  be  our  endeavour  to  indicate  the  sources  wlience  the  facts  on  this  subject 
can  be  drawn,  and  to  notice  such  of  the  details  as  our  space  will  permit. 

The  knowledge  of  geometry  previous  to,  and  in,  the  12th  century  has  been  commented  ] 

upon  in  par.  309,  et  seq.  The  Album  of  Wilars  de  Honecort,  an  architect  living  in  the  j 

middle  of  the  13th  century,  exhibits  the  use  of  geometry  in  various  ways.  This  manu-  I 

script  was  published  in  facsimile  hy  M.  Lassus  in  1858,  and  an  English  translation  was  ^ 

edited  by  Professor  Willis  in  1859.  The  sketches  also  show  a certain  mastership  of  figure 
drawing,  besides  many  designs  of  portions  of  buildings.  Some  original  drawings  still  exist 
of  Reims  Cathedral,  known  to  be  before  1270,  thus  of  the  same  period  as  those  of  Wilars, 
and  two  of  them  have  been  published  in  the  Annales  Archeologiques,  vol.  v.  page  92.  The 
drawings  were  traced  with  a masterly  line ; they  only  showed  how  the  design  was  to  be 
arranged ; and  by  means  of  axial  lines  only,  the  whole  was  set  out  as  regularly  as  could  be 
done  for  the  most  classical  building.  Scarcely  any  of  the  later  original  drawings  still 
existing  in  many  continental  cities  show  the  use  of  geometric  figures  (see  Jig.  1073.).  Yet, 
on  the  Hth  of  February,  1321,  during  the  erection  of  the  cathedral  at  Siena,  five  persons 
who  had  been  appointed  for  the  purpose  reported  that  “the  new  work  ought  not  to  be  pro- 
ceeded with  any  further,  because  if  completed  as  it  had  been  begun,  it  would  not  have  that 
measure  in  length,  breadth,  and  height,  which  the  rules  for  a church  require.”  The  old 
structure,  it  also  appears,  “ was  so  justly  proportioned,  and  its  members  so  well  agreed  with 
each  other  in  breadth,  length,  and  height,  that  if  in  any  part  an  addition  were  made  to  it 
under  the  pretence  of  bringing  it  to  the  right  measure  of  a church,  the  whole  would  be 
destroyed.”  Della  Valle,  Lettere  Sanesi,  ii.  p.  60  ; noticed  in  Hawkins,  Gothic  Archi- 
tecture, 1813,  p.  183.  This  statement  would  seem  to  prove  that  some  system  had  existed. 

In  par.  620,  we  have  already  mentioned  the  disputes  on  the  great  question  of  propor- 
tioning the  cathedral  at  Milan,  1387-1392,  by  the  foreign  system  of  squares,  or  by  the 
native  theory  of  triangles.  The  first  notice  in  England  of  this  unique  instance  of  a 
dispute  appears  to  have  been  taken  by  J.  W.  Papwovth,  who  presented  in  1854  to  the 
Institute  of  British  Architects  some  extracts  from  the  Records  of  the  Board  of  Works  for 
Milan  Cathedral,  published  by  Giulini,  Memorie  di  Milano,  4to.  Milan  1776,  part  2,  pp. 
448-60  of  the  Continuazione.  These  notes  further  condensed  show,  that  on  the  1st  of  May, 

1392,  fourteen  of  the  artists  employed  upon  the  works  made  affidavit  of  their  opinion  on  ten 
points  submitted  to  them,  on  the  part  of  the  German  Enrico  di  Gamondia,  who  was  one 
of  the  number.  On  the  third  point,  thirteen  declared  that  the  said  church,  not  including 
tlie  intended  cupola,  should  be  raised  non  al  qvadrato  ma  jino  al  triangolo,  that  is  to  say, 
on  the  triangular  proportion.  The  same  opinion  is  given  on  the  fifth  point  as  to  the  versed 
sine  of  the  vaulting.  Enrico,  who  on  all  the  points  held  a contrary  opinion  to  the  thirteen, 
was  thereupon  dismissed.  Another  meeting  of  similar  character,  held  26th  of  March,  1401, 
of  thirteen  artists  employed  on  the  building,  and  two  amateurs,  was  not  so  nearly  unani- 
mous upon  the  question  of  the  alterations  proposed  by  the  Frenchman  Giovanni  Mignotto, 
and  upon  that  occasion  Guiciolo  della  Croce  (one  of  those  employed)  declared  that  the 
alterations  were  correct,  and  that  Mignotto  was  a verus  operarius  geometra,  because  his 
ratios  were  like  those  of  the  dismissed  maestro  Enrico.  The  dismissal  of  this  Jean  Mignot, 
l3th  of  October,  1401,  was  accompanied  by  a charge  for  tlie  expense  of  pulling  down  the 
work  that  he  had  erected  during  two  years.  Although  the  chronicle  makes  the  curious 
mistake  that  the  magister  Enricus  and  the  magister  Annex  (i.e.  Johann  von  Fernach, 
1391-92),  also  a German,  had  advocated  the  triangular  system,  it  rightly  adds  that  the 
triangular  system  prevailed  over  that  of  tlie  square;  and  the  lines  may  be  supposed  to  have 
been  truly  given  by  Cesare  Cesariano.  I'lie  conclusion  we  have  arrived  at  in  the  matter 
is  tliat  the  plan  was  designed  on  the  principle  of  the  square  (exhibited  in  Jig.  1231.),  while 
the  elevation  was  designed  on  that  of  the  triangle  (shown  in^^.  1232.). 

Cesare  Cesariano,  the  first  translator  of  Vitruvius,  Como,  1521,  terms  the  geometric 
principle  of  design,  “ Germanic  symmetry,”  and  “ rule  of  the  German  architects.”  Rivius, 
who  translated  tliis  work  (Nur.  1.548),  names  the  order  resulting  from  the  triangle  as  the 
higliest  and  most  distinguished  principle  of  the  stonemasons.”  One  principle  rested  on 
the  arrangement  of  the  square,  or  of  the  octagon  which  proceeds  from  it,  iti  the  same  way  as 
that  of  the  equilateral  triangle  was  based  upon  the  hexagon  or  dodecagon  which  resulted 
from  it.  On  this  law  of  the  square  is  founded  the  work  by  M.  Roriczer,  On  the  Ordi- 
nation of  Pinnacles,  1486,  which  was  j)rinted  by  HeidelofiT,  in  Die  Bauhiltte  des  Mittelalters 
in  Deutschland,  Nuremberg,  1844;  and  also  by  Reichcnsperger,  who  translated  it  into 
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modern  German,  Trier,  1845.  It  was  noticed  in  the  .7o«rwa/ of  the  Archa.H)lo;rical  Institute 
ot  Great  Britain,  1847  ; and  translated  in  a concise  manner  hy  J.  W.  Papworth  for  tlie 
Architectural  Publication  Society,  Detached  Essai/,  1 8-18,  with 'woodcuts.  An  api>endix 
follows  071  the  Co7ist)'uction  of  a Ca/wpt/,  whicli  was  also  given  in  Ileideloff’s  publication. 

The  stpiare,  or  octagon  system,  maintained  itself  among  the  German  stonemasons  until 
the  commencement  of  the  1 9tli  century.  IleideloT  relates  that  tlie  chef-d'ceuv/e  of  Kieskalt, 
the  last  city  architect  of  Nuremberg  (1806),  was  founded  on  tlie  rules  used  in  Roriczer’ 
and  those  in  the  book  of  instructions  written  1506  by  Laurenz  Locher,  architect  of  the 
Count  Palatine,  on  the  art  of  the  stonemason,  ?iach  des  Cho)-esmaass  und  Ctrichtiyheit, 
“ according  to  the  measure  and  ordination  of  the  choir.” 

“ I'he  system  depending  on  the  equilateral  tvia/igle  for  its  variety  of  form,”  states  E. 
Cresy,  Stone  Church,  1840,  “continued  in  use  till  the  beginning  of  the  15th  century  in 
France,  when  it  underwent  a great  and  imijortant  change  by  the  introduction  of  the 
isosceles  triangle  and  its  compound  the  pentagon.  A pupil  of  Berneval,  the  designer 
of  the  Church  of  St.  Ouen  at  Rouen,  proved  that  these  figures  could  furnish  novelties  in 
design.  We  can  well  imagine  how  displeasing  this  innovation  must  have  been  to  the  whole 
fraternity  of  masons  ; their  mystery  was  invaded.”  Pommeraye,  in  his  History  of  the  Abhey 
of  St.  Ouen,  mentions  tliat  the  master  was  so  incensed  at  the  clergy  preferring  the  rose 
w'indow  of  the  northern  transept  {Jiy,  1293.)  executed  by  his  pupil,  where  this  innovation 
was  first  introduced,  to  that  of  the  south  {fg.  1288.),  of  liis  own  execution,  upon  tlie 
ancient  triangular  system,  that  in  a fit  of  jealousy  he  killed  his  rival,  and  was  himself 
condemned  to  be  hanged,  (See  page  1036.) 

In  the  year  1525,  Albert  Uuerer  published  in  German  his  Geometrical  Eleiiients,  showing 
therein  clustered  columns,  and  a few  other  details  of  Gothic  architecture.  In  1532  a 
Latin  edition  was  published  at  Paris,  entitled  Albertus  Durerus,  Institutio/uan  Gennutri- 
carum\  and  in  1606  a second  edition  was  printed  at  Arnheim.  It  is  this  author  who  first 
brings  to  our  notice  the  use  of  a figure  called  the  vesica  piscis,  which  is  explained  in 
Sect.  III.  In  1589  Spenser  published  his  Fae/'y  Qi/eene,  and  in  it  allusion  is  made  to  the 
jiroportion  of  a building  in  words  which  deserve  attention  (b.  2,  canto  9,  v.  21).  In  1593 
Sir  Thomas  Tresham  erected  the  curious  lodge  at  Rushton  Hall,  Northamptonshire, 
entirely  constructed  on  the  equilateral  triangle ; it  contains  one  room  of  an  hexagonal 
form  ; the  upper  windows  are  mostly  triangular  openings  {Builder,  iii.  538.  550.). 

Stieglitz,  in  Altdeutscher  Bauhnist,  4to.  Leipzig,  1820,  records  the  possession  of  a manu- 
script Treatise  07i  Architecture,  giving  the  rules  and  instructions  according  to  which  the 
ancient  icerkmeisters  and  steiniiietzen  worked.  Judging  from  the  character  of  the  hand- 
writing, it  must  belong  to  the  middle  of  the  J 7th  century,  and  this  is  also  indicated  by  the 
drawings  which  exhibit  the  Italian  style  of  that  epoch.  But  the  rules  fur  the  construction 
of  cliurches  belong  to  a more  remote  period,  and  the  author  of  the  manuscript  states  that 
those  rules  were  never  described,  but  were  transferred  in  a traditional  way  to,  and  kept  by, 
the  artists,  who  called  them,  like  tlie  ancients.  Measure  of  the  Choir  and  Justice.  It 
seems  to  be  the  o/tly  written  directions  for  a building  which  has  come  down  to  us.  The 
drawings  in  it,  which  are  only  shaded,  are  finely  executed  by  a steady  and  practised  hand 
They  show  the  formation  of  the  several  cornices,  mouldings,  jambs  for  doors  and  window.s, 
plinths,  and  arches,  and  also  the  formation  and  the  arches  of  the  vaulting.  The  building  is 
proved  to  have  strict  rules  and  an  established  module,  according  to  which  all  the  members 
are  regulated  by  the  ensemble  of  the  structure,  and  tlie  whole  is  again  regulated  by  the 
members.  The  choir  is  considered  ns  the  key,  and  after  its  breadth  is  regulated,  tlietliick- 
ness  of  the  enclosure- wall,  and  also  all  the  dimensions  for  the  cornices  and  other  members 
are  obtained.  Thence  the  saying,  “ Measure  of  the  Choir  and  Justice.” 

At  first,  from  a given  circle  an  octagon  is  to  be  constructed,  and  according  to  it,  the 
ground-plan  and  the  pentagonal  projection  of  the  choir  are  to  be  devised.  Sliould  the 
choir  contain  20  feet  in  the  clear,  its  wall  would  l>e  2 feet  thick  ; and  if  30  feet  wide,  then 
3 feet.  The  pillars  of  the  choir  are  commonly  2^  feet  thick  at  their  base,  exclusive  of  the 
ground  table  (sc^ra^iesmis),  and  the  depth  is  double  of  the  thickness.  'Ihe  width  of  the 
windows  is  regulated  by  the  space  between  the  columns,  which  is  divided  into  5 parts  : 3 are 
given  to  the  window  in  the  clear,  togetlier  with  the  mullions.  If  the  choir  be  very  exten- 
sive, and  therefore  the  lights  of  tlte  windows  be  too  wide,  in  such  case  intermediate  mullions 
are  introduced;  but  small  windows  have  only  one  main  or  two  subsidiary  mullions. 

The  nave  and  aisles  are  regulated  after  the  manner  of  tlie  choir,  being  made  equal  to  it 
in  width,  yet  in  such  a manner  that  the  jiillars,  although  equal  in  thickness  to  the  wall  of 
the  choir,  do  not  run  in  the  same  line  of  the  opening,  but  jiroject  with  three  sides  of  tlieii 
octagonal  form.  The  breadth  of  tlie  clioir  being  divided  into  3 equal  paits,  2 are  to  le 
given  to  each  aisle,  including  the  wall  of  the  choir.  The  same  dimension  of  two  such  parts 
is  applied  to  the  pillars  from  one  centre  to  the  other,  which  shows  at  the  same  time  the 
space  for  the  buttresses  on  the  enclosure-wall.  As,  in  consequence  of  the  aisles,  the  nave 
portion  requires  a wider  vaulting  than  the  choir,  the  enclosure- wall  of  tlie  nave  oug  it  to 
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l)e  constructed  one-third  thicker  than  that  of  the  choir.  The  buttresses  are  the  same  in 
tliickness  and  breadth  as  for  the  choir.  Tiie  windows  are  kept  of  the  same  width  throughout 
the  whole  structure.  The  transept  projects  as  far  as  the  breadth  of  the  aisles,  and  its  wall 
lias  the  same  thickness  as  the  wall  of  the  choir.  'I'he  length  of  the  church  is  for  the  most 
part  regulated  according  to  the  requirements  of  the  population. 

The  towers,  erected  on  both  sides  of  the  fa9ade,  are  devised  fr«'m  the  width  of  the  inner 
shafts  and  external  pillars,  which  width  formed  into  a square  giv^s  the  external  enclosure- 
line of  the  towers.  Jf  only  a single  tower  be  constructed,  it  ought  to  be  regulated  after 
the  choir,  and  agree  with  the  same.  Tlie  thickness  of  the  tower-wall  is  regulated  by  tlie 
height  of  the  tower  it.self  Thus  for  every  100  feet  of  height,  5 feet  in  thickness  is  re- 
quired for  the  wall.  Tlien,  to  this  thickness  one  half  more  is  to  be  given  for  the  founda- 
tion. But  if  the  ground  be  firm  and  good,  this  thickness  need  only  be  kept  as  far  as  the 
base,  and  thence  gradually  reduced.  The  formation  of  the  groining  is  not  so  clearly 
developed  by  the  editor,  and  we  therefore  omit  it. 

'J'he  outline  and  elevation  of  the  choir  are  also  calculated  from  its  width.  A choir 
which  is  20  feet  broad,  ought  to  be  one  and  a half  or  twice  as  high.  The  latter  height 
was  called  the  real  height.  An  ordinary  choir  requires  only  four  tables  or  strings.  The 
ground  table  (schrdgesinis)  rises  from  the  floor  or  ground  to  a height  equal  to  tlie  thickness 
of  the  counterforts.  Tlie  string  course  {kaffsims)  above  is  placed  as  liigh  as  the  distance 
between  the  jiillars.  The  supporting  string  (trayeshns)  ought  not  to  rise  higher  than  the 
capital  of  the  pillars  in  the  interior  of  the  choir.  The  top,  or  roof-cornice  {dachsims) 
ought  to  be  placed  at  least  half  a foot  higher  than  the  vaulting.  The  pillar-cornice  is 
measured  by  taking  the  thickness  of  the  pillars  twice  down  from  the  top  cornice.  A choir 
of  greater  height  requires  more  cornices  and  decorations.  The  height  of  the  nave  portion  is 
fixed  by  taking  twice  the  width  of  the  choir,  and  this  is  measured  from  the  ground-table  to 
above  the  top-cornice.  The  ground  floor  of  the  tower  ought  to  be  as  high  as  the  whole 
tower  is  broad,  and  the  upper  floors  to  be  regulated  accordingly.  We  have  only  to  add 
tiiat  the  form  given  to  the  towers  by  the  author  of  the  MS.  shows  the  Italian  style  of  his 
epoch,  whilst  the  church  itself  is  constructed  in  German  fashion,  tliat  is,  with  high  pointed- 
arched  windows  and  buttresses,  which  are  drawn  without  any  mouldings. 


Sect.  III. 


THE  VESICA  FJSCIS. 

If  on  the  diameter  of  a circle  {fig.  1225.),  with  an  axis  iierpendicular  to  it,  an  equilateral 
triangle  be  described,  whose  vertical  heiglit  shall  be  equal  to  the 
semi-diameter  of  such  circle,  and  from  the  angles  of  the  triangle  on 
the  diameter,  with  a radius  equal  to  one  side  of  the  triangle,  arcs  of 
circles  be  described  cutting  each  other  superiorly  and  inferiorly,  the 
figure  described  is  that  which  is  called  the  vesica  piscis,  or  fish’s 
bladder. 

The  Greek  word  signifying  a fish,  seems  to  have  been  in  early 

ages  a mystical  word,  under  which  Christ  was  denominated,  “ Ed  quod 
Fig.  1225.  hujus  mortalitatis  abysso,  velut  in  aquarum  profunditate,  sine 

peccato  esse  potuerit,  quemadmodum  nihil  salsedinis  a marinis  aquis  pisci  afFricatur ; ” 
that  is,  Because  in  the  unfathomed  deep  of  this  mortal  life  he  could  exist  without  sin,  even 
as  a fish  in  the  depths  of  the  sea  is  not  affected  by  its  saltness.  The  term,  too,  at  a very 
early  period,  furnished  an  anagram,  whose  paits  were  expanded  into  the  expression, 
'ly<Tovs  Xpicrrhs  0eou  Tibs  The  initials  of  these  words  were,  in  their  turn,  ex- 

panded into  a long  acrostic  (to  which  reference  may  be  had,  sud  voce  Acrostichia,  and  also 
under  the  term  Ichthys,  in  Hoffmann’s  incomparable  Lexicon)  on  the  Day  of  Judgment, 
said  to  have  been  delivered,  divino  afflutu,  by  the  Erythrean  sybil,  but  much  more  resem- 
bling the  hard-spun  verses  of  a learned  and  laborious  man  than  the  extemporaneous  effusions 
of  a mad  woman.  This  acrostic  is  recognised  by  Eusebius,  and  by  St.  Augustine,  Civ.  Dei., 
Sic.  Tiiere  is  nothing,  declared  Mr.  Gwilt,  to  afford  any  proof  of  the  connection  of  this  mo- 
nogram with  the  form  and  plan  of  the  churches  erected  during  the  mediaeval  period  of  the 
art.  Apology,  perhaps,  would  be  due  for  any  digression  upon  it,  had  it  not  been  for  an 
opinion  in  favour  of  its  use  expres.sed  by  the  late  Professor  C.  R.  Cockerell,  whose  talents 
and  learning  deservedly  ranked  high  in  the  eyes  of  the  public,  in  his  essay  on  the  Architectural 
Works  of  William  of  Wykeham,  read  1845,  before  the  Arclijcological  Institute  of  Great 
Britain  and  Ireland.  Ramoe,  in  his  Histone,  has  also  gone  more  at  length  into  this  sub- 
ject. Professor  Cockerell  likewise  noticed  that  the  writers  of  the  16th  century,  Cesariano 
1521,  Caporali  1536,  and  De  Lorme  1576,  recommend  this  figure,  chiefly  as  that  geometrical 
rule  by  which  “two  lines  may  be  drawn  on  the  ground  at  right  angles  with  each  other  in 
any  scale,  according  to  the  conception  of  Euclid’s  mind.” 
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From  an  early  time  the  triangle  seems  to  have  been  associated  with  as  much  mvstery  and 
veneration  as  the  number  3.  Witliout  here  touching  on  symbolism,  in  its  use,  wln-tlie. 
equilateral  or  isosceles— we  cannot  but  perceive,  both  in  one  and  the  other,  a tendency  to 
the  production  of  the  i)ointed  arch.  'I'he  geometrical  law  for  de- 
scribing it  is,  as  every  one  knows,  founded  on  the  intersection  of 
two  circles  of  the  same  radius  {Jig.  1226.)  The  Pythagoreans 
called  the  equilateral  triangle,  Tritogeneia.  It  was,  according  to 
Plutarcli,  the  syml)ol  of  justice.  The  sul>division  of  the  arcs 
bounding  an  ecjuilateral  triangle  by  other  arcs  of  equal  radius, 
gives  other  modifications  of  the  pointed  arch,  and  by  their  inter- 
sections are  obtained  the  skeLton  lines  of  ornamented  windows  of 
an  early  period,  which,  at  a later  date,  branched  out  into  the  most 
luxuriant  forms.  Mrs  Jameson,  in  Sacred  and  Legendary  Art,  3rd  edition,  1857,  vol.  i. 
p 93,  gives  a drawing  from  an  ancient  Greek  picture,  wherein  the  upper  part  of  the  re- 
presentatio.i  of  the  Infant  Christ  is  placed  in  a figure  formed  of  four  equilateral  triano-les 
(which  produce  the  dodecagon).  The  head  of  the  infant  may  be  supposed  to  occupy  in  the 
diagram  the  site  of  a chancel,  the  body  in  the  place  of  a nave,  and  the  hands,  being  held 
forth,  assume  the  place  of  the  transepts. 


Sect.  IV. 

MODERN  INVESTIGATIONS. 

Among  the  investigators  early  in  the  present  century  was  C.  L.  Stieglitz,  who  pub- 
lished his  Altdeiitschen  Baukunst,  1820,  as  already  mentioned.  Therein  he  states  tliat,  “ with 
regard  to  the  ground-plans  of  churches,  it  seems  that  two  sorts  have  been  employed.  With 
the  first,  the  nave  of  the  church  was  in  breadth  equal  to  that  of  each  of  the  aisles.  With 
the  second,  if,  for  instance,  such  a breadth  be  taken  as  an  unit,  the  breadth  of  the  nave 
would  be  the  diagonal  line  of  the  square,  and  the  breadth  of  each  aisle  an  unit.  Tlie 
length  of  tlie  interior  of  the  churches  of  these  two  sorts,  measured  from  the  entrance  to 
the  choir,  contains  usually  nine  units  The  church  of  St.  Steplien.at  Vienna,  is  an  illustra- 
tion of  the  first  system  ; and  the  Munster  at  Strassburg  of  the  second.  The  cathedral  at 
Cologne  is  a variety  of  the  first  plan.  In  this  instance  tlie  nave  is  tlie  breadth  of  its  aisle, 
but  each  aisle  is  divided  into  two  by  a row  of  columns  in  the  middle.  The  fore-part  of 
the  church  has  usually  three  diagonals  of  the  square  for  its  breadth,  wherefrom  the  unit, 
should  it  be  unknown,  can  easily  be  deduced.  According  to  this  principle,  if  the  whole 
inner  breadth  of  the  church  be  considered  as  the  root  of  a square,  the  diagonal  of  the  same 
will  be  equal  to  the  whole  breadth  of  the  front  on  the  outside. 

In  the  first  sort  of  plan,  the  nave  of  the  church  is  raised  either  to  an  equal  height  with 
the  aisles  or  a little  higher.  In  the  second,  however,  the  nave  is  constructed  far  higher. 
Owing  to  the  first  disposition,  both  the  nave  and  the  aisles  are  brought  under  a single  roof, 
as  in  St.  Stephen’s  at  Vienna.  In  those  of  the  second  sort,  the  nave  and  the  choir  (which 
was  equal  in  breadth  to  the  nave)  had  each,  as  well  as  the  aisles,  a separate  roof.  The 
w'all  of  the  nave  and  of  the  choir,  on  account  of  its  small  thickness,  comparatively  with  its 
height,  required  some  support  at  the  sides,  and  this  was  provided  for  l)v  arched  counter- 
forts or  flying  buttre.sses  from  the  enclosure- wall  of  the  aisles.  The  cathedral  at  Cologne 
shows  a similar  disposition,  although  the  nave  is  equal  in  breadth  to  one  of  the  aisles, 
wherefors  the  aisles  are  divided  into  two  rows  by  pillars,  for  the  purpose  of  giving  to  this 
portion  of  the  vault  (when  it  will  be  finished),  on  account  of  its  smaller  arching,  a less 
height  than  the  one  intended  for  the  vault  of  the  nave  and  of  the  choir.  The  ground- plan 
of  this  cathedral  is  a Latin  cross.  The  aisles  surround  the  choir,  which  rises  Idgh  above 
them,  and  therefore  the  enclosure-wall  of  the  choir  is  connected  with  the  pillars  of  the 
outer  wall  by  means  of  arched  buttresses.  According  to  Boecker’s  observation.s,  the 
number  7,  consecrated  by  religion  and  philosophy,  is  applied  all  over  the  parts  of  this 
edifice,  not  only  in  the  measures  of  length,  in  the  proportions  of  lieight,  in  the  pillars  of  the 
nave,  as  well  as  in  those  of  the  choir,  but  also  in  the  decorations  and  details.” 

The  inner  height  of  the  choir  is  stated  to  be  161  feet;  the  height  to  the  gable,  corre- 
sponding to  the  entire  width  of  the  west  front,  is  231  feet  ; the  (proposed)  height  of  the 
towers  is  equal  to  the  entire  length  of  the  building,  532  feet ; the  height  of  the  side  aisles 
70  feet,  and  so  forth.  In  a similar  manner,  at  the  entrances  on  either  side,  are  pedestals 
for  seven  statues  ; in  each  of  the  entrances  as  many  spaces  for  statues;  there  are  14  corner 
tabernacles  on  the  southern  tower  ; and  with  attention,  the  same  combination  may  be 
traced  in  all  the  details.  Twenty  years  appear  to  have  elapsed,  and  then  Hofl'stadt  pub- 
lished the  Gothisches  ABC  Such,  Frankfort,  1840,  which  enters  fully  into  the  formation  of 
details  l>y  a geometric  system. 

In  England,  the  subject  was  not  thoroughly  taken  up  until  1840,  when  R.  W.  Billings 
published  his  Attemj>t  to  Dejine  the  Geometric  Proportions,  &c.  He  therein  considers  that 
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durin"  the  Norman  period,  no  intricate  figures  were  used  for  regulating  the  proportion! 

of  the  various  parts  of  buildings.  He  exhibits  the  early  simplicity  of  propoi- 
tion,  in  the  elevation  of  a compartment  of  the  Norman  nave  of  Gloucester 
Cathedral,  as  in  the  annexed  jig.  1227.  Something  of  the  same  sort  of  equality 
may  be  perceived  at  Winchester  Cathedral,  as  shown  in  jig.  1266.,  where  the 
width  K li  gives  the  heights  I.  M and  M N ; the  diagonal  of  this  square  gives 
the  heiglit  L O ; and  O P is  a square  in  height ; but  we  are  at  a loss  to  regulate 
the  u|q)er  part,  unless  the  triangle  be  used,  when  P Q will  give  the  up))er  point 
at  R,  the  centre  of  the  head  of  the  semicircular  window. 

In  the  projection  of  the  plans  of  the  nave  and  choir  of  Carlisle  Cathedral  ( fig. 
1228.),  tlie  architect,  says  Mr.  Billings,  was  guided  by  the  rejietition  of  a cirlie 
whose  diameter  in  the  first  or  Norman  part  was  the  extreme  width  of  the  build- 
ing ; and  in  the  Second  part,  erected  200  years  subsequently,  it  was  the  width 
between  the  internal  avails.  The  distribution  and  even  the  substance  of  the 
columns  was  regulated  by  some  recognisable  subdivision  of  the  circle ; and  a 
circle,  or  arc  of  a circle  regulated  by  the  width  of  each  compartment  thus 
formed,  was  the  basis  upon  which  the  heights  of  the  different  portions  ol 
the  interior  w'cre  framed.  The  woodcut  must  suffice  to  show  this  principle  as  regards  the 

plan.  The  precise  divi- 
sions will  not  probably 
answer  in  any  other  build- 
ing, but  must  be  modified. 
The  east  wall,  it  will  be 
perceived,  is  included 
within  the  boundary  lines; 
this  is  also  the  case  at  the 
Temple  Church,  London. 
From  the  result  of  calcu- 
lations, the  scale  for  the 
choir  was  made  8 parts  of 
the  radius  of  the  principal 
circle,  or  -jgth  of  the  dia- 
meter ; this  sixteenth  part 
is  equal  to  4 feet  6 inches 
Fig.  1228.  PLAN  OF  CARLISLE  cATUEDRAL.  a yard  aiid  a half), 

and  the  dimensions  of  the  building  may  be  calculated  therefrom.  In  the  nave,  the  piers 
ure  exactly  5 feet  8 inches,  or th  of  the  diametei*,  and  it  was  this  exact  division,  states 
l\Ir.  Billings,  which  induced  the  application  of  the  scale  of  twelve  parts  to  the  diagram 

In  every  portion  of  the  elevation  of  a compartment  of 
the  choir  (^jig.  1229  ),  there  is  evidence  of  its  geometric 
forniation.  The  student  must  have  recourse  to  the  pub- 
lication itself  for  the  further  detailed  development  of  the 
system  in  connection  with  this  figure,  but  it  is  necessary 
to  state  that  from  the  dimensions  of  the  arch  Mr.  Billings 
divided  the  width  between  the  centres  of  the  piers  into  6 
parts  for  a scale  ; this  gives  all  the  remaining  proportions. 
The  same  scale  of  6 parts  of  the  width  was  applied  by 
Mr.  Billings  to  a bay  of  the  presbytery  of  the  choir  at 
Worcester,  and  finding  it  satisfactory,  though  totally  at 
variance  in  its  proporti  ms,  with  the  exception  of  the 
principal  arch,  it  was  considered  as  confirmatory  of  the 
theory.  These  two  examples  are  of  nearly  the  same 
period  in  the  style. 

In  1846  Mr.  Billings  published  his  Architectural  An- 
tiquities of  the  County  of  Durham,  and  in  collecting  the 
measurements  of  its  churches  he  was  led  to  compare  their 
proportions.  The  result  is  given  by  him  in  two  tables, 
proving  a groundwork  of  squares,  and  this  be  states 
“ would  at  once  account  for  tlie  non-existence  of  ancient 
working  drawings,  for  the  designer  would  only  have  to 
communicate  a rough  diagram  of  his  plan,  bounded  by 
series  of  equal  squares,  and  give  the  dimensions  of  one, 
to  be  properly  understood  by  a practical  man.  Most 
singularly,  the  measure  is  in  each  case  one  square  yard  (as  above  noticed).  No  less  than 
six  of  the  chancels  are  15  feet ; thiee  others  are  18  feet;  and  three  of  21  feet.  At  Hough- 
ton, the  widths  of  the  chancel,  of  the  transept,  and  the  distance  between  the  columns  of  tire 
nave,  are  all  15  feet.” 


ol  that  end  of  the  building. 


Clerestory 
1 square. 


I'riforium 
I square. 


Arch 
I square. 


Column 

square. 


Fig.  1227. 
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The  next  investigator  was  the  late  Prof.  Cockerell,  R.A..  who,  in  his  essay  before  noticed 
(pages  1007,  1010),  considers  that  Cesare  Cesariano  “may  be  said  to  bave  done  to  a >>reat 
extent  in  th.it  style  what  Vitruvius  did  in  the  Greek,  namely,  in  discovering  many  of  its 
fundamental  doctrines  and  principles.  Alore  especially  does  he  reveal  the  estimation  in 
which  Vitruvius  was  held  during  tlie  middle  ages;  and  the  interpretations  of  his  rules 
attempted  by  the  architects  and  commentators  of  tliat  period  ” Thus,  the  church  in  the 
Castle  of  Nuremburg,  built  by  Barbarossa  in  1158,  and  the  Fraucnkirche.  probably  of  later 
date,  in  the  centre  of  that  city,  are  exact  illustrations  of  the  temjde  ‘ in  Antis”  of 
Vitruvius,  as  given  by  Cesariano,  lib.  ili.  fol.  52.  The  use  of  the  work  of  Vitruvi.is,  about 
1284,  is  also  recorded  in  Galiani’s  edition  of  the  author,  by  an  amusing  story  connected 
with  the  building  of  the  Castel  Nuovo  at  Naples. 

“It  is  needless  to  produce  any  further  proofs  of  resembhyice,”  writes  J.  S.  Hawkins,  in 
his  History  of  the  Origin  of  Gothic  Architecture,  1813,  p.  223,  “than  to  say  that,  in  e\ery 
Gothic  cathedral  as  yet  known,  the  extent  from  north  to  south  of  the  two  transepts,  in- 
cluding the  width  of  the  choir,  if  divided  into  ten.  as  Vitruvius  directs  (for  Tuscan  build- 
ings, lib.  iv.  cap.  7 ),  would  exactly  give  the  distribution  of  the  whole.  Three  arches  form 
the  north  and  three  the  south  transept;  the  other  four  give  the  breadth  from  one  transept 
to  the  othei.  One  division  of  the  four  being  taken  for  each  of  the  side  aisles  of  the  nave, 
and  two  left  for  its  centre  walls,  the  complete  distribution  of  the  nave  is  also  given.  0( 
the  proportion  of  one-third  of  the  whole  width  as  the  height  of  the  columns,  the  cathedral 
of  Milan  is  a decided  instance.  The  two  transepts  together  are  1 10  cubits,  the  breadth  of 
the  choir  28,  making  together  138  ; and  the  height  of  the  columns  is  46  cubits.” 

The  rules  named  by  Cesariano  occur  in  his  Commentary,  fols  xiv.  and  xv.,  and  be 
illustrates  them  by  the  plan  and  section,  of  Milan  Cathedral,  which  was  commenced  in  1386. 
The  figures  are  entitled  “ ichnographia,” — “ orthographia,” — “ sceno- 
graphia,” — “ -saerse  .dEdis  Baricephalaj,  Germanico  more,  a Trigono  ac 
Pariquadrato  per.structa,”  and,  “ secundum  Germanicam  symmetriam,” 
and  again,  “ per  symmctrlaj  quantitatem  ordinariam  ac  per  operis,  de- 
corationem  ostendere,  Germanico  more,”  &c. 

The  first  rule,  “a  'rrigono,”  establishes  the  respective  proportions 
of  the  length  and  breadth  of  the  cross,  which  are  included  within  the 
two  arcs  of  102°,  constructed  according  to  the  first  proposition  of  Euclid. 

The  Jig.  1230.  has  been  commented  upon  (pagelOlO)as  involving  the  Fig.  1230. 
vesica  piscis.  Mr.  Cockerell  continues  his  I'emarks  by 
noticing  Mr.  Kerrich’s  paper  in  the  Archaeologia,  xix. 
p.  353-61,  wherein  that  author  uses  the  figure  but 
does  not  confess  his  debt.  In  all  the  examples  given 
by  him  the  vesica  i-s  applied  to  the  internal  length 
and  breadth. 

The  second  rule,  “ a Pariquadrato,”  is  effected  by  di- 
viding the  area  comprehended  in  the  vesica,  into  com- 
mensurate squares  or  bays,  on  the  intersections  of  which 
the  columns  and  buttresses  are  placed.  The  number 
of  them  will  be  determined  by  the  extent  of  the 
plan.  Fig.  1230.  represents  the  illustration  of  the  rule 
in  which  14  by  8 are  used  ; in  the  chapels  of  Wykeham 
we  have  7 by  4.  The  plan,  Fig.  1231.,  explains  the 
determination  (by  the  symbol  of  the  vesica  piscis)  of 
the  length  and  breadth  of  a church;  the  subdivision 
into  squares,  the  position  of  its  piers,  &c.  Fig.  1232. 
explains  the  rule  by  which  the  heights  of  the  vaulting, 
the  roof,  the  spire,  &c.,  are  determined,  namely,  by 
■equilateral  triangles  erected  upon  the  plan.  The 
woodcut  exhibits  both  a single  and  a double  aisled 
church. 

This  important  fundamental  rule  will  be  found 
to  be  applicable  to  cathedrals  in  England,  as  at 
York,  Winchester,  Worcester,  Lichfield,  Here- 
ford, Salisbury,  Norwich,  Exeter,  Westminster, 

Romsey,  and  others  : in  Italy,  in  the  c' 
of  San  Petronio  at  Bologna,  and  in  most 
works  of  the  architects  Lombardi,  as  San  Zac- 
caria  and  San  Salvatore,  at  Venice : in  France, 
in  the  cathedral  at  Rouen,  and  in  others : and  in  Germany,  in  those  at  Prague,  and  others. 
But  it  is  to  be  noted,  continues  Professor  Cockerell,  that  another  rule  of  distribution  (not 
yet  discovered)  is  more  frequent  in  the  latter  countries.  . . 

The  third  rule,  also  a 'Frigono,”  is  orthographic,  and  establishes  the  normal  heights  in 
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the  elevations  and  sections  by  equrlater.-il  frimigles,  according  to  Cesariano,  fol.  15.  “ I’lie 

application  of  the  first  and  second  rules  in  New  College 
Chapel  is  exact ; the  whole  and  the  parts  are  commen- 
surate, as  well  in  the  bays  or  squares  as  in  the  subdivi- 
sion of  the  bays  of  the  windows  ; of  the  flanks,  as  also 
of  the  west  end.  While  in  All  Souls’  and  Magdalene 
Chapels,  the  two  copies  of  the  former,  the  divergences  are 
extreme.  Fip.  1233.  is  the  plan  and  its  subdivisions  of 
New  College  C'hapel,  Oxford.  'I'o  our  author’s  own  work 
we  must  refer  the  student  for  the  apt  remarks  and  com- 
parison of  the  three  plans,  merely  adding  tliat  the  first 
is  three  diameters  long,  while  the  other  two  are  less  than 
three  diameters,  by  which  Professor  Cockerell  appre- 
hends that  the  rule  had  been  lost,  or  was  disregarded,  al- 
though  Chichele’s  chapel  was  built  by  “ the  King’s 
masons.”  The  chapel  at  Winchester  is  upon  the  same 
principle,  the  number  7 including  the  vestibule,  which 
only  occupies  one  of  the  divisions  instead  of  two,  as  at 
New  College  ; the  relation  of  three  diameters  is  obtained 
without  making  the  diagram,  as  in  New  College  Chapel, 
inclusive  of  the  walls. 

“ The  application  of  the  third,  the  orthographic  rule, 
is  not  traced  so  distinctly  in  the  elevations  and  interior 
of  New  College  Chapel,  tliough  more  exactly  in  that 
of  Winchester,  and  we  also  perceive  the  value  of  the 
principle  of  the  extension  of  these  squares  laterally,  for  the  purpose  of  establishing  the 
iieiglit  of  the  ceiling,  and  of  the  pinnacles  in  the  east  and  west  fronts,” 

Tlie  next  exponent  of  this  instructive  subject  was  R.  D.  Chantrell,  who  in  1847  read  a 
paper  on  the  Geometric  srjstem,  before  tlie  Institute  of  British  Architects.  _ It  was  printed, 
with  cuts  of  the  two  chief  keys  of  the  system,  in  the  Builder  for  the  same  year.  He  first 
refers  to  Mr.  Kerrich’s  use  of  the  vesica  piscis,  explaining  it,  as  in  Jiy.  1234.  Wliere  the 


Fig.  1234. 

chancel  is  separated  by  an  arch,  the  plan  is  stibdivided  by  taking  the  breadth  as  radius 
( fiy.  1235.),  as  at  Routh  Church,  near  Beverley,  the  vesica  coming  sometimes  within  the 
wails  and  western  arch,  and  at  others  extending  to  the  western  face  of  the  arch  in  the  nave, 
in  many  works  of  the  13th  century.  The  apse  is  sometimes  included  in,  and  sometimes 
excluded  from,  the  ves'ca.  Where  the  nave  and  chancel  vary  in  breadth,  the  b ise  of  the 
triangles  equal  the  breadth  of  the  chancel  (Fff-  1236,),  its  length  being  determined  by  the 
vesica,  and  in  each  of  these  cases  the  breadth  of  the  nave  is  obtained  by  framing  a similar 
vesica  upon  the  remaining  lengtli. 

The  Anglo-Norman  church  at  Adel,  in  Yorkshire,  is  defined  upon  the  extreme  length 
internally,  as  shown  \njig.  1237.,  and 
subdivided  by  the  proportions  of 
smaller  vesicce  and  other  proportions. 

The  equilateral  triangle  alone  has 
been  tried,  but  no  great  variety,  ! e 
considers,  can  be  produced,  as,  like 
the  former  system,  it  is  but  a minor 
portion  of  the  great  system  in  wliicli 
most  others  will  be  found  combined. 

Fig.  1257.  jjg  notices  that  in  1830,  J.  Browne, 

of  York,  produced  a system  on  the  circle.  Hy  placing  a square  or  cross  on  the  centre 
of  tlie  circle,  dividing  it  into  four  equal  parts,  centres  are  obtained  for  vesicce  {fig-  1238.) 
of  different  proportions  to  those  formed  by  the  double  triangles.  By  striking  these  radial 
lines  upon  each  of  the  four  points  on  the  circumference,  centres  are  produced  in  abundance 
for  quatrefoils,  crosses,  and  other  figures  applying  more  especially  to  tracery.  The  first 
resica  gives  the  proportions  of  the  naves  and  their  aisles  of  the  cathedrals  at  Durham.  Ely. 
reterboioiigh,  Canterbury  and  Salisbuiy.  but  no  others,  and  cannot  therefore  be  considered 
an  universal  .system. 


Fig.  1238. 
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In  1842  Mr.  Cliantrcll  developed  a system  which  includes  tliat  of  Kcrricli’s.  Its  forma- 
tion is  detailed  in  the  journal  named,  to  wl.ich  we  must  refer  the  investigator,  ns  tlie  essay 
has  not  otherwise  been  published.  Fig.  li!39.  will  at  once  show  the  princii)le,  and  if  it 
be  drawn  out  to  a very 
much  larger  scale  it 
will  not  appear  so  com- 
plex. Besides  the  tri- 
angles, the  points  are 
obtained  for  many  po- 
lygons. The  six  divi- 
sions, A A,  B B,  from 
the  semidiameter  are 
first  obtained  ; and 
straight  lines  drawn  to 
each  alternate  one  give 
triangles.  On  their  in- 
tersections, as  C C,  if 
lines  be  continued  to 
the  circumference,  six 
centres  are  given,  D D, 

F E,  upon  which,  with 
the  first  radius  A B 
(or  of  the  semi-diame- 
ter), strike  a second 
series  of  segments,  and 
a third  set  of  12  cen- 
tres is  obtained.  'I'he 
second  centres  will  give 
two  intersecting  tri- 
angles, completing  the 
^rst  part  of  the  design. 

Upon  the  24  points  of 
the  intersecting  ?wne?*  man 

arcs,  a circle  inscribed  fig.  1239.  mr.  ciiaxtukll’s  systkm. 

will  determine  the  inner  triangles  upon  the  centres  of  the  first,  and  the  diagram  is  perfected. 
For  more  complex  forms,  an  additional  number  of  centre  lines  may  be  drawn  upon  tlie 
remaining  intersections. 

The  number  10  was,  according  to  Vitruvius,  Plato’s  perfect  number ; but  tlie  anti- 
Platonists,  with  their  6 or  the  radial  division  of  the  circle  (A  to  B,Jig.  1239.),  could,  by  the 
working  of  their  centres,  without  the  necessity  of  dividing  with  the  compasses,  produce  tlie 
10,  showing  that  they  were  the  more  perfect,  as  their  system  combined  with  all  other.s. 
The  examples  named  by  Mr.  Chantrell,  in  which  “ the  system  is  clearly  exhibited,”  are 
the  rose  window  in  the  south  transept  of  York  Cathedral ; that  of  Winchester  Palace  in 
Southwark  (fg.  1190,),  but  slightly  varied  and  almost  undisguised;  and  the  cast  window 
of  Hawkhurst  Church,  Kent.  Walkington  Cliurch,  near  Beverley,  using  the  entire  diagram, 
affords  a simple  illustration ; whereas  Kerrich’s  plans  are  proportioned  upon  the  second 
radial  figure  produced  by  the  division  of  the  circle,  they  should  be  placed  upon  the  base  of 
the  great  triangle,  thus  facilitating  the  operation  of  giving  ]iroportion  to  a plan.  In  the 
composition  of  the  cathedrals  at  Ely,  Lincoln,  Canterbury,  Norwich,  Salisbury,  Worcester, 
Durham,  Peterborough,  and  Winchester,  tlie  general  proportion  is  determined  by  the  first 
of  the  24  subdivisions  on  each  side  of  the  centre  intersecting  the  great  triangle.  The 
abbeys  are  all  produced  on  tlie  intersections  of  the  triangles  and  their  centres,  and  the 
subdivisions  for  the  piers  are  found  in  the  centre  portion  of  the  diagram,  with  this  occa- 
sional difference,  that  transversely  the  radial  lines  may  either  pass  through  the  centres  nf  the 
piers  or  come  on  the  outer  or  inner  faces,  to  conceal  the  principle  on  which  they  were  based. 
Thus  M {fig.  1239.)  is  part  of  the  plan  of  the  nave  of  Boston  Church,  Lincolnshire, 
arranged  on  the  former  principle,  while  N is  part  of  that  of  Middleton-on-the- Wolds 
Church,  Yorkshire,  where  the  lines  come  on  the  inner  face  of  the  piers. 

“ P'or  the  elevation,  proceeding  with  the  double  spherical  triangle  upon  the  centres 
longitudinally,  and  the  variations  before  noticed,  transversely,  the  various  heights  w'ere 
obtained  for  the  pillars  ; and  the  subdivisions  by  the  spherical  triangles  upon  them  gave 
arches,  capitals,  and  bases,  triforia,  tracery,  mouldings  of  every  description,  and  due 
proportion  to  each  feature.  I have  every  reason  to  believe,”  concludes  Mr.  Chantrell, 
“that  this  system  will  apply  to  the  works  of  all  ages  that  can  be  tested  by  sound  geometric 
principles.” 

The  results  of  the  investigations  published  by  E.  Cresy  in  1847  are  added  in  Sect.  \ I. 

F".  C.  Penrose,  in  his  investigations  at  Lincoln  Cathedral  in  1848,  for  the  Archaeological 
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Institute  of  Great  Rriiain  and  Ireland,  urges  that  “the  tendency  towards  the  system  o( 
designing  on  the  s<juare,  with  greater  or  less  degree  of  approximation,  is  found  to  occur  in 
so  many  churches  that  it  is  a law  which  had  great  authority  with,  at  least,  the  more 
orthodox  of  the  middle  age  architects,  although  they  did  not  scruple  to  modify  it  when  they 
saw  occasion.”  He  decides  tliat  the  nave  of  Lincoln  Cathedral  was  formed  on  this  system 
on  the  intersection  or  intended  intersection  of  the  pier.s,  and  coinciding  with  the  outside 
of  the  main  walls.  The  choir  seems  to  be  built  upon  the  true  system  of  squares,  which 
are  of  the  same  size  as  those  of  the  nave,  but  the  greater  width  of  the  former  allows  of  the 
squares  coinciding  with  the  of  the  walls.  ‘‘The  height  of  the  choir  appears  to  be 

obtained,  as  is  so  frequently  the  case,  from  that  of  an  equilateral  triangle,  whose  base  lies 
within  tlie  walls.  The  height  of  the  nave  is  obtained  by  a square  placed  within  the  same 
limits,  which,  tliough  less  symbolical,  is  more  commensurate.”  He  thinks  that  if  the  lengtli 
of  St.  Hugh’s  choir  could  be  recovered,  the  whole  length  from  east  to  west  was  then  such 
that  it  included  the  transepts  within  a vesica  piscis.  He  also  conceives  (for  reasons  he 
states)  that  the  architect  to  the  presbytery  had  access  to  the  original  drawings  prepared 
for  the  earlier  parts  of  the  building. 

Tlie  ratio  of  the  voids  to  solids  appears  to  be  more  remarkable  than  is  to  be  found  in 
any  vaulted  building  in  Eurojre,  at  least  among  the  larger  structures.  Very  careful 
measurements  taken  immediately  above  the  plinths  give  voids  1056,  supports  107,  or  tlie 
former  nearly  ten  times  the  supports,  including  in  the  latter,  the  external  buttresses  and 
walls ; and  including  in  the  voids,  the  clear  internal  area  of  the  church. 

Mr.  Penrose  gives  the  measurements  of  the  heights  of  various  parts  taken  by  him  with 
great  exactness,  and  this  height  he  divides  into  26  parts,  which  will  be  found  “ to  agree  in 
vn  exceedingly  accurate  manner  with  the  principal  divisions  of  the  bays.  In  Bourges 
Cathedral,  he  states  the  height  of  the  vaults  agrees  with  that  of  an  equilateral  triangle 
whose  base  occupies  the  breadth  from  centre  to  centre  of  the  external  walls.  Some  of  the 
heights  may  be  obtained  from  parts  of  this  triangle,  and  others  from  integral  numbers  of 
French  feet.  In  the  cathedral  at  Metz,  the  height  is  130  French  feet— 138'6  English 
feet.  If  this  be  divided  into  300  parts,  various  proportions  of  them  determine  heights. 
The  cathedral  of  Ratisbon  appears  to  be  founded  on  the  triangle  taken  as  that  at  Bourges. 
Tl)e  ratio  of  its  height  to  length  is  as  3 to  8 ; and  is  104  2 English  feet  high,  or  110 
Bavarian  feet.  These  results  are  well  worth  further  consideration,  from  the  well-known 
conscientious  manner  of  taking  measurements  adopted  by  Mr.  Penrose. 

An  early  investigator,  Mr.  W.  P.  Griffith,  published  in  1847-52,  numerous  essays 
on  this  subject,  as  named  in  the  list  of  books  in  the  Gi.ossaky  addendum.  He  exhibits 

the  adaptation  of  the  square,  set  square  and  diago- 
nally, one  upon  another  (as  in  jig.  1073.)  to  the 
ciiurch  of  the  Holy  Sepulchre  at  Cambridge,  Jig. 
1240.;  and  also  of  the  triangle,  for  early  churches,  as 
at  Little  Maplestead,_/?g.  1241.  Westminster  Abbey 
Church,  and  the  cathedrals  at  Salisbury,  Win- 
chester, and  Rochester,  are  based  upon  a triangle 
wdiose  base  being  the  width  of  the  nave,  including 
the  walls,  is  placed  upon  the  centre  of  the  central 

FiR.  12-n.  FiR.  1240.  1 r ..1  x ^ -ii  • i i 

ciiuKCli  .vr  LITTLE  ciiuLcii  OF  THE  HOLY  towor,  aiul  tlircc  of  these  triangles  will  include  the 
M.ULESTEAU.  - sEFULcuuE.  cAMLuiDOE.  Cathedral,  Redcliffe  Ch urcli, 

Bri.stol,  and  Bath  Abbey  Church,  are  proportioned  in  a similar  manner.  “ We  must 
insist,”  he  writes,  “after  a primary  figure  of  form  or  unit  has  been  given,  that  each  part 
inoduced  shall  bear  a proportion  to  each  other,  and  to  the 

original  unit Although  the  equilateral  triangle  dictated 

the  general  jiroportions,  the  square  and  pentagon  were  found 
very  useful  in  the  details.  The  chapter  houses  of  Wells, 
Ahirk,  Salisbury,  and  Westminster,  are  proportioned  by  johit 
squares  fora  ing  an  octagon  ; and  those  of  Lincoln,  West- 
minster, Worcester,  and  others,  by  two  conjoint  pentagons, 
forming  a decagon.”  He  illustrates  the  formation  of  the  plan 
of  Salisbury  Cathedral,  both  on  the  square  and  on  the  triangle-, 
but,  as  noticed  respecting  Milan  Cathedral,  although  the  square 
appears  to  suit  best  for  the  plan,  the  elevations  appear  to  have 
been  set  out  upon  the  triangle.  Fig.  1242.  shows  the  system 

— r-.-Jj jeeg  ap])lied  by  him  to  the  jdan  of  Sefton  Church,  Lanca.shiie. 

fir  1242.  ^ compari.son  of  the  number  of  equilateral  triangles,  as 

named  by  Mr.  Griffith,  in  fixing  tlie  height  of  buildings, 
will  be  as  follows,  viz.,  Westminster  Abbey,  6 ; King’s  College  Chapel,  4 ; Lincoln,  3Ji  ; 
Hereford  Cathedral,  4;  I’eterborough;  3i  ; Lichfield,  3^;  Exeter,  4 ; Worcester,  3| ; 
Biistol,  3.  loftiness  of  Westminster  Abbey  is  attributed  to  the  cause  that  the 

cloisters  adjoining  (similar  to  double  aisles,  as  originally  intended)  being  included  in  tlu 
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base  of  the  triangle  of  the  transverse  section,  therefore  the  lieight  of  the  abbey  is 
more  than  the  cathedrals.  The  chancel  of  Bristol  Cathedral  has  no  triforiuni,  and  is 
accordingly  kss  in  height.  Tliese  buildings  having  been  based  upon  tlie  c(|uilateral 
triangle,  tliat  figure  will  alone  be  a key  to  them,  and  it  will  he  futile  to  try  the  s'|uare.  In 
Westminster  Abbey  that  figure  mostly  abounds  (in  trefoils,  hexafoils,  dodecafoils,  &c.)  ; 
while  Salisbury  Cathedral,  being  based  on  the  s7?/are,  that  figure  and  its  products  will  be 
found  chiefly  employed  (in  tctra'bils,  octafoils.  &c.).  This  building  is  4 squares  high. 

Dr.  Menszlmann,  in  his  Roiiarhs  on  his  alleged  discovery  of  the  constructional  laws  of 
mediaeval  church  architecture,  read  at  the  Institute  of  British  Architects,  1852,  states  that 
“ the  architects  of  old  did  not  employ  much  reckoning  in  their  constructions,  but  used  geo- 
metric forms. — In  studying  the  chinches,  I became  persuaded  that  out  of  a ground-line  or 
sum,  considered  as  a basis,  there  can  be  developed,  either  by  a geometrical  or  algebraical 
method,  between  30  and  60  sums  or  lines,  corresjionding  to  the  size,  age,  and  importance 
of  the  building,  and  there  is,  with  very  few  exceptions,  not  a structural  member,  be  it  large 
or  small,  the  proportions  of  which  are  not  defined  by  one  of  tliese  lines  or  sums,  or  excep- 
tionally by  their  multiples  or  divisions.”  He  published  the  first  portion  of  his  elaborate 
system  in  1860;  this,  together  with  the  extensive  system  jnit  forward  by  D.  11.  Hay,  of 
Edinburgh,  must  be  left  to  the  reader  to  investigate  from  the  books  themselves. 

The  last  of  the  investigators  with  whose  system  we  shall  trouble  the  student  is 
VV.  White,  who  iniblished  it  in  the  Ecclesiolor/ist  for  1853.  He  has  perceived  that  each 
aichitectural  period  has  its  own  appropriate  order  of  rule.s,  and  this  in  minute  accordance 
with  an  intelligible  system  of  development.  Thus,  in  the  Norman  period,  tlie  general  pro- 
jrortions  of  the  plan  are  reducilrle  to  the  square,  and  the  relative  proportions  and  positions 
of  the  minor  parts  diiefly  by  the  equilateral  triangle.  .As  architecture  progressed  the 
square  disajipeared,  and  to  the  outline  and  detail  was  applied  the  triangle.  In  the  middle 
of  the  14tli  century,  as  art  declined,  tlie  triangle  was  forgotten,  and  a system  of  a diagonal 
square  was  taken  iq).  Since  then  mathematical  proportions  have  been  chiefly  employed, 
especially  that  of  the  diagonal  of  tlie  square,  1243. 

“ The  figures  applicable  to  the  setting  out  of  mediasval  buildings  arc  these:  1.  the 
square;  2.  the  equilateral  triangle;  and  3.  certain  arcs  described  upon  diagonals  and 
L II.  III. 
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Fif?.  1243. 


Fig.  1244. 


Fig.  1245. 


Fig.  1240. 


Fig.  1247. 


bases  of  the  same.”  Thus,  in  Norman  work,  the  proportion  of  a square  placed  lozengeways 
from  the  ends  of  which  a vesica  pi  sets  is  struck  (Jig.  1244.)  is  in  common  use.  In  first 

pointed  w'ork,  the  proportion  is  that 
of  a square  touching  the  head  and  sill 
(Jig.  1215.).  The  system  shown  in 
Jig.  1246.  seems  chiefly  used  in 
lancet  wdndows  and  works  of  that 
period,  the  height  being  first  deter- 
mined. The  proportion  in  Jig,  1247. 
is  u.sed  in  tvaceried  first  pointed, 

the  vesica,  ffivin"  the  width,  bein<i  ob- 
Fig.  1248.  Fig.  1249.  Fig.  1250.  Fig.  1251  . • i x-  ” . i ® c -it  1 

” B • tamed  from  the  apex  of  an  equilateral 

triangle.  The  proportions  Jigs.  1248.  to  1251.  predominate  in  middle  jiointed  ; those  of  II. 
and  V.  the  same,  only  in  the  latter  period  the  rule  is  applied  to  the  determining  of  the  lights 
or  bays  instead  of  the  whole  ojiening,  and  is  ajiplied  to  the  centres 
of  the  mullions  and  not  to  the  sides  viii. 

only.  All  these  proportions  appear  to 
have  been  etpially  well  known  in  all 
early  times,  but  in  the  middle  pointed 
period  they  gradually  became  more 
complicated,  and  are  con.sciiuently 
more  difficult  to  trace  out.  In  third 
pointed  they  can  hardly  be  fouml, 
and  in  obtuse  third  pointed  they  quite 


Fig.  1253. 


Fig.  1252. 

disappear,  the  proiiortions  shown  in  Jigs.  1213.  and  1252.  taking  their  place.  The  eejui- 
lateral  triangle  of  60®,  D E F (Jig.  1253.)  used  to  obtain  one  point,  is  often  accompanied 
by  the  angle  formed  of  30®,  E F G,  to  obtain  another  relative  point ; each  ecjutil  subdivisioji 
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F D and  F G ; F G and  F E,  liavin;;  the  corre.spo.idlng  angles  of  each  equal ; wlierea? 
in  other  triangles  (as  fig.  1254.)  this  is  not  tlie  case. 

We  give  one  of  his  illustrations  of  the  theory  as  applied  to  Steyning  Church,  Sussex,  a 
Norman  building.  The  plan  {^fig.  1255.)  is  set  out  by  equal  scjuares,  and  also  the  exterior 

{fig.  1256.)  to  some  extent.  The  interior  {fig, 
1257.)  is  set  out  by  squares  and  triangles.  Tlie 
diagrams  will  explain  themselves.  'I'lie  diameter 
of  the  columns  is  determined  similar  to  c e f \n 
Rule  II.  Tlie  lower  window  is  set  out  by  II. 
and  the  upper  one  by  VI. 


Fig.  1258.  is  the  ground-plan,  and.^.g.  1259.  the  elevation  of  the  cast  end  : and  fig.  1260. 
the  elevation  of  part  of  the  side,  of  the  church  of  St.  John,  Wappenbury,  Warwickshire.  The 
relation  of  the  lines  one  with  another  is  well  exhibited  in  the  diagrams.  At  Itchenor  Church, 

Sussex, the  width  is  divided 
externally.  In  the  west 
window  of  the  north  aisle 
of  the  church  of  St.  An- 
drew’s at  Ewerby,  the 
centres  of  the  muHions 
obtained  on  the  plan  by 
squares  diagonally  di- 
vided. exactly  coincide 
with  the  same  points  on 
the  elevation  as  developed 
according  to  Rule  VI. 
This  system  is  shown  in 
figs.  1287.  and  180.8. 
Figs.  1262.  and  1263.  ex- 
plain the  method  of  set- 
ting out  the  proportions 
for  third  pointed  work  ; 
the  height  of  the  bay  (R) 
being  first  determined  by 
the  diagonal  of  a sejuare. 
The  examjde  is  the  church  at  St.  Probus,  Cornwall.  The  windo  vs  S are  a square  wide 
to  the  outer  edge  of  the  moulding,  and  are  fixed  by  a square  on  the  base  of  the  bays. 
The  windows  T have  their  points  fixed  much  in  the  same  way,  b it  their  width  is  deter- 
mined by  the  diagonal  of  a square.  The  height  of  the  arches  in  the  interior  are  also 
determined  by  the  diagonal  of  a square  {fig.  1261.). 

‘‘  No  one,”  writes  Mr.  White,  “seems  to  have  carried  out  upon  the  equilateral  triangle 
any  definite  theory  of  design,  or  to  have  reduced  the  application  of  it  to  any  tangible 
shape. — The  theory  is  that  the  several  parts  of  a perfect  building  must  be  in  certain 
relative  proportions  to  each  other, — so  that  all  parts  may  be  brought  into  an  entire  and 
unmistakable  harmony  with  each  other, — lienee  it  is  not  a definite  application  of  these 
princi[)les  that  is  insisted  on,  but  only  a systematic  observance  of  them  in  some  way  or 
other, — In  secular  and  domestic  buildings,  we  do  not  look  for  the  same  amount  or  kind 
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of  beauty,  nor  if  the  same  exactness  of  proportion  of  equalimportance  as  in  an  ecclesiastical 
building,  where  every  line  ought  to  be  in  its  proi)cr  place,  and  every  form  distinctly  marked 
to  convey  an  idea  of  perfection.  In  common  dwelling-houses,  where  it  is  directly  evident  tl  at 
the  external  form  is  entirely  dictated  by  eertain  requirements  of  internal  arrangement,  a sort 
of  natural  beauty  ahvays  results,  and  so  there  is  not  the  same  need  to  have  recourse  to 
exactness  of  proportion  to  produce  some  degree  of  good  eflect. 

“ The  advantage  of  a mechanical  process  for  defining  proportions  and  forms  would  he 
immense  in  the  mere  practical  carrying  out  of  the  work  ; for  by  its  means  we  could,  by 
taking  one  leading  dimension,  transcribe,  reduce,  or  enlarge  drawings  with  the  greatest 
accuracy,  and  with  less  than  half  the  labour  of  using  scales  and  compasses.  A large  body 
of  men,  working  apart  from  each  other,  but  under  certain  and  very  rigid  restrictions,  must 
produce  diversity  as  well  as  similarity.  'J  heir  wmrks  must  all  possess  the  same  general 
character,  though  the  details  and  form  in  the  ajiplication  of  them  must  vaiy  in  every 
instanee  with  the  circumstances  of  the  case  and  the  workings  of  the  dillerent  minds.” 

This  system  is  developed  by  Mr.  White,  on  numerous  plans,  details,  towers,  &rc.  taken 
from  his  own  dimensions. 


Sect.  V, 

PKOl'OKTIONS  OF  MOULDINGS. 

'I'o  enable  us  to  decide  that  mouldings  may  have  been  also  designed  according  tu  a 
measure,  there  is  a very  interesting  notice  recorded  by  Jdaguno,  Nuticiai  de  los  Ar(]uitecto» 
y A njuitcclura  de  Esj.ana,  edited  by  Cean- Bermudez,  1829,  wherein,  under  the  life  of 
I’aseual  Iturrlza,  he  states  that  that  architect  designed,  fth  of  IMay,  15'U,  the  capilla  mayor 
to  the  parish  cliurch  at  Plasencia  in  Guipuzcoa.  While  the  work  was  in  hand,  complaints 
arose  from  the  townspeople,  voters,  that  he  w'as  decorating  it  with  work  that  was  too  minute 
and  could  not  be  seen  from  the  floor.  To  this  assertion  he  replied,  according  to  an  entry 
in  the  archives  of  the  town,  that  they  might  bring  some  persons,  peritos  en  la  ybnetria,  wlio 
could  give  a judgment  in  the  matter.  Such  skilled  persons  were  brought  to  the  building 
and  approved  the  work  in  debate.  Whereon  the  town  council  requested  the  vicar,  as 
being  a person  who  was  always  in  the  building,  to  oversee  the  remainder  of  the  work. 
'I'he  church  is  in  the  Gothic  style,  with  a nave  and  chancel  only,  and  is  executed  in  cut 
stone.  Iturriza  was  further  employed  at  Santa  Marina  de  Oxirondo  in  1559. 

We  have  given  in  the  section  Masonkv  an  illustration  {fg.  6'62/t.)  of  a mode  of  setting 
out  the  ribs  for  vaulting,  found  on  an  incised  block  of  stone.  Such  specimens  of  mediaeval 
work  are  very  rare.  Prof.  V/illis,  in  his  paper  on  Vaaliing,  gives  another  example,  and 
j)crhaps  only  two  more  could  be  quoted.  But  these  do  not  show  how  the  mouldings  were 
])roportioned. 

We  insert  from  the  ap|)endix  to  lloriczer’s  work,  quoted  on  page  1008,  the  method  of 
making  the  template  or  mould  for  working  the  mouldings  for  a canopy.  The  directions  are:  — 
In  a given  square  A B C D {Jig.  1264.)  inscribe  a circle  and  draw  the  diagonal  and  centre 
lines.  With  the  centre  Z,  and  a radius  equal  to  the  given  line  A B,  describe  a circle,  and 
therein  inscribe  a square  E F G H parallel  to 
the  diagonals  of  the  first  square.  'I  his  gives 
the  size  of  the  horizontal  measurement  of  the 
four  leaves  of  the  great  flower  or  finial  of  the 
canopy.  In  the  same  circle  inscribe  a square 
I K L M of  equal  size  to  the  last  mentioned 
square,  but  parallel  to  the  sides  of  the  scpiare 
A B C D,  and  let  the  line  I K intersect  the 
line  F G in  N,  and  the  line  F G intersect  K L 
in  O,  and  the  line  K L intersect  the  line  G II 
in  P,  and  the  line  G H intersect  the  line  L IM 
in  Q.  Bisect  the  line  B K in  11,  and  witli  the 
centre  B and  the  radius  B 11  describe  a circle  ; 
and  with  the  same  radius  describe  a similar 
circle  about  the  centre  C.  With  tlie  centre  G, 
and  the  same  radius,  cut  off  from  the  line  G Z 
a portion  G T,  and  through  the  jioint  T draw 
a line  S S of  indefinite  length ; and  from  the  points  O and  P draw  lines  perpendicular  Xv 
the  line  SS  and  joining  it.  This  gives  the  outline  of  the  tenqilate  for  the  arched  mould' 
ings ; for  M Q will  be  the  internal  face  of  the  wall,  Q P the  external  .splay,  with  one 
hollow  moulding  C therein  ; the  rectangular  parallelogram  under  P O will  contain  the 
iamb  mouldings  from  which  the  template  of  the  mullion  is  found,  Ike. 
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Tht  jamb  and  liood  mouldings  are  not  described  by  Roriczer,  but  probably  the  back  of 
the  hood  is  obtained  by  the  radius  X Y cutting  Z E at  a,  and  from  a and  X the  same 
radius  will  give  the  point  6,  from  whence  the  curve  X a is  obtained.  Tlie  curved  line  Y a 
is  obtained  from  X.  Divide  X Y into  5 equal  parts,  and  at  1 draw  a line  parallel  to  Z a. 
The  length  af  will  be  equal  to  the  diameter  e Y.  With  a radius  equal  to  de,  and  the 
centres  f and  Y,  describe  arcs  of  circles  intersecting  in  the  point  g,  and  with  the  centre 
g and  the  same  radius  describe  the  arc / Y.  The  roll  moulding  a})pears  to  be  formed  by 
"the  length  e Y on  the  line  E Y,  cutting  the  line  Y X at  1. 

'J'he  jamb  moulding  is  probably  obtained  by  dividing  the  line  SS  into  8 equal  parts; 
a radius  equal  to  one  of  the  parts  struck  from  2 and  6‘  will  give  the  curves,  and  the  line 
V W.  Tr  will  be  equal  to  half  T 4,  and  the  jamb  is  completed.  For  the  remainder  of  the 
construction  of  the  canopy  we  must  refer  the  reader  to  the  publication  in  question. 

“It  is  in  vain,”  states  Cresy,  Stone  Church,  Kent,  1840,  “ that 
we  attempt  to  imitate  the  tracery  or  mouldings  belonging  to 
this  (the  13th  century)  style  correctly,  unless  we  consider  them 
to  emanate  from  some  simple  figure.  However  numerous  the 
mouldings,  they  never  appear  confused,  which  entirely  arises 
from  the  order  observed  in  their  arrangement.”  This  he  illus- 
trates by  the  mouldings  forming  the  trefoil  arches  round  the 
chancel.  “ The  jmints  of  inter- 
section of  the  two  equilateral 
triangles  are  the  centres  for  tlie 
hullows,  and  the  more  promi- 
nent parts  of  the  moulding  are 
set  out  with  the  same  radius  at 
the  jroints  of  the  triangles  ; or,  in 
other  words,  four  circles  are  en- 
circled within  a circle,  and  by 
omitting  each  alternate  one  the 
figure  is  formed.” 

Fig.  1265.  is  from  Mr.  White’s 
essay,  and  represents  his  system 
applied  to  a cap  and  base  of  the 
porch  doorway  at  the  church  of 
St.  Andrew,  at  Heckington,  in 
Lincolnshire.  The  mouldings  are 
reduced  from  full  size  drawings 
whereon  the  diagrams  coincide 
very  accurately  with  the  several 
members,  the  whole  being  set  out  l)y  subdivisions  of  the  equilateral  triangle,  or  angles  of 
30°  and  60°  &c.  (as  Jig.  1253.).  Fig. 1265a.  illustrates  another  cap  and  base  from  Steyn- 
ing  church,  previously  selected  as  an  example.  The  cap  of  the  columns  is  formed  on  the 
principle  of  Rules  II.  and  III.,  and  the  base  upon  that  of  VI. 

A remarkable  circumstance  connected  with  this  subject  is,  that  although  the  German 
arclueologists  appear  to  have  reduced  the  proportioning  of  mouldings  and  details  to  a 
system,  as  illustrated  and  explained  by  Hoffstadt,  Gothisches  ABC  Bach,  Frankfort, 
1840,  which  has  been  translated  into  French  by  T.  Aufschlager,  Principes  du  Style  Gothigue, 
Paris  and  Frankfort,  1847,  no  one  has  translated  it  into  English,  or  prejuired  a corre- 
sponding publication  on  English  work  (certainly  not  since  the  well  conceived  but  lament- 
ably produced  system  by  Ratty  Langley  in  1742),  not  even  the  author  of  the  Analysis 
of  Gothic  Architecture,  from  whom  it  might  have  been  expected.  In  fact,  a true  system 
of  mediaeval  architecture  being  still  unknown  in  England,  designs  are  made  at  random,  and 
the  school,  in  disregard  of  its  professed  principles,  continues  disunited.  For  the  satisfac- 
tion of  those  who  may  desire  to  subject  the  mouldings  given  in  Chap.  III.  to  a system, 
we  add  that  the  plans  of  Fountains,  Tintern,  and  Henry  VI I. ’s  Chapel,  appear  to  be 
designed  on  the, system  of  the  square;  that  of  Howden  on  the  triangle. 


Fig.  12G5a.  CAP  AND  BASE  AT 
STEYNINO. 


Fig.  1266.  UECKlNGTOir. 


Sect.  VI. 

PRINCIFLES  OF  PROPORTION. 

The  following  portion  of  the  elucidation  of  this  subject  was  originally  published  in 
1847  by  E.  Cresy  in  his  Encyclopcedia,  as  referred  to  at  page  900  of  this  work,  who  noticed, 
while  introducing  it,  that  “our  attention  must  not  be  directed  to  the  decorative  portions  of 
the  style,  but  to  the  construction,  from  the  study  of  which  some  valuable  le.ssons  may  be 
deduced.” 
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The  Saxon  Jiinnner  of  Building.  — A division  of  the  transept  of  the  cathedral  at  Win- 
Chester  has  been  selected  as  the  best  authenticated  example  of  the  style  in  use  previous  to 
the  Norman  Conquest.  In  a paper  read  before  the  British  Archa;oIogical  Association  a» 
their  second  annual  congress,  held  at  Winehe.ster  in  August,  1845,  the  author  gave  hi.% 
reasons  for  supposing  it  to  be  the  work  of  3t.  A thelwold,  for  which  the  reader  is  referred  to 


its  “ Transactions.” 

Arches  upon  arches  enabled  the  Saxons 
to  continue  their  walls  to  a considerable 
height,  the  ojienings  between  the  jiiers  being 
proportioned  as  those  of  the  Roman  build- 
ings in  the  time  of.  the  emperors.  The 
plans  of  the  piers  differ  from  those  pre- 
vious to  the  introduction  of  Christianity  : 
in  Britain  both  the  Greek  cross  and  the 
circle  are  applied  to  them. 

At  Winchester  Cathedral  the  columns 
of  the  triforium  recede  within  the  pier,  and 
are  set  round  a circle,  (fig.  1267.);  the 
passage  in  the  walls  of  the  clerestory  is 
shown  at  the  side ; in  another  portion  of 
the  same  building  is  a similar  arrangement 
in  less  massive  jiiers.  (fig.  1268.) 

The  Saxon  churches  were  generally  di- 
vided into  three  tiers  or  stories,  viz.  a 
lower  arcade,  a triforium,  and  clere-story 
above  ; and  such  was  the  solidity  and  thick- 
ness of  the  walla,  that  buttresses  were  alto- 
gether omitted,  the  outer  face  of  their  build- 
ings in  this  particular  bearing  a closer 
resemblance  to  the  Roman  than  the  Nor- 
man, although  the  workmanship  was  rude, 
and  the  decoration  scanty. 

The  proportions  found  in  Saxon  buildings 
are  the  same  as  in  the  Roman,  which, 
without  doubt,  they  took  for  their  models. 
The  circular  temple  of  the  Pantheon  at 
Home,  142  feet  6 inches  diameter  internally, 
and  183  feet  8 inches  externally,  contains 
the  proportions  of  tw  o-fifths  wall  and  three- 
fifths  void ; the  area  of  the  latter  being 
15,948  superficial  feet,  and  of  the  former 
26,493  superficial  feet;  the  dlfifcrence  of 
the.se  areas  giving  10,545  feet  for  the  area 
of  the  walls. 

We  have  already  seen  that  in  the  Coli- 
seum at  Rome  the  points  of  support  are 
about  one-sixth  of  the  entire  area  of  the 
plan ; and  the  proportions  of  both  these 
buildings  have  been  admired  for  nearly  2000 
years,  the  one  vaulted,  the  other  uncovered. 

Generally  the  walls  and  piers  of  our 
Saxon  cathedrals  occupy  from  one-third  to 
two-fifths  of  the  entire  area;  in  their  sections 
one-third  is  devoted  to  walls  and  piers,  and 
the  remainder  divided  between  the  nave  and 
side  aisles. 

The  division  of  the  cathedral  at  Win- 
chester exhibits  very  perfectly  the 
Saxon  manner  of  building;  the  piers  that 
support  the  lower  arches  are  10  feet  wide, 
and  the  clear  openings  between  them  12  feet 
1 inch.  The  nave  and  transepts  retain 
their  original  construction ; in  the  former 
under  the  casing  executed  by  William  of 
Wykeham,  and  in  the  latter  it  is  seen  in  its 
full  purity.  The  choir  stands  over  the 
crypts  built  by  St.  Athelwold,  and  though 
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somewhat  changed  by  the  Nor- 
mans, it  yet  retains  the  di- 
mensions given  to  it  by  its 
celebrated  Saxon  constructor. 

The  small  piers,  one  of 
which,  ill  the  south  transept, 
is  nearly  perfect,  are  set  out 
with  great  regularity,  and 
measure  9 feet  8 inches  from 
west  to  "ast,  and  8 feet  2 
inches  from  north  to  south  ; 
their  form  is  tliat  of  the  Greek 
cross,  composed  of  five  cubes, 
each  2 feet  7 inches  in  width, 
with  large  and  small  columns 
placed  around  them  to  receive 
the  mouldings  that  decorate 
tlie  arches  : six  of  these  co- 
lumns have  their  centres  on 
the  same  circle : it  is  evident 
tliat  tlie  hexagon,  or  tlie  du- 
plication of  the  equilateral 
triangle,  was  applied,  and 
that  the  whole  w'as  set 
out  by  one  conversant  in 
geometry,  and  acquainted 
with  the  proportions  of  the 
cube.  The  Greek  cross,  which 
defines  the  solid  mass,  is  con- 
tinued through  the  triforium 
and  clerestory  up  to  the  timber 
roof.  The  columns  of  the  triforium,  set  round  the  inner  circle,  are  partly  cut  into 
the  lateral  arms  of  the  Greek  cross,  but  the  face  of  the  shafts  of  the  columns  are  in  a line 
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w ith  its  outer  side.  The  centre  of  the  pier  is  preserved  tliroiighout.  and  so  placed  as 
always  to  balance  the  masses  around  it  equally.  The  circular  shafts  at  Gloucester 
Cathedral,  'I'ewkcshury  Abbey  Church,  and  several  others,  were  probablv  of  earlier  date 
than  pillars  formed  of  several  shafts  ; those  in  the  church  of  Saint  Gerinain  des  Prez,  at 
Paris,  are  delicate  examples  of  the  former  style. 

That  aisles,  galleries,  and  passages,  belonged  to  the  construction  of  a Saxon  church, 
we  have  sufficient  evidence  in  th.e  r-ccounts  left  us  by  contemporary  historians  ; but  the 
jjresent  subject  is  almost  conclusive  on  this  point,  there  being  a preparation  for  a wall 
6 feet  8 inches  in  thickness,  containing  the  {lassage  2 feet  in  width,  indicated  by  the  jilan 
of  the  pier  at  fig.  1267.  d’he  arrangement  of  the  columns  shows  that  there  was  no 
intention  of  vaulting  the  side  aisles,  for  the  two  which  carry  the  cross  springers  appear 
to  have  been  added  some  time  after  the  original  construction,  as  were  also  those  in  the  pier, 
fig.  1268. 

Athelwold  is  supposed  to  have  executed  the  whole  of  this  work  before  the  year  980 : 
the  mouldings  throughout  are  rudely  cut,  the  capitals  of  the  main  pillars  being  the  only 
portions  which  are  at  all  enriched  by  sculiiture,  and  they  are  very  simply  carved. 

T/te  iWorman  manner  of  Building  can  scarcely  be  said  to  differ  from  the  Saxon,  though  the 
masons  employed  after  the  Conquest  certainly  acquired  a superior  knowledge  in  their  art. 
The  ornaments  which  we  find  in  Norman  buildings  had  all  been  previously  used  bv 
the  Saxons ; hence  the  difficulty  of  distinguishing  the  works  of  one  from  the  other : where 
w'ritten  authority  is  not  handed  dowm  to  us,  we  can  only  judge  by  the  difference  of  the 
workmanship  ; it  cannot  be  denied  that  there  were  many  very  able  masons  among 
the  Saxons,  who  were  qualified  to  raise  buildings  and  enrich  them  with  sculi)tured 
ornament. 

The  finest  examples  of  Norman 
work  may  be  seen  at  Caen  and  its 
neighbourhood,  and  have  been  en- 
graved from  measurements  taken  by' 
the  late  IMr.  Pugin. 

In  England  the  same  style  pre- 
vailed throughout  our  religious 
structures  ; there  is  a great  similarity 
of  arrangement,  and  little  variety  of 
ornament.  The  Norman  style  was 
generally  adopted  after  the  Conquest, 
but  that  named  by  the  monkish 
historians  the  “ Opus  Romanum  ” was 
continued  in  many  of  our  parish 
churches,  as  well  as  in  some  larger 
buildings.  The  Norman  pillar  was 
sometimes  composed  of  a cylinder 
with  four  small  half  columns  at- 
tached, as  at  Amiens,  which  is  7 feet  2 
inches  diameter. 

For  the  Saracenic  or  Arabian  Styles 
we  must  refer  to  the  beautiful  work 

recently  published  by  Mr.  Owen  

Jones,  xyhere  the  decorative  parts  of  ^ig.  i2G9.  pier  at  amiens. 

this  curious  and  highly  ornamented 

architecture  are  admirably  given,  and  proceed  to  the  description  of  the  principles  which 
guided  the  constructors  of  pointed  architecture. 

The  Lancet  Style  succeeded  the  Norman,  and  we  find  it  well  defined  in  many  churches 
and  cathedrals  as  early  as  the  year  1 180 ; in  it  decoration  was  sparingly  introduced, 
and  throughout  every  part  of  the  design  there  was  simple  uniformity,  and  a display  of 
a considerable  knowledge  of  geometry  ; the  heads  of  the  windows  and  doors  were  formed  of 
a pointed  arch,  constructed  upon  an  equilateral  triangle ; all  the  mouldings  which  sur- 
rounded those  apertures  xvere  delicately  formed,  and  had  both  capitals  and  bases;  this  style 
was  practised  till  1230,  when  it  was  followed  by  another,  which  by  some  writers  has  been 
termed 

The  Early  Etiglish  or  the  Geometric  Style,  from  the  manner  in  which  the  several  portions 
of  a building  were  set  out ; and  we  find  it  adopted  generally  up  to  the  year  1280. 

Salisbury  Cathedral,  founded  by  Bishop  Richard  Poore,  in  the  year  1220,  was  finished 
in  1260.  Its  plan  is  that  of  a Greek  or  patriarchal  cross,  the  extreme  length  being  480 
feet,  that  of  the  great  transept  from  north  to  south  232  feet,  and  that  of  the  lesser  transept 
172  feet : the  stone  used  for  the  external  walls  and  buttresses  was  brought  from  the  quar- 
ries at  Chelmark,  which  lies  about  12  miles  distance,  westward  from  the  city,  d'he  middle 
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of  the  walls  is  filled  in  with  rubble,  and  the  shafts  of  the  columns  are  of  marble,  from  the 
Purbeck  quarries.  At  the  intersection  of  the  nave  with  the  great  transept  rises  a noble 
stone  tower  and  octagonal  spire,  the  total  height  of  which  is  400  feet ; tlie  stone  of  the 
spire  is  in  thickness  about  2 feet  to  the  height  of  20  feet  above  the  tower,  after  which  it  is 
only  9 inches  in  thickness  to  the  summit : this  spire,  though  braced  and  strengthened 
throughout  by  timbers  and  ironwork,  has  declined  from  the  perpendicular  22i  inches; 
but  since  1681,  when  the  observation  was  made,  there  has  been  no  further  declination. 

The  walls,  after  they  were  carried  up  to  the  floor  of  the  triforium,  appear  to  have  been 
increased  by  corbelling,  as  if  it  had  been  doubted  whether,  as  originally  set  out,  there  would 
l)e  sufficient  strength  to  carry  the  cross  springers  of  the  vaulted  nave  ; the  total  width 
is  exactly  100  feet.  The  clear  width  of  the  nave,  as  measured  on  a level  with  the  triforium, 
is  .83  feet  3 inches,  and  that  of  each  side  aisle  half  that  dimension,  or  16  feet  9 inches; 
had  this  last  been  16  feet  inches  only,  the  projjortions  shown  by  a section  would 
have  been  exactly  one-third  for  walls  and  two-thirds  for  voids  ; after  appropriating  the 
third  of  the  100  feet  to  the  walls,  half  the  remainder  is  given  to  one  side,  and  hall 
to  the  other;  we  also  find  that. each  of  these  dimensions  of  16  feet  8 inches  is  divided 
into  three,  two  parts  of  which  are  given  to  the  outer  wall  and  buttress,  and  the  other  to 
the  main  pillar  that  divides  the  nave  and  side  aisles,  or  nearly  so. 

The  inclination  of  the  arched  buttresses  is  not  such  as  to  resist  the  spreading  of  the 
vault  at  its  base,  the  knowledge  of  their  use  not  having  then  been  attained.  The  height 
of  the  vaulting  of  the  nave  from  the  pavement  is  81  feet. 

Wells  Cathedral  has  some  peculiarities  in  its  construction,  particularly  In  the  application  of 
its  arched  buttresses : they  pitch  against  a stone  corbel  inserted  below  the  springing  cf  the 


Fig.  1272.  SECTION  OF  WELLS  CATHEDRAL. 


middle  vault,  and  a tangent  drawn  at  the  back  of  the  v.ault  and  elongated  determines  the 
inclination  of  the  top  of  the  flying  buttress:  here  some  improvement  is  shown  upon  those 
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at  Salisbury.  Tlie  masonry  of  the  arches  is  admi- 
rably constructed,  and  the  joints  all  radiate  to  a com- 
mon centre. 

The  total  width  of  this  cathedral  from  face  to  face 
of  the  buttress  is  86  feet  5 inches,  and  that  of 
the  nave  31  feet  10  inches,  instead  of  28  feet  9.1 
inches,  as  it  would  have  been  if  a third  had  been 
adopted;  the  side  aisles  are  also  diminished  in  conse- 
quence, being  only  13  feet  1\  inches  in  the  clear  ; 
they  are,  however,  equal  to  the  buttress,  outer 
wall,  and  main  pillar  added  together,  the  first  pro- 
jecting 2 feet  8 inches,  the  second  or  outer  wall 
being  6 feet  in  thickness,  and  the  piers  5 feet  diame- 
ter ; whilst  the  width  of  the  side  aisle  measures  13 
feet  7|  inches,  an  approximation  sufficiently  near  to 
suppose  that  the  proportions  of  thirds  was  still  adopted 
in  practice.  The  nave  has  been  increased  at  the 
expense  of  the  side  aisles,  and  its  height  is  68  feet 
9 inches  to  the  top  of  the  vaulting  from  the  pave- 
ment. 


Chapter  House  at 
Wells,  erected  between 
the  years  1293  and 
1.‘502,  is  an  octangular 
budding  of  great 
beauty.  A section 
through  the  but- 
tresses shows  that 
two  equilateral  tri- 
angles crossing  each 
other  have  determined 
the  mass  and  void, 
which  are  in  the  pro- 
portion of  one  to  two, 
or  the  thickness  of  the 
4 wo  walls  is  equal  to 
one- third  the  entire 
diameter : the  base 

line  of  the  triangle, 
on  which  the  supports 
of  the  crypt  are  placed, 
clearly  indicates  this 
arrangement.  Of  the 

twelve  equilateral  tri- 
angles comprised  in  the 
parallelogram  formed 
by  uniting  the  bases 
olf  tlie  two  larger,  each 
outer  wall  and  buttress 
occupy  two,  or  the 
two  walls  and  their 
buttresses  four  of  the 
twelve  divisions, 
leaving  eight  for  the 
•pace  between  them. 


Fig.  1274.  DIVISION  OF  WELLS  CATHEDRAL. 


Fig 
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Where  it  is  determined  that  tlie  walls  shall  occupy  one-third  of  the  section  of  a building, 
no  figure  is  so  well  calculated  for  such  a distribution  as  the  equilateral  triangle ; it  enables 
the  architect  at  once  to  limit  and  fix  the  proportions  of  his  design ; hence  its  universal 
application  : and  the  mysterious  qualities  attached  to  it  by  the  freemasons  no  doubt  arose 
from  the  extraordinary  facility  it  afforded  them  in  setting  out  their  several  works.  What 
can  be  more  simple  or  more  beautiful  than  the  distribution  of  this  edifice?  Within  a circle 
a hexagon  is  set  out,  the  perpendicular  sides  of  which  mark  the  outer  faces  of  the  buttresses ; 
the  junctions  of  the  angles,  by  forming  a base  to  every  two  sides,  produce  the  two 
equilateral  triangles,  which  sub-divided  not  only  enable  us  to  arrange  the  other  portions 
accurately,  but  also  to  measure  with  the  greatest  nicety  their  relative  dimensions.  The 
quantities  of  material  employed  in  construction  can  be  estimated  by  such  means  much 
more  easily  than  by  measuring  each  portion  separately,  cubing  it,  and  adding  the  numerous 
dimensions  so  obtained  together ; there  is  decidedly  more  simplicity  in  the  former  than  in 
the  latter  system  : the  area  of  one  triangle  being  found,  we  at  once  know  that  of  all  the  rest, 


or  of  any  portion.  In  the  subject  before  us  the  distance  from  the  muiole  of  one  buttress  to 
that  of  the  other  is  31  feet  6 inches,  and  the  diameter  taken  through  them  at  this  level  is 
92  feet ; omitting  the  buttresses,  the  outer  side  measures  26  feet,  and  the  inner  21  feet 
6 inches,  the  respective  radii  of  the  circles  which  comprise  the  octangular  outer  walls  and 
the  void  being  38  feet  and  31  feet  5 inches.  Hence  we  find  that  the  entire  area  of  the 
building  without  the  buttress  is  - - _ _ 3264  feet. 

The  area  of  the  void  - - - - . - 2176  feet. 

And  of  the  walls  or  points  of  siqiport  - - . . 1088  feet. 

At  the  level  of  the  crypt,  above  the  outer  plinth,  we  have  these  regular  proportions,  two- 
thirds  void  and  one-third  walls. 

The  height  of  the  entire  building,  from  the  pavement  to  the  top  of  the  parapet,  is  72  feet 
6 inches,  and  to  the  top  of  the  pinnacles  92  feet,  the  total  height  being  equal  to  the  extreme 
diameter  taken  above  the  plinth  moulding  on  the  outside.  The  interior  of  this  chapter- 
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house  cxliil)its  tlio  most  perfect  proportions  as  well  ns  appropriate  decorations  ; tlic  eight 
windows,  divided  into  four  days,  have  their  heads  filled  in  with  circles  set  out  upon 
equilateral  triangles  ; the  vaulted  stone  roof  rests  partly  upon  the  octangular  central  pillars, 
3 feet  in  diameter,  surrounded  by  sixteen  small  columns,  one  at  each  angle  and  another 
between  ; the  height  of  the  pillar  is  22  feet  8 inches. 

Thoroughly  to  comprehend  the  expression,  as  well  as  use  of  the  various  members  found 
in  the  architecture  of  the  middle  ages,  we  must  trace  the  progress  made  in  vaulting,  and 
observe  the  changes  it  underwent,  from  the  simple  cylindrical  to  the  more  complex  and 
difficult  display  of  fan  tracery  or  conoidal  arches.  The  ridge  ribs,  or  liernes,  as  they  are 
termed,  in  the  crypt  of  the  Chapter-house  at  Wells,  pass  from  the  centre  of  the  building  to 
the  middle  of  each  buttress  ; the  diagonals,  or  croissces,  mitre  into  them  as  well  as  intirthe 
formerets  or  ribs  against  the  outer  walls. 

In  the  vaulting  of  the  Chapter-room,  we  have  evidence  of  greater  refinement,  and  an 
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improvement  in  the  decoration,  by  the  addition  of  a number  of  intermediate  ribs 
terminating  against  the  octangular  one  in  the  middle. 

At  a later  period  we  find  transverse  ribs  made  use  of,  then  others  between ; but 
although  the  design  may  seem  complicated,  yet  when  laid  down  the  plan  wdil  as- 
sume the  greatest  simplicity,  as  shown  in  the  division  representing  the  groining  of  the 
crypt. 

When  this  system  had  been  carried  out  to  a considerable  extent,  the  fan  tracery  w’as 
introduced,  and  although  apparently  more  difficult  of  execution,  it  is  far  more  scientific  in 
its  application  and  arrangement,  evincing  a higher  knowledge  of  mathematical  principit's 
and  geometry,  and  is  another  evidence  of  the  gradual  progress  of  the  mind  towards 
perfection  in  this  style  of  architecture. 
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Westminster  Abbey,  commenced  in  the  year  1245,  is  in  that  style  which  for  many  years 
pj  cvailed  in  France : the  fine  church  at  St.  Denys,  near  Pans,  is  exactly  similar  m all  its 
detail.  The  windows  are  wide,  divided  by  mulUons, 
and  have  their  heads  filled  in  with  plain  circles,  the 
origin  of  the  cusp,  or  that  kind  of  decoration  which 
every  pointed  arch  afterwards  received.  This  style, 
which  succeeded  the  Lancet,  is  found  throughout 
England,  and  many  of  the  parish  churches  exhibit 
fine  examples  of  it.  Stone  Church,  in  Kent,  of 
which  the  writer  has  published  an  account,  may  be 
cited  as  one  of  the  best ; its  ornament  shows  the 
skill  and  taste  that  prevailed  among  the  free- 
masons at  that  period.  Salisbury,  Wells,  and  York 
Cathedrals  abound  with  rich  foliage  and  sculptures 
of  the  highest  merit  executed  at  the  same  time,  and 
it  is  wonderful  to  observe  to  what  a state  of  perfec- 
tion the  artists  of  this  country  had  arrived.  The 
effects  of  the  chisel  of  the  Pisan  school  were  dis- 
played upon  marble,  but  our  sculptors  worked  upon 
an  inferior  material ; yet  the  draperies  of  their 
figures,  as  seen  in  the  front  at  Wells,  and  else- 
where, are  quite  equal  to  those  wrought  by 
the  pupils  of  Italian  masters  at  the  same  time. 

The  circle  and  its  intersections  at  this  period  were 
alone  employed  for  the  plans  of  piers,  sections  of 
mouldings,  and  the  filling  in  of  windows  and 
doorways:  from  them  we  trace  the  origin  of  the 
style  which  immediately  succeeded. 

'Fhe  cathedrals  of  Cologne,  Amiens,  Beauvais,  the 
Sainte  Chapelle  at  Paris,  and  numerous  other  ex- 
amples on  the  continent,  exhibit  the  same  propor- 
tions and  style  with  that  of  Westminster  ; the  lofty 
j)ointed  arches,  which  rest  upon  the  main  cluster,  are 
decorated  with  numerous  small  mouldings  ; the  tri- 
forium,  in  some  instances  glazed,  have  their  pointed 
arches  filled  in  with  trefoils,  cinquefoils,  or  sexfoils, 
and  the  clerestory,  carried  up  to  the  very  apex  of 
the  vaulting,  is  similarly  adorned.  Westminster 
Abbey  is  one  of  the  finest  examples  of  building 
executed  in  the  thirteenth  century. 

Tracery  and  Geometric  Forms. — To  comprehend 
thoroughly  the  principles  which  directed  the  free- 
masons of  the  middle  ages  in  the  execution  of 
all  their  works  would  require  far  greater  illustra- 
tion than  can  be  bestowed  upon  the  subject  in 
the  present  volume : it  must  be  sufficient  if  we 
point  out  a few  which  influenced  the  design  of 
some  of  their  best  examples,  and  show  that  it  is  a 
perfectly  erroneous  opinion  to  suppose  they  were 
executed  without  a thorough  knowledge  of  certain 
rules,  originating  with  themselves,  and  perfected  by 
a constant  study  of  what  was  not  only  useful,  but 
productive  of  the  best  effect.  Those  who  inquire 
into  this  subject  must  collect  the  data  upon  which 
an  opinion  can  be  formed,  for  it  is  scarcely  possible, 
without  positive  measurement,  to  arrive  at  any  con- 
clusion upon  the  matter:  the  admirer  of  the  Greek, 
or  the  commentator  upon  Vitruvius,  alone  can 
scarcely  hope  to  be  successful  : it  is  true  that  in 
one  of  the  early  printed  Italian  editions  of  the 
valuable  author  quoted,  there  are  several  dia- 
grams which  seem  to  point  to  the  subject,  but 
the  student  will  find  only  the  nucleus  around 
which  the  lovers  of  geometry  in  the  middle  ages 
arranged  their  varying  and  beautiful  forms ; this  is  the  equilateral  triangle,  and  by 
inclosing  the  plan,  section,  or  elevation  of  a building  within  it,  the  several  proportions 
can  be  accurately  measured,  and  if  sub-divided  into  a number,  either  of  the  triangles 
would  show  the  proportion  It  bore  to  the  whole  area. 


Fig.  1278.  WESTMINSTER  ABBEY. 
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In  one  of  the  tracery  heads  of 
\he  windows  in  the  cloister  at  West- 
minster, the  date  of  which  is  about 
1348,  we  liave  two  figures  that  re- 
semble the  plans  given  to  clustered 
pillars,  indicating  at  once  that  the 
same  principles  were  applied  to 
the  setting  out  of  both  windows 
and  points  of  support.  When 
the  circumference  of  a circle  is 
divided  into  twelve  equal  parts, 
llie  points  which  divide  them  form 
the  termination  of  four  equilateral 
triangles,  and  we  have  at  their 
intersections,  not  only  the  centres 
of  the  circles  that  constitute  the 
filling  in,  but  also  the  several 
mitres  and  other  portions  of  the 
figure. 

These  rules  were  evidently  ap- 
plied to  windows,  and  to  tracery  of 
every  description,  executed  at 
the  end  of  the  thirteenth  and 
commencement  of  the  fourteenth 
centuries  ; also  to  the  plans  of  the 
main  cluster  of  pillars  in  many 
cathedrals  and  churches.  For 
nearly  a century,  circles  and  their 
intersections  formed  the  ornamen- 
tal portions  of  every  kind  of  panel 
and  window  head;  they  were 
afterwards  blended  into  other 
figures,  and  apparently  set  out 
upon  different  principles;  but  the 
hexagon  and  equilateral  triangles 
were  necessary  to  produce  the  flow- 
ing lines  which  succeeded.  The 
thange  which  took  place  in  de.sign 
no  doubt  arose  from  the  facility 
which  had  been  attained  by  the 
practice  of  this  method,  and  if  it 
were  possible  to  exhibit  each 
variety  in  England  alone,  there 
would  be  ample  evidence  of  the 
inventive  power  of  the  freemasons, 
and  the  j)rogressive  improvement 
in  their  school  for  depicting  form. 

The  quatrefoil  in  fig.  1279.  is  met 
with  in  the  panels  of  several  altar 
tombs,  in  the  spandrills  of  the  arches  of  door- 
ways, and  it  is  worthy  of  observation  that 
all  the  mitres,  where  the  figures  change  their 
form,  are  perfect  for  each  : had  these  con- 
siderations been  neglected,  we  should  not 
liave  had  the  graceful  flowing  lines  found 
in  these  designs : no  other  triangles  crossing 
are  so  universally  applicable,  or  require  less 
skill  in  their  adoption.  The  student  of  the 
present  day  might  occupy  a life  in  the  col- 
lection of  these  subjects,  and  they  are  most 
excellent  models  for  the  application  of  the 
rules  of  theoretical  geometry  to  practice. 

Windows  of  three  Days  or  Divisions  are 
met  with,  having  heads  of  singular  beauty, 
inclosed  within  an  equilateral  triangle,  and 
so  numerous  are  the  designs,  that  it  is 
rare  to  meet  with  two  exactly  similar.  In 


J030 


PRACTICE  OF  ARCHITECTURE. 


Book  III. 


tho  more  simple  of  three  days  or  lower  divisions,  the  head  is  occujiied  by  three  circles, 
each  of  which  contains  a trefoil  constructed  upon  the  crossing  of  cither  three  or  four  equi- 
lateral  triangles. 

A very  extraordinary  design,  composed  of  intersecting  circles,  is  to  be  seen  at  tho  east 
end  of  the  chancel  of  the  church  at  Sutton,  at  Hone,  in  Kent;  although  much  dilapidated, 
it  still  preserves  many  of  its  original  Bowing  lines,  all  struck  from  the  same  radius,  through 
points  previously  determined  by  crossing  the  primitive  circle  by  four  equilateral  triangles. 

At  half  the  height  of  the  head 
of  the  window  a horizontal  line 
may  be  supposed  to  be  drawn 
from  one  side  to  the  other,  on 
which  are  three  circles ; the  two 
outer  touching,  are  crossed  by 
the  third,  struck  from  the  point 
of  their  junction  ; with  the  same 
radius  several  spherical  triangles 
are  struck  from  the  points  of 
intersections,  producing  the 
lines,  which  unite  and  divide 
the  window  head  into  several 
compartments,  differing  in  pat- 
tern and  dimension.  After  the 
circles  were  struck,  the  lines  that 
did  not  play  into  each  other 
were  left  out,  and  those  only  re- 
tained which  flowed  on  grace- 
fully; by  these  nice  consider- 
ations and  just  application  of 
principles,  the  masons  were  cer- 
tain of  producing  a perfect  ef- 
fect, without  rigidly  adhering  to 
any  particular  form.  1‘282.  uoNii  cnuacii,  Kt.NT. 

Windows  of  four  Days  or  Divisions,  — Among  the  heads  of  a more  simple  character 
are  those  which  contain  one  large  circle,  subdivided  by  three  equilateral  triangles,  each 


inclosing  a trefoil.  Others  contain,  in  ad( 
two  smaller,  const) ucted  upon  the  points  of  il 
between  the  heads  of  the  divisions  below. 


Fig.  1284. 


ion  to  the  one  great  equilateral  triangle, 
base,  and  dropping  into  the  space  comprised 
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Fig.  1285. 


Windows  of  Six  Divisions  arc  far  more  coni))Hcated,  and,  tliougli  exhibiting  greater  skill 
in  geometry,  are  set  out  precisely  upon  the  same  j)rinciple.  The  two  eijiiilateral  triangles 
inclosed  within  the  great  circle  mark  out  the  prominent  features  of  the  design,  and  their 
terminations  are  the  centres  of  as 
many  spherical  triangles,  which, 
by  their  crossing,  constitute  the 
elaborate  filling  in. 

In  some  examples,  above 
the  two  main  lower  divisions 
is  a circle  divided  by  several 
others,  the  twelve  which  are 
indicated  in  the  figure  serving  to 
proportion  the  tracery  of  this 
compartment. 

At  the  latter  end  of  the  four- 
teenth century,  these  designs 
were  so  multiplied  that  almost 
every  cathedral  and  church  had 
its  peculiar  windows  : in  Amiens 
cathedral,  the  chapels  constructed 
at  this  same  time  receive  their 
light  from  windows,  the  heads  of 
which  are  filled  in  with  tracery 
exceedingly  varied,  but  the 
general  principles  of  setting  out 
the  work  are  preserved ; the 
circle  and  the  equilateral 
triangle  were  subdivided 
almost  to  infinity,  and  at  no 
period  of  the  arts  do 
the  inventive  facul- 
ties appear  so  fertile  as 
in  that  we  are  now 
considering.  The 
great  west  window  of 
York  Cathedral  is  the 
finest  example  of  the 
improvement  made  in 
this  mode  of  deco- 
ration ; the  geometric 
forms  are  there  so  con- 
cealed by  the  blending 
of  the  several  curves, 
as  to  produce  con- 
tinued flowing  lines, 
which  is  partly  shown 
in  fig.  1282.  ; they  are, 
however,  all  set  out 
in  the  same  manner, 
and  the  centres  upon 
which  they  are  struck 
are  established  by 
the  crossing  of  equi- 
lateral triangles. 

During  the  epis- 
copacy of  John  Gran- 
disson,  from  the  year 
1327  to  1369,  Exeter 
Cathedral  was  under- 
going an  entire  change 
in  its  architecture. 


Fig.  1286. 


To  this  bishop  we  are  indebted  for  the  great  west  window,  of  nine  days,  and  several  smaller 
of  four  and  five,  in  which  are  introduced  tracery  showing  a great  variety  of  ^ design  : some 
are  composed  of  equilateral  triangles,  each  containing  a trefoil,  some  of  circles  with  six 
turns,  others  have  four  and  three;  but  the  heads  of  all,  varied  as  they  are,  belong  to  the 
same  school  as  fig.  1285. 

The  great  east  window  at  Bristol  Cathedral  is  another  fine  example  of  nine  days, 
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cxocutccl  about  tlio  niuUllc  of  the  l^tli  century  ; the  centre  of  the  head  of  the  window,  or  ] 
rather  tlie  nucleus  to  the  tracery,  is  an  octagon,  six  sides  of  which  are  retained,  the  other  i 

two  being  suiipressed,  to  allow  of  a better  combination  with  the  three  centre  divisions  ol  i 

tlie  lower  part. 

'File  equilateral  triangle  also  defined 
tlie  form  and  magnitude  of  the  several 
niullions,  as  shown  by  Jig.  1287., 
constructed  upon  measurement  of  the 
windows  of  the  clerestory  of  the  nave 
at  Winchester;  a line  drawn  from 
the  apex  of  one  mullion  to  the  other 
is  the  base  of  the  triangle,  and 
the  space  inclosed  by  the  two  is 
divided  into  ten  other  equilateral 
triangles,  two  of  which  agree  in 
dimensions  and  form  with  each  mul- 
lion. Of  the  twelve  equilateral  tri- 
angles embracing  two  half  mullions, 
ten  are  given  to  the  day  or  space  to 
.admit  the  light,  and  two,  or  one- 
sixth  of  the  whole,  is  comprised  by 
the  mullion;  such  appears  to  have 
been  the  manner  of  proportioning  the 
parts  of  windows  in  the  middle  ages. 

Rose  Windows  in  the  West  Transept  of  the  Church  of  St.  Ouen  at  Rouen  is  29  feet  6 inches 
in  diameter,  and  composed  of  seven  equal  circles,  one  of  which  occupies  the  centre  : each  ot 
those,  which  surround  it,  are  again  subdivided  by  others  ; two  only  of  the  outer  six  are  pre- 
served in  the  figure,  and  form  the  quatrefoils,  whilst  the  intersections  of  the  others  serve  as 
centres  to  the  rest  of  the  design. 


Rose  Window  of  the  South  Transept  of  the  Cathedral  at  Rouen  is  23  feet  in  diameter, 
measured  to  the  centre  of  the  large  bead,  which  comprises  the  figure.  A portion  only  of 
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tills  beautiful  exainjilc  is  given,  for  the  pui  pose  of  exhibiting  Ihe  principle  upon  which  it  i^ 
set  out;  It  wil  be  evulent  that  the  nucleus  of  tlie  design  is  composed  of  two  c.iuilakral 
triangles,  and  the  sides  of  each  continued,  constitute  the'alternate  divisions. 


The  internal  hexagon  has  its  parallel  sides  prolonged,  to  mark  the  position  of  the  four 
divisions  that  have  their  pointed  heads  attached  to  the  small  circle,  which  forms  the  eye  of 
the  pattern ; and  the  length  of  these  prolonged  lines  is  limited  to  the  extent  of  the  sides  of 
an  equilateral  triangle,  which  is  again  divided  regularly,  the  triangular  spaces  between 
being  filled  in  with  trefoils.  The  small  mullions  are  in  width  2i  inches,  the  next  size 
3 inches,  and  those  which  mark  out  the  figure  and  have  a bead  for  their  termination  are 
4^  inches ; another  bead  and  bold  projecting  label,  or  rim,  circumscribe  the  whole  rose  window, 
the  hollow  around  which  is  enriched  with  a curved  leaf.  On  each  side  of  the  internal 
hexagon  an  equilateral  triangle  is  constructed,  around  which  a circle  is  struck,  uniting 
elegantly  with  the  next,  and  forming  the  six  turns  which  characterise  the  filling  in  of 
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circles  at  tills  period  ; tliese  were  the  principal  decorations  after  the  Lancet  style  ;vas  aban- 
doned, and  were  continued  until  succeeded  by  more  flowing  and  varied  designs. 

Rose  )Vhidow  of  the  South  Transept  at  Beauvais,  34  feet  4 inches  in  diameter,  is  composed 
of  six  large  circles  and  their  intersections. 

To  set  out  this  win- 
dow the  great  circle 
expressed  by  the  cuter 
bead  is  divided  into 
twelve  parts,  each 
being  equal  to  half  the 
radius ; twelve  equi- 
lateral triangles  are 
then  inscribed,  the 
points  of  which  touch 
each  of  the  divisions, 
and  where  they  cross 
nearest  to  the  outer 
circle,  the  twelve 
pointed  arches  that 
surround  the  figure 
are  struck  ; the  other 
points  of  intersection 
of  the  triangles  are 
centres,  from  which 
the  other  curves  are 
drawn.  It  must  at  once 
be  evident,  that  in  a 
circle  so  divided,  or  liy 
any  other  equal  num- 
ber of  equilateral  tri- 
angles, the  portions 
contained  between  the 
smaller  angles  must 
be  equal  to  each  other  ; 
the  six  circles  around 
the  centre  have  their 
curves  blended  into 
the  outer,  and  if  it  be 
required  to  fix  centres 
for  each  of  these  flow- 
ing lines,  they  can  only 
be  obtained  by  cover- 
ing the  entire  rose 
window  with  lines  in 
the  manner  already 
described.  The  radius 
being  equal  to  the 
side  of  a hexagon,  and 
that  figure  being  com- 
posed of  two  equi- 
lateral triangles,  was 
probably  the  chief 
reason  of  its  first  pre- 
ference overall  otliers; 
it  certainly  affords  the 
most  extraordinary 
])Owers  of  combination, 

and  there  is  caredy  a moulding  or  form  in  the  architecture  of  this  period  but  is  set  out 
from  it.  The  mullions  that  bound  the  divisions  are  all  portions  of  this  figure,  as  are  the 
mouldings,  which  sweep  round  the  arches  of  the  buildings  themselves.  Nothing  can  sur- 
pass the  brilliant  effect  of  these  marigold  windows  when  glazed  with  rich  colours,  and 
exposed  to  either  a rising  or  setting  sun  ; in  the  example  now  described,  this  effect  is  still 
further  heightened  by  making  nearly  the  whole  end  of  the  southern  transept  a continuation 
of  the  same  design,  the  glass  descending  almost  to  the  tops  of  the  doors  which  afford  access 
to  the  cathedral.  The  construction  of  such  works  must  excite  our  highest  admiration,  for 
it  appears  scarcely  possible  to  excel  the  perfect  manner  in  which  the  parts  are  put 
together  and  worked  off,  the  execution  being  in  every  particular  worthy  the  design. 


Fig.  1291. 
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The  Rose  Window  in  the  South  Transept  at  Amiens,  29  feet  6 inches  in  diaunaer,  i.s  set  out 
upon  two  squares,  which  cross  each  other  diagonally. 


Sixteen  divisions  are  employed  in  this  figure,  and  by  crossing  as  many  squares,  we  ani>e 
at  the  method  by  which  it  is  set  out ; each  side  of  the  square  is  equal  to  the  radius  by 
which  the  master  line  on  the  outer  bead  or  circle  is  struck : where  the  squares  cross  each 
other  are  the  divisions  of  the  pattern,  and  their  several  points  are  the  centres  upon  which 
the  pointed  arches  are  struck,  which  surround  the  outer  portion  of  the  rose. 

Where  the  lines  of  the  squares  cross,  in  the  interior  of  the  figure,  the  smaller  divisions 
are  established,  and  their  points  of  intersection  serve  for  centres  to  strike  the  lesser  curves ; 
to  show  this  clearly  the  whole  must  be  set  out,  and  drawn  to  a large  scale. 

The  architecture  of  France  underwent  a material  change  after  the  thirteenth  century ; 
the  heads  of  the  windows  were  no  longer  filled  with  tracery  composed  of  six  foils,  generally 
three  in  each  window,  but  branched  out  into  a more  running  pattern,  as  practised  in 
several  parts  of  England.  The  fourteenth  century  not  only  exhibits  windows  of  more 
difficult  design,  but  an  apparent  absence  of  the  principles  by  which  the  several  parts  were 
proportioned  to  each  other.  Before  the  Perpendicular  style  appeared,  great  progress  had 
been  made  in  the  groining  of  the  spacious  vaults  of  the  naves,  as  well  as  those  of  the  side 
aisles.  After  the  fan  tracery  was  substituted  in  England,  the  windows  had  straight 
muHions  ascending  till  they  intersected  the  arch ; and  we  have  no  further  display  of  the 
varied  figures  that  everywhere  prevailed  before : geometry  was  now  exercised  upon  the 
intricacies  which  their  surprising  vaults  exhibited.  It  is  somewhat  singular  that  we  never 
find  the  beauties  of  a previous  era  retained,  and  blended  with  that  which  succeeded. 

For  the  SOO  years  during  which  the  Pointed  style  continued  to  flourish,  each  half  century 
gave  to  it  a new  character ; hence  we  have  seldom  any  difficulty  in  establishing  its  date  • 
all  these  changes  resulted  from  an  improved  knowledge  in  the  art  of  construction.  Ihe 
lodges  of  freemasons  were  gradually  approaching  the  principles  which  directed  the  efforts 
of  the  architects  of  the  Byzantine  school,  and  which  \vere  found  too  refined  and  delicate  to 
be  practised  out  of  Italy  after  the  eleventh  century. 
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The  Rose  Window  in  the  Northern  Transept  of  the  Church  of  St.  Ouen  at  Rouen,  28  feel 
f ijiclies  ill  diameter,  is  an  example  of  the  pentagonal  setting  out. 


Fig.  1293. 


ST.  OUliN  AT  HOL'EN. 


When  the  sides  of  a pentagon  are  prolonged,  they  unite  and  form  five  isosceles  triangles, 
each  having  for  its  base  a side  of  the  original  pentagon.  The  equilateral  triangle,  the 
B(]uare,  and  the  pentagon  may  have  been  adopted  by  different  confraternities  of  freemasons; 
the  first  can  be  formed  into  hexagons,  duodecagons  and  their  multiples  ; the  squares,  by 
crossing  diagonally,  into  octagons ; they  may  be  also  tripled  and  quadrupled ; the 
mitre  of  the  equilateral  triangle  is  in  the  direction  of  its  centre  of  gravity,  as  is  that 
of  the  square  and  the  isosceles  triangles  ; consequently  to  unite  the  mouldings  around 
either,  the  plummet  would  indicate  the  direction  of  the  line,  when  dropped  from  the 
angles  and  suffered  to  cross,  the  point  of  intersection  being  the  centre  of  gravity 
;ommon  to  the  several  lines. 

In  tlie  chapel  of  St.  Cecile  is  the  monument  of  Alexander  Berneval,  the  master  mason  of 
the  works  at  St.  Ouen,  at  the  time  the  ro.se  window  was  executed  by  his  pupil,  whom  it  is 
reported  he  murdered  from  jealousy  : such  an  application  of  triangles  was  then  called 
the  pentalpha. 

ITic  foundations  of  this  church  were  laid  by  Marcdargcnt,  about  1318,  by  whom  it  was 
built  as  far  as  the  transept ; but  jirobably  the  rose  window  of  the  northern  transept  was 
not  inserted  till  many  years  after,  for  the  memorial  of  Berneval  bears  the  date  of  H40  : 
this  monumental  stone  is  8 feet  6 inches  in  length,  and  4 feet  in  width,  and  in  it  is 
rejiresented  the  architect  and  his  pupil,  each  employed  tracing  .with  his  compasses  his 
respective  design  ; these  beautiful  brasses  with  their  rich  tabernacle  work  were  in  the 
highest  state  of  jierfection  when  the  writer  was  last  at  Rouen,  and  around  the  master  figure 
was  inscribed  in  German  letters  : — 

(5p  gist  ?}taistrc  2(le):anbvc  be  SSernebal/  ?Ota{Stre  beS  oeubreS  be  5CRaconnerie  bu  Siof/ 
notre  ©ire^  bu  93aiUage  be  SRoueii/  et  be  ceSte  (SgliSe/  qui  treSpaSSU/  Fan  be  grace 
mil.  ccccyl.  le  n jour  be  Sanuier. 

Erie's  Si)ieu  pour  Fame  be  lup. 

The  date  of  the  pupil’s  death  is  not  commemorated,  which  has  led  some  to  imagine  the 
tale  of  his  murder  untrue,  and  that  he  erected  the  monument  to  his  master  with  the 
Lritcntion  of  being  buried  by  his  side. 
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The  North  Rose  JFindow  at  Amicm,  .17  feet  8 inches  in  diameter,  i.s  a magiiificent  example 
of  tlie  application  of  the  pentagon,  witli  5 isosceles  triangles  around  it. 

This  window,  probably 
executed  in  the  fourteenth 
century,  has  a great  resem- 
blance to  the  hist  described; 
the  fan  tracery,  of  which 
we  have  early  specimens  in 
the  cloisters  at  Gloucester, 
required  the  same  know- 
ledge of  geometry  to  perfect 
their  design.  In  1482 
Euclid  was  first  printed  at 
VTnice  from  the  Greek 
text;  but  geometry  had  been 
studied  in  England  from  the 
time  that  Adhelard,  in  11.30, 
liad  introduced  a transla- 
tion of  that  author  from 
the  Arabic  versions  which 
lie  met  with  during  his  tra- 
vels in  Spain.  In  1256 
Campanus  of  Navarre 
translated  Euclid,  who 
seems  to  have  been  com- 
mented upon  by  several 
eminent  writers,  and  no 
doubt  it  was  the  text-book 
of  the  freemasons,  who  dili- 
gently applied  the  problems 
it  contained  to  every  pur- 
pose of  their  art.  In  1486 
the  Editio  Princeps  of 
Vitruvius  appeared,  and 
the  commentaries  of  Cfesare 
Ccesariano  followed  in 
1521  ; the  latter  author 
published  three  plates  of 
the  Cathedral  at  Milan, 
covered  with  eijuilateral 
triangles,  which  have  not 
been  described  so  as  to  be 
useful  or  understood. 

The  compartments  which 
have  the  flat  sides  of  the  original  pentagon  for  their  base,  and  parallel  sides  throughout  till 
they  terminate  in  the  pointed  arch,  have  their  mullions  proportioned  to  their  opening,  the 
larger  being  double  the  size  of  the  smaller,  whilst  the  latter  are  equal  to  half  the  open  space 
between  them  : the  mullions  in  these  examples,  which  divide  two  spaces,  6 inches  in 
width,  are  usually  3 inches  in  thickness,  and  the  others  are  in  the  same  proportion.  'I'he 
next  sized  mullion  is  4^  inches,  with  a bead  of  inch  diameter,  which  runs  round  the 
whole  pattern  of  the  figure,  the  centre  of  which  may  be  called  the  master  line,  by  which 
all  the  rest  are  set  out ; the  several  mullions  are  all  twice  as  much  in  depth  as  in  width. 

Baptistery  of  Pisa.  — The  internal  diameter  of  this  circular  building  is  100  feet,  and  the 
thickness  of  its  outer  walls  and  columns  10  feet  6 inches  ; its  external  diameter  is  121  feet, 
the  area  of  which  is  11,499  superficial  feet,  that  of  the  interior  being  7854;  if  we 
deduct  from  it  what  is  occupied  by  the  four  piers  and  eight  columns,  or  1 88  feet,  we 
have  7666  feet  for  the  void,  exactly  two-thirds  of  the  entire  area.  To  find  these  pro- 
portions in  an  edifice  commenced  about  the  middle  of  the  twelfth  century  in  Italy,  is  a 
curious  corroboration  of  the  opinions  already  advanced,  the  same  rules  as  those  described 
for  the  Chapter  House  at  Wells  being  apparently  followed  : the  conical  brick  dome  was  the 
work  of  an  after  period,  and  may  have  been  the  prototype  for  that  of  St.  Paul’s  at  London  ; 
the  pointed  architecture  belonging  to  the  exterior  of  this  edifice,  of  the  same  character  as 
that  which  adorns  the  crosses  of  Queen  Eleanor  in  England,  was  added  in  the  fourteenth 
century. 

The  section  shows  how  the  equilateral  triangle  governs  the  proportions  of  this  celebrated 
building ; the  extreme  diameter  is  the  base,  and  its  apex  the  level  on  which  the 
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more  recent  conical  ami  hemispherical  domes  are  placed  : the  intersection  of  the  two 
great  triangles  fixes  the  diameter  to  he  given  to  the  internal  void,  around  which  the'  side 
aisle,  its  walls  and  pillars  should  be  formed.  The  circle  which  has  its  diameter  com- 
piised  between  the  apex  of  the  two  equilaterals  determines  the  clear  width  between  th« 


outer  walls.  That  the  architects  of  those  days  delighted  in  the  forms  produced  by  the 
several  intersections  of  the  circle  in  combination  with  the  equilateral  triangle,  we  are 
assured  by  viewing  the  several  designs  they  have  left  us  in  mosaic  upon  the  walls  of  the 
Duomo,  and  at  the  cathedrals  of  Florence,  Sienna,  and  elsewhere. 

Roshjn  Chapel,  Scotland,  commenced  about  the  year  1446,  has  its  buttresses  well 
suited  to  give  aid  to  the  walls,  and  to  enable  them  to  resist  the  thrust  of  its  nearly  semi- 
circular vault,  which  they  receive  below  the  springing.  The  extreme  width  from  face 
to  face  of  the  buttresses  is  48  feet  4 inches;  the  span  of  the  nave  is  IS  feet  8 inches, 
being  5 inches  less  than  the  proportion  of  a third ; the  two  side  aisles  together 
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are  15  feet,  or  within  a few 
inches  of  the  width  of  the 
nave ; consequently  the  walls 
and  piers  in  this  beautiful 
example  are  17  feet  8 inches, 
or  15  inches  more  in  extent 
than  they  would  have  been 
if  the  proportion  of  one-third 
had  been  adopted.  The 
height  from  the  pavement 
to  the  under  side  of  vault  is 
41  feet  10  inches. 

After  the  examples  de- 
scribed, we  cannot  doubt  of 
the  great  proficiency  that  had 
been  made  in  the  application 
of  the  rules  of  geometry  to 
architecture ; every  feature, 
whether  the  simple  moulding 
or  the  most  elaborate  tracery, 
was  set  out  either  upon  the 
equilateral  triangle,  square, 
or  pentagon,  and  these  regu- 
lar figures  seem  to  have  been 
chosen  on  account  of  the 
facility  by  which  they  are 
subdivided.  From  the  in- 
troduction of  the  style  each 
fifty  years  that  succeeded 
brought  with  them  new  and 
improved  principles,  and  at 
the  very  commencement  of 
the  fourteenth  century,  we 
see  the  clustered  pillar  and 


Fig.  1298, 


sEt'uoN  or  nosLVN  chai’El, 
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its  many  moulded  arches  yielding  to  a 
style  that  combined  greater  simplicity 
witli  a more  thorough  knowledge  of  con- 
struction, which  will  be  evident  upon  an 
examination  of  St.  Stephen’s  Chapel,  West- 
minster, (now  destroyed,)  begun  in  1348, 
the  nave  of  Canterbury  and  Winchester 
C.ithedrals,  and  several  others.  In  these 
examj)les  we  have  elegantly  formed  arches 
resting  on  well-})roportioned  piers,  the 
mouldings  of  which  so  combine  that  they 
form  a perfect  figure,  and  show  that  the 
points  of  support  were  designed  to  carry 
all  that  is  placed  above  them  ; the  same 
contour  of  moulding  that  surrounds  the 
pier  performs  its  useful  part  in  the  ujjper 
portions  of  the  building,  constituting  one 
entire  whole.  This  style,  simple  as  well 
as  elegant,  was  executed  by  masons  fully 
qualified  to  advance  it  to  the  greatest  per- 
fection, and  deserves  both  our  study  and 
admiration. 

Canterbury  Cathedral  exhibits  every 
variety  of  style  found  in  mediaeval 
architecture;  its  history  has  been 
published  by  Mr.  Britton  : to  that 

work,  to  which  the  writer  contributed 
some  measurements  in  1820,  he  must 
refer  for  a detailed  and  elaborate 
account  of  the  several  changes  made 
in  the  decoration  of  the  edifice. 

It  is  only  to  the  pillars  of  the  nave 
we  are  desirous  of  drawing  the  at- 
tention,  and  that  merely  to  show  their' 
simple  form,  and  the  manner  of  setting 
them  out : four  squares  are  so  placed  that 
their  diagonals  and  sides  are  united  in 
the  centre,  thus  con- 
stituting a form 
capable  of  the  great- 
est resistance  at  the 
four  points  of  the  en- 
tire pier,  where  the 
several  thrusts  and 
pressures  are  re- 
ceived : the  O G 

mouldings  of  the 
piers  run  round  the 
arches,  whilst  the  co- 
lumnar mouldings 
towards  the  aisle  and 
nave  support  the  ribs 
of  their  respective 
vaults.  Greater  sim- 
plicity can  hardly  be 
obtained,  and  every 
line  and  indentation 
of  the  plan  has  its  use 
and  appropriation  ; 
there  is  no  profusion, 
or  member  for  the 
sole  purpose  of  deco- 
ration ; in  this  ar- 
rangement we  have 
tlie  commencement  of 
good  taste,  and  the 
indication  of  a more 
harmonious  and  per- 
fect style. 


Fig.  1299.  CANTERBURY  CATHEDRAL. 


Fig.  1500.  CANTERIUIKY  CATHEDRAL. 


Fig.  1301. 


ST.  OCEN  .AT  ROCEK. 
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In  the  Church  at  St.  Ouen  at  Rouen,  wo  have  a very  (liirerent  airangement.  an! 
by  no  means  so  solid  a form. 

mnchester  Cathedral. — One  division  of  the  nave  has  been  selected  to  sliow  the  peculiar 
style  practised  at  the  latter  end  of  the  fourteenth  century,  and  also  the  skill  exhibited  in 
changing  the  form  of  a Saxon  edifice,  and  giving  it  its  present  character.  The  nl  ir- 
fig.  1303.  is  that  of  the  pillar,  as  well  as  ^ ’’ 

of  the  mouldings  and  walls  of  tlie  tri- 
forium  and  clerestory  above.  When 
William  of  Wykeham  effected  the  changes 
in  the  nave  of  this  cathedral,  he  pre- 
served all  above  the  arches  of  the  trifo- 
rium,  cutting  away  only  the  masonry  of 
each  division  below  that  level  which  in- 
tervened between  the  main  pillars  ; he 
then  caused  the  whole  to  be  cased  with 
an  ashlar,  so  that  the  original  Saxon 
masonry  and  proportions  of  the  mass 
remain  within  the  casing.  The  dotted 
semicircular  arch  is  the  same  as  that  in 
fig.  1266.,  and  in  the  roofs  above  the 
groining  the  Saxon  walls  are  traceable, — 
another  proof  that  when  any  alteration 
was  made  in  a building  by  our  me- 
diaeval masons,  they  did  not  think  it 
necessary  entirely  to  demolish  it.  We 
have  in  this  example  the  decorative 
character  which  belongs  to  the  architec- 
ture of  the  latter  end  of  the  fourteenth 
century,  though  somewhat  heavy  in  its 
proportions,  which  arises  from  the  mass 
constituting  the  original  fabric  being 
preserved,  or  having  undergone  so  little 
change.  The  thickness  of  these  pillars 
from  north  to  south  is  10  feet  8 inches, 
and  from  east  to  west  10  feet,  whilst  the 
width  of  the  opening  from  east  to  west 
is  only  14  feet. 

If  we  examine  the  area  of  one  severy 
of  the  nave,  as  left  by  Wykeham,  and 
calculate  the  points  of  support,  we  shall 
see  that  the  proportions  are  not  those 
found  in  the  nave  at  Canterbury,  or 
in  other  cotemporary  buildings ; com- 
prising the  space  between  the  buttresses, 
the  entire  area  of  the  parallelogram  con- 
tained between  lines  drawn  through  the 
middle  of  the  piers  from  north  to  south 
is  2228  feet ; while  the  points  of  support 
within  that  area  are  551  feet,  or  one- 
quarter  of  the  whole. 

On  the  section,  shown  at  fig.  1304.,  the 
buttresses  on  the  north  side  project 
6 feet ; the  north  wall  is  5 feet  6 inches 
in  thickness,  the  half  piers  attached 
project  internally  2 feet  1 inch ; the 
north  aisle  is  in  width  13  feet  1 inch, 
the  pier  10  feet  8 inches;  the  clear 
width  of  the  nave  32  feet  5 inches; 
the  pier  10  feet  8 inches;  the  south 
aisle  13  feet  1 inch,  the  half-pier  which 
projects  from  the  south  wall  2 feet  1 inch, 
and  the  thickness  of  the  south  wall  7 feet 
2 inches;  there  are  no  buttresses,  as  the 
cloister,  now  removed,  served  their  pur- 
pose. The  width  from  east  to  west, 
measured  from  the  centres  of  the  piers, 

being  22  feet  1 inch,  and  the  width  of  Fig.  1502.  nave  of  Winchester  catheukau 
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blittresses  outside  3 feet  2 inches. 

'I'he  cathedral  or  duoino  at  Pisa 
presents  a very  different  result ; 
tlie  total  width  of  the  nave  is 
113  feet  6 inches,  and  the  width 
of  a severy  17  feet  1 inch,  the 
area  of  which  is  nearly  1 930  feet, 
the  pcii.ts  of  support  being  only  a 
twelfth  of  that  quantity  on  the 
plan,  and  one-sixth  as  regarded 
upon  the  section.  Hence  we  see 
the  necessity  of  ascertaining  the 
proportions  of  mass  and  void  in  a 
building,  before  we  can  accurately 
iiuige  of  its  merits  as  a style,  each 
laving  its  peculiar  quantity,  which 
marks  its  character. 

The  section  or  rather  plan  of 
the  walls,  on  the  level  with  the 
gallery  of  the  triforium,  shows 
the  method  adopted  to  proportion 
the  openings  to  the  mass.  The 
thickness  of  the  clerestory  walls  is 
included  within  the  eight  equila- 
teral triangles,  and  where  their 
sides  cross,  the  position  of  the 
mullions  is  established.  In  fig. 

1287.  the  circle  which  comprises 
the  two  that  divide  the  window 
into  three  days  shows  their  pro- 
portion and  their  size,  which 
iji  this  example  is  one-third 
of  the  opening:  in  a window 

of  three  days  we  have  six  triangles 
for  space,  and  three  for  mullions  : 
the  splays  at  the  sides  of  these 
windows,  uniting  them  with 
the  faces  of  the  wall,  are  cut 
parallel  with  the  sides  of  tlie 
several  triangles.  The  main  pier 
is  set  out  by  uniting  the  bases  of 
two  equilateral  triangles  with 
perpendicular  lines,  or  forming 
the  whole  into  the  figure  of  a 
hexagon.  By  a comparison  of 
this  plan  with  that  of  fig.  1267., 
the  additions  made  by  William  of 
Wykeham  to  the  original  Saxon 
pillar  will  be  readily  perceived. 

The  width  of  one  of  the  di- 
visions of  the  nave  at  Winchester, 
measured  from  the  centres  of  the 
piers  from  west  to  east,  is  22  feet 
1 inch,  and  the  same  dimension 
taken  in  the  nave  at  Canterlmry 
is  20  feet  only.  In  the  former 
example  the  opening  between  the 
piers  is  12  feet.  1 inch,  and  in  the 
latter  1 4 feet ; there  is  conse- 
quently no  comparison,  with  re- 
gard to  lightness,  in  these  two 
works  of  the  same  period  ; the 
pier  being  comprised  2§  times  in  the  entire  division  at  Winchester,  and  3j  times  at  Can- 
terbury, or  on  the  pavement  the  plinths  around  the  base  seem  to  fall  within  one-third  of  the 
entire  width.  It  would  almost  appear  that  in  setting  out  the  pillars  of  several  cathedrals, 
the  same  sy.qlem  was  practised  as  shown  for  the  mullions  of  windows  at  fig.  1287. ; but  the 
plinths,  and  not  the  cluster  of  columns  and  mouldings,  must  be  regarded  as  occupying  the 
third.  Bath  Abbey  church  is  20  feet  2 Inches  from  centre  to  centre  of  pier  from  cast  to 
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Chai  tv. 


PRINCIPLES  OF  PROPOirnON. 


1043 


west,  and  the  cleir  width  between  the  plinths  about  two-thirds  of  that  dimension,  and  this 
Is  the  case  with  many  examples. 

The  Section  throvgh  the  Nave  of  Winchester  Cathedral  is  highly  deserving  of  our  attention  ; 
the  clear  width  of  the  side  aisles  is  13  feet  1 inch,  and  that  of  the  nave  32  feet  5 inches  ; the 
clear  width  of  the  building  between  the  outer  walls  is  80  feet,  the  thickness  of  the  walls 
16  feet  10  inches,  the  projection  of  the  buttress  6 feet,  and  the  thickness  of  the  piers  10 
feet  8 inches,  making  for  the  entire  width  from  north  to  south  102  feet  8 inches. 

The  width  between  the  walls  forms  the  base  of  an  equilateral  triangle,  the  apex  of  which 
determines  the  height  of  the  vaulting  of  the  nave  ; a semicircle  struck  upon  this  base,  with 
a radius  of  52  feet,  determines  the  intrados  of  the  arches  of  the  flying  buttresses  on  each  side, 
which  are  admirably  placed  to  resist  the  thrust  opposed  to  them. 

On  this  section  we  have  endeavoured  to  apply  the  principles  of  Cesare  Cesariano,  before 
referred  to,  to  the  measurement  of  mass  and  void  by  a method  far  more  simple  than  that 
usually  adopted. 

By  covering  the  design  with  equilateral  triangles  we  see  the  number  occupied  by  the 
solids,  and  can  draw  a comparison  with  those  that  cover  the  voids  : to  prevent  confusion  in 
the  diagram  a portion  only  of  three  of  the  triangles  has  been  subdivided,  to  show  wdth  what 
facility  the  quantities  of  the  entire  figure  might  be  measured,  if  the  several  large  equi- 
laterals  were  subdivided  throughout  in  a similar  manner.  The  band  which  extends 


from  the  face  of  the  outer  buttress  to  the  centre  of  the  section  contains  36  small  equilateral 
triangles,  six  of  which  cover  the  pier  ; consequently  it  occupies  on  the  section  one-sixth  of 
that  quantity ; no  further  calculation  is  requisite  to  find  the  proportion  it  bears  to  the 
whole  : in  like  manner  the  other  parts  of  the  section  may  be  compared.  Such  was  the  use 
of  equilateral  triangles  in  the  middle  ages  for  ascertaining  quantity. 

The  two  equilateral  triangles  which  occupy  the  nave  and  a portion  of  the  piers  are 
comprised  within  the  figure  called  a Vesica  Piscis ; if  the  horizontal  line  drawn  at  half  the 
height,  uniting  the  base  of  the  upper  and  lower  triangles,  be  taken  as  a radius,  and  its 
extremities  as  centres,  it  will  be  evident  that  parts  of  circles  may  be  struck,  comprising  the 
two  triangles  within  them.  Euclid  has  shown  that  a perpendicular  may  be  raised  or  let  fall 
from  a given  line  by  a similar  method,  the  space  between  the  segments  being  called  afterwards 
a nimbus ; and  there  can  be  no  doubt  that  from  time  immemorial  all  builders  have  used 
it:  the  bee  adopts  for  its  honied  cell  a figure  composed  of  six  equilateral  triangles,  and 
this  is  proved  to  be  the  most  economical  method  of  construction ; the  sides  of  each  hexagon 
are  all  common  to  two  cells,  and  no  space  is  lost  by  their  junction.  The  nearer  the 
t*oundary  line  of  a figure  approaches  the  circle,  the  more  it  will  contain  in  proportion  to  it, 
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but  circles  could  not  be  placed  above  and  under  each  other,  or  side  by  side,  without 
interstices  occurring,  and  the  equilateral  triangle,  or  a figure  compounded  of  it,  is  the  only 
form  that  will  admit  of  it  being  so  arranged. 

Tlie  interior  and  exterior  division  of  the  choir  at  Winchester  exhibits  two  styles  ; the 
latter  is  a fine  example  of  the  decorated  elegance  to  which  architecture  had  arrived  at  the 
commencement  of  the  sixteenth  century. 


Fig-  1305. 


WINCHESTER  CATHEDRAI.  : CHOIR. 
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Kind's  Colleye  Chapel,  Camhritlye,  has  no  side  aisles,  but  in  lieu  of  them  arc  small 
chapels  between  the  buttresses,  which  are  not  interrupted  in  their  depth,  their  wljole 
strength  being  requisite  to  maintain  in 
equilibrio  the  highly  wrought  stone 
vault;  this  they  have  hitherto  perfectly 
done,  to  the  admiration  of  all  who  have 
studied  its  principles  of  construction. 

The  chapel  is  divided  in  its  length 
into  twei/3  c(|ual  divisions  or  severies, 
each  of  wiiich  is  formed  of  four  quad- 
rants of  a concave  parabolic  conoid 
standing  on  their  apex,  and  is  bounded 
by  a main  rib  or  arch  of  masonry 
which  has  its  abutments  secured  by  the 
weighty  Iruttresses  added  to  the  outer 
walls.  The  width  of  each  severy  from 
centre  to  centre  is  24  feet,  the  thickness 
of  the  buttresses  being  3 feet  7 inches, 
and  the  length  of  the  chapel  between 
them  20  feet  6 inches ; their  depth  is 
13  feet  6 inches  in  the  clear. 

The  transverse  section  shows  more 
particularly  the  proportion  of  mass  and 
void,  which  are  here  ecjual  : the  total  ex- 
tent or  width  from  the  face  of  one  but- 
tress to  that  of  the  other  is  84  feet, 
and  the  clear  width  42  feet ; the  height 
from  the  pavement  to  the  top  of  the 
stone  vault  is  80  feet  1 inch,  though  this 
varies  from  the  pavement  being  out  of  the 
level ; the  thickness  of  the  walls  at  top 
is  .5  feet  7^  inches ; in  it  is  a gallery 
2 feet  liinch  wide,  and  7 feet  high,  com- 
municating entirely  around  the  building. 

The  height  of  the  cluster  column, 
who.se  capital  receives  the  points  of  the 
inverted  cones,  is  59  feet  3 inches,  so 
that  the  arch,  which  is  struck  from  four 
centres,  does  not  rise  more  than  18 
feet  6 inches,  and  the  intersections  take 
jilace  at  one  quarter  of  the  span  when 
the  height  is  15  feet  6 inches:  this  arcli 
or  stone  rib  is  2 feet  in  depth  and  18 
inches  in  breadth,  formed  of  twelve  vous- 
soirs  on  each  side,  the  joints  radiating 
to  the  centres  respectively ; it  abuts 
at  its  extremities  against  the  ponderous 
buttresses,  and  remains  steadfast  and 
immovable,  dividing,  as  before  stated, 
the  vault  into  several  severies. 

The  plan  of  the  main  piers  shows  that 
there  has  been  no  after-thought  grafted 
upon  the  original  design,  which,  in  all 
probability,  was  commenced  soon  after 
the  year  1446,  as  we  find  that  a stone 
quarry  at  Haselwode,  and  another  at 
Huddlestone,  in  Yorkshire,  were  granted, 
for  the  works  to  be  carried  on  here,  d'he 
stone  roof  does  not  appear  to  have  been 
commenced  till  about  1512,  the  inden- 
ture concerning  it  bearing  date  the  fourth  Hg.  Io0<.  KING  S COLLEGE  CIIAP  . ^ 

year  of  King  Henry  VIII.;  in  this  document  Thomas  Larke  is  called  the  “ surveyor, 
John  Wastell  the  “master  mason,”  and  Henry  Semerk  one  of  the  “wardens,  t e twe 
latter  agreeing  to  set  up  a sufficient  vawte,  according  to  a plat  signed  ; tlie  shine  to  le  rom  le 
Weldon  quarries  : the  contracting  parties  were  also  to  provide  “ lyme,  scafio  yng,  cinc  (kc.s. 
moles,  ordinaunces,”  and  “ every  other  tiiyng  required  for  the  same  vawt.ng  . e im  ers 
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of  two  severies  of  the  “great  scaffolding”  were  given  them  for  the  removal  of  the  whole; 
and  they  were  to  havo  the  uses  of  all  “ gynnes,  whels,  cables,  hobynatts,  saws,  Ac.  ; ” they 
were  to  pay  for  the  stone,  and  to  have  100/.  for  each  severy,  or  1200/.  for  the  whole,  money 
being  advanced  for  wages  as  the  works  proceeded : the  “ chare  roff,”  as  the  vault  is  called 
was  to  be  sufficiently  buttressed,  and  the  whole  performed  in  a perfect  manner. 


The  extreme  width,  measured  from  the  face  of  one  buttress  to  that  of  the  other,  is 
A4  feet,  and  from  north  to  south,  from  the  centre  of  one  pier  to  that  of  the  other,  24 
feet;  thus  the  area  comprised  in  a severy,  or  space  between  two  lines  drawn  through  the  centres 
of  the  buttresses  on  the  plan,  is  2016  feet,  exactly  double  the  area  of  one  of  the  severies  of 
St.  George’s  Chapel,  Windsor : the  extreme  width  is  the  same,  but  the  difference  arises 
from  the  divisions  in  the  one  being  double  that  of  the  other,  as  measured  from  east  to 


west. 

Feet. 

The  area  of  the  nave,  42  x 24  - - - - - 1008 

of  the  chapel  on  one  side  - - - - 336 

ditto  on  the  other  - - . . 3.86 

of  the  walls  on  one  side  - - - - 168 

ditto  on  the  other  - ~ - - 168 


Hence  we  have  for  the  areas  of  the  space  or  void  on  the  plan  1680  feet,  and  for  the  walls 
Slid  pier  336  feet,  or  one-sixth  of  the  whole  2016  feet,  similar  proportions  to  those  which  we 
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shall  afterwards  find  in  St.  George’s 
Chapel,  Windsor.  In  King's  College 
the  nave  comprises  half  the  entire 
area  of  a severy,  and  the  remaining 
half  is  divided  into  three,  one  of 
which  is  given  to  each  of  the  chapels, 
and  the  other  divided  between  the 
points  of  support;  in  this  beautiful 
building,  with  its  majestically  con- 
trived roof  of  stone,  the  lightest 
construction  is  adopted.  The  cate- 
narian curve  exhibits  the  direction  of 
the  thrust  of  the  vault,  which  falls 
within  the  base. 

The  stone  roof  we  are  now  ex- 
amining differs  somewhat  from  that 
of  Henry  VII.’s  chapel  at  West- 
minster ; the  area  of  the  points  of 
support  is  only  one-half  of  those  in 
the  latter  elegant  example ; in  no 
instance  have  we  so  much  effect  pro- 
duced by  the  mason’s  art,  with  so 
small  a quantity  of  material  : it  is 
evident  that  the  gradual  changes 
made  in  the  architecture  of  the  me- 
diceval  period  led  at  last  to  the 
greatest  perfection,  beyond  whicli 
it  seems  impossible  for  us  to  advance. 

In  selecting  a style  of  any  one 
period,  it  may  be  fairly  asked  whether 
the  principles  found  in  the  latter,  or 


not  be  applied  to  it,  and  the  same 
effect  produced, — the  section  of  the 
chapter-house  at  Wells,  for  instance, 
lightened  of  half  its  material  : un- 
doubtedly it  might,  for  the  lofty 
pointed  arch,  not  having  the  thrust 
which  the  latter,  struck  from  four 
centres,  had,  would  exert  less  thrust, 
and  be  in  favour  of  such  a change. 

But  at  the  present  day,  when  copies 
are  rigidly  made  of  the  finest  ex- 
amples of  each  style,  it  would  seem  a 
bold  innovation  to  suggest  such  an 
adoption;  still  it  might  be  introduced, 
and  probably  would  have  been,  had 
the  freemasons  continued  an  operative 
fraternity,  and  been  required  to  build 
in  the  Lancet  or  other  style,  which 
superseded  it.  'fhe  same  decora- 
tions ani  form  of  arch  may  be  used 


fig  1309.  VAULTING  OF  KING’S  COLLEGE  CHAPEL. 


in  the  later  styles  as  in  the  earlier,  as  far  as  construction  is  concerned,  and  we  have  evi- 
dence of  sufficient  strength  in  the  example  before  us;  the  principles  are  the  same  in  each, 
though  they  may  differ  in  form  ; there  would  be  no  more  difficulty  in  transforming  one 
style  to  that  of  another,  than  was  experienced  by  William  of  Wykeham,  when  he  changed 
the  Saxon  nave  of  Winchester  to  the  Perpendicular. 

On  the  section  shown  aijig.  1308.  a line  is  drawn  exhibiting  the  catenarian  curve,  for 
the  purpose  of  showing  that  the  abutment  piers  are  set  out  in  correspondence  with  its 
principles ; it  is  not  contended  that  a knowledge  of  this  curve  guided  the  freemasons  in 
proportioning  their  piers,  or  that  their  flying  buttresses  were  always  placed  within  it ; 
but  it  is  singular  that  in  those  structures  where  their  true  position  seems  to  have  been 
decided,  the  catenarian  passes  through  them. 

Bath  Abbey  section  (y?^.  1319.)  is  an  example  which  exhibits  this  most  perfectly;  and  by 
a comparison  of  its  section  with  that  at  Wells  {fiy.  1272.),  it  will  be  perceived  that  the  strut* 
are  diff'erently  placed,  and  that  the  earlier  example  is  defective  : Jig.  1 298.  represents  R-^slyi: 
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Cliapcl,  in  which  there  is  evidently  some  improvement ; but  at  the  time  of  its  construction 
perfect  knowledge  on  this  subject  had  not  been  attained.  In  a catenarian  chain  formed  of 
links  of  equal  length,  every  side  is  a tangent  to  the  curve,  and  the  direction  of  each  link  is 
at  right  angles  to  it,  acting  in  a direction  perpendicular  to  the  line  it  forms  in  the  cate- 
nariiT;  and  hence  its  useful  application  to  the  science  of  construction.  It  is  quite  clear  that 
wherever  the  curve  passes  through  the  section  of  a building,  stability  is  obtained ; and 
where  it  docs  not,  it  is  doubtful  : certainly  the  best  application  of  flying  buttresses  is 
that  which  can  be  tested  by  this  principle. 

'riie  main  arches  of  the 
roof  abut  against  the  outer 
buttresses,  and  spring  from  a 
cluster  of  mouldings  set  round 
a circular  pier  ; the  situation 
of  the  small  columns  and  hol- 
lows which  decorate  it  being 
determined  by  the  crossing 
of  equilateral  triangles.  The 
ribs  of  each  severy  abut  in 
the  centre  upon  a circle  3 feet 
6 Inches  in  diameter,  formed 
of  two  stones,  and  indicated 
by  No.  1. : in  the  middle  is  a 
mortise-hole  9 inches  square  ; 

No.  2.  is  in  width  1 7 inches 
in  the  widest  part ; No.  3 is 
2 feet  2 inches;  No.  4.,  3 feet 
8 inches  ; No.  5.,  the  same  ; 

No.  6.,  3 feet  3 inches;  No.  7. 

4 feet  3 indies  ; No.  8.,  the 
same;  No.  9.,  3 feet  2 inches, 
and  No.  10.,  which  abuts 
against  the  outer  wall,  4 feet. 

By  a reference  to  the  plan 
on  fig.  1312.,  it  will  be  un- 
derstood how  the  several 
rings  of  voussolrs  which  com- 
pose the  quarter  of  the  para- 
bolic conoid  abut  and  are 
locked  one  into  the  other  : the 
construction  of  this  vault  is 
somewhat  similar  to  that  ^ 

adopted  by  Soufflout  at  the  ' i ^ 

Church  of  St.  Genevieve  at 
Paris,  although  his  manner 
of  applying  it  materially 
differs. 


Fig.  1310.  king’s  college  chapel:  ribs  ok  vault. 


Tlie  buttress  in  the  present 
example  has  an  area  of  56  feet, 
equal  to  that  of  the  piers,  to  which  it  is  attached  ; or  the  two  piers  and  buttresses  together 
have  an  area  of  224  feet : it  is  curious  to  find  that  ot  the  336  feet  before  given  to  the 
points  of  support,  one-sixth  should  be  applied  to  the  piers,  one-sixth  to  tlie  buttres.ses, 
and  the  other  portion  to  the  walls  between  ; for  55  ft.  6 in.  x 6 = 336  feet  — the  area  of  the 
points  of  support  taken  on  both  sides  ; so  equally  are  the  parts  even  distributed. 

hen  the  Normans  first  used  flying  buttresses,  as  at  the  Cathedral  at  Chartres,  the 
Abbaye  aux  Hommes  at  Caen,  and  several  other  buildings,  they  abutted  them  against  the 
ordinary  outside  wall ; but  it  was  soon  discovered  that  a greater  resistance  was  necessary  to 
oppose  the  thrust,  and  prevent  the  abutments  from  yielding.  Salisbury  Cathedral  was 
probably  one  of  the  earliest  where  flying  buttresses  were  used ; and  the  opinion  of  Sir 
Christopher  Wren  is  worthy  of  quoting  upon  this  subject,  as  it  applies  more  particularly 
to  the  first  constructed,  and  not  so  immediately  to  those  erected  in  the  fourteenth  or 
fifteenth  centuries.  “ Almost  all  the  cathedrals  of  the  Gothic  form  are  weak  and  defective 
in  the  poise  of  the  vault  of  the  aisles;  as  for  the  vaults  of  the  nave,  they  are  on  both  sides 
equally  supported  and  propped  up  from  spreading  by  the  bowes  or  flying  buttresses,  which 
ri.se  from  the  outward  w'alls  of  the  aisles  : but  for  the  vaults  of  the  aisles,  they  are  indeed 
supported  on  the  outside  by  the  buttresses  ; but  inwardly,  they  have  no  other  stay  but  the 
pillars  themselves,  which,  as  they  are  usually  proportioned,  if  they  stood  alone,  without  the 
weight  above,  could  not  resist  the  spreading  of  the  aisles  one  minute : true,  indeed,  the 
great  load  aoove  of  the  walls  and  vaulting  of  the  nave  should  seem  to  confine  the  pillars 
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in  their  perpendicular  station,  that  there  should  be  no  need  of  hutment  inwards  , but 
experience  hath  shown  the  contrary,  and  there  is  scarce  any  Gothic  cathedral,  that  1 ’have 


seen  at  home  or  abroad,  wherein  I have  not  observed  the  pillars  to  yield  and  bend  inwards 
from  the  weight  of  the  vault  of  the  aisle  ; but  this  defect  is  tlie  most  conspicuous  upon  the 
angular  pillars  of  the  cross,  for  there  not  only  the  vault  wants  hutment,  but  also  the 


angular  arches  that  rest  upon  that  pillar,  and  there^are  both  conspire  to  thrust  it  inwards 
towards  the  centre  of  the  cross.”  ^ j i -i  i 

At  King’s  College  chapel,  flying  buttresses  are  dispensed  with,  and  ^ happily  the 
knowledge  of  construction  had  arrived  at  such  perfection,  when  its  astonishing  vault  was 
projected,  that  we  have  no  evidence  whatever  of  its  yielding  in  any  part.  . t i 

It  may  seem  extraordinary  that  the  Pointed  style  made  so  little  progress  in  Italy,  the 
Byzantine  being  always  preferred:  the  architects  of  that  country  were  probably  unwilling 
to  relinquish  a mode  of  construction  so  economical,  half  only  of  the  material  employed  in 
the  lightest,  and  a quarter  in  the  earliest  of  the  Gothic  style,  being  required  fur  the  basilica  : 
for  example,  where  100  rods  of  stonework  would  be  used  in  the  latter,  200  would  be 
necessary  for  the  style  practised  at  King’s  College,  St.  George  s Chapel,  and  Bath  Abbey 
Church,  and  4C0  for  that  of  the  Chapter-house  at  Wells;  this  result  would  lead  to  the 
ooiiclusion,  that  no  style  is  so  well  adapted  far  the  wants  of  the  present  day  as  the  ByzAiitmc. 
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St.  George's  Chapel,  Windsor.  — If  we  sup- 
pose a line  on  the  plan  to  pass  through  the 
centre  of  the  buttresses  and  piers,  and  one 
severy  of  the  nave  to  be  defined,  we  shall 
have  a width  of  12  feet,  and  a length  of 
84  feet,  the  area  of  which  is  1008  feet : after 
this  we  shall  find  the  area  of  the  walls  and 
piers  comprised  within  this  severy  to  be 
168  feet,  or  one-sixth  of  the  whole  ; such  are 
tlie  proportions  of  mass  and  void  found  in 
tliis  chapel.  The  clear  width  of  the  side 
aisles  between  the  columns  is  1 1 feet  9 inches; 
that  of  the  nave  34  feet  10  inches,  and  be- 
tween the  outer  walls  69  feet  2 inches  : the 
height  of  the  top  of  the  vaulting  of  the  nave 
is  54  feet  2 inches.  The  height  up  to  the 
springing  line  of  the  great  vault  over  the 
nave  being  equal  to  half  the  entire  width, 
it  is  evident  that  two  squares  must  comprise 
within  them  the  entire  building  beneath  this 
line;  upon  setting  them  out  we  find  the  nave 
and  its  pillars  occupy  one,  whilst  the  other 
is  given  to  the  side  aisles,  external  walls,  and 
buttresses. 

The  Rev.  John  Milner,  in  his  admirable 
treatise  on  the  Ecclesiastical  Architecture 
of  England,  which  has  been  the  text-book 
for  all  modern  writers,  states  that  “ its  rise, 
progress,  and  decline,  occupy  little  more 
than  four  centuries  in  the  chronology  of  the 
world  : as  its  characteristic  perfection  con- 
sisted in  the  due  elevation  of  the  arch,  so  its 
decline  commenced  by  an  undue  depression 
of  it.  This  took  place  in  the  latter  part  of 
the  15th  century,  and  is  to  be  seen,  amongst 
other  instances,  in  parts  of  St.  George’s  Chapel, 
Windsor,  commenced  by  Edward  I V.  in  1 482 ; 
in  King’s  College  Chapel,  Cambridge,  and  in 
the  Chapel  of  Henry  VII.  at  Westminster. 
It  is  undoubtedly  true  that  the  architects  of 
these  splendid  and  justly  admired  erections, 
Bishop  Cloose,  Sir  Reginald  de  Bray,  &c. 
displayed  more  art  and  more  professional 
science  than  their  predecessors  had  done;  but 
they  did  this  at  the  expense  of  the  character- 
istic excellence  of  the  style  itself  which  they 
built  in.” 

“ In  St.  George’s  Chapel  we  have  the 
work  covered  with  tracery  and  carvings  of 
the  most  exquisite  design  and  execution,  but 
which  fatigue  the  eye,  and  cloy  the  mind  by 
their  redundancy : ” but  we  have  also  a 
building  constructed  with  one-half  the  ma- 
terials that  would  have  been  employed  had 
the  style  practised  in  the  chapter-house  of 
Wells  been  adopted.  The  admirers  of  the 
Pointed  style  have  not  sought  for  the  true 
principles  which  mark  its  several  changes  ; 
they  have  not  examined  into  its  constructive 
arrangements;  had  they  done  so,  they  would 
have  perceived  that,  as  the  skill  of  the  free- 
masons advanced,  and  their  workmanship  im- 
proved, they  economised  material,  con- 
structed more  solidly,  and  produced  a richer 
and  more  harmonious  effect,  without  sacri- 
ficing any  of  the  principles  which  governed 
their  practice  ; the  improvements  they  made 
'vere  as  great  as  those  noticed  when  the 
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Doric  proportions  were  changed  to  the  Ionic.  In  the  Doric  we  had  two-thirds  mass,  onc- 
tliird  void ; in  the  Ionic  half  mass,  half  void  ; at  Wells  Chapter  house  one-third  mass, 
two-thirds  void;  in  St.  George’s  Chapel,  one-sixth  mass  and  five-sixths  void. 


Ffg.  1516. 


ST.  GEORGE’S  CHAPEL,  WINDSOR. 


The  plan  of  the  pillars  is  that  of  a double  square,  or  parallelogram,  the  diagonals  ot 
which  latter  figure  become  the  sides  of  equilateral  triangles  that  serve  for  the  setting  out 


1052 


PRACTICE  OF  ARCHITECTURE. 


Book  111. 


SJijall  columns  on  the  fall  towards  the  nave,  or  the  single  column  on  that  towards  the  side 
aisles,  the  first  of  which  projects  6i  inches,  and  the  latter  4 inches. 

'Ihe  mouldings  around  the  windows  and  their  muHions  are  shown  at  the  side  of  the 
pier  in  their  j^roper  position. 

Divisio7i  of  the  Nave  of  St.  George's  Chapel. — The  mouldings  set  around  the  plan  of 
the  pier  are  continued  up  to  the  vaulting  of  the  roof,  without  any  other  interruption 
except  where  they  are  mitred  round  the  arches. 

Bath  Abbey  Church  is  89  feet  5 in.  wide  from  face  to  fare  of  the  buttresses  to  the 
nave;  whose  clear  width  is  29  feet  10  in.,  or  one-third  of  the  whole;  and  eacli  of 
the  side  aisles  is  a trifle  more  than  the  half  of  the  width  of  the  nave,  being  15  feet  8 inches; 
the  walls  and  piers  added  together  are  not  quite  equal  to  a third,  as  they  amount  only  to  14 
feet  2 inches  on  each  side,  or  together  to  28  feet  4 inches,  the  difference  being  given  to 
increase  the  side  aisles. 

The  section  of  this  beautiful  building  presents 
to  us  all  the  improvements  made  in  vaulting,  and  the 
right  proportions  as  well  as  directions  to  be  given 
to  the  flying  buttresses ; in  the  first  application  of 
those  supports,  as  at  Salisbury,  they  are  evidently 
misapplied,  but  in  the  example  before  us  we  find 
that  the  constructors  had  arrived  at  a knowledge 
of  the  principles  of  the  catenarian  curve,  which 
is  traceable  through  the  solid  masses  of  the  section  : 
it  was  by  slow  degrees  that  the  fr.  emasons  arrived 
at  a knowledge  of  the  peculiar  properties  of  this 
figure;  had  it  been  known  at  the  first  commence- 
ment of  the  introduction  of  flying  buttresses,  we 
should  have  had  a better  application  of  them  ; in 
several  instances  we  find  them  adopted  where  no 
advantage,  or  very  little,  could  be  derived  from 
them. 

Division  in  Bath  Abbey  Church  differs  from  all 
other  examples  of  this  period,  by  the  height  given 
to  the  clerestory  and  the  omission  of  the  triforium  ; 
the  judicious  and  excellent  arrangement  of  the 
flying  buttresses  permits  of  the  greater  display 
of  glass,  which  in  the  sixteenth  century  had  arrived 
at  its  most  gorgeous  state,  rich  in  every  colour,  and 
beautiful  from  the  drawing  of  the  patterns,  and 
figures  with  which  it  was  covered. 

Bishop  King  commenced  this  building  about  the 
year  1500,  on  an  entirely  new  site,  near  the  old 
church : from  the  centre  of  one  pier  to  that  of  the 
other  is  20  feet  1 inch ; the  thickness  of  the  outer 
buttresses  3 feet,  and  their  projection  4 feet ; one 
severy  of  building  contains  1 650  feet,  and  the  area 
of  the  points  of  support  is  275  feet,  or  one-sixth. 

The  pillars  are  square,  though  set  diagonally,  their 
width  from  north  to  south  and  from  east  to  west 
being  5 feet,  and  the  opening  of  the  arches  between  them  15  feet  1 inch  ; half  their  plan 
and  base  is  shown  at  fig.  1 320. ; the  height  from  the  pavement  to  the  top  of  the  capitals, 
where  the  sculptured  angel  is  placed,  is  56  feet  3 inches,  and  to  the  top  of  the  vaulting 
73  feet  6 inches,  within  7 feet  as  much  as  the  clear  width  between  the  outer  walls. 

Hg.  1321.  shows  the  plan  of  the  stone  vaulting,  which  is  perfectly  geometrical  in  its 
setting  out ; the  cloisters  at  Gloucester,  the  aisle  at  the  east  end  of  Peterborough  cathedral, 
and  St.  George’s  Chapel,  Windsor,  have  vaults  of  a similar  kind. 

The  thickness  of  the  stone  wliich  comprises  the  vaults  of  fan  tracery  varies  according  to 
its  position,  but  in  no  Instance  is  it  considerable,  or  more  than  absolutely  necessary  to  resist 
crushing.  Ihe  spire  of  Salisbury,  180  feet  in  height,  of  an  octangular  form,  measures  from 
east  to  west  internally  33  feet  2 inches,  and  from  north  to  south  6 incties  more  ; the 
thickness  of  the  spire  at  bottom  is  only  2 feet,  or  the  area  of  its  base  is  half  that  of  the 
void,  the  void  containing  two  parts,  and  the  solid  around  it  one ; this  spire  diminishes  in 
thickness  for  the  first  20  feet,  after  which  it  is  9 inches  in  thickness  throughout;  at  about 
30  feet  from  the  summit  is  a hole,  by  which  an  exit  from  the  interior  may  be  made,  and 
by  means  of  the  crockets  and  irons  on  the  outside  the  top  of  the  spire  may  be  attained:  in 
1816  the  writer  examined  the  position  of  the  vane,  and  the  manner  in  which  the  capping 
stone  was  placed,  and  descended  astonished  at  the  perfection  of  the  masonry,  and  the 
thinness  of  the  stone  with  wdiich  it  was  constructed, 


Fig.  1517.  BATH  ABBEY  CHURCH. 
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Fig.  1519.  SEl'lION  OK  BATH  ABBEY  CHURCH. 


Fig.  1521.  GI((,TM.N0. 


Fig.  1320.  BIER. 


The  Lady  chapel  at  Caudehec,  near  Roueriy  Norivandi/,  exhibits  the  manner  of  suspending  a 
keystone  by  locking  it  between  the  voussoirs  of  a strong  semicircular  arch.  The  length  of  this 
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pendent  stone  is  17  feet 
6 inches,  and  its  thick- 
ness at  the  top,  where 
locked,  is  ilO  inches  : the 
voussoirs  are  3 feet  in 
depth  ; the  small  pointed 
arches  or  ribs  that  form 
the  groining  of  the  hexa- 
gonal vault  spring  from 
the  side  walls  and  the 
ornamental  knob  of  the 
pendentive,  and  are  per- 
fectly independent.  The 
abutments  of  the  semi- 
circular arch,  which  has 
a radius  of  12  feet,  are 
formed  by  solid  walls 
continued  for  some 
length  in  the  direction 
of  its  diameter.  This 
r.acristy  is  hexagonal  ; 
each  side  internally 
measures  12  feet,  and  the 
Iieight  from  the  pave- 
ment to  the  springing 
of  the  ribs  is  1 8 feet. 

Henry  the  Seventh's 
Chapel,  irestminster.  — 
The  first  appearance  of 
the  pointed  arch  was 
probably  a little  before 
tlie  termination  of  the 
twelfth  century;  thepil- 


CAMDEBEC  SACRISTY. 


lars  and  mouldings  which  then  accompanied  it  were  of  Saxon  origin  : to  its  acute  form  was 


afterwards  added  the  slender  Purbeck  columns  and  simple  groining,  producing  that  unadorne 
majesty  vvnich  reips  tliroughout  the  cathedral  of  Salisbury.  This  style  underwer 
several  changes,  and  was  succeeded  at  the  latter  end  of  the  thirteenth  century  by  another,  i 


ClJAP.  IV. 


rilJNCIPLES  OF  PltOPOimON. 


10)5 


which  the  arch  was  struck  from  more  than  two 
centres  ; the  naves  of  York,  Canterbury,  ami 
Winchester  Cathedrals  have  been  cited  as 
among  the  best  examples.  But  we  have  now 
to  describe  the  principles  of  a style  founded 
upon  the  others,  and  applied  to  all  buildings 
in  England  from  the  middle  of  the  fifteenth 
to  the  middle  of  the  sixteenth  century;  it  is 
not  met  with  on  the  continent,  the  Italian 
or  revived  classic  architecture  having  there 
been  generally  introduced  and  preferred. 

The  variety  exhibited  in  groined  vaults, 
progressing  from  simple  ribs  to  those  of  an 
intricate  and  net-like  arrangement,  no  doubt 
led  the  masons  of  the  time  to  the  construction 
of  the  cloisters  at  Gloucester,  King’s  College, 
and  Henry  the  Seventh’s  Chapel  at  Westmin- 
ster, which  works  are  the  best  evidences  that 
can  be  adduced  of  the  improvements  made  in 
professional  science,  and  which  could  only 
result  from  a continued  perseverance  in  the 
study  of  the  subject:  an  examination  of  the 
several  styles  will  prove  that  they  must  have 
been  produced  by  the  same  school  or  fraternity, 
and  that  neither  Sir  Reginald  Bray  nor  Wil- 
liam of  Wykeham  could  have  become  ac- 
quainted with  the  mysteries  of  the  craft,  unless 
they  liad  been  instructed  by  the  freemasons  ; 
and  that  to  them,  and  not  to  any  individual, 
nor  to  the  clergy  as  a body,  ought  we  to 
attribute  the  construction  of  these  scientific 
and  highly  decorated  works. 

The  Division  of  Henry  the  Seventh's  Chapel 
!>ears  a strorg  resemblance  in  its  general  pro- 
portions to  that  of  St.  George’s  at  Windsor, 
although  it  is  rendered  more  ornamental  by 
the  multitude  of  figures  en.shrined  in  delicate 
tabernacle-work,  which  covers  almost  the  entire 
walls.  The  mouldings  of  the  main  piers  (fig. 
1324.)  that  separate  the  middle  from  the  side 
aisles  are  enclosed  within  a circle  divided 
into  a pentagon  — a form  the  best  adapted  to 
receive  the  weight  of  the  ribs,  and  the  flying 
buttresses  that  were  to  resist  their  force. 

The  Rev.  James  Dallaway,  whose  dis- 
courses upon  the  architecture  of  England, 
created  so  many  admirers  of  this  interesting 
subject,  observes,  that  “ here  the  expiring 
Gothic  seems  to  have  been  exhausted  by  every 
effort.  The  pendentive  roofs,  never  before 
attempted  on  so  large  a scale,  are  prodigies 
of  art.”  But  it  is  not  to  the  profusion  of 
sculptured  angels,  statues,  royal  heraldic  d- - 
vices,  &c.,  that  we  are  desirous  of  drawing 
the  attention,  so  much  as  to  the  extraordinary 
construction  that  prevails  throughout  this 
master-piece,  in  which  we  have  the  strongest 
evidence  that  theory  and  practice  went  hand 
in  hand;  that  the  knowledge  of  geometry 
had  advanced  to  its  highest  pitch  in  the  con- 
structive arts,  and  that  not  only  were  the 
principles  of  the  arch  thoroughly  understood, 
but  considerable  advance  made  in  the  apj>li- 
cation  of  the  properties  belonging  to  the  cone. 

The  section  of  this  beautiful  chapel  is  78  fecr. 
in  width;  the  buttresses  and  outer  walls 
together  are  6 feet  9 inches,  the  side  aisles  1 Ifeet 
3 inches ; the  piers  from  north  to  south  4 fo^t 


1056 


PRACTICE  OF  ARCHITECTURE. 


H(joK  Hi. 


6 inches,  and  the  clear  width  of  the  nave  33  feet.  The  entire  width,  at  the  basement  or  level 
of  the  pavement  of  the  crypt,  is  79  feet : 26^  feet,  or  is  devoted  to  points  of  support,  and 
52|  feet,  or  |,  to  the  side  aisles  and  nave  ; the  area  of  a severy  shows  i applied  to  walls 
and  piers,  and  | to  the  void,  which  proportions  accord  with  the  early  rather  than  with  the 
late  e samples  ; the  great  weight  of  the  vaulting,  which  is  62  feet  high  from  the  pavement 
of  the  chapel,  requiring  additional  strength,  the  proportions  of  St.  George’s  Chapel  at 
Windsor  would  not  have  been  equal  to  the  necessary  resistance.  (See  par.  2002 w.) 

Our  limits  will  not  permit  a more  extended  inquiry  into  the  principles  of  proportion, 
the  study  of  which  is  calculated  to  produce  an  Important  improvement  in  the  noble  art, 
for  the  practice  of  which  the  young  architect  must  prepare  himself  by  careful  measure- 
ment, not  only  of  the  ruins  of  the  Acropolis  and  of  the  Capitol,  but  of  all  that  remains  of 
mediaeval  architecture : he  must  be  a pilgrim  seeking  after  truth,  not  bowing  before  any 
favourite  shrine,  but  returning  with  a devotion  as  enlarged  as  his  subject.  The  stupendous 
works  which  antiquity  has  transmitted  to  us,  it  is  hoped,  may  excite  the  attention  of  the 
general  reader,  nor  will  his  interest  be  diminished  by  the  contemplation  of  the  astonishing 
development  of  modern  industry.  The  writer  cannot  but  feel  the  importance  and  variety 
of  his  subject,  and,  while  he  is  conscious  of  his  own  imperfections,  he  must  often  accuse  the 
deficiency  of  his  materials;  but  the  results  of  his  labour,  however  inadequate  to  his  own 
wishes,  he  finally  delivers  to  the  candour  of  the  public. 


Chap.  IV. 


PRINCIPLES  OF  PROPORTION. 


1057 


'I'liE  Figure  OF  THE  Cube  lias  from  time  immemorial  been  selected  by  the  arcbiipct 
and  engineer  as  best  suited  for  every  variety  of  edifice  ; and  it  is  remarkable  that  the 
multiplying  of  the  cube  constitutes  the  design  of  the  Greek  temple,  the  Gothic  cathedral, 
and  the  modern  iron  structure  at  Sydenham,  the  variety  of  effect  depending  upon  tl.J 
mode  of  its  application.  Reviewing  the  temples  of  tlie  ancients,  we  find  that  those  com- 
posed of  a portico  of  four  colunans,  and  six  inUrcolumniations  on  the  flank,  or  seven 
columns;  that  the  whole  constituted  a double  cube,  or  two  cubes  side  by  side.  A 
cube  of  32  feet  4 inches  in  height,  breadth,  and  length,  placed  behind  another  of  the 
same  dimensions,  would  represent  the  entire  mass  of  the  temple  of  Fortuna  Virilis 
at  Rome. 

The  temple  of  six  columns,  or  the  Hexastyle,  is  composed  of  nine  half  cubes,  or  three 
entire,  placed  one  behind  the  other,  with  tlie  addition  of  three  half  cubes  against’  the  sides 
of  the  first,  making  altogether  four  cubes  and  a half. 

'J’he  Octastyle  temple  is  composed  of  nine  whole  cubes,  or  four  cidies  and  a half  in 
depth,  repeated  twice,  placed  side  1 y side.  The  Parthenon  is  thus  formed  of  cubes,  whose 
sides  each  measure  50  feet  6 inches;  two  occupy  the  front,  of  101  feet;  the  depth  of  the 
four  and  a half  cubes  are  a trifle  more  than  227  feet,  the  true  extent  beino-  227  feet  7 inches. 

Six  cubes,  placed  one  above  the  other,  form  the  design  of  the  Campanile,  at  Florence, 
commenced  by  the  celebrated  Giotto  in  tlse  year  1334;  and  on  the  breaking  up  of  these 
cubes  into  ornament,  the  perpendicular  lines  are  lengthened  out,  whilst  in  the  Greek 
temple  the  horizontal  are  made  to  preponderate  ; repose  in  the  latter,  and  lofty  aspiration 
in  the  former,  marks  the  distinction  between  tliem. 

The  Tower  of  Rochester  Castle,  usually  supposed  to  be  of  Norman  construction, 
perfectly  resembles  the  far-famed  Coliseum  at  Rome,  in  the  manner  in  which  the  -piral 
vaults  are  executed,  and  in  the  general  method  adopted  in  carrying  up  the  massive 
walls.  The  cement  employed  was  evidently  manufactured  on  the  spot,  as  it  is  entirely 
composed  of  the  materials  found  close  at  hand,  and  the  stone  such  as  coidd  be  brought 
down  the  Medway,  and  quarried  on  its  shores.  If  this  enduring  structure  was  the  work 
of  Gundulph  in  the  12th  centiny  we  have  the  strongest  evidence  that  the  Roman  aits  of 
construction  were  continued  without  any  change  either  in  the  art  or  mystery  of  buildino- 
up  to  that  period  at  least. 

The  building  is  a cube  and  a half  nearly,  being  about  74  feet  square  without  the  en- 
trance porch,  and  its  height  to  tlie  top  of  tlie  angular  turrets  is  112  feet.  A square  divided 
into  twenty-five  equal  squares  exhibits  its  plan  ; the  sixteen  outer  squares  represent  i he 
thickness  of  the  walls,  in  which  are  galleries,  rece-ses,  and  contrivances  necessary  fur  its 
protection  against  an  enemy  ; the  nine  inner  squares  of  the  jilan  are  divided  into  two  siiacious 
rooms,  one  being  45  feet  by  19  feet,  the  other  45  feet  by  21  feet;  the  wall  that  divides 
them  is  5 feet  6 inches  in  thickness.  Tlie  height  comprises  a basement  story  and  three 
others  beneath  its  roof,  which  has  been  vaulted,  and  which  is  90  feet  to  the  top  of  the 
battlement,  and  1 12  feet  to  the  top  of  the  turrets. 

Rules  adopted  hxj  the  Freemasons  in  setting  out  their  Buildings,  from  the  Tenth  to  the 
Fifteentli  Century:  — 

In  the  foregoing  remarks  on  Proportion  some  general  rules  have  been  suggested  as  to 
mass  and  void,  and  more  particularly  the  principles  of  setting  out  the  windows  and 
tiacery  of  the  English  and  French  cathedrals.  On  referring  again  to  this  inieiesting 
subject,  the  writer  was  led  to  inquire  why  the  structures  of  tlie  latter  country  should  be 
so  uniformly  larger  than  those  of  the  former,  from  vvliich  they  differed  but  little  in  style, 
jireserving  the  same  relative  jircportions,  though  differing  in  dimensions.  Guided  by  the 
supposition  that  the  buildings  of  the  above  period  were  the  works  of  fraternities  of 
fVeemasons,  it  seemed  conclusive  that  they  should  have  some  standard  of  measurement, 
either  of  their  own  or  peculiar  to  each  country  ; and,  on  testing  the  measurements  with 
that  view,  it  resulted  that  tho^e  of  England  were  set  out  with  the  English  perch  of  IG  feet 
G inches,  and  no  doubt  by  an  English  lodge;  while  in  those  of  France  the  Fi-ench  pt  rch 
royal,  of  22  pieds  du  roi,  equal  to  23-452  Englisli  feet,  was  employed  ; the  few  exceptions 
atBaveux,  Caen,  St.  George  Bocherville,  and  some  others  with  round  arches,  and  the 
elegant  church  of  St.  Ouen  at  Rouen,  in  the  flamboyant  style,  are  set  out  with  the  English 
percli  of  16  feet  6 inches,  and  ai'e  universally  attributed  to  English  constructors;  tliey 
certainly  most  curiously  agree  in  proportion  and  dimension  with  the  English  cathedrals, 
which  have  two  cubes  given  to  the  nave,  producing  on  the  plan  a Latin  cross,  instead 
of  the  Greek  so  usually  found  in  Fiance.  It  would  se.m  that  the  standard  measuies 
referred  to  were  well  and  wisely  chosen,  as  if  intended  to  apply  to  all  times  and  all 
varieties  of  structure  ; for  it  is  singular  how-  nearly  the  dimensions  of  the  cubes  of  the 
fairy  palace  at  Sydenham,  24  feet,  correspond  to  23  feet  6 inches  of  the  royal  I-rench 
Jieich. 

To  illustrate  this  subject  fully  is  not  within  our  present  narrow  limits  ; a very  few 
examples  must  suffice,  out  of  the  numbers  wbicb  might  he  adduced  in  support  of  the 
proposition;  and  it  is  earnestly  hoped  that  the  young  architect  may  be  suflicicntly  iuto- 
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rested  to  test  the  theory  practically,  that  while  he  admires  their  picturesque  beauties,  he 
will  examine  by  measurement  their  phins  and  sections. 

Of  the  French  Cathedrals,  we  must  be  content  to  refer  to  Chartres,  Reims,  and  Amiens 
as  those  most  admired,  and  which  serve  as  examples  of  the  application  of  tlie  French  perch 
in  setting  out  their  various  parts  as  well  as  the  whole. 

C7<artres  Ca<//erfra/,  in  which  the  pointed  arch  first  appears,  is  a structure  of  the  11th 
century,  and  one  of  the  most  remarkable,  as  well  as  beautiful,  erected  after  the  first  intro- 
duction of  the  pointed  style  by  those  who  had  journeyed  with  the  Crusaders,  and  had  an 
opportunity  of  studying  their  craft  in  the  East. 

Tlie  proi)ortions  are  simple  in  the  extreme.  A cube  is  devoted  to  the  nave,  two  to  the 
transept,  one  to  tlie  choir ; in  addition  to  which,  at  the  eastern  extremity,  is  a semicircular 
termination  with  six  polygonal  chapels  attached,  forming  on  the  plan  a Greek  cross  of 
admirable  design. 

The  nave,  comprising  six  divisions  of  pointed  arches  on  each  side,  is  in  its  length  and 
width  six  royal  perches,  the  distrilmtion  of  whicli  will  enable  the  reader  to  comprehend  the 
setting  out  of  the  entire  plan,  wliich  he  can  refer  to  in  several  publications. 

The  clear  widtli  of  the  nave  is  two  royal  perches  between  the  clerestory  walls ; each 
side  aisle  is  one  royal  perch,  and  the  distance  from  the  middle  of  one  pier  to  that  of  tlie 
(>ther,  from  west  to  east,  is  also  a royal  jierch. 

The  entire  width  of  the  nave  from  out  to  out,  that  is  to  say,  from  the  face  of  the  exterior 
buttresses,  is  six  royal  perches,  four  perches  being  given  to  the  two  side  aisles  and  nave  for 
their  clear  widths,  and  the  other  two  to  the  projection  of  the  buttresses,  thickness  of  the 
two  outer  walls,  and  those  of  the  clerestory  of  the  nave. 

If  the  royal  perch  be  divided  into  three,  one  part  constitutes  the  diameter  given  to  the 
pillars,  and  another  the  thickness  of  each  of  the  walls  of  the  side  aisles. 

The  internal  height  of  the  nave  is  the  same  as  its  clear  internal  width  with  side  aisles; 
so  justly  is  all  proportioned  that  the  perch  royal,  and  its  division  into  three,  enables  us 
to  comprehend  the  dimensions  of  the  parts,  as  well  as  that  of  the  entire  mass  of  construc- 
tion. 

Reims  Cathedral  was  similarly  set  out.  The  clear  width  of  the  nave  is  two  royal 
perches,  and  each  of  the  side  aisles  is  one  perch.  The  extreme  width  of  the  nave,  comprising 
the  projection  of  the  buttresses,  is  six  royal  perches  j the  diameter  of  the  piers,  one-third 
of  a royal  perch,  as  in  the  example  of  Chartres. 

It  must  he  observed  that  the  dimensions  do  not  apply  to  the  clear  distances  between 
the  pillars  but  to  the  space  between  the  walls,  which  in  the  clerestory  are  peculiar  fur  the 
contrivances  of  a gallery,  which  usually  continues  around  the  entire  cathedral,  and  which 
will  be  better  understood  when  wetrtat  upon  Amiens  Catliedral,  reserved  fora  fuller  descrip- 
tion. That  the  percii  was  tlie  standard  of  measurement  there  can  be  no  doubt ; for  in  the 
smaller  churches  of  Great  Britain,  as  that  of  lloslyn,  for  example,  the  nave  is  a single  perch 
in  width,  and  the  side  aisles  half  a perch ; the  proportions  of  the  parts  being  al=o  those  of 
the  third  of  an  English  perch. 

Salisbury  Cathedral,  a contemporary  structure  with  .\miens,  is  set  out  with  the  English 
perch,  and  atibrds  the  best  commentary  upon  the  two  standard  measures  made  use  of  in 
the  same  century  by  the  French  and  English  freemasons. 

2'he  Nave  of  Amiens  Cathedral  is  usually  admired  for  its  elegant  ])roportions,  and  by 
several  eminent  critics  has  been  cited  as  the  beau  ideal  of  that  style  of  architecture  so 
universally  practised  during  the  middle  ages,  or  after  the  Romanesque  had  been  discon- 
tinued. It  is  one  of  the  most  simple  in  it«  arrangement,  though  at  first  sight,  removing 
all  idea  of  simplicity,  and  appearing  so  complicated  from  its  vaiiety  of  jiarts,  as  to  defy  the 
application  of  any  ordinary  rules ; the  numerous  arcades,  the  narrow  and  lofty  compart- 
ments, the  vaulted  divisions,  the  diagonal  aim  curved  line.s,  blending  one  into  the  other,  ami 
apparently  without  limit,  it  is  some  time  before  the  eye  can  acqtii  see  in  the  idea  that  such 
an  edifice  can  be  brought  under  the  same  lawa  as  a Greek  temple,  or  that  the  cube  could 
be  the  measure  of  its  parts  or  its  whole.  In  taking  the  measurements,  however,  of  this  rare 
example,  the  dimension  of  2:i  feet  6 inches  so  frequently  occurred  that  it  seemed  to  denote 
a standard  by  which  to  arrive  at  the  length,  bicadth,  and  height  of  the  whole,  and  that  if 
considered  after  the  manner  of  Sebastian  Serlio  where  he  describes  Bramanle’s  plan  of  St. 
Peter’s,  we  might  arrive  at  something  like  a clue  to  the  whole  design. 

It  is  curious  to  note,  in  the  work  of  the  above  mentioned  architect,  several  allusions  to 
the  cube,  in  the  defining  the  parts  as  well  as  the  whole  of  a design,  and  there  can  be  little 
doubt  that  this  simple  figure  served  as  the  means  of  measuring  the  quantities,  of  either 
solid  or  voiil,  in  every  period  of  the  constructive  arts ; certainly  none  presents  to  the  archi- 
tect a better  means  of  comprehending  or  of  r.'.easuring  quantity,  and  none  is  more  readily 
subdivided,  or  rendered  subservient  to  the  taste  of  the  designer,  whatever  may  be  the  archi- 
tecture he  is  anxious  to  imitate. 

Within  an  isometrical  cube  may  he  placed  the  entire  nave  of  Amiens  Cathedral ; and  tlie 
better  to  understand  its  proportions,  we  must  suppose  each  square  or  cube  into  whicl.  it  is 
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divided  to  measure  23  feet  6 indies  cadi  side,  or  the  isometrical  figure  to  contahi ‘>1C 
such  cubes  ; the  total  height,  width,  and  length  being  HI  feet,  or  six  times  the  23  feel 
6 inches.  ( See 1327.) 

On  the  plan  are  six  divisions  in  length  and  width,  or  altogether  36  squares  • each  mea- 
sure 23  feet  6 inches  on  each  of  their  sides.  Tlie  six  outer  divisions  of  the  principal  fi.ruie 
are  devoted  to  walls  and  buttresses  j the  adjoining  six  on  each  side  show  the  situa^tioo 


of  the  side  aisles  ; and  the  two  middle  divisions  that  of  the  nave.  The  two  side  aisles 
occupy  together  12  squares,  as  does  the  nave  ; the  remaining  12  being  devoted  to  outer 
walls  and  their  buttresses. 

The  entire  area,  therefore,  has  24  squares  to  represent  its  interior  distribution,  and  halt 
that  number  its  external  walls;  or  one  third  walls,  two-thirds  void.  Such  are  the  general 
arrangements  of  its  plan,  and  its  extreme  simplicity  has  enabled  the  constructors  to  execute 
the  vaulting  of  the  side  aisles  and  that  of  tlie  centre  nave  by  diagonal  ribs,  which  in  the 
former  extend  over  one  square,  and  In  the  latter  two,  thus  giving  to  the  nave  its  due  pro- 
portion of  height,  without  changing  the  principle  of  its  construction. 

The  freemasons  of  the  middle  ages  were  so  perfectly  acejuainted  wi  h geometry  that  there 
is  seldom  any  defect  in  their  vaulting  ; it  is  evident  that  they  l.iid  down  their  plans  for  its 
execution  before  they  decided  upon  the  form  of  their  main  piers;  in  their  setting  out, 
every  part  had  its  due  function  ; and  the  column,  which  was  intended  to  be  connected 
with  the  vaulting,  eitlier  of  nave  or  side  aisle,  was  peculiarly  adapted  by  its  position 
for  its  use- 

‘I’he  master  mason  Robert  de  Liizarche  commenced  the  building  of  this  nave  about  the 
year  1220,  the  founder  being  Bishop  Evrard.  The  pillars  of  the  nave  were  raised  to  the 
heiglit  of  their  capitals  in  1236,  but  it  was  not  till  1236  that  the  vaulting  was  comp’eted; 
and  about  eight  or  nine  years  afterwiras  the  lateral  chapels  were  added. 
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To  the  top  of  the  battlement  of  the  nave  there  is  not  quite  so  much  height  as  the  outer 


wall  of  the  Coliseum  at  Rome,  which  is  157 
feet  ; but  it  is  curious  to  observe  that  one 
division  of  this  renowned  building  does  not  dider 
very  materially  in  its  proportions  from  that  at 
Amiens  ; the  division  of  the  ampitheatre  being 
seven  cubes  in  height ; the  piers  occupy  one  third 
of  the  width  of  a compartment,  as  is  usual  in  Ro- 
man structures  of  the  same  period.  The  masonry 
of  Amiens  Cathedral  is  executed  after  the  Roman 
models,  consequently  the  pointed  arch  makes  tlu* 
chief  dirterence  between  the  two  styles. 

To  render  the  application  of  the  theory  of  the 
cube  to  the  nave  of  Amiens  Cathedral  more  evi- 
dent, or  how  the  216  cubes  which  the  isometrical 
figure  contains  are  placed,  somewhat  more  of  detail 
must  be  entered  into. 

The  six  main  divisions  shown  in  the  figure,  with 
the  side  aisle  behind  them,  have  their  points  of 
support  at  the  four  angles  of  each  of  the  six 
squares  ; then  each  square,  with  its  23  feet  6 inches 
sides,  shows  the  position  of  the  lowest  cube  of  the 
six  placed  one  above  the  other,  forming  the  entire 
height  of  each  division  or  severy. 

At  the  top  of  the  second  cube  is  the  level  upon 
which  the  main  arches  sjiring,  and  that  upon  which 
the  ribs  of  the  vaulting  of  the  side  aisles  rest. 

'J’he  top  of  the  third  cube  indicates  the  level 
upon  wdiich  the  triforium  is  based,  and  conse- 
quently contains  the  vaulting  of  the  side  aisle. 

The  fourth  cube  is  the  triforium,  and  the  fifth 
and  the  sixth  the  clerestory. 

On  examining  the  section,  the  side  aisles  are 
three  cubes  in  height,  including  the  vaulting,  and 
the  nave  six ; the  entire  open  space  of  the  interior 
has  18  cubes  for  each  aisle,  or  36  for  the  two  side 
aisles,  and  72  for  the  nave  ; in  all  108  cubes,  or 
exactly  one  half  the  entire  number  contained  in 
the  isometrical  cube. 

It  must  be  remarked  that  considerable  altera- 
tions have  been  made  since  the  building  was  con- 
structed; between  the  buttresses,  chapels  have 
been  formed,  and  the  original  windows,  which 
lighted  the  side  aisles,  removed  to  the  extent,  or 
somewhat  beyond  the  outer  face  of  buttresses,  as 
represented.  Tue  interior  is  therefore  increased 
mate  ially  in  width,  and  its  effect  greatly  im- 
proved, making  the  entire  internal  width  and 
height  more  in  conformity  with  each  other,  or 
each  141  feet. 

In  the  elevation  of  the  divisions  the  boundary 
of  each  of  the  six  cubes  is  more  clearly  marked. 
The  width  from  centre  to  centre  of  each  pillar,  in- 
dicated by  the  seven  circles  (y?//.  1328.)  is  23  feet 
6 inches ; to  the  top  of  the  capitals  from  the 
pavement  A B,  the  height  is  twice  that  dimension  ; 
to  the  bottom  of  the  bases  of  the  column  of  the 
triforium  B C,  the  same  ; thence  to  the  bottom  of 
tile  glass  of  the  clerestory  windows  C D,  the  same ; 
to  the  tops  of  the  capitals  or  spring  of  the  arches 
1)  E,  the  same  ; and  above  that  line  to  the  under- 
side the  vaulting  E F,  the  same;  thus,  six  tunes 
23  feet  6 inches,  or  141  feet,  is  the  total  beiglit 
from  the  pavement,  of  the  division  represented  in 
fig  1328. 


.^s  the  groined  vaults  of  the  side  aisles  are  set  Fig.  i5‘28. 


ELEVATION  or  NAV'E;  AMIENS. 


out  upon  a square,  and  the  width  from  the  centres  of  piers  is  the  same  as  those  tow'ards  the 
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Fig.  1329 


PLAN  OF  CLEKESTOBT, 


nave,  we  hapc  three  perfect  cubes  of  24  feet  in  eacli  sovery  up  to  the  bottom  of  the  trifo- 
rium  story,  and  the  same  number  from  thence  to  the  top  of  the  vaulting  of  the  nave. 

'I'he  main  pillars  are  7 feet,  and  7 feet 
2 inches  in  diameter,  composed  of  a 
large  cylindrical  column,  with  others 
attaclted  for  the  support  of  the  vaulting. 

Towards  the  nave  there  are  tliree 
columns  which  are  carried  up  to  the 
height  of  about  the  middle  of  that  of 
the  clerestory  windows ; on  the  capi- 
tals which  terminate  them  rest  the 
cross  springers  and  diagonal  ribs  of 
the  vaulting.  The  arches  of  each 
division  are  4 feet  9 inches  in  thick- 
ness, and  rest  on  the  side  columns,  of 
IS  inches  diameter.  The  faint  line 
on  the  plan  fig.  1329.  represents  the 
])ier  and  mullions  of  the  division  of 
the  clerestory  window. 

The  seven  circles  shown  in  fig.  1328. 
exhibit  the  proportion  each  pier  bears 
to  the  opening,  namely,  that  of  two- 
sevenths  for  piers,  and  five-sevenths 
for  the  space  between  them.  The 
dimensions  vary  a little  as  taken 
throughout  the  six  severies,  as  in 
some  instances  the  diameter  of  the 
piers  varies  as  above  stated. 

It  may  be  remarked  that  the  contour 
of  the  torus  and  scotia  in  .the  base, 
are  not  sections  of  cylinders  or  their 
portions,  but  partakes  of  the  elli]nical. 

Tlie  mouldings  below,  are  contoured 
differently  to  those  above,  the  eye,  and 
consideration  is  given  to  their  position, 
to  produce  proper  effect. 


Fig.  1330. 


PLAN  OF  COLUM.VS;  AMIEX3. 


The  base  and  capital  of  the  main  pillars,  as  here  shown  with  their  dimensions,  is  the 
same  as  the  front  view  towards  the  nave,  with  the  exception  that  the  two  7-inc  co  umna 
at  the  side  of  that  in  the  middle  are  omitted.  ^ u „ i 

The  piers  that  divide  the  side  chapels,  and  the  original  outer  buttresses,  have  been 
changed  probably  from  their  original  design ; they  are  now  8 feet  wide. 
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Tlie  clerestory  window  witli  its  piers  and  mullions  being  al.eady  given  {Jig.  1329.)  it 
remains  to  show  tlie  plan  ( f tlie  piers 
and  mullions  of  the  triforiimi,  and 
its  gallery  or  passage,  which  has  a 
clear  width  of  20  inches  between  the 
main  pier  and  the  outer  wall,  which 
is  about  10  inches  in  thickness  {fg. 

1334  ) The  middle  mullion,  or  that 
Avhich  divides  the  triforium  into  two 
juincipal  arcties,  is  2 feet  6 inches  in 
widtli,  and  composed  of  seven  s rall 
columns,  as  shown  attached  to  the  main 
])illar,  which  has  a depth  of  6 feet  8 
inches. 

The  ordinary  decoration  in  this  ca- 
thedral is  very  simple,  consisting  of  a 
circle,  comprising  either  three,  four, 
live,  six,  or  eight  others  ; the  centres 
of  which  and  their  portions  may  l.e 
understood  by  reference  to  the  five 
diagrams  Jigs.  1335.  to  1339.  Sculp- 
tured foliage  occurs  in  the  capitals  and 
along  the  string  mouldings;  figures,  however*,  of  the  most  elaborate  execution  and  design 
decorate  the  exterior,  and  particularly  around  the  chief  entrances;  perhaps  few  buildings  excel 
the  Cathedral  of  Amiens  in  the  richness  of  these  portions,  or  the  magnificence  of  its  porches. 
In  de.scribing  the  Jig$.  1292.  and  1291.,  an  attempt  was  made  to  convey  an  idea  of  the 
geometrical  style  of  the  tracery  in  the  rose  windows,  as  well  as  those  of  the  side  chapels. 

We  cannot  quit  this  part  of  our  subject  without  regretting  the  want  of  further  space  for 
the  treatment  of  this  very  interesting  reference  to  the  arts  as  displayed  by  the  builders  of  this 
I'eriod,  particularly  as  the  principles  upon  which  they  practised  are  .so  little  known.  Simple  as 
they  were,  their  system  seems  to  have  been  forgotten  after  the  lodges  of  the  freemasons 
were  broken  up,  and  the  new  era  appeared.  The  renaissance,  or  the  return  to  the  Greek 
models,  at  once  set  aside  all  knowledge  of  that  architecture  which  had  attained  such  per- 
fection in  Europe  for  four  centuries. 


Fig.  153i.  1-LAN  or  TJUKOKrUM. 


THE  BUILDING  FOll  THE  EXHIBITION  OF  THE  INDUSTRY  OF  ALL  NATIONS,  1851. 

This  building  w*as  stated  to  have  been  suggested  to  the  Society  of  Arts  in  June  1845  by 
Ills  Royal  Highness  Prince  Albert,  and  it  was  not  long  ere  the  plan  for  its  adoption  was 
developed.  Tlie  public  quickly  responded  to  an  appeal  by  subscribing  75, OOOZ.  to  enable 
tlie  commis-sioners  to  erect  a suitable  building,  to  he  completed  by  the  1st  of  May  1851; 
the  site  being  granted  by  Her  IVIajesty,  on  the  south  side  of  Hyde  Park  ; and  all 
that  was  required  of  the  exhibitors  was,  to  deliver  their  various  specimens  of  art  and 
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manufacture  at  tl.c  building  which  would  be  provided  for  thorn.  Mr.  Paxton,  aftci  some 
other  designs  had  been  set  aside,  submitted  a design  composed  cliielly  of  gla.ss  and  iron, 
wliicli  Messrs.  Fox,  Henderson,  & Co.  tondcred  to  construct  for  79,800/.  This  was  imme- 
diately carried  into  efl’ect. 
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'I'lie  site  for  the  buildu\T  contained  about  26  acres,  being  2,600  feet  in  lengtli,  and 
500  feet  in  breadth  ; the  principal  front  extending  from  west  to  east.  The  total  area  of  the 
ground -floor  was  772,784  superficial  feet,  and  that  of  the  galleries  217,100  square  feet. 
Ttie  length  of  these  galleries  extended  nearly  a mile.  The  cubical  contents  of  the  building 
were  estimated  at  3.6,000,000  feet. 

There  were  used  in  its  construction  2,300  cast  iron  girders,  378  wrought  iron  trusses 
for  supporting  the  galleries  and  roof,  30  miles  of  gutters  for  carrying  water  to  the 
columns  which  served  as  water-pipes,  202  miles  of  sash-bars,  and  900,000  superficial 
feet  of  glass. 

On  the  ground-floor,  1,106  columns  of  cast  iron,  rested  on  cast  iron  plates,  based  upon 
concrete  ; these  columns  were  8 inches  in  diameter,  and  18  feet  5^  inches  in  height  ; they 
were  cast  hollow,  the  thickness  of  the  metal  varying  from  | to  IJ  in.,  according  to 
the  weights  they  were  destined  to  support.  The  sectional  area  was  increased  by  foui 
broad  fillets  or  faces,  3j  inches  in  width,  and  a little  more  than  a sixth  of  an  inch  in 
thickness. 

The  principal  entrance  was  in  the  centre  of  the  south  side  ; passing  through  a vestibule 
72  feet  by  48,  the  transept  was  entered,  which  was  covered  by  a semi-cylindrical  vault 
72  feet  in  diameter,  springing  from  a height  of  68  feet  from  the  floor;  and  this  vault  of 
iron  and  glass  was  in  lengtli  408  feet  from  north  to  south.  On  each  side  of  the  transepj 
was  an  aisle  24  feet  wide. 

Standing  in  the  middle  of  the  transept,  the  vista  or  nave,  at  right  angles,  extended  eas\ 
and  west  900  feet  in  each  direction;  the  total  length  being  1,848  feot.  This  na'e  was 
72  feet  wide,  and  64  feet  high  ; and  on  each  side  was  an  aisle  24  feet  in  width  ; and  above, 
at  a height  of  24  feet  from  the  floor,  were  galleries  which  surrounded  the  whole  of  the  nava 
and  transept. 

Beyond  these  side  aisles  and  parallel  witli  them,  at  a distance  of  48  feet,  were  second 
side  aisles,  of  an  equal  width  to  those  already  mentioned,  and  also  covered  with  galleries  on 
a similar  level  to  the  others.  Bridges  of  communication  were  made  at  convenient  dis- 
tances, to  allow  of  an  unbroken  promenade,  and  from  which  a view  of  the  several  courts 
iniglit  be  obtained.  These  courts  were  roofed  in,  at  the  height  of  2 stories,  and  were  48 
feet  in  width.  Ten  double  staircases  8 feet  wide  gave  access  to  the  several  gallerie.s. 

After  the  transept  and  nave  were  marked  out,  the  general  arrangement  consisted  of  a 
series  of comjrartments  24  feet  square,  and  as  much  in  height;  these  bays  or  cubes  were 
each  formed  of  4 columns,  supporting  girders  put  together  very  ingeniously.  One  of  these 
bays  or  gallery-floors,  24  feet  square,  containing  576  superficial  feet,  was  calculated  to 
support  as  many  cwts.,  or  30  tons. 

The  symmetry  and  strength  of  this  vast  building  depended  upon  the  accuracy  with  which 
the  simple  plan  was  drawn  out,  and  much  credit  is  due  to  Mr.  Brounger,  who  superin- 
tended  this  portion  of  the  work.  He  had  to  establish  a series  of  squares  of  24  feet,  and  this 
was  admirably  effected  by  rods  of  well-seasoned  pine,  fitted  with  gun-metal  cheeks. 

Stakes  were  driven  into  the  ground  to  mark  the  position  of  the  columns,  their  precise 
centres  being  afterwards  found  by  the  theodolite,  and  marked  by  a nail  on  the  top  of  the 
stake  or  pile ; and  when  the  digging  commenced  for  the  foundations,  and  there  was  a ne- 
cessity to  move  the  pile,  a right-angled  triangle  was  formed  in  deal,  and  previous  to  the  re- 
moval of  a stake,  a nail  indicating  the  position  of  the  column  was  placed  at  the  apex  of  the 
triangle  ; two  other  stakes  were  driven  in,  and  the  first  withdrawn.  The  entire  ground  plan 
may  be  considered  as  composed  of  1,453  squares,  each  containing  576  superficial  feet.  The 
south  front  occupied  77,  the  east  and  west  fronts  each  17,  so  that  the  entire  parallelogram 
contained  1,309, of  these  squares;  on  the  north  side  were  48  others,  3 divisions  in  depth, 
making  an  additional  144,  thus  completing  the  number  stated.  The  nave,  transept,  and 
courts  were  formed  by  the  omission  of  the  columns,  where  their  width  required  to  be 
either  48  or  72  feet,  and  girders  of  sufficient  strength  were  substituted  to  span  tlie  space 
where  such  columns  w'ere  omitted.  Had  each  of  the  1.387  squares  of  which  the  plan  con- 
sists had  its  complement  of  columns  to  liave  perfected  each  cube,  1,502  would  have  been 
required;  but  the  formation  of  the  wider  openings  occasioned  only  1,106  to  be  employed, 
so  that,  by  the  omission  of  a third,  the  courts,  nave,  and  transepts  acquired  their  admired 
proportions.  Each  of  the  1,387  squares  was  576  sujierficial  feet,  or  a total  of  798,912 
superficial  feet.  The  columns  being  8 inches  in  diameter,  the  area  of  the  section  of  the 
whole  1,106  was  380  superficial  feet,  or  the  points  of  support  were  a trifle  more  than  a 
2,000th  of  the  entire  area,  for  '^93^g9gL2^2,102. 

When  we  compare  the  Crystal  Palace  with  one  of  the  lightest  constructed  basilicas  of 
ancient  Rome,  we  are  astonished  at  the  difference  in  the  proportions.  For  instance,  the 
total  area  of  the  basilica  of  St.  Paul  wdthout  the  walls  of  Rome,  was  108,000  superficial 
feet  ; while  the  points  of  support  were  12,000,  or  one  ninth.  The  Crystal  Palace,  which 
was  seven  times  the  area  of  the  basilica  of  St.  Paul,  had  it  been  constructed  in  a similar 
manner,  would  have  required  84,000  superficial  feet  for  the  points  of  support,  instead  of 
380  superficial  feet. 
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In  the  Saxon  cathedrals,  one  tliird  of  the  entire  area  was  employed  for  walls  and  piers; 
in  the  Pantheon  at  Rome,  one  quarter  ; in  St.  Paul’s,  London,  one  sixtlt ; and  in  most  of 
the  cathedrals  constructed  from  the  12th  to  the  15th  century,  tlte  .same  ])roportions  are 
practised  ; but  we  have  never  hitherto  seen  any  attempt  to  le.ssen  the  proportions  of  the* 
.supports  beyond  a twentieth  of  the  entire  area,  when  the  ordinary  building  materials, 
as  brick  or  stone,  have  been  employed,  whilst  in  this  instance  iron  columns  arc  found 
sufficiently  strong,  when  they  have  the  proportion  of  a 2,000th  j)art  of  the  whole,  or  are 
one  hundred  times  less  in  section  than  their  points  of  support,  estimated  as  a twentieih 
of  the  whole,  and  which  we  have  considered  as  the  lightest  of  the  constructions  hitherto 
practised ; the  round  Temple  of  Claudius  at  Rome  being  the  example.  Tredgold 
calculated  that  an  iron  column  of  cast  iron  8 inches  in  diameter,  anti  24  feet  high, 
will  carry  nearly  .50  ton.s,  or  1,106,  55,800  tons;  so  that,  if  each  of  1,387  squares  had 
to  sustain  .30  tons,  there  would  be  ample  strength,  this  not  amounting  to  more  than 
41,610  tons. 

In  preparing  the  foundations  for  the  columns,  great  care  was  taken  to  arrive  at  the 
gravel,  upon  which  a bed  of  concrete  was  thrown  ; and  it  was  esdmated  that  a pressure  per 
superficial  foot  of  2|  tons  should  be  provided  for.  The  concrete  varied  in  depth  from 
.3  to  4 feet,  and  was  finished  by  covering  the  top  with  a surface  of  fine  mortar,  worked 
even  and  with  a level  face.  On  this  was  laid  a base  plate  for  each  column,  the  lower  ))art 
consisting  of  a horizontal  plate  having  attached  to  it  a vertical  tube  of  the  form  of  the 
column  it  was  to  carry.  The  length  of  these  base  plates  was  from  north  to  south,  so 
that  the  w’ater  brought  down  by  the  columns  from  the  loof  might  run  in  the 
direction  from  east  to  west,  Into  the  sockets,  cast  iron  pipes  6 inches  in  diameter 
were  inserted,  for  the  purpose  of  conveying  the  water  into  the  cisterns  and  tanks  provided 
to  receive  it. 

At  the  upper  portion  of  the  base  plate  four  holes  were  cast,  in  as  many  projections, 
which  answered  to  others  at  the  foot  of  the  column  to  be  placed  upon  it,  which,  when 
fixed,  was  secured  by  nuts.  Between  the  shaft  and  its  base,  pieces  of  canvas  dipped  in 
white  lead  were  introduced  before  the  joints  were  secured,  which  were  thus  rendered  water- 
tight. The  columns  were  8 inches  in  diameter,  and  those  on  the  ground  floor  18  feet 
5^  inches  in  height,  being  cast  hollow  to  allow  of  a current  for  the  rain  water  ; the  strength 
of  these  columns  was  increased  by  four  projecting  ribs,  and  by  the  form  of  angular  additions 
made  to  receive  the  nuts  and  screws. 

The  Crystal  Palace  at  Sydenham  had  also  the  simple  cube  as  the  nucleus  of  which  this  vast 

edifice  was  composed  ; and 
the  simplicity  of  its  form 
enabled  the  constructors,  by 
a small  variety  of  castings, 
to  execute  the  whole.  It 
was  to  tin's  locality  that 
the  materials  of  the  Hyde 
Park  building  were  removed 
and  readapted  to  a much 
more  extensive  erectirm. 
Three  cubes,  placed  one  on 
the  other,  formed  the  side 
galleries,  as  seen  in  the  sec- 
tion, Jig.  1342  The  omis- 
sion of  six  such  cubes  mea- 
sures the  width  and  height 
of  the  nave  to  the  level  of 
the  springing  of  the  arched 
covering;  such  are  the  sim- 
ple proportions  comiiosing 
this  vas*-  structure.  On  the 
ground-floor  is  laid  board- 
ing 1^  inches  in  thickness, 
i an  inch  apart,  upon  joists 
7 inches  by  2^  inches,  which  rest  upon  sleepers  13  inches  by  3^  inches,  placed  8 feet  apart. 
The  second  tier  of  columns  are  16  feet  inches  long,  with  connecting  pieces  3 feet  4| 
inches  deep,  and  a similar  girder  to  those  below.  The  third  tier  of  columns  and  connecting 
pieces  in  every  case  are  the  same  as  the  second. 
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SPECIAL  SUBJECTS. 


2861  to  2946.  Mr.  Gwilt  wrote,  in  1842,  Chapter  V.,  Public  and  Pbivate  Buildings. 
The  several  sections  were  revised  and  enlarged  and  additional  ones  inserted  in  1867,  and 
again  in  1876.  The  progress  in  most  of  the  subjects,  as  w'ell  as  of  others,  has  been  so 
great  of  late  years  that  a volume  for  each  might  well  be  written,  giving  the  later 
examples  and  principles  of  arrangement.  As  it  is  a convenient  place  in  this  work  for 
specially  treating  some  suljects,  the  chapter  is  retained  under  a new  heading.  The 
se  tions  Ventilation  of  Buildings  and  Warming  of  Buildings  are  taken  to  Use  of 
Materials  or  Practical  Building,  Chapters  XIII.  and  XIV.,  and  most  of  the  other 
sections  are  inserted  in  the  Glossary.  The  student  will  find  in  the  List  of  Books  many 
works  relating  to  the  subjects,  of  which  he  may  be  in  search. 


Sect.  I. 

THEATRES. 

2947.  A taste  for  dramatic  representations  prevailed  at  a very  early  period  among  the 
people  of  antiquity,  and  this  was  not  diminished  by  the  introduction  of  Christianity,  even 
when  the  temples  were  deserted  and  paganism  seemed  extinct.  The  destruction  of  these, 
however,  was  its  concluding  triumph.  It  would  be  a difficult  matter  to  fix  the  precise  date 
of  the  abolition  of  the  pagan  theatre,  but  it  seems  likely  to  have  resulted  rather  from  the 
falling  into  decay  of  the  old  theatres  than  fr-)m  a disinclination  on  the  part  of  the  people 
to  the  pleasure  they  leceived  at  them.  With  the  revival  of  the  arts,  the  taste  for  scenic 
representations  appeared  with  the  literature  on  which  they  are  dependent.  In  Italy  we 
find,  therefore,  the  drama  at  this  period  repiesented  in  very  large  enclosures,  such  as  the 
amphitheatre  constructed  by  Bramante  in  the  large  court  at  the  Vatican,  whence  the 
taste  soon  spread  over  all  the  nations  of  Europe. 

2948.  The  pleasure  which  flowed  from  this  renewal  of  an  ancient  art  was  at  first  con- 
fined to  few,  and  those  were  either  men  of  learning  or  select  societies,  who  bore  the  expenses, 
and  again  raised  in  the  country  a renewal  of  a theatre  much  resembling  those  of  the 
ancients  as  respected  the  form  and  disposition.  To  prove  this,  w'e  need  only  cite  the 
example  of  the  celebrated  theatre  at  Vicenza,  built  by  Palladio  in  1583,  and  designed  in 
imitation  of  the  ancient  theatres.  A full  account  of  this  building  is  given  in  L' Origine 
dell'  Academia  Olympica,  ^c.  Opera  di  Ottavio  Bertotti  Scamozzi,  Vicenza,  1690.  For 
dramatic  representations  this  theatre  is  no  longer  used,  and  at  present  it  is  only  recog- 
nised as  a monument  of  the  exrraordinary  skill  of  the  architect,  and  a memorial  of  the 
dramatic  buildings  of  its  period.  The  theatre  at  Parma,  built  by  Aleotti,  is  another 
building  belonging  to  the  same  class,  and  preserved,  like  the  la.st-mentioned,  as  a curiosity. 

2949.  When,  hi.wever,  the  taste  for  scenic  amusements  began  to  spread,  the  sovereign 
princes,  who  alone  could  support  the  expense  of  such  establishments,  began  to  make  them  a 
necessary  part  of  their  palaces ; and  the  theatre,  no  longer  a public  and  essential  building, 
bee  line  wh  it  it  now  is,  a place  which  served  for  the  habitual  amusement  of  those  who 
could  afford  it.  The  drama  again  revived,  and  its  history  is  an  index  to  the  edifices  that 
rose  for  its  representation.  Becoming  thus  necessary  for  tlie  amusement  of  the  better 
classes  of  society,  the  establi.^hment  of  theatres  was  undertaken  by  individuals  in  almost 
every  city,  and  competition  was  the  natural  consequence.  Then  began  the  division  of 
the  theatre  into  different  parts,  the  entry  to  which  was  marked  by  different  prices,  and 
the  separation  of  the  common  people  from  those  of  rank  and  fortune. 

2960.  Italy  does  not  contain  so  many  theatres,  nor  of  such  consequence,  as  might  be 
predicted  from  the  taste  of  its  inhabitants.  Among  the  earliest  of  consequence  was  that 
built  at  Bologna  in  1763  by  Antonio  Galli  Bibiena  (not  to  mention  that  built  at  Verona 
under  the  direction  of  the  celebrated  Scipio  Maffei  by  Francesco  Galli  Bibiena),  with  a 
noble  portico  in  front  and  salons  in  the  angles,  possessing  moreover  great  merit  in  its 
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interior  distribution.  In  the  Itnlian  theatres  there  is  almo.st  invariably  a certain  feeling  of 
grandeur  and  unity  about  the  interior  little  to  bo  expected  from  the  exterior,  which  in  no 
way  leads  the  spectator  to  the  suspicion  of  a fine  Salle  de  Spectacle  behind  it. 

2951.  France  has  the  credit  of  having  erected  the  first  modern  theatre  that  can  be  deno- 
minated an  example  in  this  species  of  monumental  architecture.  That  to  which  we  allude 
is  the  theatre  at  Bordeaux,  which  is  325  feet  in  length,  and  half  that  measure  in  width. 
Whether  we  consider  the  exterior  or  interior  of  this  edifice,  everything  is  grand;  the 
accessories  are  worthy  of  the  whole,  and  the  richness  of  the  interior  decoration  is  ’only 
equalled  by  the  fine  forms  whereon  the  decorations  are  used.  The  ingress  and  egress  are 
admirable;  and  a splendid  concert-room  and  magnificent  staircases  complete  the  destina- 
tion, to  which  it  is  so  suited,  as  to  afford  the  finest  model  of  a theatre  to  which  we  can 
refer  the  student.  The  plans,  &c.  of  this  work  were  published  by  i's  architect,  V.  Louis, 
under  the  title  of  Salle  de  Spectacle  de  Bordeaux,  atlas  folio,  Paris,  1782. 

2952.  The  principal  points  for  the  consideration  of  the  architect  in  the  composition  of 
a theatre  may  be  classed  under  the  heads  of  utility,  suitableness  for  the  purpose,  and  taste 
in  combining  them.  Under  the  first  head  must  be  placed  the  accomplishment  of  two  main 
objects,  those  of  seeing  and  hearing  what  passes  on  the  stage.  These,  indeed,  are  inti- 
mately connected  with  each  other,  and  are  entirely  dependent  on  the  form  adopted  for  the 
plan  of  the  interior,  that  is,  the  general  form  given  to  the  boxes  which  surround  the  pirt 
before  the  curtain.  We  are  not  aware  of  any  plan  which,  in  this  respect,  is  not  based  on  a 
quadrangular,  elliptical,  or  circular  form, 

2953.  The  quadrangular  form,  besides  its  want  of  beauty,  is  not  well  adapted  for  ful- 
filling the  objects  with  which  we  set  out.  In  this,  the  greater  number  of  spectators  or 
audience  who  occupy  the  side  boxes  are  so  inconveniently  placed,  that,  to  observe  what  is 
going  on,  their  heads  must  be  turned  sidewise,  and  they  are  hence  in  a false  position  for 
the  object.  The  actor  being  generally  the  point  to  which  all  eyes  are  directed,  the  spec- 
tator opposite  the  proscenium  will  lo  )k  at  him  in  a right  direction  ; but  as  the  spectator 
removes  to  the  extremity  of  the  side,  it  is  manifest  that  the  angle  in  which  the  head  must 
be  turned  becomes  sharper,  and  the  position  is  then  painful.  Besides  this  objection,  the 
form  is  known  to  be  unfavourable  to  hearing  or  to  the  propagation  of  sound. 

2954r.  The  truncated  oval  is  in  some  measure  subject  to  the  .same  inconveniences  on  the 
sides  as  the  last-mentioned  figure.  It  removes  also  a large  portion  of  the  spectators  to  a 
considerable  distance  from  the  centre  of  the  scene,  besides  which,  in  the  boxes  near  the 
proscenium,  their  seats  tend  in  opposite  directions  to  the  actor.  It  has  been  to  remedy  these 
faults  that  the  form  of  the  horseshoe  has  been  adopted,  which  is  a sort  of  mean  between  the 
quadrangular  and  oval  forms : and  where  the  plot  of  ground  is  much  longer  than  it  is  wide, 
it  is  a suitable  figure,  and  one  which  affords  the  opportunity  of  increasing  the  number  of 
boxes. 

2955.  When,  however,  the  circumstances  concur  in  allowing  it,  the  adoption  of  the 
semicircular  plan  is  doubtless  the  best.  It  is  a figure  which  allows  each  spectator  to  be  at 
an  equal  distance  from  the  scene,  that  also  by  which  the  spectators  in  adjoining  boxes  less 
interfere  with  one  another,  that  which  affords  the  means  of  all  seeing  equally  well,  that  in 
which  the  sound  is  most  equally  distributed,  and  that  whose  uniformity  and  simplicity  seem 
to  engender  the  best  decoration.  The  semi-elliptic,  with  the  transverse  axis  parallel  to  the 
proscenium,  has  interior  advantages  in  some  respects  over  the  semicircle ; but  it  induces 
great  difficulty  in  connecting  the  proscenium  itself  with  the  auditory  part  of  the  house, 
and,  by  increasing  the  width  of  the  proscenium,  increases  the  perplexity  in  framing  (as 
formerly)  the  roof  conveniently  for  the  painting  rooms,  and  securely  as  respects  the  walls. 

2956.  Upon  the  destruction  by  fire  of  Drury  Lane  Theatre  a pamphlet  appeared, 
entitled  Observations  on  the  Principles  of  a Design  for  a Theatre,  by  Benjamin  Wyatt, 
Loudon,  8vo.  1811.  These  observations  are  so  well  worth  the  notice  of  the  student  that 
we  shall  close  this  section  by  giving  the  substance  of  them.  The  heads  for  consideration, 
says  the  author,  are  : — 

2957.  First.  The  size  or  capacity  of  the  theatre,  as  governed  by  the  width  of  the 
proscenium  or  stage  opening;  and  by  the  pecuniary  return  to  be  made  to  those  whoso 
property  may  be  embarked  in  the  concern.  Second.  The  form  or  shape  of  the  theatre,  as 
connected  with  the  primary  objects  of  sound  and  vision.  Third.  The  facility  of  ingre.'-s 
and  egress,  as  materially  affecting  the  conA'enience  of  those  Avho  go  to  every  part  of  the 
house  respectively,  as  well  as  their  lives,  in  cases  of  sudden  accident  or  alarm,  bourth. 
Decorum  amongst  the  several  orders  and  classes  of  the  visitants  to  the  theatre,  as  essential 
to  the  accommodation  of  the  more  respectable  part  of  those  visitants,  ;uid  consequently  of 
great  importance  to  the  interests  of  the  theatre.  Fifth.  Security  against  fire,  as  well  in 
regard  of  insurance,  as  with  relation  to  the  lives  of  individuals  going  to  the  theatre. 

2958.  The  size  or  capacity  will  necessarily  depend  very  much  on  the  width  of  the 
proscenium  or  stage  opening,  inasmuch  as  it  is  from  the  extremities  of  that  opening  that 
the  form  of  the  theatre  must  spring.  The  annexed  is  a statement  of  the  Avidth  of  the 
proscenium  at  the  theatres  named  in  that  publication  : — 
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Argentine,  at  RoTne  - - - 36  feet 

Old  Ooveiit  Garden  (burnt  1856)  38  feet 
Theatre  Italien,  Paris  (burnt)  - 38  feet 

Turin 39  feet 

Bordeaux  -----  39  feet 


Parma 40  feet 

Mi' an 40  feet 

San  Bentde'to,  at  Venice  - 40  feet 
Theatre  Praii9ais,  at  Paris  - 40  feet 
Drury  Lane  - - - - 40  feet  6 in. 


Table  prepared  hv  Air.  K.  M.  Harry,  ISbO,  for 
his  descrip. ion  of  New  Covent  Uartlen  1 healre, 
London. 

San  Carlos, 
.Naples. 

La  Scala, 
iMilan. 

Hologna 

Theatre. 

Turin 

Theatre. 

Loir 

Her 

IVIajeNty’s. 

don. 

New  Covint 
(iarden. 

VVidtli  of  proscfniuin  .... 
Number  of  boxes  in  each  tier 
N timber  ot  tiers  of  boxes 
Witbb  between  tlie  boxes  . 

Length  from  curtain  to  centre  box  . 
Heiglit  bom  pit  to  ceiling  . 

.53  feet 
‘29 

70  fret 

70 

70 

43  feet 
41 
5 

( 6 feet 
69 

51  feet 
‘25 
5 

67  feet 
78 

g;^ 

4‘2  feet 
29 
6 

52  feet 
61 
63^ 

37  feet 
43 
6 

.59  feet 

8S 

51 

.50  f(>et 
36 
4 

63  feet 
I'l 

j;-.., , 1 

A width  beyond  40  feet  seems  to  have  been  considered  by  the  performers  as  inconvenient,  from 
the  space  t'hev  would  have  to  pass  over  in  the  business  of  the  drama,  but  50  feet  appears  now 
to  be  the  maximum  adopted.  A greater  width,  indeed,  than  that  stated  prevents  the  e-.;sy 
and  secure  working  of  the  scenes,  f.^r  the  machinery  is  increased  in  magnitude  and  weight 
as  the  heigi.t  and  hreadtli  of  the  scenes  increase.  In  mere  spectacle  and  scenic  grouping  a 
reduction  in  the  width  of  the  proscenium,  and  deptli  of  the  stage,  reduces  the  number  of 
extra  performers,  or  supernumeraries  as  they  are  called,  which  become  necessary  for  filling 
tlie  stage.  Again,  every  additional  foot  given  to  the  stage  opening  increases  the  quantity 
of  can  °as  used  in  the  scenes,  as  well  as  the  framing  whereon  they  are  fixed. 

2958a.  In  the  Edinburgh  New  Philosophical  Journal,  vol.  xxvii.,  Mr.  J.  S.  Russell  gives 
some  elementary  considerations  of  certain  principles  in  the  construction  of  buildings  designed 
to  accommodate  spectators  and  auditors,  well  worth  the  architect’s  notice.  In  every  large 
room,  says  the  writer,  a perfectly  good  seat  is  one  in  which,  without  uneasy  elevation  of  the 
head  or  eye,  without  straining  or  stretching,  we  can  calmly  and  quietly  take  any  easy 
position,  or  variety  of  positions,  which  we  may  be  disposed  to  assume,  and  yet  may  in  all 
of  them  see  and  hear  the  speaker  with  equal  clearness  and  repose,  so  as  to  give  him  patient 
and  undisturbed  attention.  The  object,  then,  is  to  ascertain  in  what  manner  the  interior 
cf  a building  for  public  speaking  should  be  formed,  so  that  throughout  the  whole  range 
whivli  the  voice  of  a man  is  capable  of  filling,  each  individual  should  see  and  hear  without 
interruption  from  any  of  the  rest  of  the  audience,  with  equal  comfort  in  an  easy  posture, 


and  as  clearly  as  if  no  other  individual  auditor  or  spectator  were  present.  (See  fgs.  1347. 
and  1348. ) The  position  of  the  seats  is  first  investigated.  In  the  usual  variety  of  station 


and  of  position, it  appears  from  experiments  that  the  range  required  for  the  purpose  is  more 
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than  a foot  ami  less  than  18  iiulics,  so  that  tluse  may  he  fakc'n  as  the  limits;  that  Is,  over 
the  head  of  the  person  before  you  there  must  be  a clear  range  of  12  or  18  indies,  tlirongh 
ivliicli  the  head  may  be  moved  upwards  or  downwards  without  interrujition.  In  other 
words,  that  a straight  line  drawn  from  the  speaker’s  head  overtliat  of  the  anterior  specMator 
shall  intercept  the  straight  line  which  forms  the  back  of  the  seat  of  the  posterior  observer, 
so  as  to  cut  ofl'a  height  of  12  or  18  inclus,  within  which  tlie  head  of  the  spectator  shall  at 
times  bo  comprehended  while  sitting  inacomfortable  position.  Thus  let  S 1347  ) be  the 
speaker  and  XYZ  be  three  successive  ascents  ; then  the  line  SX  must  fall  below  SY,  so  as 
to  leave  the  space  ^'0:  = 18  inches  = Z^. 

2959.  Applying  this  formula  to  every  individual  place  in  the  room  or  building,  we  shall 
have  the  form  required  to  satisfy  the  auditors.  Let  2;‘  feet  be  assumed  as  a constant 
representing  the  distance  of  one  spectator  behind  another,  measured  horizontally  ; and  1 j 
feet  as  the  clear  space,  measured  on  the  vertical  line,  for  the  mean  range  of  comfortable 
vision  for  each.  If  the  level  of  the  floor,  that  is,  of  the  lowest  seats,  be  already  determined, 
the  form  of  the  interior  accommodation  may  be  thus  described.  AY  {Jig.  1348.),  the 
height  of  the  speaker,  YX  the  level  floor.  From  Ay  take  Y^  = 4 feet.  Draw  yx  parallel 
to  Y’X.  Take  Ay  to  yx  as  1^  to  2i,  that  is,  as  h,  the  range  of  position  of  the  spectator,  to  r/, 
the  distance  between  the  seats.  Take  horizontal  distances  1,  2,  3,  4,  &c.  =2,t  feet,  prolong 
Ax  to  x',  then  the  height  x'  to  l = \\  feet.  Join  Al  and  prolong  it  to  x”,  and  take  a dis- 
tance or"  to  m = l^  feet.  Through  m draw  Am,  and  prolong  it  to  x"\  and  take  x"'7j=IJ 
feet.  Continue  the  process  in  the  same  manner  to  p,  q,  r,  s,  t,  &c.,  and  the  points  w’iil  be 
found  of  the  successive  places  which  the  heads  of  the  auditors  should  occupy. 

2960.  But  it  is  not  only  in  receding  that  the  back 

heats  must  rise ; those  too  far  forward  may  be  also 
unpleasant.  They  are  too  low;  they  also  should  be 
raised  : but  this  must  be  done  so  as  not  to  intei'- 
rupt  those  who  are  behind.  It  may  be  accom- 

plished in  a similar  way ; for,  as  formerly  set  off, 

1,  2,  3,  4,  5,  6,  &c.  =2^  feet  {Jig.  1349. ),  1 is  the  first 
anterior  point.  Join  Al,  and  let  it  cut  the  vertical 
line  through  2 in  x'\  the  portion  downwards  x'l=  1| 
feet ; then  I is  the  point  found.  Join  Al,  make  x"k 
= 1^  feet;  join  Ak  and  x""i=l\  feet;  and  so  on. 
g,  h,  i,  k,  I,  are  the  places  found  which  the  heads  of  the 
spectators  should  occupy,  and  show  the  elevation  to 
be  given  to  the  seats  successively.  1549. 

2961.  If  the  simple  process  described  be  accurately  performed,  the  points  which  indicate 
the  places  of  the  spectators  will  lie  in  the  branches  of  a very  beautiful  curve,  which  may  be 
termed  the  iseidomal  or  the  isacoustic  curve,  that  is,  one  of  equal  seeing  or  hearing : it  will 
be  of  the  form  in  Jig.  1350.  A being  the  place  of  the  speaker,  and  the  heads  of  the  spec- 


tators being  placed  on  the  line  Amii,  continued  as  far  as  the  voice  will  reach,  X AX  being 
the  axis  of  the  curve,  and  YY  its  parameter.  This  curve  has  two  branches  on  o])))osite 
sides  of  A,  showing  that  if  the  building  extend  behind  the  s]>eaker,  or  if  the  s])ectacle  l>c 
visible  or  the  sound  audible  on  every  side,  the  same  may  be  continued  all  round.  By 
means  of  this  curve,  the  position  of  seats  in  a theatre  may  be  satisfactorily  determined. 

2962.  For  any  great  assemblage,  where  it  is  desirable  that  one  individual  or  group  of 
individuals  should  be  seen  or  heard,  an  amphitheatre  of  this  form  might  be  constructed 
from  the  surface  of  revolution  generated  by  moving  the  curve  round  its  axis,  which  would 
perfectly  accommodate  10,000  individuals. 

2963.  According  to  the  arrangement  of  London  audiences,  Mr.  "Wyatt  calculates  that  a 
tlieatre  consisting  of  three  fourths  of  a circle  on  the  plan,  with  a stage  opening  of  35  feet, 
will  contain,  in  boxes  in  four  tiers,  tour  other  boxes  next  tlie  stage,  a pit  uiu)  tao  galleries, 
2 869  persons,  exclusive  of  four  boxes  in  the  proscenium,  and  fourteen  immedialeiy  under 
the  dress  boxes.  I’erhaps  no  modern  theatre  can  be  required  to  holdabo\e  2,500  people. 
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2964.  We  have  already  given  some  general  hints  relative  to  the  form  ; we  shall  here  add 
the  author's  view  of  this  matter;  and  thereon  he  very  prot'erly  says  that,  with  reference  to 
distinct  sound,  the  safest  metliod  is  to  adopt  a form  known  to  be  most  capable  of  conveying 
sound  w'ith  facility,  to  construct  tliat  form  of  materials  that  are  conductors  of  scmnd,  and  to 
avoid  all  bieaks  and  projections  on  the  surface  of  tliat  form,  because  they  obstruct  and 
impede  the  progress  of  the  sound.  It  is  well  known  that  a circular  enclosure  withr  ut 
breaks  possesses  the  power  vif  conveying  .sounds  with  facility,  as  the  whispeiing  gallery  in 
St.  Paul’s  Cathedral  ; and  that  wood  is  an  admirable  conducting  material  for  the  purpose. 
Count  Algarotti,  in  his  treatise  on  the  Opera,  says,  daily  experience  teaches  us  that  in  a 
box  whose  walls  are  naked,  the  singer’s  voice  is  reverberated  in  a pariicular  manner;  it 
sounds  crude  and  harsh,  and  by  no  means  flattering  to  the  ear;  the  accents  are  quite  lost  if 
the  box  be  hung  with  tapestry  ; whereas  they  are  reflected  full,  sonorous,  and  agreeable  to 
tlie  car  wlien  the  boxes  are  only  boarded,  which  is  an  obvious  proof,  and  confirmed  l>y 
experience,  that  the  best  lining  lor  the  inferior  part  of  a theatre  is  wood,  as  is  said  to  have 
been  the  ca^e  in  Her  Majesty’s  Theatre,  burnt  in  1867. 

2965.  Whatever  be  the  form  of  the  theatre,  it  o ight  in  every  part  to  be  limited  in  extent 
to  such  distance  as  the  voice  will  distinctly  reach  ; and  the  nearer  that  figure  conforms  to 
the  proportions  wherein  the  natural  voice  is  heard  in  each  direction,  the  more  t(]ually  will 
the  sound  be  heard  in  every  part  of  the  theatre.  The  experiments  tried  by  Mr.  Wyatt 
proved  that  the  reach  of  the  voice  when  moderately  exerted  was  in  the  proportion  of 
about  two  ninths  further  in  a direct  front  line  than  laterally  ; and  that  being  distinctly 
audible  on  each  side  of  the  speaker  at  a distance  of  seventy-five  feet,  it  will  be  as  plainly 
heard  at  a distance  of  ninety-two  feet  in  front  of  him,  declining  in  strength  behind  him  so  as 
not  to  be  clearly  heard  at  much  more  than  thirty  feet.  *•  Accoruing,”  says  Mr.  Wyatt, 
‘‘  to  these  data,  it  would  appear  that  the  geometrical  figure,  which  comes  the  nearest  to  the 
extreme  limits  of  the  natural  expansion  of  the  voice,  is  a semicircle  of  75  feet  radius,  or  150 
feet  in  diameter,  continued  on  each  side  to  the  extent  of  1 7 feet,  or  in  the  proportion  of 
about  two  ninths  of  its  lateral  expansion 
1851.)  beyond  the  limits  of  the  semicircle, 
and  then  converging  suddenly  until  the  two 
lines  meet  at  C,  behind  the  back  of  the  speaker.” 

But  though  the  voice  may  be  heard  at  these  dis- 
tances, it  does  not  follow  that  a theatre  of  this 
extent  should  be  erected ; indeed,  it  would  be 
absurd  to  do  so,  for  the  actor  varies  his  place 
almost  every  moment ; and  as  he  removes  from 
the  centre,  from  which  it  has  been  assumed  he  is 
speaking,  he  would  become  inaudible  to  some 
parts  of  the  audience  as  he  receded  from  it.  It 
is  evident,  therefore,  in  planning  a theatre,  the 
radius  or  semi-diameter  must  be  so  reduced  as 
to  bring  the  extreme  distance  at  which  he  may 
in  any  case  be  placed  within  the  space  of  75  feet, 
that  is,  that  when  the  speaker  is  placed  at  the 
extremity  of  either  side  of  the  stage,  his  voice  may  be  heard  by  those  seated  on  the  opposite 
side  of  the  house.  In  the  diagram,  the  widest  jiart  of  the  theatre  inscribed  in  the  larger 
figure  is  58  feet  upon  the  level  of  the  dress  boxes  ; and  allowing  9 feet  6 inches  for  the 
depth  of  the  boxes  on  that  floor,  by  means  of  a projection  of  18  inches  more  than  the  boxes 
above,  there  will  be  67  feet  6 inches  between  the  extreme  part  of  the  stage  on  one  side  and 
the  back  wall  of  the  boxes  on  the  opposite  side : but  as  the  speaker  is  in  no  case  placed  at 
either  extremity  of  the  stage,  and  even  if  so  situated,  the  distance  between  him  and  the 
oj)posite  side  of  the  house  would  be  within  8 feet  of  the  reach  of  his  voice  in  its  lateral 
direction,  and  25  feet  within  its  limits  in  a direct  line,  it  hence  appears  that  the  circular 
is  preferable  to  any  other  form  ; and  if  we  fix  a limit  for  the  dlaiueter  of  that  form,  we  are 
in  possession  of  the  rules  which  limit  the  length  of  the  theatre,  or  the  distance  from  the 
front  line  of  the  stage  to  the  boxes  immediately  in  front  of  that  line.  Taking  75  feet 
for  the  distance  at  which  the  voice  can  be  heard  laterally,  as  the  space  between  the  front 
line  of  the  stage  and  its  immediately  opposite  boxes  may  occasionally  be  in  the  lateral 
direction  of  the  voice,  the  greatest  distance  from  the  front  wall  of  the  stage  to  the  back 
wall  of  the  boxes  oi>posite  the  stage  shoidd  nut  exceed  75  feet,  the  limit  of  the  voice  in  its 
lateral  direction,  because  of  the  turns  of  head  which  he  must  often  make  I'or  the  businiss  of 
the  scene,  when  that  which  was  oirposite  might  become  lateral  ; and  thus  those  persons 
sitting  in  the  opposite  boxes  would  be  92-75  feet  — 17  feet  beyond  the  reach  of  his  voice. 

2966.  The  use  of  a semicircle  without  modification  would,  however,  involve  the  exten- 
sion of  the  stage  opening  to  an  inconvenient  widih;  and  Mr.  Wyatt  very  properly  considers 
that  the  whole  area  of  a theatre  sho  jld  contain  little  more  than  one  tliird  of  tiie  space  o\cr 
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whioh  the  voice  can  reach;  “the  one,”  he  says,  “ boing  (iiuh-pcmlently  of  the  space 
behind  the  back  of  the  speaker)  a superficies  of  11,385  feet,  and  the  otlier  of  4003.” 
This,  he  thinks,  will  compensate  for  the  absorption  of  sound  consequent  on  the  number 
of  the  audience,  the  woollen  garments  they  wear,  and  the  state  of  the  atmosphere,  and 
would  ensure  a good  hearing  in  every  part  of  the  house. 

2967.  According  to  the  author’s  statement,  he  recommends  that  the  distance  from  the 
front  of  the  stage  to  the  back  wall  of  the  boxes  immediately  opposite  should  bo  about 
54  feet ; in  the  old  Drury  Lane  it  was  7-1  feet,  and  in  the  old  Covent  Garden  Theatre, 
built  about  1730,  it  was  54  feet  6 inches.  In  the  Opera  House,  built  by  Vanbrugh,  it 
was  66  feet.  At  Milan  it  is  78  feet.  At  the  old  San  Carlos,  at  Naples,  73  feet;  and’ at 
Bologna,  74  feet.  The  distance  in  the  late  Covent  Garden  Theatre  was  69  feet  8 inches, 
or  nearly  16  feet  more  than  it  ought  to  have  been.  How,  then,  can  people  wonder  at 
not  seeing  and  hearing  in  such  theatres?  See  also  the  Table  given  in  subsect.  2958. 

2968.  In  an  opera  house  the  band  as  it  were  sustains  the  voice,  and  the  spectacle  of 
the  ballet  is  more  addressed  to  the  eye  than  to  the  understanding;  but  even  in  that  the 
theatre  is  universally  too  large  for  the  pleasure  of  those  who  appreciate  properly  what  is 
transacted  in  the  scene.  It  is  satisfactory  to  know  that  the  theatre,  which  in  our 

||  introductory  remarks  was  selected  as  a model,  should  coincide  in  the  main  points  here  in 
question  with  Mr.  Wyatt’s  project.  We  are  not  certain  whether  he  had  visited  it,  but 
are  certain  that  if  he  had  he  would  not  change  his  opinion. 

2969.  In  respect  of  vision  in  a theatre,  there  can  be  no  question  that  the  semicirL'le  gives 
the  best  chance  for  the  whole  of  the  audience;  but  the  objections  to  it  are,  that  it  requires 
that  either  the  stage  opening  should  be  of  inconvenient  width  or  that  the  size  of  the  house 
should  be  too  small.  It  is  therefore,  without  modification,  inadmissible.  It  is  on  this 
account  that  the  ellipse,  the  horseshoe,  and  other  flat-sided  forms,  have  in  later  theatres 
been  adopted,  though  it  is  manifest  that  a large  proportion  of  the  audience,  say:;  our 
author,  “must  be  placed  with  their  backs  inclining  towards  the  scene,  and  that  in  all  of 
them  (if  the  house  be  not  of  extremely  dimensions)  the  front  boxes  must  be  at  a 
great  distance  from  the  stage;  for  in  proportion  as  the  sides  shall  approximate  each 
other  the  front  must  recede,  provided  the  circumference  be  not  varied.”  The  summing 
up  of  the  question  on  this  head  is  thus  given  by  Mr.  Wyatt:  “There  is  no  object  con- 
nected with  the  formation  of  a theatre  which,  in  all  its  bearings,  is  of  more  importance 
than  that  the  part  of  the  house  which  faces  the  scene  should  be  within  a moderate 
distance  from  the  stage.  Unless  that  be  the  case,  it  is  obvious  that  a very  large  propor- 
tion of  the  spectators  must  be  excluded  from  a clear  and  distinct  view  of  that  play  of 
the  features  which  constitutes  the  principal  merit  of  the  actor  in  many  of  the  most 
interesting  scenes.”  Mr.  Wyatt  does  not  believe  that  the  height  of  the  ceiling  injures  or 
affects  the  sound  of  the  voice  in  the  lower  parts  of  the  theatre,  and  observes  that  it  must 
in  every  theati’e  “ be  much  too  high  to  act  as  a reverberator  or  sounding  board  to  the 
lower  parts  of  the  house.”  But  we  do  not  agree  with  him  on  this  point,  and  think  we 
could  refer  him  to  more  than  one  theatre  in  the  metropolis  which  is  defective  in  the 
conveyance  of  the  sound  from  this  cause  alone.  Be.sides  this,  we  do  not  feel  quite  cert  dn 
that  the  diagonal  line  drawn  from  the  actor  to  the  upper  tier  of  boxes  should  not  be  the 
regulating  distance,  instead  of  the  horizontal  one  which  has  been  mentioned  above. 

2970.  The  following  include  many  of  the  late  suggestions  for  improving  a theatre  for 
the  public,  with  those  named  in  the  former  edition  of  this  work.  The  mode  of  securing 
an  exit  free  from  fear,  as  well  as  from  actual  danger,  has  not  been  sufficiently  faced ; to 
provide  against  the  disastrous  results  of  a panic  is  a work  of  greater  physical  difficulty 
than  to  render  a building  fireproof.  For  a stage  manager  to  appear  every  night  and 
explain  the  atailable  means  of  egress,  the  attendant  at  special  doors  to  shout  “here”  on 
being  named  (and  then  to  vanish  for  the  rest  of  the  evening),  might  satisfy  some  persons. 
The  paramount  consideration  is  a sufficiency  of  exit'j.  Ingress  and  egress  shoidd  be 
provided  on  each  side  of  the  house,  so  that  w'hatever  doors,  passages,  and  staircases  are 
placed  on  one  side,  there  will  be  corresponding  ones  on  the  other.  The  spectators  are 
thus  divided  and  pressure  avoided.  The  various  tiers  may  in  large  theatres  require  more 
than  one  exit.  It  is  important  to  prevent  two  crowds  meeting  in  the  street,  such  as  the 
pit  and  the  gallery,  for  the  pathway  becomes  blocked.  The  difficulty  on  the  ground 
floor  is  not  great. 

A “ crush”  room  and  waiting  room  are  wanted,  where  those  having  carriages  may  wait, 
and  those  who  are  going  to  walk  should  be  let  out  clear  of  them. 

Whenever  two  passages  meet,  by  wflich  an  exit  takes  place,  from  that  point  onwards 
the  passage  should  be  double  the  size,  in  order  to  let  the  crowd  pass  easily.  The  passages 
and  staircases  should  be  made  direct,  so  that  the  crowd  need  not  hesitate  or  stop  t he  way 
at  all.  Large  halls  and  staircases  give  rise  to  much  lounging  about,  which  is  bad. 
Angles  should  as  much  as  possible  be  avoided,  as  well  as  steps  in  passages,  for  which  no 
excuse  can  be  offered. 
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Sloping  corridors  have  been  advocated,  but  these  are  not  praticable  in  some 
localities. 

2970a.  Every  opening  should  be  instantly  and  always  practicable.  All  obstructions 
should  be  forbidden  by  law.  Doorways  ought  not.  to  be  less  than  6 feet  wide,  and  the 
doors  in  most  cases  are  best  made  sliding,  or  should  open  both  ways,  wdiether  made  of 
wood,  wrought  iron,  cement,  or  terra-cotta.  Messrs.  Chubb  have  lately  invented  a clever 
contrivance  for  dispensing  with  an  attendant  at  extra  exit  doors,  consisting  of  a super- 
imposed spring  panel  on  the  inside  of  the  door,  in  which  the  lock  is  embedded  ; with 
a slight  pressure  the  double  doors  fly  open  outward,  and  it  is  impossible  to  open  them 
from  the  outside  except  by  a key.  Another  invention  is  Walker’s  new  safety  and  escape 
door,  consisting  of  an  inner  frame  of  a door  which  will  open  outwards,  the  usual  outer 
frame  opening  inwards.  Present  doors  can  be  adapted  to  the  invention. 

2970/;.  Two  stone  or  cement  staircases  to  the  galleries  are  essential,  although  one  need 
only  be  used  as  an  entrance.  The  staircases  for  the  upper  parts  should  be  as  wide  and 
as  easy  as  possible.  Staircases  should  never  be  less  than  5 feet  wide  (some  writers  say 
not  more  than  8 feet  wide),  the  steps  to  be  all  straight,  no  winders,  12  inches  in  the  tread, 
and  not  less  than  6j  inches  rise.  They  should  be  square,  and  be  formed  along  an  enclosed 
wellhole,  if  any;  no  windows  should  be  permitted.  A series  of  staircases  absolutely  dis- 
connected with  each  other  has  lately  been  urged  ; the  only  doors  on  to  it  being  at  the 
top  and  bottom  ; an  iron  hand  rail  on  each  side.  It  has  also  been  suggested  that  “ there 
should  be  an  equal  number  of  steps  to  each  flight,  say  thirteen  for  headway  and  space  ; the 
half-landing  should  be  elliptical,  every  door  should  open  both  ways,  and  folding,  with  an 
easy  fastener.  AH  these,  in  any  case,  ought  to  be  provided  in  new  buildings,  and  as  much 
as  possible  in  old  buildings”  (W.  H.  White,  F.S.A.)  In  large  staircases,  which  consist 
of  a centre  and  two  side  flights,  the  central  one  should  be  equal  in  width  to  the  two  side 
flights  together.  In  calculating  the  width,  regard  should  in  some  measure  be  had  to  the 
number  of  persons  which  the  part  they  serve  will  contain.  The  broad,  long  gallery 
stairs  at  the  Italian  Opera  House,  Covent  Garden,  with  the  door  near  the  top,  show  a 
good  arrangement ; they  serve  a double  purpose,  being  at  once  a stairs  and  a avaiting-hall. 
Communication  with  the  wardrobe  and  the  property  rooms  should  be  effected  only  by 
iron  spiral  stairs. 

2971  The  “ crush  room  ” or  saloon  at  the  Italian  Opera  House,  Covent  Garden,  is 
situated  at  the  top  of  the  grand  staircase,  and  forms  an  ante-room  fur  all  those  passing  to 
the  boxes.  At  each  end  of  the  room  are  refreshment  bars,  to  which  all  classes  can  thus 
resort,  to  the  exclusion  of  none.  Proper  cloak  r(.oms,  with  lavatories  and  water-closets, 
and  refreshment  rooms  or  bars,  are  necessary  adjuncts.  The  various  rooms  required  for 
the  different  dep  'rtments  will  differ  in  every  theatre,  and  the  architect  must  obtain  this 
information  from  the  manager,  before  he  sets  to  work.  Near  the  orchestra  is  a waiting- 
room  for  the  musicians,  with  cupboards  for  their  instruments  and  coats,  lavatories,  &c. 
The  music  library  should  not  be  far  away.  A painting  room  over  the  ceiling  of  the  audi- 
torium was  formerly  usual,  also  at  the  back  of  the  stage,  where  the  art’st  can  paint  against 
the  upright  wall.  The  carpenters’  shops  are  near  to  it.  The  property  and  armoury  rooms 
must  be  near  the  stage ; and  a very  well  ventilated  property  shop.  The  theatre  at  War- 
sav'  is  said  to  be  very  complete  in  its  wardrobes.  The  dressing-rooms  for  men  and  women 
should  be  kept  apart;  the  tailor's’  and  dre.ssmakers’  shop  and  wardrobes  just  above  them, 
and  fitted  with  lifts  to  send  costumes  up  and  down.  Supernumeraries’  and  soldiers’  dress- 
ing-rooms are  also  required.  A large  magazine  near  the  stage,  to  keep  the  stock,  scene 
cloths,  and  wings,  properly  fitted  with  racks  and  grooves,  to  stow  them  away  in  good  order. 
Green-rooms,  or  waiting-rooms  for  men  and  women,  so  that  no  one  should  be  on  the  stage 
who  is  irot  immediately  concerned  in  the  acting.  The  passages  to  have  plenty  of  swing 
doors  to  prevent  draughts.  Proper  apartments  for  firemen,  hall  porter,  and  housekeeper; 
kitchen  and  cellars;  rooms  for  the  manager,  secretary,  tieasurer,  chorus  and  solo  prac- 
tice; and  lavatories,  &c.,  throughout  the  house.  A box  office  is  usually  provided  near 
the  chief  entrance.  Large  and  dry  cellarage  is  a desideratum,  in  which  to  stow  unused 
properties. 

2971a.  With  the  exception  of  the  dressings  and  interior  ornaments  of  the  building,  it 
would  be  possible,  though  perhaps  somewhat  inconvenient,  to  erect  a theatre,  though  not 
perhaps  absolutely  fireproof,  yet  very  secure  against  fire.  Small  theatres  can  be  con- 
structed of  concrete  and  cement  and  terra-cotta,  from  its  rude  form  as  common  brick,  to 
stair  treads;  all  the  finishing  touches  would  be  of  the  ordinary  materials  of  theatre 
building.  Iron  should  never  be  depended  upon  except  as  a stiffener,  and  then  buried  in 
conciete.  Stone  should  be  excluded.  Floors  to  be  of  cement  floated  on  concrete,  such  as 
Wilkinson’s  improved  granite  concrete,  having  arched  under  surface  between  iron  girders; 
also  with  iron  joists  forming  a parallel  landing  about  6 inchf  s thick  for  landings  and  cor- 
ridors ; and  for  paving,  &c. ; steps  can  be  formed  of  it  singly  for  fixing,  or  formed  in  dtu 
with  moullcd  or  plain  sofile.  As  a matter  of  primary  importance,  the  (mditorium  and  the 
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stage,  with  its  accessory  apartments,  should  be,  as  far  as  possible,  two  distinct  strivctures, 
by  making  the  wall  between  them  of  brick  or  concrete  of  sufficient  thickness,  and  car- 
rying it  considerably  above  the  roofs ; it  should  have  as  few  openings  in  it  us  possible,  and 
all  of  them  should  be  fitted  with  fireproof  doors. 

29716.  The  proposed  iron  curtain  or  door  to  this  opening,  as  at  the  Prince  of  Wales’s 
Theatre,  has  been  taken  exception  to,  on  the  grounds  that  it  is  cumbersome,  costly, 
absorbs  heat  rapidly,  and  is  slow  in  working.  A single  plated  curtain  may  be  liable  to 
buckle  and  to  become  a sheet  ot  red-hot  metal.  At  several  theatres  Messrs.  Clarke,  Bunnett 
& Co.  have  made  a curtain  of  two  screens  of  wrought  iron  plate  ^th  of  an  inch  thick, 
having  an  air  space  of  6 inches  between  them.  The  framework  is  formed  of  longitudinal 
and  transverse  T and  angle  iron,  with  external  channel  iron  frame  perforated,  so  that  a 
current  of  air  is  continually  passing  between  the  two  screens  The  top  portion  of  the 
curtain  is  riveted  to  double  wrought  iron  girders,  secured  to  the  head  of  an  hy  draulic  ram, 
which,  with  the  cylinders,  tire  fixed  and  bolted  to  the  proscenium  wall,  which  varies  in 
thickness  from  14  to  18  inches.  The  movement  of  the  curtain  occupies  about  30  seconds, 
in  a.scending  or  in  descending;  it  is  caused  by  pulling  a lever,  and  the  curtain  stops  auto- 
matically as  it  reaches  the  stage  level.  The  lever  can  be  worked  from  the  stage  or  in 
the  box-office,  where  it  would  be  under  the  control  of  persons  remote  from  the  fire. 
The  new  iron  curtain  for  the  Comedie  Fran^aise,  by  M.  Edoux,  can  be  set  in  motion  from 
various  parts  of  the  theatre 

2971c.  A simpler  form  of  curtain  is  composed  of  asbestos,  at  a less  cost.  At  Manchester 
it  has  been  applied  at  the  Queen’s  Theatre,  and  at  the  Comedy  Theatre.  At  the  latter, 
the  curtain  runs  in  an  iron  groove  closely  fixed  to  each  side  of  the  brickwork.  Being  used 
n'ghtly  in  place  of  the  green  curtain,  it  is  constantly  in  working  order,  and  can  te 
dropped  instantly.  As  to  the  curtain  invented  by  Max  Clarke,  Mr.  Emden  considers  that  the 
silicate  cotton,  with  which  it  is  lined,  has  “ no  texture,”  and  would  consequently  be  liable 
“ to  sink  down  and  become  dense  at  the  bottom  of  the  curtain,  while  the  top  would  be 
thin”  and  inefficient.  He  also  considered  that  “no  curtain  has  been  invented  which,  in 
the  ordinary  theatre,  would  readily  cut  off  the  auditorium  from  the  stage  for  more  than  a 
limited  time.’'  Messrs.  Jones,  however,  state  that  with  “ a curtain  properly  constructed  and 
lined  with  silicate  cotton,  the  auditorium  would  be  cut  off'  from  the  stage  for  any  length 
of  time” — say  a whole  week  {British  Architect,  March  30,  1888).  A fireproof  curtain  put 
forward  by  Capt.  W.  Pi.  Heath  is  described  as  “ to  be  of  asbestos  cloth  quilted  on  a 
strong  canvas,  rolled  on  a roller  over  a narrow  tank  of  water,  and  in  unrolling  it  passes 
under  another  roller  at  the  bottom  of  the  tank,  thus  rising  perfectly  saturated.”  A 
further  description  is  given  in  the  Proceedings  of  the  Inst,  of  Brit.  Architects  of  February 
23,  1888,  p.  174;  and  in  the  Architect,  February  17,  p.  xiv.  of  Supplement. 

Sufficient  has  perhaps  not  been  said  in  this  work  as  to  the  use  of  silicate  cotton  or  slag 
wool,  a pure  mineral  fibre,  manufactured  from  iron  slag,  and  quite  incombustible.  The 
best  non-conductor  of  heat  or  sound  yet  discovered ; as  a non-radiator  of  heat  or  cold  it 
is  well  established  ; and  acts  well  in  preventing  the  transmission  of  rarefied  air,  and 
arresting  the  spread  of  fire.  It  may  be  applied  in  a loose  or  natural  form,  as  packing; 
woven  with  yarn  or  wire  into  sheets  and  strips;  or  felted  in  conjunction  with  wire 
netting,  and  put  on  similarly  to  ordinary  felt.  One  ton  v\ill  cover  1800  square  feet 
of  one  inch  thickness.  It  has  been  referred  to,  s.v.  “Pugging,”  par.  2217.  The 
advantages  of  this  useful  material  are  well  described  in  the  British  Architect,  April  6, 
1888,  on  the  reports  of  W.  H.  Stanger,  F.C.S.,  with  the  experiments  on  its  fire-resisting 
qualities. 

2971<^.  Johnson’s  patent  fireproof  wire  lathing,  by  which  any  partition  or  ceiling  is 
rendered  practically  fireproof.  Metal  laths,  on  Edwards’s  patent,  lor  use  in  the  con- 
struction of  fire-resisting  ceilings,  partitions,  and  doors.  With  his  dove-tailed  corrugated 
iron  sheets  (Hyatt’s  patent),  for  the  same  purpose,  partitions  are  formed  of  Portland 
cement,  concrete,  and  iron  only  two  inches  thick,  the  metal  being  completely  protected. 
The  “fibrous  plaster”  slabs  of  Wilkinson  and  Co.,  and  of  Hiicbens,  are  intended  for 
lining  walls,  ceilings,  and  floors  for  fireproof  purposes,  as  noticed  par.  22466.  lireproof 
flooring  of  various  sorts  are  noticed  par.  1903^.  et  seq. 

297  le.  Wood  can  now  be  protected  by  various  paints,  for  which  reference  can  be  made 
to  the  previous  chapter,  s v.  Painting.  Among  them  are,  Asbed'^s  fireproof  paint,  also 
"water-resisting;  colourless  fireproof  liquid  “antiflame”  for  fireproofing  fabrics;  also  a 
fireproof  stain.  Griffith’s  pyrodene  firt  proof  paint  is  stated  to  render  wood  of  all  kinds 
and  fabrics  absolutely  flame-proof  by  being  simply  soaked  with  k,  and  can  be  applied  by 
anyone  (par.  2273^).  It  was  supplied  to  the  Ddanchester  Exhibition,  1887.  Sir  beymour 
Blaine’s  fireproof  paint  was  used  (1887)  at  Edward  Terry’s  new’  theatre  in  the  Strand. 

2971/  The  flimsiest  material,  as  canvas,  hangings,  dressvs,  gauzes,  &c  , can  now, 
by  some  solution,  or  by  chemical  treatment,  also  be  rendered  incapable  oi  bursting 
into  flame.  The  chemicals  now  most  commonly  used  for  this  purpose  are 
borax,  phosphate  of  soda,  sal-ammor.iac,  and  tungstate  ot  soda  (a  “ fireproof  st.irc  i 
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})i-  p.ired  'wilh  it  was  first  introduced  by  Donald  Nicoll,  cx-sherifF  of  London).  This 
t iiiigstate  is  considered  the  best,  but  as,  if  used  singly,  it  is  ap  to  become  insoluble  and 
to  riib  off,  the  addition  of  about  3 per  cent,  of  phosphate  of  soda  will  diminish  the  risk. 
After  the  ordinary  washing  the  goods  should  bo  immersed,  before  wringing  and  drying,  in 
a solution  containing  20  per  cent,  of  tungstate,  with  a proportionate  quantity  of  phos- 
phate. Alum  acts  injuriously  on  the  fabrics,  especially  if  coloured.  The  others  are 
cheap  and  commonly  harmless. 

2i)71^.  The  electric  lighting  system  should  be  used  in  preff^rence  to  the  common  gas 
.‘«y.slem.  It  has  been  put  up  at  the  Savoy  and  the  Criterion  Theatres  in  i.ondon.  Any  gas 
burners  should  be  properly  protected,  and  no  inflammable  substance  u.'-ed. 

29  7 1 A.  An  exit  for  smoke  is  advocated  to  be  formed  over  the  stage  and  over  the  prosce- 
iii  m.  Firemen  to  be  always  in  attendance  with  hose  capable  of  being  attached  to  hydrants 
fix*  d at  convenient  points,  the  water  being  supp  ied  from  a tank,  and  also  from  the  water 
mains  The  supply  of  water  from  large  reservoirs  provided  in  the  upper  parts  of  the 
building  is  a precaution  which  should  never  be  omitted,  ih  >Uih  late  tire'  have  shown  they 
ai-e  never  in  order  when  required.  Pipes  may  bo  laid  on  Tom  them  to  those  parts,  such 
as  the  carpenters’  room,  scene  room,  and  painting-room,  W’here  fires  would  be  most 
likely  to  break  out,  and  where  if  they  did  break  out  they  would  probably  be  most 
da.  gerous.  1 he  necessary  fireman’s  arrangements,  with  tell-tale  clocks,  &c  , must  be 
duly  provided. 

297D'.  The  “automatic  sprinkler”  is  advocated  by  many,  to  be  fixed  over  the  fiits  and 
over  the  roof  of  the  auditorium.  They  have  been  introduced  at  Mr.  E.  Terry’s  new 
tlieatre  in  the  Strand.  A hollow  girder  was  adv^ertised  in  1861  by  William  Hood  for 
holding  water,  which  could  be  played  on  a fire  without  opening  doors  and  windows  to  get 
at  it.  This  was  objected  to  for  many  reasons.  This  is  now  stated  to  have  been  “ the  ingenious 
invention  of  Jethro  Robinson,  who  introduced  the  system  to  E.  T.  Smith,  who  used  it  at 
Astley’s  Theatre.”  Sinclair’s  “ automatic  sprinkler”  has  found  favour  lately  in  America, 
where  it  was  adopted  in  various  ways  in  warehouses.  Insurance  offices  are  said  to  have 
reduced  the  premiums  in  consequence  of  the  use  of  the  system.  The  water  jets  leave  not 
a space  outside  the  range  of  action.  Once  fixed  they  work  of  themselves  when  a tempera- 
ture of  155  degrees  arises  where  they  are  placed.  All  the  apparatus  is  tested  to  a 
pressure  of  500  lbs.  to  the  square  inch.  Hannay's  patent  pneumatic  principle  is  applied 
for  charging  the  tubes  with  air  as  a protection  against  frost.  Dick's  Fire  Qiceen  extinc- 
teur  is  portable  and  self-acting;  a gallon  of  its  contents  (waLt-r  super-saturated  with 
carbonic  acid  gas)  is  stated  to  be  of  more  Amlue  than  30  gallon^  of  water. 

2971/t.  Mr.  R.  S.  Ash,  of  Monaco,  in  a letter  to  the  Times,  August  1887,  suggested  that 
each  iheatre  should  have  a fire-guard  room,  disconnected  from  the  main  building.  From 
it  a sei'ies  of  water  pipes  should  pass  to  those  parts  specially  menaced  with  fire.  In 
response  to  an  electric  summons,  the  man  in  charge  would  be  enabled  to  turn  on  one  or 
more  or  all  the  pipes.  One  pipe  should  be  specidlly  prepared  to  saturate  the  curtain,  or 
to  act  as  a falling  sheet  of  water  if  the  curtain  be  up.  People  are  rarely  burnt  to  death 
in  a fire,  but  are  suffocated  by  the  carbonic  acid  gas,  the  want  of  air,  the  smoke,  or  the 
intense  heat.  The  pipes  are  not  exposed  to  rust,  it  is  stated,  but  unless  they  are  used 
occasionally,  it  is  feared  they  will  rust.  The  guardian,  it  is  supposed,  will  not  experience 
the  feelings  of  panic,  and  so  will  be  prepared  to  obey  the  summons,  and,  “if  the  town 
supply  of  water  is  working  satisfactorily,  water  would  be  delivered  immediately  where 
needed.”  The  Asphaleia  Company,  on  whose  system  the  new  Opera  House  in  Buda- 
Pesth,  and  the  Stadt  Theatre  at  Halle,  have  been  rebuilt,  have  sent  ov’er  a model  of  their 
system  for  exhibition  ; it  was  explained  by  Mr.  Walter  Emden,  in  his  paper  on  Theatres 
and  Fireproof  Construction,  read  at  the  Society  of  Arts,  January  25,  1888. 

297U.  A Modern  Fireproof  Theatre.  Edward  Terry’s,  in  the  Strand.  Almost  the  whole 
of  the  structural  portions  are  of  incombustible  materials,  and  the  limited  amount  of  wood- 
work has  been  coated  with  fireproof  paint.  Ironwork  has  been  thoroughly  cased  in  co  i- 
crete ; the  flights  of  stairs  are  generally  of  concrete,  the  corridors  and  floors  chiefly  of 
mosaic  and  cement,  the  panelling  is  in  fibrous  plaster,  the  gallery  seats  are  of  concrete. 
The  isolation  of  the  auaitorium  from  the  stige  is  complete.  The  proscenium  wall  rises 
some  20  feet  above  the  auditorium  roof,  and  iron  doors  close  the  openings  between  the 
two  parts  of  the  house,  while  an  asbestos  drop  curtain,  stretched  on  a metal  Iramework, 
fil's  the  proscenium  opening,  and  is  to  be  used  as  an  ordinary  green  curtain.  Behind 
this  curtain,  besides  the  fireproof  nature  of  the  materials  used,  all  the  woodwork  has 
been  coated  with  the  fireproof  solution  called  Pyrodene,  prepared  by  Messrs.  Griffiths 
Brothers.  A thoroughly  efficient  system  of  automatic  sprinklers  and  the  electric  light 
have  been  introduced.  In  both  the  roofs  direct  exhausts  have  been  formed  so  as  to  carry 
ofi  the  ordinary  heat,  anti  in  case  of  fire  to  draw  up  and  extract  the  smoke  and  gases 
generate<l.  An  efficient  hydrant  service  is  provided  all  over  the  house.  Although  the 
theatre  is  only  estimated  to  accommotlate  about  8(>0  persons,  exits  have  been  provided  for  an 
assembly  of  3,500  persons.  Each  part  of  the  house  has  two  or  more  exits,  on  two  sitles 
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of  the  building.  The  corridors  and  gangways  generally  average  3 feet  6 inches  to  4 feet 
in  width.  Plain  directions  are  painted  over  each  opening  out  of  the  auditorium,  wliich 
openings  can  be  available  for  ordinary  use.  The  doors  are  fitted  with  a specially  con- 
structed lock,  invented  by  Messrs.  Chubb  and  Mr.  Walter  Emden,  the  architect,  which 
can  only  be  opened  from  the  outside  with  a key,  a push  from  within  opening  it  without 
difficulty.  {British  Architect  for  October  21,  1887,  p.  295.) 

2971?/i.  There  are  now  two  new  theatres  in  London  w’hich  are  considered  fairly  fire- 
proof, and  the  “ Court  ’ at  Sloane  Square  may  bo  a third,  as  regards  infiammabilitv. 
As  to  any  adA'ance  in  plans  and  sections,  there  have  been  two  plans  prominently  put 
forward  this  year  (188')-  One  father- d by  Mr.  Henry  Irving  and  Alfred  Darbysh ire, 
architect,  drawings  of  which  were  published  in  the  Daily  Tdcyrayh  of  October  29,  1887. 
Another  was  brought  forward  by  R.  Nevill,  architect,  in  an  extensive  paper  read  at  the 
Royal  Institute  of  British  Architects,  Dec.  9,  1887  (discussion);  and  reported  in  Bro- 
cecdivgs  of  Jan.  26  following.  Another  is  by  R.  M.  Roe,  architect,  printed  in  the  Proceed- 
ings of  Feb.  23.  One  l>y  J.  G.  Buckle,  architect,  described  in  his  work,  and  dedicated  to 
WiLson  Bari-ett.  And  lastl\,  by  E.  J.  Tarver,  architect,  whose  drawing  is  given  in  the 
British  Architect  for  March  23.  “ Managers  wh.o  contemplate  new  structures  will  have 

to  form  their  own  judgments  and  selections  according  to  what  may  be  the  individual 
characteristics  of  the  ground  and  neighbourhood.  The  Darbyshire  plan  is  for  a house 
detached  all  round,  and  with  one  gallery  only.  The  Buckle  plan  is  for  a place  Avhere  an 
underground  house  is  needed.  The  Tarver  plan  is  for  a theatre  above  ground,  adaptable 
to  any  site  with  one  side  open  and  the  pit  partly  or  wholly  sunk.” 

297 1».  Many  of  the  bad  features  of  construction  and  arrangement  in  modern  theatre 
building  are  stated  to  be  often  due  to  the  proprietors  or  managers  ; the  architect  has 
not  his  entire  way  in  the  matter.  The  expenses  of  a theatre  are  very  great,  and  the 
amount  of  the  gr-^und  rent  is  an  inducement  to  the  site  being  made  as  small  as  possible. 
Any  extraneous  provision  must  necessarily  <n'ail  « ost  and  occupy  space. 

2972.  Foreign  theatres  are  not  considered  good  examples  for  the  study  of  an  English- 
man. as  the  habits  of  the  nations  are  so  different.  Abroad,  too,  theatres  u.sually  stand  in 
open  squares,  as  at  Hanover,  Munich,  Berlin,  Dresden,  and  I>arrnstadt ; not  in  back 
streets  and  crow'ded  thoroughfares.  The  i ew  Opera  House  in  Paris  is  essentially  a 
government  establishment,  and  would  be  wholly  useless  in  England,  where  a theatre  is  a 
private  speculation.  It  is  an  exaggerated  and  badly  proportioned  copy  of  Munich  theatre, 
with  which  it  will  not  compare  for  compactness.  It  seats  only  2,000  people.  One  of 
the  best  studies  of  a house  on  the  balcon  principle  is  that  at  Mayence,  given  in  Fer- 
gusson’s  Handbook.  The  theatre  at  Darmstadt  has  been  the  type  tor  those  at  Munich, 
Berlin,  Moscow,  and  other  places.  But  their  passages  and  front  arrangements  are  all  bad 
for  use  in  England  ; the  idea  being  to  collect  the  people  into  the  entrance  hall  for  show. 
The  Victoria  theatre  at  Berlin  is  a double  theatre,  one  for  winter,  with  another  for  sumn  er. 
The  theatre  at  Dresden  is  round,  following  the  form  of  the  interior.  It  has  been  lately 
suggested  that  the  orchestra  floor  should  be  much  deeper  than  is  usual,  so  as  to  hide  the 
movement  of  the  instrunicnts,  which  often  spoils  the  illusion  of  the  scene.  In  England 
the  stage  is  always  made  on  the  incline  ; in  Germany  it  is  Hat,  which  arrangement  has 
become  wry  general  abroad  ; as  in  the  double  theatre  Jit  Berlin. 

2972a.  We  have  availed  ourselves  largely  of  papers  re.id  at  the  Royjil  Institute 
of  British  Architects,  in  which  will  be  found  further  remarks  upon  the  lighting,  ventibi- 
tion,  and  fittings  required  for  these  structures;  On  the  Construction  and  liebuilding  of  the 
Royal  Italian  Opera  House,  Covent  Garden,  by  its  arcnitect,  Mr.  E.  M.  Barry,  Feb.  6, 
1860;  and  On  the  Construction  of  Theatres,  by  Mr.  Warington  Tjiylor,  Dec.  19,  1861. 
The  Builder,  Building  News,  Architect,  and  British  journals,  contain  descriptions 

of  most  of  the  numerous  theatres  erected  at  home  and  abroad  of  late  yi  iirs,  and  to  these 
publications  the  architect  can  resort  for  further  views  on  the  several  important  points 
touched  upon  by  us  herein.  The  Metropolitan  Board  of  Works  h:is  issued  regulations  t(>r 
the  proper  Avorkingof  theatres  for  the  safety  of  the  public.  The  Home  >Secret;iry,  it  i.s 
stated  fl887-88),  is  preparing  a measure  of  reform  in  respect  of  theatre  construction  and 
mamigement,  in  consequence  of  the  late  serious  accidents. 
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Sect.  II. 

HOSPITALS. 

297:1.  I'he  build’iiffs  called  hospitals  are  devoted  to  the  reception  of  those  persons  who 
may  he  suffering  from  disease  or  accidental  Injuries.  To  this  sort  of  building  will  this 
section  be  chiefly  devoted.  The  same  name  has  been  given  to  a building  for  tlie  reception 
of  travellers;  for  the  temporary  accomrriodation  of  the  destitute  ; for  the  maintenance  and 
education  of  youth  ; and  for  the  support  of  meritorious  and  indigent  persons;  the  hospitals 
of  Greenwich  and  Clielsea  are  good  examples  of  estahlisliments  of  this  latter  class  ; 
tl)e  former  building,  indeed,  adds  to  its  other  excellencies  a magnificence  in  the  archi- 
tecture worthy  the  object,  thougli  not  so  originally  intended.  Tlie  Hotel  des  Invalides  at 
Paris  is  another  monument  worthy  of  all  praise;  and  indeed  we  scarcely  know  a quadrangle 
more  imposing  than  the  court  of  this  edifice  with  its  double  tier  of  arcades.  Tins  hospital 
contains  7,003  \eterans,  and  has  attached  to  it  a library  of  20,000  volumes.  The  building 
erected  for  the  alleviation  of  incurable  diseases  is  properly  an  infirmary,  and  might  he 
termed  an  a'mshouse. 

2973a.  To  the  honour  of  most  of  the  nations,  hiit  few  cities  are  now. unprovided 
with  one  or  more  hospitals.  In  Milan  there  are  so  many  of  sucli  buildings  that  it  has 
been  remarked  that  no  one  has  need  to  pay  for  advice.  The  governments  of  France, 
Russia,  Germany,  and  Turkey  support  these  institutions;  hut  in  England,  with  theexcep- 
tion  of  Chelsea  and  Greenwich  Hospitals,  they  depend  upon  tiie charity  and  foundations 
of  benevolent  individuals,  as  at  Guy’s,  St.  Thomas’s,  Bartholomew’s,  and  the  many  other 
hospitals  of  London.  There  is  great  reluctance  often  on  the  part  of  the  poor  to  enter  an 
hospital  ; and  on  this  account  we  do  not  think  that  money  ill  bestowed  which  tends  to  im- 
part to  it  an  agreeable  and  cheerful  exterior.  It  is  almost  unnecessary  to  insist  upon  the 
thorough  warming  and  ventilation  of  the  edifice : no  means  should  he  omitted  to  fejuler 
the  place  wholesome,  and  to  prevent  infection  spreading  from  one  part  to  another.  The 
hospitals  of  a city  should  he  seated  in  the  least  populous  part,  if  the  liealth  of  the  city  he 
consulted,  or  in  each  suburb  ; in  which  latter  case  the  establishment  would  he  nearer  the 
quarter  it  is  to  serve,  and  more  accessible  in  a .short  time  in  the  case  of  accidents. 

2974.  The  plans  of  some  of  the  finest  (hut  old)  hospitals  in  Europe  ate  given  in 
Durand’s  Parallele  d' Edifices,  1801-9.  Among  them  is  that  of  Milan.  It  was  commenced  by 
Filaretein  1457,  and  is  of  cour.se  in  a half-Gothic  style.  The  men  are  placed  to  one  side 
of  a centra!  cloistered  court,  which  is  210  feet  wide  and  243  feet  long  in  the  clear,  in  a 
quadrangle  263  feet  wide  and  279  feet  long,  the  cel's  being  plactd  in  the  form  of  a cross  of 
that  size  and  30 feet  wide.  In  the  intervals  of  the  cross  are  four  courtyards,  on  who«e 
remaining  sides  are  rooms  for  the  asTstants.  • On  the  opposite  side  of  the  cloistral  court 
are  placed  the  women.  In  the  middle  of  the  narrow.side  of  the  great  cloister,  opposite  the 
entrance,  is  a church,  which  seives  for  the  whole  establishment.  The  cloisters  of  tlielarge 
court  and  main  body  of  the  huibling  are  in  two  storie.s,  so  tliatthey  f)rm  galleries  of  com- 
munication. This  edifice  has  .served  fora  modil  to  many  others  of  an  early  date,  hut  it  is 
perhaps  now  considered  good  only  for  the  pleasant  promenades  supplied  by  the  conidors. 
Tlie  hospital  of  La  Rotjuette,  in  the  suburbs  of  Paris,  designed  by  Poyet,  was  conceived  on 
a magnificent  scale,  and  was  admirably  planned.  In  this  design  each  room,  as  well  those 
on  one  side  of  the  establishment  for  the  males  as  those  on  the  other  side  for  the  females,  is 
appropriated  to  one  particular  disease.  Each  of  these  rooms  is  about  32  (eet  wide  atid  30  feet 
6in.  high.  Behind  the  beds  (which  are  in  two  rows  in  each  room)  runs  a passage  about 
3 feet  4 in.  wide,  which  removes  them  so  much  from  the  walls,  and  allows  therefore  of  the 
necessary  waiting  on  the  invalids,  and  hides  the  wardrobe  attached  to  each  bed  in  the 
window  recesse>.  Above  these  passages,  which  are  about  6 feet  6 in.  high,  is  arranged  on  each 
side  a row  of  windows,  by  which  ventilation  as  well  as  light  is  obtained.  Tlie  ground 
floor  contains  the  halls  and  offices  necessary  for  such  an  establishment.  The  designs  for 
this  building  were  made  about  1788,  on  the  instructions  drawn  up,  after  several  yeais’ 
investigation,  by  a number  of  the  most  skilful  and  learned  medical  men  of  France,  so  as 
best  to  unite  health  and  convenience  i.i  such  an  edifice.  One  of  the  conditions  prescribed 
by  their  programme  was  the  complete  insulation  of  each  apartment,  as  well  as  an  easy 
communication  by  covered  galleries  round  the  building,  and  these  were  required  to  be  of 
such  extended  dimensions  tliat  the  air  around  should  be  unobstructed  and  circulating  in 
every  part  with  freedom,  thus  aflfordiiig  a wholesome  promenade  for  the  patietits.  Tlie 
p»an,  how'e\er.  was  not  continued. 

2975.  In  France  the  hospital  of  St.  Andre  at  Bordeaux,  designed  1825-9  by  J.  Burguet 
for  728  patients,  was  considered  so  good  in  its  arrangements,  that  they  were  followed  in  the 
hbpital  du  Not'd,  afterwards  Lariboisiere,  at  Paris,  designed  1846-54  by  M.  P.  Gaiiihier  for 
606  beds.  'I'bis  plan  of  making  a distinction  between  dormitories  for  the  comparatively 
healthy,  and  wards  for  the  sick,  and  abolishing  all  communications  by  passages  and  stairs 
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between  wards  was  tlie  important  feaUire  of  such  establishments.  Tliis  hospii.il  l;as  been 
tne  model  (or  lliose  designing  later  works. 

The  erection  of  the  Victoria  general  military  hospital  at  Neiley,  commenced  in 
1 856’  by  Mr.  Meimie,  led  to  so  mucli  t orrespondence,  investigation,  and  contradiction,  tliat  the 
student  is  best  referred  to  the  journals  between  1856  and  1858,  v\  hen  a plan  was  finally 
adopted,  which  met  with  the  approval  of  Miss  Niglit  ngale.  It  is  .said  lo  have  pro- 
\it!ed  averages  of  i,.8l5,  1,406,  and  1,800  cubic  feet  per  patient.  The  conumniicatic  n of  the 
wards  with  a general  corridor  and  with  the  water-closets  has  been  alleged  as  its  chief  (ault, 
but  its  plan  should  be  compared  with  others  regardeil  as  models  at  the  time,  to  obtain  a 
notion  of  the  great  stride  in  the  planning  of  these  buildings.  The  controversy  continued 
with  great  advantage,  as  it  produced  plans  of  other  hospitals  considered  as'  models  on 
various  points,  up  to  1862,  when  the  military  authorities  issued  their  ottitial  plans  for 
hospitals. 

29755.  In  1865  the  Societe  Chirurgicale  de  Paris  issued  the  then  recent  e.xposition  of 
scieiitiHc  views  with  regard  to  the  reconstruction  of  the  hotel- Dieu  and  of  hospitals 
generally.  It  demanded  a minimum  of  538  square  feet  per  bed  as  clear  space  of  siteoMfsit/e 
the  building;  a maximum  of  two  stories  of  wards,  and  of  200  to  300  beds  in  each 
hospital,  considering  that  two  small  hospitals  are  preferable  to  one  equal  to  their  united 
capacity,  because  the  periodical  and  regular  vacancy  of  wards  has  been  attended 
with  gO'>l  results.  It  considered  that  small  wards  of  15  to  20  beds  are  to  be  preferred  to 
larger  wards,  and  that  the  building  should  not  only  possess  a day  ward  for  convalescents 
but  another  for  their  meals.  The  wards  slioubl  be  separated  by  landings  and  rooms  for 
attendants  They  should  be  completely  isolated  blocks,  all  having  the  same  aspect, 
and  being  exposed  without  any  obstrui  tion  to  the  rays  of  the  sun,  to  the  effects  of  rain, 
and  to  tlie  action  of  the  wind;  and  they  should  be  arranged  in  a single  line  or  in  parallel 
lines  at  intervals.of  260  feet  or  330  feet,  in  order  to  obtain  an  efficient  separation  and  a 
sufficient  current  of  air.  Finally  it  declares  that  no  emanation  from  refuse  or  etffiivium 
is  to  be  tolerated  ; and  that  no  abundance  of  artificial  ventilation  compensates  (or  an 
insufficient  natural  ventilation.  (Tlie  Journal,  1865.  vol.  xviii.  p.  170.) 

2975c.  It  has  been  strongly  recommended  that  ward  space  for  each  patient,  approach- 
ing as  near  as  circumstances  allow  to  2,000  cubic  lert,  with  144  square  feet  of  floor,  sliouid 
be  allowed  for  each  bed  . the  ventilation  to  be  obtained  on  the  natural  svstem;  yet  others 
are  in  favour  of  artiheial  ventilation  with  an  a.scc«di/iy  current ; others  fora  discendiuy 
ijurrent,  which  is  adopted  at  the  liopital  Lariboisiere  to  the  extent  of  12  to  14  cubic  feet 
per  minute;  at  the  hdpital  Beaujon  24  to  36  feet,  whicli  was  inefficient ; and  at  Guy’s 
liospital  40  to  60  feet,  which  was  successful.  Fireplaces  alone  are  considered  inefficient 
for  the  purpose. 

2975d.  The  opinions  expressed  by  the  writers  in  the  Builder  journal  during  1856-61, 
result  in  describing  the  concct  plan  as  consisting  of  detached  wards  separated  at  least  by 
lawns  twice  as  wide  as  tlie  height  of  the  buildings,  each  ward  being  enclosed  by  four 
separate  walls,  and  having  windows  on  two  sides  that  open  from  the  ceiling  with  double 
sashes  glazed;  water-closets  undera  separate  roof  and  divided  from  the  wards  by  a corridor; 
the  corridors  continuous  and  close  for  7 feet  high,  but  open  above  with  piers  or  columns; 
galleries,  with  scats  in  the  gardens  ; comfort  of  nurses’  rooms  ; and  care  as  to  finish  of 
floors,  &c.  Besides  the  above  publication  and  various  parliamentary  reports,  the  works 
by  Hudson,  Etudes  sur  les  Hopitaux,  4to.  Paris  1862,  and  1/y  Jaccoud,  Nouveau  Diet.  &c., 
vol.  xvii.,  5-vo.  Paris,  1873,  both  contain  plans  and  valuable  suggestions. 

2975e.  The  new  building  of  St.  I homas’s  Hospital  in  London,  designed  186.5-71  by  Mr. 
Henry  Currey,  has  been  described  by  him  in  a lecture  read  at  the  lioyal  Institute  of 
British  Architects,  January  23,  1871.  It  may  be  supposed  to  exJiibit  all  that  isreq-  isite 
to  be  provided  in  an  hospital  of  a metropolis,  for  the  accommodation  of  600  patients. 
It  is  arranged  on  the  pavilion  principle,  now  generally  admitted  to  be  the  best  for  hos- 
pital purposes,  and  being  placed  in  a row  is  specially  suitable  for  the  spa<  e of  ground 
on  which  the  edifice  is  erected.  The  corridor,  of  two  stories,  with  a flat  roof  over,  con- 
necting the  end«  of  each  of  the  six  pavilions,  is  900  feet  long ; tney  are  placed  at  the  dis- 
tance of  125  feet  from  each  other,  their  axis  being  due  east  and  west.  The  wards  are  28  feet 
in  width  by  120  feet  in  length,  and  15  feet  high,  in  which  are  placed  twenty-eight  beds 
on  each  of  five  floors,  giving  a cubic  capacity  of  1.800  feet  for  each  patient,  the  beds  being 
placed  8 feet  from  centre  to  centre  : small  wards  for  two  beds,  contiguous  thereto,  separate 
special  cases  from  the  others.  Adjoining  the  passage  are  placed  the  sisters’  room,  the  ward 
kitchen,  and  a room  for  medical  officers.  The  staircases  are  wide,  and  have  a tread  of 
12*  in.,  with  a rise  of  5^  m.  The  well-holes  are  occupied  by  lifts  and  ventilating  shafts. 
The  water-closets,  lavatories,  and  a bath-room  are  attached  toeach  ward,  and  cut  off  from  it 
by  intercepting  lobbies,  with  windows  on  butn  sides.  There  also  are  the  foul  linen  and  dust 
shoots  communicating  with  the  basement  for  external  removal.  Dormitories  for  il.e 
nurses  and  servants  are  placed  in  the  attic  story,  'i  he  wards  have  flat  cei.mgs,  and  the 
windows  arc  carried  up  to  it,  to  ensure  a thorough  change  of  air  m the  ui-per  part.  Ihe 
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sixth  or  last  pavilion  is  designed  for  special  diseases,  and  the  wards  are  therefore  smaller. 
'I'he  tloors  of  the  wards  are  laid  with  wainscot  as  being  non-ibsorbent,  and  tongur-d  with 
hoop  iron,  and  prepared  for  waxing  and  polishing ; the  walls  are  plastered  with  Parian 
cement  with  the  same  object,  the  finishing  coat  of  which  is  tinted  to  avoid  the  glare  of  the 
white.  The  Avin'iows  are  constx’ucted  in  three  divisions,  the  lower  part  being  hung  to  open 
in  the  usual  way,  and  the  upper  sash  drops  to  the  depth  of  the  transom.  They  are  glazed 
with  plate  glass, 

2975/’.  The  general  entrance  to  the  hospital  is  placed  in  the  centre,  and  the  hall  forms 
the  substructure  of  the  chapel.  Near  to  it  is  the  kitchen  department.  On  the  first  fioor 
are  the  resident  medical  officer’s  department, two  operating  theatres,  &c.,  placed  between  the 
ends  of  the  blocks  next  the  side  publicth  orouglifare.  The  administrative  department  is  placed 
at  the  end,  adjoining  tlie  bridge,  in  a detached  building,  and  comprises  the  governors’  hall, 
committee  room, counting-house,  clerk  and  surveyor’s  offices,  the  treasurer’s  residence,  and 
many  other  apartments  necessarily  required  for  so  large  an  establishment.  The  training 
institution  for  nurses  adjoins  the  matron’s  residence  between  the  first  and  second  wards,  and 
affords  accommodation  for  forty  probationers,  each  having  a separate  bedroom. 

2975^.  The  Warming  and  Ventilating  Arrangements. — For  the  latter,  the  natural  system 
is  depended  upon  as  much  as  possible,  but  in  order  to  change  the  air  during  cold  and  boisterous 
weather  and  at  night,  a main  extracting  shaft  is  carried  up  in  the  well-hole  of  the  stair- 
case, and  in  this  is  placed  the  smoke  flue  from  the  boiler,  consisting  of  a wrought  iron 
tube  15  in.  in  diameter.  In  the  upper  part  of  this  shaft  is  also  placed  the  hot-water  cistern. 
Shafts  are  carried  from  the  ends  of  all  the  warJs,  both  at  the  ceiling  and  floor  level,  and  from 
the  centre  of  the  stove  hereafter  meiifioned,  communicating  with  a horizontal  trunk  in  the 
roof,  which  trunk  is  conneced  with  the  heated  shaft  previously  referred  to.  To  replace 
the  air  thus  extracted,  fresh  air  is  introduced  by  means  of  zinc  tubes  laid  between  the 
“ Dennett  arching  ” and  the  floor  boards,  communicating  with  the  stoves  and  hot-wat<  r 
coils,  the  whole  admicting  of  regulation  by  valves.  The  wards  generally  are  'warmed  by 
three  open  fireplaces,  aided  in  cold  weather  by  an  auxiliary  system  of  hot  water.  These 
stand  in  the  middle  of  the  wards,  with  vertical  shafts,  an  inner  one  of  wrought  iron  15  in. 
diameter,  and  an  outer  case  of  cast  iron,  the  space  between  forming  a ventilating  shaft, 
which  is  connected  with  the  main  trunk  in  the  roof.  The  smoke  tube  is  carried  down  to 
the  basement,  from  whence  it  can  be  swept.  The  ventilation  of  the  lavatories  and  water 
closets  is  entirely  independent  of  the  wards,  and  is  carried  up  the  shaft  in  the  river 
turret.  That  of  the  medical  museum  and  school  buildings,  placed  beyond  the  hospital 
buildings,  is  on  the  same  general  principle,  the  ventilating  and  smoke  shaft  being  con- 
tained in  the  tower  at  the  southern  end  of  the  building.  There  is  an  hydraulic  lift  to 
each  pavilion. 

For  the  numerous  other  details  the  student  must  be  referred  to  the  paper  itself,  'which 
contains  a plan  and  perspective  view  of  this  admirably  designed  building. 

2975A.  The  sixth  report  of  the  .Local  Government  Board  contains  the  report  made  by 
Dr  Bristowe  and  Mr.  Holmes  on  the  inspection  of  all  hospitals  in  Great  Britain  and 
lrel■^n^l. 

29752.  The  first  circular  hospital  erected  in  England  was  the  Miller  Memorial  Hos- 
}>ital,  at  Greenwich,  designed  by  Messrs.  Keith  D.  Young  and  Henry  Hall.  The  Burnley 
hospital  was  another,  and  then  the  Hastings,  St.  Leonai'd’s,  and  East  Sussex  hospital, 
■which  was  opened  in  September,  1887  (illustrated  in  British  Architect,  January  28,  1887  ; 
and  Builder,  p.  180).  The  Antwerp  ho.spital,  the  hospital  at  Hampstead,  and  the 
circular  hospitals  for  the  army  deserve  inspection  ; but  this  Hastings  hospital  is  the 
most  typical,  and  probably  the  most  complete  building  on  the  circular  principle  which 
has  yet  been  erected  in  this  country',  or  indeed  anywhere. 

2975;.  In  the  rectangular  ward,  whore  the  nurse’s  room  is  at  one  end,  wdiile  at  the  other 
is  possibly  placed  the  worst  “ case,”  that  is,  th.e  patient  who  is  most  severely  ill,  the  nurse, 
as  the  day  goes  on,  must  find  the  whole  length  of  that  ward  a great  strain  upon  her 
physically.  In  the  circular  ward,  the  nurse  can  see  all  the  beds  except  one — certainly 
except  two — in  the  whole  ward  from  any  point  in  it ; and  she  has  to  travel  the  shortest 
possible  distance  to. get  to  any  one  patient,  who  may  need  her  services  at  any  given  time. 
It  must  not  be  regarded  as  the  most  perfect  system  of  hospital  construction  ; it  is  one 
type  of  construction  suited  to  special  cases,  and  one  which  deserves  a f.iir  and  prolonged 
trnl.  (Henry  C.  Burdett).  Professor  Marshall  and  P.  Gordon  Smith,  Circular  System 
of  Hospital  Wards,  8vo.  1878. 


2975/:.  Village  Hospitals. — Each  village  ought  to  have  the  means  of  accommodating 
instantly,  or  at  a few  hours’  notice,  say  four  cases  of  infectious  disease,  in  at  least  two 
separate  rooms,  without  requiring  their  removal  to  a distance.  A decent  four-room  or 
six-room  cottage,  at  the  disposal  of  the  authorities,  would  answer  the  purpose.  When 
such  provision  as  this  has  been  made,  and  cases  of  dist  ase  in  excess  of  the  accommodation 
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occur,  the  sick  should  not  bo  crowded  to^etlier,  but  temporary  further  provision  be 
made  for  them.  I he  most  rapid  and  the  clic  ipest  way  of  obtaininf^  this  farther  siccommoda- 
tion  may  often  be  to  hire  other  neighbourii.g  cottages  ; or,  in  default  of  this,  tents  or  huts 
m-ght  be  ertcted  upon  adjacent  ground.  The  regulation  bell  tent  is  14  feet  diameter,  10 
teet  m height,  the  area  of  base  is  54  square  feet,  and  cubic  space  513  feet.  The  regula- 
tion hospital  marquee  is  29  feet  long,  14  feet  wide,  with  side  walls  5 feet  4 in.,  height 
to  ridge  11  feet  8 in.,  giving  a cubic  capacity  of  a little  over  3,000  feet. 

Mr.  Geo  Buchanans  report  (1888)  to  the  Local  Government  Board,  containing  sugges- 
tions as  to  the  provision  of  isolation  hospital  accommodation,  with  plans,  is  of  high  im- 
portance. 

2975/.  Convalescent  Hospitals,  erected  in  the  country  for  the  recovery  of  patients 
after  they  have  been  treated  for  their  diseases  in  town  hospitals,  and  then  onl)?  requiring  a 
short  time  of  change  and  fresh  air  before  returning  to  work,  arc  now  considered  desirable 
adjuncts  to  hospital  treatment. 

207oni.  An  Imbecile  asylum  is  provided  at  the  Poplar  and  S'epney  sick  asylum; 
Austin  Bros.,  architects. 
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2976.  The  word  infirmary  appears  to  have  tvvo  opposite  meanings.  In  one  it  designates 
a place  for  aged,  blind,  or  impotent  persons ; the  other,  a place  for  the  cure  of  wounded 
or  diseased  persons  ; such  are  hospitals,  which  buildings  were  originally  called  infirmaries. 
The  infirmary  proper  is  the  place  appropriated  to  the  sick  in  a large  establishment,  such 
as  an  asylum,  a prison,  a workhouse  or  a school.  Greenwich  Hospital  has  an  infirmary 
attached  to  it. 

2976a.  Workhouse  infirmaries  were  until  lately  greatly  condemned  for  the  want  of 
accommodation  ; the  want  of  classification  and  separation;  imperfect  ventilation,  owing  to 
the  insufficient  supply  of  cubic  space,  sometimes  aggravated  by  essential  defects  in  con- 
struction ; 500  cubic  leet  per  bed  only  being  provided  where  1,000  feet  at  least  is 
required;  insufficient  washing  arrangements;  and  other  comforts  for  the  patients,  as 
well  as  for  the  nurses,  and  officeis,  neglected. 

29765  The  requirements  of  the  Local  Government  Board  at  Whitehall  for  a pro- 
vincial workhouse  sick  ward  or  infirmary,  comprise  a separate  building  from  the 
workhouse  itself.  The  sick  should  be  divided  into:  1.  Ordinary  sick  of  both  sexes; 
2.  Lying-in  w'omen,  with  a separate  labour  room  adjoining  the  lying-inward;  3.  Itch 
cases  of  both  sexes  ; 4.  Ditty  and  offensive  cases  of  both  sexes ; 5.  Venereal  cases  of  both 
sexes;  6.  Children  of  both  sexes;  and,  lastly,  7.  Fever  and  small-pox  cases  of  both 
sexes.  Classes  1 to  6 may  be  accommodated  in  the  infirmary  ; separate  entrances 
for  3 and  5 ; a detached  building  with  separate  rooms  for  7.  In  the  case  of  large 
infectious  wards,  there  should  be  a detached  washhouse,  otherwi.se  a shed  containing 
a copper,  in  which  the  linen  may  be  disinfected  by  boiling  before  being  taken  to  the 
general  laundry.  The  length  of  dormitory  wards  should  be  calculated  according  to  the 
following  minimum  wall-space  for  each  bed,  in  addition  to  thut  occupied  by  doors  or 
fireplaces,  viz. : for  inmatts  in  health,  adults  4 feet ; women  with  infants  5 feet;  children, 
single  beds  3^  feet,  double  beds  5 feet;  and  for  sick,  itch,  and  venereal  cases,  6 teet;  ior 
lying-in,  offensive,  fever,  and  small-pox  cases.  8 feet.  The  day  rooms  should  afford 
accommodation  for  not  less  than  one-half  of  those  who  occupy  the  day  and  night  rooms. 
A minimum  of  20  feet  floor  space  should  be  allowed  for  each  sick  person.  Sick  wards 
should  be  2»  feet  wide  and  10  to  12  feet  in  height.  Infectious  wards  should  be  20  feet 
wide  and  12  feet  in  height,  and  should  hav'e  external  windows  on  their  opposite  sides. 
The  gangways  should  be  in  the  centre  of  the  wards;  bxit  if  a sick  ward  Imlds  only  one 
row  of  beds,  which  is  not  recommended,  it  should  be  at  least  12  feet  in  width,  and  haxo 
the  gangway  and  fireplace  on  the  side  opposite  to  the  beds.  Ihe  dimensions  above  gi\en 
are  considered  the  most  economical,  and  at  the  same  time  the  most  convenient  for  the 
various  classes  of  wards.  But  where  they  are  not  so  constructed,  there  should  bo 

Floor  space.  Cubic  space. 

In  ordinary  dormitories  ....  36  feet  360  feet 

In  sick  wards  . ...  • . 60  „ 600  „ 

In  lying-in,  offensive,  and  infectious  wards  . 80  ,,  960  „ 

One  room  or  a suite  of  rooms  communicating  by  a gangway  should  rarely  exceed  90  feet 
in  length.  Such  a room  or  suite  of  rooms  may  bo  connected  with  a similar  suite  in  llio 
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same  line  by  the  central  part  of  the  building,  in  which  would  be  placed  the  apartments  of 
the  nurses,  and  other  offices;  or  they  may  be  placKl  in  blocks,  parallel  or  otherwise, 
connected  by  a corridor.  Nurses’  rooms  and  suitable  kitchens  and  sculleries  should  be 
provided.  Special  means  of  ventilation,  apart  from  the  usual  means  of  doors,  windows, 
and  fireplaces,  should  be  secured.  Air  bricks  are  suggested,  9 in.  by  3 in.  or  9 in.  by  6 in., 
covered  on  tlm  inside  with  metal,  having  perforations  of  about  one-twentieth  of  an  inch 
in  diameter  inserted  about  8 feet  or  10  feet  apart  i-n  the  upper  and  lower  parts  of  the 
external  wall.  The  lower  set  may  be  fitted  with  hit-and-miss  gratings,  made  to  lock  so 
that  they  may  be  regulated  only  by  the  proper  authorities.  Ventilating  fireplaces  are 
useful.  Where  hot-water  pipes  are  used,  they  should  run  round  the  wards,  and  a portion 
of  the  fresh  air  pass  over  them.  If  no  other  system  of  warming  be  adopted,  fireplaces 
should  be  provided  in  all  inhabited  rooms,  say  a fireplace  to  each  30  feet  of  length.  The 
walls  of  all  sick  wards  should  be  plastered  internally. 

297  6o.  The  infirmary  for  the  Central  London  Jjistrict  Schools  at  Han  well,  designed 
1865  by  Mr.  Gale,  accommodates  100  children  of  each  sex.  It  forms  three  sides  of  a 
quadrangle,  and  consists  of  ten  wards,  five  on  each  floor.  Each  ward  has  a nurses’  room, 
two  fireplaces,  and  set  of  bath  room,  water-closets,  &c. ; six  of  the  wards  have  double 
sets  with  two  entrances  for  the  convenience  of  subdivision.  The  corridors  are  all  pro- 
vided with  open  fireplaces  and  draw-off  sinks,  with  supply  of  hot  and  cold  water.  In  each 
corridor,  at  a central  point  between  the  various  wards,  is  a lift  by  which  provisions,  &c., 
arj  sent  up  direct  from  the  kitchen. 

297 Gd.  The  infirmary  at  Blackburn,  erected  1858  by  Messrs  Smith  and  Turnbull,  may 
be  described  as  arranged  on  the  pavilion  principle,  consisting  of  a main  corridor,  on  each 
side  of  which  are  placed  eight  wards  alternating,  each  holding  8 beds  in  a ward,  with 
tlieir  own  set  of  bath  rooms  and  water-closets.  In  the  middle  and  separating  the  set  is 
the  building  devoted  to  a chapel,  the  necessary  offices  and  apartments,  and  the  operating 
room,  with  two  wards  of  four  beds  in  each. 


Skct.  IV. 

PEIVATE  BUILDINGS. 

GENERAL  OBSERVATIONS. 

2983.  Private  buildings  differ  in  their  proper  character  from  public  buildings  as  much 
as  one  public  building  differs  in  character  from  another  not  of  the  same  kind.  'I  he 
ends  in  both,  however,  in  common,  are  suitableness  and  utility.  The  means  are  the  same, 
namely,  the  observance  of  convenience  and  economy.  The  same  elements  are  used  in 
the  formation  of  one  as  of  the  other;  hence  they  are  subject  to  the  same  principles  and 
the  same  mechanical  composition.  Distribution,  which  is  usually  treated  distinct 
from  decollation  and  construction,  and  very  improperly  so,  as  applied  to  pi  ivate  edifices, 
is  conducted  as  for  public  buildings,  that  is,  as  we  have  said,  with  a view  to  utility  and 
economy. 

2984.  If  the  student  thoroughly  understand  the  true  principles  of  architecture, — if  he 
possess  the  facility  of  combining  the  different  elements  of  buildings,  or,  in  other  words, 
fully  comprehend  the  mechanism  of  composition,  which  it  has  in  a previous  part  of  this 
Book  (III.)  been  our  object  to  explain,  nothing  will  remain  for  him  in  the  composition  of 
private  buildings,  but  to  study  the  special  or  particular  conveniences  required  in  each. 
There  are  some  quaint  old  aphorisms  of  Dr.  Fuller,  prebendary  of  Sarum,  which  are  so 
applicable  to  all  private  buildings,  that  we  shall  not  apologise  for  transferring  them  to 
our  pages. 

2985.  “ First,”  he  says,  “ let  not  the  common  rooms  be  several,  nor  the  several  rooms 
common  ; that  the  common  rooms  should  not  be  private  or  retired,  as  the  hall  (which  is  a 
pandochseum),  galleries,  &c  , which  are  to  be  open  ; and  the  chambers,  closets,  &c.,  retired 
and  private,  provided  the  whole  house  be  not  spent  in  paths.  Light  (God’s  eldest  daugh- 
ter) is  a principal  beauty  in  a building  ; yet  it  shines  not  alike  from  all  parts  of  the 
heavens.  An  east  window  gives  the  infant  beams  of  the  sun,  before  they  are  of  strength 
to  do  harm,  and  is  offensive  to  none  but  a sluggard.  A south  window  in  summer  is  a 
chimney  with  a fire  in  it,  and  stands  in  need  to  be  screened  by  a curtain.  In  a w'est  win- 
dow the  sun  grows  low,  and  over  familiar  towards  night  in  summer  time,  and  with  more 
light  than  delight.  A north  window  is  best  for  butteries  and  cellars,  where  the  beer  w ill 
be  sour  because  the  sun  smiles  upon  it.  Thorough  lights  are  best  for  rooms  of  entertain- 
ments, and  windows  on  one  side  for  dormitories,” 
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2986.  “Secondly,  as  to  capaciousness,  a house  had  bettor  he  too  little  for  a day  than  too 
big  for  a year  ; therefore  houses  ought  to  be  proportioned  to  ordinary  occasions,  and  not 
to  extraordinary.  It  will  bo  easier  borrowing  a t)raco  of  chambers  of  a neighbour  for  a 
night,  than  a bag  of  money  for  a 3 ear  ; therefore  ’tis  a vanity  to  proportion  the  receipt  to 
an  extraordinary  occasion,  as  those  do  who,  by  overbui  ding  tlieir  houses,  dilapidate  their 
lands,  so  that  their  estates  are  pressed  to  death  under  the  weight  of  their  house.” 

2987.  “Thirdly,  as  for  strength,  country  houses  must  be  sut>stantives,  able  to  stand  of 
themselves,  not  like  city  buildings,  supported  and  flanked  by  those  of  their  neighbour  on 
each  side.^  By  strength  i-s^  meant  such  as  may  resLt  weather  and  time,  but  not  attacks ; 
castles  being  out  of  date  in  England,  except  on  the  sea-coasts,  &c.  As  for  moats  round 
houses,  ’tis  questionable  whether  the  fogs  that  arise  from  the  water  are  not  more 
unhealthful  than  the  defence  that  the  water  gives  countervails,  or  the  fish  brings  profit.” 

2988.  “Fourthly,  as  for  beauty,  let  not  the  front  look  asquint  upon  a stranger,  but 
accost  him  right  at  his  entrance.  Uniformity  and  proportions  are  very  pleasing  to  the 
eye ; and  ’tis  observable  that  freestone,  like  a fair  complexion,  grows  old,  whilst  bricks 
keep  their  beauty  longest.” 

2989.  “ Fifthly,  let  the  offices  keep  their  due  distance  from  the  mansion-house  ; those 
are  too  familiar  which  presume  to  be  of  the  same  pile  with  it.  The  same  may  be  said  of 
stables  and  barns  ; without  which  a house  is  like  a city  without  works,  it  can  never  hold 
out  long.  It  is  not  only  very  inconvenient,  but  rather  a blemish  than  a beauty  to  a build- 
ing, to  see  the  barns  and  stables  too  near  the  house  ; because  cattle,  poultry,  and  suchlike 
must  be  kept  near  them,  which  will  be  an  annoyance  to  a house.  Gardens  ought  also  to 
be  disposed  in  their  proper  places.  When  God  planted  a garden  eastward,  he  made  to 
grow  out  of  the  ground  every  tree  pleasant  to  the  sight  and  good  for  food.  Sure  heknew 
better  wffiat  w^s  proper  for  a garden  than  those  who  now-a-days  only  feed  their  e}  es  and 
starve  their  taste  and  smell.”  The  same  honest  old  dignitary  (would  we  had  some  such 
in  these  days !)  says,  “ He  who  alters  an  old  house  is  ty’d  as  a translator  to  the  original, 
and  is  confined  to  the  fancy  of  the  first  builder.  Such  a man  would  be  unwise  to  pull 
down  a good  old  building,  perhaps  to  erect  a worse  new  one.  But  those  who  erect  a new 
house  from  the  ground  are  worthy  of  blame  if  they  make  it  not  handsome  and  useful, 
when  method  and  confusion  are  both  of  a price  to  them.” 


Sect.  V. 

PEIVATE  BUILDINGS  IN  TOWNS. 

2990.  The  common  houses  of  the  town  are  not  those  which  will  engage  our  attention. 
In  London,  and  indeed  throughout  the  towns  of  England,  the  habits  of  the  people  lead 
them  to  prefer  separate  houses  for  each  family,  to  one  large  one  in  which  several  families 
may  be  well  lodged,  or,  in  other  words,  they  prefer  rows  of  mean-looking  buildings,  with 
holes  in  the  walls  for  Avindows,  to  the  palatial  appearance  which  results  in  Paris  and  most 
of  the  other  cities  in  Europe,  from  large  magnificent  buildings  with  courts,  and  capable  of 
accommodating  a number  of  different  establishments.  The  section  will  be  confined  chiefly 
to  the  arrangement  of  a house  of  the  first  class  ; and  from  what  will  be  said,  sufficient 
hints  may  be  drawn  for  the  composition  of  those  in  a lower  class. 

2991.  The  private  buildings  in  a towm  are  often  in  their  composition  beset  with  diffi- 
culties which  do  not  occur  in  those  of  the  country,  where  the  extent  of  site  is  freer  and 
ampler.  These,  therefore,  may  be  isolated,  and  receive  light  from  every  side.  Their 
offices  may  be  separated  from  the  main  house,  and  the  parts  may  be  disposed  in  the 
simplest  possible  manner;  but  in  cities  the  site  is  generally  more  or  Jess  restricted,  often 
very  irregular  in  form,  and  generally  bounded  by  party  walls.  Yet,  with  all  these 
obstacles,  it  is  necessary  to  provide  almost  as  many  conveniences  as  are  required  in  a 
country  house;  whence  the  disposition  cannot  be  so  simple  in  its  application  as  where 
there  is  no  retraint.  All  that  can  be  done  is  to  make  it  as  much  so  as  the  nature  of  the 
spot  will  permit,  and  to  produce  the  maximum  of  comfort  which  the  site  affords. 

2992.  Nothing  must  be  considered  below  the  attention  of  an  accomplished  architect, 
nor  anything  above  his  powers;  he  ought  as  cheerfully  to  undertake  for  the  proprietor  the 
conduct  of  the  meanest  cottage  as  of  the  most  magnificent  palace.  Little  will  be  requisite 
to  be  said  on  the  common  houses  of  London,  or  other  cities  and  towns,  in  which  there  are 
seldom  more  than  two  rooms  and  a closet  on  a floor,  with  an  opening  behind.  These  may 
be  varied  ; but  the  general  mode  is  to  construct  them  with  a kitchen  in  a floor  sunk  below 
the  ground,  and  a room  behind,  serving  for  a variety  of  purposes;  an  area  in  front,  with 
vaults  under  the  street,  and  the  same  often  in  the  rear  of  the  house.  The  space  opposite 
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the  def-cond  ng  stairs  will  form  a dark  closet;  and  the  privies,  and  wine  and  beer  cellars, 
with  other  sni  dl  offices,  are  provided  in  the  vaults.  On  the  ground  floor  there  is  rarely 
more  than  a passage  on  one  side,  which  conducts  to  a staircase ; and  this  requiring  more 
w idth  than  the  passage  itself,  the  best  room  on  this  floor  is  placed  in  front,  and  the  back 
is  a smaller  room,  often  opening  on  a small  light  closet  still  further  in  the  rear.  A yard 
is  supposed  behind,  by  which  light  is  obtained  for  the  back  room.  On  the  one-pair  and 
other  floors  the  passage  becomes  necessary  as  an  access ; the  drawing  or  front  room  there- 
fore runs  over  it,  and  becomes  larger,  capable,  in  the  upper  floors,  of  subdivision  for 
bedrooms,  or  other  purposes,  as  may  be  required ; and  the  back  rooms  with  their  closets, 
if  carried  up,  follow  the  form  of  those  on  the  ground  floor.  Though  little  variety  may  be 
the  result  of  the  restricted  space  to  which  this  species  of  house  is  usually  confined,  the 
addition  of  four  or  five  feet  either  way  will  enable  an  intelligent  architect  to  throw  in 
closets  and  other  conveniences  which  are  invaluable,  as  relieving  a small  house  from  the 
pressure  which  otherwise  will  exist  in  the  different  apartments.  But  this  will  be  obvious 
to  the  practical  man,  unless  ho  walks  about  blindfold.  The  houses  we  have  just  described 
may  stand  upon  a site  of  about  twenty  feet  by  thirty  feet,  independent  of  the  vaults  in 
front  and  rear,  and  the  back  light  closet,  which  is  an  invaluable  appendage  to  a house  of 
this  description;  which  is  the  scale  of  a second-rate  house. 

2993.  Of  the  next  higher  rate  of  house  the  varieties  are  too  great  to  be  described, 
because  the  extent  of  the  largest  arrives  at  what  would  be  called  a palace  on  the  conti- 
nent. But,  taking  a mean  between  that  just  described  and  that  last  named,  we  may  take 
one  similar  to  a modtrate  one  in  Portland  Place  for  example  In  such  a one  must  be 
provided,  on  the  basement  or  sunk  story,  vaults  under  the  street  for  beer,  coals,  wood, 
})rivies,  and  the  like,  the  refuse  or  dust  of  the  house.  The  body  or  corps  de  logis  on  this 
floor  must  contain  housekeeper’s  room,  servants’  hall,  rooms  for  butler  and  head  footman, 
wine  cellar,  clo>ets  for  linen,  strong  room  for  plate,  with  closets  and  other  conveniences 
for  the  household.  The  ascending  staircase  must  also  have  a space  set  apart  for  it.  In 
the  rear,  under  the  open  area  behind,  will  be  placed  a kitchen,  scullery,  and  the  larder, 
with  the  other  appendages  of  this  part  of  the  household ; an  area,  covered,  Avhere  the 
communication  with  the  rest  of  the  floor  is  made  between  the  body  of  the  house  and  the 
offices  in  question  Beyond  the  kitchen  are  often  vaults  (though  the  disposition  is  some- 
times otherwise),  over  which  the  stables  and  coachhouses  are  placed,  opening  on  the 
ground  floor  on  to  a mews  parallel  to  the  street  in  which  the  house  is  situate.  The  ground 
floor  of  this  disposition  has  usually  a dining-room  in  front,  with  a good-sized  hall  at  its 
side,  leading  to  a staircase  which  ascends  in  direction  of  the  long  side  of  the  house;  and 
this  is  necessary  when  the  rooms  above  are  to  communicate  by  folding  doors.  In  some 
old  houses,  however,  the  staircase  ascends  between  the  front  and  back  rooms,  and  a back 
staircase  is  provided  by  the  side  of  it.  But  more  commonly  this  is  placed  beyond  the  prin- 
cipal stairs,  to  allow  of  throwing  the  drawdng-rooms  intoone.  In  rear  of  the  dining-room 
is  often  placed  a library  for  the  gentleman  of  the  house  ; and  beyond  this,  and  further  than 
the  back  stairs,  when  the  lateral  staircase  is  used,  a waiting-room,  at  the  rear  of  which  a 
water-closet  may  be  placed,  with  a door  from  it  to  the  area  over  the  kitchen  ; or  there 
may  be  a communication  of  this  sort  from  the  waiting-room,  v hich  may  serve  the  purpose 
of  access  to  the  stables.  On  the  one-pair  floor  the  disposition  will  be  two  drawing- 
rooms, a boudoir  over  the  waiting-room,  and  beyond  this  a water-closet.  On  the  two-pair 
floor  two  bed-rooms,  each  with  a dressing-room,  or  three  bed-rooms  and  one  dressing- 
room,  and  a bath-room  and  water-closet.  Above  this  four  bed-rooms  and  closets  may  he 
obtained  ; and,  if  necessary,  rooms  in  the  roof  in  addition.  For  a good  house  of  this 
class,  with  the  offices,  the  plot  of  ground  should  not  be  much  less  than  100  feet  by  30. 

2994.  Of  the  first-class  of  houses,  as  a model  may  be  taken  the  town-house,  in 
Piccadilly,  of  his  Grace  the  Duke  of  Devonshire,  which,  with  the  offices  and  court-yard 
in  front,  covers  an  area  extending  about  231  feet  towards  the  street,  and  188  feet  in 
depth,  whereof  the  house  itself  occupies  a frontage  of  163  feet  and  a clepth  of  188  feet, 
and  opens  on  to  a large  garden  in  the  rear.  On  the  east  side  of  the  court-yard  are  dis- 
posed the  kitchen  and  other  domestic  offices,  opposite  whereto,  on  the  west  side,  stand 
the  coach-houses,  and  stabling.  The  basement  of  the  house  contains  apartments  for  the 
various  persons  attached  to  such  an  establishment.  The  principal  floor,  to  which  the 
ascent  is  by  an  external  staircase,  contains  an  entrance-hall,  35  feet  by  30  feet,  and  com- 
municates to  an  apartment  on  the  w'est  side,  33  feet  b>-  22  feet,  leading  to  the  south- 
western corner  room,  which  is  20  feet  square.  On  the  north  of  the  last  is  a room,  making 
the  north-west  angle  of  the  building,  and  this  is  40  feet  by  20  feet.  On  the  east  side 
of  this  last,  and  facing  the  iiorth,  is  a room  33  feet  by  23  feet,  and  in  the  centre  of  the 
north  front,  corresponding  with  the  width  of  the  hall,  is  an  apartment  30  feet  by  23  feet 
fi  inches.  To  the  east  of  the  last  is  a room  33  feet  by  24  feet,  and  east  of  that,  forming 
the  north-east  angle,  is  a small  room  2 ) feet  square.  Thus  far  these  rooms,  seven  in 
number,  are  all  cn  suitc^  but  this  is  in  some  measure  interrupted  by  the  remainder  of  the 
cast  flank,  which  is  filled  with  three  smaller  rooms.  To  that  of  tliem,  however,  at  the 
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south,  wliieh  is  20  leet  sqiuu’o,  a passage  is  preserve  1,  an  1 from  tliat  you  enter  another 
room,  23  feet  by  22  feet,  which  once  more  brings  you  hack  to  the  hall.  The  staircases 
are  l etween  the  north  and  south -rooms  on  each  siiloof  tlie  liall.  Above  this  Hoor  are  the 
lodging  rooms,  &e.  Iho  superticial  axva  of  all  tlie  reception  rooms  on  the  principal  floor, 
added  together,  amounts  to  5708  feet.  Plans  and  elevations  are  given  in  the  V'druvins 
Britannicus,  which  contains  other  town  houses  of  nnpoitanceof  the  period,  well  worth 
the  student’s  attention. 

2995.  Burlington  house,  Piccadilly,  before  its  late  partial  demolition,  was  in  some  re- 
spects— tor  instance,  in  its  beautiful  semicircular  colonnade  in  the  front  court — considered 
superior  to  that  just  described.  It  can  be  hardly  necessary  to  add  that,  in  such  edifices, 
rooms  must  be  provided  for  steward,  butler,  housekeeper,  stillroom-maid,  valets,  Iadic.s’ 
maids,  servants’  hall  of  good  dimensions,  &c  , for  a muniment  room  and  for  plate,  both 
of  which  must  be  fire-poof.  Baths  also  should  be  provided  on  the  chamber  floor,  with 
other  conveniences  which  will  occur  to  the  architect.  The  rooms  for  pictures,  if  possible, 
should  be  on  the  nonh  side  of  the  building.  The  illustrated  journals  of  the  present  day 
show  the  great  changes  wdiich  have  been  made  in  the  requirements,  and  the  size  and 
numher  of  the  apartments,  of  all  grades  of  society. 

2995(2.  During  the  last  thirty  years,  however,  flats,  or  residences  in  flats,  have  been 
largely  adopted,  and  the  system  appears  to  be  gaining  ground  in  large  towns  for  many 
classes  of  society.  The  paper  by  Mr.  W.  II.  White,  On  Middle-class  Houses  in  Paris  and 
Central  London,  rend  November  19,  1877,  at  the  Royal  Institute  of  British  Architects,  is 
suggested  for  perusal. 


S»-t  r.  M. 

PRIVATE  BUILDINGS  IN  THE  COUNTRY. 

2996.  Of  first-class  private  buildings  in  the  country,  we  apprehend  we  cannot  furnish 
l.'etler  hints  than  by  describing  that  of  Kedlestone,  in  Derbyshire,  erected  for  Lord  Scars- 
dale  by  Robert  Adam.  There  are  others  which  are  larger,  but  we  do  not  think  any 
superior  in  distribution  and  effect.  The  plans  and  elevations  of  it  are  to  be  seen  in  the 
Vitruvius  Britannicus  above  mentioned.  The  main  body 
of  the  lioxise  M {fig.  1352),  is  about  136  feet  by  105 
feet ; and  at  each  angle  are  quadrants  of  communication 
to  the  four  Avings  A,  B,  C,  and  D,  which  are  each  about 
70  feet  by  51  feet.  On  the  basement  story  of  the  main 
building  are  a large  and  small  sub-hall  in  the  centre,  the 
former  67  feet  3 inches  by  42  feet,  and  the  latter  42  feet 
by  40  feet  7 inches.  On  the  right  of  these  are  disposed  a 
butler’s  room,  22  feet  6 inches  by  17  feet  9 inches;  a 
housekeeper’s  room,  r.nd  a stewards  room,  30  feet  by  21 
feet  5 inches.  On  tlie  left,  a batn,  a gun-room,  23  feet 
9 inches  by  23  feet  7 inches  ; a smoking  parlour,  28  feet  by  17  feet  9 inches;  a boot- 
room,  22  feet  6 inches  by  17  feet  9 inches,  besides  closets,  staircases,  (fcc.,  on  either  side. 
The  wing  B contains  the  stables,  a chapel,  and  other  apartments.  C,  sleep  ng  and  other 
rooms,  eight  in  number,  with  a staircase  whi -h  conducts  to  the  corridor  in  the  corre- 
sponding quadrant.  D contains  the  kitchen  and  its  requisite  accc.-^sories,  and  a servaiits’ 
hall.  This  wing  has  also  a staircase  to  its  corresponding  corridor  in  the  quadrant,  which 
attaches  it  lo  the  main  body.  On  the  principal  story,  the  main  body  31  has  at  the 
entrance,  which  is  in  the  centre,  and  approached  by  a noble  fligtit  of  steps,  a magnificent 
hall,  69  feet  3 inches  by  42  feet,  at  the  end  whereof  is  a saloon  42  feet  diameter.^  To  tlie 
right,  entering  from  the  hall,  is  the  principal  staircase,  beyond  Avhich,  laterally,  is  a bed 
chamber  33  feet  by  22  feet,  with  its  accessories;  and  on  its  end,  towards  the  back  front, 
are  ante-rooms,  and  towards  the  front  the  dining- room,  whence  by  the  corridor  is  access 
to  the  kitchen  in  the  wing  D,  and  from  the  ante-rooms  above  mentioned  the  corresponding 
corridor  on  ihat  side  leads  to  a conservatory  in  the  back  front  of  the  wing,  and  the  upper 
part  of  the  chapel.  On  the  left-hand  side  of  the  hall,  with  windows  in  the  left  flank  of 
the  main  body,  is  the  drawing-room,  44  feet  by  28  feet ; at  the  end  towards  the  rear  is  a 
library,  which  is  continued  in  the  corridor  leading  to  the  wing  A,  w-herein  is  a music 
gallery,  66  feet  by  18  feet,  Avith  other  rooms  and  a staircase.  On  the  end  of  the  draAAiug- 
room,  towards  the  front,  is  a music  room,  36  feet  by  24  feet,  whence  the  corrid(jr  h*ad.s  to 
Lord  Scarsdale’s  bedroom,  18  feet  square,  with  dressing-rooms,  and  the  lady  s library, 
wliich,  on  this  floor,  are  in  the  wing  0.  The  wing  1)  is  occupied  by  the  upper  part  of 
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the  kitchen,  a laundry,  85  feet  by  18  fee^,  and  some  bedrooms,  to  which  access  is  by  a 
gallery  over  part  of  the  kitchen.  The  main  body  and  wings  contain  a story  over  what 
has  been  last  described,  chiefly  for  chambers.  Wo  have  before  (in  the  First  Book, 

221,  222)  noticed  the  splendid  hall  and  saloon,  wldch  occupy  the  height  of  the  whole 
building,  ani  are,  though  somewhat  faulty  in  detail,  very  tinely-conceiveJ  and  well- 
proportioned  apartments.  The  former  is  40  feet  high  to  the  top  of  the  cove,  and  the 
latter  55  feet  to  the  level  of  the  e}^e  of  the  dome.  Though  the  elevations  exhibit  defects, 
we  are  not  inclined  to  quarrel  with  them  in  a dwelling  uhich  deserves  rather  the  name 
of  a palace  than  of  a country  house. 

2997.  England  abounds  with  country  seats  of  this  class  ; among  them  is  Holkham, 
which  has  already  been  mentioned  in  the  Firut  Book  (511 ) ; but  we  know  none  for  di.spo- 
sition  that  can  claim  superiority  over  that  which  we  have  above  described  at  length,  from 
which  the  student  may  derive  much  information  on  the  requirements  in  a mansion  of  the 
first  class.  It  is  to  be  understood  that  we  here  intend  modern  buildings.  The  houses  of 
the  times  of  Elizabeth  and  Janies  are  many  of  them  magnificent  structures,  but  the  com- 
fort intro'luced  into  houses  of  later  date  leaves  them,  independent  of  their  picUiiesque 
beauty,  far  behind  the  buildings  of  Kent,  Carr,  James,  and  many  others.  Blenheim  is 
monumental  in  its  design,  and  properly  so,  and  hence  does  not  fall  within  the  category  of 
this  section. 

2998.  There  are,  of  course,  many  intervening  degrees  between  the  mansion  we  have 
just  described  and  the  villa  of  the  reiired  banker  or  merchant:  it  would  be  impossible  to 
state  them  in  detail.  We  have  given  the  maximum  in  the  above  case,  and  we  shall  now 
give  the  minimum  for  the  class  last  mentioned. 

2999.  The  smallest  site  of  ground  on  which  a villa  can  be  well  designed  is,  supposing 
it  an  oblong,  about  80  feet  by  56  to  60  feet.  This  on  the  principal  floor  will  admit  of  a 
hall,  a saloon  or  ante-room,  which  may  lead  to  the  principal  apartments,  a drawing-room, 
two  secondary  drawing-rooms,  one  whereof  may  be  appropriated  to  the  reception  of  a 
billiard  table,  a good  dining-room,  not  less  than  30  feet  by  20  feet,  a library  of  equal 
size,  with  other  rooms,  suitable  to  the  particular  taste  of  the  proprietor,  and  the  con- 
veniences and  accessories  which  such  a building  requires..  The  ground,  supposing  the 
domestic  offices  to  be  under  the  principal  floor,  should  be  raised,  so  that  they  need  not 
be  much  sunk  below  the  general  level  of  the  land.  If  the  building  be  seated  on  rising 
ground,  a little  more  sinking  may  be  allowed  than  under  other  circumstances,  provided 
the  lower  story  be  protected  by  dry  drains  all  round  the  building,  to  prevent  the  earth 
lying  against  the  walls,  because  drainage,  the  most  important  of  all  things  in  a building, 
may  then  be  obtained  easily  by  the  natural  fall  of  the  ground.  But  a villa  need  not  be 
compelled  to  have  its  domestic  offices  underground ; then  their  combination  with  the 
apartments  will  test  the  architect’s  capabilities.  The  plot  we  have  mentioned  will  admit 
of  all  the  offices  below  which  are  necessary  for  the  service  of  a good-sized  family,  and 
above,  with  only  one  story  above  the  principal  one,  will  afford  a pretty  fair  allowance  of 
dormitories  ; but  if  a concealed  story  for  servants  be  practised  in  the  roof,  there  are  few 
establishments  on  a common  scale  for  which,  on  the  plot,  accommodation  may  not  be 
provided  by  a skilful  artist.  The  stables  at  d coach-houses  and  the  greenhouses  should 
stand  apart.  Some  persons  like  to  have  th“se  communicating  with  the  villa  itself ; but 
the  practice  is  destructive  of  symmetry,  and  very  injurious  (except  in  the  villa  on  an 
irregular  plan,  which  then  rather  approaches  to  tlie  cottage  orne)  to  the  general  effect  of 
the  architecture. 

3000.  The  villas  at  Foot’s  Cray  and  Mereworth,  imitations  of  Palladio’s  Villa  Capra, 
so  often  mentioned  in  this  volume,  and  represented  in  Jig.  1018,  are  the  maxima  of  villas; 
beyond  this  the  villa  becomes  a mansion,  and  must  be  treated  as  one  on  a scale  more  or 
less  grand,  as  the  means  of  the  proprietor  allow  the  architect  to  provide  for  his  wants. 
All  preceprs,  however,  on  this  head  are  valueless,  because  the  architect  is  regulated  so 
much  by  the  convenience  required.  He  must  possess  himself  fully  of  th5xt,  and,  attending 
to  the  general  rules  given  throughout  this  work,  but  especially  in  this  Third  Book,  he 
will  find  little  difficulty  in  fulfilling  the.  commission  with  which  he  is  intrusted.  Among 
other  mattf^rs  let  him  well  inform  himself  of  what  has  been  done,  and  make  himself 
master  of  the  points  involved  in  domestic  economy,  from  the  lovvest  to  the  highest  grade, 
and  be  cannot,  using  that  information,  fail  of  giving  his  employer  that  satisfaction  which 
is  the  first  care  that  should  animate  him. 

3001.  The  cottage  orne,  as  it  is  called,  is  a building  subject  only  to  rules  which  the 
architect  chooses  to  impose  upon  himself.  The  only  point  to  be  attended  to,  after  in- 
ternal comfort  has  been  provided  for,  is  to  present  picturesque  effect  in  the  exterior.  The 
student  should  consult  the  w'urk  of  Professor  Kerr,  The  English  Gentleman' s House,  8vo. 
London,  3rd  edition,  1871,  in  which  will  be  found  a selection  of  the  best  examples  of 
house  planning,  with  a fund  of  useful  observations  ; while  the  illustrated  journals  of  the 
present  day  exhibit  plans  and  views  of  villas  designed  in  the  many  peculiarities  of 
architecture  adopted  by  the  various  professors  of  the  art. 
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Sect.  VII. 

FARM-HOUSE. 

.*3002.  The  mere  building  denominated  a farm-house  is  sini})le  enouglj  in  its  distribution, 
rnd  scarcely  justifies  a section  here,  because  the  persons  engaged  in  agriculture  have* 
generally  the  best  notion  of  the  mode  of  suiting  it  to  their  own  particular  business  and  the 
nature  of  the  farm  they  occupy.  It  is  first  to  be  considered  whether  it  is  expedient  to 
1 lace  it  close  to  the  other  buildings  of  the  farm,  such  as  the  barns,  stables,  and  stalls  for 
cattle,  &c.  If  so,  it  should  be  designed  in  character  with  them,  and  a large  space  of  ground 
IS  enclosed  for  the  formation  of  a farm-yard;  which,  notwithstanding  the  seemingly  re- 
pulsive nature  of  the  subject,  may  be  made  a very  picturesque  composition  as  a whole. 
I’lie  farm-house  itself,  though  it  must  be  sufficiently  large  to  accommodate  tlie  family  of 
the  farmer,  should  be  restricted  in  the  size  of  its  rooms  and  the  extent  of  its  plan  by  the 
magnitude  of  the  farm,  it  being  altogether  an  absurdity  to  plant  a large  house  on  a small 
farm,  not  only  because  of  the  original  cost,  which  the  rent  of  the  land  will  not  justify,  but 
because  of  the  cost  of  the  annual  repairs  which  a large  building  entails  beyond  those  of  a 
smaller  one.  The  same  observation  applies  to  the  farm  buildings  themselves,  which  'in 
extent  must  be  regulated  by  the  size  of  the  farm  cultivated.  It  is  moreover  to  be  con- 
sidered, in  respect  of  the  latter,  whether  the  farm  be  grazing  or  arable.  In  the  first  case 
more  provision  of  cattle  sheds  must  be  afforded  ; in  the  latter  case  more  barns  must  be 
allotted  to  the  cultivator.  These,  however,  are  matters  upon  which  the  architect  receives 
his  instructions  from  the  proprietor,  and  whereon,  generally  speaking,  he  is  himself  incom- 
petent to  form  a correct  judgment. 

.200.3.  In  the  commonest  farm-houses  the  external  door  may  open  to  a plain  passage,  at 
the  end  whereof  the  staircase  may  be  placed.  On  one  side  of  the  passage  may  be  a com- 
mon kitchen,  and  on  the  other  side  the  better  or  larger  kitchen,  serving  also  as  a parlour 
for  the  farmer  and  his  family.  Beyond  these,  on  one  side,  may  be  placed  the  pantry,  and 
on  the  other  side  the  dairy-room,  the  last  being  much  larger  than  the  former,  and  being  on 
the  side  of  the  parlour  or  best  kitchen,  not  so  liable  to  the  heat.  To  these,  as  needful,  may 
be  added  more  rooms  on  the  ground  floor ; the  upper  story  being  divided  into  bed- 
chambers for  the  family,  with  garrets  over  them  for  the  servants.  The  kitchens  should  be 
placed  upon  arched  cellars  on  several  accounts,  not  the  least  of  which  is  that  the  farmer 
should  have  the  means  of  preserving  in  good  condition  the  malt  liquor  or  cyder  which  is 
the  principal  beverage  of  his  establishment.  It  is  a sad  mistake  on  the  part  of  landed 
proju-ietors,  though  common  enough,  to  think  that  such  buildings  are  not  only  below  the 
care  of  an  architect,  but  that  he  is  too  ignorant  of  the  wants  of  the  farmer  to  be  competent 
to  the  task  ; if,  however,  he  will  reflect  for  a moment,  he  must  admit  that  the  artist  who 
can  make  the  most  of  a large  plot  of  ground,  with  numberless  requirements  in  the  accom- 
modation, is  not  less  able  to  turn  to  the  greatest  advantage  for  the  comfort  of  the  occupier 
even  a small  farm-house. 

3004.  In  the  erection  of  a larger  farm-house  the  choice  of  the  site,  as  before,  must  de- 
pend on  the  nature  of  the  ground  and  the  situation  of  the  farm  Health  and  convenience 
are  the  primary  governing  matters.  It  must  never  be  placed  where  it  cannot  be  well 
jrained.  It  should  be  central  to  the  land,  and  as  near  the  road  as  the  conditions  will 
admit.  For  such  a building  the  principal  door  may  open  into  a moderately  wide  passage, 
having  therein  a staircase  to  the  upper  rooms.  On  the  right  of  the  passage  a common 
kitchen  may  be  provided  for  the  family,  and  on  the  left  a room  somewhat  larger,  which  in 
very  small  farm-houses  used  to  be  called  the  best  kitchen,  but  which  in  this  may  be  really 
the  jiarlour,  where  the  family  may  sit  retired  from  the  servants.  Under  these,  cellars,  as 
above  mentioned,  may  be  provided.  On  the  ground  floor  we  may  now  add  a bakehouse 
and  scullery  to  the  pantry  and  dairy  provided  in  the  first  scheme,  as  also  closets  and  such 
conveniences  for  the  housewife.  'I'he  floor  above  may  be  extended  ever  the  additional 
rooms  just  mentioned,  thus  giving  lodging  room  to  a larger  number  of  persons  than  to 
those  contemplated  in  the  first  scheme.  “In  this  manner,”  says  Mare,  in  his  Compltte 
Body  of  Architecture,  folio,  London,  1756,  “the  young  architect  will  very  easily  see  how  to 
enlarge  or  contract  his  plan  for  the  building  of  farm-houses,  according  to  the  intended 
bigness.”  . . . “ 'I  hey  all  consist  of  the  same  number  of  rooms,  and  in  general  of  the  same 
number  of  offices  ; this  is  where  the  bare  article  of  convenience  for  farming  is  concerned. 
Where  the  inhabitant  is  grown  rich,  and  intends  to  live  in  another  manner,  he  may  add 
what  he  pleases,  which  the  architect  may  adopt.”  . . . “ It  is  then  no  longer  to  be  con- 
sidered a farm-house,  but  as  the  house  of  some  person  of  fortune,  who  intends  to  live  as 
those  independent  of  business  do,  but  withal  to  have  some  farming  in  his  eye.”  When  the 
farm-house  comes  to  this  extent  it  trenches  hard  upon  the  condition  of  the  villa,  though  not 
(piite  reaching  it,  because  the  latter  includes  many  provisions  for  a refined  mode  of  living 
which  the  yeoman,  the  pride  of  England,  does  not  reciuire;  a class  which,  we  fear,  the  ma- 
nufacturing and  commercial  classes  are  fast  annihilating. 
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COTTAGES. 

.8005.  “ Estates,”  observes  Kent,  ( Hints  to  Gentlemen  of  Landed  Property,  8vo.  London, 
1776,)  “bein<r  of  no  value  without  hands  to  cultivate  them,  the  lal)ourer  is  one  of  the  most 
valuable  members  of  society:  without  him  the  richest  soil  is  not  worth  ownin*;.”  It 
follows,  then,  that  his  condition  should  he  most  especially  considered,  and  it  is  a duty  oti 
every  country  gentleman  to  take  care  that  the  labourers  on  his  estate  are  so  considered  as 
to  he  made  at  least  comfortable.  “ The  shattered  hovels,”  says  the  same  author,  “ which 
half  the  poor  of  this  kingdom  are  obliged  to  put  up  with,  is  truly  affecting  to  a heart 
fraught  with  humanity.”.  . . “The  weather  penetrates  all  parts  of  them,  which  must 
occasion  illness  of  various  kinds,  particularly  agues ; which  more  frequently  visit  the 
children  of  cottagers  than  any  others,  and  early  shake  their  constitutions.”.  . . “ We  are 
careful  of  our  horses,  nay,  of  our  dogs,  which  are  less  valuable  animals ; we  bestow  con- 
siderable attention  upon  our  stables  and  kennels,  but  we  are  apt  to  look  iq)on  cottages  as 
incumbrances  and  clogs  to  our  property,  when,  in  fact,  those  who  occupy  them  are  the 
very  nerves  and  sinews  of  agriculture.”  We  fear  the  neglect  of  tlie  comfort  of  the  cottager 
has  given  a greater  impulse  to  poaching  and  other  crimes  than  his  natural  propensities 
have  induced.  This,  however,  is  not  a matter  for  discussion  here.  It  is  not  to  be  supposed 
that  we  mean  the  labourer  is  to  he  placed  in  an  expensive  dwelling ; a difference  of  rank 
must  exist ; and  if  the  whole  revenue  of  the  country  were  divided  among  the  population 
jier  head,  it  would  he  seen  (as  M.  Dupin  has  recently  shown  in  a most  elocjuent  and 
sound  address  delivered  in  Paris  as  respects  France)  that  the  division  of  it  per  day, 
after  allowing  for  the  expenses  of  the  most  economical  government  that  could  he  de 
vised,  would  he  such  as  would  not  satisfy  the  lowest  class  of  labourer,  much  less  the  in- 
genious mechanic.  This  is  a matter  so  susceptible  of  proof,  and  so  proper  to  be  generally 
l)romulgated,  that  we  have  here  gone  a little  out  of  our  way  lest  we  should  he  considered 
too  urgent  with  respect  to  the  cottager. 

.8006.  No  cottage  ought  to  be  erected  which  does  not  contain  a warm,  comfortable, 
plain  room,  with  an  oven  to  hake  the  bread  of  its  occupier  ; a small  closet  for  the  beer  and 
provisions,  two  wholesome  lodging  rooms,  one  whereof  should  he  for  the  man  and  his  wife, 
and  the  other  for  his  children.  It  would  he  well  always,  if  possible,  that  the  hoys  and 
girls  in  a cottage  should  he  separated  ; hut  this  unfortunately  entails  an  expense,  and  per- 
hai)s  is  not  so  materially  necessary,  because  the  hoys  find  employment  at  an  early  age.  A 
shed  for  fuel  should  he  attached. 

Cottages  should  always  be  placed  in  sheltered  spots,  and  as  near  as  possible  to  the 
farm  where  the  labourer  is  employed.  The  wear  and  tear  of  a man  is  not  very  dissi- 
milar to  that  of  an  engine,  and  it  tends  as  much  to  the  interest  of  the  farmer  as  it  does  to 
the  comfort  of  the  labourer  that  all  unnecessary  fatigue  he  avoided. 

.8007.  In  the  erection  of  cottages  it  is  not  only  more  economical,  hut  more  comfortable 
to  the  occupiers,  that  they  should  he  built  double,  or  in  twos  at  least.  In  those  provinces 
where  brick  or  stone  can  he  obtained  they  should  never  he  constructed  with  timber,  and 
tiles,  if  they  can  conveniently  he  had,  should  always  supersede  thatch.  Further  observa- 
tion on  this  subject  will  he  unnecessary,  for  we  have  ill  delivered  the  principles  of  our  art 
if  the  student  he  not  now  prepared  to  carry  out  the  few  hints  on  the  subject  of  cottages, 
— buildings,  in  point  of  fact,  of  importance  paramount  to  the  palace  which  the  sovereign 
inh  hits. 

The  Collovying  reinarks  are  by  J.  C.  Loudon,  and  are  extracted  from  a “ Report  to  He? 
IMaji.'sty  s principal  Secretary  of  State,  from  the  Poor  Law  Commissioners,  on  an  Jincpiiry 
into  tile  Sanitary  Condition  of  the  Labouring  Population  of  Great  Britain,”  1842. 

“ 'Vhc  essential  requisites  of  a comfortable  labourer’s  cottage  may  he  thus  summed  up: 

“ 1.  1 he  cottage  should  he  placed  alongside  a public  road,  as  being  more  cheerful  than  a 
solitary  situation  and  in  order  that  the  cottager  may  enjoy  the  applause  of  the  public  when 
he  has  his  garden  in  good  order  and  keeping. 

“2.  1 he  cottage  should  he  so  placed  that  the  sun  may  shine  on  every  side  of  it  during 
the  day  throughout  the  year,  when  he  is  visible.  For  this  reason,  the  front  of  the  cottage 
can  only  he  parallel  to  the  public  road  in  the  case  of  roads  in  the  direction  of  north-cast, 
south-west,  north-west,  and  south-east ; in  all  other  cases  the  front  must  he  placed  obliquely 
to  the  road,  which,  as  we  have  previously  shown,  is  gr^’atly  preferable  to  having  the  front 
parallel  to  the  road. 

“ 8.  Every  cottage  ought  to  have  the  floor  elevated,  that  it  may  he  dry  ; the  walls  double 
or  liollow,  or  battened,  or  not  less  than  eighteen  inches  thick,  that  they  may  retain  heat ; 
with  a course  of  slate  or  flagstone,  or  tiles  bedded  in  cement,  six  inches  above  the  surface,  to 
pi  event  the  rising  of  damp  ; the  roof  tliick  or  double,  for  the  sake  of  warmth  ; and  project- 
in  |eigliteen  inches  or  two  feet  at  the  eaves,  in  order  to  keep  the  walls  drv,  and  to  check  the 
radiation  of  heat  from  their  exterior  surface. 
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“ 4.  In  general,  every  cottage  otight  to  be  two  stories  bigb,  so  that  the  sleci)Ing  rooms  may 
not  be  on  the  ground  floor  ; and  the  ground  floor  ought  to  he  from  six  inches^ to  one  fmu 
nbove  the  outer  surface. 

“5.  The  minimum  of  accommodation  ought  to  he  the  kitchen  or  living  room,  a had 
kitchen  or  wash-house,  and  a pantry,  on  the  ground-floor,  with  three  l)edrooms  over  ; or 
two  rooms  and  a wash-house  on  tlie  ground  floor,  and  two  bedrooms  over. 

“ G.  Every  cottage,  including  its  garden,  yard,  8tc.,  ought  to  occui)y  not  less  than  one 
sixth  of  an  acre  ; and  the  garden  ought  to  surround  the  cottage,  or  at  all  events  to  extend 
both  before  and  behind.  In  general,  there  ought  to  he  a front  garden  and  a hack  yard,  the 
latter  being  entered  from  the  hack  kitchen,  and  containing  a privy,  liejnid  manure  tank, 
place  for  dust  and  ashes,  and  jilace  for  fuel. 

“ 7.  If  practicable,  every  cottage  ought  to  stand  singly,  and  surrounded  by  its  garden; 
or  at  all  events  not  more  than  two  cottages  ought  to  he  joined  together.  Amon<>'  other 
important  arguments  in  favour  of  this  arrangement,  it  may  he  mentioned  that  it  is  the  only 
one  by  which  the  sun  can  shine  every  day  on  every  side  of  the  cottage.  When  cottages  are 
joined  together  in  a row,  unless  that  row  is  in  a diagonal  direction  with  reference  to  a south 
and  north  line,  the  sun  will  shine  chiefly  on  one  side.  By  having  cottages  singly  or  in 
pairs,  they  may  always  he  placed  along  any  road  in  such  a manner  that  the  sun  may  shine 
on  every  side  of  them,  provided  the  point  he  given  up  of  having  the  front  parallel  to  the 
road,  a j)oint  which  in  our  opinion  ought  not  for  a moment  to  he  put  in  competition  with 
the  advantages  of  an  ecjual  diffusion  of  sunshine. 

“ 8.  Every  cottage  ought  to  have  an  entrance  porch  for  containing  the  labourer’s  tools, 
and  into  which,  if  possible,  the  stairs  ought  to  oi)en,  in  order  that  the  bedrooms  may  he 
communicated  with,  without  jjassing  through  the  front  or  hack  kitchen.  This,  in  the  case 
of  sickness,  is  very  desirable,  and  also  in  the  case  of  deaths,  as  the  remains  may  he  carried 
down  stairs  while  the  family  are  in  the  front  room. 

“ 9.  The  door  to  the  front  kitchen  or  best  room  should  open  from  the  porch,  and  not 
from  the  hack  kitchen,  which,  as  it  contains  the  cooking  utensils  and  washing  ai)paratu.s, 
can  never  he  fit  for  being  passed  through  by  a stranger,  or  even  the  master  of  a family, 
where  proj)er  regard  is  had  by  the  mistress  to  cleanliness  and  delicacy. 

“ 10.  When  there  is  a supply  of  clear  water  from  a spring  adjoining  the  cottage,  or  from 
some  other  efficient  source,  then  there  ought  to  he  a well  or  tank,  partly  under  the  floor  of 
the  hack  kitchen  for  drawing  it  up  for  use,  as  hereafter  described  in  detail.  The  advan- 
tages of  having  the  tank  or  well  under  the  hack  kitchen  are,  that  it  will  be  secure  from 
frost,  and  that  the  labour  of  carrying  water  will  he  avoided. 

“11.  The  privy  should  always  he  separated  from  the  dwelling,  unless  it  is  a proper  water- 
closet,  with  a soil-pipe  communicating  with  a distant  licjuid  manure  tank  or  cesspool. 
When  detached,  the  })rivy  should  he  over  or  adjoining  a liquid  manure  tank,  in  which  a 
straight  tube  from  the  bottom  of  the  basin  ought  to  terminate  ; by  which  means  the  soil 
basin  may  always  he  kept  clean  by  pouring  down  the  common  slojjs  of  the  house.  No 
surface  being  left  from  which  smell  can  arise,  except  that  of  the  area  of  the  pipe,  the  double 
flap,  to  he  hereafter  described,  xvill  prevent  the  escape  of  the  evaporation  from  this  small 
surface,  and  also  ensure  a dry  and  clean  seat. 

“ 12.  The  situation  of  the  liquid  manure  tank  should  he  as  far  as  possible  from  that  ol 
the  filtered  water  tank  or  clear  water  well.  It  should  he  covered  by  an  air-tight  cover  of 
flagstone,  and  have  a narrow  well  adjoining,  into  which  the  licjuid  sliould  filter  through  a 
grating,  so  as  to  be  pumped  up  or  taken  away  without  grosser  impurities,  and  in  this  state 
ajjplied  to  the  soil  about  growing  crops. 

“ 1 3.  In  general,  proprietors  ought  not  to  intrust  the  erection  of  labourers’  cottages  on 
their  estate  to  the  farmers,  as  it  is  chiefly  owing  to  this  practice  that  so  many  wretched 
hovels  exist  in  the  best-cultivated  districts  of  Scotland  and  in  Northumberland. 

“ 14.  No  landed  proprietor,  as  we  think,  ought  to  charge  more  for  the  land  on  which 
cottages  are  built  than  he  would  receive  for  it  from  a farmer  if  let  as  part  of  a farm  ; and 
no  more  rent  ought  to  be  charged  for  the  cost  of  building  the  cottage  and  enclosing  the 
garden  than  the  same  sum  would  yield  if  inve.sted  in  land,  or,  at  all  events,  not  more  tl  ^n 
can  he  obtained  by  government  securities. 

“ 1 5.  Most  of  these  conditions  are  laid  down  on  the  supposition  that  the  intemled  builder 
of  the  cottage  is  actuated  more  by  feelings  of  human  sympathy  than  by  a desire  to  make 
money  ; and  hence  they  are  addressed  to  the  wealthy,  and  especially  to  the  proprietors  ot 
land  and  extensive  manufactories  or  mines.” 

3008.  To  the  foregoing  fifteen  essential  requisites  we  have  only  to  add  a few  observa- 
tions on  the  design  ot  a i ottage.  The  plan  sliould  not  he  straggling,  or  such  as  to  render  a 
variety  of  roof- lines  necessary,  and  although  its  arrangement  should  he  compact,  it  should 
not  he  Clamped.  Shapeless  nooks  and  corners  do  not  become  convenient  cujiboards 
and  closets  or  because  tliey  are  enclosed  and  possess  a door,  hut  rainer  convenient  hiding- 
places  for  mice  and  dirt.  Too  many  projections  make  a small  building  look  smaller  by 
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depriving  it  of  breadth  ; and  too  great  a diversity  of  colour  gives  it  a vulgar  appearance, 
and  frequently  destroys  the  etl’ect  of  really  good  proportions.  The  temptation  to  build 
pictures(juely  and  to  try  experiments  with  new  materials  and  methods  of  construction,  is 
much  greater  in  the  country  than  in  town.  Coloured  bricks,  bands  of  ornamental  tiles, 
glazed  patera,  and  other  similar  attractions,  may  give  variety  to  elevations,  but  they  must 
i)e  adopted  with  considerable  caution  in  small  buildings.  New  inventions  and  pseudo- 
economical  devices  too  often  prove  miserable  and  expensive  delusions.  As  the  details  of 
construction,  &c.,  which  are  given  in  the  next  section,  are  equally  applicable  to  those  in  the 
country,  this  subject  will  be  now  dismissed. 

3009.  In  the  autumn  of  1863  two  premiums  of  251.  each  were  offered  through  the  Society 
of  Arts  for  the  most  approved  designs  for  cottages,  to  be  built  singly  or  in  pairs,  at  a cost  not 
evceeding  100/  each.  It  was  essential  that  each  cottage  should  fulfil  tlie  following  require- 
ments. On  the  ground  floor,  a living-room  of  about  150  feet  superficial ; a scullery  or 
kitchen  of  not  less  than  70  feet  superficial ; with  a ventilated  pantry.  On  the  upper  floor, 
three  bedrooms,  one  to  be  not  less  than  100  feet  superficial ; fire-places  to  be  provided  in 
two  of  ibe  rooms,  'l  ire  height  from  ihe  ground  to  the  first  floor  to  be  9 feet,  and  the  bed- 
rooms to  be  8 feet  in  the  clear.  The  memorandum  of  tlie  Inclosure  Commissioners  with 
respect  to  the  substantiality  of  agricultural  buildings  to  be  adhered  to.  In  the  estimate, 
brickwork  was  to  be  taken  at  8/.  per  rod  reduced ; Countess  slates  at  23s.  ; and  Baltic  tim- 
ber at  2s,  Sd.  per  foot  cube.  An  allowance  of  20  per  cent,  was  to  be  made  for  contingencies 
and  l)uilder’s  profit  on  the  cost  prices  of  labour  and  materials,  with  5 per  cent,  for  superin- 
tendence. The  prime  cost,  therefore,  of  each  house  was  not  to  exceed  80/.,  including  not 
only  the  cottage,  but  the  fixtures,  water  supply  or  well,  fencing,  paving,  and  all  those 
necessary  addenda  which  the  owner  must  supply. 

3010.  An  able  report  was  drawn  up  on  the  134  designs  submitted,  by  the  three  appointed 
judges  (given  in  Builder,  1864,  p.  3,59),  towards  the  conclusion  of  which  they  observe  “that 
although  good  cottages  may  possibly  be  erected,  under  favourable  circumstances,  in  son;e 
parts  of  England  for  a lower  sum,  we  consider  the  probable  average  cost  of  a pair  of  cot- 
tages built  with  tlie  conveniences  enumerated,  would  be  about  280/.  to  300/.,  and  that  the 
attempt  to  erect  them  at  any  considerable  reduction  upon  this  amount  mu.st  result  in  some 
inferior  kind  of  buildings,  discreditable  to  the  owner,  and  wanting  in  much  of  the  necessary 
accommodation  for  a labourer  and  his  family.”  The  premiated  design  is  given  in  the  same 
volume,  p.  952.  On  p.  295  of  the  following  volume,  six  builders’  estimates  are  given  for 
erecting  six  cottages  on  the  premiated  plan,  ranging  from  397/.  13s.  Ad.  to  527/.  the  pair; 
a difference  somewhat  accounted  for  by  the  designer  in  his  observations  at  p.  319,  where  he 
states  that  260/.  the  pair  would  l^e  the  price  of  some  he  was  then  erecting,  with  modifica- 
tions. On  p.  394  is  given  a design  estimated  at  200/.,  and  tendered  for  at  180/.  the  pair, 
which  is  deserving  of  comparison. 

3011.  The  Central  Cottage  Improvement  Society,  London,  stated  in  1865,  that  ‘-reports 
from  different  parts  of  the  country,  of  tlie  actual  cost  of  building,  prove  that  on  the  average, 
each  room  containing  100  superficial  feet,  or  10  feA  square,  of  a cottage  or  block  of 
buildings,  costs  from  20/.  to  25/.,  exclusive  of  land  ; this  is  equivalent  to  3(f.  per  foot  cube. 
In  the  five  S',  ts  of  plans  published  by  the  society.  No.  1,  of  four  rooms,  has  been  built  for 
162/.  ; No  2,  slightly  larger,  for  168/. ; No.  3,  same  as  No.  1,  with  a scullery,  for  175/.  ; 
and  No.  4,  more  commodious,  for  an  artizan,  for  220/  uer  pair.  The  Journal  for  18.58,  of 
the  Batli  and  West  of  England  Society,  vol.  vi.,  details  a cottage  of  five  rooms,  built  on 
Exmoor,  for  60/.,  with  a living  room  15  feet  by  13  feet. 


Sect.  IX. 

TOWN  DWELLINGS  FOR  THE  INDUSTRIAL  CLASSES. 

3012.  The  hading  features  cf  construction  and  detai.!ed  arrangement  which  may 
be  ct>nsi(lered  peculiarly  applicable  to  dwellings  intended  for  working  men  whose 
wages  range  from  12s.  to  24s.  per  week  will  be  described  herein.  Workmen  of  this  class 
have  been  hitherto  strangers  not  only  to  the  conveniences  which  render  home  attractive, 
but  to  the  barest  accommodation  necessary  to  render  social  life  tolerablj  decent.  Unfortu- 
nately, the  nearer  an  improved  dwelling  approaches  its  miserable  predecessor  in  general 
aspect  and  character,  the  more  popular  it  w ill  be.  The  difficulty,  therefore,  in  designing  new 
homes  for  the  poor  consists  in  the  introduction  of  improvements  which  shall  lead  to  the 
gradual  abaudonmeitt  of  injurious  habits,  and  to  give  no  sudden  offence  to  jealously 
cherished  prejudices.  To  do  this  effectively  it  is  desirable  to  ascertain  the  leading  require- 
ments of  the  inhabitants  of  the  district  in  which  it  is  proposed  to  build. 

3013.  A poor  man’s  town  dwelling  should  consist  of  a living  room  and  bedroom;  a 
plentiful  supply  of  water;  a water-closet,  sink,  and  lavatory,  distinct  but  not  far  removed 
from  his  tenement;  a wash-house,  with  the  means  of  drying  clothes  in  any  weather  w-iihout 
aitiiicial  heat;  and,  when  practicable*,  a play-ground  for  chilJren, 
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3014.  The  living-room  sliould  be  12  feet  by  10  feet  clear  of  all  obstructions 
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or  pro- 


1 he  rooms  should  be  of  a square 
Fig.  1353,  presents  a general  plan 


jectio.’.s,  and  8 feet  liigh,  giving  960  cubic  feet  at  least, 
form,  as  being  easily  kej)t  clean  and  made  comfortable, 
of  the  arrangements.  The  door  should  open 
into  a porch  or  vestibule,  and  be  placed  at  the 
end  of  tlie  wall  opposite  to  the  window,  so 
fnat  when  both  are  open  the  air  in  tlie  dwel- 
ling may  be  effectively  changed.  The  window 
should  be  sufficiently  large  to  light  every  part 
of  the  room.  It  should  be  fitted  with  sashes, 
to  insure  top  and  bottom  ventilation  ; and  its 
sill  should  not  he  more  than  2 feet  9 inches 
from  the  floor,  to  prevent  high  furniture  being 
placed  under  it.  Tolerably  large  panes  of 
glass  will  be  found  to  last  longer  than  if  the 
panes  be  small,  'fhe  fire-place  should  he  as 
near  the  centre  of  its  own  wall  as  possible, 
and  be  furnished  with  a range  containing  a 
boiler,  with  a tap  of  the  best  description  fixed  Fig.  1555.  peabodt  uwelunos,  commercial  street. 
2 inches  above  the  bottom  ; an  oven  ; and  a ccoking  place  at  least  10  inches  wide  from  side 
to  side,  with  sliding  bars,  flap  and  catch,  all  of  which  ouglit  to  be  of  wrought  iron.  Tlie 
living-room  should  have  a good  serviceable  closet  the  entire  height  of  the  room,  the  front 
flush  with  the  chimney  breast,  to  contain  shelves  for  cooking  utensils  and  crockery,  &c., 
and  a large  covered  hox  for  coal  ; this  closet  should  be  lighted  by  a small  window  hung 
upon  centres  and  to  be  easily  opened. 

30;  5.  The  bedrooms  should  be  12  feet  by  8 feet,  and  8 feet  high,  communicating  with 
the  living  room  hy  a door  in  the  wall  opposite  to  the  fire-place  at  the  end  nearest  to  the 
window,  so  that  enough  wall  space  may  be  secured  for  the  bed.  As  these  rooms  would  be 
sufficiently  warmed  from  the  living-room,  fire-places  can  be  dispensed  with  v/here  space  is 
limited  or  expense  of  much  importance. 

3016.  The  walls  should  be  well-built  with  sound  stock  bricks  (the  partitions  being 
half  a brick  thick)  and  coloured  with  two  coats  of  well  sized  distemper  colour  of  a warm 
cheerful  tint.  Such  walls  offer  no  harbour  for  vermin;  they  are  uninjured  when  nails  are 
driven  into  them  ; and  their  freshness  and  colour  are  easily  renewed  at  a trifling  expense. 
The  ceilings  should  be  plastered,  not  only  for  a clean  appearance,  but  also  as  a preventive 
against  the  spread  of  fire.  The  floor  is  best  made  of  wood,  though  it  is  apt  to  get  dirty  and 
tolerably  difficult  to  clean.  If  firewood  or  coal  be  broken  upon  any  other  floor  than  a 
wooden  one  the  concussion  is  injurious  to  it.  Tile  and  asphalte  floors  are  often  recom- 
mended as  the  best ; but  though  they  have  a clean  appearance,  they  are  cold  to  the 
feet  when  uncovered  by  a carpet;  are  more  liable  to  injury;  and  are  more  troublesome  to 
repair.  Asphalte  a;.d  cement  floors  depend  in  a great  measure  upon  their  rigidity  for  their 
efficiency,  and  require  iron  beams  and  brick  arches,  which  are  expensive. 

3017.  As  regards  ventilation,  beyond  supplying  doors  that  do  not  fit  too  close,  windows 
that  will  open  at  top  and  bottom,  and  fire-places  with  air-channels  underneath  tlie  floor,  it 
is  extremely  difficult  to  know  how  to  proceed  further  without  detection.  A ventilator 
once  discovered  is  instantly  rendered  useless  by  being  pasted  over.  Perforated  bricks 
placed  throughout  the  length  of  the  wall  in  which  the  window  is  .set,  and  in  that  opposite 
to  it,  causes  the  air  to  be  so  diffused  by  its  passage  through  the  narrow  channels  with  which 
the  bricks  are  provided,  that  the  paste-brush  is  seldom  used. 

.3018.  The  lavatory  should  contain  a water-closet  fitted  with  a strong  galvanized  iron 
valve  ; a lead  trough,  for  washing  purposes,  supplied  with  a high-pressure  loose  valve  cock, 
and  an  enamelled  iron  basin.  A smaller  lead  trough  or  waste,  for  the  discharge  of  dirty 
water,  should  have  an  inch  service  cock  above  it  for  supplying  pails  and  kettles,^  The 
walls,  coloured  as  those  of  the  dwelling,  should  be  well  painted  to  the  height  of  18  inches 
aliove  each  trough,  for  frequent  and  easy  washing.  The  floor  is  best  covered  with  thick 
9-inch  square  tiles,  which  bear  a good  deal  of  wear  and  tear  and  slopping  i.i  one  spot 
without  injury.  The  lavatory  should  have  two  windows  at  least,  one  in  the  external  wall 
of  the  water  closet  and  one  at  the  furthest  end  of  the  wall  at  right  angles  to  it. 

3019.  To  attach  a laundry  to  an  extensive  range  of  such  dwellings  becomes  a positive 
duty.  A washing  tub  and  rinsing  tub  are  necessary,  about  3 feet  3 inches  long  by  1 foot 
9 inches  wide,  with  washer,  plug,  and  chain,  and  a separate  cold  water  service  to  each. 
The  top  of  the  tubs  should  be  3 feet  3 inches  above  the  foot-board,  or  the  floor,  if  not  pro- 
vided. A 10-gallon  copper,  with  cold  water  service,  and  a tin  ladle.  The  flue  of  the 
copper  is  to  be  carefully  constructed  to  insure  the  heat  being  well  distributed  over  the 
sides  and  bottom,  and  to  afford  facilities  for  regulating  it  and  for  cleaning.  \Winging 
machines  might  be  provided  if  hydrometers  are  not  used  ; they  are  easdy  attached  to  the 
tubs.  Artificial  means  of  drying  clotlies,  as  adopted  with  advantage  in  public  wash-houses, 
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ire  to  be  avoided  in  small  laundries,  because  they  cannot  be  maintained  without  consider- 
able expense.  Clothes  are  more  easily  and  effectively  dried  when  protected  from  rain,  and 
1 suspended  in  strong  cross  currents  of  air. 

3020.  The  water- cistern  should  be  as  close  to  the  laundry  as  possible,  in  order  that  the 
piping  may  be  short,  with  very  few  joints  and  bends  so  as  to  be  free  from  the  risks 
wliich  attend  a variety  of  levels.  More  attention  is  desirable  to  the  dimensions  of  the  iron 
piping,  and  the  nature  and  position  of  the  seiwices,  than  they  usually  receive.  Thus  meai.s 
should  be  provided  for  filling,  emptying,  and  cleaning  the  cistern  or  tank;  also  for  regu- 
lating the  supply  during  the  time  that  any  portion  of  the  piping  is  under  repair.  Every 
rising  main  should  be  furnished  with  at  least  two  valves.  The  first  is  best  fixed  in  tl  e 
junction  between  the  rising  main  and  the  company’s  street  main,  so  as  to  regulate  the  entire 
mpply  of  the  building.  The  second  should  be  fixed  at  the  bottom  of  the  rising  main,  so 
as  to  release  the  water  which  remains  in  the  pipe  after  the  cistern  has  been  filled.  In  some 
cases  an  additional  cock,  2 feet  above  each  floor  level,  for  the  supply  of  buckets,  or  for  the 
connexion  of  hose  in  case  of  fire,  may  be  desirable. 

3021.  A few  square  yards  oi play-ground  is  of  inestimable  value  for  the  labouring  man’s 
children.  One  large  jilay-ground  to  a block  of  buildings  is  of  much  greater  use  than 
many  small  yards  to  as  many  cotta>zes,  and  has  tended  as  much  as  anything  to  ensure  tl.e 
success  of  the  large  blocks  of  dwellings  in  London. 

' .3022.  The  drain-pipes  should  be  of  tbe  best  description,  and  their  diameters  larger  than 
those  employed  under  ordinary  circumstances,  because  their  liabilities  to  obstruction  are 
very  much  greater.  The  main  drains  should  be  external  to  the  building,  and  supplied 
with  examination  holes  at  intervals  for  repair  and  cleansing,  and  should  possess  tbe  means 
of  being  regularly  flushed  with  water.  When  the  ground  is  soft,  the  diains,  both  large  and 
small,  should  be  laid  upon  beds  of  concrete,  to  preserve  them  in  their  proper  falls.  Soil 
and  other  pipes  should  be  ventilated  by  being  taken  above  the  roof  of  the  building. 

3023.  The  site  fur  a block  of  associated  dwellings  should  be  as  open  and  in  a situation 
as  public  as  possible,  not  only  to  receive  the  adva.itages  of  light  ana  ventilation,  but  that  it 
may  be  easily  found  aud  readily  accessible,  and  that  its  residents  may  have  contact  with 
neighbours  whose  habits  and  appearance  are  superior  to  their  own.  Tlie  ends  of  the  site' 
should  face  north  and  south,  so  that  its  east  and  west  sides  should  have  the  morning  and 
evening  sun.  It  should  offer  every  facility  for  good  drainage;  the  nature  of  the  subsoil 
should  be  well  ascertained,  and  every  necessary  precaution  taken  to  avoid,  or  to  clear  out, 
any  accumulation  of  foul  refuse  that  may  have  been  carted  into  the  vacant  site.  Tlie  most 
economical  dimensions  for  a site  within  the  jurisdiction  of  the  Metropolitan  Board  of 
Works  in  London,  are  108  feet  long  by  60  feet  wide.  This  area  will  accommodate  a 
building  108  feet  long  by  34  feet  wide,  and  admit  of  a playground  26  feet  deep  in  its  rear. 
Tlie  multiple  of  108  by  34=3600  in  round  numbers,  is  tbe  area  allowed  by  Act  of  Parlia- 
ment for  a building  containing  several  distinct  tenements,  and  possessing  only  one  enirante 
and  staircase.  The  height  of  the  building  is  best  kept  at  46  feet  from  the  ground-line  to 
the  eaves  of  the  roof ; it  admits  of  as  many  stories  of  dwellings  as  can  be  occupied  with 
comfort  to  the  tenants,  and  it  requires  no  unnecessary  thickness  of  walls.  If  made  five 
stories  in  height  it  will  contain  40  or  45  dwellings,  about  16  water-closets,  8 lavatories, 
8 wash  tubs  and  coppers. 

3024.  I'he  following  paragraphs  comprise  a brief  description  of  the  dwellings  lately  built 
or  now  constructing.  In  the  basement,  only  a small  cellar  need  be  provid.d  tor  dust,  access 
to  it  is  to  be  obtained  by  a small  external  stairc.ise  under  its  first  landing,  but  distinct, 
so  that  the  dust  may  be  removed  without  annoyance.  The  ground,  first,  second,  and  third 
floor  plans  may  be  divided  throughout  their  entire  length  into  two  equal  portions,  by  a 
corridor  4 feet  2 inches  wide,  on  each  side  of  which  are  arranged  the  dwellings  {Jig.  1354.). 

In  the  centre  is  the  prin- 
cipal entrance,  which  is 
5 feet  6 inches  wide,  and 
furnished  with  external  and 
internal  folding-doors  un- 
der the  immediate  super- 
vision of  the  porter  whose 
office  adjoins  it.  The 
staircase,  placed  imme- 
diately opposite  to  the  en- 
trance, is  8 feet  wide,  with 
solid  square  stone  steps 
having  a 10- inch  tread, 
and  an  average  rise  of  7 
inches.  Tlie  side  furthest 
from  the  corridor  has  an 
yig  1B64,  i-EABour  DWKLLirias,  commkuciai.  stbeet.  arch  7 feet  wide,  and  eX' 
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teruling  from  tho  ground-line,  toVithin  a few  feet  of  the  eaves  of  the  roof.  It.  is  semrated 

from  the  corridor  by  hyo  arches,  whoso  centre  pier  contains  a dust  shaft,  traversing  the 

entire  height  of  the  building,  and  communicating  with  tho  cellar  above  named  in  the  base- 
ment. It  IS  II  inches  wide  witliin,  open  above  tlie  roof  for  ventilation,  and  is  furnished 

oTI'  ° 5 '■®‘' V™®  ‘=‘“’"8  the  wall  at  each  floor  level 

3()2o.  Ihe  lavatories  adjoin  the  staircase,  those  for  tho  men  on  one  side,  for  tlie  women 
on  the  other.  The  fourth  or  topmost  floor  contains  a laundry,  about  22  feet  long  by  12 
feet  wide,  covered  with  an  open  timber  roof,  the  tie-beams  having  standards  helping  to 
support  It,  and  serving  as  clothes  posts.  It  is  lighted  by  a range  of  small  casements  “ad- 
mitting air  sufficient  to  remove  any  unpleasantness  that  might  arise  from  the  laundry  and 
to  thoroughly  dry  the  clothes.  It  is  furnished  with  eight  sets  of  wash  tubs,  some  beiim 
separated  by  slate  partitions,  for  privacy  ; eight  10-gallon  coppers  ; eight  wringing  ma“ 
chines,  or  a patent  hydrometer;  trellis  framed  standing  boards;  spools  (as  bein<r  better 
than  tables)  for  clothes  baskets;  soap  boxes  and  ladies.  This  floor  also  eontains“a  bath- 
room for  each  sex,  placed  over  the  lavatories;  it  is  furnished  with  one  of  Ruffbrd  and 
Tinch’s  stoneware  baths,  and  has  a service  of  cold  water.  Hot  waiter  is  supplied  from  the 
laundry  when  required.-  A cistern  lined  with  lead  adjoins  each  bath-room,  and  also 
supplies  the  lavatories  below  it ; this  position  secures  a direct  fall  to  the  several  services, 
and  avoids  the  necessity  for  frequent  bends  and  joints. 

3026.  The  main  drains  are  12  or  9 inches  in  diameter;  the  smaller  drains,  kept  as  short 
as  possible,  are  6 and  4 inches,  according  to  their  requirements.  The  ventilation  is  secured 
by  the  side  corridor  having  a window  at  each  end  of  it,  and  by  the  open  staircase  in  the 
middle  of  its  length,  all  w^hich  forbid  stagn  ation  and  remove  impurities.  These  very  prac- 
tical observations  are  mainly  due  to  the  paper  by  H,  A.  Darbishire,  wdio  has  designed  several 
blocks  of  dwellings  in  ihe  metropolis,  as  given,  with  illustrations  of  those  in  Commercial 
Street,  Whitechapel  Road,  in  the  Civil  Engineer,  &c.  for  1864. 


Sect.  X. 

SANITARY  ASPECT  OF  HOUSE  CONSTRUCTION 

3027.  This  subject  may  usefully  be  referred  to.  Oranting  that  a house  is  w'ell  drained 
and  that  the  plumber’s  work  is  properly  carried  out,  there  are  yet  other  matters  to  be  con- 
sidered, so  that  a house  may  be  a healthy  residence.  It  should  have  plenty  of  light, 
plenty  of  air  at  all  times,  pure  and  dry,  or  at  least  as  much  so  as  possible.  During  the 
period  when  the  number  of  window's  and  the  glass  in  them  were  each  taxed,  large  wun- 
dows  were  advocated ; but  as  soon  as  both  were  taken  off,  a change  of  fashion  occurred, 
and  small  window's  and  small  panes  were  again  introduced.  As  regards  street  architecture, 
it  is  important  that  the  houses  should  be  erected  of  a height  bearing  a direct  relation  to 
the  breadth  of  the  street  in  which  they  are  situated.  Perhaps  the  height  of  the  house 
should  not  exceed  two-thirds  of  the  width.  As  regards  the  direction  of  a street,  the  best 
is  one  nearly  north  and  south,  as  the  sun  shines  on  a house  on  the  west  side  from  morn- 
ing till  mid-day  in  the  front,  and  from  mid-day  till  the  evening  on  the  back  of  it.  In  the 
other  case,  the  houses  on  the  south  side  get  scarcely  any  direct  sunlight,  in  w'inter  none 
at  all  in  front ; while  those  on  the  north  side  get  none  to  the  back  rooms.  Hence,  large 
windows  are  necessary  to  compensate,  by  giving  as  much  light  as  possible,  for  the  direct 
sunlight  which  is  necessary  to  make  an  apartment  wholesome. 

3028.  Purity  of  air  cannot  be  maintained  in  a house  unless  it  be  thoroughly  dry.  Set- 
ting aside  the  not  inconsiderable  qunntity  of  water  in  the  atmosphere  produced  by  those 
living  in  it,  and  by  tho  combustion  of  gas,  oil,  and  candles,  the  air  in  a house  is  liable  to 
1)0  rendered  moist,  1,  by  absorption  from  the  soil  below  it ; and  2,  from  the  porous  material 
of  which  it  may  be  built. 

3029.  The  porosity  of  most  building  stones  and  bricks  is  remarkable.  A cubic  foot  of 
stone  will  absorb  from  5 to  9 lbs.  of  water,  or  from  half  a gallon  to  nearly  one  gallon. 
The  absorption  by  certain  kinds  of  stone  is  so  rapid  that  in  slight  showers  the  water  is 
all  imbibed;  and  if  the  surface  be  kept  wet  by  constant  rains,  a large  portion  must  find 
its  w'ay  inwards.  Freestone  also  allows  of  the  passage  of  air  or  other  gas  by  transpira- 
tion and  diffusion ; also  bricks,  unless  these  have  been  exposed  to  a temperature  high 
enough  to  flux  the  material.  The  quantity  of  air  diflfused  into  and  out  of  a house  by  the 
walls  is  very  considerable.  If  the  stone  be  coated  w'ith  oil,  paint,  or  any  silicate  solution, 
and  the  absorption  be  prevented,  the  valuable  property  of  diffusing  air  into  the  house  is 
prevented.  Hollow  walls  may  secure  these  advantages.  These  may  be  of  brick,  or  of 
concrete,  or  of  stone  outside  and  brick  inside.  In  some  parts  of  the  country  tire  material 
is  laid  W'ith  beds  slightly  sloping  upwards  somew'hat  to  counteract  the  effects  of  the  rain, 
especially  when  blown  from  the  south-west;  perhaps  the  two  inche.s  ot  the  bed  of  the 
stone  on  the  outside  might  be  bevelled,  and  the  remainder  be  worked  level. 
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3030.  Where  rubble  walls  are  used,  the  best  thing  to  be  done  is  perhaps  to  point  them 
with  a mixture  of  1 of  Portland  cement  to  2 of  sand,  and  then  to  colour  the  Avhole  with 
cement  wash.  But  this  should  not  be  done  until  after  one  summer  s sun  has  assisted  in 
drying  the  stone,  or  the  damp  may  dry  inwards.  It  is  considered  that  a 2-feet  stone  will 
not  dry  thoroughly,  even  under  favourable  circumstances,  in  less  than  two  years. 

3031.  Plaster,  whether  on  brick  or  lath,  is  exceedingly  porous,  and  permits  of  a ready 
diffusion  of  gases.  A wall  merely  whitewashed  or  coloured  is  better  i«  a sanitary  point 
of  view  than  one  that  is  covered  with  oil  paint,  which  is  then  practically  impervious  to 
the  passage  of  gases.  Wall  papers  are  probably  not  so  bad  in  this  respect  as  oil  paint, 
but  inferior  to  colouring  or  distemper  work. 

3032.  The  foundation  of  a house  is  an  important  part  of  it.  The  most  perfect  is  a 
solid  platform  of  concrete  extending  over  the  entire  area  of  the  building,  from  2 to  3 
feet  in  thickness,  and  coated  on  the  top  with  nearly  pure  cement.  Damp  cannot  pene- 
trate this,  it  is  considered.  The  joists  should  be  laid  on  sleepers,  so  as  to  obtain  venti- 
lation to  the  space ; in  case  of  the  bursting  of  a water-pipe  or  of  water  getting  into  the 
concrete  bed,  it  should  be  laid  sloping,  so  that  water  could  be  carried  off  by  outs'de 
gratings.  This  would  be  expensive,  it  is  true.  Another  system  would  be,  to  build  the 
walls  and  dwarf-walls  to  a certain  level,  and  then  to  fill  in  with  hard  dry  rubbish,  and 
cover  the  whole  with  cement  3 inches  thick,  composed  of  1 of  cement  and  2 of  coarse 
sand.  Or,  this  might  be  covered  with  asphalte,  also  over  the  walls,  or  the  usual  damp 
course  take  its  place.  This  damp  course  must  be  put  to  main  and  dwarf  walls. 

3033.  Gratings  should  be  placed  all  round  the  building,  thoroughly  to  ventilate  the 
space  under  the  basement  floor,  about  10  feet  apart.  If  a town  house,  then  about  5 or 
6 feet  apart  and  each  about  10  by  6 inches.  Cross  walls  should  have  good  openings  in  them 
to  obtain  this  circulation  of  air.  The  floor  may  be  considered  cold  by  this  ventilation ; 
if  so.  the  floor  cm  be  pugged,  or  the  boards  be  grooved  and  tongued. 

3034.  In  this  wet  climate,  where  occasionally  half  an  inch  of  rain  falls  in  a day,  it  is 
well  to  cover  the  tops  of  the  chimneys,  in  order  to  prevent  rain  from  coming  down  the 
stiaight  flues  into  the  grate,  or  down  others  into  the  gable  walls  and  keeping  them  damp, 
preventing  the  smoke  rising ; and  this  cover  can  be  combined  with  some  means  for 
preventing  downdraughts. 

3035.  A simple  method  of  ventilating  a room  is  to  drill  a series  of  smallish  holes 
vertically  through  the  lower  frame  or  meeting  bar  of  the  top  sash  of  the  window, 
say  six  or  eight  to  the  sash  ; the  air  rises  through  them  into  the  room  in  the  same  manner 
as  in  a Tobin’s  tube.  This  is  an  old  custom,  and  often  tends  to  cure  a smoky  chimney 
caused  in  a room.  Another  is  to  have  a bar  of  3 or  4 inches  in  height  to  fit  in  between  the 
frame  on  the  sill  of  the  lower  sash,  when  raised  for  the  purpose;  there  will  then  be  a space 
left  at  the  meeting  rails  for  inlet  of  air. 

3036.  At  the  meeting  of  the  Sanitary  Institute  of  Great  Britain,  held  at  Bolton, 
Mr.  R.  E.  Middleton,  C.E  , read  a paper  on  the  then  proposed  Sanitary  Registration  of 
Buildings  Bill,  1887,  in  which  he  quoted  a specification  where  water-closets  are  used.  It 
is  here  given,  as  showing  the  present  view's,  extreme  or  otherwise,  of  many  sanitary  officials, 

“ 1.  Every  drain  or  part  of  a drain  inside  a house  and  all  soil  pipes  shall  be  water- 
tight throughout. 

“ 2.  The  main  drain  of  the  house  shall  be  ventilated  at  its  upper  extremity  by  means 
of  a continuation  of  the  soil  pipe,  or  by  a special  pipe  provided  for  the  purpose  ; such 
ventilating  pipe,  whether  connected  with  the  soil  pipe  or  otherwise,  having  a clear  sec- 
tional area  of  10  square  inches  throughout,  and  being  carried  to  such  a height  that  its 
outlet  shall  be  at  least  3 feet  above  the  eaves  of  the  roof,  and  the  same  distance  above 
any  window  or  opening  in  the  roof,  not  being  a chimney,  and  not  less  than  6 feet  distant 
from  any  chimney  or  opening  in  the  roof,  whether  of  the  house  to  which  it  belongs  or  of 
the  next  ar*joining  house,  measured  in  any  direction.  The  main  soil  pipe  shall  Le  simi- 
larly ventilated,  and  if  there  be  more  than  one  soil  pipe,  then  each  such  soil  pipe  which 
shall  be  longer  between  the  basin  of  the  closet  and  the  main  drain  than  8 feet  shall  be 
similarly  ventilated.  The  main  drain  shall  be  disconnected  from  the  sewer  or  cesspit  by 
means  of  a syphon  tiap  of  approved  construction,  provided  with  means  fur  cleaning  the  trap 
and  the  portion  of  the  drain  between  the  trap  and  the  sewer  or  cesspit;  and  it  shall  be 
ventilated  by  an  inlet  air-pipe  or  ventilating  disconnecting  manhole  ; and  if  there  be  more 
than  one  outlet  ventilating  pipe  connected  with  the  house  drain,  then  each  such  portion 
of  drain  and  outlet  ventilating  pipe  shall  be  provided  with  a suitable  syphon  trap  and  an 
inlet  air-pipe  or  disconnecting  manhole,  as  already  desciibed;  and  the  area  of  the  inlet  air- 
pipe  shall  in  all  cases  be  at  least  double  that  of  the  outlet  ventilating  pipe  in  the  clear. 

“ 3.  No  pipe  which  passes  through  any  part  of  a house,  not  being  a soil  pipe  or  soil 
drain,  shall  be  connected  directly  with  the  main  drain. 

“ 4.  No  water-c’oset  shall  be  situated  next  to  a larder  or  place  where  food  is  stored. 
No  pan-closet  or  D trap  shall  be  used,  and  every  water-closet  shall  be  trapped,  and  shall 
be  arranged  so  as  to  prevent  syphonage. 

“ 5.  The  overflows  from  safes  of  closets  and  of  baths,  and  from  cisterns,  shall  Le 
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discharged  into  the  open  air  In  an  exposed  position,  atid  shall  not  he  connected  with  the 
soil  drain  or  rain-water  pipes,  either  directly  or  indir.ctly,  hut  shall  act  as  detectors. 

“ 6.  All  sinks,  baths,  lavatories,  and  urinals  shall  be  trapped  wAh  suitable  traps,  and  the 
discharges  from  them  shall  be  carried  outside  the  walls  of  the  house,  and  shall  not  bo  con- 
nected directly  with  any  soil  drain,  nor  shall  they  bo  introduced  under  the  gr  .ting  of  any 
trap,  but  they  shall  terminate  in  the  open  air,  and  not  mar  any  window  or  other  opening. 

“7.  All  water-closets,  urinals,  and  slop  sinks  shall  be  provided  with  suitable 
flushing  cisterns,  and  the  flushing  pipe  for  any  closet  shall  not  have  a less  internal 
diameter  than  1^  inches,  and  the  height  of  the  flushing  cistern  above  the  closet,  urinal, 
or  slop  sink  shall  not  be  less  than  4 feet.  It  shall  be  impossible  to  draw  water  from 
any  cistern  used  for  flushing  purposes  for  any  other  purpose  than  that  of  flushing. 

_ 8.  The  cisterns  used  for  general  purposes  shall  be  easily  accessible,  and  shall  be  pro- 

vided with  covers  ventilated  into  the  open  air  outside  the  house  by  a rising  pipe  other 
than  the  overflow  pipe,  and  no  pipe  from  them  shall  be  connected  in  any  way  with  any 
soil  pipe,  drain,  or  with  any  pipe  receiving  the  discharge  from  any  bath,  lavatory,  urinal, 
sink,  or  Hushing  cistern. 

“ 9.  No  rain-water  pipe  used  to  receive  the  waste  from  any  bath,  lavatory,  sink,  or 
urinal  shall  be  placed  near  a window  or  other  opening;  and  no  rain-water  drain  shall 
connect  directly  with  a soil  drain  ; and  no  rain-water  pipe  shall  be  used  as  or  connected 
with  the  soil  pipe,  nor  as  a ventilating  pipe. 

“ 10.  No  cesspit  shall  be  constructed  in  such  a manner,  nor  placed  in  such  a position, 
as  to  endanger  the  water  supply  ; and  every  cesspit  shall  be  ventilated  by  an  inlet  air 
pipe  and  by  an  outlet  ventilating  pipe  rising  to  an  elevation  above  the  ground  level  of  not 
less  than  20  feet,  and  having  a clear  sectional  area  of  not  less  than  10  square  inches,  the 
area  of  the  inlet  pipe  being  double  that  of  the  outlet  ventilating  pipe.” 


Sect.  XI. 

TECHNICAL  SCHOOL  AND  COLLEGE  BUILDINGS. 

3037.  The  remarkable  movement  in  favour  of  more  efficient  technical  training  has  called 
for  an  exact  treatise  on  the  peculiarities  of  plan  and  structural  arrangements  and  fittings  of 
buildings  required  for  its  development.  Foreign  nations  have  been  beforehand  with  us  in 
this  matter,  and  have  long  since  provided  noble  buildings,  specially  created  and  admirably 
fitted  up  for  the  purpose,  and  well  stored  with  singularly  complete  industrial  and  fine  art 
collections. 

3038.  Mr.  E.  C.  Eobins,  F.R.I.B.A.,  F.S.A.,  has,  besides  the  lectures  delivered  by 
him,  brought  together  a large  amount  of  information  on  the  subject  of  technical  edu- 
cation as  taught  both  in  England  and  abroad,  and  on  the  adaptation  of  architecture  to 
the  requirements  of  this  teaching.  This  new  volume  is  entitled,  A Treatise  on  the  Design 
and  Construction  of  Applied  Science  and  Art  BuUdhigs,  and  their  suitable  Fittings  and 
SanitaHon,  with  a Chapter  on  Ttchnical  Education,  4to.  1887.  It  contains  full  descrip- 
tions of  such  institutions  as  the  Bonn,  Berlin,  and  Munich  chemical  laboratories  ; Du 
Bois-Reymond’s  Physiological  Institute  at  Berlin;  the  laboratories  at  Charlottenburg, 
Zurich,  Paris,  Strassburg.  Most  of  these  are  accompanied  wnth  cuts  and  diagrams,  so 
that  their  interior  arrangements  may  be  studied  in  minutest  detail.  Descriptions  of  the 
laboratories  at  South  Kensington,  Finsbury,  Leeds,  Bristol,  Manchester,  Huddersfield, 
Oxford,  Cambridge,  and  other  English  cities,  are  given;  with  chapters  devoted  to  the 
fittings  of  these  buildings,  giving  detailed  information  concerning  the  hundred  and  one 
minor  things  which  go  to  make  up  the  perfect  laboratory;  as  the  working  benches,  demon- 
stration tables,  drawing  rooms,  and  so  on.  The  heating,  ventilation,  and  sanitation  of 
applied  science  buildings  are  also  elaborately  treated  and  profusely  illustrated.  An 
appendix  gives  statistics  as  to  the  technical  schools  in  Great  Britain  : as  particulars  of 
the  area  occupied  by  buildings,  their  cubical  contents,  the  cost  of  land,  cost  of  fittings, 
annual  expense  of  maintenance,  number  of  students,  and  so  forth.  One  chapter  embraces 
the  planning  of  schools  for  middle  class  education  generally,  as  at  South  Hampstead, 
Gravesend,  Sevenoaks,  Caterham,  Battersea,  Wapping,  Haverstock  Hill,  Stepney,  with 
the  Camden  School  for  Girls,  and  the  North  London  Collegiate  School  for  Girls 

3039.  It  has  lately  been  pointed  out  that  technical  education  was  not  meant  to  be  a 
substitute  for  apprenticeship.  The  object  is  rather  to  teach  boys  and  young  men  how  to 
learn  a trade  rather  than  to  teach  them  the  trade  itself.  As  a comnarison  of  the  view's 
held  by  some  continental  states,  and  by  England,  on  this  subject,  it  has  been  sbited  that 
the  Finsbury  College,  Loudon,  cost  37,000^.  to  build,  and  requires  6,000^.  per  annum 
from  the  City  Guilds  for  maintenance;  and  that  the  City  and  Guilds  Central  Institute 
cost  90,0001.  to  build,  and  receives  10,000^.  per  annum  ; while  at  Berlin,  a building  has 
been  erected  twice  the  size  of  Buckingham  Palace,  which  cost  690,000/.  to  build,  and  it 
receives  37)380/.  per  annum  from  the  state! 
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‘ CHAP.  1. 

’Hi!’  valuations  in  which  tl>e  architect  is  consulted  are  properly  onlv  those  Avherein  Vmild- 
'ings  have  been  or  may  be  erected  ; from  which  if  he  wander,  the  probability  is  that  he  will 
create  difficultv  for  himself,  tending  to  exhibit  him  as  a pretender  to  knowledge  not  wUliin 
the  regular  course  of  his  occupation.  The  general  principles,  tlierefore,  on  which  we  pro- 
pose to  touch,  are  confined  to  the  species  of  property  above  named,  as  distinguished  froir 
that  in  which  the  resident  valuator  near  the  spot  in  the  different  provinces  is  the  best 
adviser,  from  the  local  knowledge  he  possesses.  The  auctioneers  who  with  unblushing 
effrontery  pretend  to  a knowledge  of  the  value  of  property  in  the  metrojrolis,  are  utterly 
incompetent  to  the  duties  they  undertake,  from  an  ignorance  of  the  durability  and  cost  of 
buildings,  which  can  be  attained  by  the  practice  and  experience  of  the  architect  only. 

Buildings  may  be  so  disadvantageously  placed  on  their  sites  as  to  realise  nothing 
lil<e  a proper  interest  on  the  money  expended  in  their  erection;  and,  indeed,  so  as  alto- 
gether to  destroy  even  the  great  value  of  the  ground  on  which  they  are  built.  Thus,  to 
))lace  before  the  reader  extreme  cases,  which  generally  best  Illustrate  a subject,  let  him 
supj)cse  a row  of  hovels  built  in  Piccadilly,  and  a house  like  Apsley  House  placed  in 
Wapping  High  Street.  In  both  cases  the  productive  value  of  the  ground  is  destroyed, 
there  being  no  inhabitants  for  such  dwellings  in  the  respective  quarters  of  the  town. 

From  this  it  must  be  evident  that  the  value  of  town  or  city  property,  which  consists 
principally  of  buildings,  is  divisible  into  two  parts;  namely, — 

That  arising  from  the  value  of  the  soil  or  site;  and 

That  which  arises  from  the  value  of  the  buildings  placed  upon  it. 

We  will  suppose  for  a house  which  is  fairly  let  at  a rent  of  lOOZ.  per  annum,  no 
matter  what  the  .situation  of  it  be,  that  it  could  be  built  for  1000/.,  and  that  the  proprietor 
or  builder  would  be  content  with  7 per  cent,  for  the  outlay  of  his  money,  a rate  by  no 
means  larger  than  he  would  be  entitled  to  claim,  .seeing  that  the  letting,  after  it  is  built,  is 
a matter  of  speculation,  and  that  loss  of  tenants  and  other  casualties  may  temporarily 
deprive  him  of  the  interest  of  his  capital.  In  this  case,  then,  the  rent  of  the  mere  building 
would  be  70Z.  ; and  as  the  full  rent  assumed  is  100/., 

100—70  = 30,  which  is  manifestly  the  value  of  the  ground  or  ground  rent.  ' 

Thus  in  the  cases  of  valuation  of  freeholds,  wherein  the  gross  rent  can  be  accu- 
rately ascertained,  there  can  be  no  difficulty  in  coming  at  the  real  value  of  the  ground  rent, 
because  the  building  rent,  or  that  arising  from  the  expenditure  of  money  on  the  soil,  can 
be  immediately  ascertained  by  the  architect,  with  the  rate  of  interest  on  it  which  it  is  l!t 
^tlio  builder  should  have.  The  remainder  of  the  rent  is  that  inseparably  attached  to  the  value 
of  the  soil,  and  belongs  to  the  ground  landlord. 

The  reason  for  thus  separating  the  two  rents  is  this : the  ground  rent,  attached  as 
it  is  to  the  soil,  is  imperishable.  It  is  true  that  the  value  of  ground  is  constantly  fluc- 
tuating from  the  power  of  fashion  over  certain  localities;  but  with  this  the  valuator  cannot 
deal.  The  changes  are  slow;  and  the  Lord  Shaftesbury  in  the  time  of  Charles  II.  would 
have  little  thought  it  possible,  when  he  placed  his  residence  in  Aldersgate  Street,  that  his 
successors  would  have  dwelt  in  a house  in  Grosvenor  S(]uare  ; neither,  even  five  and  twenty 
years  ago,  did  it  cross  the  mind  of  the  then  possessor  of  the  Grosvenor  property  that  the 
F’ive  Fields  at  Chelsea  contained  a mine  of  wealth  in  the  ground  rents  of  Belgrave  and 
Eaton  Squares.  Such  are  the  mutations  of  property,  with  which  the  present  question  is 
not  involved,  unless  the  gift  of  foresight,  in  a degree  not  to  be  expected,  be  given  to  the^ 
valuator.  The  other  portion  of  the  value  of  house  property  is  strictly  the  result  of  the 
perishable  part  of  it,  namely,  the  building  itself ; and  this  is  limited  by  the  durability  of 
the  building,  which  has  great  relation  to  the  time  it  has  already  existed,  and  to  the  sub- 
stantiality with  which  it  has  been  constructed.  The  durability,  then,  or  the  number  of 
years  a building  will  continue  to  realise  the  rent,  is  the  second  ingredient  in  a valuation, 
and  is  a point  upon  which  none  but  an  experienced  person  can  properly  decide. 

The  rate  of  interest  which  the  buyer  is  content  to  obtain  in  the  investment  of  his 
money  in  buildings,  or,  in  other  words,  in  the  purchase  of  the  perishable  annuity  arising 
from  the  building,  will  necessarily  vary  with  the  value  of  money  in  the  market.  In  the, 
compensation  cases  under  public  improvements,  wherein  it  is  obligatory  on  the  owner  to 
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part  with  his  property,  tlie  6 per  cent,  rate  of  the  table  is  generally  used,  by  which  tlic 
buyer  makes  too  little  interest  on  the  perishable  part  of  tlie  property.  Few  would  be  in- 
clined to  invest  money  in  such  property  at  so  low  a rate,  Cor  a rent  which  every  year,  from 
wear  and  tear,  becomes  less  valuable.  Individuals  understanding  the  subject  would 
scarcely  be  found  to  purchase,  unless  they  could  make  at  least  8 per  Tent,  for  tins  part  of 
the  capital.  In  the  cases  above  mentioned,  twenty-five  years’  purchase,  that  is,  4 per  cent., 
is  the  usual  price  at  which  the  ground  rent  is  taken. 

Having  thus  prepared  the  student,  we  will  present  an  example  of  a valuation  conducted 
on  tlie  principles  named.  Tims,  suppose  a building  and  the  ground  on  which  it  stands  to 
be  together  worth  150/.  per  annum,  and  that  its  durability  is  such  that  a purchaser  may 
count  on  receiving  that  rent  during  a term  of  fifty  years.  We  will  suppose  the  house  to 
stand  upon  a plot  of  ground  24  feet  in  frontage  and  60  feet  in  depth  ; that  the  size  of  the 
house  is  24  feet  by  40  feet,  and  that  to  build  a similar  one  would  cost  1,440/.,  which,  at  a 
rate  of  7 per  cent,  upon  the  expenditure,  would  produce  a building  rent  of  100/.  16s.  per 
annum. 

£ s.  d.  £ i d. 

Now  the  total  rent  being  - - - - 1 .50  0 0 

The  rent  arising  from  the  building  itself  - - 100  16  0 

The  value  of  the  mere  ground  must  be  - - - 49  4 0 


We  therefore  here  have  the  imperishable  part,  viz  the  ground,  of  the 
value  of  49/.  4«.  per  annum,  which,  giving  the  purchaser  4 per  cent, 
interest  for  his  money,  is  twenty-five  years’  purchase  for  the  fee- simple 
by  the  Fourth  Table,  that  is  - - - - - 1230  0 0 

An  annuity  (from  the  building)  of  lOO/.  16s.,  to  continue  for  fifty  years, 
is,  by  the  Fourth  Table  at  5 per  cent.,  worth  18  256  years’  purchase, 

^ that  is  - - - - - - - - 1840  0 11 

The  value  of  tl.e  old  materials  at  the  end  of  the  term,  if  taken  to  be 
pulled  down  and  sold  for  150/.,  will  be  that  sum  at  the  end  of  tilty 
years  to  be  received  at  the  present  time,  discounting  at  4 per  cent, 
from  the  Second  Table  T407  x 150  - - - = 21  2 0 

Total  value  of  the  freehold  - . - 3091  2 11 


In  the  above  valuation  the  ground  estimated  by  its  frontage  would  be  = 41s.  per 

foot,  and  ground  is  usually  let  by  the  foot  when  demised  for  building.  In  the  chief  parts  of 
great  cities  ground  is  now  usually  sold  and  let  at  per  foot  superficial. 

The  next  case  of  valuation  is  that  of  a beneficial  lease,  in  which  the  rent  paid  by  the 
lessee  is  less  than  the  actual  value  of  the  premises.  The  ditterence  between  them,  there- 
fore, is  an  annuity  for  the  term  of  the  lease,  which  is  so  much  benefit  to  the  lessee,  and  is 
estimated  by  the  Fourth  Table ; thus — 

Suppose  the  actual  value  of  given  premises  be  - _ . _ £l00 

Rent  reserved  by  the  lessor  . - - _ - . 50 

Beneficial  annuity  belonging  to  the  lessee  - . - - - £50 

If  the  term  of  the  lease  be  twenty- one  years,  such  is  the  length  of  the  annuity,  and  the 
question  stands  as  under  ; — 

An  annuity  for  twenty-one  years,  discounting  at  5 per  cent.,  is  by  the  Fourth  Table  worth 
12' 82 11  years’  purchase,  which  multiplied  by  50/.  = 641/.  l.v.  ^ * 

It  is  to  be  observed  that  the  annuities  must  be  clear  after  the  deduction  of  all  outgoings 
which  may  be  necessary  to  keep  it  unencumbered. 

Let  us  take  another  case. 

A man  takes  a lease  of  ground  at  10/.  per  annum,  and  lays  out  1,000/.  on  a sixty-one  years* 
lease,  interest  being  3 per  cent.  How  much  must  I.e  receive  as  rent  to  replace  the  princi- 
pal at  the  end  of  the  term  ? 

1000/.  at  3 per  cent.  = 30/.  + 10/.  ground  rent  = 40/.  improved  rent. 

1/.  per  annum  for  sixty-one  years  at  3 per  cent,  will  amount  to  169/.  (See  Third  Table.) 

JL22?  = 5/.  9s.  = the  sum  to  be  laid  out  yearly. 

169  . . 

And  30/.  -4  5/.  9s.  = 35/.  9s.,  or  3*59,  is  the  rate  of  interest  to  secure  or  replace  the  princi- 
pal at  the  end  of  the  term  without  consideration  of  rcjiairs,  loss  of  tenants,  insurance,  &c. 
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We  now  subjoin  some  observations  on  tlie  vaUiation  of  house  property,  which  claim  the 
architectural  student’s  attention.  Inwood’s  Tables  for  the  Pvrchasmy  of  Estates,  ^c.  have 
long  been  in  general  use  ; they  are  founded  on  the  elaborate  Tables  by  Baily  and  Smart. 
A series  are  given  hereafter.  W.  D.  Biden,  Rules,  Formutce,  and  Tables  for  the  Valvotlou 
of  Estates.  §’c.,  with  his  smaller  work,  Practical  Ru'es  forValuers,  1862,  are  useful,  and  have 
furnished  the  outline  for  the  following  remarks. 

It  is  generally  considered  that  the  value  of  a fnehold  house  ranges,  according  to  situa- 
tion, style,  condition,  &c.,  from  10  to  20  years’  purchase.  It  naturally  follows,  that  pur- 
chasers, and  some  valuators  indeed,  imagine  that  house  property,  as  a rule,  pays  from  5 to 
10  per  cent,  interest  on  the  purchase-money.  This  is  a great  error,  as  many  have  ex- 
perienced who  have  endeavoured  to  realise  and  to  expend  yearly  8 per  cent,  on  the  cost  of 
house  pro|)erty.  The  valuation  should  be  made  at  5 per  cent,  (if  the  purchaser  will  he 
content  with  that  interest);  and  the  ]>resent  value  of  all  the  costs,  charges,  and  losses  inci- 
dent to  house  property  should  he  fairly  stated  and  deducted  in  the  valuation,  and  then  the 
purchaser  will  not  be  deluded  with  the  idea  that  he  is  to  net  a very  large  interest,  which 
may  be  spent  unconcernedly.  Such  is  the  expectation  of  many  of  those  who  are  induced  to 
join  Building  Societies,  and  who  buy,  what  appears  to  them,  a bargain,  as  they  will  be 
receiving  for  years  double  or  treble  the  amount  of  interest  obtainable  from  the  fundy.  A 
change  of  tenants,  or  other  cause,  soon  shows  the  difi'erence.  Where,  however,  the  buyer 
himself  occupies  the  house,  whether  freehold  or  leasehold,  he  may  make  a very  advanta- 
geous investment  of  his  money.  In  the  latter  case,  that  is,  of  a leasehold,  he  must  bear  in 
mind  the  result  of  the  occupation  of  the  premises,  namely,  dilapidations,  for  which  he  will 
be  called  strictly  to  account  by  his  landlord  at  the  expiration  of  his  term  of  lease. 

Compare  the  following  valuations,  made  in  two  ways,  of  a freehold  house,  which  wdll 
last  for  about  80  years,  the  tenants  paying  the  rates  amounting  to  about  £l  per  annum.  One 
valuator  may  make  out  his  calculations  thus : — £ s.  d.  £ s.  d. 

Gross  rent  received  hy  the  landlord  - - - - 63  0 0 


Deduct  Insurance  - "] 

10 

0 

„ Land  Tax  - 1 when  paid  by  him 

- 

- 1 

2 

6 

„ Sewers  Rate  J 

lo 

15 

9 

„ General  repairs,  10  per  cent. 

- 

- 6 

6 

0 

„ Collection,  &c.  - - - 

- 

- 4 

14 

6 

14  8 9 

48  'll “s 

(In  a leasehold  valuation,  the  ground  rent  would  also  have  to  be  deducted  ) 


To  pay  8 per  cent.,  at  years’  purchase  (Fourth  Table)  - - I2| 

Presumed  value  of  the  property,  according  to  this  rough  valuation  - £607  0 8 

Another  valuator  will  make  out  his  calculations  as  follows  : — 

£ s.  d.  £ s.  d. 

Gross  rent  ------  - 63  00 

Annual  deductions,  as  before  - - - - 14  8 9 

Net  rent  - - - - - - - 48  113 


But  property  is  usually  subject  to  various  depreciating  con- 
tingencies, which  must  be  provided  against  by  an  annual 
reserve  according  to  the  class  of  building,  thus; — 

Deduct  for  losses  by  bad  tenants,  s^iy  1 year’s  rent  in  6 = 10  10  0 

And,  for  extra  repairs  and  expenses  contingent  upon  such 

frequent  changes,  say  an  equal  sum  - - - 10  10  O 

Deduct  a sum  for  rebuilding  (say  about  £630),  which,  put  by 
each  year  in  the  funds  at  3 per  cent,  compound  interest, 
will  produce  that  amount  at  the  end  of  the  life  of  the 
house,  say  80  vears,  i.e.,  £1  per  annum  for  80  years  (Third 
Table)  - ‘ - - - = £321-3G3 

2 2 0 0 

£642726  23  0 0 

Clear  income  from  the  property  - - - 25  1 1 3 

If  the  purchaser  elects  to  have  -5  per  cent,  for  his  speculation,  the  amount 

to  be  paid  for  the  property  will  be  - - - - £512  0 0 

The  value  of  the  ground  in  these  calculations  is  included  in  the  rental ; when  of  some 
bnportance,  it  must  be  valued  upon  its  own  merits,  as  shewn  in  the  previous  page. 
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But  there  may  be  a further  expeuiliture  for  sur\eyors’ diarpres.  solicitors’ cliar<rts  for 
transferring  the  property,  and  loss  of  capital  by  sclling'out  of  tlie  funds,  wliicli  it  may  he 
often  necessary  to  deduct  from  that  amount.  A matter  also  of  consideration  is  whether 
the  building  is  in  a good  state  of  repair,  both  in  structure  and  decoration,  as  ready  for  a 

tenant. 

When  the  property  Is  leasehold,  then,  as  soon  as  the  clear  income  has  been  ascertained,  it 
w'ill  have  to  be  multiplied  by  the  number  of  years’  purchase  at  the  rate  of  interest  required 
for  the  term  (Fourth  'JVthle),  to  find  the  amount  that  the  property  is  worth.  The  nuniher 
of  years’ purchase  provides  for  the  percentage  and  to  get  back  the  jirincipal,  the  annual 
instalments  of  which  must  be  invested  at  the  same  rate  of  interest  to  produce  the  total  sum 
at  the  end  of  the  term  (in  lieu  of  the  rebuilding  fund  in  the  freehold  property).  Among 
Inwood’s  Tables,  I6th  edition,  1855,  is  one  (p.  177),  whereby  to  calculate  “ the  present 
value  of  an  income  for  a certain  number  of  years,  which  is  to  jiay  during  its  continuance  a 
given  rate  of  interest  on  the  purchase-money,  and  to  replace  the  purchase-money  at  the  end 
of  the  same  number  of  years  at  a rate  of  interest  to  be  selected.'’ 

From  the  former  method  of  expressing  the  valuation,  it  would  appear  that  a purcha.ser 
may  realise  8 per  cent,  upon  his  outlay  ; and  so  indeed  he  may,  for  a few  years,  ifeverv- 
thing  connected  with  the  property  be  very  favourable  ; but  the  latter  calculation  shows 
exactly  what  may  be  expected,  namely,  that  on  capitalising  a further  sum  to  form  a sinking 
fund  for  certain  repayments,  then  5 per  cent,  per  annum  may  be  appropriated  as  i/icome, 
the  remainder  of  the  rent  being  set  aside  to  supply  a fund  to  meet  exigencies  of  no  uncom- 
mon occurrence.  The  real  value  of  the  property,  moreover,  is  found  to  be  much  less  than 
what  the  rough  calculation  would  show  it  to  be  worth. 

The  deductions  for  losses  depend  entirely  upon  the  class  of  house.  First  class  houses 
in  good  situations  let  so  readily  to  responsible  tenants,  who  for  their  own  comfort  and 
display  maintain  the  fabric,  that  the  sums  to  be  deducted  for  the  occasional  want  of  occu- 
pants and  expenses  of  reletting  are  reduced  to  a minimum.  On  the  other  hand,  a much 
lower  class  of  house,  together  with  the  present  unsatisfactory  mode  of  letting  houses  on 
three  years’  agreements,  and  the  still  more  ineliglhle  arrangement  by  the  year,  throw  so 
much  larger  amounts  for  repairs,  decorations,  and  change  of  tenancy,  upon  the  landlord, 
that  the  total  of  the  sums  to  be  deducted  is  raised  to  a very  high  estimate.  Herein  the 
best  judgment  of  the  valuator  is  called  into  requisition,  and  it  requires  the  knowledge  ob- 
tained by  the  practical  architect  to  assist  his  judgment  in  such  matters. 

After  the  actual  value  has  been  ascertained,  another  item  for  consideration  is  the  additional 
sum  that  a purchaser  will  be  induced  to  give  for  some  reason — such  as  the  property  being  in 
a fashionable  neighbourhood;  the  house  possessing  arrangements  peculiarly  suited  to  his 
wishes,  and  so  on  ; this  amount  may  be  called  a “ fancy  price,”  and  when  paid  had  better 
be  considered  as  money  sunk. 

For  making  rough  calculations,  according  to  the  first  instance,  the  value  of  freehold 
land  in  the  country  is  generally  considered  worth  from  .80  to  3.3  years’  purchase,  being  cal- 
culated on  the  3 per  cent,  tables.  In  a few  very  exceptional  cases  as  much  as  40  yiars’ 
purchase  has  been  given  ; but  the  difiference  constituted  a fancy  price.”  kor  town  plots 
from  25  to  30  years’  is  more  usual.  Freehold  houses  and  buildings,  1st  and  2nd  class,  from 
18  to  20  years’  purchase,  or  5 per  cent.;  3rd  and  4th  class,  about  16  years’  purchase,  or  6 
per  cent. 

For  Leasehold  property  : — 

1st  and  2nd  class,  from  15  to  16  years’  purchase  or  6 per  cent. 

2nd  and  3rd  „ 14  to  15  „ 7 „ 

3rd  and  4th  „ 12  to  13  ,,  S „ 

4th  and  5th  „ 11  to  12  „ 9 

5th  and  6th  „ 10  » 10  »« 


Freehold  Ground-rents  are  valuable  in  proportion  to  the  extent  to  which  they  are 
covered  by  the  rack-rent  and  by  the  period  of  reversion.  A good  ground-rent  ought  to 
be  six  times  covered,  that  is,  five  parts  are  brick  and  mortar  rent,  and  one  part  ground- 
rent.  A reversion,  however,  unless  within  forty  years,  is  not  much  taken  into  account. 
Some  ground-rents  in  the  City  of  London  (where  the  ground-rent  is  Larger  in  proportion) 
hare  sold  for  31^  years’  purchase  ; those  only  covered  by  three  times  the  rack  rent,  sold 
for  25  years’  purchase.  Leasehold  and  freehold  ground-rents  can  only  he  valued  according 
to  locality,  circumstances,  length  of  holding,  &c.  Unsecured  ground-rents  are  usually 
valued  at  25  years’  purchase,  but  those  well-secured  at  from  30  to  33  years  purchase. 
Improved  ground-rents  are  not  worth  so  much  as  the  freehold  ground-rent,  m consequence 
of  the  covenants  of  superior  leases,  danger  of  breaches  of  covenants,  &c. 

In  the  valuation  of  leases  held  on  lives,  the  operation,  after  bringing  the  rent  to  a clear 
annuity,  is  conducted  by  means  of  the  sixth,  seventh,  and  eighth  tables,  given  hereafter,  as 

the  case  may  require.  . , i r 

In  the  valuation  of  warehouses,  the  only  safe  method  of  coming  at  the  value  of  a rental 
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is  by  the  quantity  of  goods  or  tonnage  they  will  contain  after  leaving  pro;;er  gangways, 
and  not  overloading  the  floors.  In  corn  warehouses,  however,  the  grain  being  distributed 
over  the  surface  of  tlie  floor,  the  squares  of  floor  are  taken  to  come  at  the  contents.  Goods 
warehoused  are  paid  for  to  the  warehouseman  usually  at  a weekly  or  montlily  rent ; and  it 
commonly  considered  that  the  profit  he  should  make  ought  to  be  one  half  of  the  rent  he 
pays  to  the  landlord,  so  that  in  fact  two-thirds  of  the  actual  rent  realised  goes  to  the  pro- 
prietor, and  the  other  third  to  the  warehouseman  or  lessee.  Tables  of  the  weight  and  space 
occupied  by  different  goods  are  given  in  the  Glossary  Addendum. 

We  have  noticed  at  the  commencement  of  this  chapter  that  valuations  depending 
upon  building  or  building  land  are  essentially  within  the  province  of  the  architect.  But 
as  valuations  for  Railway  and  Improvement  compen&ntlons  ramify  into  one  and  the  other,  as 
well  as  into  agricultural  land,  a portion  of  the  subject  into  which  we  do  not  consider  it 
desirable  here  to  enter,  we  will  only  notice  that,  as  regards  the  former,  there  are  several 
items,  beyond  those  already  mentioned,  to  be  taken  into  cons' deration,  A man  holding  a 
property,  and  dispossessed  against  his  will,  has  a right  to  be  paid  for  his  interests  being  so 
injuriously  affected,  hence  an  item  for  “ compulsory  sale  ” is  allowed;  this  was  formerly  as 
much  as  30  per  cent,  for  house  property,  now  it  is  only  10  per  cent.  ; while  for  land,  from 
10  to  25  per  cent,  is  obtained,  according  to  circumstances.  With  certain  exceptions,  the 
juirchase  of  lands  compulsorily  is  placed  under  the  provisions  of  the  Statute  8 Viet.  cap. 
18,  “ Tlie  Land  Clauses  Act.”  The  assessment  of  the  items  usually  consists  of  the  fol- 
lowing heads  : — I.  The  value  of  the  property  taken.  II.  Any  reversionary  or  prospective 
advantage  the  owner  may  be  likely  to  receive  at  any  time;  to  be  estimated  in  present 
money.  III.  Any  advantage  the  owner  may  have  by  carrying  on  a trade,  business,  or 
profession,  in  a locality  ; whether  the  same  would  be  utterly  destroyed,  or  a portion  be 
taken  with  him.  IV.  Tlie  cost  of  removing,  or  loss  by  forced  sale.  V.  The  value  of  the 
portion  only  of  the  property  (if  so  taken),  and  amount  of  damage  tlie  remainder  may 
sustain  in  consequence  of  the  severance ; this  is  usually  called  consequential  damage. 
VI.  If  a portion  only  be  taken,  and  that  portion  injuriously  divides  the  remainder  of  the 
property,  the  estimated  amount  of  damage  is  known  as  severance.  VII,  Compensation 
for  loss  of  time,  trouble,  and  expense,  in  find’ng  a new  investment;  loss  of  interest;  the 
parting  with  property  to  which  one  is  attached  to  and  has  an  interest  in  ; and  other  los.ses 
by  being  forced  to  give  up  a property  and  seek  new.  This  forms  the  item  of  compulsory 
sale. 


CHAP.  II. 

CIVIL  AND  ECCLESIASTICAL  DILAPIDATIONS. 

1 he  architect,  in  the  course  of  business,  may  be  commissioned  to  ascertain  the  extent  of 
neglect  on  the  part  of  an  occupant  in  keeping  premises  in  proper  order  according  to  the 
terms  upon  which  the  projierty  is  held  by  him.  In  civil  cases  it  is  not  usual  for  the  lessor 
to  exercise  a power,  generally  reserved  to  him  in  leases,  of  causing  his  architect  to  inspect 
the  premises  from  time  to  time  to  detect  dilapidation  ; but  it  is  usual  for  the  lessor  to  cause 
such  an  inspection  (at  a reasonable  period,  so  that  the  repairs  may  be  done)  before  the 
expiration  of  the  term  : this  reasonable  period  may  vary  from  two  to  twenty-six  weeks, 
more  or  less.  - After  such  inspection  or  survey,  a notice  to  rejiair  dilapidations  according  to 
its  appended  schedule  is  served  upon  the  tenant,  who  may  either  execute  the  works  within 
the  term,  or  (unless  he  can  compound  with  the  lessor  for  a sum  to  be  ascertained  under 
arbitration)  take  the  responsibility  of  paying  the  charges  of  the  tradesmen  employed 
by  the  lessor  after  the  premis.^s  have  been  surrendered,  to  which  a compensation  for  loss  of 
rent  is  naturally  added;  but  this  arrangement,  if  adoptel,  is  a very  exceptional  pro- 
cedure. It  will  he  e\ident  that  in  cases  where  a lease  expires  and  is  not  to  be  renewed 
before  other  suitable  premises  can  be  obtained,  the  latter  method  of  action  may  be 
desirable ; but  generally,  and  especially  in  the  case  of  a dwelling-house,  the  cheapest, 
if  tlie  mo.st  inconvenient,  course  is  for  the  tenant  to  have  a survey  made  for  himself  and  to 
get  the  repairs  executed  within  the  term.  In  ecclesiastical  cases  the  survey  previous  to 
the  end  of  occupancy  is  rarely,  if  ever,  practicable  ; and  a sum  must  be  ascertained  under 
arbitration.  According  to  the  usual  tenor  of  leases,  the  lessor  expects  that  the  premises 
shall  be  delivered,  at  the  expiration  of  a term,  in  as  good  condition  as  the  use  and  wear 
during  the  time  will  permit,  and  the  lessee  undertakes  to  make  good  any  injury  which  tlie 
premises  may  have  suffered  through  accident,  neglect,  or  intention;  these  conditions  applyj 
not  only  to  what  was  originally  demised,  but  to  whatever  may  have  been  erected  during 
his  occupation.  In  ecclesiastical  cases  the  principle,  as  will  hereafter  be  explained,  is 
'rather  different.  It  may  be  noticed  here  that  the  term  wear  and  tear  is  a popular  mistake 
whiub  the  law  does  not  support;  use  and  wear  is  legitimate,  tear  is  dilapidation. 
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In  civil  dilapidations  a tenant  is  bound,  according  to  his  covenant,  specific  or  "■eneral 
but  never  beyond  maintaining  and  upholding,  unless  tlie  conditions  of  repair  are%o  bad 
that  no  measures  sb,;rt  of  reconstruction  are  consistent  with  safety,  or  possible  from  the 
extent  of  decay.  Ilis  liability  is  not  supposed  to  extend  to  such  defects  as  only  indicate 
age,  so  long  as  the  efficiency  of  the  part  still  remains.  But  if  the  efficcts  of  use  or  age  have 
proceeded  so  far  as  to  destroy  the  part,  or  its  efficiency  in  the  structure,  the  tenant  is  liable, 
It  being  the  presumption  that  at  the  commencement  of  the  term  the  tenant  was  satisfied 
that  every  part  v/as  sufficiently  strong  to  last  to  the  close.  On  the  same  presumption  the 
degree  of  liability  of  the  tenant  is  regulated  by  the  actual  condition  of  the  premises  at  any 
time,  as  specified  in  his  covenant,  and  admits  of  no  extenuation  f)y  reason  of  dilapidations 
existing  at  the  commencement  of  his  term,  as  he  is  presumed  to  have  taken  the  proper 
course  to  guard  hims.  If  against  the  occurrence  of  undue  liability.  In  extreme  cases,  the 
liability  of  a tenant  extends  to  the  rebuilding  of  a party  wall' condemned  as  unsafe,  to 
reconstruction  after  fire,  &c.,  unless  specially  excepted.  In  fact,  under  the  natural  and'the 
legal  favour  which  the  lessor  enjoys,  the  person  proposing  to  become  the  lessee  should 
employ  a professional  surveyor,  not  only  to  inspect  the  apparent,  and  as  far  as  he  can  the 
hidden,  state  of  the  building,  but  also  to  check  the  conditions  contained  in  the  draft  of  the 
lease,  which  are  sometimes  extravagant  wlien  applied  to  an  old  and  worn-out  fabric,  though 
they  might  be  reasonable  as  regards  a hew  structure. 

Whatever  the  tenant  has  power  to  remove  during  the  term  cannot  be  chargeable  with 
dilapidations.  Upon  this  point  the  old  rule  is,  that  whatever  h fixed  to  the  freehold  cannot 
be  removed  by  the  tenant : thus  a lessee  may  erect  barns  or  sheds  or  any  building  upon 
wooden  or  stone  or  other  blocks  laid  on  the  surface  of  the  ground,  and  take  them  down,  if 
he  please,  without  substituting  anything  in  their  place  ; but  if  the  barns  are  fixed  into  the 
ground,  they  immediately  become  the  property  of  the  lessor.  There  seems,  however,  to  be 
an  exception  in  respect  of  buildings  erected  for  the  purijoses  of  trade:  hence  not  only 
coppers  and  ovens  may  be  taken  away,  but  workshops  and  the  like  erected  by  the  tenant 
for  his  paiticular  trade.  This  exception  seems  at  first  to  have  ap})lied  only  to  wooden 
buildings  ; but  Lord  Kenyon  held  that  a brick  chimney  would  prevent  a tenant  from 
removing  a building,  and  decided  that  its  being  on  a brick  foundation  would  not  do  it. 
Though  this  opinion  was  not  held  by  Lord  Ellenborougb,  yet  it  was  not  because  the 
buildings  were  of  brick,  but  because  they  were  erected  for  tlie  purposes  of  agriculture,  and 
not  of  trade.  It  is  to  be  remembered,  in  all  cases,  that  a lessee  is  bound  to  leave  the 
premises  in  as  good  condition  after  the  removal  of  fixtures  as  though  they  had  never 
existed;  thus,  if  a marble  be  substituted  for  a wooden  chimney-piece,  when  the  former  is 
removed,  the  latter,  or  one  of  equal  value,  must  be  replaced.  If  a partition  be  put  up  and 
taken  away,  all  damages  to  the  adjacent  work  must  be  repaired. 

The  general  rule  for  determining  what  injuries  are  considered  dilapidations,  is  to  ascertain 
what  is  fair  n ear  without  dilapidation  arising  from  accident  or  neglect.  Injury  l>y  acci- 
dent is  that  which  happens  suddenly,  and  perceptibly  difiering  from  wear,  which  occurs 
only  by  lengthened  use.  Thus  the  nosing  of  a step  worn  away  is  not  dilapidation  ; but  if 
siiclv  be  broken  away  instead  of  worn,  it  is  a dilapidation.  It  may  be  said  that 
accident  is  defined  here  with  too  much  latitude,  inasmuch  as  it  takes  account  of 
that  which  occurs  without  apparent  reason  at  any  particular  time;  but  we  use  the  term  in 
common  language,  and  may  cite  as  an  example,  that  if  the  timbers  of  a floor  decay,  the 
floor  will  yield,  even  without  a load  upon  it.  When  accident  occurs,  such  alone  does  not 
limit  the  extent  of  the  dilaj)idation,  but  also  such  injuries  to  the  building  as  follow  in  its 
train.  Thus,  if  the  weather-boarding  of  a building  decay  from  age,  so  long  as  tlm 
covering  will  keep  out  wet,  it  is  no  dilapidation  ; but  if  broken  in  any  part,  that  is  a dihij)i- 
dation  ; and  if  from  want  of  reparation  any  of  the  internal  parts  of  the  building  be  injured, 
such  injury  is  a dilapidation  : so  if  timber  or  timbers  belonging  to  any  part  of  a house 
merely  decay,  if  it  or  they  be  still  sufficient  for  the  support  of  the  house,  no  dilajiidat.cn 
can  be  chargeable;  but  if  such  timber  or  timbers  give  way,  they  must  be  replaced, 
and  all  parts  made  good  which  suffered  by  their  failure.  U'aite,  in  lavv%  is  insufferable, 
even  in  freeholds  which  are  held  for  lives  only.  According  to  W'^oodiall  {Laudlord  avd 
Tenant),  “waste  may  be  done  in  houses  by  pulling  them  down  or  suffering  them  to  be 
uncovered,  whereby  the  rafters  and  other  timbers  of  the  house  become  rotten  ; but  the  bare 
suffering  them  to  be  uncovered,  without  rotting  the  timber,  is  not  waste;  so  if  a house  he 
iincovered  when  the  tenant  cometh  in,  it  is  no  waste  in  the  tenant  to  suffer  the  same  to  fall 
down.”  In  external  covering,  however,  it  seems  that  decay  arising  from  inattention  to  it  is 
dilapidation,  even  though  no  accident  be  the  cause.  It  is  always  considered  that  though 
painting  neglected  is  not  itself  a dilapidation,  yet  where  decay  arises  from  it,  it  is  one. 
Broken  glass  is  not  considered  a dilapidation,  unless  there  be  more  than  one  crack  in  the 
pane.  Some,  however,  contend  that  while  the  glass  is  sufficiently  entire  to  exclude  the 
wind  and  weather,  no  waste  is  assignable.  Generally  it  seems  then  to  be  the  rule,  that 
where  accident  occurs,  it  is  a dilapidation. 

In  the  preceding  para-graph  the  word  neglect  has  naturally  occurred  ; dilapidation  from 
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neglect  being  very  often  followed  by  dilapidation  by  arcident : the  latter  term  is  still  more  ^ 
nearly  connected  with  tbe  word  mtsvse,  wliicb  occuijies  the  ))lace  here  given  to  “accident  ” 
in  the  Report  upon  Dilapidations,  ))ublished  in  1844  by  tlie  Royal  Institute  of  Rritisli 
Architects.  This  Report  does  not  define  its  meaning  of  the  word  ; it  is  clearly  not 

the  meaning  in  which  the  term  is  generally  employed  ; for  the  Report  says,  “ If  the 
effects  of  use  or  age  have  proceeded  so  far  as  to  destroy  the  part  or  its  efficiency  in  the  . 
structure,  this  argues  neglect  or  misuse.”  The  student  will  find  it  advantageous  to  study 
the  Report,  and  especially  the  specification  contained  therein.  i 

This  specification  instructs  the  mason  “ in  cases  of  broken  nosings,  or  of  the  treads  being 
worn  to  such  an  extent  as  to  render  the  passing  up  and  down  dangerous,”  to  piece  as 
described  the  step  ; and  also  directs  the  joiner  “to  put  nosings  to  stairs  where  partially 
defective,  and  treads  where  wliolly  so.”  There  is  in  appearance  a contradiction  between 
tliese  views  upon  worn  steps  and  tliat  given  in  the  commencement  of  tliis  chapter;  but  the 
practised  surveyor  will  see  that  they  are  easily  reconciled,  and  that  his  judgment  must 
decide  which  is,  and  which  is  not,  fair  use  and  wear.  It  is  to  be  regretted  that  the  clear 
and  discriminating  section  on  dilapidations  in  Chambers  and  'I'attersall,  Laws  relating  to 
Building,  1845,  contains  a sweeping  condemnation  of  this  Report,  which  is  in  no  way 
autliorised  by  tlie  evidence  adduced. 

We  have  added  to  the  usual  definition  of  dilapidation,  namely  any  Injury  through  acci- 
dent, misuse,  or  neglect,  the  word  intention  ; and  the  propriety  of  the  addition,  as  meaning  some- 
thing different  from  wilful  waste,  will  be  obvious.  The  erection  of  a photographer’s  room 
on  the  toj)  of  a house  in  one  street  may  be  deemed  an  injury,  and  be  claimed  as  dilapida- 
tion by  a lessor,  wlio  would  demand  the  removal  of  it  and  the  restoration  of  the  roof ; 
while  in  another  street,  and  within  a few  yards  of  this  dilapidation,  the  same  le'^sor  might 
consider  the  same  work  (if  judiciously  executed)  an  improvement  which  he  woidd  not 
allow  to  be  removed.  So  also  a grated  iron  door,  instead  of  the  common  wooden  one,  and 
similar  alterations,  may  become  dilapidations  of  intention  at  the  pleasure  of  the  lessor. 
'J'here  is  another  point  on  which  surveyors  have  frequently  differed,  namely  the  insertion  of 
nails  and  screws  for  the  suspension  of  frames  of  pictures,  &c.  This  may  be  now  considered  to 
be  determined  by  the  judgment  in  the  case  of  Martin  and  another  v.  Roe  (1857),  where  hot 
house  frames,  bedded  in  mortar  on  brick  walls,  had  been  removed  without  damage  except 
what  was  unavoidable  to  the  mortar.  Lord  Campbell  said  that,  “ in  considering  this 
question,  we  treat  the  removal  by  the  plaintiff  as  having  been  in  fact  effected  without  in- 
jury t ) the  freehold.  In  all  cases  of  this  kind,  injury  to  the  freehold  must  be  sjioken  of 
with  less  than  legal  strictness.  A screw  or  a nail  can  scarcely  be  drawn  without  some 
injury;  and  when  all  the  harm  done  is  tltat  which  js  unavoidable  to  the  mortar  laid  on 
brick  walls,  this  is  so  trifling  that  the  law,  which  is  reasonable,  will  regard  it  as  none.” 
Among  surveyors  it  has  been  held  that  what  is  nailed  belongs  to  the  freehold,  but  that  .. 
whlcli  can  be  unscrewed  does  not,  the  careful  withdrawal  of  the  screw  enabling  the  tenant  j 
to  make  good  the  hole.  J 

Although  there  is  a general  impression  that  only  damage  of  broken  glass  can  be  claimed  I 
from  a yearly  tenant,  he  is  to  use  the  building  in  a husbandlike  manner,  and  is  bound  to  * 
fair  and  tenantable  repairs  so  far  as  to  keep  it  wind  and  water  tight  and  to  prevent  waste  \ 
or  decay. 

It  used  to  be  supposed  that  the  judgment  in  the  case  of  Wise  v.  Medcalf  (1829)  con-  - 
tained  an  exposition  of  the  whole  law  on  the  subject  of  ecclesiastical  dilapidation  as  far  as 
regarded  incumbents  ; and  the  decision,  which  is  contained  in  the  following  words,  should 
be  always  in  the  mind  of  the  surveyor: — “Upon  the  whole,  we  are  of  opinion  the 
incumbent  was  bound  to  maintain  the  parsonage  f which  we  must  assume  upon  this  case 
to  have  been  suitable  in  point  of  size  and  other  respects  to  the  benefice)  and  also  tiie 
chancel,  and  to  keep  them  in  good  and  substantial  repair;  restoring  and  rebuilding  when 
necessary,  according  to  the  original  form,  without  addition  or  modern  improvement  ; and  • 
that  he  was  not  bound  to  supply  or  maintain  anything  in  the  nature  of  ornament,  to  which  i 
painting  (unless  necessary  to  preserve  exposed  timbers  from  decay)  and  whitewashing,  and  J 
papering  belong.”  This  decision  is  held  to  establish  the  principle  that  the  executors  of  a ^ 
deceased  incumbent  are  bound  to  perform  those  repairs  which  are  necessary  to  prevent  V 
decay,  and  to  use  all  reasonable  means  for  preventing  any  future  decay.  The  ^ 
case  of  Mason  v.  Lambert  (1848)  showed  that  perpetual  curates  were  liable  as  in- 
cumbents  for  these  dilapidations.  We  have  therefore  to  add,  in  ecclesiastical  cases,  S 
any  provision  against  prospective  Injury;  such  as  paint  necessary  to  preserve  exposed  S 
woodwork  from  decay,  the  insertion  of  ties  to  plates  taking  the  feet  of  rafters,  the  under-  jC 
pinning  of  walls  at  cracks  sliowing  continual  settlement;  these  might  be  entitled  dilajjida- 
tions  of  precaution,  and  ought  to  include  the  immediate  destruction  of  any  erections  made  " 
by  a late  incumbent  which  were  suitable  to  his  private  fortune  rather  than  to  the  benefice, 
as  seems  to  be  indicated  in  the  judgment  given  in  the  case  of  Martin  and  another  v.  Uoe  » 
(1857),  wherein  it  is  observed  that.  “ as  to  any  matter  of  needless  expense  or  luxury  or  " 
Qrnamcnt  by  which  the  present  incumbent  his  gratified  his  own  taste  or  increased  his  own  A 
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comi\>rt,  he  is  not  only  not  bound,  but  be  ouglit  not,  to  transmit  it  to  bis  successor.** 
The  principle  thus  stated  is  directly  opposite  to  that  which,  as  we  have  above  observed, 
regulates  civil  cases,  namely,  tliat  the  occupier  must  keep  in  repair  whatever  may  have 
been  erected  during  his  occupation.  The  judgment  just  cited  continues  in  these  words  : 
“ If  the  successor  may  recover  damages  from  the  executor  after  such  things  have  been  re- 
moved by  the  testator,  there  can  be  no  doubt  he  in  bis  turn  must  maintain  it ; and  if  he 
maintain  it  he  must  also  restore,  and  even  rebuild  when  decayed;  so  that  the  benefice 
might  become  permanently  saddled  with  a useless  burden.”  *J  he  duty  to  remove  such 
erections  does  not,  however,  appear  quite  to  have  been  thrown  upon  the  estate  of  the 
erector  : the  same  judgment  says,  “the  case  now  supposed  is  that  of  an  erection,  which,  if 
the  deceased  had  left  out  of  repair,  his  successor  could  not  have  maintained  any  action  for 
dilapidations,  which  he  himself  therefore  would  not  be  bound  to  keep  in  repair,  which  im- 
poses no  burden  on  him,  and  which  he  may  remove ; for  it  would  be  unreasonable  to  hold 
that  he  might  not  remove,  however  useless  or  uiisuitable  to  the  livinor,  or  even  incon- 
venient to  the  occupation  of  the  parsonage  or  glebe,  tliat  which  for  one  of  these  reasons  he 
was  not  bound  to  keep  in  repair.”  Finally  we  would  quote  from  the  same  judgment : 
‘‘with  regard  to  an  ecclesiastical  benefice,  the  character  and  object  of  the  building  to 
which  the  chattel  is  attached,  and  the  manner  in  which  it  has  been  so  attached,  seem  of 
very  great  consequence  in  determining  whether  there  was  any  intention  to  separate  it  ])cr- 
manently  and  irrevocably  from  the  personal  estate.”  In  this  case  the  plaintiffs  (executors) 
were  held  justified  in  removing  the  framework  and  sashes,  valued  at  300/.,  of  two  hot 
houses,  and  might  apparently  have  removed  also  tlie  brickwork,  repairing  any  waste  or 
damage  to  the  freehold.  With  respect  to  that  damage  we  have  already  referred  to  thii 
case. 

The  real  difference  between  civil  and  ecclesiastical  dilapidations  may  be  thus  stated  : — 
One  man  takes  certain  premises,  engaging  to  pay  a rent  in  order  to  derive  advantages  out 
of  them,  but  having  no  interest  in  the  Ireehold.  The  other  man  receives  a salary  to  do 
certain  services,  the  use  of  the  house  being  a portion  of  that  salary.  In  the  latter  case,  if 
for  a man’s  own  private  convenience  he  lays  out  a large  sum  on  the  freehold,  that  expendi- 
ture will  seriously  affect  his  successor,  if  lie  have  to  be  burdened  with  large  and  expensive 
erections  or  decorations  suitable  perhaps  for  one  of  an  aristocratic  family,  but  quite  foreign 
to  the  habits  of  a future  rector  of  the  village  coming  in  as  an  ordinary  occupant. 

Such  are  the  general  principles  of  the  law  of  dilapidations;  these,  in  their  application, 
generally  impose  upon  the  out-going  occupant  or  his  representatives  the  payment  of  a sum  for 
which  special  provision  is  rarely  made  during  the  occupancy : the  misery  thus  entailed  is 
sometimes  evaded  in  civil  cases  by  the  lessee,  who  parts  with  the  remainder  of  a lease  to 
any  one  who  will  give  something  for  it ; or  who  (if  the  lessor  be  not  careful)  assigns  it  to 
a man  of  straw. 
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Interest,  or  the  value  of  the  use  of  money,  is  usually  expressed  per  cent.,  or  after 
th.e  rate  per  hundred  on  the  principal  lent.  'I'hus,  if  we  put  out  500  pounds  sterling  at 
5 per  cent.,  it  signifies  that  for  every  hundred  pounds  tlie  lender  is  to  receive  five  pounds 
per  annum  during  the  continuance  of  the  loan.  The  solution  of  this  question,  wliich  is 
one  merely  of  simple  interest,  is  so  obvious,  that  it  is  unnecessary  further  to  detain  tlie 
reader  upon  it ; and  we  therefore  pa.ss  on  to  compound  interest,  or  interest  upon  interest, 
which  arises  from  the  principal  and  interest  taken  together,  as  it  becomes  due  at  the  end 
of  each  stated  time  of  payment. 

In  the  resolution  of  this  question,  we  are  to  consider  that  100/.  at  the  end  of  a year 
becomes  103/.  Let  a = principal.  Its  amount  at  the  end  of  the  year  is  lound  by  saying, 

if  100  gives  105,  what  will  a give?  and  we  answer  ~'~20’  which  may  be  also  expres.sed 


si  X a,  or  a -I-  AA  X a.  • • i 

Thus,  by  adding  its  twentieth  part  to  the  original  principal,  we  have  the  principal 
at  the  end  of  the  first  year  ; adding  to  this  last  its  twentieth,  we  know  the  amount  of  tl.e 
given  principal  in  two  years,  and  so  on.  Hence  the  annual  increases  to  the  principal  may 
be  easily  computed.  Suppose,  for  instance,  the  principal  of  1000/.  E.<pressmg  the 
in  decimal  fractions,  it  will  be  worth— 
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After  1 year 

- 

-11050 

52-5  One  year’s  interest  on  11050. 

After  2 years  - 

- 

- 1102-5 

55-125  - - 

— 1102-5 

After  3 years  - 

- 

- 1157-625 

57-881 

— 1157-625 

After  4 years  - 

- 1215-506 

60-775 

— 1215-506 

After  5 years  - 

- 

- 1276-281  &c. 

Tlie  method  above  exhibited  would,  however,  in  calculations  for  a number  of  years,  become 
very  laborious,  and  it  may  be  abridged  in  the  following  manner. 

‘ Let  the  present  principal  =a  ; now,  since  a principal  of  20Z.  will  amount  to  21Z.  at 

the  end  of  a year,  the  principal  a will  amount  to  |i  x a at  the  end  of  that  time.  At  the  end 
of  the  following  year  the  same  principal  will  amount  to  x a = (|i)-  x a.  This  principal 
of  two  years  will,  the  year  after,  amount  to  (|i)3  x a,  which  will  therefore  be  the  principal 
of  three  years  ; increasing  in  this  manner,  at  the  end  of  four  years  the  principal  becomes 
(|t)^  X a.  After  a century  it  will  amount  to  x a,  and  in  pneral  (|J)”  x a is  the 

amount  of  the  principal  after  n years ; a formula  serving  to  determine  the  amount  of  prin- 
cipal after  any  number  of  years. 

The  interest  of  5 per  cent.,  which  has  been  taken  in  the  above  calculation,  de- 
termined the  fraction  |i.  Had  the  interest  been  reckoned  at  G per  cent,  the  principal  a 
would  at  the  end  of  a year  be  (|§6)  x o ; at  the  end  of  two  years  to  x a ; and  at  the  end 

of  n years  to  (|g^)  ” x «.  Again,  if  the  interest  be  at  4 per  cent,  the  principal  a will,  after  n 
years,  be  « x a.  Now  all  these  formulas  are  easily  resolved  by  logarithms ; for  if, 
according  to  the  first  supposition,  the  question  be  (^'j)  ” x a,  this  will  be  L.(|t)”  + L.a,  and 
as  (?l)  ” is  a power,  we  have  L.(|l)  ” = wL.  : so  that  the  logarithm  of  the  principal  re- 
quired is  =71  X L.|i+  L.a,  and  the  logarithm  of  the  fraction  |i=L.21  — L.20. 

We  shall  now  consider  what  the  principal  of  1000/.  will  amount  to  at  compound 
interest  of  5 per  cent,  at  the  end  of  100  years.  Here  ?i=100.  Flence  the  logarithm  of 
the  principal  required  will  be  = 100L.|t  + L.  1000,  calculated  as  under:  — 

L.21  = 1 •G222193 
Subtracting  L.20  = 1 ‘SOI 0300 

L.|J  = 0-0211893  ^ 

Multiply  by  100 

100  L.?g=  2-1 189300 
Add  L.  1000  = 3 -0000000 

5*1 1 89300  = Logarithm  of  the  principal 
required,  from  the  characteristic  whereof  the  principal  must  be  a number  of  six  figures, 
and  by  tlie  tables  it  will  appear  to  be  131,501/.  In  the  case  of  a principal  of  3452/.  at 
6 per  cent,  for  sixty-four  years,  we  have  a = 3452  and  7i  = 64.  Principal  at  the  end  of  the 
first  year  therefore  = = Hence  the  logarithm  of  the  principal  sought  = 64  x L.§^  + 

L.3452,  which  will  be  found  to  amount  to  143,763/. 

When  the  number  of  years  is  very  great,  errors  of  considerable  magnitude  may 
arise  from  the  logarithms  not  being  sufficiently  extended  in  the  decimal  places ; but  as  our 
object  here  is  only  to  show  the  principle  on  which  these  calculations  are  founded,  we  do. 
not  think  it  necessary  further  to  pursue  that  subject. 

There  is  another  case  which  now  requires  our  consideration  ; It  is  that  of  not  only 
adding  the  interest  annually  to  the  principal,  but  increasing  it  every  year  by  a new  sum 
— b.  The  original  principal  a would  then  increase  in  the  following  manner:  — 

After  1 year,  + b 

After  2 years,  (|g)'a  + + b 

After  3 years,  (|i)%  + +\\b  + h 

After  4 years,  (|l)3a  + (|l)35  4-  + 215  + h 

After  » years,  (|l)”a  + (|l)»-'4  + (M)»-26  + . ...  + 

This  principal  evidently  consists  of  two  parts,  whereof  the  first  =(|^)”a,  and  the  other, 
taken  inversely,  forms  the  series  b + ^^b  + + (%)'^b  + ...  . ^b.  This  last  series  is 

evidently  a geometrical  progression,  whose  exponent  = |1.  Its  sum,  therefore,  will  be  found 
by  first  multiiilying  the  last  term  (ur-h  by  the  exponent  which  gives  Suh- 

tract  the  first  term  b,  and  we  have  the  remainder  b — b;  and  lastly,  dividing  hy  the  ex- 
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ponent  minus  1,  that  is,  by  we  have  the  sum  required,  = 2O(?,0>‘ h - 20b.  Wherefore  the 
principal  sought  is  = x (a  + 20b)-20h. 

^ _ To  resolve  this  formula  we  must  separately  calculate  its  first  term  (n)«  x (a  + 2f,/A, 

winch  IS  wL.  L.(a  + 20/;),  for  the  number  which  answers  to  this  logarithm  in  the  tables 
will  be  the  first  term,  and  if  from  this  we  subtract  20b  we  have  the  principal  sought. 

Suppose  a principal  of  1000/.  placed  out  at  5 per  cent,  compound  interest,  and  to  U 
there  be  annually  added  100/.  besides  its  compound  interest,  and  it  be  required  to  know  to 
what  it  will  amount  at  the  end  of  25  years.  Here  a =--1000,  6=100,  n = 25-  and  the 
operation  is  as  follows  : — 

L.?J  = 0-021 189299 

Multiply  by  25  we  have  25 L. = 0-5297.324750 
L.(a  + 206)  = 3-4771 21 31 35 

==4-0068537885 

Tlie  first  part  or  number  which  answers  to  this  logarithm  is  10159-1/,  ; from  which  if  wt 
subtract  206  = 2000  we  find  the  principal  in  question  to  be  after  25  years  8159-1/. 

If  it  be  required  to  know  in  how  many  years  a principal  of  1000/.  under  the  above 
conditions  would  amount  to  1,000,000/.  ; let  n be  the  number  of  years  required,  and  since 
a = 1000,  6 = 100,  the  principal  at  the  end  of  n years  will  be  (|^)”  (3000)  — 2000,  which  sum 
must  make  1,000,000/.  ; whence  results  this  equation;  — 

3000  (1^ ) ” - 2000  = 1 000000 
Adding  to  both  sides  2000  we  have  3000  (|^)  ” = 1002000 
Dividing  both  sides  by  3000  we  have  (|i)  = 334 
Using  logarithms  we  have  nL.|^  = L.334,  and  dividing  by  L.|i,  we  obtain  n=  Now 

h.  2(5 

L.334  = 2-5237465  and  L.  |^  = 0-021 1893,  vvherefore  n=  ^:^2'n8S-  lastly,  the  two  terms 

of  this  fraction  be  multiplied  by  10000000,  we  shall  have  n = equal  to  one  Imn- 

dred  and  nineteen  years  one  month  and  seven  days,  which  is  the  time  wherein  the  ])rin- 
cipal  of  1000/.  will  be  increased  to  1,000,000/.  In  the  case  of  an  annual  decrease  in- 
stead of  increase  of  the  capital  by  a certan  sum,  we  shall  have  the  following  gradations  as 
the  values  of  a,  year  after  year,  the  interest  being  at  5 per  cent.,  and,  representing  by  6 the 
sum  annually  abstracted  from  the  principal, 

• After  1 year  it  would  be  — 6 

After  2 years  — 

After  3 years  _ (}^Ya-%)%-^b-l 

Aftern  years  _ (|^)«a-(|i)”-’6-(|^)”--6  . . . . -(|^)6-6. 

This  principal  evidently  consists  of  two  parts,  one  whereof  is  (^l)”a,  and  the  other  to  be  sub- 
tracted therefrom,  taking  the  terms  inversely,  forms  a geometrical  progression,  as  follows  : — 

b + + («)“-'«■ 

The  sum  of  this  progression  has  already  been  found  = 20  (|^)”6  — 206  ; if,  therefore,  this 
be  subtracted  from  we  have  the  principal  required  after  7i  years  =(|^)"(a  — 206)  + 206. 

For  a less  period  than  a year,  the  exponent  n becomes  a fraction  ; for  exam))le,  I day 
= 2 days  = 3§3,  and  so  on.  It  often  happens  that  we  wish  to  know  the  present  value  of 

a sum  of  money  payable  at  the  end  of  a number  of  years.  Thus,  as  20  pounds  in  ready 
money  amount  in  a twelvemonth  to  21  pounds,  so,  reciprocally,  21  pounds  payable  at  the 
end  of  a year  can  be  worth  only  20  pounds.  Therefore,  if  a be  a sum  payable  at  the  end 
of  a year,  the  present  value  of  it  is  |^a.  Hence,  to  find  the  present  value  of  a principal  a 
at  the  end  of  a year,  we  must  multiply  by  ; to  find  its  present  value  at  the  end  of  two 
years,  it  must  be  multiplied  by  ; and,  in  general,  its  value  m years  before  the  time  of 

payment  will  be  expressed  by  (l^)'*®. 

Thus,  suppose  a rent  of  100/.  receivable  for  5 years,  reckoning  interest  at  5 per 
cent.,  if  we  would  know  its  value  in  present  money,  we  have 

For  ^100  due  after  1 year,  the  present  value  is  ^95-239 


after  2 years  — 90-704 

after  3 years  — 86-385 

after  4 years  — 82-272 

after  5 years  — 78-3.55 


Sum  of  the  five  terms  £432 ’955 

So  that  In  present  money,  the  value  is  4.32/.  1 9s.  \d.  ^ 

But  for  a great  number  of  years  such  a calculation  would  become  labor  ous.  It 
may  be  facilitated  as  follows:  — Let  the  annual  rent  =a,  commencing  directlj  and  con- 
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timihig  n years,  it  will  be  worth  a + (^?)a  + + (|?)  a + (2^)  a . . . . + which 

is  a geometrical  progression  whose  sum  is  to  be  found.  We  have  therefore  only  to  multiply 
tlie  last  term  by  the  exponent,  the  product  whereof  is  then  subtract  the  first  term, 

and  the  remainder  is  a.  Lastly,  dividing  by  the  exponent  minus  1,  that  is,  5T» 

or,  which  is  the  same,  multiplying  by — 21,  we  have  the  sum  required,  = — 21(|^)"'^^a  + 2la, 
or  21a  — the  value  of  which  second  term  is  easily  calculated  by  logarithms. 


CHAP.  IV. 

COMPOUND  INTEREST  AND  ANNUITY  TABLES. 

As  the  architect  is  often  called  on  to  value  property,  we  here  add  some  practical  obser- 
vations on  the  subject,  and  a set  of  Taldes  for  the  ready  calculation  of  such  matters,  which 
we  shall  at  once  explain. 

Table  First  contains  the  amount  of  U.  put  out  to  accumulate  at  compound  interest  for 
any  number  of  years  up  to  100,  at  the  several  rates  of  3,  4,  5,  6,  7,  and  8 per  cent.  'I'lie 
amount  of  any  other  sum  is  found  by  multiplying  the  amount  of  1/  found  in  the  table  at 
tlie  given  rate  per  cent.,  and  for  the  given  time,  by  the  proposed  sum. 

Example  : — Required  tlie  amount  of  7551.  in  51  years,  at  5 per  cent. 


Amount  of  1/.  for  51  years,  at  5 per  cent,  is  - - - - 12-040769 

Given  sum  755 

or  9090/.  15s.  7fgrf.  £9080-780595 


Table  Second  contains  the  present  value  of  1/.  payable  at  P-e  end  of  any  number  of  years 
up  to  100.  The  present  value  of  any  given  sum  payable  at  the  expiration  of  any  number 
of  years  is  found  by  multiplying  the  present  value  of  1/.  for  the  given  number  of  years,  at 
the  propo.sed  rate  per  cent.,  by  the  given  sum  or  principal. 

Example: — Required  the  present  value  of  9090Z-  payable  51  years  hence,  compound 
intere.st  being  allowed  at  5 per  cent. 

By  the  table,  the  present  value  of  IZ.  payable  at  the  expiration  of 


51  years  at  5 per  cent,  is-  - - --  --  *083051 

Given  principal  - --  --  --  --  9090 

or  754Z.  185.  7j^.  £754-933590 


Table  Third  contains  the  amount  of  an  annuity  of  IZ.  for  any  number  of  years,  and  is 
thus  used.  Take  out  the  amount  of  1/.  answering  to  tlie  given  time  and  rate  of  interest  t 
this  multiplied  by  the  given  annuity  will  be  the  required  amount. 

Example  : — Required  the  amount  of  an  annuity  of  27/.  in  21  years,  at  5 per  cent,  com- 


pound interest. 

Annuity  of  IZ.  in  21  years  at  5 per  cent.  -----  35*719251 

Annuity  given  - --  --  --  --  27 


or  964Z.  8s.  £964-419777 


Table  Fourth  shows  the  present  value  of  an  annuity  of  1/.  for  any  number  of  years,  at 
3,  4,  5,  6,  7,  and  8 per  cent.,  and  is  used  as  follows: — 

First,  when  the  annuity  commences  immediately.  Multiply  the  tabular  number  answer- 
ing to  the  given  years  and  rate  of  interest  by  the  given  annuity,  and  the  product  will  be  the 
value  required.  (This  table  provides  for  the  percentage  and  to  get  back  the  principaL) 

Example: — Required  the  present  value  of  an  annuity  of  45/.,  which  is  to  continue  48 


years,  at  the  rate  of  5 per  cent. 

Under  5 and  opposite  to  48  years  is  (years’  purchase)  - - 18*077157 

Annuity  given  - --  --  --  --  45 

or  813Z.  9s.  5^3go/.  £813*472065 


Second,  w*hen  the  annuity  does  not  commence  till  after  a certain  number  of  years.  Mul- 
tiply the  difference  between  the  tabular  numbers  answering  to  the  time  of  commencement 
Riid  end,  at  tlie  proposed  rate  of  intere.st,  by  the  given  annuity,  the  product  will  be  tlie 
preaent  value  required. 
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Example. 

An  annuity  of  40/.  is  to  commence  20  years  hence,  and  is  to  continue  30  years ; rerpiired 
its  present  value,  the  rate  of  interest  being  4 per  cent. 

Under  4 per  cent,  and  opposite  to  20  is  - - - . . 13  590,$26 

Under  4 per  cent,  and  opposite  to  50  (20  + 30)  is  • - . 21  -482184 


Difference ' - 7 ’891850 

Annuity  given  - 40 

£315-674320 

or  315/.  1.3.S-.  5 jV/. 


Table  Fifth  contains  the  annuity  which  It.  will  purchase,  compound  interest  being 
allowed.  The  manner  of  using  this  table  is  obvious,  from  what  has  been  said  relative  to 
the  preceding  tables. 

Example. 

What  annuity  for  10  years  will  500/.  purchase,  the  rate  of  interest  being  5 per  cent.? 

Under  5 and  opposite  to  10  is  •]  29504 

Principal  given 500 


or  64/.  15s.  Offjd. 


£64-752000 


Tables  Sixth,  Seventh,  and  Eighth  are  for  finding  the  value  of  annuities  on  single  and 
joint  lives,  and  were  constructed  by  Simpson,  on  tlie  London  bills  of  mortality. 

To  find  the  value  of  an  annuity  for  a single  life,  at  a proposed  rate  of  interest,  within  the 
limits  of  the  table,  take  from  Table  VI.  the  number  answering  to  the  given  age  and  proposed 
rate  of  interest,  which  multiplied  by  the  given  annuity,  the  product  will  be  the  value  re- 
quired. 

Example. 

What  is  the  value  of  an  annuity  of  50/.  upon  a single  life  aged  40  years,  according  to  the 


London  bills  of  mortality,  the  rate  of  interest  being  4 per  cent.  ? 

The  value  of  an  annuity  of  1/.  for  40  years  at  4 per  cent,  is  - - - 1 1 *5 

Annuity  50 

Value £575 


To  find  the  value  of  an  annuity  of  two  joint  lives,  muhiply  the  number  in  Table  VII. 
answering  to  the  given  ages,  and  at  the  proposed  rate  of  interest,  by  the  given  annuity,  and 
the  product  will  be  the  required  value. 

Example. 

What  is  the  value  of  an  annuity  of  60/.  for  two  joint  lives,  the  one  being  30  and  the  other 
40  years,  interest  at  4 per  cent.  ? 

The  number  answering  to  30  and  40  years  at  4 per  cent,  is  - 
Annuity 

Value  - 


8-8 

60 

£528  0 


To  find  the  value  of  an  annuity  for  the  longest  of  two  given  lives,  proceed  as  directed  in 
the  case  immediately  preceding,  but  using  Table  VIII.,  and  the  product  will  be  the  value. 


Example. 

What  is  the  value  of  an  annuity  of  60/.  for  the  longest  of  two  lives,  the  one  being  30  and 
the  other  40  years,  interest  at  4 per  cent. 

'rhe  tabular  number  answering  at  4 per  cent,  is 

Annuity  60 


Present  value  - 


£954-0 


The  first  five  tables  which  follow  are  printed  from  those  of  Smart;  the  remainder  are 
from  Simpson. 

The  calculations  involving  the  valuation  of  annuities  on  lives  are  not  very  frequently  uii- 
posed  on  the  architect,  but  it  is  absolutely  necessary  he  should  be  capable  of  performing  them, 
as  in  the  case  of  valuations  of  leases  upon  lives,  which  sometimes  occur  to  him. 

4 B 
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The  First  Table  of  Compound  Interest. 


The  Amount  of  One  Pound  in  any  Number  of  Years,  &c. 


' Years. 

.3  per  Cent. 

4 per  Cent. 

5 per  Cent. 

6 per  Cent. 

7 per  Cent. 

8 per  Cent. 

1-014889 

1 -01  9803 

1 -024695 

1 -029563 

1-034408 

1 -0392.30 

1 

1 -030000 

1 -040000 

1 -050000 

1 -060000 

1-070000 

1 -080000 

1 -045335 

1 -060596 

1 -075929 

1 -091 336 

1-106816 

1-122368 

2 

1 -060900 

1-081600 

1-102500 

1-123600 

1 -144900 

1 -1 66400 

I -076695 

1-103019 

1-129726 

1-156817 

I -1  84293 

1-212158 

3 

1 -092727 

1-124864 

1-157625 

1-191016 

1 -22504.3 

1 -2.59712 

1-108996 

1-147140 

1-186212 

1 -226226 

1 -267194 

1-309131 

4 

1 -1 25508 

1-169858 

1-215506 

1 -262476 

1-310796 

1 -.360488 

1-142266 

1-193026 

1 -245523 

1 -299799 

1 -355897 

1 -41.3861 

5 

1-159274 

1-216652 

1.276281 

1 -338225 

1 -402551 

1 -469.328 

5^ 

1 -1 76534 

1 '240747 

1 -.307799 

1-377787 

1 4.50810 

1 -.526970 

6 

1-194052 

1 -265319 

1 -340095 

1 -418519 

1 -5007.30 

1-586874 

61 

1-211830 

1-290.377 

1-373189 

1 -460454 

1 -552.367 

1-649128 

7 

1-229873 

1-315931 

1-407100 

1 -50.36.30 

1 605781 

1 -713824 

n 

1-248185 

1-341992 

1 -441848 

1 -548082 

I -6610.3.3 

1-781058 

8 

1 266770 

1 -368569 

1 -477455 

1 -59.3848 

1 -718186 

1-8509.30  1 

8, 

1 -285631 

1-395672 

1-513941 

1-640967 

1 -777305 

1-92.3.54.3  1 

9 

1 -304773 

1-423311 

1-551328 

1 -689478 

1 -8.38459 

1-999004  1 

95 

1 -324200 

1-451498 

1 -589638 

1 -7.39425 

1 -901717 

2-077426 

10 

1-343916 

1 -480244 

1-628894 

1 -790847 

1-967151 

2.158925 

10^ 

1.363926 

1 -509.558 

1 -669120 

1-84.3790 

2-0.348.37 

2-24.3620 

11 

1.384233 

1 -539454 

1-7103.39 

1 -898298 

2104851 

2-3.31639 

lU 

1-404843 

1 -569941 

1 -752576 

1 -954417 

2-177275 

2-42.3110 

12 

1 -425760 

1 -601032 

1 -795856 

2-012196 

2-252191 

2-518170 

12* 

I -446989 

1 -632738 

1 -840205 

2-071683 

2-329685 

2-616959 

13 

1 -468533 

1 -665073 

1-885649 

2-132928 

2-409845 

2-719623 

13| 

1-490398 

1 -698048 

1-932215 

2-195984 

2 '49276.3 

2-826315 

14 

1-512589 

1-731676 

1-979931 

2-260903 

2-578534 

2-9.37193 

14^ 

1 -5351  10 

1 -765970 

2-028826 

2-327743 

2-667256 

3-052421 

15 

1-557967 

1 -800943 

2-078928 

2-396558 

2-759031 

3-172169 

151 

1 -581164 

1 -836609 

2-1.30267 

2-467407 

2-853964 

.3-296614 

16 

1 -604706 

1-872981 

2 182874 

2-540351 

2-95216.3 

3-425942 

16^ 

1 -628599 

1-910073 

2 '2.36780 

2-615452 

.3-053741 

3-560344 

17 

1 -652847 

1 -947900 

2-292018 

2.692772 

3-158815 

.3-700018 

17^ 

'1-677457 

1 -986476 

2-348619 

2-772.379 

3-267.703 

3-845171 

18 

1 -702433 

2-025816 

2-406619 

2-8.54.3.39 

.3-3799.32 

.3-996019 

18^ 

1-727780 

2-065935 

2-466050 

2-9.38722 

3-496229 

4-152785 

19 

1 -753506 

2-106849 

2-526950 

.3-025599 

3-616527 

4-315701 

1-779614 

2-148573 

2-589353 

3-115045 

3-740965 

4-485008 

20 

1-806111 

2-191123 

2-653297 

3-2071.35 

3-869684 

4-660957 

20^ 

1 -833002 

2-234515 

2-718821 

3-301948 

4-0028.32 

4-843808 

21 

1 -860294 

2-278768 

2-785962 

.3-399563 

4-140562 

5 •03.38.3.3 

21i 

1-887992 

2-323896- 

2-854762 

3-500064 

4-28.3031 

5-231313 

22 

1-916103 

2-369918 

2-925260 

.3-603537 

4-430401 

5-436540 

22J 

1 -944632 

2-416852 

2-997500 

.3-710068 

4-582843 

5-649818 

23 

1 -973586 

2-464715 

3-071523 

.3-819749 

4-740529 

5-871463 

2:4 

2-002971 

2-513526 

3-147.375 

3-9.32672 

4-903642 

6-101804 

24 

2-032794 

2-563304 

3-225099 

4-0489.34 

5-072366 

6-341180 

24^ 

2-063060 

2-614067 

3-304744 

4-1686.33 

5-246897 

6-589948 

25 

2-093777 

2-665836 

3 .386354 

4-291870 

5-427432 

6-848475 

Chap.  IV  COMPOUND  iNTETlEST  TABLED 

The  Fikst  Tabi.f.  of  Compound  Interkst  — continned. 


. The  Amount  of  One  Pound  in  any  Number  of  Years,  &c. 


Years. 

3 per  Cent. 

4 per  Cent. 

1 5 per  Cent. 

6 per  Cent. 

7 per  Cent 

1 

8 per  Cent. 

25i 

2-124952 

2-718630 

3-469981 

4-418751 

5-614179 

7-117144 

26 

2-156591 

2-772469 

3-555672 

4-549.382 

5-807352 

7-396353 

26^ 

2-188701 

2-827375 

3-643480 

4-683876 

6-007172 

7-686515 

27 

2-221289 

2-88.3368 

3-7.33456 

4-822.345 

6-21.3867 

7-988061 

2-254362 

2-940470 

3-825654 

4-964909 

6-427674 

8 -.301 437 

28 

2-287927 

2-998703 

3-920129 

5-1  11686 

6-6488.38 

8-627106 

28^ 

2-321992 

3-058089 

4-0169.37 

5-262803 

6-87761 1 

8-965551 

29 

2-356565 

3-118651 

4-1161.35 

5-418387 

7-114257 

9-317274 

29^ 

2-391652 

3-180412 

4-217783 

5-578571 

7 -.359044 

9-682796 

30 

2-427262 

3-243397 

4-321942 

5-743491 

7-612255 

10-062656 

30.i 

2-463402 

3 -307629 

4-428673 

5-913286 

7*874177 

10-457419 

31 

2-500080 

3-373133 

4 -5.38039 

6-088100 

8-1451 12 

10-867669 

3H 

2-537304 

3-439934 

4-650106 

6-268083 

8-425.370 

11.29401.3 

32 

2-575082 

3-508058 

4-764941 

6-45.3386 

8-715270 

11-737083 

32^ 

2-61.3423 

3-577532 

4-882612 

6-644168 

9-015146 

12-197534 

33 

2-652335 

3-648381 

5-00.3188 

6-840589 

9-325.339 

12-676049 

33^ 

2-691826 

3-720633 

5-126742 

7-042818 

9-646206 

1.3-17.3.3.37 

34 

2-731905 

3-794316 

5-25.3.347 

7-251025 

9-978113 

1.3-6901.3.3 

34^ 

2-772581 

3-869458 

5-38.3079 

7-465387 

10-321440 

14-227204 

35 

2-813862 

3-946088 

5-516015 

7-686086 

10-676581 

14-785.344 

35^ 

2-855758 

4-024236 

5-652233 

7-91.3310 

11-043941 

15-365.380 

36 

2-898278 

4-103932 

5-791816 

8-147252 

11  -423942 

15-968171 

36i 

2-941431 

4-185206 

5-934845 

8-388109 

11-817017 

16-594610 

37 

2-985226 

4-268089 

6-081406 

8-636087 

12-223618 

17-245625 

37^ 

3-029674 

4-352614 

6-2.31587 

8 -891 .395 

12-644208 

17-922179 

38 

3-074783 

4-438813 

6 -.385477 

9-154252 

13-079271 

18-625275 

38* 

3-120564 

4-526719 

6-543167 

9-424879 

1.3-529.30.3 

19-355954 

39 

3-167026 

4-616365 

6-704751 

9-70  ’507 

13-994820 

20-115297 

39i 

3-214181 

4-707788 

6-870325 

9-990372 

14-476.354 

20-904430 

40 

3-262037 

4-801020 

7 -0.39988 

10-285717 

14-974457 

21-724521 

40i 

3-310606 

4-896099 

7-213841 

10-589794 

15-489699 

22-576785 

41 

3 -.3598  98 

4-99.3061 

7-391988 

10-902861 

16-022669 

23  -462483 

41' 

3-409924 

5-091943 

7-574533 

11-225182 

16-573978 

24-382927 

42 

3-460695 

5-192783 

7-761587 

1 1 -5570.32 

17-144256 

25 -.3.39481 

42* 

3-512222 

5-295621 

7-953260 

1 1-898693 

17-7.34157 

26-3.33562 

43 

3-564516 

5-400495 

8-149666 

1 2 -250454 

18 -.3443.54 

27 -.366640 

43* 

3-617589 

5-507446 

8-350923 

12-612615 

18-975548 

28  -440247 

44 

3-671452 

5-616515 

8-5.57150 

12-985481 

19-628459 

29-555971 

44* 

3-726117 

5-727744 

8-768469 

13 -.369371 

20-30.38.36 

30-715466 

45 

3-781595 

5-841175 

8-985007 

1.3-764610 

21-002451 

31  -920449 

45^ 

3-837900 

5-956853 

9-206893 

14-1715.34 

21-72510.5 

.3.3-172704  1 

46 

3-895043 

6-074822 

9-434258 

14-590487 

22-47262.3 

34-474085  I 

46^ 

3-953037 

6-195127 

9-6672.37 

15-021826 

2.3-24.586  2 

.35-826520  i 

47 

4-011895 

6-317815 

9-905971 

15-465916 

24  -0457C7 

.37-2.32012 

47i 

4-071628 

6-442933 

10-150599 

15-923135 

24-873072 

38-692642 

48 

4-132251 

6-570528 

10-401269 

16-393871 

25-728906 

40-210573 

48J 

4-193777 

6-700650 

10-658129 

16-878524 

26-614187 

41-788053 

49 

4-256219 

6-833349 

10-921333 

17-377504 

27-529929 

43-427418 

49A 

4-319590 

6-968676 

11-191036 

17-891235 

28-477180  1 

45-1.31097 

50 

4-383906 

7-106683 

1 1 -467399 

18-420154 

29-457025  j 

46-901612 

j 

4 V.  ‘2 
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VALUATION  OF  PROPERTY. 

The  First  Table  of  Compound  Interest  — continued. 
The  Amount  of  One  Pound  in  any  Number  of  Years,  &c 


Book  I V, 


Years. 

3 per  Cent. 

4 per  Cei»t. 

5 per  Cent. 

6 per  Cent. 

7 per  Cent. 

8 per  Cent. 

504 

4--149178 

7 *247423 

1 1 -750588 

18*964709 

.30*47058.3 

48*741585 

51 

4*515423 

7 *390950 

12*040769 

19*525.363 

31*519016 

50*653741 

54 

4*582654 

7*537320 

12*3.38117 

20*102592 

.32*60.3524 

52*640912 

52 

4*650885 

7*686588 

12*642808 

20*696885 

.3.3  725347 

54*706040 

52« 

4*720133 

7 '8388 13 

12*955023 

21  *.308747 

.34*885771 

56  *852185 

1 

53 

4*790412 

7*994052 

13*274948 

21  *9.38698 

36*086122 

59*082524 

53k 

4*861737 

8*1.52.365 

13*602774 

22*587272 

.37*327775 

61  *400.360 

54 

4*934124 

8*313814 

13*9.38696 

2.3*255020 

38*612150 

63*809126 

541 

5*007589 

8*478460 

14-282913 

23*942508 

39*940719 

66*312389 

i 55 

5*082148 

8*646366 

14*635630 

24*650.321 

41*315001 

68*91.3856 

1 551 

5*157817 

8*817598 

14*997058 

25*379059 

42*7.36569 

71  *617380 

56 

5*234613 

8*992221 

15*367412 

26*129.340 

44*207051 

74*426964 

56| 

5 *3  1 2552 

9-170.302 

15*746911 

26*901802 

45*728129 

77*346770 

57 

5*391651 

9*351910 

16*1.35783 

27  *697101 

47*301545 

80*381121 

57i 

5*471928 

9*537114 

16*534257 

28  *.51 5911 

48*929098 

8.3*534512  ' 

58 

5*553400 

9*725986 

16*942572 

29*358927 

50*612653 

86*811611  1 

584 

5*636086 

9*918599 

17*360970 

30*226865 

52  *.354 1.35 

90*217273  1 

59 

5*720003 

10*1 15026 

17*789700 

31*120463 

54*155539 

9.3*756540  | 

594 

5*805169 

10*315.343 

18*229018 

.32*040477 

.56*018925 

97*4.34655  j 

60 

5*891603 

10*519627 

18*679185 

32*98'/ 690 

57*946426 

101  *257063 

60J 

5*979324 

10*727957 

19*140469 

3.3*963906 

59*940249 

105*229427  , 

61 

6*068351 

10  940412 

19*61.3145 

34*966952 

62*002676 

109*357628 

61 4 

6*158703 

1 1*157075 

20*097493 

.36*000680 

64*1.36067 

113*647781 

62 

6*250401 

1 1 *378029 

20*593802 

.37*064969 

66*342864 

1 18*1062.39 

624 

6*343464 

1 1 *603358 

. 21*102.367 

38*160721 

68*625592 

122*739604 

63 

6-437913 

11*833150 

21*62.3492 

39*288867 

70*986864 

127  *.5547.38 

634 

6-533768 

12*067492 

22*157486 

40*4.50.364 

73*429.383 

1.32*5.58772 

64 

6*631051 

12  *.3064  7 6 

22*704667 

41*646199 

75-955945 

1.37*7591  17 

64‘ 

6*729781 

12  *.55  0 1 92 

2.3*265.360 

42*877.386 

78*569440 

143*16.3474 

65 

1 

6-829982 

12*798735 

23*839900 

44*144971 

81  *272861 

148*779846 

654 

6-931675 

13*052200 

24*428628 

45*450030 

84*069.301 

154*616552 

66 

7*034882 

13*310684 

25*0.31895 

46*79.3669 

86*961961 

160*6822.34 

664 

7*139625 

13*574288 

25*650060 

48*177031 

89*954152 

166*985876  I 

67 

7-245928 

13*84.31 12 

26*28.3490 

49*601290 

93  *049298 

173*5.36813 

674 

7-353814 

14*117259 

26*93256.3 

5 1 *06765.3 

96*250943 

180*344746 

68 

7*463306 

14*3968.36 

27  597664 

*52*577.367 

99*562749 

187*419758 

68» 

7*574428 

14*681950 

28*279191 

54*1.3171.3 

102*988509 

194*772.326  1 

69 

7-687205 

14*972709 

28*977548 

55-732009 

106*5.32142 

202*4133.38 

694 

7*801661 

15*269228 

29*69.3150 

57*379615 

1 10*197704 

210*3541  12 

70 

7*917821 

15*571618 

30*426425 

59  0759.30 

1 13*989.392 

218*606405 

704 

8*035711 

15*879997 

31*177808 

60*822.392 

117*911544 

227*182441 

71 

8*155356 

16*194483 

31*947746 

62*620485 

121*968649 

2.36*094918  | 

714 

8*276782 

16*515197 

32*7.36698 

64*4717.36 

126*165352 

245*357036 

72 

8*400017 

16*842262 

33  *545134 

66*377715 

130  *.506455 

254*982511 

724 

8*525086 

17*175804 

34*37.3533 

68*340040 

134*996926 

2 64*985599 

[ 73 

8*652017 

17*515952 

.35*222390 

70*360378 

139*641906 

275*381112 

734 

8*780839 

17*8628.37 

36*092210 

72*440442 

144*44671 1 

286*184447 

74 

8*911578 

18*216591 

.36*98.3510 

74*582000 

149*416840 

297*411601 

744 

9*044264 

18*577350 

37*896821 

76*786869 

154  *.557981 

309*079203 

75 

9*178925 

18*945254 

38*832685 

79*056920 

159*876019 

32 1 *204529 

Cka?.  \V. 


COMPOUND  INTEREST  TABLES. 

The  First  Tabi.e  of  Comfound  Interest  — continued. 
The  Amount  of  One  Pound  in  any  Number  of  Years,  he. 


1 lOT 


Years 

3 per  Cent. 

4 per  Cent. 

5 per  Cent. 

6 per  Cent. 

7 per  Cent. 

8 per  Cent. 

7.5i 

9-315592 

19 -.320444 

39-791662 

81  -394081 

165-377040 

3.33-80.5539 

76 

9-454293 

19-70.3064 

40-774320 

83  -800.336 

171  -067340 

i .346-900892 

76^ 

9-595059 

20-093262 

41-781245 

86-277726 

176-9.53433 

360-509982 

77 

9-737922 

20-491187 

42-81.30.36 

88-828.356 

18.3-042054 

374-652963 

77i 

9-88291 1 

20-896992 

43-870.307 

91  -454390 

189 -.3401  73 

389-3.50781 

78 

10-030059 

21-3108.34 

44-95.3688 

94-158057 

195-854998 

404  -6252(K) 

78' 

10-179399 

21-7.32872 

46-06.3822 

96-941653 

202-593985 

420-498844 

79 

10-330961 

22-163268 

47  -201 .372 

1 99-807541 

209-564848 

4.36-995216 

791 

10-484781 

22-602187 

48 -.36701 3 

! 102-7581.72 

216-77.5564 

4.54-1.387.51 

80 

10-640890 

23-049799 

49-561441 

105-795993 

224-2.34387 

471  -954834 

80i 

10-799324 

23-506275 

50-785.364 

108-923642  , 231  -949854 

490-4698.51 

81 

10-960117 

2.3-971791 

52-03951.3 

112-14375.3 

, 2.39-9.30794 

509-711221 

11-123304 

24-446526 

53-3246.32 

115-459060 

' 248-18634.3 

529-707439 

82 

1 1 -288920 

24-9.30662 

54-641488 

i 118-872.378 

256-725950 

.5.50-488118 

82« 

11-457003 

25-424.387 

55-990864 

j 122-386604 

I 265-559.387 

572-0840.35 

83 

11-627588 

25-927889 

57  .37.356.3 

126-004720 

274-696766 

.594  -527168 

83^ 

11-800713 

26-441.362 

58-790407 

129-729800 

284-148545 

61  7-850757 

84 

11-976416 

26-965004 

60-242241 

1.33-565004 

29.3-92.5540 

642-089341 

84‘ 

12-154734 

27-499017 

61-729928 

137-513588 

.304  -0.-38943 

667-278818 

85 

12-335708 

28-043604 

63 -254.353 

141  -578904 

31 4 -.500.328 

693-456488 

85^ 

12-519376 

28-598977 

64-816424 

145-764403 

325-321669 

720-661124 

86 

12-705779 

29-165.349 

66-417071 

150-07.3638 

1 336-515.351 

748-93.3008 

86i 

12-894958 

29  -742936 

6,8  -057245 

154  -510267 

1 .348-094186 

778-314013 

87 

13-086953 

30-331963 

69  737924 

159-078057 

360-071425 

808-847648 

87^ 

13-281806 

.30-932654 

71  -460108 

16.3-780884 

372-460779 

840-579135 

88 

13-479561 

31-545241 

73-224820 

168-622740 

.38.5-276425 

87.3-555460 

88' 

13.680261 

32-169960 

75  -033113 

173-607737 

398-5.3.3033 

907-825465 

89 

13-883948 

.32-807051 

76-886061 

178-740104 

412-245775 

943.439897 

891 

14-090668 

33  -456758 

78-784769 

184-024201 

426-4.30.345 

980-451503 

90* 

14-300467 

.34-1193.33 

80-730.365 

189-464511 

441-102979 

1018-915089 

1 

90A 

14-513389 

34-795029 

82-724007 

1 95  -065653 

456  280470 

1058-887623- 

91 

14-729481 

35-484106 

84-766883 

200-8.32381 

471  -980188 

1100-428296; 

911 

14-948790 

.36-186830 

86-860208 

206-769592 

488-22010.3 

11  43-598633  i 

92 

15-171365 

36-903470 

89-005227 

212-882324 

505-018801 

1188-462560 

92' 

15 -.397254 

37-634303 

91-203218 

219-175768 

522-395510  i 

i 

12.35-086523 

93 

15-626506 

.38  -379609 

93*455488 

225-655264  | 540-.3701 1 7 

1283-539564 

931 

15-859172 

39-139675 

95-76.3.379 

2.32 -.32631 4 i 

5.58-96.3196 

13.33-89.344.5 

94* 

16.095.301 

39-914794 

98-128263 

2.39-1  94580  ' 

578-196026 

1.386  -2227.30 

94* 

16-334947 

40-705262 

100-551548 

246-26589.3 

598-090619  ' 

1440-604921 

95^ 

16-578160 

41-511.385 

103-034676 

253-546254 

618-669747 

- I- 

14  97 -120.548 

951 

16-824995 

42-3.33473 

105-579125 

261  -041846 

639-9.56961 

1.5.55-853.315 

96 

17-075505 

43-171841 

108-186410 

268-7590.30 

661  -976630  , 

1616-890192 

96^ 

17  329745 

44  -0268 1 2 

110-858082 

276-704.357 

684-753950  ! 

1680-321580 

97 

17-587770 

44-898715 

113-5957.30 

284-884572 

708-314994 

1746-241407 

97^ 

17-849637 

45-787884 

116-400986 

29.3-306618  ! 

732-686727  | 

1814-747306 

98 

18-115403 

46-694663 

119-275517 

.301-977646  ! 

757-897043 

1885-940720; 

98i 

18-385126 

47-619400 

122-2210.35 

.310-90.3016 

78.3-974797  | 

1959-927091 

99 

18-658866 

48-562450 

125-239293 

320-096305 

810  949836 

20.36-81.5978  ' 

991 

18-936680 

49-524176 

128-3.32087 

329-559317 

8.38 -85.303-5 

2116  -72 1 258  1 

100 

1 

19-218631 

.50-504948 

131-501257 

339 -.30208.3 

867-716.32.5 

21 99 -761 2.56 1 

ino  VALUATION  OF  PROPERTY.  . Rooc  IV. 

The  Second  Table  of  Compound  Interest. 


The  present  Value  of  One  Pound  payable  at  the  End  of  any  Number  of  Years,  &c. 


Years. 

3 per  Cent. 

4 per  Cent. 

5 per  Cent. 

6 per  Cent. 

7 per  Cent. 

8 per  Cent. 

h 

•985329 

‘9S05S0 

•975900 

•971285 

•9667.36 

•962250 

1 

•970873 

•961538 

•952380 

•943.396 

•9.34579 

•925925 

H 

•9.56630 

•942866 

■929428 

•9 1 6307 

•903492 

*890972 

9 

•942595 

•924556 

•907029 

•889996 

•873438 

•8573.38 

•928767 

•906601 

•885170 

•864440 

•844385 

:824974 

3 

•915141 

•888996 

•863837 

•8.39619 

•816297 

•79.3832 

3| 

•901715 

•871532 

*84.3019 

•815510 

•789144 

•763865 

4 

•888487 

•8.54804 

*822702 

•79209.3 

•762895 

•7.35029 

•875452 

•838204 

*802875 

•769.349 

•7.37518 

•707282 

5 

•862608 

•821927 

*783526 

•747258 

•712986 

•680583 

•849953 

•805965 

•764643 

•725801 

•689269 

•654891 

6 

•837484 

•790314 

.746215 

•704960 

•666342 

•630169 

•825197 

•774967 

•7282.31 

•684718 

•644177 

•606381 

7 

•813091 

•759917 

•7106.81 

•665057 

•622749 

•58.3490 

•801162 

•745160 

•693553 

•645960 

•6020.34 

•561463 

8 

•789409 

•730690 

•6768.39 

*627412 

•582009 

•540268 

•777828 

•716500 

•660527 

*609396 

•562649 

•51987.3 

9 

•766416 

•702.586 

•644608 

-.591898 

•54.39.33 

•500248 

H 

•75.5172 

•688942 

•62907.3 

•574902 

•525840 

•481364 

10 

•744093 

•675564 

•61391.3 

-.558394 

-.50834  9 

•463193 

\oi 

•733177 

•662445 

•5991  17 

•542360 

•4914.39 

•445708 

1 1 

•722421 

•649580 

•584679 

•5-6787 

•475092 

•428882 

Hi 

•711822 

•636966 

•570588 

•51  1661 

•459289 

•4  1 2692 

12 

•T01379 

•624597 

•556837 

•496969 

•444011 

*397113 

121 

•691090 

•612467 

•543417 

•482699 

•429242 

•382122 

13 

•680951 

•600574 

•530321 

•468839 

•414964 

*367697 

KSi 

•670961 

-588911 

•517540 

•455.376 

•401161 

*353817 

14 

•6611  17 

•577475 

•505067 

•442300 

•387817 

•340461 

Hi 

•651418 

•566260 

•492895 

•429600 

•274917 

-.327608 

1.5 

•641861 

•555264 

•481017 

•417265 

•362446 

•315241 

15i 

•632445 

•544481 

•469424 

•40i)28.3 

•350389 

•30334 1 

16 

•623166 

•533908 

•458111 

•393646 

•3387.34 

•291890 

16i 

•614024 

•523540 

•447071 

•382.343 

•327467 

•280871 

17 

•605016 

•513373 

■436296 

•371.364 

•316574 

•270268 

17i 

•596140 

•503403 

•425781 

•360701 

•306044 

•260066 

18 

•587394 

•493628 

•415520 

•350.343 

•295863 

•250249 

18i 

•578777 

•484042 

•405506 

•340283 

•286022 

•240802 

19 

•570286 

•474642 

•39573.3 

*.33051.3 

•276508 

•231712 

19i 

•561919 

•465425 

•386  J 96 

•321022 

•267310 

•222965 

20 

•553675 

•456.386 

376889 

•311804 

•258419 

•214548 

20i 

•545552 

•447524 

•367806 

•302851 

•249823 

•206449 

21 

•537549 

•4388.33 

•358942 

•294155 

•24151.3 

•198655 

2li 

•529663 

•430311 

•350291 

•285708 

•233479 

•191156 

22 

•521892 

•421955 

•341849 

•277505 

•225713 

•183940 

22i 

•514-235 

•413761 

•33361 1 

•269536 

•218205 

•176996 

23 

•506691 

•405726 

•325571 

•261797 

•210946 

•170315 

•499258 

•397847 

•317725 

•254279 

•203930 

•163885 

24 

•491933 

•390121 

•310067 

•246978 

•197146 

•157699 

24i 

•484716 

•382545 

•302595 

•239886 

•190588 

•151746 

25" 

•477605 

•375116 

•295302 

•232998 

•184249 

•146017 
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The  Second  Table  of  Co.aipol'nd  Entebem- — continued. 


The  p-  escnt  Value  of  One  Pound  payable  at  the  End  of  any  Nuinhcr  of  Years,  &c. 


Years. 

3 per  Cent. 

4 percent. 

5 per  Cent. 

C per  Cent. 

7 per  Cent. 

1 8 per  Cent.  ! 

1 1 

25^ 

•470598 

•367832 

•288186 

•226.308 

•I  78120 

•140.505 

26 

•46.3694 

•360689 

•28 1 240 

•219810 

*172195 

•135201 

26^ 

•456-891 

•353684 

•274462 

•213498 

•166467 

•13(X)97 

21 

•450189 

•346816 

•267848 

•207367 

•160930 

•125186 

21\ 

44.3584 

•34008 1 

•261.393 

•201413 

•155577 

•120161 

28 

•437076 

•33.3477 

•255093 

•1956.30 

•150402 

•115913 

2^ 

•430364 

•327001 

•248945 

•190012 

•145399 

•111538 

29 

•424346 

.320351 

•242946 

•184556 

•140562 

•107.327 

29\ 

•4181 20 

•314424 

•237091 

•1794.a7 

•135887 

•103275 

.30 

41)986 

•308318 

•2.31.377 

•174110 

•131367 

•099377  1 

30^ 

•40594  2 

•302.3.3 1 

•225801 

•169110 

•126997 

•095625 

31 

-.399987 

•296460 

•220359 

•164254 

•12277.3 

•(92016 

31i 

^394119 

•290703 

•215048 

•159538 

•1 18689 

•088542 

32 

•388337 

•285057 

•209866 

•154957 

•1  14741 

•085200 

‘^2| 

•3826.39 

•279522 

•204808 

•150507 

•1  10924 

•081983 

33 

•377026 

•274094 

•199872 

•146186 

•1072.34 

•07«888 

33^ 

•371495 

•268771 

•195055 

•141988 

•103667 

•075910 

34 

•366044 

•263552 

•1  90354 

•1.3791  1 

•100219 

•0:3045 

34^ 

•.-)60674 

•2584.34 

•185767 

•1.33951 

•096885 

•070287 

35 

•35538.3 

•253415 

•181290 

•1.30105 

•093662 

•0076.34 

35j 

•350169 

•248494 

•176921 

•126369 

•090547 

•06508 1 

36 

•345032 

•24.3668 

•172657 

•122740 

•087535 

•062624 

36^ 

-.339970 

•2389.36 

•1  68496 

•1 19216 

•084623 

•060260 

37 

•334982 

•234296 

•1644.35 

•115793 

•08  1 808 

•0579.85 

37| 

•330068 

•229746 

•160472 

•1  12468 

•079087 

•055796 

38 

•325226 

•225285 

•156605 

•1092.38 

•076456 

•05.3690 

.38  i 
.39 

•320454 

•220910 

•152831 

•106102 

•07.3913 

•05  1 663 

•315753 

•216620 

•149147 

•10.3055 

•071455 

•049713 

39| 

•311121 

•2 ’24  13 

-.4555.3 

•100096 

•0.6.0078 

•0178.36 

40 

•306556 

•208289 

•1  4.045 

•097222 

•066780 

•0460.30 

40| 

41 

-.302059 

•204244 

•138622 

•0944.30 

•064559 

•044293 

•297628 

•200277 

•135281 

•091719 

•0624 1 1 

•(-)42621 

4 

•29.3261 

•196.388 

•132021 

•039085 

•060.3.35 

•041012 

2 

42 

•288959 

•192574 

•128839 

•086527 

•058.328 

•0.39464 

4^1 

•284719 

•188835 

•1257.34 

•084042 

•056.388 

•0.37974 

43 

•280542 

•185x68 

•122704 

•081629 

•054512 

•036540 

43i 

44 

•276427 

•181572 

•119747 

•079285 

•052699 

•0.35161 

•272371 

•178046 

•1 16861 

•077009 

•050946 

•0.3.3834 

44i 

45 

•268375 

•174588 

•114044 

•074797 

•049251 

•032556 

•J64438 

•171198 

•111296 

•072650 

•047613 

•0.31327 

4.5| 

46 

•260559 

•167873 

•108614 

•07056.3 

•04  6029 

•0:30145 

•256736 

•164613 

•105996 

•068537 

•04i  198 

•029007 

46^ 

47 

•252970 

•161417 

•10.34  42 

•066569 

•04.30 1 8 

•027912 

•249258 

•158282 

•100949 

•054658 

•041587 

•026858 

47^ 

•245601 

•155208 

•098516 

•062801 

•040204 

•025844 

48 

•241998 

•152194 

•096142 

•060998 

•038866 

•024869 

48^ 

49 

•2.38448 

•2.34950 

•1492.39 

•146341 

•093825 

•091563 

•059246 

•057545 

•037573 

•036324 

•023930 

•02.3026 

49^ 

50 

•231503 

•228107 

•143499 

•140712 

•089357 

•087203 

•055893 

•054288 

"0351  15 
•033947 

•022157 

•021321 
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The  Second  Table  of  Compound  Interest  — continued. 


'rhe  present  Value  of  One  Pound  payable  at  the  End  of  any  Number  of  Years,  &c. 


1 

lears. 

3 per  Cent. 

4 per  Cent. 

5 per  Cent. 

6 per  Cent. 

7 per  Cent. 

8 per  Cent.  * 

501 

•224760 

•1  37980 

•085102 

•052729 

•032818 

•020516 

51* 

•221463 

•1 35300 

•083051 

•051215 

•031726 

•019741 

•218214 

•132673 

•081049 

, -049744 

•0.30671 

•018996 

52 

•215012 

.•1 30096 

•079096 

•048316 

•029651 

•018279 

52> 

•211858 

•127570 

•077190 

•046929 

•028664 

•017589 

53 

•208750 

•1 25093 

•075329 

•045581 

‘02771 1 

•016925 

53' 

•205687 

•122663 

•0735 1 4 

•044272 

•026789 

•016286 

54 

•202670 

•1 2028 1 

•071742 

•043001 

•025898 

•015671 

54^ 

•199696 

•117945 

•070013  1 

^041766 

•0250.37 

•015080 

35 

•196767 

•115655 

•068326 

•040567 

•024204 

•014510 

55k 

•193880 

•1 1 .8409 

•066679 

•039402 

•02.3.399 

•01 3963 

56 

•191036 

•111207 

•065072 

•038271 

•022620 

•013435 

56\ 

•188233 

•109047 

•063504 

•037172 

•021868 

•012928 

57 

•185471 

•106930 

•061974 

•036104 

•021 140 

•01 2440 

57^ 

•182750 

•104853 

•060480 

•035068 

•0204.37 

•011971 

58 

•180069 

•102817 

•059022 

•034061 

•019757 

•011519 

58^ 

•177428 

•100820 

.•057600 

•03.3083 

•019100 

•011084 

59 

•174825 

•098862 

•056212 

•0.32133 

•018465 

•010665 

591 

•172260 

•096942 

•054857 

•031210 

•017851 

•01026.3 

60 

•169733 

•0950C0 

•053535 

•030314 

•017257 

•009875  i 

60J 

•167242 

•093214 

•052245 

•029443 

•016683 

•00950.3  1 

61 

•164789 

•091 404 

•050986 

•028598 

•016128 

•009144 

•162371 

•089629 

•049757 

•027777 

•015591 

•008799  I 

62 

•159989 

•087888 

•048558 

•026979 

•015073 

•008466 

621 

•157642 

•086181 

•047388 

•026204 

•014571 

•008147 

63 

•155329 

•084508 

•046246 

•025452 

•014087 

•007839 

63i 

•153051  - 

•082867 

•045131 

024721 

•01.3618 

•0;)7543 

64 

•150805  - 

•081258 

•044043 

•02401 1 

•013165 

•007259 

64^ 

•148593 

•079680 

•042982 

•023322 

•012727 

•006985 

65 

•146413 

•078132 

•041946 

•022652 

■01 2304 

•006721 

65k 

•144265 

•076615 

•040935 

•022002 

•011894 

•006467 

66 

•142148 

•075127 

•039949 

•021370 

•011499 

•006223 

66l. 

•140063 

•073668 

•038986 

•020756 

•011116 

•005988 

67 

•138008 

•072238 

•038046 

•020160 

•010746 

•005762 

67' 

•135983 

•070835 

•037129 

•019581 

•010389 

•005544 

68 

•133988 

•069459 

•036234 

•019019 

•010043 

•0(^53.35 

68.1 

•132023 

•0681 10 

•035361 

•018473 

•009709 

•005134 

69 

•130086 

•066788 

•034509 

•017943 

•009386 

•004940 

69i 

•128177 

•065491 

•033677 

•017427 

•009074 

•004753 

70 

•126297 

•064219 

•032866 

•016927 

•008772 

•004574 

70.J 

•124444 

•062972 

•032074 

•016441 

•008480 

•004401 

71 

•122618 

•061749 

•031301 

•015969 

•008198 

•004235 

7U 

•120819 

•060550 

•030546 

•015510 

•007926 

•004075 

72 

•119047 

•059374 

•029810 

•015065 

•007662 

•003921 

72» 

•117300 

•058221 

•029092 

•014632 

•007407 

•003773 

73 

•115579 

•057090 

•028391 

•014212 

•007161 

•003631 

73^ 

•113884 

•055982 

•027706 

•013804 

•006922 

•00.3494 

74 

. •112213 

•054895 

I *027039 

! -013408 

•006692 

•003362 

74^ 

•1 1 0567 

•053828 

1 -026387 

1 -013023 

•006470 

•003235 

75 

•108945 

•052783 

1 -025751 

1 

1 -012649 

i 

•006254 

•003113 

i 1 
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The  Second  Table  of  Comfound  Interest  — amtinucil. 


The  present  Value  of  One  Pound  payable  at  the  End  of  any  Number  of  Years,  &c. 


Years. 

3 per  Cent. 

4 per  Cent. 

5 per  Cent. 

<;  per  Cent.  [ 

7 per  Cent. 

8 per  Cent. 

75i 

•107346 

•051758 

•0251.30 

•012285 

•006046 

(X)2995 

76 

•105772 

•050753 

•024525 

•01 1 93.3 

•005845 

•002882 

76^ 

•104220 

•049767 

•02.3934 

•01 1 590 

•005651 

•002773 

77 

•102691 

•048801 

•023.357 

•011257 

•005463 

•002669 

•101184 

•047853 

•022794 

•0109.H 

•005281 

•002568 

78 

*099700 

•046924 

•022245 

•010620 

•005105 

•002471 

78.^ 

■098237 

•046013 

•021  709 

•010315 

•0049.35 

•002378 

79 

•096796 

•0451 1 9 

•021185 

•010019 

•004771 

•002288 

79J 

•095376 

•044243 

•020675 

•0097.31 

•004613 

•002-201 

, 80 

•093977 

•043384 

•020176 

•009452 

•004459 

•002118  j 

1 

80^ 

•092598 

•042541 

•0’9690 

•009180 

•004311 

1 

•0020.38  1 

81 

•091239 

•041715 

•019216 

•008917 

•004167 

•001961 

811 

•089901 

•040905 

•01875.3 

•008661 

•004029 

•001887 

82 

•088582 

•0401 1 1 

•018301 

•008412 

•00.3895 

•001816 

82^ 

•087282 

•0393.32 

•017860 

•008170 

•00.3765 

•001747  1 

83 

•086002 

•038568 

•017429 

•0079.36 

•003640 

•001682 

83i 

•084740 

•037819 

•01  7009 

•0.)7708 

•00.3519 

•001618 

84 

•08.3497 

•037085 

•016599 

•007486 

•00.3402 

•001 .557 

84^ 

•082272 

•036364 

•016199 

•007272 

•003289 

•001498  i 

8/ 

•081065 

•035658 

•015809 

•00706.3 

•00.31  79 

•001 442  : 

85^ 

•079876 

•034966 

•015428 

•006860 

•00307.3 

•001387 

86 

•078704 

•0.34287 

•015056 

•006663 

•002971 

•001335 

86.1 

•077549 

•033621 

•014693 

•006472 

•002872 

•(X)1284 

87 

•07641 1 

•0.32968 

•014.339 

•006286 

•002777 

•001236 

871 

•075290 

•032.328 

•01 3993 

•006105 

•002684 

•001189 

88 

•074186 

•031  700 

•013656 

•0059.30 

•002595 

•001144 

88.1 

•073098 

•0.31084 

•013327 

•005760 

•002509 

•001101 

89* 

•072025 

•0.30481 

•01,3006 

•005594 

•002425 

•001059 

891 

•070968 

•029889 

•012692 

•0054.34 

•002.345 

•CX)1019 

90 

•069927 

029.308 

•012386 

•005278 

•002267 

•000981 

901 

•068901 

•028739 

•012088 

•005126 

•002191 

•000944 

91 

•067891 

•028181 

•011797 

•004979 

•002118 

•000908 

9U 

•066895 

•027634 

•011512 

•0048.36 

•002048 

•000874 

92 

•065913 

•027097 

•01 12.35 

•004697 

•001980 

•000841  I 

92^ 

•064946 

•026571 

•010964 

•004562 

•001914 

•0(X)809  1 

93 

•063993 

•026055 

•010700 

•0044.31 

•001850 

•0(X)779 

93^ 

•063054 

•025549 

•010442 

•004.304 

•001789 

•0(X)749 

94 

•062129 

•025053 

•010190 

•004180 

•001729 

•000721 

941 

•061218 

•024566 

•009945 

•004060 

•001671 

.(XX)694 

95 

•060320 

•024089 

•009705 

•003944 

•001616 

•000667 

95.1 

•059435 

•023621 

•009471 

•00.3830 

•001562 

•CXX)642 

96 

•058563 

•02.3163 

•009243 

•00.3720 

•001510 

•(XX)61  8 

96.^ 

•057704 

•022713 

•009020 

•00361.3 

•001 460 

•(XX)595 

97 

1 -056857 

•022272 

•008803 

•00.3510 

•001411 

•(X)0572 

•056023 

•021839 

•008590 

•003409 

•001 .364 

•(XX)551 

98 

•055201 

•021415 

•008.38.3 

•00.3311 

•001.319 

•(XX)5;K) 

98.J 

•054391 

■020999 

•008181 

003216 

■001275 

•0(X)510 

99 

••053593 

•020592 

•007984 

•003124 

•001 2.33 

•(XX)490 

99V 

•052807 

! -0201 92 

•007792 

00.3034 

•(XII  192 

(XX)472 

100 

•052032 

•01 9800 

•007604 

•002947 

•001  152 

•0(X)454 
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The  Third  Tablk  or  Compound  Interest. 


The  Amount  of  One  Pound  per  Annum  in  any  Number  of  Years,  &c. 


•v 

1 Y ears. 

3 per  Cent. 

1 4 per  Cent. 

5 per  Cent. 

6 per  Cent. 

7 per  Cent. 

8 per  Cent.  ' 
1 

i 

•496305 

•495097 

•493901 

•492716 

-491 54.3 

-490.381 

1 

1 -000000 

1 -000000 

1 -000000 

1 -000000 

1 -000000 

1 -000000 

H 

1-511194 

1-514901 

1 -518596 

1 -522279 

1 -525951 

1-529611 

2 

2-0.30000 

2-040000 

2-050000 

2-060000 

2 -070000 

2 -080000 

oi 

2-556530 

2-575497 

2-594526 

2-61.3616 

2-6.32768 

2-651980 

3 

3-090900 

3-121600 

3-152500 

.3-18.3600 

3-214900 

.3-246400 

3-6.33226 

3-678517 

.3-724252 

3-7704.3.3 

3-817061 

3-864138 

4 

4-18.3627 

4-246464 

4-310125 

4-374616 

4-439943 

4-506112 

n 

4-742222 

4 -82.5658 

4-910465 

4-996659 

5-084256 

5-173270 

5 

5 -.309 135 

5-416322 

5-5256.31 

5-637092 

5-750739 

5-866600 

5.1 

5-884489 

6-018684 

6-155988 

6-296459 

6-440154 

I 1 

6-587131  j 

6 

6-468409 

6-6.32975 

6-801912 

6-975.318 

7-15.3290 

7 -.3.35929  1 

7-061024 

7-2594.31 

7-463788 

7-674246 

7 -890964 

8-114102 

7 

7-662462 

7-898294 

8-142008 

8-393837 

8-654021 

8-922803 

n 

8-2728.55 

8-549809 

8-836977 

9-1.347C1 

9-44.3332 

9-7632.30 

8 

8-892.3.36 

9-214226 

9-549108 

9-897467 

10-259802 

10-636627 

H 

9-521040 

9-891801 

10-278826 

10-68278.3 

11-104365 

11-544288 

9 

10-159106 

10-582795 

1 1 -026564 

11-491.315 

11-977988 

12-487557 

10-806671 

11-28747.3 

11-792767 

12-323750 

12-881671 

1.3-4678.31 

10 

1 1 -46.3879 

12-006107 

12-577892 

13-180794 

13-816447 

14-486562 

10^ 

12-130872 

12-738972 

13-382406 

14-063175 

14-78.3388 

^ 

15-545258 

11 

12-807795 

1.3-486351 

14-206787 

14-971642 

15-783599 

16-645487 

iH 

13-494798 

14-2485.31 

15-051526 

15-906966 

16-818225 

17-788879 

12 

14-192029 

15-025805 

15-917126 

16-869941 

17-888451 

18-977126 

121 

14-899642 

15-818472 

16-804102 

17-861.384 

18-995501 

20-211989 

13 

15-617790 

16-6268.37 

17-712982 

18-882137 

20-140642 

21  -495296 

13^ 

16-346631 

17-451211 

18-644307 

19-93.3067 

21-325186 

22-828948 

14 

17-086324 

18-29191  1 

19-598631 

21  -01 5065 

22-550487 

24-214920 

14^ 

17-8.370.30 

19-149260 

20-576523 

22-129051 

2.3-817949 

25-655264 

15 

18-598913 

20-023587 

21  -578563 

2.3-275969 

25-129022 

27-152113 

15i 

19-372141 

20-9152.30 

22-605349 

24  -456794 

26-485205 

28-707685 

16 

20-156881 

21-824531 

2.3-657491 

25-672528 

27-88805.3 

.30-324283 

16^ 

20-953305 

22-7518.39 

24-735616 

26-924202 

29-3.39170 

32-004.300 

17 

21  -761587 

2.3-697512 

25-840366 

28-212879 

.30-840217 

.3.3-750225 

17^ 

22-581904 

24  -661913 

26-972.397 

29-539654 

32-392912 

35-564644 

18 

2.3-4144.35 

25-645412 

28-132.384 

.30  905652 

.33-9990.32 

37-450243 

181 

24-259.361 

26-648389 

29-321017 

32-3120.3.3 

.3.5-660416 

.39-409816 

19 

25-116868 

27-671229 

30-5.39003 

33-759991 

37-378964 

41-446263 

J9-i 

25-987142 

28-714325 

.31  -787068 

35-250755 

39-156645 

4.3-562601 

20 

26-870.374 

29-778078 

3.3  -065954 

36-785591 

40-995492 

45-761964 

20| 

27-766756 

30-862898 

.34-376421 

.38 -.365801 

42-897610 

48-047609 

21 

28-676485 

31 -969201 

3 3 719251 

.39-992726 

44-865176 

50-422921 

211 

29-599759 

33-097414 

.37-09524.3 

41  -667749 

46-900443 

52-891418 

22' 

.30-5.36780 

34-247969 

38-505214 

43-392290 

49-005739 

55-456755 

22.^ 

31  -487752 

35-421310 

39-950005 

45-167814 

51  -183474 

58-122731 

23 

32-452883 

36-617V88 

41  -430475 

46-995827 

5.3-436140 

60-893295 

2.3.1 

33-432.385 

37-8.38163 

42-947505 

48-877882 

55-766.317 

63-772550 

24 

34-426470 

.39 -082604 

44-501998 

50-815577 

58-176670 

66-764759 

241 

35-435.356 

40-.35I689 

46-094880 

52-810555 

60-669959 

69-874354 

25 

36-459264 

4 1 -645908 

47-727098 

54-864512 

63-249037 

73-105939 

J 

Chaf.  tv.  compound  INTEREST  TABI.ES. 

Thf  Third  Table  or  Compound  Intfp.est  — continued. 

The  Amount  of  One  Pound  per  Annum  in  my  Number  of  Years,  Ac. 


1 1 1.5 


Years, 

3 per  Cent. 

4 per  Cent. 

5 per  Cent. 

6 per  Cent. 

7 per  Cent. 

8 per  Cent. 

25i 

26 

26« 

27 

27> 

37*498417 
38*553042 
39  *623369 
40*7096.33 
41  *812070 

42-965757 

44-311744 

45*684.387 

47*084214 

48*511763 

49*399624  1 
51*1  1345.3 
.52*869605 
54-669126 
56-51.3086 

56*979189 

59*156382 

61*397940 

63*705765 

66*081817 

65*916856 
68*676470 
71  *5.310.36 
74*483823 
77*538209 

76*464302 
79*954415 
83*581446 
87*350768 
91  *267962 

28 

28^ 

29 
29^ 

30 

42*930922 

44*0664.33 

45*218850 

46*388425 

47*575415 

49*967582 
51  -452233 
52-966286 
54*510.323 
56-084937 

58-402582 

60-338740 

62-322711 

64-.3.55677 

66*438847 

68  *.5281 11 
71*046726 
73*6.39798 
76  *.309.529 
79*058186 

80*697690 

83*96.5884 

87*346529 

90*843495 

94*460786 

95*338829 

99*569399 

103*9659.36 

108*5.34951 

113*28.3211 

30^ 

31 
31^ 

32 
S2i 

48*780078 
50*002678 
51  *24.3481 
52*502758 
53*780785 

57  -6907.35 
59  *.328.3 .35 
60*998365 
62*701468 
64*438300 

68*573461 

70-760789 

7.3*002134 

75*298829 

77*652241 

81*888101 

84*801677 

87*801387 

90*889778 

94*069470 

98*202540 
102*07.3041 
106*076718 
110*218154 
1 1 4*502088 

118*217747 

12.3*345868 

128*675167 

1.34*2135.37 

139*969180 

33 
3.3^ 

34 
34^ 

35 

55*077841 
56  *394209 
57*730176 
59*086035 
60*462081 

66*209527 

68*015832 

69*857908 

71*7.36465 

73*652224 

80*06.3770 

82*5.34853 

85*066959 

87*661596 

90*320307 

97*34.3164 

100*71.3639 

104*18.3754 

107*756457 

111*434779 

1 18*9.33425 
123*5172.34 
128*258764 
133*163441 
1.38*2.36878 

145*950620 

152*166715 

158*626670 

165*340052 

172-316803 

.351 

36 
36^ 

37 
37* 

61*858616 

63*275944 

64*714374 

66*174222 

67*655806 

75*605923 
77*598313 
79*630160 
81  -702246 
83*81.^367 

93  *044675 
95*836.322 
98*696909 
101*628138 
104-631755 

115*221844 

119*120866 

12.3*135155 

127*268118 

1.31*523264 

143*484882 

148*91.3459 

154*528824 

160*337402 

166*345841 

179*567256 
187*102147 
194*9326.37 
20.3*070319 
211  *527248 

38 
38^ 

39 
39^ 

40 

69*159449 

70*685480 

72-234232 

73*806044 

75*401259 

85-970336 

88-167982 

90*409149 

92-694701 

95-025515 

107*709545 

110*86.3342 

114-09502.3 

117*406510 

120*799774 

1.35*904205 

140*414660 

145*058458 

149*8.39540 

154*761965 

172*561020 

178*990050 

185*640291 

192*519354 

199*635111 

220*315945 

229*449428 

238*941221 

248*805.382 

259*056518 

40i 

4l' 

411 

42 

42| 

77  *020226 

78  *66.3297 
80-3.30832 

82- 023196 

83- 740757 

97*402489 

99*826536 

102-298588 

104*819597 

107*390532 

124*276835 
127*839762 
1.31*490677 
1.35  *231751 
139*065211 

159*829912 

165*04768.3 

170*419707 

175*950544 

181*644890 

206*995708 

214-609.569 

222-485408 

2.30*632239 

239*059.387 

269*709812 

280*781040 

292*286597 

304*24.352.3 

316*669525 

43 
43^ 

44 
44^ 

45 

85*483892 

87-252980 

89- 048409 

90- 870570 
92*719861 

110-012381 
112*686153 
115*412876 
118*19.3599 
121  *029392 

142*993.3.38 
147*018471 
151*143005 
155  *369395 
159*700155 

187*507577 

19.3*543583 

199*758031 

206*156198 

212*74.3513 

247*776496 

256*79.3544 

266*120851 

275*769092 

285*749310 

.329*58.3005 
343*00.3087 
356*949645 
.371  *44.3.334 
.386-505617 

45^ 

46 
461 

47 
47* 

94*596687 

96*501457 

98*434587 

100-396500 

102*387625 

123*921.343 

126*870567 

129*878197 

1.32*945390 

136*073325 

164*137865 

168*685163 

173*344758 

178*119421 

183*011996 

219*525570 

226*508124 

2.33*697104 

241-098612 

248*718930 

'296*072928 

.306*751762 

317*79803.3 

329*224.385 

.341*043896 

402*158801 

418*426066 

435*331505 

452*900152 

471*158026 

48 
48^ 

49 

! 

1 50 

L_ 

104*408395 

106*459254 

108*540647 

110-65.3031 

112*796867 

1 39*26.3206 
142*516258 
1 145*8.337.34 
149*216908 
' 152*667083 

188*025392 

193*162596 

198*426662 

20.3*820725 

209*347995 

256*564528 
264  -642066 
272*958400 
28 1 *520590 
290*335904 

353*270093 
365*916969 
378  -998999 
392-531156 
406*528929 

490*132164 
509*850668 
5.30*342737 
551  *638721 
573*770156 

J 
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The  Tniiii)  Table  of  Compound  Interest — cuntinucd. 


The  Amount  of  One  Pound  per  Annum  in  any  Number  of  Years,  S<c. 


Years 

3 per  Cent. 

4 per  Cent. 

5 per  Cent. 

6 per  Cent. 

7 per  Cent 

8 per  Cent. 

50.1 

51 
51' 

52 
521 

114-972622 

117-180773 

119-421801 

121-696196 

124-004455 

156-18.5585 

159-773767 

163-433008 

167-164717 

170-970329 

215-011762 

220-815395 

226-762350 

232-856165 

239-100467 

299-411826 

308-756058 

.318-376535 

328-281422 

338-479127 

421  -008337 
4.35-985954 
451-478921 
467-504971 
484  -082445 

596-769819, 
620-671768; 
645-51 140.5' 
671-325510 
698-152317 

1 53 
53.* 

54 
54.1 

55 

126-347082 

128-724589 

131-137-194 

133-586326 

136-071619 

174-851306 

178-809142 

182-845358 

186-961507 

191-159173 

245-498973 

252-055491 

258-773922 

265-658265 

272‘712618 

348-978307 
359-787875 
370-917006 
382-375148 
394  -1  72026 

501  -230319 
518-968217 
537-316441 
556-295992 
575-928592 

726  -0.31551 
755  004502 
785-114075 
816-40486.3 
848-923201 

55.1 

56 

56.1 

57 

57.1 

138-593916 
141  -153768 
143-751734 
146-388381 
149-06-1286 

195-439968 

199-805539 

204-257567 

208-797761 

213-427869 

279-941178 

287-348249 

294-938237 

302-715661 

310-685149 

406-317657 

418-822348 

431-696716 

444-951689 

458-598519 

596-236711 

617-243594 

638-973281 

661-450645 

684-701411 

882-717252 

917-837057 

954-3.34632 

992-264022 

10.31-68140.3 

58 
581 

59 
59.1 

60 

151 -780032 
154-536214 
157-353433 
160-172301 
163  053436 

218-149672 

222-964984 

227-875658 

232-883583 

237-990685 

318-851444 
327-219407 
335-794017 
344  -580377 
353  583717 

472-648790 

487-114430 

502-007717 

517-341296 

533-128180 

708-752190 

733-630510 

759-364844 

785-984645 

813-520383 

1072-645143 

1115-215915 

1159-456755 

1205-4.33188 

1253-213295 

601 

61 

611 

62 

62.1 

165  -977470 
168-945039 
171-956794 
175-013391 
178-115498 

243-198927 
248  -510312 
253-926884 
259-450725 
265-083959 

362-809396 
372-262903 
381-949866 
391  -876048 
402  -047359 

549-381774 

566-115871 

583-344680 

601-082824 

619-345361 

842-003571 
871-466810 
901-943821 
9.33  -469486 
966-079888 

1302-867843 
1354-470.359 
1408  -097271 
1463-827988 
1521-745052 

63 
631 
1 64 
64.1 
65 

181  -263792 
184-458963 
187 -701 706 
190-992732 
194-332757 

270-828754 

276-687318 

282-661904 

288-754810 

294-968380 

412-469851 
423-149727 
434  -093343 
445 '307214 
456-798011 

638-147793 

657-506083 

677-436661 

697-956448 

719-082860 

999-812350 
1034-705480 
1070-799215 
1 108-1.34864 
1146-755160 

1581  -934227 
1644-484656 
1709-488965 
1777-043429 
1847-248082 

65.* 

66 

66.1 

67' 

671 

197-722513 
201-162740 
204  •6541  89 
203-197622 
211-793815 

301  -305003 
307-767115 
314-357203 
321  -077800 
327-931491 

468-572574 

480-637911 

493-001203 

505-669807 

518-651263 

740-833835 

763-227832 

786-283865 

810-021502 

834-460897 

1186-704.304 

1228-028021 

1270-77.3606 

1314-98998.3 

1.360-727758 

1920-20690.3 

1996-027929 

2074-823456 

2156-71016.3 

2241-8093.32 

68 

! 681 

69 
691 

70 

215-443551 

219-147629 

222-906858 

226-722058 

230-594063 

334-920912 
342-048751 
349-317748 
356  -730701 
364-290458 

531  -953297 
545-583826 
559-550962 
573-863018 
588-528510 

859-622792 

885-528550 

912-200160 

939-660263 

967-932169 

1408  -039282 
1456-978701 
1507-602032 
1559-967211 
1614-1.34174 

2.3.30-246976 

2422-154079 

2517-6667.34 

2616-92640.5 

2720-08007.3 

701 

71 
71.1 

72 

• “5 

234-523720 

238-511885 

242-559431 

246-667242 

250-836214 

371-999929 

379-862077 

387-879926 

396-056560 

404-395123 

603  -556169 
618-954936 
634  -733977 
650-902683 
667  -470676 

997-039879 

1027-008099 

1057-862272 

1089-628585 

1122-334008 

1670-164915 

1728-12.3566 

1788-076459 

1850-092216 

1914-241812 

2827-280518 

29.38-686479 

.3054-462959 

.3174-781.398 

3299-819996 

73 
731 

74 
741 

75 

255-067259 

259-361301 

263-719277 

268-142140 

272-630855 

412-898822 
421-570928 
430-414775 
439  433765 
448-631366 

684-447817 

701-844210 

719-670208 

737-936420 

756-65.3718 

1156-006300 
1190-674049 
1226 -.366679 
1263-114492 
1300-948679 

1980-598671 

2049-2387.38 

2120-240578 

219.3-685450 

2269-657418 

3429-763909 
.3564-805596 
.3705-145022 
3850-9900  1.3 
4002-556624 

CflAP.  IV 
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The  Third  Tabi.e  of  Compound  ItiTruE^T  — continued. 


The  Amount  of  One  Pojind  per  Annum  in  any  Number  of  Years,  Sec. 


Years 

3 per  Cent. 

4 per  Cent. 

6 per  Cent. 

6 per  Cent. 

7 per  Cent, 

8 per  Cent. 

75i 

76 
76^ 

77 
77^ 

277-186404 
281 -809781 
286-501996 
291  -264074 
296-097056 

458-011116 

467-576621 

477-331560 

487-279686 

497-424823 

775  833241 
795-486404 
815-624903 
836-260724 
857-406149 

1339-901361 
1380-005600 
1421  -295443 
146.3-805936 
1507  573170 

2.348-2434.32 

2429-5.334.37 

2513-620472 

2600-600778 

2690-573905 

4160-069247 
432.3-761  I54I 
4493-874786' 
4670-662016 
4851-384769^ 

78 
78.1 

79 
791 

80 

301  -001996 
305-979968 
31 1 -052056 
316-159367 
321-363018 

507-770873 
518-321816 
529-081708 
540-054688 
551  -244976 

879-073760 
901 -276456 
924-027448 
947-340279 
971  -228821 

1552-6.34292 

{1599-027560 

1646-792350 

1695-969214 

1746-599891 

2783-64283.3 

2879-914078 

2979-497831 

3082-508064 

3189-062679 

5045-315010' 
5243-735551 
5449-94021 1 
5664-234395 
5886-9.35428 

801 

81 

811 

82 

821 

326-644148 

332-003909 

337-443472 

342-964026 

348-566776 

562-656876 

574-294775 

586-163151 

598-266566 

610-609677 

995-707293 

1020-790262 

1046-492658 

1072-829775 

1099-817290 

1798  -727367 
1852-395884 
1907-651009 
1964-539637 
2023-110069 

3299-283628 
3413-297067 
.35.31  -2.3.3482 
3653-227861 
3779-419826 

61 18 -37.31 47I 
6.358-8902621 
6608-8429991 
6868-60148.3|' 
7138-550438 

00  00  00  00  00 

354-252947 

360-023780 

365-880535 

371-824493 

377-856951 

623-197229 
636-034064 
649-1251 18 
662-475427 
676-090123 

1127-471264 

1155-808155 

1184-844827 

1214-598563 

1245-087068 

2083-412016 

2145-49667.3 

2209-416737 

2275-226474 

2542-981741 

3909-95.3812 

4044-979214 

4184-650579 

4.329-127759 

4478-576119 

7419-089632 
7710-6.34474 
8013-616770 
8328  -4852.32 
8655-706112 

85.1 

86 

861 

1 

383-979228 

390-192660 

396-498605 

402-898440 

409-393563 

689-974444 
704-133728 
718-573422 
733-299077 
748  -316358 

1276-328491 
1308 -.34 1422 
1341-144916 
1374-758493 
1409-202161 

2412-740062 

2484-560645 

2558-.504466 

2634-634284 

2713-014734 

46.3.3- 166702 

479.3- 076448 
4958-488372 
5129-591799 
5306-582558| 

8995-764050 

9.349-162600 

9716-425174 

10398-095609 

10494-7.39188 

88 

88^ 

89 
891 

90 

415-985393 

422-675370 

429-464955 

436-355631 

443-348903 

763-631040 
779-249013 
795-176282 
81  1-418973 
827-983333 

1444-496418 
1480-662269 
1517-721238 
1555-695383  1 
1594-607300 

279.3-712.341 
2876-795618 
2962  -.335082 
.3050-403355 
3141-075187 

5489-66.3225' 

5679-043337 
5874  -939651 
6077-576.370 
6287-1  85426 

10906-94.3257 
1 1.335-31832.3 
11780-498718 
12243-143789 
1272.3-9.38615 

90^ 

91 
911 

92 

i ^21 

450-446300 
457-649370 
464  -959689 
472-378851 
479-908480 

844-875732 

862-102667 

879-670762 

897-586773 

915-857592 

1634-480152 

1675-3.37665 

1717-204160 

1760-104549 

1804-064368 

.3234-427556 
3330-539698 
3429-49.3210 
3531  -372080 
.3636-262802 

6504-006716 

6728-288406 

6960-287186! 

7200-268595: 

7448-507289' 

1 

1.3223-595292 
13742-85.3705 
14282-482916 
1484.3-2.82001 
15426  -081549 

93 
93^ 

94 
94.1 

95 

487-550217  934-490244 
495-3057341  953-491896 
503-176723  972-869854 
511-164906  992-631572 
519-272025  1012-784648 

1849  109776 
1895-267586 
1942 -.565265 
1991-0.30965 
2040-69.3528 

.3744-254405 
.3855-4.38571  1 
3969-909669 
4087-764885 
4209-104249 

7705-287.396  1 60.31 -744561 
7970-902800  16661  -168073 
8245-65751 4 |l  7315-284126 
8529  -865996  1 7995  -061 51 9 
8823-853540  18701  -506856 

95^ 

96 
96^ 

97 
97> 

527-499853' 

535-8501861 
544-324849 
552-925692 
561 -654594 1 

1033-336834 

1054-296034 

1075-670308 

1097-467875 

1119-697120 

2091-582514 
2143-728205 
2197-161639 
2251-914615 
2308  01 9721 

4.3.34-0.30778 
4462-650504  j 
4595-072625  | 
47.31  -409534  i 
4871-776982 

9127-956615  194.35-666440 
9442 -52.3288|201  98-627405 
9767  -91 3579  20991  -51  9756 
1 0104 -49991 821 815 -51  7597 
10452-667529|22671  -841.336 

98 
98^ 

99 
99^ 

100 


570-513462 

579-504232 

588-628866 

597-889359 

607-287732i 

1142-366590 
1165-485005 
1189-061254  I 
1213-1044051 
1237-623704 

2.365-5103^6  I 
2424-420708  | 
2484-785863 
2546-641743 
2610-025156 

5016-294106  ' 
5165-083601  i 
5318-271753 
5475-988617 
5638-368058 

10812-814912'23561  -759(X)5 
1 1 185-354256  24486-588643 
1 1570-711956  25447-699726 
1 1969-329054  26446-515734 
1 2381  -661 793|27484-51 5704 
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Uie  prc;-out  V'alue  of  One  Pound  per  Annum  for  any  Number  of  Years  to  come,  &c. 


1 

! Years. 

.3  per  Cent. 

4 per  Cent. 

5 per  Cent. 

G per  Cent. 

7 per  Cent. 

8 per  Cent,  i 
1 

i 

•489024 

•485483 

•481998 

•478568 

•475193 

•471869  : 

1 

•970873 

•961538 

•952380 

•943396 

•9.34579 

•925925 

1 1 

1 -445654 

1 -428349 

1-411427 

1-394876 

1 -378685 

1-362842 

2 

1-913469 

1 -886094 

1 -859410 

1 -833392 

1-808018 

1 -783264 

H 

2-374421 

2-334951 

. 2-296597 

2-259317 

2-223070 

2-187816 

3 

2-828611 

2-77.5091 

2-723248 

2-67.3011 

2-624.316  ' 

2-577096 

3-276137 

3-206683 

3-139616 

3-074827 

3-0I-..215 

2-951682 

1 ^ 

3-717098 

3-629895 

3-545950 

3-465105 

3-387211 

3-312126 

I ^5 

4-151589 

4-044888 

3-942491 

3-844177 

3-749733 

3-658964 

5 

4-579707 

4-451822 

4-329476 

4-212363 

4-100197 

3-992710 

H 

5-001543 

4 -850854 

4-707135 

4-569978 

4-439003 

4-313856 

6 

5-417191 

5-242136 

5-075692 

4-917324 

4-7665.39 

4-622879 

5-826741 

5 -625821 

5-435366 

5-254696 

5-083180 

4-9202.37 

7 

6-230282 

6-002054 

5-786373 

5-582381 

5-389289 

5-206370 

6-627904 

6-370981 

6-128920 

5 -900657 

5-68.7215 

5-481701 

8 

7 -01  9692 

6-732744 

6-463212 

6-209793 

5-971298 

5-746638 

H 

7-405732 

7-087482 

6-789448 

6-510053 

6-247865 

6-001575  1 

9 

7-786108 

7-435331 

7-107821 

6-801692 

6-515232 

6-246887 

H 

8-160905 

7-776425 

7-418522 

7-084956 

6-773705 

6-482940 

10 

8-530202 

8-110895 

7-7217:14 

7-360087 

7-023581 

6-710081 

10‘ 

8-894082 

8-438870 

8-017640 

7-627317 

7-265145 

6-928648 

11 

9-252624 

8-760476 

8-306414 

7-886874 

7-498674 

7-1.38964 

11.', 

9-605905 

9-075837 

8-588228 

8-138978 

7-724435 

7-341.340 

12 

9-954003 

9-385073 

8-863251 

8-383843 

7-942686 

7-536078 

10-296995 

9-688305 

9-131646 

8-621678 

8-153677 

7-723463 

; 13 

10-634955 

9-985647 

9-393572 

8-852682 

8-357650 

7-903775 

i 13* 

10-967956 

10-277216 

9-649187 

9-077054 

8-554838 

8-077281 

1 1 -296073 

10-563122 

9-898640 

9-294983 

8-745467 

8-244236 

1 14| 

1 1 -61  9375 

10-843477 

10-142082 

9-506655 

8-929756 

8-404890 

1— 

11-937935 

11-118387 

10-379658 

9-712248 

9-107914 

8-559478 

' 151 

12-251821 

11-387958 

10-611507 

9-911939 

9-280145 

8-703231 

12-561102 

1 1 -652295 

10-837769 

10-105895 

9-446648 

8-851369 

1 

1 16^ 

12-865845 

11-911499 

11-058578 

10-294282 

9-607612 

8-989103 

! 17 

13-166118 

12-165668 

11  -274066 

10-477259 

9-763222 

9-121638 

1 in 

13-461986 

12-414902 

1 1 -484360 

10-654983 

9-913656 

9-249169 

18 

13-753513 

12-659296 

11-689586 

10-827603 

10.059086 

9-371887 

in 

14-040763 

12-898945 

1 1 -889867 

10-995267 

10-199679 

9-489971 

19 

14-323799 

13-133939 

12-085320 

11-158116 

10-335595 

9-603599 

191 

14-602682 

13-364370 

1-2-276064 

11-316289 

10-466990 

9-712937 

20 

14-8/7474 

13-590326 

12-462210 

11*469921 

10-594014 

9-818147 

201 

15-148235 

13-811894 

12-643870 

11-619141 

10-716813 

9-919386 

21 

15-415024 

14-029159 

12-82U52 

11-764076 

10-835527 

10-016803 

21* 

15-677898 

14-242206 

12-994162 

1 1 -904850 

10-950292 

10-110542 

22 

15-936916 

14-451115 

13-163002 

12-041581 

11-061240 

10-200743 

221 

1 

16-192134 

14-655967 

13-327773 

12-174387 

11-168497 

10-287539 

23 

16-443608 

14-856841 

13-488573 

12 -.303378 

11-272187 

10-371058 

231 

16-691392 

15-053814 

13-645498 

12-428667 

1 1 -.372427 

10-451425 

24 

16-935542 

15-246963 

13-798641 

12-550357 

1 1 -469334 

10-528758 

m 

17-176109 

15-436360 

13-948094 

12-668553 

11-563016 

10-60.3171 

25 

17-413147 

15-622079 

14-093944 

1 

12-783356 

1 1 -653583 

10-674776 
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luF.  I'ouuTH  Tarfe  OF  COMPOUND  iNTEKF.ir  — Continued. 


The  present  Value  of  One  Pound  per  Annum  for  any  Number  of  Years  to  come,  Ac. 


' Years. 

3 per  Cent. 

4 per  Cent. 

5 per  Cent. 

fi  per  Cent. 

7 per  Cent. 

8 per  Cent. 

25k 

17-646708 

15-804192 

14-236280 

12-894862 

11-741137 

10-743677 

26 

17-876842 

15-982769 

14-375185 

13-003166 

11-825778 

10-809977 

26k 

18-103600 

16-157877 

14-510742 

13-108360 

11-907604 

10-873775 

27 

18-327031 

16-329585 

14-643033 

13-210534 

1 1 -986709 

10-935164 

271 

18-547184 

16-497959 

14-772136 

13-309774 

12-063182 

10-994236 

28 

18-764108 

16-663063 

14-898127 

13-406164 

12-137111 

11  -051078 

28i 

18-977849 

16-824960 

15-021082 

13-499786 

12-208581 

1 1 -105774 

29 

19-188454 

16-983714 

15-141073 

13-590721 

12-277674 

11  -158406 

29i 

19- <95970 

17-139385 

15-258173 

13-679044 

12-344468 

1 1 -209050 

30 

19-600441 

17-292033 

15-372451 

13-764831 

12-409041 

11-257783 

301 

19-801912 

17-441716 

15-483974 

13-848154 

12-471465 

11-304676 

31 

20-000428 

17-588493 

15-592810 

13-929085 

12-531814 

11-349799 

311 

20-196031 

17-732419 

15-699023 

14-007693 

12 -.5901 55 

1 1-39.3218 

32 

20  388765 

17-873551 

15-802676 

14-084043 

12-646.555 

1 1 -434999 

321 

20-578671 

18-011942 

15-903831 

14-158201 

12-701079 

1 1 -475202 

33 

20-765791 

18-147645 

16-002549 

14-230229 

12-753790 

11-513888 

33^ 

20-950166 

18-280713 

16-098887 

14-300189 

12-804747 

1 1-551113 

34 

21  -131836 

18-411197 

16-192904 

14-368141 

12-854009 

11  -586933 

341 

21-310841 

18-539147 

16-284654 

14-434141 

12-9016.32 

11-621401 

35 

21  -487220 

18-664613 

16-374194 

14-498246 

12-947672 

11-654568 

351 

21-661011 

18-787642 

16-461575 

14-560510 

12-992180 

11-686482 

36 

21  -832252 

18-908281 

16-546851 

14-620987 

13-035207 

11-717192 

36A 

22-000981 

19-026578 

16-630072 

14-679727 

13-076804 

1 1 -74674.3 

37 

22-167235 

19-142578 

16-711287 

14-736780 

13-117016 

11-775178 

37^ 

22-331050 

19-256325 

16-790545 

14-792195 

13-155891 

1 1 -802540 

38 

22-492461 

19-367864 

16-867892 

14-846019 

13-193473 

1 1 -828868 

1 381 

22-651505 

19-477236 

16-943376 

14-898297 

13-229805 

11-854203 

39 

22-808215 

19-584484 

17-017040 

14-949074 

13-264928 

1 1 -878582 

) 39i 

22-962626 

19-689650 

17-088929 

14-998393 

13-298883 

1 1 902040 

23-114771 

19-792773 

17-159086 

15-046296 

13-331708 

11-924613 

i 40s 

23-264685 

19-893894 

17-227552 

15-092824 

13 -.363442 

1 1 -9463.33 

1 4l' 

23-412399 

19-993051 

17  294367 

15-138015 

13-394120 

1 1 -9672.34 

‘ 411 

23-557947 

20-090283 

17-359573 

15-181909 

13-423777 

11-987.346 

1 42 

23-701359 

20-185626 

17 -4::' 3207 

15-224543 

1.3-452448  1 

12-005698 

42^ 

23-842667 

20-279118 

17-485308 

15-265952 

1.3-480166 

12-025320 

43 

23-981902 

20-370794 

17-545911 

15-306172 

13-506961 

12-043239 

43^ 

24-119094 

20-460690 

17-605055 

15-345238 

13-5.32865 

12-060482 

44 

24-254273 

20-548841 

17-662773 

15-383182 

13-557908 

12-077073 

44^ 

24-387470 

20-635279 

17-719100 

15-420036 

13-582117  i 

12-09.3038 

45 

24  518712 

20-720039 

17-774069 

15-455832 

13-605521 

12  108401 

45i 

24-648029 

20-803153 

17-827714 

15-490600 

13-628147 

12-12.3184 

46 

24-7  75449 

20-884653 

17-880066 

15-524369 

1.3-650020 

12-137408 

461 

24-900999 

20-964570 

17-931156 

15-557169 

13  -671165 

12-151096 

' 47^ 

25  024707 

21  -042936 

17-981015 

15-589028 

13-691607 

12-164267 

! ->7i 

25-146601 

21-119779 

18 -029673 

15-619971 

13-711369 

12-176941  j 

48 

25 -266706 

21-195130 

18-077157 

15-650026 

13-730474 

12-1891:16 

48i 

25-385049 

21  -269018 

18-123498 

15-679218 

13-74894.3 

12-200871  ' 

a 

49 

25-501656 

21-341472 

18-168721 

15-707572 

13-766798 

12-212163  1 

49A 

25-616553 

21-412518 

18-212855 

15-735111 

13-784059 

12-22.3029  I 

' 50 

1 

25-729763 

21  -482184 

18-255925 

15-761860 

13-800746 

12-23:^484  j 
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The  Fourth  Table  of  Comfound  Interest  — continued. 


'Phe  present  Value  of  One  Pound  per  Annum  for  any  Number  of  Y'ears  to  come, 


Years. 

3 per  Cent. 

4 per  Cent. 

a per  Cent. 

6 per  Cent. 

7 per  Cent,  j 

8 per  Cent.  | 

50A 

25-841313 

21  -550498 

18-297957 

15-787841 

13-816878 

1 

12-243545 

51 

25-951227 

21-617485 

18-338976 

15-813076 

13-8.3247.3 

12-25.3226 

511 

26-059528 

21  -683171 

18-379007 

15-8.37586 

13-847549 

12-262542 

52 

26-166239 

21-747581 

18-418072 

15-861392 

13-862124 

12-271506 

521 

26-271386 

21  -810741 

18-456197 

15-884515 

13-876214 

12-2801.31 

53 

26-374990 

21  -872674 

18-493402 

15-906974 

1.3-8898.35 

12-2884.31 

53.1 

26-477074 

21  -9.33405 

18-52971  1 

15-928788 

13-903004 

12-296418 

54 

26-577660 

21-992956 

18-565145 

15-949975 

1.3-915734 

12-30410.3 

541 

26-676771 

22-051351 

18-599725 

15-970554 

13-928041 

12-311498 

55 

26-774427 

22-108612 

18-63,3471 

15-990542 

13-9399.38 

12-318614 

551 

26-870651 

22-164760 

18-666405 

16-009957 

1.3-951440 

12 -.32546 1 I 

56 

26-965463 

22-219819 

18-698544 

16-028814 

13-962559 

12-3.32050  1 

56.‘ 

27-058884 

22-27.3808 

18-729909 

16-047129 

13-97.3308 

12-338390  1 

57 

27-150935 

22-326749 

18-760518 

16-064918 

13-983700 

12-344490 

57» 

27-241635 

22-378662 

18-790390 

16-082197 

13-993746 

12-350361 

58 

27-331005 

22-429566 

18-819541 

16-098980 

14-00.3458 

12-356010  i 

581 

27-419063 

22  -479482 

18-847990 

16-115280 

14-012847 

12-361445  ‘ 

59 

27  -505830 

22-528429 

18-875754 

16-131113 

14-02192.3 

12-366675 

59.‘ 

27-591324 

22-576425 

18-902848 

16-146491 

14-0.30698 

12-371708 

60 

27-675563 

22-623489 

18-929289 

16-161427 

1 

14-0.39181 

12-376551 

60‘ 

27-758567 

22-669640 

18-955093 

16-175935 

14-047.381 

12-.381211 

61 

27-840353 

22-714894 

18-980275 

16-190026 

14-055.309 

12-385696 

61.* 

27-920939 

22-759269 

19-004851 

16-203712 

14-06297.3 

12-390011 

62 

28-000342 

22-802782 

19-0288.34 

16-217005 

14-070.382 

12-394163 

62.' 

28-078581 

22-845451 

19-0522.39 

16-229917 

14-077545 

12-398158 

63 

28-155672 

22-887291 

19-075080 

16-242458 

14-084469 

1 2 -402002 

63.1 

28  -231632 

22-928318 

19-097.370 

16-254639 

14-091 16.3 

12-405702 

64 

28-306478 

22-968549 

19-119123 

16-266470 

1 4 -0976.35 

12-409261 

64.1 

28-380225 

23-007998 

19-140352 

16-277961 

14-10.3S91 

12-412687  ' 

' 65 

28-452891 

23-046681 

19-161070 

16-289122 

14-1099.39 

12-415983 

65.1 

28-524491 

23-084614 

19-181288 

16-299963 

14-1 15786 

12-419154 

66 

28  -595040 

23-121809 

19-201019 

16-310493 

14-121438 

12.422206  1 

66.^ 

2S -664554 

23-158282 

19-220274 

16-320720 

14-12690,3 

12-425143 

67 

28-73.3048 

23-194047 

19-239066 

16-33065.3 

14-1.32185 

12-427969 

C7l 

28-8005.8 

23-229118 

19-257404 

16-340302 

14-1.37292 

12-430688  ! 

68 

28-867037 

23-263507 

19-275.301 

16 -.34967  3 

14-142229 

12-4.3.3304 

68.‘ 

28-932561 

23-297228 

19-292766 

16-3.58775 

14-147002 

12-4.35822 

69 

28-997123 

23-330295 

19-309810 

16 -.36  76 16 

14-151616 

12-4.38245 

69.' 

29-060739 

23 -.3627  20 

19-326444 

16-376203 

14-156077 

12-440576  1 

70 

29-123421 

23-394514 

19-342676 

16 -.38454.3 

14-160.389 

12-442819 

70.) 

29-185183 

23  -425692 

19-358518 

16-392644 

14-164558 

12*444978 

71 

29-246040 

23-456264 

19-373977 

16-400513 

14-168588 

12-447055 

71.' 

29-306003 

23-486242 

19-389064 

16-408155 

14-172484 

12-449053 

72 

29-365087 

23-515638 

19-403788 

16-415578 

14-176250 

12*450977 

72.1 

29-423304 

23-544464 

19-418157 

16-422788 

14-179891 

12*452827 

73 

29-480667 

23-572729 

19-432179 

16-429790 

14-18.3411 

12-454608 

73A 

29-537188 

23-600446 

19-445863 

16-436592 

14-186814 

12-456321 

74 

29-592881 

23-627624 

19-459218 

16-443198 

14-190104 

12  457970 

74.J 

29-647756 

23-654275 

19-472251 

16-449615 

14-193284 

12*459557 

75 

1 29-701826 

23-680408 

19-484969 

16-455848 

1 14-196359 

12*461083 
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COMPOUND  INTKIIEST  TABLES. 

The  Fourth  Fable  of  Compound  Interest  — continued. 


Die  present  Vali  e of  One  Pound  per  Annum  for  any  Nninlur  of  Years  to  come.  Ac. 


Years 

3 per  Cent. 

4 per  Cent. 

5 per  Cent. 

6 per  Cent. 

7 per  Cent. 

8 per  Cent. 

7.5i 

29-755103 

23-70603.3 

19-497.382 

16-461901 

14-1993.31 

12-4625.53 

76 

29-807598 

2.3-7.31161 

19-509495 

16-467781 

14-202204 

1 2-463966 

76^ 

29-859323 

2.3-755801 

19-521316 

16-47.3492 

1 4 -204  982 

12-465326 

77 

29-910289 

23-779963 

19-532852 

16-4790.38 

14-207668 

12-466635 

77' 

29-960508 

23-803655 

19-544110 

16-484426 

14-210264 

12-467895  1 

1 ’8, 

30-009989 

2.3-826887 

19-555097 

16-489659 

14-212774 

1 2-469107 

30-058745 

23-849668 

19-565819 

16-494741 

14-215200 

1 2-4  70273 

1 79 

.30-106786 

2.3  872007 

19-576283 

16-499678 

14-217545 

12  471395 

79' 

30-154122 

23-893912 

19-586495 

16-50447.3 

14-219813 

12-472475 

80 

30-200763 

23-915.391 

19-596460 

16 -509  ISO 

14-222005 

12-47.3514 

80.^ 

.30-246720 

23-9.36454 

19-606185 

15-51.3654 

14-224124 

— -1 

12-474.514 

81 

30-292003 

2.3-957107 

19-615676 

16-518047 

14-226173 

12-475476 

811 

30-336621 

23-977.359 

19-6249.38 

16-522.315 

14-228153 

12-476402 

82 

30-380585 

23-997218 

19-6.33977 

16-526460 

14-2.30068 

12-477292 

82\ 

30-423904 

24-016692 

19-642798 

16-530486 

14-231919 

12  478150 

83 

30-466588 

24-035787 

19-651407 

16-5.34.396 

14-2.33708 

12-478974 

83k 

.30-508645 

24  054511 

19-659808 

16-5.38194 

14-2.35438 

12-479768 

84 

30-550085 

24-072872 

19-668007 

16-54188.3 

14-237111 

12-480.532 

84' 

30-590917 

24-090876 

19-676008 

16-545466 

14-238727 

12-481267 

> 85 

30-631 151 

24-1085.31 

19-683816 

16-548946 

1 4 -240290 

12-481974 

85' 

30-670794 

24-125842 

19-6914.36 

16-552.326 

14-241801 

12-482654 

86 

.30-709855 

24-142818 

19-698872 

16-555610 

14-243262 

12-48.3309 

86i 

30-748.343 

24-159464 

19-706129 

16-558798 

14-244674 

12-48.39.39 

87 

30-786267 

24-175786 

19-713212 

16-561896 

14-246039 

12-484545 

87^ 

30-823634 

24-191792 

19-72012.3 

16-564904 

14-247359 

12-485129 

88 

.30-86045.3 

24-207487 

19-726868 

16-567826 

14-248635 

12-485690 

88' 

30-896732 

24-222877 

19-733451 

16-570664 

14-249868 

12-486230 

89 

30-9.32479 

24 -2.37908 

19-7.39874 

16-573421 

14-251060 

12-486750 

891 

.30-967701 

24-252766 

19-746143 

16-576098 

14-2.52213 

12-487250 

90 

31  -002407 

24-267277 

19-752261 

16-578699 

14-25.3327 

12-4877.32 

901 

31  *036603 

24-281506 

19-7582.32 

16-581225 

14-254405 

12-488195 

91 

31  -070298 

24  -295459 

19-764058 

16-583678 

14-255446 

12-488640 

91> 

31-10.3498 

24  -309140 

19-769744 

16-586061 

14-256453 

12-489069 

92 

.31  -1.36211 

24 -.322556 

19-775294 

16-588376 

14-257426 

12-489482 

921 

31-168445 

24-3.35712 

19-780709 

16-590624 

14-258.367 

12-489879 

9.3 

31  -200205 

24-348612 

19-785994 

16-592807 

14-259277 

12-490261 

93^ 

31  -2.31500 

24  -361261 

19-791151 

16-594928 

14-2601.56 

12-490628 

94' 

31  -262.335 

24 -.373665 

19-796185 

16-596988 

14-261006 

12-490982 

94' 

31-292718 

24-385828 

19-801097 

16-598989 

14-261828 

12-491.32.3 

95' 

31-322655 

24-397755 

19-805890 

16-600932 

14-262623 

12-491650 

95.', 

.31 -.352154 

24-409450 

19-810568 

16-602819 

14-263391 

12-491965 

P6* 

31-381219 

24-420918 

19-815133 

16-60465.3 

14-264133 

12-492269 

96| 

31  -409858 

24-432164 

19-819589 

16-6064.3.3 

14-264851 

12-492560 

97 

31  -438077 

24  -443191 

19-8239.37 

16-608163 

14-265545 

12-492841 

97^ 

31-465881 

24  454004 

19-828180 

16-609843 

14-266216 

12-49.3111 
1 

98 

31-49.3278 

24-464606 

19-832.321 

16-611474 

14-266865 

12-49.3.372  | 

98  i 

31-520273 

24-47.5003 

19-836.362 

16  613059 

14-267492 

12-493622  ! 

99 

31  -546872 

24-485198 

19-840.305 

16-614.599 

14  268098 

12-493862  I 

991, 

.31  -57.3081 

24-495196 

19-844154 

16-616094 

14  268684 

12-494094 

* • ‘J 
1(X) 

31  -598905 

24-504998 

19  847910 

16-617546 

14-269250 

12-494317  1 

S F. 

33-3333r^3 

2 5 000000 

20-000000 

16-666666 

14-285714 

12-50(XXX)  I 
1 
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The  Fifth  Table  of  Compound  Iiri’EaKST. 


The  Annuity  which  One  Pound  will  purchase  for  any  Number  of  Years  to  come,  &c. 


Y ears. 

3 per  Cent. 

4 per  Cent. 

6 per  Cent. 

6 per  Cent. 

7 per  Cent. 

8 per  Cent. 

1 

1 -030000 

1 -040000 

1 -050000 

1 -060000 

1 -070000 

1 -080000 

u 

•691728 

•700108 

•708502 

•716909 

•725328 

•733760 

2 

•522610 

•530196 

•537804 

•545436 

•553091 

•560769 

n 

•421155 

•428274 

•435426 

•442611 

•449828 

•457076 

3 

•353530 

•360348 

•367208 

•374109 

•381051 

•388033 

•305237 

•31  1848 

•318510 

•325221 

•331981 

•3;:8789 

4 

•269027 

•275490 

•28201 1 

•288591 

•295228 

•301920 

•240871 

•247225 

•253646 

•2601.33 

•266685 

•273.301 

5 

•218354 

•224627 

•230974 

•237396 

•243890 

•250456 

5i 

•199938 

•206149 

•212443 

•218819 

•225275 

•231811 

6 

•184597 

•190761 

T97017 

•203362 

•209795 

•216315 

•171622 

•177751 

•183980 

•1 90305 

•1  96727 

•20.3242 

7 

•160506 

•166609 

•172819 

•179135 

•1  85553 

•192072 

7^ 

•150877 

•156961 

•163160 

•169472 

175894 

•182425 

8 

•142456 

•148527 

•154721 

•161035 

•167467 

•174014 

•135030 

•141093 

•147287 

•153608 

•160054 

•1 66622 

9 

•128433 

•134492 

•140690 

•147022 

•153486 

•1 60079 

H 

•122535 

•128593 

•134797 

•141144 

•147629 

•154251 

10 

•117230 

•123290 

•129504 

•135867 

•142377 

•149029 

10.^ 

•112434 

•118499 

•124724 

•131107 

•1.37643 

•144328 

11 

•108077 

•114149 

•120388 

•126792 

•13.3356 

•140076 

lU 

•104102 

•110182 

•116438 

•122865 

•129459 

•1 36214 

12 

•1 00462 

•106552 

•112825 

•119277 

•125901 

•132695 

12.« 

•097115 

•103217 

•109509 

•115986 

•122644 

•129475 

13 

•094029 

•100143 

•106455 

•112960 

•119650 

•126521 

13.1 

•091174 

•097302 

•103635 

•110167 

•116892 

•123804 

14 

•088526 

•094668 

•101023 

•107584 

•114344 

•121296 

14.1 

•08G063 

•092221 

•098599 

•105189 

•1 1 1 985 

•118978 

15 

•083766 

•089941 

•096342 

•102962 

•109794 

•116829 

151 

•081620 

•087812 

•094237 

•100888 

‘107756 

•1148.33 

16 

•079610 

•085820 

•092269 

•098952 

•105857 

•1  12976 

161 

•077725 

•083952 

•0.90427 

•097141 

•104084 

•1 1 1 245 

17 

•075952 

•082 1 98 

•088699 

•095444 

•102425 

•109629 

17^ 

•074283 

•080548 

•087074 

•093852 

•100870 

•108117 

18 

•072708 

•078993 

•085546 

•092356 

•099412 

•106702 

18^ 

•071221 

•077525 

•084105 

•0909-18 

•098042 

•1 05^  74 

19 

•069813 

•076138 

•082745 

•089620 

•09675.3 

•104.27 

19.i 

•068480 

•074825 

•081459 

•088368 

•0955.38 

•1029.55 

20 

•067215 

•073581 

•080242 

•087184 

•094392 

•101852 

20.i 

•066014 

•072401 

•079089 

•086064 

•093.311 

•100812 

21 

•064871 

•071280 

•077996 

•085004 

•092289 

•0998.32 

2Ii 

•063784 

•070213 

•076957 

•08.3999 

•091321 

•098906 

22 

•062747 

•0691  98 

•075970 

•083045 

•090405 

•098032 

22.1 

•061758 

•068231 

•075031 

•082139 

•080537 

•097204 

23 

•060813 

•067309 

•074136 

•081278 

•088713 

•096422 

23.1 

•05991 1 

•066428 

•073284 

•080459 

•087931 

•095680 

24 

•059047 

•065586 

•072470 

•079679 

•087189 

•094977 

24.' 

•058220 

•064782 

•071694 

•078935 

•086482 

•09431 1 

25 

057427 

•064011 

•070952 

•078226 

.•085810 

•093678 
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The  Fifth  Table  of  Compound  Interest — continued. 


The  Annuity  which  Ono  Pound  will  purchase  for  any  Number  of  Years  to  come,  &c. 


Years. 

3 per  Cent. 

4 per  Cent. 

5 per  Cent. 

6 per  Cent. 

7 per  Cent 

8 per  Cent. 

251 

•056667 

‘063274 

•070243 

•077550 

•08.5170 

•09.3078 

26 

•055938 

•062567 

•069564 

•076904 

•084561 

•092507 

261 

•055237 

•061889 

•068914 

•076287 

•08.3979 

•091964 

27 

•054564 

•06 1 238 

•068291 

■075697 

•08.3425 

•091448 

271 

•053916 

•06061 3 

•067695 

•075132 

•082896 

•090956 

28 

•053293 

•060012 

•067122 

•074592 

•082391 

•090488 

281 

•052693 

•059435 

;06 65 73 

•074075 

•081909 

•090043 

29 

•052114 

•058879 

•066045 

•073579 

•081448 

•089618 

291 

•051557 

•058345 

•065538 

•073104 

•081007 

•089213 

30 

•051019 

•057830 

•065051 

•072648 

•080586 

•088827 

301 

•050500 

•057333 

•064582 

•07221 1 

•080183 

•088458 

31 

•049998 

•056855 

•064132 

•071792 

•079796 

•088107 

311 

•049514 

•056393 

•063698 

•071389 

•079427 

•087771 

32 

•049046 

•055948 

•063280 

•071002 

•079072 

•087450 

32‘ 

•048594 

•055518 

•062877 

•0706.30 

078733 

•087144 

33 

•048156 

•055103 

•062490 

•070272 

•078408 

•086851 

331 

•047732 

•054702 

•0621 1 6 

■069929 

•078096 

•086571 

34 

•047321 

•054314 

•061  755 

■069598 

•077796 

•086304 

341 

•046924 

•053939 

•061407 

•069280 

•077509 

•086048 

35 

•046539 

•053577 

•061071 

•068973 

•077233 

•085803 

351 

•046165 

•053226 

•060747 

•068678 

•076969 

•085568 

36 

•045803 

•052886 

•060434 

•068.394 

•076715 

•085344 

.36| 

•045452 

•052558 

•060132 

•068  1 21 

•076471 

•085129 

37 

•045111 

•052239 

•059839 

•0678.57 

•0762.36 

•084924 

37' 

•044780 

•051930 

•059557 

•067603 

•07601 1 

•084727 

38 

•044459 

•051631 

•059284 

•067358 

•075795 

•084538 

38> 

39 

•044147 

•051.341 

•059020 

•067121 

•075586 

•084358 

•043843 

•051060 

•058764 

•066893 

•075386 

•084185 

391 

•04.3549 

•050788 

•058517 

■066673 

•075194 

•08401 9 

40 

•043262 

•050523 

•058278 

■066461 

•075009 

•083860 

401 

41 

•042983 

•050266 

•058046 

■066256 

•074831 

•08.3707 

•042712 

•05001 7 

•057822 

■066058 

•074659 

•083561 

•042448 

•049775 

•057605 

•065867 

•074494 

•08.3421 

42 

•042191 

•049540 

•057394 

•065683 

•0743.35 

•083286 

421 

•041941 

•049311 

■057190 

•065505 

•074183 

•083157 

43 

•041698 

•049089 

‘056993 

•06533.3 

•074035 

•0830.34 

431 

44 

•041460 

•048874 

■056801 

•065166 

•07.3894 

•082915 

•041229 

•048664 

■056616 

•065006 

•07.3757 

•082801 

44| 

45 

•041004 

•04 8 4 60 

■056436 

•064850 

•07.3626 

•082692 

•040785 

•048262 

•056261 

•064700 

•073499 

082587 

45.1 

•040571 

•048069 

•056092 

•064555 

•073377 

082486 

46 

•040362 

•047882 

•0.55928 

•064414 

•073259 

•082.389 

461 

•040159 

•047699 

•055768 

•064279 

•07.3146 

082297 

47 

•039960 

•047521 

•0.5.5614 

•064147 

•07.3037 

•082207 

47> 

•039766 

•047348 

•055464 

•064020 

•072932 

•082122 

48 

•039577 

•047180 

•055318 

•063897 

•072830 

082040 

48.^ 

49 

•039393 

•047016 

•055176 

•063778 

•0727.32 

081961 

•039213 

•046857 

•055039 

•063663 

•072638 

•081885 

491 

•039037 

•046701 

■054^)06 

•0635.52 

•07254  7 

081812 

50' 

•038865 

•046550 

•054776 

•063444 

•072459 

•081742 

4 C 
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The  Fifth  Table  of  Compound  Interest  — continued. 

The  Annuity  which  One  Pound  will  purchase  for  any  Number  of  Years  to  come,  &<j. 


1 

Y ears. 

I 3 per  Cent. 

1 

4 per  Cent. 

5 per  Cent. 

6 per  Cent. 

7 per  Cent. 

8 per  Cent.  ! 

1 

50J 

•038697 

•046402 

•054650 

•06.3339 

•072.375 

•081675 

51 

•038533 

•046258 

•054528 

•0632.38 

•072293 

•081611 

511 

•038373 

•046118 

•054409 

•063140 

•072214 

•081549 

52 

•038217 

•045982 

•054294 

•06.3046 

•072139 

•081489 

52^ 

•038064 

•045848 

•054182 

•062954 

•072065 

•081432 

53 

•037914 

•0457 1 9 

•054073 

•062865 

•071995 

•081377 

531 

•037768 

•045592 

•053967 

•062779 

•071926 

•081.324 

54 

•037625 

•045469 

•053864 

•062696 

•071861 

•081273 

54> 

•037485 

•045348 

•05.3764 

•062615 

•071797 

•081224 

55 

•037349 

•045231 

•053666 

•062536 

•0717.36 

•081177 

55^ 

•037215 

•045116 

•053572 

•062461 

•071677 

•0811.32 

56 

•037084 

•045004 

•053480 

•062387 

•071620 

•081089 

56k 

•036956 

•044895 

•053.390 

•062.31 6 

•071565 

•081047 

57 

•036831 

•044789 

•053303 

•062247 

•071511 

•081007 

571 

•036708 

•044685 

•053218 

• -062180 

•071460 

•080969 

58 

•036588 

•044584 

•053136 

•062115 

•071410 

•080932 

581 

•036470 

•044485 

•053056 

•062052 

•071363 

•080896 

59 

•036355 

•044388 

•052978 

•061  992 

•071316 

•080862 

591 

•036243 

•044293 

•052902 

•061932 

•071272 

•080829 

60 

•0361  32 

•044201 

•052828 

•061875 

•071229 

•080797 

601 

•036024 

•0441 1 1 

•052756 

•061820 

•071187 

•080767 

61 

•035919 

•044023 

•052686 

•061766 

•071147 

•080738 

Gl-i 

•0.35815 

•043938 

•052618 

•061714 

•071108 

•080710 

62 

•035713 

•043854 

•052551 

•061 663 

•071071 

•080683 

621 

•035614 

•043772 

•052487 

•061614 

•071035 

•080657 

63 

•03551  6 

•043692 

•052424 

•061567 

•071000 

•080632 

631 

•035421 

•043614 

•052363 

•061520 

•070966 

•080608 

64 

•035327 

•043537 

•052303 

•061476 

•070933 

•080584 

641 

•035235 

•043463 

•052245 

•061432 

•070902 

•0805 S2 

65 

•035145 

•043390 

•052189 

•061390 

•070872 

•080541 

651 

•035057 

•043318 

•0521.34 

•061349 

•070842 

•080520 

66' 

•034971 

•04.3249 

•052080 

•061310 

•070814 

•080501 

66.1 

•034886 

•043181 

•052028 

•061271 

•070786 

•080481 

67 

•034S03 

•043114 

•051977 

•0612.34 

•070760 

•080463 

671 

•034721 

•043049 

•051928 

•061 1 98 

•070734 

•080446  1 

68 

•034641 

•042985 

•051879 

•061 163 

•070710 

•080429  1 

681 

•034563 

•042923 

•051 832 

'■  -061129 

•070686 

•080412 

69 

•034486 

•042862 

•051787 

•061096 

•070663 

•080.397 

691 

•034410 

•042803 

•051742 

•061064 

•07064  1 

•080382 

70 

•034336 

•042745 

•051699 

•061033 

•0706 19 

•080367 

701 

•034263 

•042688 

•051656 

•06 1002 

•070598 

•080,353 

71 

•0341  92 

•042632 

•051615 

■06097.3 

•070578 

•0S0.340 

711 

•034122 

•042578 

•051575 

•060945 

•070559 

•080.327 

72 

•034054 

•042524 

•051536 

•060917 

•070540 

•080.3 1 4 

72> 

•033986 

•042472 

•051498 

•060891 

•070522 

•080303 

73 

•033920 

•042421 

•051461 

•060865 

•070504 

•080291 

731 

•033855 

•042372 

•051424 

•0608.39 

•070487 

•080280 

74 

•0337'^! 

•042323 

•051 .389 

•060815 

•070471 

•080269 

74.1 

•033729 

•042275 

•051355 

•060791 

•070455 

•080259 

75 

•033667 

•04  22  29 

•051321 

•060768 

•070440 

•080249 

Chap.  TV.  COMPOUND  INTEREST  T.VBLES. 

The  Fifth  Table  of  Compound  Intekf.st  — confinved. 


Thu  Annuity  which  One  Pound  will  purchase  for  any  Number  of  Years  to  come,  ^e. 


— 
: 1 ears. 

3 per  Cent. 

4 per  Cent. 

5 per  Cent. 

6 per  Cent. 

7 per  Cent 

^ 

8 per  Cent.  | 

75i 

•0.33607 

•042 1 8.3 

•051288 

•060746 

•070425 

•080240 

76 

•033548 

•042138 

•051257 

•060724 

•07011  1 

•0802.31 

761 

•033490 

•042094 

•0512_’6 

•060703 

•070397 

•080222 

77 

•033433 

•042052 

•051195 

•060683 

•070384 

•080214 

771 

•033377 

•042010 

•051166 

•06066.3 

•070371 

•080206 

78 

‘033322 

•041  969 

•051 1.37 

•060644 

•070.359 

•080198 

78i 

•03.3268 

•041  929 

•051109 

•060625 

•070.347 

•080190 

79 

•0.3.3215 

•041890 

•051082 

•060607 

•070.3.35 

•03018.3 

79| 

•033162 

•041851 

•051055 

•060589 

•070324 

•080176 

80 

•0S3  1 1 1 

•041814 

•051029 

•060572 

•070313 

•080169 

801 

•03.3061 

•041777 

•051004 

•060555 

•070.303 

•080163 

81 

•033012 

•041741 

•050979 

•0605.39 

•070292 

•080157 

84 

•032963 

•041706 

•050955 

•060524 

•07028.3 

•080151 

82 

•032915 

•041671 

•0509.32 

•060509 

•070273 

•080145 

82.1 

•032868 

•041637 

•050909 

•060494 

•070264 

•0801  40 

8.8 

•0.32822 

•041604 

•050886 

•060479 

•070255 

•0801.34 

8.81 

•032777 

•041572 

•050865 

•060466 

•070247 

•0801 29 

84 

•0327.33 

•041540 

•050843 

•060452 

•070238 

•080124 

84.1 

•0.52689 

•041509 

•050823 

•060439 

•0702.30 

•0  0120 

85 

•032646 

•041479 

•05080.3 

•060426 

•070223 

•080115 

851 

•0.32604 

•041449 

•050783 

•060414 

•07021 5 

•080111 

86 

•032562 

•041 420 

•050764 

•060402 

•070208 

•080106 

861 

•0.32522 

•041391 

•050745 

•060390 

•070201 

•080102 

87 

•032482 

•041.363 

•050727 

•060.379 

•070194 

•080099 

871 

•032442 

•041336 

•050709 

•060368 

•070188 

•080095 

88 

•032403 

•041 309 

•050692 

•060357 

•0701 82 

•080091 

881 

•032365 

•041283 

•050675 

•060347 

•070176 

•080088 

89 

.032328 

•041257 

•050658 

•060.337 

•070170 

•080084 

891 

•032291 

•0412.32 

•050642 

•060327 

•070164 

•080081 

90' 

•032255 

•041207 

•050627 

•060318 

•070159 

•080078 

9O7I 

•0.32220 

•041183 

•05061 1 

•060309 

•070153 

•080075 

91 

•032 1 85 

•041159 

•050596 

•060300 

•070148 

•080072 

1 91.i 

•0.32150 

•0411.36 

•050582 

•06029 1 

•070143 

•080070 

4 

92 

•032116 

•041114 

•050568 

•060283 

•070138 

•080067 

92J 

•032083 

•041091 

•050554 

•060275 

•070134 

•080064 

93 

•032051 

•041070 

•050540 

•060267 

•070129 

•080062 

93^ 

•03201 8 

•041048 

•050527 

•060259 

•070125 

•080060 

94 

•031987 

•041027 

•050514 

•060251 

•070121 

•080057 

94.1 

•03 1 956 

•041007 

•050502 

•060244 

•070117 

•080055 

2 

95 

•031925 

•040987 

•050490 

•060237 

•0701 1 3 

•080053 

95\ 

•0.31895 

•040967 

•050478 

•060230 

•070109 

•080051 

96 

•031866 

•040948 

•050466 

•060224 

•070105 

•080049 

961 

•031837 

•040929 

•050455 

•060217 

•070102 

•080047 

.yu.j 

97 

•031808 

•04091 1 

•050444 

06021 1 

•070098 

•080045 

97> 

•031780 

•040893 

•050433 

•060205 

•070095 

•080044 

98 

•0.31752 

•040875 

•050422 

•060199 

•070092 

•080042 

981 

•03 1 725 

•010858 

•050412 

•0601 93 

•070089 

•080040 

99 

•0316.98 

•040841 

•050402 

•060188 

•070036 

•080039 

99* 

•031  672 

•040824 

•050.392 

•0601  82 

•07003.3 

•0800.37 

100 

•031646 

•040808 

•050383 

•060177 

•070030 

•080036 

F.S. 

1 

•030000 

1 

•040000 

•050000 

•060000 

•0700-X) 

•080000 
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Table  VI.  Showing  the  Value  of  an  Annuity  on  one  Life  according  to  the  Probabilities 

of  Life  in  London. 


Year’s  value  at 

Age. 

Year’s  value  at 

Age. 

3 per  Cent. 

4 per  Cent. 

5 per  Cent. 

3 per  Cent. 

4 per  Cent. 

5 per  Cent. 

6 

18-8 

16-2 

14*1 

41 

130 

11*4 

10*2 

7 

18-9 

16-3 

14-2 

42 

12*8 

11-2 

10*1 

8 

19-0 

16-4 

14-3 

43 

12  6 

11*1 

10*0 

9 1 

44 

12*5 

11-0 

9*9 

and  1 

19-0 

16-4 

14*3 

45 

12*3 

10-8 

9*8 

10  J 

46 

12*1 

10*7 

9*7 

11 

190 

16-4 

14*3 

47 

11*9 

10*5 

9*5 

12 

18-9 

16-3 

14*2 

48 

11*8 

10*4 

9*4 

13 

18-7 

16-2 

14-1 

49 

11  *6 

10-2 

9*3 

14 

18-5 

16-0 

14*0 

50 

11*4 

10*1 

9*2 

15 

18-3 

15*8 

13*9 

51 

11*2 

9*9 

9*0 

16 

18-1 

15*6 

13*7 

52 

11*0 

9*8 

8*9 

17 

17*9 

15*4 

13*5 

53 

10*7 

9*6 

8*8 

18 

17-6 

15*2 

13-4 

54 

10*5 

9*4 

8*6 

19 

17-4 

15*0 

13*2 

55 

10*3 

9*3 

8*5 

20 

17-2 

14*8 

13  0 

56 

10*1 

9*1 

8*4 

21 

17-0 

14-7 

12*9 

57 

9-9 

8*9 

8*2 

22 

16-8 

14*5 

12*7 

58 

9*6 

8*7 

8*1 

23 

16-5 

14*8 

12-6 

59 

9*4 

8*6 

8*0 

24 

16-3 

14*1 

12-4 

60 

9-2 

8*4 

7*9 

25 

16*1 

14*0 

12-3 

61 

8*9 

8*2 

7*7 

26 

15-9 

13-8 

12*1 

62 

8*7 

8*1 

7-6 

27 

15-6 

13*6 

120 

63 

8-5 

7*9 

7*4 

28 

15-4 

13*4 

11*8 

64 

8*3 

7*7 

7*3 

29 

15-2 

13*2 

11*7 

65 

8*0 

7*5 

7*1 

30 

150 

13*1 

11*6 

66 

7*8 

7*3 

6*9 

.31 

14*8 

12*9 

11*4 

67 

7*6 

7*1 

6*7 

32 

14-6 

12-7 

11*3 

68 

7*4 

6*9 

6*6 

33 

14-4 

12*6 

11-2 

69 

7*1 

6*7 

6*4 

34 

14-2 

12*4 

11-0 

70 

6-9 

6 5 

6*2 

35 

14*1 

12*3 

10*9 

71 

6*7 

6*3 

6*0 

36 

13-9 

12*1 

10*8 

72 

6*5 

6*1 

5*8 

37 

13-7 

11*9 

10*6 

73 

6-2 

5*9 

5*6 

38 

13-5 

11*8 

10*5 

74 

5*9 

5*6 

5*4 

39 

13-3 

11*6 

10-4 

75 

5-6 

5*4 

5*2 

40 

13-2 

11*5 

10-3 

Table  V'l.a.  Expectation  of  Life, 

De  Moivre’s  Hypothesis  on  the  duration  of  human  life,  namely,  that  of  86  persons  born 
one  dies  every  year  till  all  are  extinct,  has  led  to  an  empirical  rule  of  easy  recollection  for 
the  expectation  of  life,  namely,  to  subtract  the  age  from  86  and  halve  the  difference  for  an 
answer.  In  the  left  hand  side  of  the  subjoined  table  is  shown  the  number  of  persons  out 
of  10,000  who  may  be  expected  to  die  in  the  year  following  their  attaining  the  age  marked 
in  the  first  column,  according  to  the  Hypothesis,  to  the  Northampton  and  Carlisle  tables, 
and  to  the  Belgian  one  of  Quetelet.  The  table  on  the  right  shows  the  values  of  annuities 
on  lives  at  3 per  cent,  in  years’  purchase,  whence  it  appears  that  in  money  results  the 
Hypothesis  curiously  agrees  with  the  celebrated  Northampton  tables. 


Age. 

Hypo- 

thesis. 

North- 

ampton. 

Carlisle. 

Belgium. 

Age. 

Hypo- 

thesis. 

North- 

ampton. 

Carlisle. 

10 

132 

92 

45 

88 

10 

19*9 

20-7 

23*5 

20 

152 

140 

71 

120 

20 

18*5 

18-6 

21*7 

SO 

179 

171 

101 

126 

SO 

16*8 

16-9 

19-6 

40 

217 

209 

130 

144 

40 

14*8 

14*8 

171 

50 

278 

284 

1.34 

183 

50 

12*5 

124 

14*3 

60 

385 

402 

335 

325 

60 

9*7 

98 

10  5 

70 

625 

649 

516 

680 

70 

6*4 

6*7 

7*1 

80 

1667 

1343 

1217 

1425 

80 

2*3 

3*8 

4*4 
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Tablk  VII.  Showing  the  Value  of  an  Annuity  on  the  joint  Continuance  of  two  Lives, 
according  to  the  rrohabilities  of  Life  in  London. 


Age  of  the 

Value  at 

Age  of  tlis 

Value  at 

■Younger. 

Elder. 

per  Cent. 

t per  Cent. 

per  Cent. 

Younger.  ! 

Elder.  : 

1 per  Cent  <1 

1 per  Cent, 

1 per  Cent. 

10 

1 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

14-7 

14-3 

13-8 

13-1 

12-3 

11*5 

10-7 

100 

9-3 

8-6 

7-8 

6-9 

6T 

5-3 

13  0 
12-7 
12-2 
11-6 
10-9 
10*2 
9-6 
9 0 
8-4 
7-8 
7*2 
6-5 
5-8 
5-1 

11-6 
11-3 
10-8 
10-2 
9 7 
9-1 
8-6 
8-1 
7-6 
7-1 
6-6 
6-1 
5*5 
4-9 

30 

55 

60 

65 

70 

75 

7-9 

7-2 

6-5 

5-8 

5T 

7*3 

6-7 

6-1 

5-5 

4-9 

6-7 

6-2 

5-7 

5-2 

4-7 

35 

35 

40 

45 

50 

55 

60 

65 

70 

75 

9-9 

9-4 

8-9 

8-3 

7-7 

7T 

6-4 

5*7 

5-0 

8-8 

8-5 

8-1 

7-6 

7-1 

6*5 

6-0 

5-4 

4-8 

8 0 
7-7 

7.4 

7-0 

6-6 

6*1 

5-6 

5T 

4-6 

15 

1 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

13-9 
13-3 
12-6 
11-9 
11-2 
10-4 
9-6 
8*9 
8-2 
7-5 
6-8 
6 0 
5-2 

12-3 
11*8 
11*2 
10-6 
100 
9-4 
8-8 
8-2 
7-6 
7-0 
6*4 
5-7 
5 0 

110 

10-5 

lOT 

9-5 

9-0 

8*5 

8-0 

7-5 

7-0 

6-5 

6-0 

5-4 

4-8 

40 

40 

45 

50 

55 

60 

65 

70 

75 

9T 

8-7 

8-2 

7-6 

7-0 

6-4 

5-7 

5-0 

8*1 

7-8 

7*4 

6-9 

6-4 

5-9 

5-4 

4*8 

7-3 

7T 

6-8 

6-4 

6-0  1 
5-5  1 

5-1 
4-6 

45 

45 

50 

55 

60 

65 

70 

75 

8-3 
7-9 
7-4 
6-8 
6-3 
5 6 
4*9 

7.4 

7T 

6*7 

6-3 

5-8 

5-3 

4-7 

6-7 
6-5 
6*2 
5-8 
5-4 
5 0 
4*5 

20 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

12-8 
12-2 
11-6 
10-9 
10*2 
9*5 
8-8 
8-1 
7-4 
6-7 
6 0 
5-2 

11-3 

10-8 

10-3 

9-8 
9-2 
8-6 
8 0 
7-5 
6*9 
6-3 
5-7 
5-0 

10-1 

9-7 

9*2 

8-8 

8-4 

7-9 

7-4 

6-9 

6*4 

5*9 

5-4 

4*8 

50 

50. 

55 

60 

65 

70 

75 

7-6 

7-2 

6-7 

6-2 

5'5 

4-8 

6-8 

6-5 

6*1 

5-7 

5-2 

4-6 

6-2 

6-0 

5-7 

5-3 

4-9 

4.4 

55 

55 

60 

65 

70 

75 

6-9 
6-5 
6 0 
5-4 
4 '7 

6-2 

5-9 

5-6 

5*1 

4-5 

5-7 

5-5 

5*2 

4-8 

4*5 

25 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

11*8 
11-3 
10-7 
10  0 
9-4 
8-7 
8 0 
7-3 
6 6 
5*9 
5-1 

10-5 

lOT 

9-6 

9T 

8*5 

7-9 

7-4 

6-8 

6-2 

5-6 

4-9 

9-4 

9-0 

8-6 

8*2 

7-8 

7-3 

6-8 

6-3 

5-8 

5-3 

4-7 

60 

60 

65 

70 

75 

6*1 

5-7 

5-2 

4-6 

5*6 

5-3 

4-9 

4.4 

5-2 
4-9 
4-6  ! 

4-2 

65 

65 

70 

75 

5*4 

4-9 

4*4 

5 0 
4-6 
4-2 

4-7 

4.4 

4-0 

30 

10-8 

9-6 

8*6 

70 

4-6 

4.4 

4*2 

35 

10-3 

9-2 

8-3 

ft 

70 

75 

4*2 

4 0 

3'9 

so 

40 

45 

9*7 

9T 

8 ‘8 
8-3 

O u 

7-6 

75 

75 

3-8 

3-7 

3*6 

50 

8*5 

7-8 

7-2 

L_^ 

i 1‘28 
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Table  VIII.  Showing  the  Value  of  an  Annuity  on  the  longer  of  two  Lives. 


Age  of  the 

Value  at  I 

I 

Age  of  the 

Value  at  ^ 

Younger. 

Elder.! 

3 per  Cent. 

4 per  Cent. 

5 per  Cent. 

Younger. 

Elder. 

3 per  Cent. 

4 per  Cent. 

5 per  Ce*A 

10 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

23-4 
22-9 
22-5 
22 ‘2 
21-9 
21-6 
21-4 
21-2 
20-9 
20-7 
20-4 
20*1 
19*8 
19-5 

19-9 
19-5 
19-1 
18-8 
18-6 
18-4 
18-3 
18-2 
18-0 
17-8 
17-6 
17-4 
17 '2 
16-9 

17-1 
16-8 
16-6 
16-4 
16-2 
16-] 
160  • 
15-9 
15*8 
15-7 
15*5 
15*3 
15*1 
14-8 

30 

55 

60 

65 

70 

75 

17-4 
17-0 
16  6 
16-1 
15-6 

15-1 

14-8 

14-5 

14-1 

13*7 

13-4 

13-2 

12*9 

12-6 

12*2 

35 

35 

40 

45 

50 

55 

60 

65 

70 

75 

18-3 

17-8 

17-4 

17-1 

16-7 

16-3 

15’8 

15-3 

14-8 

15-8 
15-4 
15-1 
14-8 
14-5 
14-2 
13-8 
13-4 
13  0 

13-8 

13-5 

13-3 

13-1 

12-9 

12-7 

12-4 

12-0 

11-6 

15 

15 

.20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

22-8 
22-3 
21  *9 
21-6 
21*3 
21*1 
20-9 
20-7 
20-4 
20-1 
19-8 
19-4 
18-9 

19-3 

18-9 

18*6 

18-3 

18*1 

17-9 

17-3 

17-6 

17-4 

17-2 

16-9 

16*6 

16-3 

16-7 

16*4 

16*2 

16-0 

15-9 

15*7 

15-6 

15-4 

15-3 

15*2 

15-0 

14-7 

14-4 

40 

40 

45 

50 

55 

60 

65 

70 

75 

17-3 

16-8 

16-3 

15-9 

15-4 

14*9 

14*5 

14-0 

150 
14-6 
14  0 
13-9 
13-5 
13-1 
12-7 
12-3 

13-3 

13-0 

12-7 

12*4 

12-1 

11-8 

11*4 

110 

45 

45 

50 

55 

60 

65 

70 

75 

16-2 
15-7 
15-2 
14-7 
14-1 
13 '6 
. 1ST 

14-2 

13-8 

13-4 

12-9 

12-5 

120 

11-6 

12*8 

12-5 

12-1 

11-7 

11-4 

110 

10-6 

20 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

21-6 

21-1 

20*7 

20-4 

20*1 

19-9 

19-6 

19-4 

19T 

18-7 

18-2 

17-7 

18-3 

17*9 

17-6 

17*4 

17-2 

17-0 

16-8 

16-6 

16*3 

16-0 

15-7 

15-3 

15-8 

15-5 

15-3 

15T 

15-0 

14-9 

14*7 

14*5 

14-3 

14-1 

13-8 

13-5 

50 

50 

55 

60 

65 

70 

75 

150 

14-5 

13-9 

13-3 

12-8 

12-3 

13-3 

12-9 

12-4 

12-0 

11-5 

11-0 

12-1 

11-7 

11-3 

10-9 

10-5 

lO'l 

55 

55 

60 

65 

70 

75 

13-6 

13-0 

12-4 

11-8 

11-3 

12*4 

11-9 

11-3 

10-8 

10*3 

11-3 

10-9 

10*5 

10-0 

9-5 

25 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

20-3 

19*8 

19-4 

19-2 

18-9 

18*7 

18-4 

18-0 

17-6 

17*2 

16-7 

17-4 

17-0 

16-7 

16-5 

16-3 

16-1 

15*9 

15-6 

15-3 

15-0 

14-6 

15-1 
14-9 
14-7 
14-5 
14-3 
14-2 
• 14-0 
13-8 
13-6 
13-3 
12-9 

60 

60 

65 

70 

75 

12-2 

11*5 

10-9 

10-3 

11-2 

10-6 

10-1 

9-5 

10-5 
10-0 
9*5 
9 0 

65 

65 

70 

75 

10-7 

100 

9-3 

10  0 
9-4 
8-7 

9-4 

8-9 

.8-3 

30 

30 

35 

40 

45 

50 

19*3 

18-8 

18-4 

18-1 

17-8 

16-6 

16-2 

15-9 

15-6 

15-4 

14-5 

14-2 

14-0 

13-8 

13-6 

70 

70 

75 

9-2 

8-4 

8 6 
7-9 

8-2 

7-6 

75 

75 

7-6 

7-2 

6-9 
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A BRIEF  SYNOPTICAL  LIST  OF  THE  PRINCIPAL 

ARCHITECTS, 

ANCIENT  AND  MODERN, 

WITH  THEIR  CHIEF  WORKS, 

Revised  by  Wyatt  Papworth 


Note. — Many  of  the  Names  herein  are  more  fully  noticed  in  the  body  of  this  work,  and 
some  few  others  \vill  be  found  by  reference  to  its  Index. 


BEFORE  CHRIST. 


II. 


111. 


IV. 


V. 

VI. 

TII. 

VIII. 


XI. 


XII. 

Xlil. 


XIV. 

XV. 

XVI. 

XVII. 

XVIII. 

XIX. 


XX. 
XXI. 
XXII. 
XX  111. 

XXIV. 


7th.  Century. 

Agamedes  and  Trophonius  of  Delphi. — Mentioned  only  in  mythology;  tcmide 
to  Apollo  at  Delphi;  a temple  to  Neptune  near  Mantinaea. 

Theodorus  and  Rhcecus,  of  Samos. — Labyrinth  at  Lemnos;  some  buildings  at 
Sparta  ; the  temple  of  Jupiter  at  Samos;  foundations  of  one  of  the  temples  of 
Diana  at  Ephe.sus. 

Hermogenes  of  Alabanda. — Temple  of  Bacchus  at  Teos;  and  that  of  Diana  at 
Magnesia. 

Qth.  Century. 

Demetrius  and  P.iEONius,  of  Ephesus. — Continuation  of  one  of  the  temples  of 
Diana,  at  Ephesns;  which  had  been  begun  by  Chersiphron  or  Ctesiphon  and 
his  son  Metagenes. 

Daphnis  of  Miletus. — With  P^onius,  temple  of  .Apollo  at  Miletus. 

Eupalinus  of  Mt-gara. — Tunnel  for  the  aqueduct,  and  some  edifices  at  Samos. 

Chirosophus  of  Crete. — Temple  to  Ceres  and  Proserpine  ; another  to  the  Paphian 
Venus,  and  one  to  Apollo  ; all  at  Tegea. 

Mandroci.es  of  Samos. — Bridge  of  boats  over  the  Thracian  Bosphorus,  for  King 
Darius. 

Memno  of  Persia. — A magnificent  palace  at  Ecbatana  for  Cyrus. 

5th.  Century. 

Pythius  of  Priene. — Mausoleum  at  Halicarnassus  ; the  temple  of  3Iinerva  at 
Priene,  and  wrote  a treatise  on  it.  In  the  former  he  was  assisted  i>y  Satyrus. 

Spintharus  of  Corinth. — Rebuilt  the  temple  of  Apollo  at  Delphi,  which  had 
been  destroyed  by  fire. 

Libo  of  Elis. — Temple  of  Jupiter  Olympius  at  Olympia. 

Ictinus  of  Athens. — Parthenon  at  Athens,  and  wrote  a treatise  upon  it  perhaps 
the  temple  of  Ceres  and  Proserpine  at  Eleusis ; temple  of  Apollo  Epiciiiins 
near  Phigaleia. 

Callicrates  of  Athens. — Assisted  Ictinus  in  the  erection  of  the  Parthenon. 

Mnesicles  of  Athens. — Propylea  of  the  Acropolis  at  Athens. 

Antistates  of  Athens. — A temple  of  Jupiter  at  Athens. 

ScoPAS  of  Paros. — One  side  of  the  Mausoleum  at  Halicarnassus;  a column  cf  the 
temple  at  Ephesus.  Employed  on  temple  of  Minerva  at  Tegea. 

Hippodamus  of  Miletus.— Laid  out  Munychia  in  the  Pir«us  and  Rhodes. 

CoRCEBUs  and  Metagenes  Xypetius  of  Athens. — Perhapa  the  temple  of  Ceres 

at  Eleusis.  . . , , . i 

Polyclitus.— A theatre  with  a dome  at  Epidaurus,  highly  praised  by  Pausanius. 

Archias  of  Corinth. — Many  temples  and  other  edifices,  at  Syracuse. 

CalliaS  of  Aradus. — Machinery. 

Tarchesius  and  Argelius.— Wrote  treatises  on  Architecture ; the  former  is 
supposed  to  have  erected  the  temple  to  iEsculapius  at  Tralles. 

Mnestiizs. — Pseudodipteral  temple  of  Apollo  at  Magnesia. 
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LIST  OF  ARCriITECTS, 


BF.FOHE  CHIUS  r. 


^th.  Century 

XXV.  Deinocrates  or  Dinochares  of  Macedonia. — Rebuilt  the  last  temple  of  Diana  at  1 

Ephesus  ; laid  out  the  city  of  Alexandria,  and  designed  many  edifices  there  ; | 

proposed  to  transform  Mount  Atlios  into  a colossal  figure  of  Alexander.  ' 

XXVI.  Callimachus  of  Corinth. — Reputed  inventor  of  the  Corinthian  order.  Vitruvius, 

b.  iv.  cha)).  1. 

XXVII.  SosTRATUs  of  Ciiidus. — The  Pharos  near  Alexandria. 

xxviii.  Eupolemus  of  Argos. — Several  temples  and  a theatre  at  Argos.  The  Herieum 
near  Mycenae. 

3rt/.  Century. 

XXIX.  Ph^ax  of  Agrigentum. — Var'ous  buildings  at  Agrigentum. 

XXX.  Cleodamas  of  Bvzantium. — Restored,  with  Athenaeus,  the  cities  destroved  hv 
the  Scythae  and  others. 

2nd.  Century. 

XXXI.  CossuTius  of  Rome. — Additions  to  the  temple  of  Jupiter  Olympius  at  Athens, 
for  Antiochus  Epiphanus,  king  of  Syria,  and  afterwards  destroyed. 

xxxil.  Philo  of  Athens  or  of  Byzantium. — Enlarged  the  arsenal  and  the  Pirfeus  at 
Athens ; erected  the  great  theatre,  rebuilt  by  order  of  Hadrian.  Wrote  on 
Architecture. 

XXXIII.  Hermodorus  of  Salamis. — Temple  of  Jupiter  Stator  in  the  Forum,  and  temple 
of  Mars  in  the  Circus  Flaminius,  at  Rome. 

xxxiv.  Caius  Mutius  of  Rome. — Temples  to  Honour  and  Virtue  near  the  trophies  of 

Marius  at  Rome.  1 

Century. 

XXXV.  Batrachus  and  Saurus,  of  Laconia. — These  two  architects  built  the  temple 
and  enclosed  by  the  portico  of  Octavia,  at  Rome.  The  name  of  the  first  (But paxos) 

XXXVI.  signifies  a frog  ; and  that  of  the  latter  {(Tavpos),  a lizard.  They  are  con- 

sidered to  have  perpetuated  their  names  by  the  representation  of  those  animals 
in  the  eye  of  the  volutes  of  the  Ionic  order,  of  which  a capital  has  been  found  ; 
and  in  the  churches  of  St.  Eusebius  and  of  St.  Lorenzo  fuori  le  Mura,  at 
Rome,  are  pedestals  sculptured  with  them. 

XXXVII.  Dexiphanes  of  Cyprus,  or  Cnidos. — A causeway;  and  rebuilt  or  repaired  the 
Pharos  at  Alexandria,  erected  by  Sostratus. 

XXXVIII.  Valerius  of  Ostium. — Covered  in  a theatre  at  Rome. 

XXXIX.  Cyrus  of  Rome. — Architect  to  Cicero  and  his  brother. 

XL.  PosTHUMius  of  Rome. — Many  works  at  Rome  and  Naples. 

XLi.  Lucius  CoccEius  Auctus  of  Rome. — Grotta  della  Sibella  from  Lacus  Avernus  to 
Baiae;  a temple  at  Pozzuoli ; tunnel  of  Cum®,  near  the  Lacus  Avernus. 

XLii.  FussiTiusor  Fufitius  of  Rome. — Several  buildings  at  Rome.  TJie  first  Roman 
who  wrote  copiously  on  architecture. 

XLiii.  Messidius  and  Philoxenus. — Formed  an  aqueduct  near  Rome  for  Cicero’s 
brother. 

XLiv.  Nu.misius. — Theatre  at  Herculaneum;  buried  a.d.  79. 


AFTER  CIIHIST. 


1st.  Century. 

1.  Marcus  Vitruvius  Pollio  of  Fano. — Basilica  Justiti®  at  Fano.  Writer  on  architec- 

ture, the  oldest  work  extant  on  the  art. 

2.  Vitruvius  Cerdo  of  Verona. — Triumphal  arch  at  Verona. 

3.  Celer  of  Rome. — Golden  house  of  Nero,  with  Severus  of  Rome. 

4.  Rabihius  of  Rome. — Palace  of  Domitian  and  works  connected  therewith,  on  Mount 

Palatine. 

5.  Mustius  of  Rome. — Temple  to  Ceres  at  Rome. 

2nd.  Century. 

6.  Julius  Frontinus  of  Rome. — He  has  left  a work  on  aqueducts. 

7.  Apoi.LonoRUs  of  Damascus. — Tlie  forum  of  Trajan,  the  column  of  Trajan,  and  other 

buildings  at  Rome  ; a stone  bridge  over  the  Danube  in  Lower  Hungary,  the 
remains' of  which  are  still  vi  ible. 


AND  Tm:il{  PRINCIPAL  WORKS. 
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AKI’KH  cmnsT. 


8.  Caius  Julius  Lacek  of  llome.-Bndffe  over  the  Tagus  at  Akantara,  iu  Spain ; a 
temple  there,  now  dedicated  to  San  Giuliano. 


9.  Detrianus  of  Rome.— Moles  Iladriani  and  the  Pons  Aelins  ; now  called  the  Gastello 
and  Ponte  Sant’  Angelo  ; removed  the  colossal  statue  of  Nero  for  Hadrian 
Antoninus,.  Senator,  of  Rome.— Pantheon  at  Epidaurns  ; baths  of  yEsculapius.  in  the 
same  city. 

4th.  Century. 

Metrodorus  of  Persia.-  Many  buildings  in  India,  and  some  at  Constantinople.  The 
first  known  Christian  architect.  ‘ 

Alypius  of  Antioch.— Employed  by  Julian  to  lay  the  foundation  of  a new  temple  at 
Jerusalem.  * 


10. 


11. 


5th.  Century. 

13.  Cyriades,  Consul,  of  Rome.— a basilica  and  bridge  for  Theodosius,  carried  on  by 

Auxentius,  senator,  Symmachus,  prefect,  and  Afrodisius,  consul. 

14.  Sennamar  of  Arabia. — Sedir  and  Khaovarnack,  two  celebrated  palaces  in  .\rabia. 


THE  SCYTHIAN  UE VASTATIONS. 

15.  Aloisius  of  Padua  or  Rome.  — Buildings  for  Theodoric;  assisted  Daniel  in  the  erection 
of  the  celebrated  mausoleum  at  Ravenna,  the  cupola  of  which  is  of  one  stone,  36 
feet  diam.  outside,  30  feet  inside,  and  hollowed  within. 


6th.  Century. 

16.  JEtherius  of  Constantinople. — The  vestibule  called  Chalce  in  the  Imperial  Palace /it 

Constantinople,  for  Anastatius  I ; and  a wall  in  Thrace  54  miles  long. 

17.  Anthemius  of  Tralles. — Sta.  Sophia  at  Constantinople;  he  was  assisted  by  Isinouus 

of  Miletus. 

18.  Chryses  of  Alexandria. — Constructed  the  embankments  along  the  Euripus,  near 

Dara,  in  Persia,  to  keep  the  river  in  its  channel,  and  to  keep  out  the  sea. 

7th.  Century. 

19  and  20.  Isidorus  of  Byzantium,  and  Joannes  of  Miletus. — The  city  of  Zenobla,  on  the 
river  Euphrates,  in  Syria,  for  Justinian. 

8th.  Century. 

21.  Abuelrrahaman  T.  of  Spain. — Gave  the  designs  for  the  mosque  at  Cordova. 

9th.  Century. 

22.  Romualdus  of  France. — Cathedral  at  Rheims,  the  earliest  example  of  Gothic  archi- 

tecture. 

23.  Magnus  Eginhardus  of  Odenwald,  in  Germany. — Pra^fect  of  buildings  to  Charle- 

magne. The  monastery  at  Mulinheim,  now  Seligenstadt ; drawing  of  monastery 
for  Gozpertus,  abbot  of  St.  Gall  in  Switzerland. 

24.  Tioda  of  Spain. — Palace  for  King  Alj/honso  the  Chaste,  at  Oviedo,  now  the  epis- 

copal palace;  churches  of  St.  Salvador  (since  destroyed),  St.  Michael,  and  St. 
Mary,  and  St.  Julius  outside  the  walls. 

10th.  Century. 

25.  Eberhard,  abbot,  of  Switzerland. — Church  and  monastery  at  Einsiedlen,  in  Swit- 

zerland, and  completed  by  Tietland,  abbot. 

26.  Abdallah  ben  Said  of  Spain. — Eastern  aisles  of  the  mosque  at  Cordova. 

11th.  Century. 

27.  Busketus  or  Buschetto.  — Church  of  S.  Paolo  at  Pistoja,  1032.  Duomo  at  Pisa, 

the  earliest  example  of  the  Lombard  style  of  architecture.  It  was  built  in  1063. 

28.  Humbert,  archbishop,  of  Lyons. — Erected  the  stone  bridge  over  the  Saone  at  Lyons, 

and  is  recorded  as  the  architect. 

29.  Pietro  di  Ustamber  of  Spain. — Crypt  of  the  cathedral  at  Chartres,  or  by  bMiop 

Fulbert ; rebuilt  the  church  of  St.  Isidorus  at  Leon,  and  erected  a bridge  there 

30.  Carilepho,  bishop  of  Durham,  of  England. — Began  the  cathedral  church  oi  Durham, 

“on a plan  which  he  had  brought  with  him  from  France,”  where  he  had  been  abbot 
of  St.  Vincent,  in  Normandy. 

IZtb.  Century. 

31.  Lanfrancus  of  Italy'. — The  cathedral  at  Modena,  1099-1108. 

32.  Landfridus  of  Normandy.  — Erected  the  castle  of  Pithiviers  in  Normandy,  and  then 

that  of  Ivry;  after  which  this  “architect”  was  beheaded,  that  he  might  not  erect 
another  elsewhere. 
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AFTER  CHRIST. 


33.  Gundulphls,  hisliop  of  Rochester,  of  England. — Considered  tohave  designed  Rochester 
Castle  ; his  house,  and  the  abbey  for  nuns  at  Mailing  in  Kent;  White  Tower  of 
the  Tower  of  London,  and  western  portion  of  Rochester  Cathedral ; the  eastern 
portion  erected  later  by  Bishop  Ernulf. 

S-l.  Odo,  prior  of  Croyland,  of  England. — Church  of  Croyland  Abbey.  Arnold,  a lay 
brother  of  the  abbey,  was  employed  as  mason, 

35.  Lalys  of  the  Land  of  Canaan.  — Neath  Castle,  Glamorganshire,  and  other  castles, 

monasteries,  and  churches;  built  Lalyston  ; appointed  architect  to  King  Henry  I. 

36.  Raymundo  of  Montfort,  of  France. — Cathedral  at  Lugo,  in  Spain,  all  but  the  belfry 

and  facade. 

37.  Dioti  Salvi,  or  D.  de  Petroni,  of  Italy. — Baptistry  at  Pisa,  in  the  Lombard  style. 

38.  Buono  of  Ravenna. — Palaces  and  churches  at  Ravenna  ; tower  of  St.  Mark  at  Venice, 

which  is  330  feet  liigh,  and  40  feet  square,  built  1148-54  ; the  Castel  del  Uovo 
and  the  Castle  Capuano,  at  Naples ; and  palazzo  de’  Signori  at  Arezzo. 

39.  Grua.mons  of  Pistoia. — Part  of  churches  of  St.  Andrea  and  of  St.  Giovanni  at 

Pistoia. 

40.  Alvar  Garcia  of  Estella,  in  Spain. — The  reputed  designer  of  the  cathedral  at  Avila 

del  Rey,  in  Spain. 

41.  SuGGER,  of  France. — Built  parts  of  his  abbey  church  of  St.  Denis,  near  Paris. 

42.  Pietro  Cozzo  of  Limena  in  Italy.  — Sala  della  Ragione  at  Padua,  which  is  about  261 

feet  long,  88  feet  wide,  and  87  feet  high  inside.  The  roof  was  burnt  in  1420,  and  I 
restored  by  Rizzio  and  Piccino,  of  Venice;  it  was  dismantled  by  a whirlwind  in  S 
1756,  and  restored  by  B.  Ferracina.  * 

43.  WiLHELMus  of  Germany. — Campanile  at  Pisa,  178  feet  high,  with  Bonano  of  Pisa,  t* 

'I'oMASO,  also  of  Pisa,  completed  it  in  the  14th  century.  1 

44.  William  of  Sens. — Choir  of  Canterbury  Cathedral,  after  the  fire  of  1174;  completed  I 

by  William  the  Englishman. 

13th.  Century. 

45.  IsENBERT  of  XAiNCTES,in  France. — Bridges  at  Xainctes  and  Rochelle.  Recommended  ^ 

by  King  John  to  the  citizens  of  London  as  a proper  person  to  finish  London  Bridge, 
begun  by  Peter  of  Colechurch,  in  1176. 

46.  Helyas  de  Berham  or  Derham,  canon  of  Salisbury,  of  England. — Overseer  for 

twenty  years  of  the  works  at  Salisbury  Cathedral,  from  its  foundation.  He  was 
succeeded  by  a certain  Robert.  He  may  be  the  .same  person  who  is  called  Elyas 
the  Engineer,  in  records  of  the  reigns  of  Kings  Richard  I.  and  John,  relating  to 
the  repair  of  the  king  s houses  at  Westminster. 

47.  Edward  Fitz-Odo  of  England. — Supposed  master  of  the  works  at  Westminster  Abbey 

Chi.rch  for  King  Henry  III. 

48.  Robert  de  Luzarches  of  France.  — Cathedral  of  Amiens;  continued  by  Thomas  de 

CoRMONT,  and  finished  by  his  son  Regnault,  as  stated  in  the  labyrinth  in  the  nave. 

^9.  Estienne  de  Bonnueill  of  Paris.  — Church  of  the  Trinity  at  Upsala,  in  Sweden, 
built  after  the  model  of  Notre  Dame  at  Paris,  with  ten  companions  and  as  many 
pupils. 

50.  Wilars  de  Honecort  of  France. — Author  of  a vellum  sketch  book,  preserved  at 

Paris;  published  by  Lassus  and  Darcel  in  1858,  and  translated  by  Professor 
Willis  1859.  Cl)urch  of  St.  Elizabeth  at  Cassovia,  now  Kaschau,  in  Hungary;  and 
of  St.  Yved  de  Braine  ; and  one  at  Cambray. 

51.  Pjerre  DE  Corbie  of  France. — Many  churches  in  Picardy,  and  perhaps  the  apsldal 

chapels  at  Rl)eims  Cathedral. 

52.  Jacopo  or  Lapo  of  Florence  (there  were  st 'eral  other  artists  of  this  name). — Church 

de’ Monad  CassinensI  (afterwards  the  Ves^ovado,  and  now  the  cathedral ) at  Arezzo, 
continued  by  Margaritone.  The  piers  of  the  ponte  della  Carraja  at  Florence. 

53.  Jean  de  Chelles  of  France. — Gabled  fronts  of  the  transept  and  first  chapels  of  the 

choir  at  the  cathedral  of  Notre  Dame  at  Paris. 

54.  Pierre  de  Montereau  or  de  iMontreuil,  in  France. — The  first  Sainte  Chapelle  at 

Vincennes  ; the  refectory,  dormitory,  chapter-house,  and  chapel  of  the  V^irgin  in 
the  monastery  of  St.  Germain  des  Pres,  near  Paris  ; the  Sainte  Chapelle  at  Paris, 
and  other  churches. 

55.  Hues  Libergiers  of  Rheims,  in  France. — Church  of  St.  Nicaise  at  Rheims,  now  de- 

stroyed. He  was  succeeded  by  Robert  de  Coucy.  It  is  one  of  the  early  specimens 
of  pure  Gothic  in  France. 

56.  San  Gonsalvo  of  Portugal. — A bridge  and  a church  at  Amaranto, 

57.  San  Pietro  Gonsalvo  of  Tui,  in  Portugal. — Stone  bridge  at  Tui» 

58.  San  Lorenzo  of  Portugal.  — Stone  bridge  at  Cavez. 
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59.  Jacopo  of  Germany.— Remodelling  the  buildings  of  tlie  monastery  of  St.  Francisco 

at  Assisi  ; tlie  Palazzo  del  Barjello  ; and  the  fayade  of  the  archbishop’s  palace, 
both  at  Florence. 

60.  Nicola  of  Pisa.— Monastery  and  church  of  the  Dominicans  at  Bologna;  church  of 

San  Micheli  ; some  palaces  ; and  the  octagonal  campanile  of  tlie  Augustins  at 
Pisa;  church  del  Sau  Antonio  at  Padua;  church  of  Santa  Maria  at  Orvie'o  ; 
church  de’  Fratri  Minor!  at  Venice  ; abbey  in  the  plains  of  Tagliacozzo,  near 
Naples,  as  a memorial  of  the  victory  by  Charles  I.  over  Conrad  ; design  for  the 
church  of  San  Giovanni  at  Siena,  and  for  the  church  and  monastery  defla  Santis- 
sima  Trinita  at  Florence;  Dominican  monastery  at  Arezzo,  carried  out  by  Mao-- 
lione,  his  scholar.  Repairs  and  alterations  to  the  duomo  at  Volterra,  and  the 
Dominican  monastery  at  Viterbo. 

61.  Henri  ue  Narbonne  of  France. — Cathedral  at  Gerona,  in  Spain,  which  city  he 

undertook  to  visit  six  times  a year. 

62.  Jacobus  de  Favariis  of  Narbonne,  in  France. — Succeeded  him  at  Gerona. 

63.  Fuccio  or  Fucius  of  Italy. — Perhaps  restored  the  church  of  Santa  Maria  sul’  Arno  at 

Florence.  The  gate  and  towers  near  the  river  Volturno  at  Capua.  F'mished  the 
Castel  Capuano,  now  the  Vicaria,  and  Castello  dell’  Uovo,  at  Naples,  commenced 
by  Buono. 

64.  Ferrante  Maglione  of  Pisa. — Cathedral  and  church  of  San  Lorenzo  at  Naples. 

Palazzo  Vecchio  and  many  churches  at  Naples,  in  conjunction  with  Giovanni 
Benincasa.  Dominican  monastery  at  Arezzo,  from  the  designs  of  Nicolo  da 
Pi^a, 

65.  Masuccio  of  Naples. — Completed  the  Castel  Nuovo,  and  the  church  of  Santa  Maria 

della  Nuo\a;  designed  the  churches  of  San  Domenico  Maggiore  and  San  Giovanni 
Maggiore ; restored  the  cathedral  of  San  Gennaro  ; designed  the  Palazzo  Sant’ 
Angelo  and  Palazzo  Colombrano;  all  at  Naples. 

66.  Giovanni  da  Pisa,  in  Italy  (son  of  Nicola  da  Pisa). — Campo  Santo  or  public  cemetery, 

and  the  tribuneof  the  Duomo,  at  Pisa;  Castel  Nuovo,  and  the  church  of  Santa  Maria 
della  Nuovo  at  Naples  ; facade  of  the  cathedral  at  Siena ; many  buildings  at 
Arezzo  and  other  towns  in  Italy.  He  was  the  first  architect  in  the  modern  style 
of  fortification. 

67.  Erwin  von  Steinbach,  in  Germany. — The  portail  of  the  cathedral  at  Strasbourg, 

from  1277  till  his  death  in  1318.  His  son  continued  the  work. 

68.  Stefano  Masuccio  of  Naples. — Church  of  Santa  Chiara  at  Naples.  The  lower  part 

of  the  campanile  is  attributed  to  him  or  to  his  pupil  Giacomo  de  Sanctis. 

69.  Pedro  Perez  of  Spain. — Commenced  the  cathedral  at  Toledo. 

Ifttb.  Century. 

70.  Arnolfo  di  Cambio  or  Arnolfo  di  Lapo  of  Florence. — Restoration  of  the  ponte  di 

Trinita;  the  church  of  Santa  Croce;  the  walls  of  the  city,  with  the  towers;  tlie 
loggia  of  the  Or  San  Michele;  the  principal  chapel  of  the  Badia,  enlarging  the 
church  and  the  campanile  ; Palazzo  della  Signori,  now  Pallazzo  Veccnio  ; design, 
model,  and  foundation  of  the  cathedral  of  Sta  Maria  del  Fiore,  with  the  Loggia  and 
the  Piazza  dei  Priori ; all  at  Florence 

71.  Johannes  de  Middelton,  of  Durham. — As  mason  erected  the  lower  part  of  the  dor- 

mitory of  the  monastery  ; completed  by  Peter  Dryng  in  1401. 

72.  Andrea  da  Pisa  in  Italy. — Designed  the  Castello  della  Scarperia  at  Mugello,  at  the 

foot  of  the  Apennines  ; designed  the  chuich  of  San  Giovanni  at  Pisloja  ; fortJicd 
and  enlarged  the  ducal  Palazzo  Gualtieri  at  Floience. 

73.  Agostino  d..\  Siena,  or  da  Pisa,  in  Italy,  and  his  brother  Angelo  da  Pisa.  North 

and  w’est  facades  of  the  cathedral  at  Siena,  and  two  gates  ; church  and  monas- 
tery of  San  Francisco;  Palazzo  de’  Nove  Magistrati ; grand  fountain  in  the  piazza 
opposite  the  Palazzo  della  Signoria ; hall  of  the  council  chamber,  and  I alazzo 
Publico  ; church  della  Santa  Maria  in  Piazza  Manetti,  all  at  Siena, and  all  built  6y 
him  in  conjunction  with  his  brother;  also  several  works  at  Assisi,  Orv;eto,  and  other 
towns. 

74.  William  Boyden  of  England.— Chief  architect  (or  master  mason)  for  the  chapel  of 

the  Virgin  at  St.  Albans  Abbey  Church. 

75.  Henry  {Lutomus,  cr  stonemason)  of  Evesiiam,  in  England.  Chaptei -house,  refec- 

tory, abbot’s  hall,  and  kitchen  of  the  monastery  at  Evesham. 

76.  Walter  de  Weston  of  England.- Clerk  of  the  works  at  Westminster,  kept  ll.e  rolls 

of  expenses  of  the  erection  of  St.  Stejihen’s  Chajiel.  ^ , r'-i  i 

77.  Thomas  OF  Canterbury,  in  England. — Master  mason,  1330,  at  St  Stephen  s Chapel, 

Westminster. 
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7H.  Raimond  DU  Temple  of  France.  — Great  staircase  at  the  Louvre  at  Paris. 

79.  Richard  de  Farleigh  of  England.  — Master  mason  at  Bath  and  Reading;  at  Salis- 

bury Cathedral  he  worked  with  Robert,  the  mason.  (See  No.  46). 

80.  Nicolas  Bonaventuua  of  Paris. — Employed  on  cathedral  at  Milan  1388,  followed 

by  Jean  Campomosia  of  Normandy,  and  by  Jean  Mignot  in  1399. 

81.  Giacomo  Lanfrani  of  Italy. — Church  of  San  Francesco  at  Imola  ; church  of  San 

Antonio  di  Ca^tello  at  Venice,  and  some  tombs  at  Bologna. 

82.  .Tean  Ravy  or  Halt  of  Fiance.  — Finished  the  cliurch  of  Notre  Dame  at  Paris. 

83.  Hans  Hilts,  Hiltz,  or  Hultz,  of  Cologne. — Conducted  the  woiks,  after  the  death 

of  the  Steinbachs,  at  Strasburg  Cathedral,  to  the  four  winding  staircases  up  to  the 
cupola.  His  son  Hans  completed  the  tower. 

84.  JosT  Dotzinger  of  Worms. — Succeeded  Hiltz;  he  made  the  font,  repaired  the  choir 

and  the  vaulting.  He  had  sufficient  influence  to  cause,  1452,  the  confederacy  of 
the  masons’  lodges  in  Germany,  and  is  considered  by  many  as  thus  commencing 
the  modern  Freemasonry. 

85  Alfonso  Domingues  of  Lisbon. — Said  to  be  the  first  architect  engaged  on  the  monas- 
tery at  Batallia  in  Portug.il. 

86.  David  Hacket,  or  Aquete,  or  Ouguet,  of  Ireland. — Commenced  the  chapel  of  the 

founder  at  the  Batalha,  in  Portugal. 

87.  William  OF  Wykeham,  bishop  of  Winchester,  in  England. — Supposed  to  have  de- 

signed New  College,  Oxford,  and  the  College  at  Wincliester,  both  founded  by  him  ; 
rebuilt  or  cased  the  nave  of  Winchester  Cathedral ; and  erected  some  portions  of 
Windsor  Castle. 

88.  William  de  Wvnford,  of  England. — Master  mason  ; was  employed  by  Wykeham  on 

many  of  his  buildings. 

89.  Alan  de  Walsingham,  sacrist  and  prior  at  Ely,  in  England. — The  Lantern  Tower 

and  accessory  portions,  and  the  Lady  Ciiapel,  at  Ely  Cathedral. 

90.  William  Reade,  bishop  of  Chichester,  of  England.  — First  library  at  Merton  College, 

Oxford;  Amberley  Castle,  Sussex;  an  eminent  mathematician. 

91.  Andrea  di  Cione,  called  Orcagna,  of  Florence,  and  his  brother  Jacopo  di  Cione. — 

Additions  to  the  Gran-ducal  palace,  and  the  Loggia  de’  Lan^i,  at  Florence.  His 
brother  built  the  tower  and  gate  of  San  Piero  Gattolino  at  Florence. 

92.  Gainsborough,  or  Gaynisbukg,  of  England. — Employed  at  Lincoln  Cathedral,  where 

his  gravestone  still  exists. 

92'i.  Henry  Yevele  or  Zenei.ey,  and  Stephen  Lote,  of  London. — Contracted  for  the 
stonework  of  the  tomb  of  the  first  wife  of  Richard  II. ; and  devised  the  form  and 
model  for  raising  the  walls  of  Westminster  Hall,  London. 

15th.  Century. 

Q3.  Filippo  di  Ser  Brunellesco  dei  Lapi  of  Florence.^ — Dome  of  the  cathedral  of 
Santa  Maria  del  Fiore  at  Florence.  A council  of  artists  Irom  all  parts  was  held 
in  1420,  to  advise  on  this  scheme.  The  Palazzo  Pitti,  begun  and  half  built  by 
bim,  completed  by  Luca  Fancelli ; great  part  of  the  church  of  San  Spirito  ; chap- 
ter-house and  a chapel  to  the  church  of  Ste.  Croce  ; the  church  degl’  Angeli,  never 
completed  ; the  fortress  of  Milan,  and  several  works  about  that  city  ; a model  for 
the  fortress  of  Pesaro  ; the  old  and  new  citadels  at  Pisa  ; some  other  works  there, 
as  well  as  at  Trento,  and  in  other  parts  of  Italy  ; and  the  drainage  of  the  country 
round  Mantua.  He  set  the  first  example  of  a purer  style  in  the  arcliitecture  of  Italy. 

94.  ]\IicHELozzo  MiCHELf  zzi  of  Florence. — Palazzo  di  Medici,  now  Riccardi,  the  first 

building  in  Florence  on  modern  rules;  Palazzo  Cafaggiolo,  at  Mugello  ; Domi- 
nican monastery  and  church  of  S.  Marco  ; Noviziata  della  Santa  Croce  ; cliapel  in 
the  church  dei  Servi  ; Villa  Medicea  di  Careggi,  now  Orsi  ; Palazzo  Tornabuoni, 
now  Corsi ; with  several  other  buildings  at  Florence.  Library  at  the  monastery  of 
the  Black  Benedictines  at  Venice  ; Palazzo  at  Fiesole  ; some  buildings  at  Trento; 
a beautiful  fountain  at  Assisi,  the  old  citadel  at  Perugia;  alterations  to  the  palace 
at  Milan  presented  by  Francisco  Sforza  to  Cosmo  di  Medici ; and  other  great 
works  in  various  towns  m Italy. 

95.  Juan  Alonso  or  Alfonso  of  Spain. — Directed  the  construction  of  the  castle  of 

Mouraon  in  the  Alemtejo  ; and  designed  the  sanctuary  church  of  the  monastery  at 
Guadalupe  in  Spain. 

96.  Giui.iano  DA  Majano,  near  Fiesole. — S icceeded  Lapi  at  the  Duomo  at  Florence; 

P.dazzo  del  Poggio  Rcale  at  Naples,  and  many  works  in  that  city,  besides 
fountains.  An  edifice  in  the  first  Cortile  in  the  Vatican  at  Rome  ; palace  of  San 
Marco  at  Rome;  and  restored  the  chnrcli.  Began  to  enlarge  the  church  of  Sta. 
Casa,  at  Loreto,  completed  by  his  neiihew  Benedetto  da  Majano. 
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97.  Nokto.v  or  Morton,  of  England  (fellow  and  warden).— Restored  St.  Mary  Redclifle 

church,  Bristol,  after  the  fall  of  the  spire  in  1446.  ^ 

98.  John  Dryeli.  or  Dayell  or  Drueli.,  of  England.— Surveyor  at  the  erection  of  All 

Souls’  College,  Oxford,  of  which  he  was  a fellow. 

99.  Roger  Keyes,  of  England.— Fellow  and  warden  of  the  college,  succeeded  to  Dryell  • 

he  had  been  master  of  the  works  of  Eton  college,  Berkshire.  ^ ’ 

100.  William  Horwod  (freemason)  of  England.— Nave, aisles,  and  tower  of  the  Collc'^iate 

chapel  at  Fotheringay,  Northamptonshire. 

101.  Nicholas  Cloos,  or  Close  (afterwards  bishop  of  Lichfield)  of  England.— Supposed 

to  have  designed  King’s  College  chapel,  Cambridge ; though,  according  to  some, 
his  father  was  the  architect. 

102.  Christodoulos. — Mosque  of  Mahommed  1 1,  on  the  site  of  the  church  of  the  Apostles 

with  eight  schools  and  eight  hospitals,  all  at  Constantinople. 

10.8.  Baccio  PiNTELLi  of  Florence.— Church  and  monastery  of  Santa  Marla  del  Popolo  ; 
the  celebrated  Capella  Sistina  in  the  Vatican;  the  hospital  of  Santo  Spirito  in 
Sassia  ; Ponte  Sisto  ; the  church  of  San  Sisto ; the  church  of  St.  Agostino  ; the 
church  of  San  Pietro  in  Vincola  ; palace  for  the  Cardinal  del  Rovere  in  Bor«ro 
Vecchio,  all  at  Rome.  Repaired  the  church  and  monastery  of  San  Francesco 'iit 
Assi-si.  The  palace  for  the  Duke  Federlgo  Feltre  at  Urbino  is  attributed  to 
him.  He  first  set  the  example  of  grandeur  in  the  architecture  of  chapels. 

104.  Bartolomeo  Suardi,  II  Bramantino,  of  Italy. — Many  works  at  Milan,  and  other 

parts  of  Italy. 

105.  Giovanni  del  Pozzo,  of  Cuenca,  in  Spain. — Dominican  monastery,  and  a great 

bridge  over  the  Huexar,  near  Cuenca. 

106.  Andrea  Ciccione  of  Naples.  — Monastery  and  church  of  Monte  Oliveto,  now  San 

Carlo  Borromeo;  great  portal  of  the  church  of  San  Lorenzo;  church  of  Sta. 
Marta;  Palazzo  of  Bartolomeo  Riccio,  now  Ercolense;  and  several  other  con- 
vents and  palaces,  all  in  the  city  of  Naples. 

107.  Akistotile  Alberti  or  Ridolfo  Fioravanii  of  Bologna. — Restored  the  tower  of  the 

church  of  S.  Biagio,  at  Cento,  to  its  perpendicular  position;  removed  the  Campanile 
of  Santa  Maria  del  Tempio,  at  Bologna,  several  feet;  rebuilt  a bridge  over  the 
Danube  in  Hungary;  built  the  Church  of  the  Assumption  at  Moscow,  in  wl'ch 
city  he  is  supposed  to  have  built  the  Kiemiin,  and  other  works. 

108.  William  Orchyearde  of  England. — Master  mason  of  Magdalen  College,  Oxford. 

109.  Francesco  di  Giorgio  of  Siena. — Tlie  ducal  palace  at  Urbino,  attributed  also  to 

Alberti,  Luciano,  and  Pontelii. 

110.  To.mmaso  Formentone  of  Brescia. — Palazzo  Municipale  or  Della  Loggia,  at  Brescia, 

one  of  the  four  chief  town-halls  in  Italy;  continued  by  Sansovino  and  completed 
by  A.  Palladio. 

111.  Luciano  di  Martino  or  L.  ni  Lauranna. — Palazzo  for  the  Duke  Federigo  Feltre  at 

Urbino,  completed  by  Pontelii. 

112.  Leone  Battista  Alberti  of  Florence. — Church  of  San  Francisco  at  Rimini;  churches 

of  San  Sebastiano  and  of  San  Andrea,  at  Mantua.  Tne  principal  facade  of  Santa 
IMaria  Novella,  at  Florence,  has  been  attributed  to  A'berti,  but  from  the  circum- 
stance of  its  being  Gothic,  it  is  more  probably  by  Bettini  ; the  gate  and  Corinthi'’n 
loggie  are,  however,  from  the  designs  of  Alberti.  Palazzo  Rucellai;  and  the 
choir  and  tribune  of  the  church  della  Nunziata,  both  at  Florence.  At  Rome  he 
altered  the  papal  palace  for  Pope  Nicholas  V.,  and  repaired  the  aqueducts  of  the 
Aqua  Vergine,  and  decorated  the  fountain  of  Trevi.  Many  buildings  in  Italy  are 
attributed  to  him,  but  are  by  his  pupds. 

113.  Jan  Keldermans  of  Germany. — Completed  the  old  Hotel  de  Ville  at  Louvain,  now 

the  council  chamber. 

114.  Mathieu  de  Lavens  of  Louvain. — Hotel  de  Ville  at  Louvain;  choir  of  the  church 

of  Ste.  Waltrude  at  Mons;  Tabernacle,  baptistry,  and  altar  of  the  Virgin  in  the 
church  of  S.  Leonard  at  Lean;  completed  the  church  of  S.  Sulpice  at  Diest,  begun 
by  S.  van  Vorst,  and  erected  the  tower. 

115.  Hans  Boebi.inger  and  Matthaeus  Boeblinger. — Commenced  the  Irauenkirche  at 

Esslingen,  near  Stuttgart,  continued  by  his  son,  who  built  the  Katherineiikirche 
and  the  Spitalkirche.  Employed  on  the  cathedral  at  Frankfort-sur-.Maine,  and  on 
that  at  Ulm. 

116.  Richard  Beauchamp,  bishop  of  Salisbury,  in  England. — Built  the  great  hall,  parlour, 

and  chamber  of  the  palace  at  Salisbury  : appointed  master  and  supervisor  of  the  works 
of  St  George’s  Chapel  at  Windsor  Castle  (where  he  was  succeeded  by  Sir  Regi- 
nald Bray,  who  was  comptroller  of  the  ro\al  works  to  Henry  All);  and  built  a 
chantiy  chapel  in  Salisbury  Catludial. 
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117.  John  Kendale  of  England. — Supervisor  of  the  king’s  works  throughout  the  realm. 

1 Edw.  IV. 

118.  John  Ashfield  of  England.—  Master  of  the  new  works,  H73,  at  Bristol  Cathedral  . 

Prior  John  Martyn  succeeded  him. 

119.  Donato  Lazzari,  usually  called  Bramante  d’Urbino,  from  the  town  near  his  birth. 

place. — The  octagonal  church  of  Sta.  Maria  Incoronata  at  Lodi;  two  churches 
and  a palace  at  Casale ; church  at  Canobbio.  At  Milan,  the  church  and  sacristy 
of  St.  Satiro;  chapel  of  the  large  lazaretto,  and  part  of  that  building  itself;  tlu 
monastery  of  San  Ambrogio  and  its  cloisters,  and  the  cupola  of  the  church  of  Sta. 
]\Iaria  della  Grazie.  Designed  and  commenced  the  building  of  St.  Peter’s  at 
Rome;  many  works  in  the  Vatican,  particularly  the  library  and  the  Belvedere 
court,  &e.,  for  Julius  II.;  the  circular  Doric  chapel  in  the  convent  of  San  Pietro 
Montorio ; the  palaces  of  S.  Giacomo  Scossacavalli,  afterwards  Giraud  and  Tor- 
lonia,  del  Duca  de  Sora,  della  Cancclleria  (if  not  due  to  the  brothers  Giamberti 
Sangallo),  dell’  Nuovo  dell’ Imperiale ; the  churches  of  SS.  Euloy  de’  Orfani, 
Lorenzo,  and  Damaso;  cloisters  of  the  monastery  della  Pace.  &c.,  at  Rome;  the 
Sirada  Julia  in  that  city;  ducal  palace  at  Urbino;  Palazzo  Publico  at  Brescia; 
church  of  Sta.  Maria  del  Monte,  near  Forli  ; cathedrals  at  Citta  di  Gastello, 
Faenza,  and  Foligno  ; fortress  at  Civita  Vecchia,  and  other  engineering  works  at 
Milan  ; marble  exterior  to  the  Santa  Casa  at  Loreto;  Villa  Imperiale  near  Pesaro, 
churches  of  San  Sepolcro  and  of  Santa  Maria  della  Campagna  at  Piacenza; 
church  of  the  Madonna,  outside  Todi,  in  the  firm  of  a Greek  cross,  in  imitation  of 
his  design  for  St.  Peter’s ; and  many  other  works. 

120.  Ventura  Vitoni  of  Pistoja. — Church  dell’  Umilta  at  Pistoja,  after  the  design  of 

Bramante,  whose  pupil  he  was. 

121.  Martino  Lombaroo  of  Venice. — Scuola  or  confraternita  di  San  Marco  at  Venice,  and 

perhaps  the  church  of  S.  Zaccaria  in  same  city,  but  the  interior  is  considered 
earlier.  Other  palaces  there  are  attributed  to  him. 

122.  Simone  Pollaiuolo,  or  II  Cronaca,  of  Florence. — Facade  and  additions  in  the 

cortile  to  the  Palazzo  Strozzi.  begun  by  Majano  ; convent  of  the  Padra  Serviii  ; 
sacristy  of  Santo  Spirito  ; and  the  Council  Hall,  all  at  Florence ; church  of  San 
Francisco,  at  S.  Miniato,  near  Florence. 

123.  Novello  r>A  San  Lucano  of  Naples. — Palace  of  Prince  Robert  Sanseverino,  duke  of 

Salerno,  now  a church ; and  restored  the  church  of  San  Domenico  Maggiore, 
both  at  Naples. 

124.  Pietro  Lombardo  of  Venice. — Tomb  of  Dante,  the  poet,  and  its  chapel  in  the 

church  of  San  Francisco;  the  two  great  columns  in  the  piazza,  at  Ravenna  ; clock 
tower  to  the  church  of  San  Marco  ; Palazzo  Lr.redano-Veiidramin-Calergi ; church 
of  Sta.  Maria  de’  Miracoli ; Avorks  at  the  ducal  palace;  besides  many  others  at 
Venice  ; a cloister  in  the  monastery  of  Santa  Giuslina  at  Padua;  the  Cathedral  at 
Cividal  del  Friuli. 

16th.  Century. 

125.  John  Alcock  (bishop  of  Ely)  of  England. — Comptroller  of  the  royal  works,  temp. 

Henry  VII.;  his  chapel  in  Ely  Cathedral ; supposed  to  have  designed  St.  Mary’s,  cr 
the  University  Church,  Cambridge;  Collegiate  Church  of  Saint  Giles  at  Malvern. 

126.  William  Bolton,  prior  of  St.  Bartholomew,  Smithfield,  in  London. — Master  of  the 

works  at  the  chapel  of  King  Henry  VII.,  at  Westminster,  and  is  supposed  to  have 
designed  it. 

127.  Gabkiello  d’Agnolo  of  Naples. — Church  of  S.  Giuseppe;  church  of  Santa  Maria 

Egiziaca  ; palace  of  Ferdinando  Orsini,  duke  of  Giavina,  at  Naples. 

128.  Gian  Francesco  Mormando  of  Mormanno. — Church  of  San  Severino ; Palazzo  Filo- 

marini ; Palazzo  Cantalupo  ; the  small  church  della  Stella,  at  his  own  expense ; all 
at  Naples. 

12.0.  John  Cole  of  England.- — Master  mason  of  the  spire  at  Louth  church,  Lincolnshire. 

130.  John  Hylmer  and  William  V’ertue  of  England. — Freemasons,  erected  the  vaulting 

of  the  choir  of  St.  George's  Chapel,  Windsor. 

131.  Giuliano  Giamberti,  called  San  Gallo,  of  Florence. — Part  of  the  cloister  of  the 

monastery  of  Santa  Maddelena  de’  Pazzi  at  Florence ; cloister  for  the  Fratri  Ere- 
mitani  di  S.  Agostino;  the  Poggio  Imperiale;  fortress  near  the  Porto  a Prato, 
and  other  works,  at  Florence;  a magnificent  palace  at  Poggio  a Cajano  for  Lo- 
renzo di  Medici,  with  a hall  163  feet  by  68  feet  by  65  feet  high,  having  a ceiling 
the  widist  then  known  ; repaired  the  cupola  and  roofed  the  cliurch  della  Madonna 
at  Loreto  ; restored  the  roof  and  decorations  of  the  ceiling  of  the  church  of  Santa 
Alaria  Maggiore;  restored  the  church  dell’  Anima  ; Palazzo  Rovere,  near  San 
Pietro  in  Vincola,  and  other  works  at  Rome;  church  of  Madonna  delle  Carccii  at 
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Prato;  Palazzo  Rovcre  at  Savona;  an  unfinished  palace  at  Milan;  fortress  and 
Doric  gate  of  San  Marco  at  Lucca;  works  at  Pisa  ; fortifications  at  Ostia 

132.  Martin  Chambiches  or  Chambiges  of  Cambrai,  in  Prance.  — Employed  to  construct 

the  portail  of  the  cathedral  at  Troyes.  Directed  with  Jean  Vast  the  erection  of 
the  transepts  to  the  cathedral  at  Beauvais,  and  was  succeeded  by  M.  Lai  ye 

133.  Pierre  Gadyer  of  Paris.  — Probably  designed  for  Francis  I.  the  Chateau  de  Boulogne 

or  Madrid,  near  Paris,  now  destroyed.  " 

1.S4.  DoMpiro  Boccadoro,  called  Dominique  de  Cortone.— Remodelled  the  Hotel  dc 
Ville  at  Paris  to  an  Italian  dedgn. 

135.  Tui.lio  Lombardo  of  Venice.— Assisted  his  fatlier  Pietro  in  the  Cappella  lUafrcriore 

in  the  Cathedral  at  Treviso.  At  Venice,  the  palazzo  Corne^-Spinelli ; tlie  church 
of  Sia.  Marla  de’  Miracoli,  and  several  other  buildings  and  fine  tombs.’  Catliedral 
at  Belluno.  The  transept,  if  not  tlie  whole  of  the  church  of  the  Madonna  della 
Grazie  at  Treviso,  completed  with  the  help  of  his  kiiDmen  Giul'o  and  Sante. 

136.  Leonardo  DA  ViNGi,  near  Florence.— Aqueduct  of  the  Adda  and  other  engineerin'^ 

works  at  Milan;  various  machines,  plans,  and  works  on  architecture.  ° ° 

137.  Fra  Giovanni  Giocondo  of  Verona,  railed  Joconde  in  France. — “Diviseur  des 

batimens”  ; bridge  of  Notre  Dame  at  Paris ; fortifications  at  Trevi-^o ; built  the 
Foiidaco  de’  Tedeschi,  cleansing  of  the  Lagunes,  and  made  a design  for  the  Ponte 
Rialto,  all  at  Venice.  After  the  death  of  Bramante,  he  was  engaged  with  Raf- 
faele  and  G.  da  San  Gallo  in  erecting  St.  Peter’s  at  Rome.  Several  works  at 
Verona  are  attributed  to  him. 

138.  Hans  EIoi.bein  of  Basle. — Gateway  at  Whitehall  ; ceiling  of  Chapel  Royal  at  St. 

James’s  Palace;  Wilton  House,  Wiltshire.  Died  1543. 

139.  Rombaut  Keldermans,  of  Malines. — Staircase  to  Hotel  de  Ville  at  Oudenaarden  ; 

works  to  the  lower  portion  of  Hotel  de  Ville  at  Gaud;  house  for  Grand  Conseil 
at  Malines  ; and  chapel  of  the  palace  of  the  dukes  of  Brabant  at  Bruxelles. 

140.  Ludovico  BtREXTA  of  Brescia  (?). — Facade  of  the  church  of  Santa  Maria  dei  Mira- 

coli at  Brescia,  in  a florid  cinquecento  arabesque  style. 

141.  Raffaello  Sanzio  of  Urbino. — Continued  the  church  of  St.  Peter  at  Rome,  after 

the  death  of  Bramante,  his  master  in  architecture ; engaged  at  the  Palazzo  Far- 
nese,  and  stalding  near  thereto;  repaired  and  altered  the  church  of  Santa  Maria  in 
Navicella  ; Palazzo  Caffarelli,  now  Stoppani  ; the  gardens  of  the  V’atican  ; the 
facade  of  the  church  of  San  Lorenzo,  and  of  the  Palazzo  Uggoccioni,  now  Pan- 
dolfini,  all  at  Florence. 

142.  John  OF  Pauda  in  Italy. — Deviser  of  buildings  to  Kings  Henry  VIII.  and  Edward 

VI.  of  England.  Supposed  to  have  designed  Somerset  House;  and  Sion  House, 
Middlesex.  Also  attributed  to  J.  Thorpe  (175).  and  J.  Shute  (200). 

143.  Hfctor  Asheley  of  England. — blaster  mason  and  supervisor  in  the  erection  of 

Hunsdon  House,  Hertfordshire. 

144.  Roger  Amice  of  England. — Surveyor  to  King  Edward  VI.  ; Aimes  Knight’s 

lodgings  at  Windsor  Castle. 

145.  Andrea  Contucci  of  Monte  Sansavino,  in  Italy. — The  cappella  del  Sngrarnento  in 

the  church  of  Santo  Spirito  at  Florence  ; palazzo  della  Canonica,  and  fortifications 
at  Loreto ; church  della  Nunziata  at  Arezzo;  chapel  for  tlie  monks  of  St.  Agostino, 
and  his  own  house  at  Sansavino;  buildings  at  Venice;  and  a palace  at  Evora,  with 
some  other  buildings  in  Portugal. 

146.  Bartolommeo  Buono  of  Bergamo,  in  Italy. — Three  chapels  in  the  church  of  S, 

Rocco  ; bell  chamber,  attic  and  spire  to  the  Campanile  of  San  Marco;  andsuperir- 
tended  the  works  at  the  Procurazie  Vecchie,  all  at  Venice. 

147.  Guglielmo  di  Bergamo,  called  11  Bergamasco,  of  Italy. — Cappella  Emiliana,  near 

the  Camaldolese  in  the  island  of  Murano  ; palazzo  di  Calmerlenghi,  near  the 
ponte  Rialto  at  Venice;  palace  at  Portagruaro,  at  Friuli;  porta  di  Santo  lorn 
inaso  at  Treviso  ; porta  del  Portello  at  Padua. 

148.  Giovanni  di  Ololzago  of  Biscay,  in  Spain  — Cathedral  of  Huesca,  in  Arragon. 

149.  Pedro  DE  Gumiel  of  Alcala,  in  Spain. — Monastery  ot  Sta.  Engra^ia  at  Saragossa; 

college  of  S.  Ildefonso  at  Alcala  de  Henares ; and  church  of  SS.  Justo  y Pastor, 

150.  Juan  Camfzro  of  Spain.  — Church  and  convent  of  S.  Francis  at  lorrtlaguna,  in 

Spain;  commenced  the  cathedral  at  Salamanca,  under  Gil  de  Hontanon  ; and 
the  aqueduct.  Removed  a cloister  at  Segovia  to  the  site  of  the  new  cathedial; 
and  heightened  the  tower  of  the  momstery  of  St.  Maria  del  Parral,  in  that 
city. 

151.  Antonio  Giamberti  (da  San  Gallo)  of  Florence.— Churches  of  the  Madonna  at 

Montefiascone ; the  Canonica,  with  a double  loggia;  fortifications  at  Civita  Vec- 
ehia,  Civita  Castellana,  Montefiascone,  Perugia,  and  many  other  strong  places  in 
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Itiily.  Altered  the  toml)  of  Iladritin  at  Rome  to  its  present  foim  as  the  castle  of 
S.  Angelo,  and  its  fortifications 

152.  Antonio  Picconi  (da  S an  Gallo)  of  jMiigello,  near  Florence. — Completed  the  church 

of  Sta.  INIaria  di  Loreto,  near  Trajan's  column  at  Rome;  the  cupola  is  by  G.  del 
Duca.  Palazzetto  of  i he  Counts  of  Parma,  near  the  gate  of  Venice,  and  otlier  palaces 
in  Rome  and  repaTed  ‘ome  rooms  in  the  Vatican.  Palazzo  at  Gradoli,  and  restored 
the  fortress  of  Capo  di  Monte  near  thereto.  Made  a design  for  the  fortress  at 
Caprarola.  Palaces  for  Bart.  Ferratino,  and  Cardinal  di  Santa  Prassedia ; 
church  for  Cardinal  Alborense  ; continued  the  erection  of  St.  Peter’s  on  a new  plan, 
after  tlie  death  of  his  uncle  Giuliano  da  San  Gallo;  church  of  the  Florentines, 
and  of  Santa  Maria  di  Monferrato,  all  at  Rome.  Fortifications  at  Civita  Vecchia, 
Parma,  Ancona,  Piacenza,  Perugia,  and  Florence.  Ciitirch  of  the  Madonna  at 
I..oreto,  nearly  rebuilt.  At  Castro  lie  built  the  fortress,  Palazzo  I’Osteria,  and  tlie 
Mint.  At  Rome,  triumphal  arch  of  wood  at  the  palace  of  S.  Marco  for  the  entry 
of  Charles  V.  ; the  bastions  to  the  walls  and  the  gate  of  Santo  Spirito;  the  Cap- 
ellaPaolina;  tlie  staircase  at  the  Sistine  Chapel,  and  the  Palazzo  Farnese  near 
the  Campo  di  Fiore,  are  among  his  numerous  works. 

153.  Baldassare  Peruzzi  of  Volterra.  — Plan  and  model  of  the  cathedral  at  (^arpi  ; de- 

signs for  the-  facade  of  San  Petronio,  and  for  the  gate  of  San  Michele  in  Bosco  at 
Bologna;  fortifications  at  Siena.  At  Rome,  the  little  palace  for  Agostino  Chigi, 
now  called  the  Farnesina,  in  the  Lungara  ; palazzo  Massimi,  near  the  church  of 
San  Paiitaleo  ; villa  di  Papa  Giulio  1 1 1.  ; cortile  of  the  palazzo  d’Altemps; 
casino  at  the  palazzo  Chigi  ; tomb  of  Pope  Hadrian  IV.  in  the  church  dell’ 
Anima;  palazzo  Sjiinosa,  now  the  hospital  degli  Eretici  convertiti ; and  assisted  in 
the  erection  of  St.  Peter’s. 

154.  AIarco  di  Pino  of  Siena. — Alodernised  tl:e  church  della  Trinita  di  Palazzo,  and  built 

the  church  and  convent  of  Gesu  Vecehio  at  Naples. 

155.  Pietro  Berretini,  or  Pietro  da  Cortona. — Port.co  of  the  clrirch  of  Sta.  Marla 

della  Pace  at  Rome  ; made  a design  fir  the  fayade  of  the  Louvre  ; palazzo  Sac- 
chetti  at  Ostia ; several  chapels  ; the  fayade  of  the  church  of  Sta.  Maria  in 
"Via  Lata,  and  the  church  of  SS.  Maria  Martina  and  Luca  Evangeli.sta,  his 
masterpieces  ; and  the  cupola  and  other  parts  of  the  church  of  San  Ambrogio  and 
Carlo  in  the  Corso. 

156.  Andrea  Briosco,  or  Riccio,  of  Padua.  — Church  of  Sta.  Giustina,  and  loggia  and 

council  house  in  the  Piazza  degli  Signori,  at  Padua. 

157.  Giovanni  IVIeuliano  of  Nola.in  Italy.  — At  Naples,  Strada  di  Toledo;  churches  of  S. 

Giorgio  de’  Genovesi  and  of  S.  Giacomo  degli  Spagnuoli;  palazzo  of  the  Principe 
di  Sansevero,  and  palazzo  of  the  Uuca  della  Torre  ; the  Castel  Capuano,  altered  to  a 
court  of  law  ; a fountain  at  the  extremity  of  the  Mole  ; and  triumphal  arches  at 
Naples  for  the  entrance  of  Charles  V. 

158.  1'erdinando  Manlio  of  Naples. — Third  cortile  to  the  palazzo  Reale;  church  and 

hospital  della  Nunziata  ; Strada  di  Porta  Nolana,  and  di  Capua,  with  other  streets 
and  palaces  at  Naples  ; a bridge  at  Capua. 

153.  .Tuan  Gil  de  Hontanon  of  Rasines,  in  Spain. — Maestro  principal”  at  the  cathedral 
of  Salamanca,  erected  from  the  designs  of  A.  Rodriguez  and  A.  de  Egas. 

IfO.  Rodrigo  Gin  de  Hontanon  of  Spain. — Continued  the  cathedrals  of  Salamanca  and 
of  Segovia  ; works  at  Seville  ; church  at  Valladolid  ; rebuilt  the  dome  of  the 
cathedral  at  Seville  ; and  commenced  the  cathedral  at  Segovia. 

IGl.  Baccic  d'Agnoi.o  of  Florence. — Several  triumplial  arches  for  the  visit  of  Pope  Leo 
X.,  and  of  Charles  V.,  at  Florence.  Campanile  of  San  Miniato  in  Monte  was 
executed,  and  that  of  Santo  Spirito  commenced,  by  him  ; designed  the  entablature 
and  gallery  round  the  bottom  of  the  cupola  of  Sta.  Maria  del  Fiore,  the  great  altar 
and  choir  of  which  was  built  by  Ids  son  Giuliano;  palazzo  for  Giovanni  Bartolini 
on  the  Piazza  della  Santa  Trinita,  and  the  palaces,  all  at  Florence. 

JG2.  Giovanni  Maria  Fai.gonetto  of  Verona. — Loggia  of  two  storeys  at  the  palazzo 
Cornaro  ; and  a music  hall  ; commenced  the  church  of  Sta.  Maria  dille  Grazie  ; 
Doric  portal  to  the  palazzo  del  Capitanio ; ga'es  of  S.  Giovanni,  and  of  Savon- 
arola. all  at  Padua  ; palazzo  Savorgnano  at  Usopo  in  Ffiuli. 

1G3.  Pietro  de  URiAof  Spain. — Bridge  of  Almaraz,  over  the  Tagu.s,  having  two  arches, 
one  about  150  feet,  and  the  other  119  feet 

1G4.  Alonzo  de  Covarrurias  de  Leiva  of  Spain. — Worked  for,  or  was  consulted  upon 
the  cathedrals  at  Toledo,  Salamanca,  Plasencia,  Segovia,  and  Seville.  Archiepiscopal 
palace  at  Alcala  de  Henares.  With  Luis  tie  Vega  rebuilt  and  enlarged  the  palaces 
at  Madrid  and  Toledo  for  Charles  V,  With  ^'idana  he  designed  the  celebrated 
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Ilieronymite  church  and  monastery  of  S.  Mi<;iiel  de  los  Reyes  at  Valencia,  and 
comineneea  the  cloister  of  it ; and  other  works. 

^65.  Dikgo  Siloe  of  Toledo. — Cathedral  and  Alcazar  at  Granada;  church  and  convent  ol 
S.  Jerome  in  the  same  city. 

1C6.  Girolamo  Genoa  of  Urbino. — Repaired  the  ducal  palace  at  Urhino  ; built  another 
on  the  Monte  Imperiale,  near  Pesaro  ; church  of  San  Giovanni  Battista  at  Pesaro ; 
fayade  of  the  cathedral,  and  restored  the  bishop’s  palace  at  Mantua  ; convent  de* 
Zoccolanti  at  Monte  Baroccio;  and  the  church  of  St.  Maria  delle  Grazie,  and  the 
episcopal  palace,  at  Sinigaglia.  His  son  Bartolomeo  assisted  him,  and  also  prac- 
tised  at  Pesaro,  Urbino,  and  otlier  places. 

Ifi7.  IMichele  San  Michei.i  of  Verona. — Cathedral  at  Monte fi ascone ; church  of  S.  Do- 
menico at  Orvieto  ; fortresses  in  the  Venetian  territory,  in  Corfu,  Lombardy,  and 
the  ecclesiastiial  states,  as  at  Legnani,  Orzi  Nuovo,  and  Castello;  palazzo  di 
Canossa,  dell’Gran  Guardia  on  the  Bra;  Pellegrini  de’  Verzi ; the  preheturate  and 
facade  of  the  palazzo  Bevilacqua  ; chapel  Guareschi  in  the  church  of  S.  Bernardino; 
design  for  the  campanile  of  the  Duomo  ; churches  of  Santa  Maria  in  Organo  de’ 
Monaci,  di  Monte  Olivelo,  di  S.  Giorgio,  and  della  Madonna  della  Campagna  ; 
gates  Nuova,  del  Pallio,  di  S.  Zenone,  del  palazzo  Pretorio,  and  del  palazzo  Pre- 
fettizlo,  all  at  Verona  ; as  well  as  fortifications  of  the  same  city,  where  triangular 
bastioi  s were  first  introduced,  that  of  della  Madellena  being  erected  in  1537. 

168.  Philibert  de  L Orme  of  France — Commenced  the  Tuileries;  built  the  cltateaux  of 

St.  Maur,  Anet,  Meudon,  and  many  other.s.  Wrote  on  architecture. 

169.  Gaieazzo  Alessi  of  Perugia  in  Italy. — Directed  the  works  at  the  monastery  of 

S.  Pietro ; entrance  gateway  of  the  fortress  and  the  governor’s  residence ; chapel 
del  Sacramento  in  the  cathedral,  and  the  front  of  the  church  of  Sta.  xMaria  del 
Popolo,  and  several  palazzi,  all  at  Perugia.  VV’orks  at  the  arsenal  and  the  ha\en 
and  mole  at  Genoa,  where  he  executed  the  public  granaries  ; loggia  dei  Banchi  witli 
a large  hall;  Palazzo  Reale;  cupola,  cltoir,  and  other  works  of  the  duomo  of 
S.  Lorenzo;  the  church  of  Sta.  Maria  di  Carignano  ; the  Stradi  nuova  and 
nuovissima,  with  most  of  the  palazzi  in  them,  and  other  palaces  in  the  Borgo  di 
S.  Pier  d’Arena.  At  Bologna,  at  Milan,  and  other  cities,  he  designed  many 
palaces  and  churches;  later  he  made  a design  for  the  church  del  Gesu  at  Rome, 
and  for  the  Escuiial  in  Spain. 

170.  Sante  Lombardo  of  Venice. — Assisted  his  father  Giulio  in  the  Scuola  di  S Rocca  ; 

palazzi  Trevisani  and  Gradenigo;  the  church  of  S.  Georgio  de’  Greci  with  Chiona; 
all  at  Venice. 

171.  Michel  Agnolo  Buonarroti  Simone  of  Florence. — Chapel  and  cupola  of  the  new 

sacristy  to  the  church  of  San  Lorenzo  ; part  of  the  fa9ade  of  the  church;  library 
of  the  Medici,  generally  called  the  liaureniian  Library;  all  at  Horence.  Churcli 
of  San  Giovanni,  which  he  did  not  finish  ; Fortifications  at  Florence,  and  at  Monte 
San  Miniato.  Monument  of  Julius  II.  in  the  church  of  San  Pietro  in  Vincola; 
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the  Campidoglio,  with  the  palazzo  de’  Conservatorj,  the  building  in  the  centre,  and 
the  flight  of  steps;  the  celebrated  cornice  and  other  portions  to  the  palazzo  Farnese  ; 
and  several  gates,  particularly  the  Porta  del  Popolo  and  the  Porta  Pia,  all  at  Rome. 
Plans  for  many  other  palaces,  churchis,  and  chapels.  He  w'as  employed  on  St. 
Peter’s,  after  the  death  of  Ant,  Picconi  da  San  Gallo,  making  many  alterations  in 
the  design,  and  giving  the  model  for  the  great  dome,  which  was  followed  out, 
except  as  to  the  lantern. 

Giacomo  Barozzi,  of  Vignola  in  Italy. — Vaiious  buildings  at  Bologna  ; Farnese 
palace;  church  of  S.  Agostino;  palazzo  di  S.  Giorgio  dei  Scotti,  all  at  Piacenza. 
Received  the  charge  of  the  Acqua  Vergine  at  Rome,  and  the  vyorks  at  the  ^ igna 
of  Pope  Julius  HI.  (or  his  villa),  and  other  buildings  for  him  and  his  family. 
Constructed  the  celebrated  palace  at  Caprarola,  near  Mterbo,  for  Cardinal 
Alessandro  Farnese.  Became  architect  to  S.  Peter’s  after  the  death  of  Buonarroti, 
w hen  he  designed  the  lateral  cupolas  ; and  many  other  works  in  t lat 
ding  the  church  del  Gesu  up  to  the  cornice.  'I’he  large  church  of  Sta.  Maria  degli 
Angeli  at  Assisi.  Consulted  on  the  designs  for  the  Escurial  in  Spam,  and  made 
one  which  was  highly  approved.  ^ 

Giulio  Pippi  of  Rome,  called  Giulio  Romano.— \ iHa  Madama  ; 1 alazzo  Lar.te  at 
San  Pietro  ; church  della  Madonna  del  Orto ; Palazzo  Citua  porci  alia  Scrada  di 
Banchi;  Palazzo  Cenci  sulla  Piazza  S Eustachio,  and  other  buildings  m Rome. 
The  celebrated  Palazzo  del  Te  at  Mantua;  palace  at  Marmiruo  o near  that  ci  > . 
modernised  the  ducal  palaces,  the  Duomo,  and  many  other  buildings  in  3Iantua, 
facade  of  San  Petronio  at  Bologna;  and  works  at  Vicenz.-i. 

E„stac.e  Wascall  or  Mabsha.l  or  Mau  oo.  of  Engloml.-CkTk  of  the  »orks  at 
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the  building  of  Chilstcliurch  College,  Oxford  ; and  chief  clerk  of  accounts  for  all 
the  buildings  of  Henry  VIII.  within  twenty  miles  of  London 

175.  John  Thokpe  of  England. — A long  list  of  his  suppo.sed  works  will  be  found  in  Book 

I.,  England. 

176.  Henricx  of  Flanders.  — Foreman  at  the  first  Royal  Exchange,  London,  erected  for 

Sir  T.  Gresham,  who  “bargained  for  the  whole  mould  and  substance  of  his  work- 
manship in  Flanders.” 

177.  Damian  Forment  or  Mori.anes,  of  Valencia,  in  Spain. — Facade  of  the  church  of 

Sta  Engra(;ia,  at  Saragossa. 

178.  INIartin  de  Gainza  of  Navarre,  in  Spain. — Carried  out  works  at  the  Cathedral  at 

Seville,  and  made  the  design  for  the  capilla  real  attached  to  it,  and  finished  by  F.  Ruiz. 

179.  Ai.onso  Berruguete,  of  Paredes  de  Nava,  in  Spain Has  given  his  name  to  that 

phase  of  the  Renaissance  style,  which  was  the  fashion  of  the  sixteenth  century  in 
Spain,  also  called  the  Plateresque  style;  but  it  is  unknown  what  works  he  designed 
other  than  shrines,  altar-pieces,  and  tombs. 

180.  Juan  Sanchez  of  Spain. — “Maestro  mayor”  of  the  works  of  the  city  of  Seville,  is  sup- 

posed to  have  designed  the  Ca.sa  del  Ayuntamiento  in  it. 

181.  Pedro  di  Valdevira  of  Spain. — Chapel  of  S.  Salvador,  at  Ubeda  ; palace  in  the 

same  place  ; hospital  and  chapel  of  S.  Jago  at  Baeza, 

182.  Pedro  Ezguerra  of  Ojebar,  in  Spain.  — Works  at  the  cathedral  at  Plasencia ; church 

of  S.  Mateo  at  Caceres;  that  at  Robledillo;  and  commenced  that  at  Malpartida. 
188.  Ferdivando  Ruiz  of  Cordova,  in  Spain. — Continued  the  capilla  real,  and  heightened 
the  Torre  della  Giralda  of  the  cathedral,  at  Seville. 

184.  Pedro  Machuca  of  Spain. — Royal  Palace  of  the  Alhambra  at  Granada.  Succeeded 

by  his  son  Luis. 

185.  Antonio  Fiorentino  of  Dello  Cava  near  Florence.  — Church  of  Santa  Catterina  a 

Formello  at  Naples. 

186.  Jacopo  Tatti,  called  Sansovino,  of  Florence.  — Commenced  the  church  of  S.  Mar- 

cello, and  built  that  of  S.  Giovanni  de’  Fiorentini ; Loggia  on  the  Via  Flaminia, 
close  to  the  Porto  del  Popolo ; Palazzo  Gaddi,  now  del  Nicolini,  at  Rome. 
Church  of  San  Francesco  della  Vigna,  finished  by  Palladio  ; continued  the  Scuol.a 
begun  by  M.  I.iOml)ardo;  the  Zecca  or  mint  ; Palazzo  Cornari  on  the  Grand 
Canal;  and  other  public  buildings;  besides  repairing  many  domes  of  the  churches  rf 
San  Fantino,  of  San  Martino,  of  the  Incurables,  and  of  San  Geminiano;  all  at  Venice. 

187.  Theodore  H AVEUs  or  Heave,  of  Cleves. — Caius  Court  of  Cains  College, Cambridge, 

with  its  gateways. 

188.  Domingo  Teotocopuli  of  Greece. — College  of  the  Donna  Marla  d’Arragona  at 

Madrid ; churcli  and  convent  of  Dominican  nuns  ; also  of  the  Ayuntamiento  .at 
Toledo  ; church  and  convent  ofthe  Bernardine  nuns  at  Silos. 

189.  Ei.  Padre  Bartolo.me  Bustamente  of  Spain. — Gave  the  ))lans  for  the  Jesuits’ 

college  at  Cadiz,  Caravaca,  Segura,  7'rigueros,  and  Murcia ; and  hospital  of  San 
Juan  Bautista,  near  Toledo. 

J 90.  Juan  B.vutista  de  Toledo  in  Spain. — Designed  the  Escurial  completed  by  Juan  de 
Herrera;  assisted  in  planning  the  Strada  di  Toledo  at  Na|)les;  church  of  San 
Giacomo  degli  Spagnuoli  in  the  same  city  ; and  palace  at  Posilippo. 

191.  Juan  de  Herrera,  of  Mobellan,  in  Spain. — Continued  the  Escurial  after  the  death 

of  his  master,  Juan  Bautista;  bridge  of  Segovia  at  Madrid;  palace  at  Aranjuez  ; 
south  fi^-ade  of  the  palace  at  Toledo;  cathedral  at  Valladolid;  exchange  at  Se- 
ville, He  was  consulted  on  designs  for  many  works  in  Spain  and  Portugal. 

192.  Pierre  Lescot  of  Paris. — Fontaine  des  Innocents  in  the  Rue  St.  Denis,  at  Paris 

carved  by  Jean  Gougeon.  His  design  for  the  court  of  the  old  Louvre  waspref.  rred 
by  S.  Serlio  to  one  of  Ids  own.  He  executed  the  part  showing  a Corinthian 
order  with  a Composite  one  over  it. 

193.  Sebastfano  Serlio  of  Bologna. — Employed  hy  Francis  I.  of  France  at  Fontaine- 

bleau and  at  the  Louvre.  Was  the  first  to  publish  the  Ancient  Edifices  ot  Italy 
and  wrote  a treatise  on  architecture 

194.  Jean  Cambiche  of  Paris — The  salle  du  Centaure,  and  the  lower  storey  of  the  petite 

galerie  at  the  Louvre.  Master  of  the  Masons  at  the  hotel  de  ville  at  Paris. 

195  Bartolommeo  Ammanato,  of  Florence,  in  Italy. — Palazzi  Rucellai  and  Mattel  at 

Rome;  ponte  della  'Frinita;  continued  the  Palazzo  Pitii;  cliprch  of  San  Giovanni, 
at  his  own  expense;  all  at  Florence;  and  many  works  at  Rsa,  Lucca,  and  other 
cities. 

196  Nicolo  Abate  or  Nicolo  da  Modena.  — Old  chateau  of  Meudott ; tomb  of  Francis  L, 

at  S.  Denis,  both  usually  attributed  to  do  I’Orme ; and  decorated  the  apartments  of 
the  palace  of  Fontainebleau. 
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197.  Anhrea  PAi.i,Anio  of \.cenza,m  Italy.— Arcades  to  the  Sala  della  Hacrione;  erected 

t>;e  ancent  type,  and  many  oti.er  edifices;  with  the 
Palazzi  liene,  Chiencati,  ant  A almarana,  all  at  Vicenza;  Villa  Capri  near  that 
city,  and  numerous  other  buildings  in  neighhouring  towns.  The  church  11  Re- 
del.  ore  and  other  works  at  Venkc  Published  a treatise  on  arehitectiirc,  and  a 
book  on  the  ancient  rums-. 


198.  Bernardo  Iimante  Buontaiknti  of  Florence. -V.lla  of  Marignolla.  now  Cappoiii  • 
the  casino  behind  San  Marco;  the  corridor  half  a mile  lung  extending  to  th’e 
palazzo  Iitti ; palazzo  for  the  Accii.juoli,  now  the  Corsini ; a facade  to  the  Strozzi 
palace,  and  to  the  palazzo  Ricardi ; the  facade  of  the  church  della  Santissima 
Jrinita,  all  at  Horence  ; the  loggia  de’  Banchi.  ducal  palace,  and  facade  of  the 
church  of  San  Spirito  at  Pisa;  the  palazzo  at  Siena;  and  works  in  oti.er  n rts 
of  Italy. 


199.  Domenico  Fontana,  of  Como,  in  Italy.  — Raised,  transported,  and  Hxed,  the  four 

great  obelisks  in  Rome,  with  many  improvements  there  ; the  Doric  arcade  and 
loggia  to  the  front  of  the  church  of  S.  Giovanni  Laterano;  a palazzo  on  one  side  of 
it  for  the  use  of  the  Popes;  enlarged  the  papal  palace;  built  the  palazzo  Mattel, 
now  Albani;  the  library  at  the  Vatican  and  other  works  there  ; and  restored  the 
columns  of  Antonine  and  Trajan.  The  Royal  palace  and  other  works  at  Naples. 

200.  John  Shute  of  England.— A painter  and  architect,  temp.  Queen  Elizabeth.  Wrote 

the  first  work  on  architecture  in  England. 

201.  Henry  Hawthorne,  of  England.— Surveyor  of  the  works  to  Queen  Elizabeth  ; de- 

signed the  pllery  now  part  of  the  library  at  Windsor  Castle,  ‘‘a  fine  specimen  of 
Anglo-Italian  architecture.” 

202.  Sir  Thomas  J'resham  of  England. — Liveden  House,  Northamptonshire;  Rushton 

Lodge  and  the  triangular  lodge,  in  the  same  county.  Also  given  to  J.  Thorpe  (175). 
20.S.  Robert  and  H.  Smithson  of  England.  — Wollaton,  Nottinghamshire. 

204.  Louis  de  Foix  of  France. — New  mouth  to  the  river  Adour;  Tour  de  Cordouan,  the 

lighthouse  at  the  mouth  of  the  Gironde,  near  Bordeaux. 

205.  Jean  Baptiste  Androuet  du  Cerceau  of  Orlean.s,  in  France.  — Pont  Neuf  at 

Paris;  hotels  de  Sully,  de  Mayenne,  and  des  Fermes  or  hotel  Sequier  Made  more 
drawings  for  monastic  buildings,  churches,  &c.,than  any  architect  in  France  during 
half  a century.  Rebuilt  church  of  Notre  Dame  at  - Clery  ; and  S.  Etienne  du 
Mont  at  Paris. 

206.  Jacques  Androuet  du  Cerceau  of  France. — Finished  the  works  at  the  Louvre 

next  the  river  for  King  Henry  IV.  There  were  four  architects  of  the  name  of  du 
Cerceau,  and.  their  works  are  not  well  separated.  Wrote  on  architecture. 

207.  Vincenzo  Scamozzi  of  Vicenza. — Additions  to  the  library  of  S.  Mark  at  Venice; 

finished  the  Olympic  theatre  by  Palladio  at  Vicenza  ; theatre  at  Sabionetta  ; and 
other  buildings.  Wrote  on  architecture. 

208.  Jacques  de  Brosse  of  Paris.  — Palais  du  Luxemburg  at  Paris  and  other  works; 

chateau  de  Monceaux,  near  Meaux ; chateau  of  Colomier,  near  Paris  ; tayade  of 
the  church  of  SS.  Geronis  and  Protais;  and  the  great  hall  of  the  Palais  de  Justice, 
both  at  Paris. 

209  Carlo  Maderno,  of  Bissone,  Largo  di  Como.  — Altered  Michael  Angelo’s  design 
for  S.  Peter’s  at  Rome,  from  a Greek  to  a Latin  cross ; began  the  palace  ot 
Urban  VIII.,  and  many  churches  and  palaces. 


210. 

211. 


212. 


213. 

214. 


215. 


17tli.  Century. 


John  Warren  of  England  — Tower  of  St.  Mary’s  Church,  Cambridge,  designed  by 
John  Alcock. 

I.NiGO  Jones  of  London.— Banqueting  House,  Whitehall,  being  part  of  h:s  design  tor 
a noble  Palace;  Chapel,  Lincoln’s  Inn;  Surgeons’  Hall  ; arcade  to  Covent  Garden 
and  the  Churcli  ; the  grand  portico  to  old  S.  Paul’s  Cathedral;  and  many  other 
important  works. 

Giambattista  Aleotti  of  Ferrara.— Fortress  at  Ferrara;  many  theatres  and  oth-'r 
public  buildings  at  Mant.au,  Modena,  and  Venice;  and  the  great  theatre  at 


Pie^Ie  le  MuETof  France.— Grand  hotel  de  Luynes;  hotel  Laigleand  Beauvilliers ; 

finished  the  Church  of  the  Val  de  Grace;  all  at  Paris.  ^ o • 

Thibaut  Metezau  of  Dreux,  in  France.— Commenced  the  Porte  S.  Antoine  at  I ans  ; 
and  the  salle  des  Antiques  at  the  Louvre.  Louis  3Ietezaii,  the  son,  is  supposed 
to  have  directed  the  construction  of  the  first  half  of  tlie  great  gallery  ot  the  Louvre, 

as  far  as  the  third  wicket.  , „ , t?  i . 

Francesco  1!orro.m.ni  of  Bissaiio,  ii,  Ilaly.-Work«i  at  tlic  Pibu^o  ikirberm, , 


1142 


LIST  OF  AIICIUTECTS, 


AFTIill  CHHIST. 


church  and  monastery  of  S.  Carlo  alle  quattro  Fontane  ; completed  the  collegio 
deila  Sapienza,  with  its  church;  additions  to  the  oratorio  di  S.  Felipe  Novi  in 
Vallicella,  and  to  the  cliurcli  of  Sta.  Agnese  in  the  piazza  Navona  ; several  other 
churches  and  chapels  ; restored  the  interior  of  the  baptistry  of  Constantine;  and 
many  other  works;  all  at  Rome. 

216.  Alessandro  Algakdi  of  Bologna,  in  Italy. — Villa  Pamllli,  called  Belrespiro  ; 

fa9ade  of  Church  of  S.  Ignazio,  at  Rome. 

217.  Giovanni  Lorenzo  Bernini  of  Naples. — The  piazza,  colonnade,  and  staircase,  and 

other  works  at  S.  Peter’s,  with  its  Baldachir.o ; grand  fountain  in  the  Piazza  Na- 
vona, and  others;  the  great  palazzo  di  Monte  Citorio;  several  large  chapels;  all  at 
Rome.  Cathedral  at  Terni ; porta  Nuova  at  Ravenna  ; villa  Rospi gliosi  at  l’i^- 
toja.  Visited  France  and  made  a design  for  the  com})letion  of  the  Louvre.  The 
front,  if  not  all  the  oval  church  of  S.  Andrea  al  Novizi.ito  dei  PP.  Gesuiti  on  the 
Quirinal,  considered  by  Bernini  himself  as  his  masterpiece. 

218.  Bernard  Jansen  of  England. — Built  Audley  End,  Essex;  the  greater  part  of 

Nortliampton,  afterwards  Northumberland,  House,  London ; also  Charlton  House, 
Wiltshire,  and  Lulworth  Castle,  Dorsetshire ; all  for  Thomas  Howard,  earl  of 
Suffolk. 

219.  Augustin  Bernardino  of  Spain. — Collegiate  Church  of  San  Nicolas  at  Alicante  in 

Spain;  he  was  succeeded  by  Martin  de  Meta;  it  is  considered  a fine  work  in 
design  and  detail. 

220.  PiRRO  or  PvRiiHo  Ligorio of  Naples. — Additional  buildings  at  the  Vatican  ; the  casino 

in  the  wood  of  the  Belvedere,  now  villa  Pia ; jialazzo  Lanceoletii,  at  Rome. 
Additions  to  the  villa  d’Este  at  Tivoli;  published  Antichitd  di  Romo. 

221.  Giovanni  da  Ponte  of  Venice. — Restored  the  public  edifices  of  the  Rialto,  &c.  ; 

rebuilt  the  college  at  the  ducal  palace  ; great  Council  Hall  ; storehouse  of  the 
arsenal;  bridge  of  the  Rialto;  the  prisons  adjoining  the  Doge’s  jia’ace,  and  the 
Bridge  of  Sighs;  all  at  Venice. 

222.  FKAN901S  Mansart  of  Paris.— Portail  of  the  Church  of  the  Feuillan.s,  rue  St. 

Honore,  now  destroyed,  at  Paris.  West  front  in  the  entrance  court  of  the  Cliateau 
at  Blois;  church  and  nunnery  of  the  Val-de-Grace,  continued  from  nine  feet  by 
Le  Mercier  ; chateau  des  Maisons  sur  Seine  for  the  President  Rene  de  Longueil; 
gallery  for  antiqiiitie.s,  and  stabling  for  Cardinal  de  Mazarin ; many  chateaux,  in- 
cluding that  of  De  Fresne,  near  Meaux  ; the  portail  of  the  church  of  the  Minims 
in  the  Place  Royal  at  Paris  ; with  many  other  works. 

22.8.  Claude  Perrault  of  Paris. — Fa9ade  of  the  Louvre;  the  Observatorv  ; trliimplial 
arch  now  destroyed;  chapel  of  Notre  Dame  in  the  cliurch  of  the  Petits  Peres,  all 
at  Paris.  Chapel  at  Sceaux.  Translated  Vitruvius. 

221.  FRAN901S  Blondel  of  Ribemont,  in  France. — Part  of  bridge  over  the  Clirrente  at 
Saintes  ; Gate  of  St.  Denis  at  Paris;  repaired  and  decorated  the  gate  of  St. 
Antoine,  and  rebuilt  that  of  St.  Bernard.  Published  a Coiirs  d’Architecture. 

225.  Antoine  le  Pautre  of  France. — Wings  of  the  chateau  at  St.  Cloud.  Church  of  the 

nunnery  of  Port  Royal ; and  Hotels  de  Gevres  and  de  Beauvais,  all  at  Paris.  Pub- 
lished his  designs  and  fine  plates  for  decorations. 

226.  Jacques  i.e  Mercier  of  Pointoise,  in  France. — Pulled  down  the  Keep  of  the  old 

Louvre  and  enlarged  the  court,  with  other  works.  The  centre  of  the  present 
west  fa9ade  of  the  Tuileries.  The  palace,  and  the  Sorbonne,  for  Cardinal  Riche- 
lieu, and  his  chateau  in  Poitou  ; completed  the  church  of  the  Peres  de  I’Oratoire, 
rue  S,  Honore,  begun  by  C.  Metezau  ; continued  the  church  of  the  abbaye  de 
Val  of  Grace,  began  by  F.  Mansart ; church  of  S.  Roch,  completed  by  R.  de 
Cotte;  all  at  Paris;  many  other  wmrks  there  and  else. \ here. 

227.  Thomas  Holt  of  York,  in  England. — Bodleian  Library;  Wadham  College;  the 

large  quadrangle  of  the  Public  Schools;  garden  quadrangle  of  Merton  College; 
and  other  works  ; all  at  Oxford. 

228.  — Ma.rsh,  or  March,  of  Lincolnshire,  in  England. — Additional  buildings  at  Bols- 

over  castle,  in  Nottinghamshire,  sometimes  attributed  to  J.  Smiihson ; and  both 
names  are  given  to  Nottingham  Castle. 

229.  Sir  Christopher  Wren,  of  East  Knoyle,  in  England.  —After  the  Fire  of  London 

1666,  he  presented  a plan  for  rebuilding  the  City.  The  Cathedral  of  St.  Paul 
began  and  completed  by  him  1675-1710.  The  churches  of  St.  Andrew,  Holborn  ; 
St.  Bride,  Fleet-street;  Christ  Church,  Newgate-street;  St.  Dunstan’s  in  the  East; 
St.  James,  Westminster;  St.  Lawrence,  Jew’ry  ; St.  Mary  Aldermary,  Bow. lane  ; 
St.  Michael,  Cornhill ; and  St.  Stephen,  Walbrook ; all  masterly  works,  among  a 
large  number  of  other  churches.  College  of  Physicians,  Warwick-l.ane  ; Lecture 
Tlieatre  at  Oxford;  Chelsea  College;  Marlborough  House;  part  of  Hampton 
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Court  Palace;  the  colonnades  and  otlier  portions  of  Grocnwidi  Ilospitil  ; lihr.irv  of 
'Jnnity  College,  Cambridge;  the  Monument  of  London;  repairs  at  Wes  inin^tei 
Abbey  ; and  many  other  buildings. 

230.  Robekt  Hooke  of  England.— Old  Bethlehem  Hospital  in  Moorfields  ; Aske’s  Alms- 
houses at  Hoxton  ; Duke  of  Montague’s  house  in  Bloomsbury,  but  being  burnt 
was  rebuilt  by  P.  Puget.  He  gave  a plan  for  rebuilding  the  City  of  Lomion  afier 
the  Fire  of  1666,  and  was  appointed  one  of  the  surveyors  for  laying  out  the  land 
‘i31.  Henry  Aldiuch  of  Westminster,  in  England.— Three  sides  of  the  quadranole  of 
Christ’s  Church,  called  Peck  water-square  ; chapel  of  Trinity  College  ; and  CTurch 
of  All  Saints,  all  at  Oxford.  Published  Elemeiita  ArchitecUra  Civilis. 

•2:V2.  Jules  Hardouin  Mansart  of  Marly,  in  France.— Dome  of  the  lintel  des  Invalides; 
Galerie  du  Palais  Royal ; the  Place  Louis  le  Grand,  and  that  des  Vicloiresi 
Royal  Ciiateau  de  Clagny;  additions  to  the  Royal  Cliateau  at  Versailles;  chateail 
de  Marly  ; staircase  and  other  works  at  S.  Cloud;  Maison  Royale  de  S.  Cyr  ; 
new  chateau  at  Meudon  ; decoration  of  the  choir  of  Notre  Dame  at  Paris;  altera- 
tions at  Chambord  ; and  many  other  works. 

232a. Carlo  Fontana  of  Bruciato,  near  Como. — Completed  with  Bernini  the  churchei 
built  by  C.  Rainaldi  in  the  Piazza  del  Popolo  at  Rome;  several  chapels;  atjue- 
duct  and  supply  of  water  to  the  Vatican.  &c.,  with  some  of  the  fountains  ; Palazai 
Grimani  and  Bigazzini,  now  Torlonia ; all  at  Rome.  Completion  of  the  cathedn.l 
at  Bergamo  ; designs  for  college  and  church  of  the  Jesuits  near  Azpeit^a  in  Sjiain. 
Baptistry  chapel  at  S.  Peter’s  at  Rome;  entrance,  campanile,  and  cortile  to  tlie 
jialazzo  della  Camera  Apostolica;  and  many  other  works,  in  whicli  he  was  assisted 
by  his  son,  two  nephews,  and  several  pupiLs.  He  published  several  works. 

233.  Juan  Bautista  Monegro  of  Spain, — Arcliiepiscopal  palace  at  Alcala  finished  by  J. 

Gomez  de  Mora. 

234.  Clement  Metezau  of  Drenx,  in  France.  — Made  des'gns  for  the  Lnxcmhouig; 

commenced  the  church  of  the  Peres  de  I’Oratoire;  hotel  de  Chevreuse ; the  famous 
dyke  at  La  Rochelle;  Chtltcau  Neuf  at  S.  Germain  en  Laye,  and  some  otheis. 
South  transept  of  church  at  Dreux. 

235.  John  Abel  of  England. — Market  houses  of  Brecon,  Hereford,  Weobhy  with  its 

schoolhouse,  Kington,  and  Leominster;  the  timber  work  of  the  church  at  Abhey- 
dore,  Herefordshire;  appointed  “carpenter”  to  King  Charles  I. 

236.  Nicodemus  Valentinson  Te.ssin  of  Stralsund. — Crown  architect  of  Sw-eden.  Palace 

at  Drottningsholm,  completed  by  his  son  ; the  Royal  villa  of  Stromsholm  ; and 
the  mausoleum  of  Charles  Gustav  us. 

18tli.  Century. 

237.  Nicodemus  Tessin  (Count)  of  Nykoping. — Royal  palace  at  Stockholm  after  the  fire 

of  1697  ; laid  out  the  grounds  at  Drottningsholm  and  at  Ulriksdal ; cathedral  at 
Calmar;  design  for  rebuilding  palace  at  Copenhagen,  curtailed  after  his  death, 
1728. 

238.  Johann  Bernhard  Fischers  of  Prague,  called  von  Eri  ach,  and  his  son  .TosKrii 

Emanuel  Fischers,  baron  von  Erlach. — Designed  the  hunting-.seat  at  Sclidn- 
brunn,  and  additions  at  the  palace  ; w’inter  palace  now  the  mint;  and  palace  in  the 
S.  Ulrich  Vorstadt,  at  Vienna.  The  palace  in  the  old  town  at  Prague;  cliurcli  of 
the  Virgin  at  Salzburg  ; church  of  S Carolus  Borromccus  at  \ ienna  ; and  many 
other  liuildings.  His  son  assisted  him  in  most  of  them,  I>es:de.s  the  Hof  Bil-liotlick 
at  Vienna;  tlie  Reichs  Kanzlei  in  the  Burg  platz  ; the  licit  Schule;  and  tlie  front 
of  the  stables  f(>r  400  hoises. 

2.39.  FiLipro  1 vara,  or  JuvAKA,  of  Messina.— Royal  palace  in  the  environs  of  Messina  ; 

churcli  of  the  Carmelites  in  the  Piazza  di  San  Carlo  ; church  of  the  \ irgin  on 
the  Monte  di  Superga ; church  of  the  Virgine  del  Carmine  ; and  an  interior  s'Rir* 
case  at  the  palace;  all  at  Turin.  Design  for  the  monastery  and  palace  at  Mafra  in 
Portugal;  finished  cupola  of  Sant’  A ndrea  at  Mantua;  jralazzo  Birago  di  Boiglie 
at  Turin,  and  a number  of  other  works.  i v i 

240.  Sir  John  Vanbrugh  of  England. — Blenheim  in  Oxfordshire;  Castle  Howard,  lork- 

shire;  .Easthury,  Dorset;  King’s  Weston,  near  Bristol;  Clarendon  1 rintiiig 
Office  at  Oxford;  the  Opera  House  of  the  time  ; part  of  Greenwich  Hospital,  and 
a few  other  buildings. 

241.  Colin  Campbell  of  Scotland.— The  front  great  gate  and  street  wall  of  Bu.  ington 

House.  Piccadilly;  Roils  House,  Clianccry  lane,  London;  Hougl.toi.  a , i or- 
folk,  finished  by  T.  Ripley;  Goodwood,  near  Cl.icluster;  and  U'rt  ol  (.recnwich 
Hospital  ; Wanstcad  House,  Essex;  JMereworth  Castle,  near  Maid.>tone.  Com- 
piler of  the  Vitruvius  Britannicus,  3 vols. 
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242.  Robert  de  Cotte  of  Paris. — Continued  Manual t’s  woiks  at  the  dome  of  tlie 

Jnvalides;  the  chnpel  at  Versailles,  and  the  house  at  Trianon.  Decorations  at  Notre 
Dame;  new  buildings  at  St.  Denis;  many  hotels.  Designs  for  foreign  princes. 

243.  Nicholas  Hawksmore  of  East  Drayton,  in  England. — Assisted  his  master.  Sir  C. 

Wren,  in  many  of  his  works.  The  churches  of  St.  George,  Bloomsbury;  St. 
Anne,  Limehouse ; St.  George-in-the-East ; St.  Mary  Woolnoth ; and  Christ 
Church,  Spitaltields  ; part  of  Greenwich  Hospital,  &c.  Assisted  Sir  J.  Vanbrugh 
at  Castle  Howard,  and  at  Blenheim. 

244.  Jean  Baptiste  Ai.exandke  le  Blond  of  France. — L’Hotel  de  Clermont  or  de 

Sessac,  at  Paris.  Employed  in  Russia  by  Peter  the  Great,  on  his  residences  at 
Peterhof  and  at  Strehlna.  Part  of  the  archbishop’s  palace  at  Auch.  Edited  tlie 
second  and  improved  edition  of  D’Aviler’s  ‘‘  Cours  and  published  works  oii 
architecture. 

245.  Alessandro  Galilei  of  Italy. — Fa9.ide  of  the  church  of  S.  Giovanni  de’  Fiorentini, 

and  of  that  of  S.  Giovanni  Laterano,  with  the  splendid  capella  Corsini  therein  ; at 
Rome. 

2i6.  Jacques  Gabriel  of  Paris. — Buildings  at  Bordeaux,  Rennes,  Paris,  &c.  Completed 
the  Pont  Royal  at  Paris,  under  F.  Romain;  Episcopal  palace  at  Blois  ; designs 
for  the  new  street  facades  at  Rennes,  and  the  places  Louis  XIV.  and  XV.;  bridge 
over  the  Loire  at  Blois,  and  many  other  bridges.  The  place  at  Nantes ; town 
hall,  chapel,  and  Hall  of  States  at  Dijon;  portails  of  the  cathedral  at  La  Rochelle, 
and  at  Orleans;  and  commenced  the  great  sewer  at  Paris,  finished  by  his  son. 

247.  John  Ja3ies  of  Greenwich,  in  England. — St.  George’s  Church,  Hanover-square ; 

mansion  for  Sir  Gregory  Page,  Bart.,  at  Blackheath  ; employed  at  Greenwich 
Hospital,  St.  Paul’s  Cathedral,  and  Westminster  Abbey. 

248.  Giacomo  Leoni  of  Venice. — Dover  House,  Old  Burlington-street ; Bramham-park, 

near  Leeds  ; Moor-park,  near  Rickmansworth ; Lalhom  House,  I.,ancashire  ; 
Lyme  Hall,  rear  Manchester;  Bold  Hall,  near  Warrington  ; and  other  country 
seats  in  England.  Published  a translation  of  Palladio’s  Architecture. 

249.  Ger.main  DE  Boffranm)  of  Nantes,  in  France. — Much  employed  in  Paris  and  Ger- 

many ; rebuilt  the  Palais  du  Petit  Bourbon  ; built  three  houses  for  himself,  which 
he  sold  to  noblemtn;  restored  the  Arsenal,  and  the  Grand  Chambre  of  the  Palais 
de  Justice;  restored  vaulting  of  the  transept,  and  other  works  at  Notre  Dame; 
many  buildings  in  the  provinces,  in  Germany  ; and  in  Lorraine,  as  the  hotel  de 
Craon  at  Nancy,  the  chateau  at  Luneville,  and  the  chateau  called  the  Pa’ais  de  la 
Malgrange,  near  Nancy,  one  of  his  best  works;  several  bridges;  the  chapel  and 
main  buildings  of  the  Hopital  des  Enfans  Trouves  ; new  buildings  for  the  liospitals 
(le  Bicetre,  of  the  Salpetriere,  and  at  Cipion  ; and  the  chateau  de  Bossette,  near 
Melun.  He  published  a Livre  d' Architecture. 

250.  Michel  d’Ixnard  of  Nismes. — Reconstructed  the  premiere  abbey  of  St.  Blaise  of  the 

Benedictine  order,  in  the  Black  Forest;  Hotel  Sekingen  at  Freihourg,  in  Bresgau  ; 
Palace  of  Clemensburg  at  Treves ; Hotel  de  Miroir  at  Strasburg. 

251.  .Tames  Gibbs  of  Aberdeen,  in  Scotland.  — Bartholomew  Hospital,  Smithfield  ; Rad- 

cliffe  Library  at  Oxford;  St.  Mary’s,  or  the  New  Church  in  the  Strand;  that  of 
St.  Martin’s-in-the-Fields ; the  Fellows’  Buildings,  Library,  and  Senate  House 
of  King’s  College  at  Cambridge;  Canons,  Middlesex,  for  Duke  of  Chandos ; 
circular  colonnade  at  Burlington  House,  Piccadilly ; and  a number  of  other 
edifices.  Published  his  “ Designs,  &c.” 

252.  William  Adam  of  Maryhurgh,  in  Scotland- — Designed  upwards  of  thirty  residences; 

town  house  at  Dundee  ; three  hospitals  at  Edinburgh  ; library  and  university  at 
Glasgow ; church  at  Hamilton  ; Hoptone  House  ; Castle  Kenmure,  and  Fleurs 
Castle,  all  in  Scotland.  He  was  assistt  d by  his*  son  John,  wdio  completed  Fort 
George,  and  designed  Dumfries  House,  Douglas  Ca'^tle,  &c.  Robert,  James,  and 
William  were  other  sons,  and  architects  of  repute.  Published  Vitrxivius  Scoticvs. 

253.  William  Kent  of  Rotherham,  in  England. — Additions  at  Kensington  Palace;  laid 

out  Hyde-park  ; royal  residence  at  Kew  ; modernised  Rainham  House,  Norfolk  ; 
several  houses  in  London  ; Library  in  the  Green-park  for  Queen  Caroline  ; 
Devonshire  House,  Piccadilly;  range  of  buildings  in  Margaret-street,  Westminster, 
now  the  Law  Courts;  and  the  Horse  Guards,  St.  James’s- park.  He  published 
Inigo  Jones’s  designs. 

254.  Thomas  Ripley’  of  England. — Houghton  Hall,  Norfolk  ; Admiralty,  Whitehall. 

255  Charles  Labelye  of  Vevay,  in  Switzerland. — Westminster  Bridge,  London  ; pulled 

down  1861. 

256.  pERniNANDo  Galli  Bibiena  of  Bologna. — Celehrafed  for  theatrical  decorations  and 
painted  architecture.  Theatre  of  Parma.  Published  L' Jrchitecture  Civile^  8ic., 


AND  THEIR  PRlNCirAL  WORKS. 

Al'TKIl  CHIU  ST. 


1711.  Great  h;.ll  or  tlieatre  at  Prague  for  Charles  VI.  II is  three  sons,  (Musenpe, 
Alessandro,  and  Antonio,  practised  as  architects. 

257.  Giuseppe  GALt.i  Bibiena  of  Parma— An  amphitlieatre  at  Prague  for  8,000  persons. 

Some  large  buildings  in  Silesia  ; works  at  Dresden  and  Berlin. 

258.  Alessandro  Gai.i.i  Bibiena  of  Parma.- -Great  theatre,  and  the  church  of  the 

•Jesuits  at  Mannheim. 

259.  Antonio  Galli  Bibiena  of  Parma. — Theatrical  decorations  ; various  works  in  Italy, 

Vienna,  and  in  Hungary.  Published  “ Varie  Opere.”  'J’heatres  at  Pistoja.  Siena’ 
'I'reviso,  Pavia,  and  Bologna.  Enlarged  tliat  of  La  Pergola  at  Florence. 

260.  Francesco  Galli  Bibiena  of  Italy,  brother  of  Ferdinando. — Theatrical  decorations  ; 

rifling  school,  &c.,  at  Mantua  ; theatres  at  Vienna,  Nancy,  Verona,  and  Rome. 

261-  Giambattista  Sacchetti  of  Turin.  — Royal  I’alace,  Madrid'. 

262.  John  Wood  of  Bath.— Large  improvements  at  Bath— the  Crescent,  Circus,  Queen 

Square,  &c.  ; Prior  Park  for  Mr.  Allen ; Buckland  Park  for  Sir  John  Tlirock- 
morton  ; Exchange  at  Bristol. 

263.  Jean  Nicholas  Servandoni  of  France.  — Fa9ade  of  the  church  of  St.  Sulpice  at 

Paris;  staircase  of  the  Hotel  du  Cardinal  Auvergne;  round  chapel  of  M.  de  Live; 
Rotunda  with  twelve  Corinthian  columns,  for  Marshal  de  Richelieu  ; parish  thurcli 
of  Coulanges  in  Bourgogne  ; and  many  other  works,  besides  theatres  and  theatrical 
decorations,  and  designs  for  foreign  princes. 

264.  George  Dance,  sen.,  of  London. — Mansion  House  ; the  churches  of  St.  Luke’s,  Old 

Street;  St.  Leonard’s,  Shoreditch;  and  St.  Botolph,  Aldgate  ; all  in  London. 

265.  Luigi  Vanvitelli  of  Italy. — Palace  at  Caserta,  near  Naples. 

266.  Jacques  Francois  Blondel  of  Rouen,  in  France  — Opened  the  first  private  academy 

of  architecture;  design  for  the  Imperial  Academy  at  Moscow;  street  and  square 
opposite  the  cathedral  at  Rouen  ; other  works  both  there  and  at  Strasbourg;  im- 
provements at  the  city  of  Metz,  including  the  round  church  of  the  Royal  Abliey  of 
St.  Louis,  the  Episcopal  Palace,  fa9ade  of  the  building  occupied  by  the  Parliament, 
the  Hotel  de  Ville,  Corps  de  Garde,  &c.  Improvements  of  tlie  city  of  Cambray  ; 
and  many  country  houses  in  France  and  Germany,  and  in  Flanders.  Publisheil 
“ An  hitectiire  F"ran9oise”  and  a “ Cours  d’Architecture.” 

267.  John  Brettingham  of  England. — Finished  Holkham  Hall,  Norfolk  ; Norfolk 

House,  St.  James’s  Square. 

268.  Robert  Furze  Brettingham  of  England. — Erected  the  gaols  at  Reading,  Hert- 

ford, Poole,  Downpatrick,  and  Northampton;  Winchester  House,  St.  James’s 
Square;  No.  9,  Berkeley  Square;  Maidenhead  Bridge;  and  made  many  alterations 
at  noblemen’s  mansions  in  tlie  country. 

269.  Ferdinando  Fuga  of  Florence — Completed  the  Fabbrica  della  Consulta  on  the 

Quirinal  ; the  great  addition  to  the  wing  of  the  Pontifical  Palace  at  the  coi  ner  of 
the  Via  delle  Quattro  Fontane;  church  of  Sta.  Maria  dell’  Orazione;  completed 
the  Palazzo  Petroni  and  the  Palazzo  Corsini;  all  at  Rome.  Church  and  nunnery  of 
S:a.  ('aterina  della  Ruota  at  Aquila;  restored  the  church  of  Sta.  Maria  Maggiore; 
enlarged  the  hospital  of  Sto.  Spirito  in  Sassia  ; and  otlier  works  at  Rome,  d'he 
great  hospital  and  the  public  cemetery,  the  Palazzo  Giordani,  and  the  very  large 
Palazzo  Caramanica;  commenced  the  Granili,  to  contain  a granary,  artillery  arsenal, 
and  storehouse  ; and  other  works  at  Naples. 

270.  M.  Aug.  Simonetii  of  Italy. — Museo  Pio  Clementino  in  the  Vatican  at  Rome. 

271.  Jacques  Ange  Gabriel  of  France. — Continued  his  father’s  works.  The  Ecole  Mili- 

taire  and  Champ  de  Mars;  and  Garde  Meuble,  all  at  Paris;  theatre  at  Versailles; 
chateau  at  Compiegne  ; additions  to  that  at  Choisy  ; and  north  and  west  facades  to 
the  court  of  tlie  Louvre. 

272.  Jean  Rodolphe  Perronet  of  France.  — Director  of  the  bridges  and  roads  ol  trance  ; 

bridge  of  Neuilly,  and  many  others. 

273.  Jacques  Germain  Soufflot  of  Irancy,  near  Anxerre,  in  trance. — Hospital,  Exchange, 

Concert- room,  and  Thiatre,  all  at  Lyons;  fa9ade,nave,  and  towers  of  the  church  of 
St.  (jenevieve,  at  Paris. 

274.  Sir  William  Chambers  of  Ripon,  in  England.— Visited  Cliina,  and  pnblisheil 

works  on  Chinese  architecture  and  Oriental  gardening.  Pagoda  and  other  build- 
ings at  Kew  ; villa  at  Roehampton  for  Earl  of  Besborougli ; Duddingston,  ne.w 
Edinburgh,  for  Lord  Abercorn;  and  mansions  for  otlier  noblemen  Ca.-,iuo  near 
Dublin  for  Lord  Charlemont;  Somerset  House,  in  the  Strand,  Lt?ndoii.  Pub- 
lished  ‘‘  The  Decorative  Part  of  Civil  Architecture.” 

275.  Robert  Adam  of  Kirkaldie,  in  Scotland.— Screen  at  the  Admiralty  in  London; 

Kedlcstone  for  Lord  Scarsdale;  Register  Office  at  Edinburgh  ; Infirmary  at  (Glas- 
gow ; the  Edinburgh  University  ; Luton  House;  Lansdownc  House,  Berkeley 
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Square  ; Adelphi  Terrace,  Portland  Place,  and  other  houses  in  London;  Ken  Wood 
House,  Highgate;  entrance  screen  at  Sion  House,  Middlesex.  His  brother  James 
assisted  in  most  of  the  later  works.  Published  “ The  Ruinsat  Spalatro,”  and  “ Works 
in  Architecture.” 

*T6.  Sill  Robert  Taylor  of  London. — Parts  of  Bank  of  England  now  taken  down  ; villa 
at  Richmond  for  Sir  Charles  Asgill  ; Duke  of  Grafton’s  house,  Piccadilly; 
mansion  for  Lord  Howe  in  Hertfordshire  ; Stone  Buildings,  Lincoln’s  Inn;  Ely 
House,  Dover  Street;  Lord  Grimstone’s  at  Gorhambury  ; and  many  others,  which 
are  engt  aved  in  his  “ Designs.” 

277.  Ja.mks  Paine  of  London. — Mansion  House  at  Doncaster;  Wardour  Castle;  and 
Worksop  Manor  House.  Designs  published. 

27d  Victor  Louis  of  Paris. — Designed  a palace  at  Warsaw;  employed  at  Nancy  and 
Luneville ; church  at  Besan^on,  and  at  Dunkirk ; theatre  at  Bordeaux  for 
4,000  persons  (published);  Galleries  at  the  Palais  Royal,  and  the  Theatre  des 
Varietes,  introducing  framing  in  iron  ; botli  at  Paris;  the  Hotel  de  la  Prefecture, 
the  Ban(jue,  and  Maison  Fonirede  at  Bordeaux. 

279  Jacques  Denis  Antoine  of  Paris. — Hotel  dcs  Monnaies;  new  buildings  at  the 

Palais  de  Justice  ; Greek  portico  to  the  Hospice  de  la  Charite,  all  at  Paris;  Mint 
at  Berne,  and  other  works. 

280  Claude  Nicolas  Ledoux  of  Dormans,  in  France. — Hotels  d'Halleville,  d’Uzes,  of 

tlie  Prince  de  Montmorency,  de  Montesquieu,  de  Thelusson,  and  de  Guimard  ; 
five  blocks  or  maisons  Holstein,  and  many  maisons,  all  at  Paris;  theatre  at 
Marseilles;  Chateau  Benouville  in  Normandy,  and  other  works,  which  with  many 
designs  are  given  in  Krafft’s  Receuil,  and  in  his  own  fine  publication. 

281  Henry  Holland  of  London. — Carlton  House  for  the  Prince  Regent;  Claremont 

for  Lord  Clive.  Large  additions  at  Trentham,  Staffordshire;  Sloane  Street  and 
Hans  Place,  Chelsea;  portico  in  Whitehall ; improvements  at  W(jburn  Abbey, 
Bedfordshire;  the  Albany  in  Piccadilly,  and  additions  to  the  Assembly  Rooms 
at  Glasgow  ; Old  Drury  L ine  Theatre,  &c. 

282  Joseph  Bonomi  of  Rome. — Dale  Park,  Sussex  ; Gallery  for  the  Townlev  collection 

in  Lancashire;  Church  at  Packington,  Warwickshire,  solidly  vaulted  throughout; 
additions  at  Langley  Hall,  Kent;  Eastwell  House,  Kent;  Mausoleum  at  Blick- 
ling  Park,  Norfolk;  Longford  Hall,  Shropshire;  additions  to  Lambton  Hall, 
Durham,  for  Earl  of  Durham ; and  an  Italian  mansion  at  Roseneath,  Dumbar* 
tonsliire,  his  most  celebrated  work;  the  portico,  projecting  for  carriages  to  set  down 
under  it,  is  remarkable  for  having  a central  column. 

283  Jacques  Guili.aume  le  Grand  of  Paris. — Theatre  Feydeau;  Halle  au  Drap; 

roof  to  Halle  au  Ble  (burnt)  at  Paris;  and  other  works. 

284  Karl  Gotthard  Langhans  of  Landshnt,  in  Silesia. — Government  House,  Theatre, 

Exchange,  Church,  and  many  Houses,  all  at  Breslau ; Great  Poor  House  at 
Kreuzburg  ; the  Brandeiib'irger-'l’lior ; tower  of  St.  Mary’s  Church,  Hercules 
Bridge,  National  Theatre,  Palate  of  Prince  Wilhelm,  all  at  Berlin;  the  Palace 
Theatre  at  Charlsttenburg. 

28.5  Robert  Mylne  of  Scotland. — Blackfriars  Bridge,  pulled  down  1864;  Inverary 
Castle,  &c. 

286.  Jacques  Gondoin  of  S.  Ouen  sur  Seine,  in  France.  — Ecole  de  M^decine,  Paris,  and 

published  a description  of  it.  The  Colonne  de  la  Grande  Armee  was  erected  in 
conjunction  with  Lepere. 

287.  Heinrich  Karl  von  Fischer  of  Mannheim,  in  Germany. — Theatre,  Infirmary, 

Hall  of  Antiquities  at  the  Academy,  and  several  mansions,  all  at  Munich.  Opera 
House  at  Vienna. 

288.  George  Dance,  Jun.  of  London. — New'gate  Prison  ; St.  Luke’s  Hospital ; College 

of  Surgeons,  Lincoln’s  Inn  Fields,  all  in  London;  and  many  country  mansions. 

289.  James  Gandon  of  London.  —Custom  House,  &c.  ; Exchange  ; Four  Courts,  &c. 

in  Dublin.  Published  with  Wool'e,  FiYrMums Designs  for  Exchange 
at  Dublin  ; and  for  St.  Luke’s  Lunatic  Asylum,  London.  New  Docks,  Stores,  and 
Custom  House  ; East  Portico,  &c.,  to  Houses  of  Parliament,  now  the  Bank;  the 
Four  (Law)  Courts;  Screen  Arcade  and  Wings,  with  additions  to  House  of 
Commons,  Catlisle  Bridge;  and  Inns  of  Court;  all  at  Dublin;  Court  House 
and  Gaol  at  Waterford. 

290.  Sir  .John  Soane  of  London. — Bank  of  England;  Board  of  Trade;  State  Paper 

Office;  Entrance  to  House  of  Lords;  and  many  works  in  London,  besides  his 
own  house  in  Lincoln’s  Inn  Fields,  now  his  Museum.  Published  Desiyvs''  &c. 

291.  Ch  A RLES  Pehcier  of  Paris.  — Restorations,  &c.  at  the  Louvre  and  Tuileries ; Chapelle 

Expialoire.  Published  “ Recueil  de  Decorations,”  and  othei  books  of  ornament, 
with  Pierre  Fran^-ois  Leonard  Fontaine. 


I 1 17 


AND  TIIKIR  1M{INC11>AI.  WORKS. 


Ai'i'Kit  ciiiusr. 


292.  Domknic  o Merlini  ot  Brescia.— Several  aijartments  in  the  I’alace  at  W ..i -a«- ; ami 
vilUs  near  that  city.  ’ 

29.3.  John  Kenuall  of  Exeter,  in  England.— “ Mason  and  Architect”  to  the  new  works 
at  Exeter  Cathedral,  lt'0.5-.30. 

294.  Thomas  Cooley  of  England  — Royal  Exchange;  Chapelin  Phoenix  Park  ; Hiber- 

nian Marine  SchooE;  Newgate  Prison;  the  western  wing  of  the  Ponr  (Law) 
Courts;  all  at  Dublin.  ^ 

295.  James  Essex  of  England  — The  earliest  in  modern  times  who  i)ractised  solely 

mediaeval  art;  restoration  of  Ely  and  other  cathedrals;  alteraiians  at  various 
colleges  at  Cambridge  and  Oxford. 

296.  T.  Thomond  of  France. — The  great  Theatre,  and  the  Exchange,  at  St.  Petersburg. 

297.  James  Wyati'  of  England. —The  Pantheon  Assembly  Rooms;  Palace  at  Kew; 

Fonthill  Abbey;  Doddington  Hall;  Ashridge  House;  and  many  restorations. 

29«.  Johann  Aman  of  St.  Blasien,  in  Baden. — Building  for  the  receirtion  of  the  Mueller 
Collection;  interior  of  the  Chapel  of  the  Palace,  a Theatre,  Hohe  Markt, 
Dorothea- Hof,  a new  Court  Theatre,  all  at  Vienna.  New  Theatre  at  Pesth  ; 
repairs  to  the  Cathedral  at  Vienna;  restorations,  &c.,  at  the  Palace  of  Scl.on- 
brunn,  with  the  Conservatories. 

299.  John  Carr  of  Horbury,  called  Carr  of  York.  — Kirby  Hall  near  York,  and  the 
Race  Stand;  Harewood  House  near  Leeds  for  Earl  of  Harewood  ; Taldey  House, 
Cheshire,  for  Lord  de  Tabley  : Lytham  Hall  mar  Preston;  Constable  Burton 
near  Hull;  Thoresby  Lo  'ge,  Notts,  for  Duke  of  Kingston;  east  front  of  Went- 
worth Castle  for  Earl  of  Straftbrd  ; Aston  Hall,  Rotherham;  Basddon  Park, 
Berkshire  ; Town  Hall,  Newark  ; Court  House  at  York  ; County  Lunatic 
Asylum  ; Crescent  and  perhaps  the  Stabl  ng  at  Buxton  Baths;  Mausoleum  at 
Wentworth  ; and  many  other  buildings  and  liouses. 
tJOO.  Don  Josef  Martin  de  Aldehuela  of  iManzaneda  in  Valencia.  — Church  and 
College  of  the  Jesuits  at  Teruel  ; comfrleted  Church  of  San  Filipe  Neri  at  Cuenca; 
with  other  Churches,  &c.,  in  that  city;  Aqueduct,  6 miles  long,  to  Malaga  ; great 
Bridge  at  Ronda  over  the  Tajo,  and  water  supply.  Went  to  Granada  to  design 
the  Palace  for  Charles  V. 

SJl.  GiusEfFE  PiERMAKiNi  of  Foligno. — As  pupil  of  Vanvitelli  he  assisted  ill  the  Pa'ace 
at  Caserta  ; and  in  the  alterations  at  the  Palazzo  Imperiale  at  Milan,  which  latter 
work  was  trans'ernd  to  him;  and  in  which  city  he  designed  tlie  I’eatro  “La 
Scala;”  Monte  di  Pieta  ; Teatro  della  Canobbiana;  Porta  Orientale;  the  extensive 
f.^ade  of  the  Palazzo  Belgioioso;  several  pala>zi,  with  many  extensive  im- 
provements. 

19th.  Century. 

302.  Vincenzo  Brenna  of  Russia. — Carried  out  Bazhenov’s  design  for  the  Palace  of  St. 

Michael,  now  the  School  for  Engineer  Officers;  Obelisk  of  black  granite  ; the 
Exercising  House,  540  ft.  by  120  ft.,  at  St.  f’etersburg.  Designs  luiblishe  I. 

303.  Henry  William  Inwood  of  England. — St.  Pancras  New  Church  ; St.  IMartin’s 

Chapel ; Regent  Square  Chapel  ; Somers  Town  Chapel ; all  in  London.  Published 
“The  Ercchthieon  at  Athens.” 

304.  Jean  Nicolas  Louis  Durand  of  France. — Published  “Recueil  et  Parallele  dcs 

Edifices,”  and  other  works 

305.  Augustus  Pugin  of  England. —Published  “Specimens  of  Gothic  Architecture,” 

“ Examples  of  Gothic  Architecture;”  “Antiquities  of  Normandy,”  and  other 
works. 

306.  John  Nash  of  England.  — Brighton  Pavilion:  Haymarkei  Theatre;  Buckingham 

Palace;  Regent’s  Park,  and  its  terraces  of  dwellings;  Regent  Street  and  tlie 
Quadrant;  many  residences,  &c. 

307.  Sir  Jeffry  Wyatville  of  England. — Extensively  rebuilding  and  altering  Windsor 

Castle.  . 

308.  Wii.LiAM  WnKiNS  of  England.— Sr.  George’s  Hospital;  London  L nivcrsity  ; 

National  Gallery  ; University  Club  House  ; in  Lomlon.^  Downing  College, 
Cambridge.  Published  a translation  of  part  of  “ \ i'Tuvius.’ 

309.  Benjamin  Henry  Latrobe  of  Fulnec  near  Leeds,  In  England.  Several  mansions 

in  Surrey  and  Sussex,  cScc.  Visited  America,  where  he  rendered  the  James  river 
navigable;  Water  Supply  at  Philadelphia;  and  Bank  of  Pennsylvania;  com- 
pleted the  exterior  of  the  north  wing  of  the  Capitol  at  Washington,  added  corre- 
sponding wing,  &c.  ; designed  the  central  portion,  and  the  Hall  of  Representatives; 
at  tills  buildliTg  Charles  Bui.itnch  succeeded  him,  and  erected  the  Rotunda  Ne. 
Whiter  Supply  to  New  Orleans;  Exchange  and  Cathedial  at  Bahimore;  Bank  of 
Urdted  States  at  IMiiladeliihia. 
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310.  Thomas  Harrison  of  Richmond,  Yorkshire.  — Bridge  over  the  river  Lime  at  Lan- 
caster ; rebuilding  of  the  Castle  there  as  a Gaol  ^ new  County  and  Crown  Courts; 
Bridge  over  the  Derwent  at  Derby,  and  others;  Prison,  County  Courts,  Armoury, 
&(•.,  at  Chester,  wholly  of  stone;  Broom  Hall,  Fifeshire,  for  Eirl  of  Elgin; 
Athenasum,  Lyceum,  and  Library  of  the  Literary  Society,  at  Liverpool;  Theatre 
Athenanim,  and  Exchange,  at  Mancliester  ; Grosvenor  Bridge  at  Ciiester  over  the 
river  Dee,  200  feet  span ; and  many  other  works.  Designed  a Palace  for  Count 
Michael  Woronzow,  to  lie  built  in  the  Ukraine  on  the  Dnieper. 

.31  1.  Il  Marchese  Luigi  Cagnoea  of  Milan. — Porta  del  Sempione  or  Arco  della  Pace; 

Porta  di  Ticino ; Ca'ino  de’  Nohili ; all  at  Milan.  Many  magnitieent  projects  ; 
and  the  Palazzo  for  himself  at  Inverigo,  with  a central  salone  of  45  ft.  diameter. 

SI 2.  Stefano  and  Luigi  Gasse  of  Naples. — Observatory;  additions  to  Villa  Reale; 

Reale  Edifizio  di  San  Giacomo,  or  Palazzi  de’  Ministeri  ; and  the  Dogana ; all  at 
Naples. 

SIS.  Thomas  Rickman  of  England. — New  Court  of  St.  John’s  College,  Cambridge; 

restoration  of  the  Bishop  of  Carlisle’s  Palace,  Cumberland;  upwards  of  twenty- 
five  churches  in  the  Midland  Counties;  several  private  dwellings.  Published 
Attempt  to  Discriminate  the  Styles  of  Architecture  in  England.” 

314.  Carl  Friedrich  von  Schinkel  of  Prus.sia. — Hauptwache,  Theatre,  and  Museum  ; 

Werder-Kirche  ( Gothic)  ; Bauschule,  and  Observatory,  all  at  Berlin;  Theatre 
at  Hamburg;  Schloss  Krzescowice,  Charlottenhof,  and  the  Nicolai-Kirche  at 
Potsdam.  Published  his  designs,  many  of  which  were  not  executed. 

515.  Joseph  Michael  Gandy  of  England. — Phoenix  and  Pelican  Assurance  Offices; 

additions  to  the  prisons  at  Lancaster ; buildings  at  Liverpool.  Published  “ Designs  ” 
for  rural  buildings.  Better  known  for  his  artistic  conceptions  of  architectural 
restorations. 

516.  Friedrich  von  Gartner  of  Bavaria.  — Facade  of  the  Porcelain  Establishment; 

Ludwigs-Kirche,  Bibliothek,  and  Record  Office  ; and  many  other  buildings  at 
IMunich.  The  Befreiungshalle  at  Kehlheim;  Pompeian  House  at  Aschaffenburg, 
&c.  Published  his  designs. 

317.  Sir  Richard  Morrison  and  William  Vitruvius  Morrison  of  Dublin.  — Altera- 

tions of  cathedral  at  Cashel;  County  Court  House,  Clonmel;  Shelton  Abbey; 
Kilruddery  Hall ; Ballyfin ; Court  House,  Carlow ; Longford  Castle ; See. 

318.  Harvey  Lonsdale  Elmes  cf  England. — Collegiate  Institution ; St.  George’s  Hall; 

at  Liverpool. 

319.  Peter  John  Gandy-Deering  of  England. — Associa'ed  with  Wilkins  in  the  Club 

House,  and  University.  St.  Mark’s  Church,  North  Audlcy  Street;  and  Exeter 
Hall,  at  London.  Published  “Pompeiana”  with  Sir  W.  Gell,  and  many  Class  c 
Antiipiities  for  the  Society  of  Dilettanti. 

320.  Jacob  Gay  of  France. — Extensive  fortified  warehouse  for  grain  at  Novogeorgievsk, 

near  Warsaw,  and  the  Greek  church  of  the  Alexandrian  colony. 

321.  Augustus  Welby  Northmore  Pugin  of  England. — His  residences  at  Salisbury, 

and  at  Ramsgate  with  a chajiel  adjoining.  No  less  than  thirty  six  Roman 
Catholic  churches,  including  the  cathedral  of  St.  George,  Southwark,  and  those 
at  Killarney  and  Enniscorthy  ; the  church  at  Cheadle;  and  extensive  alterations 
at  Alton  Towers.  Published  “ Contrasts,”  “True  Principles,  &c.,”  “ Designs  for 
Metal  and  Timber,”  &c. 

322.  Pietro  Aigner  of  Gallizia,  in  Austria. — Churches  of  St.  Alexander,  and  of  St. 

Andrew  ; Observatory,  said  to  be  the  finest  in  Europe;  Guard  House,  Govern- 
ment Palace,  completion  of  the  Mint,  University  Library,  Radzivill  Palace  and 
great  Bazaar,  all  at  Warsaw.  Cathedral  at  Szuwalkach  in  Lithuania;  and  other 
works. 

323.  William  Porden  of  England. — Stables  at  the  Pavilion  at  Brighton,  with  the  Riding 

H ousee,  &c.  Eaton  Hall,  Cheshire,  for  the  Marquis  of  Westminster,  &c. 

324.  John  Haviland  of  Taunton,  in  England. — Pittsburgh  Penitentiary  ; Eastern  Peni- 

tent iary  at  Cherry  Hill;  Hall  of  Justice,  New  York;  Naval  Asylum,  Norfolk; 
New  Jersey  State  Penitentiary,  and  many  others,  with  gaols,  asylums,  and  county 
halls,  all  in  the  United  States. 

325.  Guillaume  Abel  Blouet  of  Passy,  in  France. — Completed  the  Arc  de  I’Etoile  ; 

works  at  the  palace  at  Fontainebleau.  Published  “ Expedition  Scientifique  de 
Moree;  ” supplement  to  Rondelet’s  L’Art  de  Batir ; ” and  revised  the  tenth 
edition  of  that  work. 

326'.  James  Gillespie-Grahaai  of  Orchil,  in  Scotland. — Culdees  Castle,  Perthshire;  Ross 
Priory,  Dumbartonshire;  Dunse  Castle,  Berwickshire;  and  many  country  resi- 
dences; Victoria  or  Assembly  Hall,  at  Edinburgh  ; chapels  there  and  at  Glasgow. 
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343. 


W,u,,A„  Pla,^*ir  „r  ScollamI -St.  Slq.hfn-s  Church;  liujal  Institution; 

Nattotial  Gallery ; Donaldson’s  Ilosintal;  Free  Church  College;  Surgeons’ Hall- 
all  at  Edinburgh.  ® ' 

John  Hhitton  of  England  —Published  the  “ Cathedral  Antinuh^s’-  14  volumes- 
“Architectural  Antiquities,”  5 vols.;  “Edifices  of  London,”  2 vols.  • and  maiw 
otliers.  Eegan  the  restoration  of  RedclifTe  Church,  Bristol, 

Luigi  Canina  of  Rome. — Published  many  works  on  the  History  of,  and  Discoveries 
connected  with,  Classic  Architecture. 

Loins  Tullius  Joachim  Visconti  of  France  — Completed  the  Palace  of  the  1 ouvre  • 
Monument  of  Moliere  in  the  Rue  Richelieu  ; Fountain  on  site  of  tlie  old  Opera 
House,  Place  Louvois  ; Fountain  in  Place  St.  Sulpice  ; facade  of  the  angle  of 
two  streets  m tlie  Rue  Neuve  des  Petits  Champs;  tomb  of  the  Emperor  Napo- 
leon 1.  at  the  Invalides,  all  at  Paris.  ‘ 

Thomas  Hamilton  of  Scotland.— Tlie  High  Schools;  College  of- Physicians ; and 
some  churches  ; Pavilion  for  the  Grey  Festival,  1834  ; all  at  Edinburgh.  Monu- 
ment  to  Burns,  near  Ayr. 

Alchonse  Ricard  de  Montferrand  of  France. — Column  to  the  Emperor  Alex- 
ander; and  Church  of  St.  Isaac,  at  St.  Petersburg.  Both  published. 

Sir  Charles  Barry  of  London. — The  Travellers’  Club  House  (published);  the 
Reform  Club  House;  Bridgewater  House;  the  Houses  of  Parliament;  Privy 
Council  Office;  laid  out  Trafalgar  Square  ; three  churches  at  Ball’s’  Ponei, 
Cloudesley  Square,  and  Holloway;  all  in  London.  The  Grammar  School  at  Bir- 
mingham. Clifden  House,  near  Reading.  Trentham  Hall,  Derbyshire.  St. 
Peter’s  Church  at  Brighton.  A church,  the  AtheniEum,  and  the  Royal  Institu- 
tion, at  Manchester. 

Ernst  Frieukich  Zw-irner  of  Prussia. — Restoration  of  Cologne  Cathedral.  Church 
at  Remagen. 

David  Hamilton  of  Glasgow. — Hutcheson’s  Hospital ; Nelson  Monument;  Royal 
Exchange;  Western  Club  House,  and  other  buildings,  all  at  Glasgow,  Castle 
'Toward;  Dunlop  House;  Airth  or  Kier  Castle;  Hamilton  Palace  ; and  Lem. ox 
Castle,  all  in  Scotland. 

Robert  Mills  of  Charleston,  South  Carolina.  The  Congregational  Church  at 
Charleston,  with  a dome  90  feet  diam.  inside,  the  first  in  that  country.  Several 
edifices  at  Philadelphia,  includingthe  Bank  (the  first  building  in  the  Gothic  style), 
and  the  timber  bridge  over  the  Schuvlkill,  about  340  feet  span.  The  Court 
H ouse  and  other  buildings  at  Richmond  ; Monument  to  Washington  at  Balti- 
more, and  two  churches  there;  Lunatic  Asylum  at  Columbia;  Penitentiary  at 
New  Orhans;  and  buildings  at  Charleston.  The  Bunker  Hill  monument.  Many 
works  for  the  Go\ernment  at  Washington.  He  largely  introduced  a fire-proof 
system  into  the  construction  of  his  buildings. 

Leo  von  Klenze  of  Prussia. — 'The  Glyjitothek,  and  other  public  and  private  works 
at  Munich.  The  Walhalla,  near  Ratisbon.  Buildings  at  St.  Petersburg.  De- 
signs published. 

James  Bunstone  Bunning  of  England.  — City  of  I.ondon  School.  Highgate  and 
Nunhead  Cemeteries;  Bethnal  Green  Workhouse;  Freemason’s  Orphan  Schools 
Brixton ; the  Coal  Exchange;  City  Prison,  Holloway;  Billingsgate  Market ; 
INlelropolitan  Cattle  Market,  Islington;  Alterations  in  Newgate  Prison;  Pauper 
Lunatic  Asylum  at  Stone  . v\ith  many  improvements  in  the  City  of  London. 

Ludwig  Forster  of  Austria, — Published  the  AUgemeine  Bauzeituvg,  38  volumes 
(to  1873).  Buildings  in  Vienna. 

Charles  Robert  Cockerell  of  London. — Philosophic  IiiMitution  at  Bristol. 
Hanover  Chapel,  Rigent  Street.  St.  David’s  College,  I.am,  eter.  National 
Monument,  Calton  Hill,  Edinburgh.  University  Library  and  Museum,  Cam- 
biidge.  Westminster  Life  Office,  Strand.  Dividend  Pay  Office,  and  the  Private 
Drawing  Office,  in  the  Bank  of  England  ; and  Branch  Banks  at  Manchester.  Bristol, 
and  Liverpool.  Sun  Fire  Assurance  Office.  Taylor  and  Randolph  Galleries 
and  Library  at  Oxford.  Liveipooland  London  Insurance  Buildings  at  Livcriiool. 
Completion  of  the  Fitzwilliam  Museum  at  Cambridge,  commeiued  by  G.  Basevi  ; 
and  of  St.  George’s  Hall  at  Liverpool,  commenced  by  II,  L.  Elmes. 

Joseph  Gwilt  of  London.— Compiler  of  the  “ Encyclopaidia  of  Architecture,’ 
and  writer  of  many  other  wot  ks. 

Luigi  Canoni-a  of  Milan.— Anfiteatro  Diurno  for  30,000  spectators,  for  Napoleon 
I.  ; Teatro  Carcano,  R6,  and  Fiando ; the  interior  of  Palazzo  Orsino,  and  Casa 
Canonica,  all  at  Milan.  Theatres  at  Brescia,  INIantua,  and  Parma. 

Louis  von  Zanth  of  Wurtemburg.— The  Wilhelma  near  Stuttgardt,  in  a Moor..sh 
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style;  design  for  a large  village  and  its  buildings  in  Hungary;  published  “ The 
Antiijuities  of  Sicily  ” with  J.  1.  HittorfF. 

S14.  Sin  JosEiMi  Paxton  of  Milton  Bryant,  Bedfordshire. — Tiie  Conservatory  for  (he 
Victoria  Regia  at  Cliatsworth,  and  other  buildings  there.  The  suggestion  for  the 
building  of  the  Industry  of  All  Nations  1851.  Village  of  Edensor  near  Chats- 
worth  ; Mentmore  for  Baron  Mayer  A.  de  Rothschild.  Mansion  at  Ferrieres  in 
France  for  Baron  James  de  Rotlischild.  Alterations  at  Lismore  Castle,  Ireland, 
for  Duke  of  Devonshire.  Laid  out  Parks  at  Liverpool,  Birkenhead,  Glasgow, 
and  elsewhere. 

345.  Catt.  Francis  Fowke  of  Belfast,  in  Ireland.— Raglan  Barracks,  Devonport.  Addi- 
tions to  Soutli  Kensington  Museum  ; Picture  Galleries  for  the  Slieepshanks, 
Vernon,  and  Turner  collections  tlierein.  Industrial  iMuseum,  Edinburgh.  New 
buildings  for  South  Kensington  Museum.  National  Gallery,  Dul)lin.  Design 
for  Gardens,  Conservatory,  and  south  arcades.  Royal  Horticultural  Gardens;  the 
building  for  1862  Exhibition,  and  entrances  to  the  Gardens.  Design  for  Natural 
History  Museum.  Original  design  for  the  Royal  Albert  Hall. 

ft46.  Jacques  Ignace  Hittokfe  of  Cologne. — Practised  at  Paris,  where,  with  I.ecointe,  he 
conducted  several  funeral  pomps,  and  many  festivities;  reconstructed  the 
interior  of  the  Salle  Favart,  and  rebuilt  the  Theatre  of  the  Ambigu  Comique. 
Puldished  witli  Zanth,  “‘Architecture  Moderne  de  la  Sicile,”  and  “Architecture 
Antique  de  la  Sicile;  ” and  with  Olivier,  an  edition  of  the  “ Inedited  Antiquities 
of  Athens.”  Designed  the  circular  Panorama  in  t!ie  Champs  Elysees ; Grand 
Cirque  Olympique;  Cirque  on  the  Boulevard  des  Filles  du  Calvaire ; assisted  in 
raising  the  Ol)elisk  of  Luxor,  and  designed  its  pedestal ; and  the  Fountains  in 
tlie  Place  de  la  Concorde : with  Lepkre,  the  basilican  church  of  St.  Vincent  de 
Paul  : Mairie  on  the  Place  <lu  Pantheon;  another,  with  a suite  of  buildings  close 
to  the  Church  of  S.  Germain  I’Auxerrois;  laid  out  part  of  the  Bois  de  Bou- 
logne ; designed  the  circular  edifices  in  the  Place  de  I’Arc  de  I’Etoile  ; and  Ter- 
minus of  the  Great  Northern  Railway  of  France. 

347.  Sir  Robert  Smirke  of  London. — Large  additions  at  the  Royal  Mint,  London; 

Covent  Garden  Theatre  ; General  Post  Office  ; Penitentiary,  Mlllbank  ; British 
jNIuseum  up  to  1847  ; King’s  College,  London;  Central  Portion,  alterations,  &c., 
at  the  Custom  House ; Restoration  of  York  Mirster,  1828;  Belgrave  Chapel, 
and  many  churches;  Wellington  Testimonial,  Dublin;  Courts  of  Justice  at  six 
cities,  and  other  similar  buildings.  Lowther  Castle,  Cumberland,  for  Earl  of 
Lonsdale  ; Eastnor  Castle,  Ledbury,  Herefordshire,  for  Earl  Sorrers  ; Drayton 
Manor,  Lr  Sir  Robert  Peel;  and  many  other  mansions,  and  additions  to  them  ; 
Union,  Carlton,  and  Junior  United  Service  Clubs;  several  of  the  interiors  of  the 
Dining  Halls  to  the  Inns  of  Court;  Serjeants’  Inn;  .Approaches  to  London 
Bridge. 

348.  Philip  Hardwick  of  London. — House  and  Warehouses  at  St.  Katherine’s  Docks; 

New  Hall  of  the  Goldsmiths’  Company  ; Entrance  portico,  the  large  hall,  and 
hotels,  at  the  Railway  Station,  Euston  Square;  New  Hall  and  Library  for  Society 
of  Lincoln’s  Inn  ; all  at  London. 

349.  Charles  Texier  of  Versailles,  in  France. — Restored  Arch  at  Rheims.  Published 

“ Description  de  I’Asie  Mineuie,”  and  “ L’Armenie,  la  Perse,  et  la  Mesopotamie.” 
Sent  to  Algeria,  he  measured  all  the  Roman  works  in  that  country.  Published 
“ Byzantine  Architecture,”  and  Principal  Ruins  of  Asia  Minor,”  both  with 
R.  P.  Pul  Ian. 

350.  Sit  James  Pennethorne  of  Worcester. — Assisted  Mr.  J.  Nash  in  carrying  out  in 

London,  the  improvements  in  the  Strand ; Carlton  House  Terrace ; St.  James’s 
Park  ; various  improvements  in  the  streets  of  the  Metropolis,  for  the  Govern- 
ment. The  St.  James’s  Bazaar;  St.  Julian’s,  Sevenoaks,  for  C.  J.  Herries;  Dil- 
lington  House,  llminster,  for  Mr.  J.  L.  Lee  ; Swithland  Hall  for  Mr.  Butler 
Danvers;  Christ  Church,  Albany  Street;  and  Trinity  Chmch,  Gray’s  Inn  Road. 
Formed  and  laid  out  Victoria  and  Battersea  Parks,  and  Kensington  Palace  Gar- 
dens. Museum  of  Economic  Geology,  Piccadilly.  General  Record  Office, 
Chancery  Lane.  State  Ball  Room,  Sujiper  Room,  and  Galleries,  at  Buckingham 
Palace.  Additions  to  Somerset  House,  fronting  Lancaster  Place.  Alterations  at 
the  National  Gallery ; and  at  Marlborough  House  for  the  Prince  of  Wales. 
University  of  London,  Burlington  Gardens  ; and  many  other  works  for  the  Govern- 
ment. 

351.  Sir  Thoxias  Deane  of  Monkstown,near  Dublin. — Banks,  with  other  buildings,  and 

the  Court  house  with  a fine  portico,  at  Cork  ; Queen’s  College,  Cork;  Lunatic 
Asylum  at  Killarney  ; addition  to  Trinity  College,  Dublin,  in  the  Venetian  style ; 
IMuseum  at  Oxford  with  his  son  Thomas  and  Mr.  Woodw’ard. 
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352.  Edwaki)  A\  alters  of  Ij')rd9U. — Afany  large  warehouses  in  tlie  Peiiaissance  style  at 

Manchester;  and  numerous  hcuses  in  the  siilnu-bs;  Free  Trade  11a  1 ; Manchester 
and  Salford  Bank;  stations  on  the  Midland  Kailway;  churcli  in  Cavendish 
Street;  Fire  Insurance  Office,  King  Street;  AVarrington  Public  Hall,  &c.  ; all 
at  Manchester.  Died  January  22,  1872,  aged  G3. 

353.  Sir  AA^ii.liam  Tite  of  London.— Res'ored,  vith  David  Liing,  the  church  of  St. 

Dunstan’s-in-the-East.  Designed  the  Scotch  Church,  Regent  Square;  the  Royal 
Exchange;  London  and  AVestmin-ter  Rank,  Lothbury,  with  C.  R.  Cockerell, 
R.A.  ; several  railway  stations;  all  in  London.  The  termini  and  most  of  the 
stations  on  the  Caledonian  and  Scottish  Central  Railways;  and  on  the  line  from 
Havre  to  Paris  Memorial  Church,  Gerrard’s  Cro'-s.  Largely  emplo\ed  in  the 
valu  itioii,  purchase,  and  sale  of  the  land  required  for  the  extensive  railway  and 
improvement  works  of  his  time.  Died  April  20,  1873,  aged  75. 

354.  Owen  Jones  of  London.— Designed  St.  James’s  Hall  and  its  decoration  ; the  decora- 

tion of  the  Hall  of  the  fishmongers’  Company;  that  of  Fontliill  House,  near 
Salisbury,  for  Mr.  Alfred  Morrison,  and  of  his  residence  in  Carlt  n House 
Terrace;  of  Preston  Hall,  for  Air.  Henry  Rrassey;  of  the  Exhibition  of  Industry 
of  All  Nations,  1851  ; and  of  the  Crj  stal  Palace,  Sydenham.  De.signed  furniture, 
&c.  Publishtd  “ Plans,  &c.,  with  Details,  of  the  Alhambra,”  in  colours,  fob 
1836-45;  “Designs  for  Mosaic  and  Tesselated  Pavements,”  4to.  1842;  “An 
Apology  for  the  Colouring  of  the  Greek  Court  at  the  Crystal  Palace,”  8vo.  1854  ; 
“The  Grammar  of  Ornament,”  100  plates,  fob  1856;  112  plates,  1865.  Many 
other  works  on  colour  and  ornament.  Died  May  1 (?),  1874,  aged  65. 

355.  Alexander  Thomson  of  Balfron,  Scotland,  called  “ Greek  Thomson,”  after  the  stylo 

to  which  the  bent  of  his  studies  entitled  him. — Designed  the  CHledonian  Road 
United  Presbyterian  Church  ; the  Sc.  Vincent  Street  U.P.  Church ; and  Queen’s 
Park  U.P.  Church  ; the  Egyptian  Hall,  Union  Street ; two  buildings  on  north  side 
of  Sauchiehall  Street;  all  at  Glasgow.  Died  March,  22,  1875,  aged  nearly  58. 

356.  Pierre  pRANgois  Henri  Labrolste  of  Paris. — AVith  A’isconti,  superintended  the 

decorations  for  the  funer.il  ceremony  consecrating  the  return  of  the  remains  of 
the  Emperor  Napoleon  I.  to  Paris.  Opened  an  atelier.  Designed  the  Library  of 
Ste.  Genevieve  ; the  enlargement  of  the  National  Library,  •with  new  reading  room, 
&c.  Appointed  general  inspector  of  diocesan  edifices.  Died  June  24,  1875, 
aged  74. 

357.  David  Rryce  of  Edinburgh. — Designed  many  public  offices,  banks,  &c.,  in 

Edinburgh,  in  various  styles;  as  Fetbs  College;  the.  Sheriffs’  Court;  Edinburgh 
Royal  Infirmary ; Lanark  Infirmary;  several  churches  in  Edinburgh,  Dalkeith, 
Dundee,  Falkland,  St.  Alungo’s,  &c.  In  a long  list  of  mansions,  and  of  additions 
and  alterations,  are  mentioned  Panmure,  for  Earl  of  Dalhousie  ; Kinnaird  Castle, 
for  Earl  of  Southesk  ; Langton,  for  Marquis  of  Rreadalbane  ; and  the  mausoleum 
tor  the  Duke  of  Hamilton.  Died  May  7,  1876,  aged  73. 

358.  Raphael  Brandon  of  London. — AVith  his  brother  Arthur,  M’ho  died  December  18-i7, 

published  “ Parish  Churches,”  sixty-three  in  number,  8vo.  1848.  Then  “ Analysis 
of  Gothic  Architecture,”  seven  hundred  examples,  4to.  1849;  “Open  Timber 
Roofs  of  the  Middle  Ages,”  thirty-five  examples,  4to.  1849.  Designed  the  church 
in  Gordon  Square  for  the  members  of  the  Catholic  Apostolic  Church,  in  conjunc- 
tion Aiith  Mr.  Ritchie.  Church  in  Great  Windmill  Street,  Haymarket;  and  one 
at  Knightsbridge.  Died  October,  1877. 

359.  Sydney  Smirke  of  London. — AVith  his  brother  Sir  Robert,  designed  the  Oxford  and 

Cambridge  Club,  Pall  Mall.  He  restored  the  Temple  Church,  and  published  an 
account  of  it,  1845.  A block  of  buildings  in  the  Temple ; the  Conservative  Club, 
St.  James’s  Street ; Carlton  Clubhouse,  Pall  Mall ; the  circular  Reading  Room, 
and  other  parts,  at  the  British  Aluseum  ; the  Exhibition  Rooms  for  the  Royal 
Academy  of  Arts,  Burlington  House.  Died  December  8,  1877,  aged  77- 

360.  Sir  Matthew  Digby  AVyatt  of  Devizes. — Travelled  for  t'wo  years,  and  on  his 

returned  published  “The  Geometric  Mosaics  of  the  Aliddle  Ages,  fol.  1849. 
Reported,  1849,  on  the  Industrial  Exposition  at  Paris.  Published  “Industrial 
Arts  of  the  Nineteenth  Century,”  fol.  1853;  “Metal  Work  and  its  Artistic 
Design,”  fol.  1852.  As  superintendent  of  the  Fine  Arts  department  at  the 
erection  of  the  Crystal  Palace,  he,  with  Owen  Jones,  designed  several  of  the 
Courts,  and  wrote  ti  e descriptions.  He  designed  the  Court  and  interior 
finishings  of  the  new  India  Office,  AVhitehall ; Addenbroke’s  Hospital,  Cam- 
bridge ; the  Royal  Indian  Civil  Engineering  College  at  Cooper’s  Hill ; restored 
the  hall  of  Clare  College,  Cambridge;  designed  the  Crimean  Alemorial  Arch 
at  Chatham,  for  the  Royal  Engineers,  &c. ; the  mamion  for  Louis  Hulh,  hsq,. 
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at  Possingvvortli,  Sussex ; the  red  brick  house  for  Lady  Marian  Alford  at 
Kensington  Gore.  He  published  his  “Lectures”  as  Slade  Professor  in  1870. 
Died  May  21,  1877,  figed  57. 

36 1 . Sir  Gb.iege  Gilbert  Scott  of  Gawcott,  near  Buckingham. — W.  B.  Moffatt  was  partner 

for  some  years  ; they  designed,  1841,  the  Martyrs’  Memorial  at  Oxford ; St.  Giles’s 
Church,  Camberwell ; and  the  Infant  Orphan  Asylum,  Wanstead.  He  designed 
the  St.  Nicholas  Church  at  Hamburg;  Cathedral  at  St.  John’s,  Newfoundland; 
1854,  the  Parish  Church  of  Doncaster,  Yorkshire;  from  1849,  as  architect  to 
the  dean  and  chapter  of  Westminster,  he  continued  the  restorations  of  the 
church,  and  restored  the  chapter-house.  Designed  the  Foreign  Office,  including 
the  exterior  of  the  India  Office,  Whitehall ; the  Memorial  to  the  Prince  Consort, 
Hyde  Park ; and  the  new  Cathedral  at  Edinburgh.  Restored  portions  of  nearly 
every  cathedral  in  England,  and  some  in  Wales;  Tewkesbury  Abbey  choir,  &c., 
and  St.  Alban’s  Abbey.  Designed  the  Albert  Memorial  Chapel,  at  Windsor ; 
St.  Mary  Abbott’s  Church,  Kensington  ; cliapel  of  St.  John’s  College,  Cambridge ; 
Glasgow  University  Buildings;  Leeds  Infirmary;  Preston  Town  Hall;  houses  in 
the  Broad  Sanctuary,  Westminster;  and  very  numerous  new  churches;  also 
numerous  rebuildings  and  restorations.  He  wrote  “ Gleanings  from  Westminster 
Abbey,”  1861  ; “Remarks  on  Secular  and  Domestic  Architecture,”  1857  ; “Lec- 
tures on  the  Rise  and  Development  of  Mediseval  Architecture,”  2 vols.,  1879  ; 
and  many  papers  and  essays.  Died  March  27,  1877,  aged  67. 

362.  Edward  Blorb  of  Derby. — Designed,  1816,  Abbotsford,  for  Sir  Walter  Scott;  was 

employed  for  many  years  in  making  drawings  for  antiquarian  and  other  publica- 
tions; and  published  “The  Monumental  Remains  of  Noble  and  Eminent 
Persons,”  1824-26  ; and  was  among  the  first  to  stimulate  the  revival  of  Gothic 
architecture.  Restorations  at  Peterborough,  Glasgow,  Ely,  and  Winchester 
Cathedrals  ; Merton  College  Chapel,  Oxford  ; Barfreston  Church,  Kent ; Thorney 
Church,  Cambridgeshire  ; Ramsey,  Huntingdonshire  ; and  several  others.  Rebuilt 
the  residence,  restored  the  hall  and  chapel  of  Lambeth  Palace.  Designed  the  Palace 
of  Aloupka,  in  the  Crimea,  for  Prince  Woronzow;  AVorsley  Hall,  Lancashire; 
Haveringland  Hall,  Norfolk  ; Cranford  Hall,  Dorset ; and  others.  Made  exten- 
sive alterations  at  Wadham  and  St  John’s  Colleges,  Oxford;  and  at  Windsor 
Castle.  Designed  the  new  front,  &c.,  to  Buckingham  Palace;  and  works  of 
restoration,  &c.,  at  AV^estminster  Abbey  for  several  years.  Died  September  4, 
1879,  aged  nearly  90. 

363.  JosETH  Louis  Due  of  Paris. — Designed,  1833-40,  the  Colonne  de  Juillet;  and 

after  1840,  the  buildings  of  the  Palais  de  Justice,  including  the  new  Salle  des 
Pas  Perdus,  all  at  Paris.  In  1869  he  received  the  Grand  Prix  of  100,000  francs 
decreed  every  five  years  by  Napoleon  III.  Died  January,  1879. 

364.  Gottfried  Semper  of  Altona,  in  Denmark.- -Designed,  1834,  the  Court  Theatre, 

and  the  Synagogue,  at  Dresden;  and  1847,  began  the  new  Museum.  He  retired 
to  Paris,  and  then  to  London,  where,  1853,  he  designed  the  Wellington  funeral 
car.  After  some  years  he  went  to  Zurich  as  Professor  of  Architecture ; designed 
the  largo  Polytechnic  School;  the  town  hall;  the  railway  station.  The  re- 
building of  the  Court  Theatre,  at  Dresden,  was  carried  out  by  his  son  Manfred. 
Designed  the  Exchange ; new  Museum  ; additions  to  the  Imperial  residence;  and, 
with  von  Hasenauer,  the  Imperial  Court  Theatre;  all  at  ATenna.  Died  at  Romo 
May  15,  1879,  aged  76. 

365.  Eugene  Emmanuel  Viollet-le-Duc  of  Paris. — In  1840  he  was  nominated,  with 

Lassus,  in  the  restoration  of  the  Ste.  Chapelle,  at  Paris.  He  restored  the  Abbey 
Church  of  Vezelay ; the  churches  .of  St.  Pierre,  Montreale  ; the  Hotel  de  ATlle,  at 
Narbonne  ; the  church  at  Poissy,  of  St.  Nazare  in  Carcassonne,  and  at  Semur. 
With  Lassus,  1846,  the  restoration  of  Notre  Dame,  at  Paris  ; works  at  the  Abbey 
of  St.  Denis ; 1849,  commenced  the  restoration  of  the  fortifications  at  Carcassonne  ; 
at  the  Cathedral  at  Amiens,  and  the  Syndical  Hall  at  Sens ; Notre  Dame,  at 
Chalons-sur-Marne ; the  Cathedral  at  Laon ; the  Chateau  de  Pierrefonds. 
Designed  the  Protestant  Cathedral  at  Lausanne;  and  the  Chateau  d’Eu,  forthe 
Comte  de  Paris.  Besides  the  important  “ Dictionnaire  Raisonne  de  1’ Architec- 
ture F'ran9aise,”  1853-68,  he  published  “ Essai  sur  I’Architecture  Militaire,” 
1854;  “Dictionnaire  du  Mobilier  Fran9ais,”  1855  ; “ Entretiens  sur  I’Architec- 
ture,”  1858-68  ; and  others.  Died  September  17,  1879,  aged  65. 

366.  Edward  Middleton  Barry  of  London. — Designed,  1857,  St,  Saviour’s  Church, 

Haverstock  Hill;  the  schools  in  End  ell  Street,  for  St.  Giles’s-in-the-Fields ; 1857, 
Covent  Garden  Theatre,  for  Mr.  Gye,  with  the  Floral  Hall  adjoining ; was 
appointed,  1860,  to  complete  the  new  Palace  at  AVestminster,  after  the  death  of 
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Sir  C.  Barry.  Designed  the  Town  Hall ; new  Opera-house  at  Malta ; tlie 

staircase  t^  the  Royal  Academy  rooms  at  Burlington  House ; the  new  chambers, 
lemple  Gardens  ; the  Cannon  Street  and  the  Charing  Cross  Hotels,  with  the 
Queen  Lleanor  Cross;  the  Hospital  for  Children,  Great  Ormond  Street-  the 
Birmingham  and  Midland  Institute.  Rebuilt  Crewe  Hall,  Cheshire  ; designed  the 
decoration  of  St.  Stephen’s  Chapel,  Westminster;  and  the  additional  galleries 
to  the  National  Gallery  of  Pictures.  Died  Januaiy  27,  1880  aged  49 

367.  Jean  Pierre  Clrysenaar  of  Li^ge.— Designed  the  March6  de’  la  IMadeleine  • the 

Hotel  du  Conservatoire  ; and  the  GaleriesSt.  Hubert,  all  at  Bruxelles  He  pul>- 
hshed  “Batiments  des  Stations,  &c„”  4to.,  1862;  “Maisons  de  Compagne 
Chateaux,  &c.,”  4to.,  1862.  Died  January  (?),  1880,  aged  69. 

368.  Johann  Heinrich  Strack  of  Biickeburg,  in  Holstein.— As  a student  of  Schinkel’s 

he  assisted  in  designs  for  the  then  Crown  Prince,  afterwards  Frederick  William  IV., 
at  the  new  Palace  at  Berlin  ; 1828,  in  the  erection  of  the  Palace  of  Prince  Cari’ 
and  the  Palace  of  Prince  Albrecht.  He  completed  the  Palace  of  Babelsberg’, 
near  Potsdam,  as  well  as  the  present  Imperial  Palace.  At  Berlin,  he  designed 
the  Palais  Raezynski,  1843;  the  churches  of  St.  Peter  and  St.  Andrew;  the 
National  Gallery,  1866—76;  the  Column  of  Victory  in  the  Thiergarten, 
1871—75;  and  the  Villa  Borsig.  He  published  several  works,  including  his 
discovery,  1862,  of  the  Theatre  of  Dionysius  at  Athens.  He  was  lecturer  at  the 
Academies,  and  also  “ baumeister  ” from  1838  to  the  Emperor  of  Germany.  Died 
June  13,  1880,  aged  75. 

369.  Benjamin  Ferrey  of  Christchurch,  Hampshire. — Laid  out  the  estate  of  Sir  Geo. 

Gervis,  and  designed  the  Bath  Hotel,  with  several  rows  of  villas,  at  Bournemouth. 
Restored  the  nave  and  transepts  and  the  Lady  Chapel  of  Wells  Cathedral ; and 
the  Bishop’s  palace  and  chapel.  Designed  the  Church  of  St.  James,  at  Morpeth ; 
of  St.  Stephen,  Rochester  Row,  Westminster;  the  town  halls  at  Dorchester  and 
Luton;  the  church  at  Buckland  St.  Mary;  Wynnstay,  for  Sir  W.  W.  Wynn; 
Bulstrode,  for  Duke  of  Somerset ; mansion  for  the  Duke  of  Connaught  at  Bagshot 
Park,  &c.  His  invention  of  stamping  plaster  was  carried  out  at  Macclean  Church, 
near  Ampthill ; at  All  Saints’,  Blackheath  ; at  Streatham  Parish  Church,  and 
other  churches.  Died  August  22,  1880,  aged  70. 

370.  Thomas  Henry  Wyatt  of  Loughlin  House,  Roscommon.—  He  practised  in  London 

in  partnership  with  David  Brandon  from  1838  to  March  17,  1851,  and  designed 
the  Assize  Courts  at  Winchester,  Devizes,  Usk,  Brecon  and  Cambridge.  Among 
numerous  hospitals,  &c.,  those  at  Malta ; for  Norfolk  and  Norwich  ; Wiltshire 
Lunatic  Asylum ; and  the  Buckingham  Lunatic  Asylum ; the  Exchange  Buildings 
at  Liverpool ; the  cavalr}’^  barracks  at  Knigbtsbridge,  London  ; railway  station 
at  Florence ; Adelphi  Theatre,  London ; St.  Aidan’s  College,  B'rkenhead ; Oatland 
, Park  Hotel,  Surrey ; mansion  in  Park  Lane,  for  Sir  Dudley  Majoribanks ; with 
many  others  ; and  alterations.  Among  the  numerous  new  churches,  in  Wiltshire, 
that  of  Wilton,  near  Salisbury ; memorial  church  to  George  Herbert  at  Bemerton, 
&c. ; in  Dorsetshire,  in  London,  in  Cambridgeshire,  &c. ; the  Garrison  Church  at 
Woolwich  ; also  the  earlier  restorations  at  LlandafF  Cathedral,  and  at  Wimborne 
Minster.  Died  August  5,  1880,  aged  73. 

371.  William  Burges  of  London. — Gained,  in  conjunction  with  Mr.  Glutton,  the  first 

premium  for  Lille  Cathedral ; was  occupied  in  the  decoration  of  the  Chapter 
House  at  Salisbury  ; also  the  first  premium  for  the  Memorial  Church  at  Con- 
stantinople ; designed  Brisbane  Cathedral,  and  1 he  Cathedral  at  Cork ; restorations 
at  Waltham  Abbey;  at  Cardiff  Castle,  for  the  Marquis  of  Bute;  decoration  of 
chapel  of  Worcester  College,  Oxford  ; designed  the  Art  School  at  Bombay ; 
made  designs  for  Hartford  College,  United  States  ; carried  out  his  own  house  in 
Melbury  Road,  Kensington ; designed  Worcester  College  Hall ; and  new  churches 
at  Studley  and  Skelton,  near  Ripon.  Died  April  20,  1881.  aged  53. 

372.  Decimus  Burton  of  London. — Designed,  1824-26,  the  Colosseum,  Regent  s Park, 

and  the  Hyde  Park  improvements,  including  the  Ionic  fjRjade  and  the  triumphal 
arch  ; the  Cal  verley  Park  estate  at  Tunbridge  Wells,  for  Mr.  John  Ward; 

House,  Regent’s  Park  ; Royal  Naval  Club,  and  the  Athenaeum  Club,  Pall  Mall ; 
Holford  House,  St.  Dunstan’s  Villa,  and  St.  John’s  Lodge,  Regent’s  Park  ; AN  orth 
Park,  Sussex ; Stapleton  Palace,  near  Bristol ; the  new  town,  church  hotel, 
lighthouse,  &c.,  at  Fleetwood  ; the  Union  Club,  United  Service  Club,  ^d  Junior 
United  Service  Club,  London  ; palm  house,  winter  garden,  &c.,  at  Kew ; and 
numerous  private  houses.  Died  December  14,  1881,  aged  81. 

373.  Anthony  Salvin  of  Sunderland  Bridge,  Durham.— Designed  Mamhead.  near  Exeter ; 

MorbyHall;  restored  the  hall  at  Brancepeth  Castle ; designed  Methlev  Hall ; 

4 E 


1104 


LIST  OF  ARCHITECTS, 


AFTER  CHRIST. 


Parham  Court,  and  many  others  ; Peckforton  Castle ; restored  the  Beauchamp 
Tower  and  Traitors’  Gate  at  the  Tower  of  London ; also  Carnarvon  Castle,  with 
numerous  others;  the  Curfew  Tower  and  other  works  at  Windsor;  Alnwick  ; 
Castle,  Northumberland.  Designed  Keele  Hall,  Staffordshire ; Thoresby  Hall, 
Nottinghamshire.  Restored  Petworth  House  ; Birdsall  House  ; Fernhurst  Church, 
Sussex;  Kilndown  Church;  the  Church  of  the  Holy  Sepulchre,  Cambridge,  &c. ; ' 

and  Dunster  Castle.  Died  December  17,  1881,  aged  82. 

374.  George  Edmund  Street  of  Woodford,  Essex. — Designed  Hadley  Church,  Essex; 

others  at  Constantinople,  Rome,  Genoa,  Lausanne,  Vevay,  Miirren,  and  Paris ; | 

All  Saints’  Church,  par.sonage,  and  schools,  at  Boyne  Hill,  Berkshire  ; Church  of 
St.  James  the  Less,  Garden  Street,  Westinin'ter ; St.  Peter’s  Church,  Bourne-  i 
mouth ; and  the  nave  to  Bristol  Cathedral.  Restored  south  transept  and  the 
reredos  at  York  Minster.  Designed  the  Courts  of  Justice,  London  ; the  churches 
of  St.  Margaret  at  Liverpool  ; All  Saints  at  Clifton  ; St.  Mary  Magdalene  at 
Paddington  ; St.  Saviour  at  Eastbourne  ; St.  John  at  Torquay  ; St.  Philip  and  St. 
James  at  Oxford ; the  Theological  College  at  Cuddesdon ; Dulecht  House  and 
Chapel.  Restored  Christ  Church  Cathedral,  Dublin.  He  published  “ Brick  and  | 
Marble  Architecture  in  Italy,”  8vo.,  1855  ; “ Gothic  Architecture  in  Spain,”  8vo  , ; 

1865;  and  wrote  numerous  papers  and  lectures.  Died  Dec.  18,  1881,  aged  57.  ! 

375.  Conte  Commendatore  Virginio  Vespignani  of  Rome. — Architect  to  the  Church  of 

St.  Peter’s  at  Rome.  Died  December  3,  1882. 

376.  David  Rhind  of  London. — At  Edinburgh,  designed  the  Commercial  Bank  Buildings  ; 

Life  Association  of  Scotland ; Normal  School,  Chambers  Street ; Stewart’s 
Hospital ; addition  to  the  Assembly  Hall  on  Castle  Hill ; and  the  Commercial 
Bank,  Glasgow.  Died  April  26,  1883. 

377.  Signor  Emilio  de  Fabris  of  Florence.  — Designed  the  new  fa9ade  to  the  Cathedral 

of  Santa  Maria,  at  Florence,  ordered  1869.  Died  (on  the  eve  of  the  day  ap- 
pointed for  uncovering  this  great  work)  June  28,  1883. 

378.  Heinrich  Freiherr  von  Ferstel  of  Vienna. — At  Vienna,  the  Votivkirche ; the 

new  University  ; the  Palace  of  the  Grand  Duke  Charles  Ludwig  Victor  ; and 
several  other  works  therein.  Died  July  15,  1883,  aged  55. 

379.  Jean  Baptiste  Ciceron  Lesueur  of  Clairefontaine,  near  Rambouillet,  France. — 

Designed  the  Parish  Church  at  Vincennes  ; Conservatoire  deMusiqueat  Geneva  ; 
at  Paris,  a great  number  of  princely  mansions;  1840,  extension  and  completion 
of  the  Hotel  de  Ville  (burnt  1871),  &c.  Published,  with  F.  Callet,  “ Edifices  Pub- 
liques,  &c.,  de  Turin  etde  Milan,”  1855  ; “Vues  Choisiesdes  Monuments  Antiques 
de  Rom»,”  1827;  “ Chronologie  des  Rois  d’Egypte,”  4to.,  1848;  “ Histoire  et 
Theorie  de  TArchitecture,”  1879.  Died  December  25  (?),  1883,  aged  89. 

380.  Theodore  Ballu  of  Paris. — At  Paris,  he  completed  the  Church  of  St.  Clotilde  (by 

Gau);  carried  out  the  reconstruction  of  the  Hotel  de  Ville  after  1873  ; designed 
the  churches  of  La  Trinity  and  St.  Ambroise;  restored  the  ancient  Tower  cf  St. 
Jacques  de  la  Boucherie ; and  the  ancient  Church  of  St.  Germain  I’Auxerrois. 
Died  May  23,  1885,  aged  68. 

3 81.  Thomas  Leverton  Donaldson  of  London. — Designed  the  Church  of  the  Holy 
Trinity,  South  Kensington  ; the  town  mansion  of  Mr.  H.  T.  Hope,  in  Piccadilly, 
with  M.  Dusillion  of  Paris ; mansion  for  Mr.  H.  Hippisley  at  Lambourn,  Berk- 
shire ; University  Hall,  Gordon  Square ; the  library  and  laboratory  at  University 
College,  Gower  Street ; Gordon  Street  Church;  Scotch  Church.  Woolwich ; and 
Scottish  Corporation  Hall,  Crane  Court,  Fleet  Street.  He  published  “ Examples 
of  Doorways  from  Ancient  and  Modern  Buildings  in  Italy  and  Sicily,”  4to., 
1833-36  ; “ Lime,  Mortar,  Stucco,  &c.,”  4to.,  1840 ; Architectura  Numismatica,” 
4to.,  1859;  read  a vast  number  of  papers  at  the  Royal  Institute  of  British 
Architects,  of  which  he  was  the  first  secretary,  and  one  of  the  chief  f sunders  in 
1835  ; and  was  for  many  years  Profes-or  of  Architecture  at  University  College. 
Died  August  1,  1885,  aged  90. 

382.  Theodore  Labrouste  of  Paris. — Designed  the  Mai son  Municipale  de  Sante,  Fau- 

bourg St.  Denis.  Died  November  28,  1885,  aged  86. 

383.  James  Fergusson  of  London. — Designed  the  picture  gallery  for  Miss  North’s 

paintings  in  Kew  Gardens,  illustrating  his  theory  of  lighting  temples.  Pub- 
lished “ Rock-cut  Temples  of  India,”  1845  ; “ True  Principles  of  Beauty  in  Art,” 
1849  ; “ Picturesque  Illustrations  of  Ancient  Architecture  of  Hindostan,”  1847  ; 

“ Handbook  of  Architecture,”  2 vols.  1855  ; “ Modern  Styles,”  1862  ; “History  of 
Architecture,”  2 vols.  1865  ; “ History  of  Indian  and  Eastern  Architect uro,” 
1876  ; “ Topography  of  Jerusalem,”  1847  ; “Palaces  of  Nineveh  and  Persepolis 
restored,”  1851;  “Mausoleum  of  Halicarnassus,”  1862;  “Rude  Stone  Monu- 
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raents,”  1873  ; “ Tree  and  Serpent  Worship,”  1873  ; “ Temples  of  the  Jews,”  1878  ; 

Cave  Temples  of  India,”  1880,  with  Mr.  James  Burgess;  “ The  “ Parthenon.’ 
an  Essay  on  Lighting  Temples,”  1885;  and  many  lectures  and  papers.  Died 
January  9,  1886,  aged  78. 

384.  Henkt  Hobson  Richardson  of  Louisiana,  U.S.  A.— Educated  at  Harvard  University, 

he  proceeded,  1859,  to  Paris,  where  ho  studied;  settled  at  New  York  for  three’ 
years,  and  then  at  Boston,  where  he  designed  Trinity  Church  and  two  others; 
1878,  Sever  Hall,  and  1881,  Austin  (Law  School)  Hall,  both  for  Harvard  Uni- 
versity ; the  New  Y’ork  State  Capitol  at  Albany  from  1868,  at  an  estimated  cost 
of  four  million  dollars,  but  will  probably  cost  double  that  amount;  in  1878, 
Messrs.  Eidlitz,  Richardson,  and  Olmsted  were  appointed  joint  architects,  but  to 
Richardson  is  due,  after  1875,  the  south  side,  with  a central  staircase  seventy 
feet  square,  and  the  Senate  chamber,  opened  March  1881.  He  also  designed, 
1884,  the  County  Buildings  and  the  Jail  at  Alleghany,  Pennsylvania  ; 1885,  the 
Field  Building  or  Store  at  Chicago,  325  feet  long;  the  Cincinnati  Chamber  of 
Commerce,  Ohio;  with  several  libraries,  dwelling-houses  (including  his  own), 
railway  stations,  &c.  He  exercised  great  influence  upon  the  architectural  art  of 
his  country.  Died  April  27,  1886,  aged  48. 

385.  R.  Kyrye  Penson  of  Oswestry. — He  held  several  appointments  in  Carmarthenshire 

and  Cardiganshire,  and  designed  a large  number  of  churches,  residences,  schools, 
bridges,  and  other  works,  especially  St.  Mark’s  Church,  Wrexham ; and  Dynevor 
Castle,  Llandilo,  for  Lord  Dynevor ; with  numerous  restorations  of  churches,  &c. 
Died  May  22,  1886,  aged  70. 

386.  John  Prichard  of  LlandafF. — Was  a pupil  of  A.  W.  Pugin,  and  held  the  position  of 

diocesan  architect  for  nearly  forty  years.  Superintended  the  restoration  of  many 
churches,  as  well  as  that  of  the  cathedral  in  conjunction  with  Mr.  J.  P.  Seddon, 
the  general  restoration  with  Mr.  T.  H.  Wyatt,  and  subsequently  by  himself.  He 
remodelled,  about  1865,  Eatington  Hall,  Warwickshire  ; and  designed  the  mauso- 
leum of  the  Bute  family  at  Cardiff  Castle.  Died  Oct.,  1886,  aged  68. 

387.  George  Vulliamy  of  London. — A pupil  of  Sir  C.  Barry ; travelled  much  abroad, 

returned  in  1843.  Succeeded  Mr.  Marrable  at  the  Metropolitan  Board  of  Works 
as  superintending  architect  in  1861,  and  for  whom  he  designed  the  group  of 
buildings  on  the  south  side  of  Queen  Victoria  Street,  near  Bucklersbury ; addi- 
tional story,  &c.,  to  the  offices  of  the  Board  ; several  of  the  Fire  Brigade  stations, 
&c.  Amongst  his  private  works  are  the  French  Protestant  Church,  Bloomsbury; 
church,  &c.,  at  Queenhithe  ; the  memorial  tower  to  the  Earl  cf  Ellesmere  ; 
Dyffryn  in  Merionethshire ; the  restoration  of  the  north  transept  of  Rochester 
Cathedral;  All  Saints’  Church,  Ennismore  Gardens;  the  pedestal  and  sphinxes 
for  the  Cleopatra’s  Needle,  &c.  Died  November  12,  1886,  aged  69. 

388.  George  Goldie  of  York. — He  was  pupil,  and  then  partner  with  Messr.s.  Hadfield 

and  Weightman  of  Sheffield.  He  removed  to  London,  and  designed  the  Church 
of  St.  Wilfrid,  at  York ; the  Pro-Cathedrals  at  Kensington,  at  Durban  in  Natal, 
and  at  Middlesborough ; the  Cathedral  at  Sligo  ; the  Church  of  St.  John  of  .Jeru- 
salem, in  Great  Ormond  Street ; Upsall  Castle,  and  Weston  Manor  in  the  Isle  of 
Wight;  and  many  Roman  Catholic  churches,  &c.  Died  Mar^.h  1,  1887,  aged  59. 

389.  Victor  Marie  Charles  Ruprich-Robert  of  Paris.— He  designed  the  Church  of 

Flers  ; the  restoration  of  the  Chateau  d’Amboise ; the  Church  ot  Ste.^  Trinite  at 
Caen  ; the  Church  of  Ouistreham  in  the  C ilvados  diocese.  Besides  “ More 
mentale,”  1 866,  and  the  monograph  on  the  Church  and  Monastery  of  \ ju  de  Grace, 
187.5,  he  had  nearly  completed  a great  work  on  “Norman  Architecture  in 
Normandy  and  England.”  Died  May  7,  1887,  aged  67.  , . , , 

390.  Sir  Horace  Jones  of  London.— Commencing  practice  in  1846,  he  design^  the 

British  and  Irish  Magnetic  Telegraph  Company’s  offices,  Ihreadneedle  ! 

the  Sovereign  Assurance  office,  Piccadilly ; Royal  Surrey  Music  a , ar  i 
Town  Hall;  Caversham  Park,  and  other  buildings,  warehouses,  residences,  &c.; 

In  «P,veral  estates.  In  February  1864  he  was  appointed  arclii- 


and  was  surveyor  to  several  estates.  — . u'  u r « 

lect  to  the  Corporation  of  the  City  of  London,  wh.ch  office  he  held  for  twentj  - 
three  years,  for  »hom  he  designed,  1868,  the  Central 

Poultry  and  Provision  Market ; 1883,  the  Fruit  Market  ; 1871,  f ^aitk 

Market  at  Deptford;  1877,  the  “J  f 

Market;  and  1882,  the  rebuilding  of  Leadenhall  *‘*^  ,*“  Lunatic 

&c„  to  the  Islington  Cattle  Market.  He  also  ““/''‘J''' to  the  S- 
Asylum  at  Dartford  ; designed,  1864,  the  new  r .of  and  ‘Vuhan^^^^ 

hall;  1872,  the  library  and  museum,  and  1884,  the  .“X  ’ 

Several  stations  for  the  City  police;  nruzans'  dwel  mgs tn  hari  ^ s“,  \,h|! 


bascule  bridge  over  the  river 


Thames  beyond  the  Tower,  commenced  188. 
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J.  W.  Barry  as  engineer ; the  Ouildhall  School  of  Music,  on  the  Embankment ; • 
and  the  Temple  Bar  Memorial,  are  among  his  later  designs.  In  1882-83  he  was 
President  of  the  Royal  Institute  of  British  Architects.  Died  May  21,  1887, 
aged  68. 

391.  Daniel  Ramee  of  France — Much  occupied  for  the  “Monuments  Historiques”  of 

France.  Restored  the  Palais  de  Justice  at  Beauvais  ; the  Church  of  St.  Vulfran 
at  Abbeville,  Notre  Dame  de  Noyon,  the  Church  of  St.  Riquier,  that  at  Senlis, 
and  many  others.  He  published  many  works,  especially  “ Histoire  Generate  de 
I’Architecture,”  8vo  , 1843  ; 2nd  edit.  1862;  and  others  named  in  the  list  of  publi- 
cations. Died  September,  1887,  aged  81. 

392.  Edward  I’Anson  of  London. — President  of  the  Royal  Institute  of  British  Archi- 

tects at  the  time  of  his  death,  January  30,  1888,  aged  76. 

393.  George  Godwin  of  London. — Edited  “The  Builder”  from  1845  (vol.  iii.),  for 

nearly  forty  years,  retiring  in  October  1883. — Died  January  27,  1888,  aged  73. 
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Stroganov,  S.,  Zagoskin,  M.  N.,  SnegircV,  J.  M.,  and  Veltman,  A.  T.  The  History  of 
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the  Early  Architecture  of  Ireland  and  Scotland.  Folio.  1870. 
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York,  1853.  [ton.  1848. 
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Colling.  J.  K.  Details  of  Gothic  Architecture.  2 vols.  200  plates,  4to.  1851-56. 
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Freeman,  E,  A.  History  of  the  Cathedral  Church  of  Wells,  as  illustratiug  the  History 
of  the  Cathedral  Churches  of  the  Old  Foundation.  8vo.  1870. 
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Habershon,  M.  Ancient  Half-timbered  Houses  of  England.  4to.  1836. 

Hadfield,  J.  Ecclesiastical,  Castellated,  and  Domestic  Architecture— of  Essex. 
81  plates,  folio.  1848. 
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Elizabeth,  and  James  I.  Folio.  1846.  ^ 
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Petit,  Rev.  J.  L.  Remarks  on  the  Principles  of  Gothic  Architecture  as  applied  to  ordi- 
nary Parish  Churches.  2nd  edition,  2 vols.  8vo.  Oxford,  1846. 
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Richardson,  C.  J.  Studies  from  Old  English  Mansions ; their  Furniture,  Plate,  &c. 
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Romano-Byzantine.  Text4to. ; 100  plates,  folio.  Paris,  1865-82. 
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Lassus,  J.  B.  A.,  and  Duval,  A.  Monographie  de  la  Cathedrale  de  Chartres. 

Text4to.  1835.  Plates  folio.  Paris,  1842. 

Dresser,  C.  Japan  ; its  Architecture,  Arts,  &c.  Folio. 

Drouyn,  L.  La  Guienne  Militaire.  4to.  Paris,  1863. 

Durand,  P.  Monographie  de  Notre  Dame  de  Chartres.  4to.  Paris,  1881. 

Eseosura,  P.  de  la,  and  Villa- Amil.  L’Espagne  Artistique  et  Monumentale.  French  and 
Spanish  text.  3 vols.  folio.  Paris,  1842-59.  ^ --  t , u 

Essenwein,  A.  Norddeutschlands  Backsteinbau  im  Mittelalter.  Folio.  Carlsruhe,  1863. 

Fergusson,  J.  Essay  on  the  Ancient  Topography  of  Jerusalem.  8vo.  1847.  [1878. 

Temples  of  the  Jews,  and  other  Buildings  in  the  Haram  area  at  Jerusalem.  4to. 

Fdrster,  E.  Monuments  d’ Architecture,  de  Sculpture  et  de  Peinture  de  I’AUemagne, 
depuis  I’etablissement  du  Christianisme  jusqu’aux  temps  modernes.  4 vols.  folio. 


Paris,  1859-60.  . 

Denkmale  Deutscher  Kunst  von  Einfiihrung  des  Christenthums  bis  auf  die  neueste 

Zeit.  4to.  Leipzig,  1858-67.  . r - v 

Fourmois  et  Simoneau.  Le  Rhin  Monumentale  et  Pittoresque  d apres  >ature  30  views, 

Franchetti.  G.  Storia  e Descrizione  del  Duomo  di  Milano  4to.  M Wan,  18-1. 

French  Government.  Archives  de  la  Commission  des  Monuments  Ilistoriques.  Hates, 
folio.  Paris,  1856-76. 
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PUBLICATIONS  RELATING 


Gailbabaud,  J.  L’ Architecture  du  Moyen  Age  et  de  la  Renaissance  du  V«  au  XVII* 
Si^cle  et  les  Arts  qui  en  dependent.  400  plates,  4 vols.  4to.  1 vol.  folio,  1850-59. 

George,  E.  Etchings  on  the  Mosel.  4to.  1873. 

Gladbach,  E.  Der  Schweizer  Holzstyl  in  seinen  cantonalen  und  construct iven  Verschie- 
denheiten  vergleichend  dargestellt  mit  Holzbauten  Deutschlands.  Folio.  Darmstadt, 

Goerz,  R.  Die  Peterskirche  zu  Mainz  constructiv  erlautert.  Folio.  Mainz,  1847.  [1863. 

Gravina,  D.  B.  II  Duomo  di  Monreale.  2 vols.  Folio.  Palermo,  1859. 

Guhl,  E.  Der  Dom  zu  Koln.  4to.  Stuttgart,  1851. 

Guilhermy,  F.  de,  and  Lassus,  J.  B.  A.  La  Sainte  Chapelle  de  Paris,  apres  les  restaura- 
tions.  Folio.  Paris,  1857. 

Hefner-Alteneck  and  Becker,  C,  Kunstwerke  und  Gerilthschaften  des  Mittelalters  und 
der  Renaissance.  3 vols.  4to.  Frankfurt,  1852-63. 

Heideloff,  C.  A.  von.  Niirnlurg  Middle  Age  Buildincs.  Folio.  1843. 

Die  Kunst  des  Mittelalters  in  Schwaben.  Text  by  F.  Muller.  8 parts,  30  plates, 

folio  and  4to.  Stuttgart,  1855-64. 

Johnson,  R.  J.  Specimens  of  Early  French  Architecture;  selected  chiefly  from  the 
Churches  of  the  Isle  of  France.  Folio.  Newcastle-on-Tyne,  1861-64. 

Joliment,  F.  J.  de,  and  Chapuy,  N.  M.  J.  Les  Cathedrales  de  France.  115  plates, 
folio.  Paris,  1826-31. 

Jong,  S.  de.  Contributions  to  the  Knowledge  of  the  Gothic  or  Pointed  Style  in  the 
Netherlands.  Folio.  Amsterdam,  1847. 

Jourdain,  L.,  et  Duval.  Les  Stalles  de  la  Cath^drale  d’ Amiens.  8vo.  Amiens,  1843. 

Kallenhach,  G.  G.  Geschichts-Abriss  der  Deutsch  Mittelalterlichen  Baukunst.  8vo. 
86  plates  entitled  “ Clironologie,”  folio.  Munich,  1846.  [4to.  Halle,  1850,  &c. 

and  Schmitt,  J.  Die  christliche  Kirchenbaukunst  des  Abendlandes.  48  plates, 

King,  T.  H.  Study  Book  of  Mediteval  Architecture  and  Art : the  Principal  Monuments 
to  uniform  scales.  200  plates,  2 vols.  4to.  1859. 

Knight,  H.  G.  Saracenic  and  Norman  Remains,  to  illustrate  The  Normans  in  Sicily. 
New  edition,  folio.  1846. 

Ecclesiastical  Architecture  of  Italy,  from  the  time  of  Constantine  to  the  15th 

century.  Plates.  2 vols.  folio.  1842-44. 

Kreutz,  G.  L.  La  Basilica  di  S.  Marco  in  Venezia.  57  plates,  folio.  Venice,  1843-53. 

Lacroix,  P.  Les  Arts  au  Moyen  Age  et  a I’Epoque  de  la  Renaissance.  8vo.  Paris, 
1869;  1872,  2nd  series.  [Paris,  1821. 

Langlois,  E.  H.  Description  Historique  des  Maisons  de  Rouen.  8vo.  with  plates. 

Lassus,  J.  B.  A.,  and  Quii-herat,  J.  E J.  Album  de  Villard  de  Honnecourt,  Architec’e 
du  XIII®  Si^cle;  Considerations  sur  la  Renaissance  de  TArt  Fran^ais  au  XIX®  Siecle. 
72  plates,  4to.  Paris,  1858.  Translated,  with  notes,  by  Prof.  R.  Willis.  4to.  1859. 

Lenoir,  A.  Architecture  Monastique.  4to.  Paris,  1852-56. 

Lespeyres,  P.  Die  Kirchen^ der  Renaissance  in  Mittel-Italien.  Folio.  Berlin,  1882. 

Lozano,  P.  Antigiiedades  Arabfs  de  Espagua.  2 vols.  folio.  Madrid,  1804,  &c. 

Liibke,  W.  Die  mi ttelalterliche  Kunst  in  Westfalen  8vo.;  plates  folio.  Leipzig,  1853. 

Ecclesiastical  Art  in  Germany  during  the  Middle  Ages,  translated  from  the 

German  by  L.  A.  Wheatley.  2nd  edition,  8vo.  Edinburgh,- 1873,  1876. 

Lucas,  C.  Architecture  en  Portugal,  Melanges  hist,  et  archeologique.  8vo.  P-ris,  1870. 

Lusson,  A.  L.  Specimen  d’Architecture  Gothique  ; ou  Plans,  Coupes,  Elevations  de  la 
Chapelle  du  Chateau  de  Neuville.  Folio,  17  plates.  Paris.  1839. 

Luynes,  Le  Due  de.  Recherches  sur  les  Monuments,  etc.,  des  Normands,  etc.,  dans  ITtalie 
M^ridionale.  Folio.  Paris,  1844. 

Mallay,  M.  Essai  sur  les  Eglises  Romanes  et  Romano-Byzantines  du  Puy  de  Dome. 
Folio.  Moulins,  1838-40. 

Mandelgren,  N.  M.  Monuments  Scandinaves  du  Moyen  Age,  avec  les  peintures  qui  les 
d^corent.  Folio.  Paris,  1862.  [Bruxelles,  1854. 

Maquardt,  C.  Monuments  d’Architecture  et  de  Sculpj;ure  en  Belgique.  2 vols.  folio. 

Martin,  P.  Recherches  sur  I’Architecture  du  Moyen  Age  et  de  la  Renaissance  a Lyon, 
etc.  Folio.  Lyon,  1863. 

Milan.  Nuova  Descrizione  del  Duomo  di  Milano,  &c.  4to.  plates.  Milano,  1820. 

MithofF,  H.  W.  H.  Archiv  fiir  Niedersachsens  Kunstgeschichte.  Folio.  Hannover,  1 863. 

Moller,  G.  Denkmaler  der  Deutschen  Baukunst,  herausgegeben  von  Hessemer.  190 
plates,  2 vols.  folio.  Leipzig,  1821.  Vol.  iii.  edited  by  E.  Gladbach.  New  edition, 
foli).  Frankfurt,  1852.  ^ 

Moret,  S.,  et  Chapuy,  N.  M.  J.  Moyen  Age  Pittoresque.  Folio.  Paris,  1857,  &c. 

Murphy,  J.  Plans,  &c.,  and  Views  of  the  Batalha  in  Portugal.  Folio,  plates.  1795. 
2nd  edition,  1836. 

Nail,  E.  le.  Le  Chateau  de  Blois ; exterieur  et  interieur,  ensemble  et  details,  etc. 
Folio.  Paris,  1875.  [folio.  1862. 

Nesfield,  W.  E.  Specimens  of  Mediteval  Architecture  in  France  and  Italy.  100  plates, 
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Nodier,  C,  and  Taylor,  J.  Voyages  Pittoresqiies  de  I’Ancienue  France : Hauto-Nor- 
niandie;  Dauphin6;  Franche-Corrit^ ; Auvergne;  Languedoc;  Clmmpauno  • Picurdie  • 
Pretagne.  14  vols.  folio.  Paris,  1820-46.  ’ ’ 

Norwegian  Government.  _ The  Cathedral  at  Throndlieim,  by  P.  A.  Munch  and  U.  F. 
Schirmer.  Folio.  Christiania,  I860. 

Okely,  W.  S.  Development  of  Christian  Architecture  in  Italy.  8vo.  1860. 

Osten,  F.  Bauwerke  in  der  Lombardei  vom  VI I ten  bis  zum  XVIten  Jahrhundcrt 
French  and  German  text.  Folio.  Darmstadt,  1846-48. 

Palloni,  B.  Chiese  Antiche  di  Pisa.  8vo.  Pisa,  183.3. 

Paravicini,  T.  V.  Die  Eenaissance-Architektur  der  Lombardei.  Fol'o.  Dre.sden,  1883. 
Pellassy  de  1 Ousle.  ^ Hihtoire  du  Palais  de  Compiegne:  Chronique  du  Sejour  de.s  isouve- 
rains  dans  oe  Pa'ais.  Folio.  Paris,  1862. 

Perelle,  A.  (Euvres  Diverses : Recueil  des  plus  belles  Vues,  &c.  2 vols.  428  eneravin^s 
of  castles,  &c.  Folio.  Langlois,  1680,  cir.  ® 

Petit,  Eev.  J.  L.  Architectural  Studies  in  France.  8vo.  18.34. 

Petit,  V.  L’Architecture  Pittoresque  ; on  Eecueil  des  Vieux  Chateaux  de  France  des 
XV®  et  XVI®  Siecles.  Folio.  Paris,  1854.  [Paris  1857-60. 

Chateaux  de  la  Vallee  de  la  Loire,  des  XV®,  XVI®  et  XVII®  Sikles.  2 vols,  fobo! 

Pfnor,  E.  Monographic  du  Chateau  d'Anet,  construit  par  P.  de  I’Orme  en  1548.  Folio! 
Paris,  1866. 

Pollet  et  Eoux,  H.  Monuments  d’ Architecture  Grecque,  Eomaine,  Gothique,  de  la 
Eenaissance,  recueillis  en  France ; De;orations  Sculpturales,  &c.  Folio.  Paris,  1840-41. 
Popp,  J.,  and  Biilau,  T.  Les  Trois  Ages  de  FArchitecture  Gothique  a Itatisbonne! 
Folio.  Paris,  1840. 

Pugin,  A.,  and  Le  Keux,  H.  Architectural  Antiquities  of  Normandy.  4to.  London,  1825. 

2nd  edition,  edited  byE.  P.  Spiers.  4to.  1874. 

Puttrich,  L.  Dt-nkmaler  der  Baukunst  des  Mittelalters  in  Sachsen.  5 vols.  387  plates, 
folio.  Leipzig,  1835-52. 

Q aglio,  A.  F.  von.  Denkmaler  der  Baukunst  in  Bayern. 

Uuast,  A.  F.  von.  Die  altchristlichen  Bauwerke  von  Eavenna  vom  Vten  bis  zum 
IXten  Jahrhundert.  Folio.  Berlin,  1842. 

Denkmaler  der  Baukunst  in  Preussen.  Folio.  Berlin,  1852,  &c. 

Eamee,  D.,  and  Pfnor,  E.  Monographie  du  Chateau  de  Heidelberg.  Folio.  Paris,  1859. 
Eayet,  0.,  and  Thomas,  A.  Milet  et  le  golf  Latmique.  4to.  Paris,  1880. 

Eevoii,  H.  ^ Architecture  Eomane  du  Midi  de  la  France.  4 vols.  4to.  Paris,  1859-73. 
Eey,  G.  Etude  sur  les  Monuments  de  TArchitecture  Militaire  des  Croises  en  Syrie  et 
dans  rile  de  Chypre.  4to.  Paris,  1871.  [Folio.  1883. 

Eicliter,  J.  P.  Literary  Works  of  L.  da  Vinci— as  “Architect.”  By  H.  de  GeymulEr. 
Eohault  de  Fleury,  G.  La  Toscane  au  Moyen  Age,  Architecture  civile  et  militaiie.  8vo. 
Plates,  folio.  2 vols.  Paris,  1874.  ^ 

Les  Monuments  de  Pise  au  Moyen  Age.  8vo.  Plates,  folio.  Paris,  1866. 

Edifices  de  Pise,  releves,  dessines,  et  decrits.  4to.  Paris,  1862  ; 1867. 

Le  Latran  au  Moj’-en  Age.  Folio.  Paris,  1877. 

Eurge,  L.  Der  Glockenthurm  des  Dom  zu  Florenz.  Folio.  Berlin,  1853. 

Eupp,  L.  Chiese  Principal!  d’ Europa.  11  buildings.  Folio.  Milan,  1824. 
Euprich-Eobert,  V.  M.  C.  L’Arcliitecture  Normaude  aux  XI®  et  XII®  Siecles.  In 
progress.  Folio.  Paris,  1884-87. 

Euskin,  J.  Stones  of  Venice.  3 vols.  8vo.  and  1 vol.  folio,  plates.  1851-53.  1858-67. 
Saccardo,  P.  La  Basilica  di  S.  Marco  in  Venezia.  4to.  1883. 

Salazaro,  D.  Etudes  sur  les  Monuments  d’ltalie  Meridio.cale  des  XIII®  et  XIV®  Siecles. 
Folio.  Naples,  1872. 

Schayes,  A.  G.  E.  Essai  sur  TArchitecture  Ogivale  en  Belgique;  Memoire  Couronne. 
4to.  Bruxelles,  1840.  Translated  by  H.  Austin  in  W^eale’s  Quarterly  Papers  on 
Architecture.  4to.  1845. 

• Hist oire  de  TArohitecture  en  Belgique,  2nd  edition,  4 vols.  12mo.  Bruxelles,  185.1. 

Schmidt,  C.  W,  Baudenkmale  in  Trier.  Folio.  Treves,  1843. 

Schmitz,  F.,  and  Ennen,  L.  Der  Dom  zu  Coin.  8vo.  and  folio.  Cologne,  1871-77. 
Schreiber,  H.  Das  Munster  zu  Strassburg.  Folio.  Karlsruhe,  1829.  Das  Miinster  zu 
Freiburg.  Folio,  Karlsruhe,  1829. 

Schultz,  J.  C.  Danzig  und  seine  Bauwerke.  Text  4to. ; plates  folio.  Berlin,  1872. 
Schulz,  H.  W.  von.  Denkmaler  der  Kunst  des  Mittelalters  in  Unter-Italien,  heraiis- 
gegeben  von  A.  F.  von  Quast.  4 vols.  4to.,  1 vol.  folio.  Dresden,  I860. 

Schiitz,  A.  Die  Eenaissance  in  Italien.  4 vols.  folio.  Hamburg,  1882, 

Selvatico,  P.  SulF  Architettura  e sulla  Scultura  in  Venezia  dal  mtdio  evo  sino  ai  nostri 
giorni.  8vo.  Venezia,  1847.  , - . 

Shaw,  E.  N.  Architectural  Sketches  from  the  Continent  (France,  Italy,  and  Germany^. 
Folio.  London,  1858. 
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PUBLICATIONS  EELATING 


Silva,  J.  P.  N.  da.  Dissertation  artistique  stir  TArcliitecture  en  Portugal  depuis  le  XII* 
au  XVIII®  Siecle.  8vo.  Lisbonne,  1869. 

Notice  historique  et  artistique  des  principaux  Edifices  Keligieux  du  Portugal, 

avec  la  Description  des  Plans  de^leurs  jglises.  8vo.  Lisbonne,  1873. 

Simonau,  C.,  et  Fils.  Principaux  Eglises  Gotliiques  de  I'Europe.  Texte  historique  par 
A.  Voisin.  Folio.  Bruxelles,  1854-55. 

Stappaerts,  F'.,  and  Stroobant,  F.  Monuments  d’ Architecture  et  de  Sculpture  en  Belgique. 
2 vols.  63  plates,  folio.  Bruxelles,  1854-55. 

Statz,  V.,  Ungewitier,  G.,  and  Reichensperger,  A.  The  Gothic  Model-book:  a collection 
of  Gothic  Types  from  existing  Monuments  in  Germany.  Eolio.  1859. 

Stieglitz,  C.  L.  Altdeutschen  Baukunst.  34  plates,  4to.  and  folio.  Leipzig,  1820. 

Street,  G.  E.  Brick  and  Marble  in  the  Middle  Ages  in  the  North  of  Italy.  8vo.  1855. 
2nd  edition,  1874. 

Some  Account  of  Gothic  Architecture  in  Spain.  8vo.  1865. 

Terzi,  A.  La  Chapelle  du  Palais-Eoyal  de  Palermo.  Eolio.  Naples,  1871. 

Truefitt.  G.  Architectural  Sketches  on  the  Continent.  4to.  18 17. 

Tschischka,  E.  Der  St.  Stephens-Dom  in  Wien.  New  edition,  folio.  Wien,  1844. 

Ungewitter,  G.  G.  Vorlegeblatter  fiir  Ziegel  und  Stein-Arbeiten.  2nd  edition,  folio 
Leipzig,  1850. 

Vallardi,  P.  and  J.,  and  Bramati,  J.  and  A.  II  Duomo  di  Milano.  Eolio.  Mjlan,  1863. 

Yerdier,  A.,  et  Cattois,  E.  Architecture  Civile  et  Domestique  au  Moyen  Age  et  a la 
Renaissance.  4to.  Paris,  1852-57. 

Verneilh,  L.  de.  Architecture  Byzantine  en  Erance ; St.  Front  de  Perigueux  et  les 
Eglises  a coupoles  de  I’Aquitaine.  4to.  Paris,  1852. 

Viollet-le-Duc,  E.  Military  Architecture  of  the  Middle  Ages.  Translated  from  the 
French  by  M.  Macdermott,  with  Notes  on  English  Castles,  by  C.  A.  Hartshorne.  8vo. 
Oxford  and  London,  1860. 

et  Lassus,  J.  B.  A.  Moncgraphie  de  Notre  Dame  de  Paris  et  de  la  Nouvelle 

Sacristie.  63  plates,  &c.  fojio.  Paris,  1858. 

Y'iten,  L.  Monographie  de  I’Eglise  Notre  Dame  de  Noyon.  4to.  Paris. 

Vogii^,  Comte  M.  do.  Syrie  Centrale : Architecture  Civile  et  Religieuse  du  I®''  au  YII® 
Siecle.  4to.  Paris,  1867. 

Waring,  J.  B.  Architectural  Studies  in  Burgos  anl  its  Neighbourhood.  Folio.  1852. 

Illustrations  of  Architecture  and  Ornament.  Folio.  1865. 

and  Macquoid,  T.  R.  Examples  of  Architectural  Art  in  Italy  and  Spain,  chiefly 

in  the  Xlllth  and  XVIih  centuries.  Eolio  1850. 

Webb,  B'.  Sketches  of  Continental  Ecclesiology ; or.  Church  Notes  in  Belgium,  Ger- 
many, and  Italy.  8vo.  1848.  [Eolio.  Berlin,  1866. 

Weerth,  E.  and  M.  Kunstdenkmaler  des  Christlichen  Mittelalters  in  den  Rheinlanden. 

Whewell,  W.  Architectural  Notes  on  German  Churches;  with  Notes  on  a Tour  in 
Picardy  and  Normandy.  3rd  edition,  with  Notes  on  the  Churches  of  the  Rhine,  by  IVL 
E.  de  Lassaulx.  8vo.  1852. 

Whittington,  G.  D.  Ecclesiastical  Antiquities  of  France.  Large  8vo.  1811. 

Wiebekjng,  C.  F.  von.  Analyse  Historique  et  Raisonn^e  des  Monumens  de  l’Antiquit6 
des  Edifices  les  plus  remarquables  du  Moyen  Age,  etc.  Text,  4 vols.  4to.  Plates,  folio. 
Munich,  1821-26;  and  1838-40. 

Wild,  C.  Examples  of  Architectural  Grandeur  in  Belgium,  Germany,  and  France.  Two 
series,  new  edition.  Folio.  1846. 

Winkles,  B.  French  Cathedrals.  4to.  1837. 

Woillez,  E.  Arch^ologie  des  Monuments  Religieux  de  I’Ancien  Beauvoisis,  depuis  le 
Y®  jusque  vers  la  fin  du  XII®  Siecle.  Folio.  Paris,  1842. 

Yriarte,  C.  Florence;  Histoire,  etc.  Folio.  Paris,  1868.  Transl.  by  C.  B.  Pitman. 
Folio.  1882.  Venise  ; Histoire,  etc.  Folio.  Paris,  1878.  Transl.  by  F.  J.  Sitwell. 
4to.  1880.  F.  de  Rimini,  etc.  4to.  Paris,  1883. 

Zanotto,  F.  II  Palazzo  Ducale  di  Yenezia.  New  edition,  4to.  Yenezia,  1816-58.  / 


V.  MODERN  ARCHITECTTJBE. — A.  Great  Britain  and  Ireland. 

Adam,  W.  Yitruvius  Scoticus  ; a Collection  of  Public  and  Private  Buildings  in  Scotland, 
Folio,  160  plates.  Edinburgh,  1720-40,  and  1810. 

Adams,  M.  B.  Artists’ Homes.  Folio.  1883. 

i\shpitel,  A.,  and  Whichcord,  J.  Baths  and  Washhouses.  3rd  edition,  8vo.  1852. 
Baly,  P.  P.  Baths  and  Washhouses.  4to.  1852.  Appendix,  4to.  1853. 

Brace,  H.  G.  Middle- class  House  Architecture.  8vo.  1881. 

Brettingham,  M.  Plans,  &c.,  of  Holkham,  in  Norfolk.  Folio.  1763. 

Burdctt,  H.  C.  Cottage  Hospitals.  2nd  edition,  8vo.  1880. 
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i Burn,  R.  S.  Architecture  and  Building ; a series  of  Working  Drawings  and  Designs, 
with  Essays  by  eminent  Architects.  55  plates,  folio.  Edinburgh,  1863-65. 

Campbell,  C.  Vitruvius  Britannicus.  5 vols.,  the  two  last  being  a Continuation  by 
L Woolfe  and  Gandon.  Folio.  1715,17*25,1731,  1767,1771. 

j Cape,  G.  A.  Baths  and  Washhouses.  4to.  1854. 

j Chambers,  Sir  W.  Plans,  Elevations,  Sections,  &c.,  of  the  Gardens  and  Buildings  at 
» Kew.  Folio.  1757. 

f Clarke,  J.  Schools  and  Schoolhouses.  27  plates,  folio.  1852. 

1 Clayton,  J.  Parochial  Churches  of  Sir  C.  Wren.  60  plates,  folio.  1849-52.  [1870. 

■ Cubitt,  J.  Church  Design  for  Congregations;  its  Developments  and  Possibilities.  8vo. 
I Duwnes,  C.,  and  Cowper,  C.  The  whole  Construction  of  the  Building  for  the  Grejit  E.x- 
hibition  of  1851.  4to.  1852.  [8vo.  1850. 

Dwellings  of  the  La,bouring  Classes  ; their  arrangement  and  construction  ; by  the  Society. 
Eastlake,  C.  L.  Hints  on  Household  Taste  in  Furniture,  &c.  8vo.  1872. 

Fletcher,  B.  Model  Houses  for  the  Industrial  Classes.  2nd  edition,  8vo.  1877 
Foulston,  J.  Public  Buildings  erected  in  the  West  of  England.  4to.  1838. 

Fox,  W.  Baths  and  Washhouses.  Folio.  Liverpool,  1849. 

Fullarton,  A.  Grammar  of  House  Planning.  4to.  Edinburgh,  1864. 

Gibbs,  J.  Book  of  Architecture,  containing  St.  Martin’s  Church,  &c.  Folio.  1728. 

Designs  for  the  Radclyffe  Library  at  Oxford.  Folio.  1747. 

Goldicutt,  J.  Heriot’s  Hospital,  Edinburgh,  the  Design  of  Inigo  Jones.  Folio.  1828. 
• Hakewill,  A,  W.  Thorpe  Hall.  12  plates,  folio.  1852. 

iHennicke.  Bericht  iiber  Schlachthauser  und  Viehmarkte.  (Germany,  England,  and 
France.)  Folio.  Berlin,  1866. 

► Hole,  J.  Homes  of  the  Working  Classes.  20  plates  of  the  Model  Villages  of  Akroydon, 

I Copley,  West  Hill  Park,  Halifax,  &c.  8vo.  1866. 

House  Planning,  Grammar  of ; Hints  on  arranging  and  modifying  Plans,  &c.  l2mo.  1864. 
Jebb,  R.  Report  on  the  Construction  and  Ventilation  of  Pentonville  Prison.  8vo.  1844. 

• Jessop.  Baths  and  Washhouses.  8vo.  1853. 

Jones,  Inigo.  Designs  for  Public  and  Private  Buildings,  by  Kent.  Folio.  1770. 

Kerr,  R.  An  English  Gentleman’s  House;  being  Practical  Hints  for  its  Plan  and 
Arrangement — containing  descriptions  of  Houses  adapted  to  various  ranks  and  fortunes, 
from  the  Villa  to  the  Palace,  &c.  3rd  edition,  revised,  8vo.  1871. 

Laing,  D.  Plans  of  Buildings  executed  in  various  parts  of  England,  including  the 
Custom-House.  Folio.  1818. 

Lassaulx,  V.  de,  and  Elliott,  J.  Street  Architecture  ; a series  of  Shop  Fronts.  1855. 
Leeds,  W.  H.  The  Travellers’  Club-House,  by  C.  Barry  ; with  Essay  on  Italian  Archi- 
tecture. Folio.  1839. 

Lewis,  J.  Original  Designs  in  Architecture,  consisting  of  Plans,  &c.,  of  Public  and  Private 
Buildings  in  England  and  Ireland.  2 vols.  folio,  61  plates.  1780-97. 

Libraries.  Reports  on  Public  Libraries.  Folio.  1844.  [8vo.  1878. 

Marshall,  J.  On  a Circular  System  of  Hospital  Wards  ; wdth  Remarks  by  P.  G.  Smith. 
Micklethwaite,  J.  T.  Modern  Parish  Churches ; their  Plan,  Design,  and  t urniture. 
8vo.  1874. 

Mitchell,  R.  Descriptions  of  Buildings  erected  in  England  and  Scotland.  Folio.  1801. 
Morris,  F.  0.  The  Country  Seats,  &c.,  of  Great  Britain  and  Ireland.  5 vols.  4to. 
1866-80. 

Mouat,  F.  J.,  and  Snell,  H.  S.  Hospital  Construction  and  Management.  2 parts,  4to. 

1883-84.  ^ 

Neale,  J.  P.  Views  of  the  Seats  of  England,  &c.  Two  series.  11  vols.  4to._  1818-29. 
Paine,  J.  Plans,  Elevations,  &c.,  of  Noblemen’s  and  Gentlemen’s  Houses  m various 


Counties.  Folio,  175  plates.  1783.  . u-  i • 

Papworth,  J.  W.  and  W.  Museums,  Libraries,  and  Picture  Galleries ; to  which  is  ap- 
pended the  Public  Libraries  Act,  1850,  &c.  8vo.  1853.  i.  0-1  c * 

Potter,  T.  The  Construction  of  Silos,  and  Compression  of  Green  Crops  for  Silage.  »vo. 

Prisons.  Report  on  Construction,  &c.,  of  Convict  Prisons.  8yo.  1851. 

Pullan,  R.  P.  The  Architectural  Designs  of  W.  Burges.  Folio.  1883  and  1887.  me 

House  of  W.  Burges.  Folio.  1886.  , -r,  , ri  u u t 

Pvne,  W.  H.  Royal  Residences  of  Windsor  Castle,  St.  James  s Palace,  Carlton 

Kensington  Palace,  Hampton  Court,  Buckingham  Palace,  and  irogmore.  3 \ols.  4to. 
100  coloured  plates.  1819. 

Radclvffe,  C.  W.  Blenheim  Palace.  Folio.  1842. 

Richardson,  G.  New  Vitruvius  Britannicus.  2 vols.  folio.  1802  ; «• 

Roberts.  H.  Dwellings  for  the  Labouring  Classes.  3rd  edition,  8yo.  . 

Description  of  H.R.H.  Prince  Albert’s  Model  Houses  for  lamilies  8%o.  1851. 

Robins,  E.C.  Technical  School  and  College  Building.  6a  plates,  4 to. 

Robinson,  J.  B.  Shop  Fronts  of  a plain  and  elaborate  character.  4to.  Derb},  1 7 . 
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Eobson,  E.  R.  School  Architecture;  or,  the  Planning,  Designing,  and  Furnishing  of 
School uouses.  8vo.  1875.  2nd  edition,  8s'o.  1877. 

Snell,  H.  S.  Charitable  and  Parochial  Establishments.  4to.  1881. 

Circular  Hospital  Wards.  8vo.  1885. 

and  Smith,  W.  and  J.  Aberdeen  Royal  Infirmary.  4to.  1887. 

Starforth,  J.  Designs  for  Villa  Residences.  40  plates,  4to.  Edinburgh,  1865. 

Des'gns  for  Villa  Residences  and  Farm  Architecture.  102  plates,  4to.  Edin- 
burgh, 18o6. 

Stevenson,  J.  J.  House  Architecture.  2 vols.  8vo.  1880. 

Street,  W.  C.  Steam  Laundry  Buildings  and  Machinery.  8vo.  1870. 

Taylor,  A.  T.  The  Towers  and  Steeples  designed  by  Sir  C.  Wren.  8vo.  1881. 

Truefitt,  G.  Designs  for  Country  Churches.  4to.  1850. 

Watts,  W.  Views  of  the  Seats  of  the  Nobility,  &c.,  in  England.  4to.  1779-90. 
Whittock,  N.  Shops  Fronts  of  London ; their  construction,  decoration,  &c.  4to.  1810. 
The  Civil  Engineer ; The  Builder  ; The  Building  News  ; The  Architect',  and  other 
Illustrated  Journals  in  Class  XXIII.) 

V.  MODERN  ARCHITECTURE. — B.  Fbance  and  Belgium. 

Adam  — , Leviel  — , and  Leblan.  Recueil  des  Maisons  modernes  les  plus  remarquables 
executees  a Paris.  66  plates,  folio.  Paris,  1858. 

Alhoy,  M,,  et  Lurine,  L.  Les  Prisons  de  Paris.  8vo,  Paris,  1846. 

Armand,  A.  Plans,  Coupes,  et  Elevations  du  Grand  Hotel  construit  a Paris  en  1861-2. 
Folio.  Paris.  ' 

Baltard,  L.  Paris  et  ses  Monumens.  Folio.  Paris,  1803-5.  [1864. 

Baltard,  V.,  et  Callet,  F.  Monographic  des  Halles  Centrales  de  Paris.  Folio.  Paris, 
Barqui,  F L’ Architecture  moderne  en  France.  120  plates.  Folio.  Paris,  1864-68. 

Baudot,  A.  de.  Eglises  de  Bourgs  et  Villages.  2 vols.  4to.  Paris,  1867. 

Berty,  A.  La  Renaissance  Monumentale  en  France.  Specimens  de  Composition  et 
d’Ornementation  Architectoniques  ; Charles  VIII  a Louis  XIV.  4to.  Paris,  1851-62. 
Blandot.  L.  Maisons  et  Ecoles  Communales  de  la  Belgique.  Folio.  Paris,  1869. 
Blondel,  J.  B.  Plan,  Coupe,  Elevation  et  Details  du  nouveau  Marche  St.  Germain.  Folio. 

Paris,  1813.  [Folio.  Paris,  1814. 

Brogniart,  A.  T.  Plans  du  Palais  de  la  Bourse  de  Paris  et  du  Cimetifere  Mont-Louis. 
Calliat,  V.  Parallele  des  Maisons  de  Paris,  de  1850  a 1860.  Folio.  Paris,  1851-64. 

et  Leroux  de  Lincy.  Hotel  de  Ville  de  Paris.  44  plates,  folio.  Paris,  1844. 

Decorations  Interieures.  New  edition,  2 vols.  folio.  Paris,  1860. 

et  Lance,  A.  Encyclopedie  d’ Architecture.  12  vols.  4to.  Paris,  1851-62. 

Castermans,  A.  Parallele  des  Maisons  de  Bruxelles,  etc.,  construites  depuis  1830.  Folio. 

Bruxelles,  1850-54.  [Marseille,  1874. 

Coste,  P.  La  Cathedrale  de  St.  Petersbourg.  La  future  Cathedrale  de  Marseille.  8vo. 
Palais  de  la  Bourse  de  Marseille.  8vo.  Marseille,  1874. 

Daly,  C.  L’ Architect  lire  Privee  au  XIX®  Siecle;  Maisons  de  Paris.  3 vols.  folio. 
Paris,  1863-65.  Second  series,  3 vols.  folio.  Paris,  1872.  Third  serits.  See 
Decorations.  Architecture  Funeraire;  Specimens  de  Tombeaux,  Chapelles  Funeraires, 
Mausolees,  Sarcophages,  StMes,  Croix,  etc.  Folio.  Paris,  1871. 

Dardel,  R.  Monographic  du  Palais  de  Commerce  edifie  a Lyon.  Folio.  Paris,  1868. 
Dedaux.  Chambre  de  Marie  de  Medici s au  Palais  du  Luxembourg.  Folio.  Paris,  1838. 
Desjardins,  J.  Monographie  de  I’Hotel  de  Ville  de  Lyon.  Folio.  Paris,  1867. 

Gisors,  A.  de.  Le  Palais  du  Luxembourg.  8vo.  Paris,  1847. 

Goetghebuer,  J.  P.  Choix  des  Monuments,  Edifices  et  Maisons  les  plus  remarquables  des 
Pays-Bas.  150  plates,  folio.  Ghent,  1827.  [1853. 

Gourlier,  C.  Des  Voles  Publiques  et  des  Habitations  Particulieres  a Paris.  8vo.  Paris, 
Grantham,  R.  B.  G.  Description  of  the  Abattoirs  of  Paris.  8vo.  1850. 

Grim,  A.  Recueil  de  Maisons  de  Ville  et  de  la  Campagne.  4to.  Paris,  1847-53. 

Here,  E.  Plans,  etc.,  de  la  Place  Royale  de  Nancy.  14  plates,  folio.  Paris,  1753. 
Isabey,  L.,  et  Leblanc,  M.  Villas,  Maisons  de  Ville  et  de  Campagne,  composees  sur  les 
motifs  des  Habitations  de  Paris  Moderne,  des  XVP-XIX®  Siecles.  Folio.  Pari.s, 
1864.  [1821-23. 

Jolimont,  F.  G.  T.  de.  Les  Mausolees  Fran9ais  dans  Pere-la-Chaise.  4to^  Paris, 
Krafft,  J.  C.  Recueil  de  Architecture  Civile,  contenant  les  Plans,  Coupes,  et  Elevations 
des  Chateaux,  Maisons  de  Campagne,  et  Habitations  Rurales,  etc.  Folio,  121  platen. 
Paris,  1812.  ^ [1806. 

Legrand,  J.  G.,  et  Landon,  C.  F.  Description  de  Paris  et  de  ses  Edifices.  2 vols.  Paris, 
Mariette,  P.  J.  L’Architecte  Fran^ais,  etc.  Folio.  Paris,  1727.  Vol.  2.  Paris,  1738. 

Continuation  by  Marot,  J.  Paris,  1727.  [Paris,  1812. 

Moisy,  M.  Fontaines  de  Paris,  anciennes  et  nouvelles,  par  Duval.  Folio,  59  plates. 
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Narjoux,  F.  Arcliitecturft  CommuriHlo;  Hotels  de  Ville,  Mairies,  Maisons  d’Eeole, 
Salles  d’Asile,  e'c.  3 vols.  4to.  P«ris,  1^70-81. 

Isormand,  A.  L’Arehiteetiiro  des  Nations  Etrangercs,  Esposition  Universello  de  Paris, 
1867.  Folio.  Paris,  1870. 

L.  M.  Monnments  Funeraires,  choisis  dans  les  Cimetieres  de  Paris  et  des  Prin- 

cipales  Villes  de  France.  3 parts,  folio.  Paris,  1832-36,  (1847),  and  18.i0. 

L..  et  La  Croix.  Paris  Moderne ; ou  Choix  de  Maisons.  3 vols.  -480  plates,  4to. 

Paris,  1837-38-45. 

Paris.  Les  Eglises  de  Paris.  8vo.  Paris,  1843. 

Maisons  les  plus  remarquables  de  Paris  construites  pendant  les  (rois  dernietes 

annees.  Folio.  Paris,  1870. 

Patte,  P.  Etudes  d’Architecture.  4to.  plates.  Paris,  1755. 

Penot,  A.  Les  Cites  Ouvrieres  de  Mulhouse  et  du  Departement  du  Haut-Rhin.  8vo. 
Mulh.,  1867. 

Pfnor,  R.  Monographic  du  Palais  de  Fontainebleau.  Folio.  Paris,  1861  and  1866. 

Architecture,  Decoration  et  Ameublement  de  Tepoque  de  Louis  XVI.  Folio. 

Paris,  1864. 

Ramee,  D.,  et  Eoguet,  F.  Palais  de  Fontainebleau  depuis  les  XVI®  et  XVII®  Sikles. 

Folio.  Paris,  1859-51.  [Folio.  Paris,  1858. 

Roguet,  F.  Choix  de  Chateaux,  Palais  et  Maisons  de  France  du  XV®  au  XVIII®  Siecle. 
Rohault  de  Fleury,  C.,  fils.  Museum  d’Histoire  Naturelle  a Paris.  Folio.  Paris,  1844. 
Rudd,  J,  R.  Collection  de  Plans,  etc.,  des  Principaux  Monuments  de  la  Ville  de  Bruges 
depuis  le  XIV®  jusqu’au  XVII®  Sifecle.  28  plates,  folio.  Bruges  (1824). 

Sauvageot,  C.  Palais,  Chateaux,  Hotels  et  Maisons  de  France,  du  XV^®  au  XVIIP 
Siecle.  4 vols.  plates,  folio.  Paris,  1867.  [1874-75. 

Viullet-le-Duc,  E,  E.,  and  Narjoux,  F.  Habit.itions  Modernes.  2 vols.  folio.  Pans, 


V.  MODERN  ARCHITECTURE.—  C.  Germany,  &c. 

Chateauneuf,  A.  de.  Architcctura  Publica.  14  plates,  folio  Berlin,  1860. 

Gartner,  F.  von.  Sammlung  der  Entwilrfe  ausgefiihrter  Gebiiude.  2 vols.  folio.  Munich, 
1844-47. 

Heideloff,  C.  A.  von.  Architectonische  Entwiirfe  und  ausgefiihrte  Bauten  im  Byzanlin- 
ischen  und  Altdeutschen  Styl.  2 vols  plates,  folio.  Nlirnberg,  1851. 

Ilodistetter,  J.  Architectonische  Ausfuhrungen.  5 parts,  folio.  _ [1866. 

Hoffmann,  A.  W.  Chemical  Laboratories  in  the  Universities  of  Bonn  and  Berlin.  4to. 
Klenze,  L.  von.  Anweisung  zur  Architectur  des  cbristlichen  Cultus.  36  plates,  folio. 
Munchen,  1837. 

Sammlung  architectonischer  Entwiirfe.  50  plates,  folio.  Miinchen,  1847. 

Knoblauch,  G.,  and  Hollin,  F.  Die  neue  Synagogue  in  Berlin.  Folio.  Berlin.  1867. 
IVIetzger,  E.  Formenlehre  zur  Rundbogen-Architectur.  Folio.  Munchen,  1851. 

Moller,  G.  Entwiirfe  ausgeflihrter  und  zur  Ausfiihrung  bestimmte  Gebaude.  29  plates, 
folio.  Darmstadt,  1825-31. 

Prussian  Government.  Vorlegebl fitter  fiir  Baumeister.  4to.  and  folio.  Berlin,  1844. 
Raezynski,  A.  Histoire  de  I’Art  Moderne  en  Allemagne.  3 vols.  folio.  Paris,  1836-41. 
Schinkel,  C.  von.  Sammlung  architectonischer  Entwiirfe.  Large  folio.  174  plates. 
Berlin,  1819-48. 

Stieglitz,  C.  Plans  et  Dessins  tires  de  la  Belle  Architecture  (England  and  France).  113 
plates,  folio.  Liepzig  and  Moscow’,  1801. 

Stiller,  A.  Das  neue  Museum  in  Berlin.  Folio.  Potsdam,  1850.  Das  none  Univer- 
sitats-gebaude  zu  Konigsberg.  Folio.  Berlin,  1865.  Die  burg  Hohenzo  lern. 
Folio.  Berlin,  1866.  . . .. 

Titz,  E.  Architectonische  IVJittheilungen  aus  der  Neuzeit  Berlins.  2 parts,  folio.  Berlin, 
Unger,  ,T.,  and  Voigt.  Collection  of  Sketches  of  Private  Houses  and  Municipal  Buildings, 
principally  executed  at  Munich.  Folio.  Munich,  1850. 


V.  MODERN  ARCHITECTURE.— 2).  Spain,  Italy,  Russia,  &c. 

Prado,  T.  de  S.  J.  do.  Monumento  sacro  da  Fabrica  do  Real  Convento  de  Mafra.  Folio. 
Lisboa,  1751. 

Raezynski,  A.  Les  Arts  en  Portugal.  8vo.  Pans,  1846.  ^ oirant 

Dictionnaire  Historico-Artistiqiie  de  Portugal,  pour  faire  suite  a louvr.ige  ajant 

pour  titre  Les  Arts  en  Portugal.  8vo.  Paris,  1842.  icon 

Vivian,  G.  Scenery  of  Portugal  and  Spain.  31  plates  folio.  1633.  „ the 

Wyatt,  Sir  M.  D."^  An  Architect’s  Note  Book  in  Spam,  principally  illustrating 
Domestic  Architecture  of  that  Country.  4to.  1872. 
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Bonanni,  P.  P.  Templi  Vaticani  Historia.  Folio.  Romse,  1696.  [1808-15. 

C 1 ’e.’ari,  0.  Disegni  e Scritti  d ’Opere  di  Architettura.  90  plates,  2 vols.  folio.  Vicenza, 
Caljet,  F.,  et  Lesueur,  J.  B.  C.  Architecture  Italienaej  ou  Palais,  Maisons,  et  autres 
Edifices  d’lt  tlie.  Folio.  Paris,  1827. 

Cassina,  F.  Le  Fabbriche  piii  cospicue  di  Milano.  Folio.  Milan,  1840-44. 

r Italia  Monuraenta'e ; Galleria  delle  principal!  Fabbriche  Antiche  e Mcderne 

d’  Italia.  2nd  edition.  Folio.  Milan,  1870. 

Cicognara,  L.  Le  Fabbriche  pin  cospicue  di  Venezia,  misurate,  illustrate,  ed  intagliate. 
2 vols.  large  folio.  Venezia,  1816. 

Clochar,  P.  Palais,  Maisons,  et  Vues  d’ltalie.  Folio,  102  plates,  Paris,  1809. 

Costa,  G.  Delizie  del  Fiunie  Brenta,  espresso  ne’  Palazzi  e Casini  situate  sopra  le  sue 
Sponde.  Folio.  Venezia,  1750.  [Folio.  Paris,  1763. 

Dumont,  G.  M.  CEuvres  d’ Architecture  ; contenant  les  Details  de  St.  Pierre  de  Rome. 
Fontana,  C.  Templum  Vaticanum,  et  ipsius  Origo.  Folio.  Romse,  1694. 

Gauthier,  M.  P.  Les  plus  beaux  ^Idifices  de  la  Ville  de  Genes  et  de  ses  Environs.  Fo’io. 
Paris,  1824-1830. 

Geymiiller,  H.  de.  Les  projets  primitifs  pour  la  Basilique  de  S.  Pierre  de  Rome.  4to. 
and  folio.  Paris,  1875-80. 

Grandjean  de  Montigny,  A.,  et  Famin,  A.  Architecture  Toscane.  Folio,  73  plates.  Paris, 
1837.  New  editions,  1846;  and  1875. 

Guarini,  G.  Architettura  Civile.  2 vols.  folio.  Turin,  1737. 

Guarino,  C.  G.  Disegni  d’  Architettura.  Folio.  Turin,  1686. 

Gwilt,  J.  Notices  of  the  Buildings  of  Architects  of  Italy.  8vo.  1818.  [1825-30. 

HittorfF,  J.,  et  Zanth,  L.  Architecture  Moderne  de  la  Sidle.  Imperial  folio.  Paris, 
Isabelle,  C.  E.  Parallele  des  Salles  Rondes  de  ITtalie.  2nd  edition,  folio.  Paris,  1863. 
Landi,  — . Raccoltadi  alcune  Facciate  di  Palazzi  e Cortili  di  Bologna.  Folio.  Bologna. 
Letarouilly  P.  Edifices  de  Rome  Moderne.  3 vols.  folio,  text  4to.  Paris,  1829-55. 

Le  Vatican  et  la  Basilique  de  Saint  Pierre  de  Rome.  3 vols.  folio.  Paris,  1882. 

Magrini,  A.  II  Palazzo  del  Museo  Civico  in  Vicenza.  4to.  Vicenza,  1855. 

Les  Batimens  et  Desseins  receuillis  et  illustres,  par  Ottavio  Bertotti  Scamozzi. 

In  French  and  Italian.  4 vols.  folio.  Vicenza,  1787. 

Palladio,  A.  L’  Architettura  di.  Folio.  Venezia,  1642. 

Parker,  C.  Villa  Rustica ; selected  from  Buildings  in  the  Vicinity  of  Rome  and  Florence, 
and  arranged  for  Lodges,  Dwellings,  and  Schools.  3 vols.  4to.  1849. 

Percier,  C.,  et  Fontaine,  P.  F.  L.  Choix  des  plus  c^l^bres  Maisons  de  Plaisance  de  Rome 
et  de  ses  Environs.  75  plates,  folio.  Paris  1824.  [Firenze,  1830. 

Pieraccini,  F.  La  Piazza  del  Granduca  di  Firenze  co’  suoi  Monument!.  Folio,  plates. 
Price,  L.  Interiors  and  Exteriors  in  Venice.  Folio.  1843. 

Ronzani,  F.,  e Luciolli,  G.  San  Michele;  Fabbriche  Civile,  Ecclesiastiche  e Militari. 
147  plates,  folio.  Venezia,  1832. 

Rossi,  G.  J.  Raccolta  di  Fontane  nelT  alma  Citta  di  Roma,  Tivoli  e Frascati.  4to.  Rome. 
Rossini,  L.  Sceuografia  deg!  Intern!  delle  piu  belle  Chiese  e Basiliche  antiche  di  Roma. 
Folio.  Rome,  1843. 

I Monument!  piu  interessanti  di  Roma  dall’  X.  Sec.  sino  al  XVIII.  Folio. 

Rome,  1818. 

Rupp,  L.  Chiese  Principali  d'  Europa  (11  buildings).  Folio.  Milan,  1824. 

Sacchi,  A.  Architettura  Practica — le  Abitazioni.  Folio.  1874. 

Sanmichele,  M.  Porte  di  Citta  e Fortezze,  Deposit!  Sepolcrali,  ed  altre  principali  Fab- 
briche pubbliche  ed  private,  da  F.  Albertolli.  Imperial  folio.  Milan,  1815. 

Suvs,  F.  T.,  et  Haudebourt,  L.  P.  Palais  Massimi  a Rome ; Plans,  Coupes,  Elevations, 
Profiles,  Voutes,  Plafonds,  etc.  43  plates.  Paris,  1818. 

Tosi,  F.  M.,  and  Becchio,  A.  Altars,  Tabernacles,  and  Sepulchral  Monuments  of  the 
XIVth  and  XVth  Centuries  existing  at  Rome.  Italian,  French,  and  English  text  by 
Mrs.  S.  Bartlet.  Folio.  Lagny,  1843. 

Valentini,  A.  Le  Quattro  principali  Basiliche  di  Roma.  2 vols.  folio.  Rome,  1836-46. 
Yriarte,  C.  See  IV.  B. 

Coste,  P.  Monuments  Modernes  de  Perse.  Folio.  Paris,  1866. 

DcmidofF,  A.  de.  Excursion  Pittoresque  et  Archeologique  en  Russie,  etc.,  en  1839. 

Folio.  Paris.  [1864. 

Kiprianoff,  V.  Histoire  Pittoresque  de  TArchitecture  en  Russie,  etc.  8vo.  Petersburg, 
Qiiarenghi,  G.  Edifices  construites  a St.  Petersbourg.  Folio.  St.  Peters.,  1810. 

Fabbriche  e Disegni.  Folio.  Milano,  1821.  [1846-48. 

Ricard  de  Montferrand,  A.  Cath^drale  de  St.  Isaac  a St.  Petersbourg.  Folio.  Paris, 
Rusca,  L.  Recueil  des  Dessins  de  differens  Batimens  construits  a St.  Petersbourg,  etc, 
180  plates,  large  folio.  St.  Petersburg,  1804-10. 
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Denmark.  Danmark  Fremstillet  i Billecler.  71  plates,  folio.  Kjobedhaven,  18G0. 
Gralfenried  und  Stiirler,  M.  von.  Schweizcrisclie  Architektur.  French  and  Gernmn  text. 
2nd  edition,  folio.  Berne,  1847. 

Hochstetter,  J.  Schweizerische  Architectur  in  perspectivischen  Ansichten,  etc.  Folio. 
Carlsruhe,  1863. 

Varin,  A.  et  E.  L’ Architecture  Pittoresque  en  Suisse,  ou  Choix  de  Constructions  Rus- 
tiques  prises  dans  toutes  les  parties  de  Ja  Suisse.  4to.  1860. 

Barnard,  H.  School  Architecture,  with  Illustrations  of  the  most  approved  Plans.  6th 
edition,  8vo.  Hartford,  U.S.  1854. 

Strickland,  W.  Public  Works  in  the  United  States  of  America.  8vo.  1841. 


VI.  THEATRES. 


Arnaldi,  Conte  E.  Idea  di  un  Teatro  nelle  principali  sue  Parti  simile  a’  Teatri  Anticlii 
air  Uso  moderno  accomodato.  4to.  Vicenza,  1762. 

Beccega,  T.  C.  Suit’  Architettura  Greco- Romano  applicata  alia  Costruzione  del  Teatro 
moderno  Italiano  e sulle  Macchine  Teatrali.  Folio.  Venezia,  1817. 

Borgnis,  J.  A.  Des  Machines  Imitatives  et  des  Machines  The^trales.  4to.  27  plates. 
Paris,  1820. 

Boullet.  Essai  sur  I’Art  de  construire  les  Theatres,  leurs  Machines  et  leurs  Mouvemens. 
4to.  plates.  Paris,  1801. 

Cavos,  A.  Traite  sur  la  Construction  des  Theatres.  21  plates,  4to.  Leipzig,  1849. 

Grand  Theatre  de  Moscou.  1860. 

Contant,  C.,  et  Filippi,  J.  de.  Parallele  des  Principaux  Theatres  Modernes  de  rEurope, 
et  des  Systemes  de  Machines  Theatrales  Franqaises,  Allemandes  et  Anglaiscs.  13  4 
plates,  2 vols.  folio.  Paris,  1840-42. 

Daly,  C.,  et  Davioud,  G.  Theatre  Imperial  du  Chatelet.  Theatre  Lyrique.  Folio. 
Paris,  1871. 

Descrizione  del  Nuovo  Sipario  dell’  Imperiale  Regio  Teatro  della  Scala  in  Milano.  Small 
folio.  Milano,  1821. 

Donnet,  A.,  et  Kauffman,  J.  A.  ^ Architectonographie  des  Theatres  de  Paris  ; ou  Parallele 
Historiqueet  Critique  de  ces  Edifices,  consideres  sous  le  Rapport  de  1’ Architecture  etde 
la  Decoration.  2 vols.  8vo.,  plates  4to.  Paris,  1837. 

Dumont.  ParallMe  de  Plans  des  Salles  de  Spectacle  d’ltalie  et  de  France,  aroc  des 
Details  de  Machines  Theatrales.  Imperial  folio,  61  plates.  Paris,  1774. 

Fontanesi,  C.  F.  Decorations  for  Theatres ; or.  Designs  for  Scene  Painters.  Folio, 
24  plates.  1813. 

Galliari.  Decorations  de  Theatre.  Folio,  24  plates.  Milan. 

Gamier,  C.  Le  Nouvel  Opera  de  Paris.  Text  2 vols.  folio.  Paris,  1878-81.  Plates 
6 vols.  folio.  Paris,  1875-80. 

Giorgi  Felice.  Descrizidne  Istorica  del  Teatro  di  Tor  di  Nino.  4to.  9 plates.  Rome, 
1795. 


Gosset,  A.  Construction  des  Theatres.  Folio.  Paris,  1886. 

Kammerling,  H.  Das  Victoria-Theater  zu  Berlin.  Folio.  Berlin,  1861. 

Lachez,  T.  Acoustique  et  Optique  des  Salles  de  Reunions  Publiques,  Theatres  et  Amphi- 
theatres, etc.  8vo.  Paris,  1848. 

Landriani,  P.  Osservazioni  sui  Defetti  prodotti  nei  Teatri  dalla  cattiva  Costruzione  del 
Palio  Scenico,  e su  alcune  inavvertenze  nel  dipingere  le  Decorazioni.  4to.  9 i lates. 
Milano,  1815. 

Langhans,  C.  F.  Das  Victoria-Theater  in  Berlin.  4 plates,  folio.  Berlin. 

Louis,  V.  Salle  de  Spectacle  de  Bourdeaux.  Atlas  folio,  21  plates,  containing  plans  of 
several  other  theatres.  Paris,  1782.  _ i t>  • 

Magne,  A.  Monographie  du  Theatre  du  Vaudeville  erig^  par  la  T ille  de  Pans  sous  la 
direction  de.  Folio.  Paris,  1871.  . i >-co 

Morelli,  C.  Pianta  e Spaccato  del  nuovo  Teatro  d’lmola.  Folio,  19  plates.  Roma,  l<b  . 

Patte,  P.  Essai  sur  I’Architecture  ThMtrala.  8vo.  Paris,  1782. 

Saunders,  G.  Treatise  on  Theatres.  4to.  13  plates.  1790.  Of  little  value. 

Schinkel,  C.  F.  von.  Theatre  at  Hamburg.  6 plates.  Berlin,  1828. 

Semper,  G.  Das  konigliche  Hoftheater  zu  Dresden.  Folio.  Brunswick,  1849. 

Strack,  J.  H.  Das  altgriechische  Theatergebaude,  nach  saramtlichen  bekannten  Leber- 
resten.  Folio.  Potsdam,  1843. 

Titz,  E.  Das  neue  Victoria-Theater  in  Berlin.  24  plates,  foIio._  1861.  . , , , 

Ware,  S.  Remarks  on  Theatres,  and  on  the  Propriety  of  Vaulting  them  ^ith  Brick  and 
Stone.  8 VO.  plates.  1809.  _ 

Wyatt,  B.  On  the  Rebuilding  of  Drury  Lane  Theatre.  4to.  plates.  181-. 
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PUBLICATIONS  RELATING 


VII.  EURAL  ARCHITECIURE,  GA8DENS,  STABLING,  &c. 

Alpband,  A.  Les  Promenades  de  Paris,  Bois  de  Boulogne,  et  de  Vincennes,  etc.  2 vols. 

folio.  Paris,  1874.  [8vo.  1852. 

Andrews,  G.  H.  Construction  of  Agricultural  Buildings  of  every  Description.  3 vols. 
Birch,  J.  Examples  of  Labourers’ CottHges.  8vo.  1&71. 

Bhmkburne,  E.  L.  Suburban  and  Rural  Architecture ; Englisli  and  Foreign.  1865 
Chateauneuf,  A.  de.  Architectura  Domestica.  Folio.  1839-40.  [1849. 

Dean,  G.  A.  Construction  of  Farm  Buildings  and  Laboiirers’  Cottages.  4to.  Stratford, 

— Series  of  Selected  Designs  for  Country  Residences,  Lodges,  &c.,  erected  for 

the  Prince  Consort,  hlarl  of  Leicester,  &c.  4to.  1867. 

Denton,  J.  B.  Farm  Homesteads  of  England.  2nd  edition,  75  plates,  8vo.  1865. 
Downing,  A.  J.  Architecture  of  Country  Houses;  with  Remarks  on  Furniture,  &c.,  and 
Warming  and  Ventilating.  New  edition  8vo.  New  York,  1852.  [York,  1853, 

• Architecture  of  Cottage  Residences,  with  Additions,  &c.  New  edition,  8vo.  New 

Theory  and  Practice  of  Landscape  Gardening ; with  a view  to  the  Improvement 

of  Country  Residences ; with  Remarks  on  Rural  Architecture.  4th  edition,  8vo.  New 
York,  1849. 

Fawkes,  F.  A.  Horticaltural  Buildings.  8vo.  1881. 

Gray,  W.  J.  Rural  Architecture;  Plans,  &c.,  of  Farmhouses,  Cottages,  Schools,  Gates, 
Railings,  &c.,  with  Specifications.  8vo.  Edinburgh,  1853.  [ton,  1849. 

Hartshorne,  C.  H.  Labourers’  Cottages  on  Estates  of  Duke  of  Bedford.  8vo.  Northamp- 
Hints  on  Ornamental  Gardening;  Designs  for  Garden  Buildings,  &c.  8vo.  1823. 
Hughes,  J.  A.  Garden  Ar -hi tecture  and  Landscape  Gardening.  8vo.  1866.  [ciety.  1857. 
Isaac,  T.  W.  P.  Essay  on  Labourers’  Cottages  ; premiated  by  the  Royal  Agricultural  So- 
Isabey,  L.,  and  Leblanc.  Villas,  Maisons  de  Ville  et  de  Campagne,  compos^es  sur  les 
motifs  des  habitations  de  Paris  Modernes.  Folio.  Paris,  1864-67. 

Kemp,  E.  How  to  lay  out  a Garden  : Plans,  &c.  New  edition,  8vo.  1864. 

Kerr,  R.  A small  Country  House;  the  Planning  of  a Residence  to  cost  from  2,000^.  to 
Knightley,  T.  E.  Stable  Architecture.  Folio,  1862.  [5,OOOZ.  8vo.  1873. 

Krafft,  J.  C.  Plans  des  plus  beaux  Jardins  Pittoresques  de  France,  d’Angleterre,  ct 
d'Allemagne,  et  des  Edifices,  Monumens,  Fabriques,  etc.,  qui  concoiirent  a leur  Em- 
bellissement,  dans  tous  les  Genres  d’ Architecture.  2 vols.  oblong  4to.  Paris,  1809. 

Recueil  d’ Architecture  Civile,  contenant  les  Plans,  Coupes,  et  Elevations  des 

Chateaux,  Maisons  de  Campagne,  et  Habitations  Rurales.  Folio.  Paris,  1809. 
Loudon,  J.  C.  Encvclopa'dia  of  Cottage,  Farm,  and  Villa  Architecture.  8vo.  1839. 

Encycloptedia  of  Gardening,  &c.  New  edition,  8vo.  1850. 

Macintosh,  C.  The  Book  of  the  Garden.  2 vols,  8vo.  Edinburgh  and  London,  1852. 
JVIajor,  J.  Theory  and  Practice  of  Landscape  Gardening.  4to.  1852. 

Menzies,  W.  Cottages  for  Rural  Districts.  8vo.  1885. 

Miles,  W.  General  Remarks  on  Stables  and  Examples  of  Stable-Fittings.  8vo.  1860. 
Morton,  T.  C.  The  Prince  Consort’s  Farms.  4to.  1863. 

Normand,  C.  Recueil  varie  de  Plans  et  de  Facades,  Motifs  pour  des  Maisons  de  Ville  et 
de  Campagne.  Folio,  53  plates.  Puris,  1815. 

Papworth,  J.  B,  Rural  Residences : a Series  of  Designs  for  Cottages,  Decorated  Cottages, 
small  Villas,  &c.  8vo.  1832.  [8vo.  1823. 

Hints  on  Ornamental  Gardening;  Designs  for  Garden  Buildings,  &c.  29  plates, 

Repton,  H.  Landscape  Gardening,  &c.  The  entire  works,  edited  by  J.  C.  Loudon. 

New  edition,  8vo.  1842.  [bird.  3rd  edition,  8vo.  1853. 

Rham,  W.  C.  Dictionary  of  the  Farm,  with  Supplement.  Revised  by  W.  and  H.  Rayn- 
Richardson,  C.  J.  Englishman’s  House,  from  a Cottage  to  a Mansion.  8vo.  1870. 
Robinson,  P.  F.  Rural  Architecture;  or,  a Series  of  Designs  for  Ornamental  Cottages. 
4to.  1823.  Ornamental  Villas.  4to.  1837.  Village  Architecture.  4to.  1837. 
Farm  Buildings.  4to.  1837. 

Robinson,  W.  Parks,  Promenades,  and  Gardens  of  Paris,  described  and  considered  in 
relation  to  wants  of  our  own  cities  8vo.  1869. 

Robson,  G.  Modern  Domestic  Building  Construction.  Folio.  1876. 

Siebeck,  R.  Art  of  Landscape  Gardening,  represented  in  a Plan  and  elucidated  by  the 
Determining  Motives.  Translated  by  R.  H.  Westley.  6 plates,  4to.  1862. 

Picturesque  Garden  Plans.  24  coloured  plates,  folio.  1864 

Smith,  C.  H.  J.  Parks  and  Pleasure  Grounds;  Practical  Notes  o.n  Country  Residences, 
Villas,  &c.  12mo.  1852. 

Standish,  J.,  and  Nuble,  C.  Practical  Hints  on  Planting  Ornamental  Trees.  8vo.  1852. 
Starforth,  J.  Architecture  of  the  Farm  ; being  a Series  of  Designs  for  Farmhouses, 
Factors’ Houses,  Agricultural  Labourers’  Cottages,  and  Farm  steadings.  4to.  1853. 
Stephens,  H.,  and  Burn.  R.  S,  Book  of  Farm  Buildings  : their  Arrangement  and  Con- 
struction. 8vo.  Edinburgh,  1861;  and  1871. 
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Strick'ancl,  C.  W.  Cottage  C<mstruction  and  Design.  18  plates,  8vo.  1801. 

Tiittersall,  O.  ISporling  Architecture.  4to.  1812. 

Ttionii'on,  J.  Retreats:  a ISe.ies  of  Designs.  4to.  1838. 

Vaux,  C.  \ illas  and  Cottages:  a Series  of  Designs  prepared  for  Execution  in  th-3 
United  States.  8vo.  New  York  and  Loudon,  IS'dT. 

Villa  and  Cottage  Architecture.  Published  by  Blackie.  4to.  Edinburgh,  1869,  1880. 
Vincent,  J.  Country  Cottages;  Designs  for  Improved  Dwellings  lor  Agricultural 
Labourers.  20  plates,  2nd  edition,  4to.  1860.  [1846. 

Walter,  *T.  U.,  and  Smith,  J.  J Cottage  and  Villa  Architecture,  &c.  4to.  Philadelphia! 
Weaver,  II.  Hints  on  Cottage  Architecture ; Designs  for  Labourers’  Cottages,  singly,  in 
pairs,  and  in  groups.  2nd  edition,  folio.  Bath,  18o0. 

Hints  on  Villa  Architecture;  Selection  of  Designs  for  Schools,  Cottages,  and 

Parsonage  Houses.  10  plates,  folio. 

Wickes,  C.  Handybook  of  Villa  Architecture.  61  phites,  4to.  1887. 

Wilkinson,  W.  English  Country  Houses;  Practical  Treatise  on  House  Building.  4to. 
Oxford,  1870,  1875. 


VIII.  HISTORY  OF  ARCHITECTURE,  THEORY,  &c. 

Barry,  E.  M.  Lectures  on  Architecture  ; with  Memoir.  8vo.  1881. 

Batissier,  L.  Histoire  de  I’Art  Monumental  dans  I’Antiquiie  et  au  Mojen  Age,  suivij 
d’un  Traite  sur  la  Peinture  sur  Verre.  2nd  edition,  revised,  8vo.  Paris,  1860. 
Charteau,  L.  Histoire  et  Caracteres  de  1’ Architecture  en  France  depuis  I’epoque  Druidique 
jusqu’a  nos  jours.  8vo.  Paris,  1864. 

Cousin,  J.  Genie  de  TArchitecture.  4to.  60  plates.  Paris. 

Donaldson,  T.  L.  Architectural  Maxims  and  Theorems.  8vo.  1847. 

Durand,  J.  N.  L.  Recueil  et  Parallele  des  Edifices  de  tons  Genres,  auciens  et  modernes. 

Folio,  90  plates,  and  8vo.  text  by  Le  Grand.  Paris,  1801-9.  [8vo.  18.')5-62. 

Fergusson,  J.  Handbook  of  Architecture  ; a History  and  Description  of  all  Styles.  3 vols. 

Historical  Inquiry  into  the  True  Principles  of  Beauty  in  Art.  8vo.  1849. 

History  of  Architecture  in  All  Countries,  from  the  Earliest  Times  to  the 

Present  Day.  2 vols.  8vo.  1862-67.  Modern  Architecture.  2nd  edition,  8vo.  1874. 

Rude  Stone  Monuments  in  All  Countries ; their  Age  and  Uses.  8vo.  1873. 

Freeman,  E.  A.  History  of  Architecture.  8vo.  1849. 

Gailhabaud,  J.  Monuments  anciens  et  modernes,  cousisting  of  plans,  &c.,  of  the  most 
remarkable  edifices  in  the  world.  Four  series,  4to.  Paris.  1842-52. 

L’Art  dans  ses  Diverses  Branches,  ou  TArchitecture,  la  Sculpture,  &c.,  chez  tous 

les  Peuples  et  a toutes  les  Epoques  jusqiTen  1789.  4to.  Paris,  1861. 

Garbett,  E,  L.  Treatise  on  the  Principles  of  Design  in  Architecture.  12mo.  1850. 

Gwilt,  J.  Rudiments  of  Architecture,  Practical  and  Theoretical.  _ 8vo.  18‘26. 
Henszlmann,  Dr.  Theorie  des  Proportions  appliquees  dans  TArchitecture  depuis  la  XII* 
Dynast ie  des  Rois  egyptiens  jusqu’au  XVI®  Si5cle.  Folio,  text  4to.  Paris,  1860, 
Part  1 only. 

Hope,  T.  Historical  Essay  on  Architecture.  3rd  edition,  8v^o.  1840. 

Isabelle,  C.  E.  Les  Edifices  circulaires  et  les  Domes.  77  plates, folio. 

Kugler,  F.  Denkmaler  der  Kunst;  by  Voit,  Guhl,  and  Ca^spar.  Folio. 

Handbuch  der  Kunstgeschichte.  8vo.  Stuttgart,  1848. 

Geschichte  der  Baukunst.  3 vols.  8vo.  Stuttyart,  1859. 

Law,  H.  Rudiments  of  Civil  Engineering.  12mo.  1852. 

Lefebre.  Marvels  of  Architecture,  translated  by  R.  Donald.  8vo.  18/0. 

Le  Grand,  J.  G.  Essai  sur  THistoire  Generale  de  FArchitecture  8vo. 

This  is  the  text  to  Durand’s  “ Parallele.” 

Lesueur,  J.  B.  Histoire  et  Theorie  de  TArchitecture.  8vo.  Paris,  1879. 

Lloyd,  W.  W.  General  Theory  of  Proportion  in  Architectural  Design.  4to.  1863. 
Liibke,  W.  Geschichte  der  Architectur.  2nd  edition,  8vo.  Cologne,  1858.  Transla'cxl 
by  F.  E.  Bunnett.  2 vols.  8vo.  1868. 

Montfau9on,  B.  de.  L’Antiquite  Expliquee  et  Representee  en  Figures. 

Supplement,  5 vols.  folio,  964  plates.  Paris,  1729-33. 

Nicholson,  P.  Principles  of  Architecture.  3 vols.  8vo.  1836. 

Otte,  H.  Handbuch  der  Kirchlichen  Kunst:  Archliologie  des  Deutschen  Mittola  ters. 
8vo.  Leipzig,  1854,  . „ , • o i>  ^ 

Oadin,  J.  Manuel  d’Archeol  gie  Religieuse,  Civile  et  Mibtaire.  2nd  edition,  8vo.  Ians, 

Paley,  F.  A.  Manual  of  Gothic  Architecture.  8vo.^  1846. 

Patte,  P.  Memoires  d’Architecture.  4to.  Paris,  1769.  i lotr 

Petit,  J.  L.  Remarks  on  Architectural  Character.  Folio.  Oxford, 

Poole,  G.  A.  History  of  Ecclesiastical  Architecture  in  England.  8vo  184». 

Churches,  their  Structure,  Arrangement,  and  Decoration.  3rd  edition,  18  o. 


Paris,  1843-55. 
Stuttgart,  1845u 


Paris,  1819. 


6 vols.  folio. 


[1852. 
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PUBLICATIONS  RELATING 


Pugin,  A,  W.  N.  The  True  Principles  of  Pointed  or  Christian  Arcliitecture.  4fo.  1841. 

Contracts  ; or,  a Parallel  between  the  Edifices  of  the  XlVth  andXVth  Centuries 

and  the  Present  Day.  13  plates,  new  edition,  4to.  1841.  [Paris,  1870-72. 

Raniee,  D.  Manuel  do  PHistoire  Generale  de  1’ Architecture.  2nd  edition,  2 vols.  12mo. 
».  — Histoire  de  1’ Architecture  en  France  depuis  les  Romains  jusqu’au  XVI®  Siecle. 

12mo.  Paris  and  Leipzig,  1846.  [York,  1887. 

Reber,  F.  von.  History  of  Ancient  Art  ; and  History  of  Mediaeval  Art.  8vo.  New 
Reynaud,  L.  Traite  de  1’ Architecture,  contenant  des  Notions  Generates  sur  les  Principes 
de  la  Construction  et  sur  I’Histoire  de  I’Art.  82  plates,  folio.  Paris,  1850. 

Rickman,  T.  Attempt  to  Discriminate  the  Styles  of  English  Architecture.  6th  ed'tion, 
with  additions  by  J.  H.  Parker.  8vo.  Oxford,  1862.  7th  edition,  1881.  The  4th 
edition  of  1835  contains  the  Topographical  List  of  Buildings. 

Royal  Institute  of  British  Architects.  Transactions.  2 parts,  4to.  18  7 and  1842. 

Sessional  Papers.  31  vols.  4to.  1853-84.  New  series,  4to.  3 vols.  1885-87. 
Ruskin,  J.  Seven  Lamps  of  Architecture.  8vo.  1849. 

Scott,  L.  The  Renaissance  of  Art  in  Italy.  4to.  1883.  [1859. 

Scott,  Sir  G.  G.  Remarks  on  Secular  and  Domestic  Architecture.  2nd  edition,  8vo. 

Lectures  on  the  Rise  and  Development  of  Mediaeval  Architecture.  2 vols.  8vo. 

1879. 

Se-^oux,  D’Agincourt.  Histoire  de  I’Art  par  les  Monumens.  6 vols.  folio.  Paris,  1823. 
Smith,  T.  R.  Gothic  and  Renaissance.  8vo.  1884. 

■ and  Slater,  J.  Classic  and  Early  Christian.  8vo.  1882. 

Viol  let-1  e-Duc,  E.  E.  Entretiens  sur  I’Architecture.  2 vols.  8vo.  Paris,  1863-72. 
Plates,  folio.  1864.  Translated  by  B.  Bucknall.  8vo.  1877. 

Compositions  et  Dessins.  Folio.  1881-84. 

Habitations  of  Man  in  all  Ages.  Transl.  8vo.  1876. 

Histoire  d’un  Hotel  de  Ville  et  d’une  CathMrale.  8vo.  Paris,  1882.  [1885. 

White,  W.  H.  The  Past,  Present,  and  Future  of  the  Architectural  Profession.  12mo. 

Architecture  and  Public  Buildings;  their  Relation  to  School,  Academy,  and 

State,  in  Paris  and  London.  8vo.  1884.  [Munich,  1827-31. 

Wiebeking,  C.  F.  von.  Architecture  Civile.  Text,  7 vols.  4to.,  and  plates  folio, 
Winckelman,  J.  J.  Remarques  sur  I’Architecture  des  Anciens.  8vo.  Paris,  1783. 

Histoire  de  I’Art  chez  les  Anciens.  3 vols.  4to.  Paris,  1790. 

Monument!  Antichi  Inediti.  2 vols.  folio,  184  plates.  Napoli,  1820. 

Woods,  J.  Letters  of  an  Architect.  2 vols.  4to.  1828. 

IX.  ELEMENTARY  WORKS,  ORDERS,  DETAILS,  MOULDINGS. 

Alberti,  Leo  Bapt.  Libri  de  Re  .^dificatoria.  Folio,  1st  edition.  Florence,  1485. 
Numerous  later  editions. 

Translated  into  English  by  G.  Leoni.  Folio.  1726-55. 

Androuet  du  Cerceau,  J.  Livre  d’Architecture.  Folio,  50  plates.  Paris,  1662. 
Antoine,  J.  Traite  d’Architecture.  4to  plates.  Treves,  1768. 

A viler,  C.  A.  d’.  Cours  d’Architecture.  4to.  Paris,  1760. 

Barozzi  da  Vignola,  G.  CEuvres  completes.  Folio.  Paris,  1823. 

Ordini  d’  Architettura  Civile.  4to.  44  plates.  Milano,  1814. 

Blondel.  J.  F.  Cours  d’Architecture.  9 vols.  8vo.  300  pdates.  Paris,  1771-1777. 
Bullet,  P.  Architecture  Pratique.  8vo.  Paris,  1774.  Edited  by  Mazois.  Paris,  1824. 
Chambers,  Sir  William.  The  Decorative  Part  of  Civil  Architecture;  with  Essay  on 
Grecian  Architecture,  and  other  Additions,  by  J.  Gwilt.  2 vols.  imp.  8vo.  66  plates.  1823. 

Treatise  on  the  Decorative  Part  of  Civil  Architecture ; with  Essay  on  Grecian 

Architecture,  by  J.  B.  Papworth.  The  original  plates.  Folio.  1826. 

Clerc,  S.  Le.  Treatise  on  Architecture,  translated  by  Chambers.  3 vols.  8vo.  1732. 
Detournelle,  A.  Projets  d’Architecture.  Folio,  60  or  120  plates.  Paris,  1805-6. 
Durand,  J.  N.  L.  Le9ons  d’Architecture.  2 tom.  4to  plates.  Paris,  1819. 

Parlie  Graphique  des  Cours  d’Architecture.  4to.  34  plates.  Paris,  1821. 

Evelyn,  J.  Parallel  of  Ancient  and  Modern  Architecture ; translated  from  R.  Freart. 
Folio.  1680.  Folio.  1723. 

Felibien,  M.  Principes  de  I’Architecture,  de  la  Sculpture,  et  de  laPeinture.  4to.  plates. 

Paris,  1697.  [8vo.  1851. 

Freeman,  E.  A.  Essay  on  the  Origin  and  Development  of  Window  Tracery  in  England. 
Gallaccini,  T.  Trattato  sopra  gli  Error!  degli  Architetti.  Folio.  Venezia,  1767. 
Goldmann,  N.,  Architecture  of,  by  L.  C.  Sturm.  German  text.  Folio.  Augsburg,  1716-52. 
Hoffstadt,  F.  Gothisches  A-B-C  Buch.  Text  8vo. ; 43  plates,  folio,  Frankfurt,  1843-45, 
1845-64.  Translated  into  French.  Folio.  Paris,  1851.  [1882. 

Kinross,  J.  Details  from  Italian  Buildings,  chiefly  Renaissance.  Folio.  Edinburgh, 
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Leeds,  W.  H.  Rudimentary  Treatise  on  the  Onlers  of  Architecture.  12mo.  1849. 

L’Eveill^,  C.  J.  Considerations  sur  les  Frontons.  4to.  I’aris,  1824. 

L’Onne,  P.  Oeuvres  d’Architecture.  Folio,  2 vols.  in  1.  i’aris,  *1026  • Rouen  1 G 18 
The  Treatise  on  Architecture,  in  0 books,  was  first  published  in  Paris,  1567.  The  tenth 
book,  on  Carpentry,  entitled,  “ Nouvelles  Inventions  pour  bien  Ratir  et  a petit  Frais  ” 
folio,  Paris,  1561-68,  and  1576.  [edition,  4to.  E linburgh,  18-.6. 

Mahan,  D.  H.  Elementary  Course  of  Civil  Engineering.  Edited  by  P.  Rarlow.  New 

Mandar.  C.  F.  Etude  d’Architecture  CiA’ile ; ou  Plans,  Elevations,  Coupes,  et  Dt^taihs 
n^ce.«saires  pour  Clever,  distribuer,  et  dAcorer  une  Maison  et  ses  Dependances.  Imperial 
folio,  122  plates.  Paris,  1830. 

Manetti,  G.  A.  Studio  degli  Ordini  d’ Architettura.  Folio,  25  plates.  Firenze,  1808. 

Mauch,  J.  M.  von.  Neue  systematische  Darstellung  der  Architektonischen  Ordnungen 
der  Griechen,  Romer  und  neuern  Baumeister.  100  plates,  4to.  Potsdam,  1850. 

Nicholson,  P.  Principles  of  Architecture.  3 vols.  8vo.  1795-8.  1836. 

Normand,  C.  Nouveau  Parall^le  des  Ordres  d’Architecture  des  Grecs,  des  Remains  et 
des  Auteurs  Modernes.  Folio,  63  plates.  Paris,  1819.  Translated  by  A.  Pugin.  1829. 

Palladio,  A.  See  Class  II. 

Perrault,  C.  Ordonnance  des  Cinq  Especes  de  Colonnes.  Folio.  Paris,  1683. 

Robson,  E.  R.  School  Architecture  ; being  Practical  Remarks  on  the  Planning,  Design- 
ing, Building,  and  Furnishing  School  Houses.  8vo.  1874. 

Scamozzi,  V.  L’  Idea  dell’  Architettura  Universale.  2 vols.  folio.  Venetia,  1615. 

Serlio,  S.  Architettura.  4to.  Venetia,  1567.  Later  editions. 

Serrure,  E.  Cours  Classique  d’Architecture.  Folio.  Gand,  1874.  [2  vols.  8vo.  1849. 

Sharpe,  E.  Treatise  on  the  Rise  and  Progress  of  Decorated  Window  Tracery  in  England. 

The  Seven  Periods  of  English  Architecture  defined  and  illustrated.  8vo.  1851. 

The  Mouldings  of  the  Six  Periods  of  Gothic  Architecture  from  the  Conquest  to 

the  Reformation.  4to.  1871. 

Shute,  John.  The  First  and  Chief  Groundes  of  Architecture.  Folio.  1563. 

Thiollet,  F.  Le9ons  d'Architecture,  Theorique  et  Pratique,  comprenant  I’Histoire  des 
Ordres,  etc.  6 vols.  4to.  Paris,  1843. 

Trimen,  A.  One  Thousand  authenticated  Mouldings  of  Mediaeval  Architecture,  from  the 
best  examples.  53  plates,  8vo.  1863. 

Visentini,  A.  Osservazioni  sopra  gli  Errori  degli  Architetti ; contin.  al  Trattato  di  T. 
Gallaccini.  Folio.  Venezia,  1771. 

Vitruvius.  De  Architectura,  cum  notis  Variorum,  a J.  de  Laet.  Folio.  Amst.  16  49. 

Architettura  di,  tradotta  ed  comentata  da  B.  Galiani.  Folio.  Siena,  1790. 

Trad,  et  coment.  da  Barbaro.  Folio,  woodcuts.  Venezia,  1556. 

Architecture  of;  by  Poleni  and  Stratico.  8 parts  in  4 vols.  4to.  Utini,  1825-30. 

by  A.  Marinio.  4 vols.  folio.  Rome,  1836.  [3  vols.  4to.  Paris,  1837. 

by  Perrault.  Folio.  Paris,  1684.  Augmentee  par  E.  Tardieu  et  A.  Coussin. 

Traduction  Nouvelle,  par  Maufras.  2 vols.  8vo.  Paris,  1847. 

Translated  by  J.  Gwilt.  Imperial  8vo.  1826. 

Wiebeking,  C.  F.  Architecture  Civile,  Theorique,  et  Pratique  ; VHistoire  descriptive  des 
Edifices  anciens  et  modernes  les  plus  remarquables.  7 vols.  4to.;  260  plates,  folio. 
Munich,  1823. 


Elagrove,  G.  H 
8vo.  1888. 
Burnell,  G.  R. 
Burnham,  S.  M. 
Brun,  F.  M.  le. 


X.  MATERIALS. 

Austin,  J.  G.  Preparation,  &c.,  and  Application  of  Limes  and  Cements,  &c.  12mo.  1862. 
Bale.  M.  P.  Wood-working  Machinery;  Saw  Mills;  Stone-working  Machinery.  8vo. 
1885. 

Marble  Decoration,  and  the  Terminology  of  British  and  Poreign  ^larbRs. 

[18o  7. 

Limes,  Cements,  Mortars,  Concretes,  Ma«ticks,  and  Plastering.  12mo. 

History  and  Uses  of  Limestones  and  Marbles.  8vo.  Boston,  U.S. A.,  1883. 

Sur  I’emploi  du  Beton.  4to.  Paris,  1843.  _ 

Coignet,  F.  B^ton  Agglom6r6  pour  Fortifications,  Fonts,  etc.  8^o. 

Davis,  C.  T.  Practical  Treatise  on  the  Manufacture  of  Bricks,  Tiles,  and  Terra- 
cotta, &c.  8vo.  Philadelphia.  1884.  ^ [Process  8'-o  ^868 

Day,  St.  J.  V.  Manufacture  of  Malleable  Iron,  with  special  reference  to  the  Kicliardson 
Do.bson,  E.  Treatise  on  the  Manufacture  of  Bricks  and  Tiles.  12mo.  Ibou. 

Drake,  C.  Building  in  Concrete.  8vo.  1874.  . 

Faija,  H.  Portland  Cement  for  Users.  8vo.  1881.  [edition 

Fai'rbairn,  W.  Iron;  its  History,  Properties,  and  Processes 
Farraday,  M.  Prevention  of  Dry  Rot  in  Timber.  8yo.  4836. 

Flachat,"^  E.,  Barrault,  A.,  and  Petiet,  J.  Traite  de  la  labncation  du  ler 
Fonte,  etc,  3 vols.  4to.  and  folio.  Liege,  1852. 


8vo.  1869. 
Tdanufacture.  3rd 
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PUBLICATIONS  RELATING 


Gilmore.  Practical  Treatise  on  Limes,  Hydraulic  Cements,  and  Mortars.  8ro.  New 

Godwin,  G.  Nature  and  Properties  of  Concrete.  4to.  1838.  [York,  1863. 

Hodgkinson,  E,  Experimental  Researches  on  the  Strength  and  other  Properties  of 
Cast  Iron,  &c.  8vo.  1846. 

Holtzapffel,  C.  Descriptive  Catalogue  of  the  Woods  commonly  employed  for  the 
Mechanical  and  Ornamental  Arts.  8vo.  1843. 

Hull,  E.  Treatise  on  Building  and  Ornamental  Stones  of  Great  Britain  and  Eoreign 
Countries.  8vo.  1872. 

Hutchinson,  J.  New  Experiments  in  Building  Materials,  in  reference  to  their  Conduct- 
ing Power,  Dryness,  and  Resistance  to  the  Progress  of  Fire.  8vo.  1843. 

Hyatt,  T.  Experiments  with  Portland  Cement  Concrete,  combined  with  Iron,  as  a 
Building  Material.  4to.  1877. 

Keily,  J.  Expansion  of  Structures  by  Heat.  8vo.  1887. 

Kirkaldy,  D.  Experimental  Inquiry  into  the  Tensile,  Strength,  &c.,  of  Wrought  Iron 
and  Steel.  New  edition,  8vo.  Glasgow,  1863. 

Results  of  an  Experimental  Inquiry  into  the  Mechanical  Properties  of  Steel. 

Laslett,  T.  Timber  and  Timber  Trees.  8vo.  1875.  [4to.  1873. 

Lee,  A.  Marble  and  Marble  Workers.  8vo.  1888. 

Lingard,  J.  Inquiry  into  the  Nature  and  Construction  of  Timber,  including  the  Causes 
of  Dry  Rot.  2ncl  edition,  8vo.  1842. 

Lockwood,  H.  Concreting  and  Asphalting.  4to.  Manchester,  1886. 

Metropolitan  Board  of  Works.  Regulations  for  the  Construction  of  Concrete  Buildings 
under  the  Metropolitan  Building  Act,  1 855.  Folio.  1882. 

Mushet,  D.  Papers  on  Iron  and  Steel,  Practical  and  Experimental.  8vo.  1840. 

Papworth,  J.  Essay  on  the  Causes  of  Dry  Rot  in  Buildings.  4to.  1803. 

Pasley,  C.  W.  On  Limes,  Calcareous  Cements,  Mortars,  Stuccoes,  Concrete,  and  Puzzuo- 
lauas,  &c.  8vo.  1838.  2nd  edition.  Part  I.  only,  1847.  [Enlarged,  1875. 

I’ercy,  J.  Metallurgy;  or,  the  Art  of  Plxtracting  Metals  from  their  Ores.  8vo.  1859-61. 

Potter,  T.  Concrete  ; its  use  in  Building.  8vo.  (1877). 

Reid,  H.  Practical  Treatise  on  Concrete,  and  how  to  make  it ; with  Observations  on  the 
uses  of  Limes,  Cements,  and  Mortars.  12mo.  1869. 

The  Science  and  Art  of  the  Manufacture  of  Portland  Cement,  with  some 

Constructive  Appliances.  8vo.  1877.  [8vo.  1857. 

Rogers,  S.  B.  Treatise  on  Iron  Metallurgy,  up  to  the  manufacture  of  Puddled  Bars. 

Smith,  C.  H.  Lithology;  or  Observations  on  Stone  used  for  Building.  4to.  1845. 

Stone.  Report  and  Investigation  into  the  Qualifications  and  Fitness  of  Stone  for  Building 
Purposes,  pai’ticularly  for  the  New  Houses  of  Parliament.  New  edition,  4to.  1845. 

■ Geoh'gical  Survey  of  Great  Britain.  Mineral  Statistics  of  Great  Britain,  &c. 

By  R.  Hunt.  Part  II.  for  1858.  8vo.  1860. 

Timber  and  'I'imber  Duties  Commissioners’  Report.  Folio.  1835. 

Treussart,  Gen.,  Petot,  M.,  and  Courtois,  M.  Essays  on  Hydraulic  and  Common 
Mortars,  and  on  Lime  Burning.  Translated  by  J.  G.  Totten.  8vo,  New  Y^ork,  1842. 

Truran,  W,  The  Iron  Manufacture  of  Great  Britain.  Revised  edition,  4to.  1862. 

United  States.  Report  on  the  Building  Stones  of  that  country.  4to.  New  Y"ork,  1883. 

Unwin,  W.  C.  Rate  of  Hardening  of  Cement  and  Cement  Mortars.  8vo.  1886. 

Testing  of  Portland  Cements.  12mo.  Manchester,  1886. 

Testing  of  Materials  of  Construction.  8vo.  1888. 

Vicat,  L.  J.  Recherches  experimentales  sur  les  Cliaux  de  Construction,  les  Betons,  et 
Mortiers  ordiraires.  8vo.  Paris,  1819.  Transl.  by  .1.  T.  Smith.  8vo.  1837. 

Whichcord,  J.  Kentish  Ragstone  as  a Building  Material.  8vo.  1846. 


XI.  STATICS,  STRAIN,  STRENGTH,  MECHANICS,  TABLES,  &c. 

Adamson,  D.  The  Mechanical  and  other  Properties  of  Iron  and  Mild  Steel.  8vo.  (1878.) 
Adcock,  H.  Engineer’s  Pocket  Book.  8vo.  1862,  &c. 

Anderson,  J.  Strength  of  Materials  and  Structures.  5th  edition,  12mo.  1880.  12mo. 

Baker,  B.  On  the  Strength  of  Beams,  Columns,  and  Arches.  8vo.  1870.  [1887. 

Baker,  T.  Principles  and  Practice  of  Statics,  and  Dynamics.  12mo.  1851. 

Barlow,  P.  Treatise  on  the  Strength  of  Timber,  Cast  Iron,  Malleable  Iron,  and  other 
Materials,  &c.  New  edition.  Edited  by  J.  F.  Heather.  8vo.  1851. 

Beardmore,  N.  Hydraidic  Tables.  2nd  edition,  12mo. 

Bourdais,  J.  Traite  Pratique  de  la  Resistance  des  Materiaux  appliques  a la  Construction 
des  Ponts,  des  Batimens,  etc.  8vo.  Paris,  1859.  ’ [1851. 

Bow,  R.  H.  Treatise  on  Bracing,  with  its  Application  to  Bridges,  &c.  8vo.  Edinburgh, 
Box,  T.  Practical  Treatise  on  the  Strength  of  Materials,  including  their  Elasticity,  &c. 
8vo.  1883. 
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Prunct,  F.  Dim^ns  ons  de  lers  qui  doivent  former  la  Coupole  do  !a  Hallo  aux  OraiiiH 
Cam  pill,  F.  Engineers’ Pocket  Remembrancer.  8vo.  1861.  [Folio  Paris  I80‘j' 
Cargill,  T.  Strains  upon  Bridge  Girders  and  Roof  Tru.s.scs.  8vo.  1873.* 

Clarke,  G.  S.  Principles  of  Graphic  Srat’cs.  4to.  1880. 

Cotterill,  J.  H.  Applied  Mechanics.  8vo.  18S4. 

Engineers’,  Architects’,  and  Contractors’  Pocket  Book.  8vo.  (Wealo.)  1863  &c 
Fairliairn,  W.  Application  of  Cast  and  Wrought  Iron  to  Building  Purposes  with 
Treatise  on  Wrought  Iron  Bridges.  4th  edition,  8vo.  1870.  ' 

Useful  Information  for  Engineers.  4th  edition,  3 vo’s.’  8vo.  1864-67. 

Fenwick,  S.  Mechanics  of  Construction,  including  the  Theories  of  the  Strength  of 
Materials,  Eoofs,  Arches,  and  Suspension  Bridges.  8vo.  1861.  ^ 

Graham,  E.  H.  Graphic  and  Analytic  Strains  in  Theory  anil  Comparison ; also  a 
chapter  on  Wind  Pressures.  8vo.  1883. 

Grier,  W.  The  Mechanic’s  Calculator.  4th  edition,  12mo.  1841. 

Hogg,  J.  Merchant  and  Iron  Trader’s  Guide,  &c.  Tables  of  Weights  and  Measurement 
of  Metals,  Stone,  and  Timber.  12mo.  1859. 

Humber,  W.  Strains  in  Girders  and  similar  Structures,  and  their  Strength.  12mo. 
Hurst,  J.  T.  Handbook  of  Formulae,  &c.  13th  edition,  sm.  obi.  1882.  [18t)8,  188!)! 

Inwood,  W.  Tables  for  the  Purchasing  of  Estates,  Freehold,  Copyhold,  &c. ; Annui- 
ties, &c.  7th  edition.  By  F.  Thoman.  12mo.  1859. 

Kirk,  Balfour,  and  Ward.  New  Zealand  Timber.  8vo.  AVellington,  1875. 

Kirkaldy,  D.  Eesults  of  an  Experimpntal  Inquiry  into  the  Comparative  Tensile  Strength, 
&c.,  of  various  kinds  of  Wrought  Iron  and  Steel.  8vo.  1862.  Eesults  of  an 

Experimental  Inquiry  into  the  relative  properties  of  Wrought  Iron  Plates.  4to.  1876. 
Lea,  W.  Tables  of  Strength  and  Deflection  of  Timber.  8vo.  1850. 

Malpas,  H.  Builder’s  Pocket  Book  of  Eeference  : Tables  of  Strength  of  Timbers, 
Wood,  and  Iron  Beams,  &c.  18mo.  1852. 

Molesworth,  G.  L.  Pocket  Book  of  Useful  Formulae  and  Memoranda.  21st  edition, 
16mo.  1882. 

Morin,  A.  J.  Le9ons  de  Mecanique  Pratique.  4 vols.  1846-50.  2nd  edition,  8vo. 
Paris,  1855.  Aide-memoire  de  Mecanique  Pratiqtte.  5th  edition,  8vo.  Paris,  1861. 
Fundamental  Ideas  of  Mechanics,  and  Experimental  Data.  Translated,  &c.,  by  J. 
Bennett.  8vo.  New  York,  1860.  [edition.  8vo.  18'»2. 

Moseley,  H.  Mechanics  applied  to  the  Arts,  including  Statics  and  Hydraulics.  3:d 

Mechanical  Principles  of  Engineering  and  Architecture.  2nd  edition,  8vc.  1855. 

Moss,  N.  A.  Strength  of  Materials  and  Strains  in  Structures;  treats  of  Girder  and 
Suspension  Bridges  only.  8vo.  1887. 

Neville,  J.  Hydraulic  Tables,  Coefficients,  and  Formulae  for  finding  the  Discharge  of 
Water  from  Orifices  of  all  kinds.  New  edition,  8vo.  1860. 

Olander,  E.  New  Method  of  Graphic  Strains  applied  in  the  Construction  of  Wroucht 
Iron  Girders;  Series  of  Working  Drawings  of  Modern  Type.  Yol.  I.  Folio.  1880. 
Peddie,  A.  The  Practical  Measurer,  or  Wood  Merchant’s  Assistant ; with  Tables.  New 
edition,  8vo.  Glasgow,  1862. 

Penn,  S.  Tables  showing  the  Weight  of  different  lengths  of  Bound,  Square,  Flat  Bar 
Iron,  &c.  5th  edition.  Liverpool,  1813. 

Planat,  P.  Pratique  de  la  Mecanique  appliquee  a la  Eesistance  des  Materiaux.  8vo. 
Paris,  1887. 

Pratt,  J.  H.  Mathematical  Principles  of  Mechanical  Philosophy,  and  their  Application 
to  Elementary  Mechanics  and  Architecture,  &c.  8vo.  Cambri'^ge,  1845. 

Eankine,  W.  J.  M.  Manual  of  Applied  Mechanics.  3rd  edition,  8vo.  Glasgow,  1864. 
Eichards,  J.  Wood-working  Factories  and  Machinery,  8vo.  New  York,  1873. 

Bicker,  N.  C.  Elementary  Graphic  Statics  and  the  Construction  of  Trussed  Eoofs.  8vo. 

New  York.  , . 

Eoberts,  J.  The  Pressure  of  Wheat  stored  in  elongated  cells  or  bins.  8yo.  Liverpool, 
Eobertson,  F.  Tables  for  Arches.  8vo.  1871.  [students.  8vo. 

Eobinson,  H.  Hydraulic  Power  and  Machinery,  for  the  use  of  Practical  Engineers  and 
Eyde,  E.  Hydraulic  Tables  : Discharge  of  Water  through  Pipes,  &c.  8vo.  lSo2. 
Seddon,  H.  C.  Tables  on  the  Strength  of  Timber.  8vo.  Chatham,  1881. 

Shields.  F.  W.  Strains  on  Structures  of  Ironwork,  with  Eeimirks  on  Iron  Construction. 
8vo.  1861.  2nd  edition,  8\'o.  1867. 

Snell,  G.  Stability  of  Arches.  8vo.  1846.  m 1 1 

Stoney,  B.  B.  Theory  of  the  Strains  in  Girders  and  similar  Structures;  Taoles  of 

Strength  of  Materials.  8vo.  1869.  u t e 

Tarbuck,  E.  L.  Handbook  of  House  Property;  a Practical  Guide,  including  J he  Law  ot 
Dilapidations,  Fixtures,  and  Valuations,  &c.  4th  edition,  enlarged,  8yo.  188/. 

Tarn,  E.  W.  Science  of  Building ; Elementary  Treatise  on  the  Princip.es  of  Construc- 
tion. 8vo.  1870. 


1184 


PUBLICATIONS  BELATING 


Tiite,  T.  Strength  of  Materials;  original  Formul®,  applied  to  Tubular  Bridges,  Iron 
Beams,  &c.  Svo.  1850. 

Timmins,  T.  Examples  of  Iron  Roofs,  &c.  Vol.  1,  4to.  1882.  Obtaining  by  Diagrams 
the  Strains  in,  and  Strength  of,  Riveted  Girders  and  Curv'ed  Roofs.  Vol.  2, 4to.  1882. 
Tomlinson,  C.  Mechanics.  12mo.  1859. 

Toussaint,  C.  J.  Traite  de  Geometric  et  d’ Architecture  Th^orique  et  Pratique  simplifie. 
4 vols,  4to.  Paris,  1811-12. 

Tredgold,  T.  Practical  Treatise  on  the  Strength  of  Cast  Iron  and  other  Metals. 

Revised,  &c.,  by  E.  Hodgkinson.  Svo.  1860. 

Turnbull,  A.  H.  Tables  of  Compound  Interest,  and  Annuities;  Yearly,  &c..  Payments. 
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Turnbull,  W.  Essay  on  the  Construction  of  Cast  Iron  Beams.  Svo.  1833. 

Unwin,  W.  C.  Formulge  for  Flow  of  Water  in  Pipes.  4to.  Manchester,  1886. 

AVarr,  F.  Dynamics,  Construction  of  Machinery,  Equilibrium  of  Structures,  and  the 
Strength  of  Materials.  Svo.  1851.  [1857. 
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XII.  PRACTICAL  WORKS  OF  CONSTRUCTION.— See  axso  Class  X. 

Adams,  H.  Joints  in  AVoodwork.  Svo.  1877. 

Adhemar,  J.  Traite  de  Charpente.  2nd  edition,  Svo.  Paris,  1854. 

Traite  de  la  Coupe  des  Pierres.  Text  8vo.,  plates  folio.  Paris,  1859. 

Ardant,  P.  Sur  la  Charpente  a Grande  Portee.  Folio.  Paris,  1853. 

Ashpitcl,  A.  New  Guide,  or  Book  of  Lines  for  Carpenters,  geometrically  explained. 
New  edition,  4to,  1857. 

Handrails  and  Staircases;  a Simple  Method  of  Finding  the  Lines.  4to.  1851. 

Bancroft,  R.  M.  and  F.  J.  Tall  Chimney  Construction,  Svo.  Manchester,  1885. 
Bankes,  L.  Joiner’s  Instructor  in  the  Construction  of  Staircases  and  Handrailing.  4to. 
Blagrove,  G.  H.  Shoring  and  its  Application.  8vo.  1887.  [1849. 

Borgnis,  J.  A.  Traite  Elementaire  de  Construction  appliquee  a I’Architecture  Civile. 

2 Ambs.  4to.  30  plates.  Paris,  1823.  3rd  edition,  4to.  Liege,  1840. 

Brandon,  R.  and  J.  A.  Open  Timber  Roofs  of  the  Middle  Ages.  4to.  1849. 

Brees,  S.  C.  Railway  Practice  : a Collection  of  Working  Plans,  &c.  4 series,  4to. 

1837,  1810,  1847. 

Brown,  G.  Healthy  Foundations  for  Houses.  18mo.  New  York,  1885. 

Brunet,  F.  Dimensions  des  Fers  de  la  Coupole  de  la  Halle  au  Grain.  4to.  Paris,  1809. 
Bruyere,  L.  Etudes  relatives  a TArt  des  Constructions.  Folio.  Paris,  1823-28. 
Building  Construction.  Notes  on.  3 vols.  8vo.  1875-79. 

Burn,  R.  S.  New  Guide  to  Carpentry,  general  Framing,  and  Joinery,  theoretical  and 
practical.  4to.  1871. 

Bury,  T.  Remains  of  Ecclesiastical  AVoodwork.  21  plates,  4to.  1847. 

Christy,  W.  J.  Practical  Treatise  on  the  Joints  made  and  used  by  Builders.  12mo.  1882. 
Collings,  G.  Circular  Work  in  Carpentry  and  Joinery  : A Practical  Treatise  on  Circidar 
Work  of  Single  and  Double  Curvature.  8vo.  1887. 

Dempsey,  G.  D.  Examples  of  Iron  Roof,  spans  from  20  to  153  feet.  Folio.  1850. 
Dobson,  E.  Rudimentary  Treatise  on  Masonry  and  Stone-cutting.  12mo.,  4to.  1849. 
Rudiments  of  the  Art  of  Building.  12mo.  1881.  On  Foundations  and  Concrete  Work. 
12mo.  1850. 

Douliot,  J.  P.  Traits  special  de  Coupe  des  Pierres.  2 vols.  4to.  Paris,  1825. 
Durand-Claye,  A.  Etude  sur  la  Stabilite  de  la  Coupole  projetee  par  Bramante  pour  la 
Basilique  de  S.  Pierre  de  Rome.  4to.  Paris,  1879. 

Eck,  C.  L.  G.  Traite  de  I’Application  du  Fer,  de  la  Fonte,  et  de  la  Tole,  dans  les  Con- 
structions Civiles,  etc.  Folio.  1841. 

Memoire  sur  la  Construction  de  Nouveaux  Planchers,  destines  a rendre  les  B&ti- 

^ ments  Incombustibles.  Folio.  Paris,  1841.  [Liege,  184.5. 

Emy,  A.  R.  Traite  de  I’Art  de  la  Charpenterie.  2 a’oIs.  8vo.  157  plates,  foli  *. 

^ — Description  du  Nouveau  Systeme  d’Arcs  pour  les  Grandes  Charpentes.  Folio. 

Liege,  1852. 

Fairbairn,  AV.  Treatise  on  Mills  and  Millwork.  Part  I.  Principles  of  Mechanism. 
3rd  edition,  8vo.  1871.  Part  II.  Machinery  and  Construction  and  Arrangement  of 
Mills.  2nd  edition,  8vo.  1865. 
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Fontenay.  T.  Notice  on  the  Construction  of  the  Tunnels  of  St.  Cloud  and  Motretout  • 
with  General  Observations  on  Subterranean  Passages,  and  the  Dimensions  and  Prices 
of  Sixty-six  Tunnels  in  France,  England,  and  Belgium.  8vo.  Paris,  1817. 

Fourneau,  H.  Art  du  Trait  de  Charpenterie.  4 vols,  folio,  87  plates.  * Paris'  1820 

Fox,  H.  H.,  and  Barrett,  G.  Construction  of  Public  Buildings  and  Private  Dwelling- 
Houses  on  a Fireproof  Principle,  without  increase  of  cost.  12mo.  1849. 

Frezier,  M.  Theorie  et  la  Pratique  de  la  Coupe  des  Pierres  et  des  Bois!  3 vols.  4to 
plates.  Paris,  1757. 

Galpin,  J.  Joiner’s  Instructor  : Staircasing  and  Handrailing.  2 vols.  4to.  1853. 

Joiner’s  Own  Book,  and  Builder’s  New  Guide,  showing  the  Improvements  upon 

Carpentry  and  Joinery  since  the  days  of  the  late  Mr.  Nicholson.  39  plates,  4to.  1856. 

Gauthey,  E.  M.  Dissertation  sur  les  D^radations  survenues  aux  Piliers  du  D6me  dvi 
Pantheon,  et  sur  les  Moyens  d’y  remedier.  4to.  plates.  Paris,  1798. 

Goodwyn,  H.  Wrought-Iron  Roofing,  as  applicable  to  every  description  of  Building,  and 
showing  the  modification  necessary  to  adapt  the  system  to  European  dwellings  in 
India,  &c.  4to.  Calcutta,  1844. 

Hassenfratz,  J.  H.  Traite  de  TArt  du  Charpentier.  4to.  Paris,  1804. 

Jousse,  M.  Ouverture  de  TArt  du  Serrurier,  Charpentier,  etc.  2 vols.  folio.  Fleche, 
1627.  Le  Secret  d’ Architecture.  Folio.  1642.  L’Art  de  Charpeute.  3rd  edition’ 
folio.  Paris,  1702. 

KrafFt,  J.  C.  Traite  sur  TArt  de  la  Charpenterie;  Plans,  Coupes  et  Elevations,  do 
diverses  Productions.  Folio.  Paris,  1820. 

Lasvinges,  H.  et  L.  Cathedrale  de  Bayeux  : Reprise  en  sous-ceuvre  de  la  Tour  Centrale  ; 
Description  des  Travaux.  25  plates,  4to.  Paris,  1861. 

Laxton,  H.  Examples  of  Building  Construction,  being  a Series  of  Working  Drawings  to 
a large  Scale.  27  parts,  folio.  1853-56. 

Matheson,  E.  Works  in  Iron ; Bridge  and  Roof  Structures,  with  a Vocabulary.  8vo. 
1873. 


Merrifield,  C.  W.  Determination  of  the  Form  of  the  Dome  of  Uniform  Stress.  8vo. 
Mesauge,  M.  Traite  de  Charpenterie  et  des  Bois  de  toutes  Esp^ces.  2 tom.  Paris,  1753. 
Mignard,  B.  R.  Guide  des  Constructeurs ; Traite.  3rd  edition,  by  A.  F.  Chelly.  2 
vols.  8vo. ; 87  plates,  folio.  Paris,  1866. 

Morey,  P.,  et  Roux,  H.  Charpente  de  la  Cathedrale  de  Messine.  Folio.  Paris,  1841. 
Morris,  T.  British  Carpentry  : History  and  Principles  of  Gothic  Roofs.  8vo.  1871. 
Newland,  J.  Carpenter’s  and  Joiner’s  Assistant,  &c.  2 vols.  folio.  Liverpool,  1860. 

Nicholson,  P.  Carpenter  and  Joiner’s  Assistant.  4to.  1815.  Carpenter’s  New  Guide. 

4to.  1819.  Practical  Treatise  on  the  Art  of  Masonry  and  Stone-Cutting.  8vo.  1832. 
Oldham.  Report  on  the  Fall  of  the  Cotton  Mill.  Folio.  1845. 

Oppermann,  C.  A.  Nouvelles  Annales  de  Construction.  In  progress,  folio.  Paris, 
1855-87. 

Powell,  G.  T.  Foundations  and  Foundation  Walls ; Pile  Driving;  Building  Stones  and 
Bricks.  With  Foundations  and  Isolated  Piers  as  followed  in  Chicago,  by  F.  Baumann. 
8vo.  New  York,  1887. 

Price,  F.  British  Carpenter.  4to.  plates.  1753. 

Riddle,  R.  Staircasing,  Handrailing,  Carpentry,  &c.  1860. 

Roberts,  T.  Mode  of  Scarfing  Timber.  8vo.  Devonport,  1852. 

Robson,  G.  Modern  Domestic  Building  Construction.  Folio.  1876. 

Robson,  R.  Mason’s,  Bricklayer’s,  and  Decorator’s  Guide ; containing  Examples  of 
Foundations,  Domes,  Lighthouses,  Bridges,  &c.  4to.  1862. 

Rolfe,  C.  Chancel  Screens  and  Roofs.  8vo.  Reading,  1876.  _ [1846-50. 

Romberg,  S.  A.  Die  Zimmerwerk-Baukunst  in  alien  ihren  Theilen.  Folio.  Leipzig. 
Rondelet,  J.  Traite  Theorique  et  Pratique  de  TArt  de  Batir.  5 vols.  4to.  and  207 
plates,  folio.  Continuation  of  G.  A.  Blouet.  Paris,  1858.  lOih  edition.  ^ 

As  great  use  was  made  of  this  work  by  Gwilt,  we  notice  here  that  he  had  the  edition 
of  1835.  It  was  first  published  in  1805-10,  which  edition  is  in  the  library  of  the 
Institution  of  Civil  Engineers;  the  second,  of  1812-14,  is  in  the  library  of  the 
Institute  of  British  Architects,  and  in  Sir  John  Soane’s  Museum  ; whih;  the 
British  Museum  contains  the  edition  dated  1830-2.  In  this  one  some 

plates  have  been  re-engraved  and  rearranged.  _ 

M4moire  Historique  sur  le  Dome  du  Pantheon  Francois.  10  plates  4to. 

M4moire  sur  la  Reconstruction  de  la  Coupole  de  la  Halle  au  Ble  de  1 aris. 

4to.  3 plates.  Paris.  _ , , _ i- 

Roy,  C.  F.  le.  Traite  de  Stereotomie  ; a la  Theorie  des  Ombres,  la  Perspective  lineaire, 
la  Gnomonique,  la  Coupe  des  Pierres,  et  la  Charpente.  2 vols.  folio  and  4 o.  i go, 

Seddon]  H.  C.  Building  Trades  and  Building  Construction.  2nd  edition,  folio.  Chatham, 
^ ■ Building  Trades.  8vo.  1886. 
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.Sg:inzin,  J.  Le(,otis  d’un  Cours  de  Constructions,  avec  des  applications  tirees  speciale- 
ment  de  I’Art  de  I’lng^nieur  des  Fonts  et  Chau.ssces.  5th  edition,  hy  M.  Keibell.  180 
plates,  folio.  Text  3 vols,  4to.  Paris,  1845.  [I860.  8vo.  1877. 

F.  W.  Practical  Tunnelling.  Revised  by  W.  D.  Ha-ikoll.  2nd  edition.  4to. 
Simunin.  Traite  El^mentaire  de  la  Coupe  des  Pierres.  4to.  Paris,  1792. 

Sirr,  H.  Engli.^ili  Stall  Work,  Canopies,  and  Rood  Screens  of  the  XVth  century.  2 vo1s. 

4to.  1883-85.  [1878. 

Small,  J.  W.  Scottish  Woodwork  of  XVIth  and  XVIIth  century.  Folio.  Edinburgh, 
SfOL-k,  C.  H.  Shoring  and  Undex’pinning.  8vo.  1882. 

Tarbuck,  E.  L.  Encyclopaedia  of  Practical  Carpentry  and  Joinery,  &c.  4to.  1857-69, 
Tarn,  E.  W.  Elementary  Principles  of  Carpentry  and  Joinery,  from  the  work  by 
Tredgold.  Plates,  4to.  8vo.  1873.  On  the  Construction  of  Roofs.  12mo.  1882. 
Thierry.  Recueil  d’Escaliers  en  Pierre,  Chax*pente,  iMenuiserie  et  Fonte.  4to.  Paris,  1844. 
Timmins,  T.  Iron  Girders  and  Roofs.  Yol.  1,  2nd  edition,  4to.  1883.  Yol.  2, 
Graphic  Strains.  4to.  1882. 

Tregold,  T.  Elementary  Principles  of  Carpentry,  by  P.  Barlow.  4to.  50  plates.  1853. 
Revised  by  T.  Hurst.  3rd  edition,  8vo.  1880.  5th  edition,  revised  by  E.  W.  Tarn. 
4to.  1885. 

Trendall,  E.  W.  Examples  for  Roofing.  &c.,  for  Show-Rooms,  Theatres,  Warehouses, 
Churches,  Chapels,  Schools,  Yillas,  Greenhouses,  &c.  New  edition,  4to.  1860. 
AValker,  T.  L.  Architectural  Precedents.  65  plates,  8vo.  1841. 

AValmisley,  A.  T.  Iron  Roofs.  P'olio.  1884. 

AVillcocks,  G.  W.  Roads  and  Roadways.  8vo.  1879. 


XIII.  FIREPROOF  CONSTRUCTION,  &c. 

Ashpitel,  A.,  and  Whichcord  J.  Fireproof  Houses  in  Flats.  8vo.  1855. 

Bellamy,  T.  Fireproof  Construction.  Folio.  1872. 

Boult,  J.  Structural  Requirements  of  the  Fire  Prevention  Acts,  &c.,  in  Liverpool. 
8vo.  Liverpool,  1869. 

Braidwood,  J.  Fireproof  Buildings.  8vo.  1850. 

Fire  Prevention  and  Fire  Extinction.  8vo.  1865. 

Fox,  H.  H.,  and  Barrett,  G.  Construction  of  Public  Buildings  and  Private  Dwelling 
Houses  on  a Fireproof  Principle,  without  increase  of  cost.  12mo.  1849. 

Hornblower,  L.  Improvements  in  the  Construction  of  Fireproof  Buildings  ; Specifica- 
tions, &c.  8 VO.  1874. 

Merry  weather,  J.  C.  Fire  Protection  of  Mansions.  8vo.  1881. 

Papworth,  W.  Notes  on  the  Causes  of  Fires;  or,  which  is  the  safest  of  the  various  modes 
of  Warming  Buildings.  16mo.  1853. 

Notes  on  Spontaneous  Combustion.  16mo.  1855. 

Shaw,  E.  M.  Fire  Surveys;  or.  Principles  in  Estimating  Risk  of  Buildings.  8vo.  1872. 

Young,  C.  F.  T.  Fires,  Fire-engines,  &c. ; with  Remarks  on  Fireproof  Construction. 
8vo.  1866. 

XIV.  BRIDGES  AND  ARCHES. 

Adhemar,  J.  Traite  Th^orique  et  Pratique  des  Fonts  Biais.  Folio.  Pari.**,  1857. 

Anselin,  N.  J.  B.  Experiences  sur  la  Main  d'CEuvre  des  ditferens  Travanx  depeudans  du 
Service  des  Ingenieurs  des  Pouts  et  Chaussees,  etc.  4to.  Boulogne,  1810.  [1804. 

Atwood,  G.  Dissertation  on  the  Construction  and  Properties  of  Arches.  4to.  1801- 

Aubry.  M^moire  sur  la  Construction  d’un  Pont  de  Bois  de  450  Pieds  d Ouverture  d'un 
seul  Jet,  etc.  4to.  Paris,  1790.  [Bridge.  4to.  1884. 

Baker,  B.  The  Strength  of  Beams,  Columns,  and  Arches.  8vo.  1870.  The  Forth 

Bashforth,  F.  Practical  Treatise  on  the  Construction  of  Oblique  Bridges  with  Spiral  and 
with  Equilibrated  Courses.  New  edition,  8vo.  1855. 

Bauernfeind,  C.  M.  Yorlegeblatter  zur  Briickenbaukunde.  Folio.  Munich,  1853-54. 

Blackfriars  Bridge.  7 plates  of  the  machines  used  in  its  construction  and  the  centring 
of  the  middle  arch.  Oblong  folio. 

Blair  and  Phillips.  Construction  of  Viaducts,  Bridges,  &c.  8vo.  1845. 

Boistard,  L.  C.  Recueil  sur  les  Ponts  de  Nemours,  &e.  4to..  19  plates.  Paris,  1822. 

Bow,  R.  H.  Treatise  on  Bracing ; with  its  Application  to  Bridges,  &c.  8vo.  Edin- 
burgh, 1851. 

Cargill,  J.  Strains  upon  Bridge  Girders  and  Roof  Trusses.  8vo.  1873. 

Clark,  H.  Britannia  and  Conwa}-- Tubular  Bridges,  with  General  Inquiries  on  Beams. 
2 vols.  8vo.  1850. 
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Cresy,  E.  Practical  Treatise  on  Eiidgo  Building  and  on  the  Equilibrium  of  Vaults  and 
Arches.  Plates,  folio.  1839. 

Dempsey,  G.  D.  Maleable  Iron  Tubular  Bridges.  4to.,  plates  folio.  1850. 

Brick  Bridges,  Sewers,  and  Culverts.  4to.,  plates  folio,  1850. 

Emmery,  H.  C.  Pont  dTvry  en  Bois,  sur  Piles  en  Pierre,  traversant  la  Seine  pres  du 
confluent  de  la  Marne.  2 vols.  4to.  plates.  Paris,  1832. 

Etzel,  C.  von.  Briicken  und  Thaliibergange  Scliweizerischer  Eisenbahnen.  Folio.  Basel 
1856.  Supplement,  1859. 

Exchaquet,  H.  Dictionnaire  des  Pouts  et  Chaussees.  8vo.  12  plates.  Paris,  1787. 
Fairbairn,  W.  Account  of  the  Construction  of  the  Britannia  and  Conway  Tubular  Brido-es. 

20  plates,  8vo.  1819.  ^ 

Gauthey,  E.  M.  Traits  de  la  Construction  des  Ponts ; Memoires  sur  les  Canaux  de 
Navigation,  etc.,  public  par  M.  Navier.  4 vols.  4to.  plates.  Paris,  1816. 

Gautier,  H.  Traite  de  la  Construction  des  Ponts  et  Chaussees.  8vo.  Paris,  1721-65. 
Goury,  G.  Eecueil  d’Observations,  Memoires  et  Projets  concerrant  la  Navigation 
Interieure.  2 vols.  4to.,  plates  folio.  Paris,  1827. 

Gwilt,  Joseph.  On  the  Eebuilding  of  London  Bridge.  8vo.  with  1 plate.  1823. 

Treatise  on  the  Equilibrium  of  Arches.  8vo.  plates.  1826.  The  editions  of  a 

later  date  are  spurious,  being  without  additions  or  corrections  by  the  author, 
llann,  J.,  and  Hosking,  W.  Theory,  Practice,  and  Architecture  of  Bridges  of  Stone, 
Iron,  Timber,  Wire,  and  Suspension.  4 vols.  8vo.  1843.  Supplement,  by  G.  li. 
Burnell.  8vo.  1850.  [Iron.  Folio.  1864. 

Ilaskoll,  W.  D.  Examples  of  Bridge  and  Viaduct  Construction  of  Masonry,  Timber,  and 
Haupt,  H.  General  Theory  of  Bridge  Construction,  containing  Demonstrations  of  the 
Principles  of  the  Art,  the  Strains  upon  Chords,  Ties,  Braces,  &c.  New  edition,  8vo. 
New  York,  1853. 

Hodges,  J.  Great  Victoria  Bridge  at  Montreal  in  Canada.  Text  4to.,  plates  folio.  1860. 
Humber,  W.  Complete  Treatise  on  Cast  and  Wrought  Iron  Bridges  and  Girders,  as 
applied  to  Eailway  Structures  and  Buildings  generally.  Plates,  4to.  1860. 

Complete  Treatise  on  Cast  and  Wrought  Iron  Bridge  Construction,  including  Iron 

Foundations.  80  plates,  2 vols.  4to.  1864  and  1870. 

Hutton,  C.  Principles  of  IBridges.  8vo.  1772. 

Latham,  J.  H.  Construction  of  Wrought  Iron  Bridges,  embracing  the  Practical 
Application  of  the  Principles  of  Mechanics  to  Wrought-Iron  Girder  Work.  8vo. 
Cambridge,  1858. 

Le  Sago,  P.  C.  Recueil  de  divers  Memoires  des  Ponts  et  Chauss4es.  2 vols.  4to.  Paris,  1810. 
Marquand,  C.  On  the  Different  Constructions  of  Bridges,  and  Improvements  to  secure 
their  Foundations.  4to.  1749. 

Maw,  W.  H.,  and  Dredge,  J.  Modern  Examples  of  Road  and  Railway  Bridges.  4to.  1872. 
Milne,  J.  Theory  and  Principles  of  Bridges  and  Piers.  8vo.  36  plates.  1806. 

Molinos,  L,,  et  Pronnier,  C.  Traite  Th^orique  et  Pratique  de  la  Construction  des  Ponts 
Metalliques.  4to.,  plates  folio.  Paris,  1858. 

Navier.  Memoire  sur  les  Ponts  Suspendus.  4to.  Paris,  1830. 

Nicholson,  P.  Guide  to  Railway  Masonry,  containing  a complete  Treatise  on  the  Oblique 
Arch.  3rd  edition,  revised  by  R.  Cowen.  8vo.  1860. 

Perron  et,  M.  (Euvres  de.  4to.,  plates  folio.  Paris,  1793. 

Polonceau,  A.  R.  Notice  sur  le  nouveau  Systeme  de  Ponts  en  Fonte,  suivi  dans  la  Con- 
struction du  Pont  du  Carrousel.  4to.  Atlas  folio,  plates.  Paris,  1839. 

Pont  en  Pierre  a construire  sur  la  Seine  a Rouen.  4to.  plates.  Paris,  1815. 

Prony,  M.  do.  Nouvelle  Architecture  Hydraulique.  2 vols.  4to.  plates.  Paris,  1790. 
Regemortes,  M.  de.  Description  du  nouveau  Pont  de  Pierre  construit  sur  [a  Riviere 
d’Allier  a Moulins.  Folio.  Paris,  1771. 

Robertson,  F.  Tables  for  Arches.  8vo.  1871-  . 

Rondelet,  A.  Essai  Historique  sur  le  Pont  de  Rialto.  4to.  plates.  Ians,  183/. 
Seaward,  J.  Observations  on  the  Rebuilding  of  London  Bridge.  8vo.  plates.  1824. 
Seguin,  A.  Des  Ponts  en  Fil  de  Fer.  8vo.  plates.  Paris,  18‘^- 

Semple,  G.  Treatise  on  Building  in  Water.  63  p'ates,  4to.  Dublin,  , 

Shanahan,  M.  Plans  and  Elevations  of  Bridges  in  France,  Switzerland,  Italy,  and 
Savoy.  Oblong  foKb.  Plates  only.  No  date. 

Snell,  G.  Stability  of  Arches.  8vo.  1846.  L • 

Telford;  T.  Reports  on  the  Holyhead  Roads,  Harbour,  Bridges,  &c.  P 

Turnbull,  W.  Mathematical  Investigation  of  Dredge’s  Principle  for  Bridges.  8io.  ibii. 
Vicat,  L,  J.  Description  du  Pont  Suspendu  construit  sur  la  Dordogne  a Argenlal.  4to. 

plates.  Paris,  1830.  , , . ^ -n-  lano 

Ware,  S.  Treatise  on  the  Properties  of  Arches,  and  their  Abutment  1 lers.  y- 
Wiebeking.  Le  Chevalier.  Architecture  Hydraulique  fondeesiir  la  llieone  et  Id  Pratique. 
4 vols.  4to.  Atlas  vol.  of  plates.  Munich,  1814-24. 
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XV.  SPECIFICATIONS,  GUIDES  TO  TRADES,  OFFICE  WORK. 

Bartholomew,  A.  Specifications  for  Practical  Architecture,  preceded  hy  an  Essay 
on  the  Decline  of  Excellence  in  the  Structure  and  in  the  Science  of  Modern  English 
Buildings.  8vo.  1840.  2nd  edition,  8vo.  1846. 

Beckett-Denison,  Sir  E.  Lectures  on  Church  Building;  with  Remarks  on  Bells  and 
Clocks.  2nd  edition,  8vo.  1856. 

A Book  on  Building ; including  Church  Restoration.  2nd  edit’on,  12mo.  1880. 

Blenkarn,  J.  Architectural  and  Engineering  Specifications  of  Works,  Roads,  and 
Sewers,  with  Agreements  and  Reports.  8vo.  1865. 

Burn,  R.  S.  Handbook  of  the  Mechanical  Arts  in  Building;  with  Hints  on  Road- 
making and  Enclosing  of  Land.  2nd  edition,  8^'o.  Edinburgh,  1860. 

Claudel,  J.  Formules,  etc.,  ou  Aide  Memoire  des  Ingenieurs,  des  Architectes,  etc.  2nd 
edition,  8vo.  Paris,  1857. 

Dempsey,  Gr.  D.  The  Builder’s  Gruide ; A Practical  Manual.  8vo.  1851. 

Dobson,  E.  Rudiments  of  the  Art  of  Building.  12mo.  1849. 

Student’s  Guide.  3rd  edition,  w'ith  additions  by  E.  L.  Garbett.  8vo.  1858. 

Donaldson,  T.  L.  Handbook  of  Specifications,  &c. ; with  a Review  of  the  Law  of  Con- 
tracts, by  W.  C.  Glen.  2 vols.  8vo.  1860. 

Haskull,  W.  D.  Clerk  of  the  Work’s  and  Young  Architect’s  Guide.  12mo.  1849. 

Houba,  E.  Code  a I’usage  de  Proprietaires,  Ingenieurs,  Architectes.  8vo.  Brux.,  1880. 

Hurst,  J.  T.  Handbook  of  Formulae,  Tables,  and  Memoranda  for  Architectural  Sur- 
veyors, &c.  13th  edition,  sm.  obi.  1882.  [edition,  8vo.  1880. 

Jenkins,  E.,  and  Raymond,  J.  A Legal  Handbook  for  Architects.  8vo.  1873.  3rd 

Mathews,  J.  D.  Architect’s  and  Contractor’s  Handbook.  8vo.  1883,  1885. 

Noble,  J.  Professional  Practice  of  Architects,  and  that  of  Measuring  Surveyors  ; and 
Reference  to  Builders.  8vo.  1836.  [W,  Young.  8vo.  1870. 

Pewtner,  W.  Comprehensive  Specifier  : a Guide  to  Practical  Specification.  Edited  by 

Rankine,  W.  J.  M.  Manual  of  Civil  Engineering.  3rd  edition,  8vo.  Glasgow,  1864. 

Roberts,  J.  B.  Short  Hints  to  the  Student  in  Architecture  on  entering  the  Office,  mak- 
ing Drawings,  &c.  16mo.  1852. 

Rogers,  F.  The  Architect’s  Guide:  a Text-Book  of  Useful  Information  for  Architects, 
Engineers,  Surveyors,  Contractors,  Clerks  of  the  Works,  &c.  8vo.  1877. 

Ryde,  E.  Text-Book  for  the  constant  use  and  reference  of  Architects,  &c.  Landed 
Property,  by  J.  Donaldson.  8vo.  1854.  [tory  and  Diary  for  1888. 

Sears,  J.  E.  The  Architect,  Stirveyor,  and  Engineer’s  Compendium,  Specialist’s  Direc- 

Seddon,  H.  C.  Notes  on  the  Building  Trades  and  Building  Construction.  2nd  edition, 
folio.  Chatham,  1877.  Builder’s  Work  and  the  Building  Trade.  8vo.  1886. 

Science  and  Art  Department.  Notes  on  Building  Construction.  3 vols.  8vo.  1875-79. 

Spons’ Architects’ and  Builders’ Pocket  Book,  &c.  14th  edition,  by  W.  Young.  32mo.  1887. 

Walker,  T.L.  Architectural  Precedents;  with  Essay  on  Architectural  Practice.  8vo.  1841. 

Ware,  W.  R.  Examples  of  Building  Construction.  8vo.  and  4to,  Boston,  U.S.A.,  1877-80. 

Wheeler,  W.  H.  Construction,  &c.,  of  Roadways.  8vo.  1877. 

Wightwick,  G.  Hints  to  Young  Architects.  2nd  edition,  8vo.  1860.  New  edition, 
by  G.  H.  Guillaume,  12mo.  1880. 


XVI.  DESIGN,  DRAWING,  PERSPECTIVE. 

Adhemar,  J.  Tiaite  de  Perspective.  8vo.  Paris,  1838.  [4to.  Paris,  1850. 

Armengaud,  C.  Cours  eRmentaire  de  Dessin  indiistriel  a I’usage  des  Ecoles  premieres. 

Nouveau  Cours  raisonne  de  Dessin  industriel  applique  principalement  a la 

Mecanique  et  a 1’ Architecture.  Folio.  Paris,  184  8. 

Billings,  R.  W.  The  Infinity  of  Geometric  Design  exemplified.  4to.  1849. 

The  Power  of  Form  applied  to  Geometric  Tracery.  8vo.  1851. 

Burchett,  R.  Linear  Perspective.  18th  edition,  8vo.  1878. 

Burges,  W.  Architectural  Drawings  : Measured  Drawings  from  France,  England,  and 
Italy,  illustrating  13th  century  work.  Folio.  1870. 

Davidson,  E.  A.  Projection.  12mo.  (1868.)  Other  works  on  Drawing  for  Trades. 

Edwards,  M.  A Guide  to  Modelling  in  Clay  or  Wax.  8vo.  1879.  [Paris,  1846. 

Grand,  A.  le,  Dessin  lineaire,  base  sur  la  Geometrie  pratique  et  la  Perspective.  Folio. 

Griffith,  W.  P.  Ancient  Gothic  Churches  ; their  Proportions,  &c.  3 parts,  4to.  1847-52. 

Gwilt,  J.  Sciography  ; or,  Examples  of  Shadows;  with  Rules,  &c.  8vo.  24  plates.  1824. 

Harding,  J.  D.  Elementary  Art ; or,  the  Use  of  the  Black-lead  Pencil  advocated  and  ex- 
plained. 28  plates,  4to.,  4th  edition.  1858.  Lessons  on  Art.  2 vols.  48  plates, 
2nd  edition,  8vo.  1854.  Principles  and  Practice  of  Art;  treating  of  Beauty  of  Form, 
Imitation,  Composition,  Light,  Shade,  Effect,  and  Colour.  4to.  1845. 
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Jousse,  M.  Secrets  d’ Architecture  et  des  Traits  Geometriques.  Folio.  Flecho,  1012. 

Mahan,  D.  II.  Industrial  Drawing;  Use  of  Drawing  Instruments,  Plane  Fiuurcs  Solids 
&c.  &c.  8vo.  New  York,  18  32.  ^ ’ 

Malton,  J.  Young  Painter’s  Maulstick.  4to.  1806. 

Practical  Treatise  on  Perspective.  4to.  1800. 

Malton,  T.  Complete  Treatise  on  Perspective.  Folio,  2 vols.  1778. 

Minifie,  W.  Text-Book  of  Geometrical  Drawing,  for  the  use  of  Alechaiiics  and  Schools  • 
Drawing  Plans,  &c.,  of  Buildings  and  Machinery,  Isometrical  Drawing,  Linear  Per- 
spective, and  Shadows.  New  edition.  8vo.  Baltimore,  1851. 

Monge,  G.,  et  Brisson,  M.  Geometric  Descriptive  ; suivie  d’une  Theorie  des  Ombres  et 
de  la  Perspective.  7th  edition,  4to.  Paris,  1847. 

Normand,  L.  M.,  et  Kebout,  A.  E.  M.  Erudes  d’Ombres  et  de  lavis.  Folio.  Paris  1845. 

Ogle,  C.  C.  The  Centrolinead.  8vo.  1873. 

Pasley,  C.  W.  Course  of  Practical  Geometry  and  Plan  Drawing.  8vo.  1838. 

Portlock,  E.  J.,  and  others.  Geometrical  Drawing.  4to.  1863. 

Prout,  S.  Hints  on  Light,  Shadow,  and  Composit’on,  &c.  4to.  1838.  [4to.  1854. 

Pyne,  G.  Kules  for  Drawing  ; Outline,  Orders,  Perspective,  Light  and  Shade,'  Colour. 

Roy.  C.  F.  le.  Traite  de  Geometrie  Descriptive.  3rd  edition,  2 vuls.  8vo.  Paris,  1S50. 

Ruskin,  J.  Lectures  on  Architecture  and  Painting.  8vo.  1852. 

The  Elements  of  Perspective.  8vo.  1859. 

Simms,  F.  W.  Mathematical  and  Drawing  Instruments.  12mo.  1847. 

Smith,  J.  Projection  and  Artistic  Drawing.  2nd  edition,  8vo.  1843. 

Sopwith,  T.  Isometrical  Drawing.  2nd  edition,  8vo.  1843. 

Spiers,  R.  P.  Architectural  Drawing.  4to.  1887.  [1878. 

Stanley,  W.  F.  Descriptive  Treatise  on  Mathematical  Instruments.  5th  edition,  8vo. 

Tarn,  E.  W.  Practical  Geometry  for  the  Architect,  Engineer,  Surveyor,  and  Mechanic. 
8vo.  1871.  , _ [Paris,  1853. 

Tripon,  J.  B.  Etudes  progressives  et  completes  d’Architeeture  et  de  Lavis.  Folio. 

Twining,  H.  Nature  and  Application  of  Perspective  and  Foreshortening.  8vo.  1850. 

Ware,  W.  R.  Modern  Perspective.  8vo.  and  4to.  B ston,  U.S.A.,  1883. 

Warren,  S.  E.  Shades  and  Shadows  : General  Problems  formed  both  by  Parallel  and  by 
Radial  Rays.  8vo.  New  York,  1867. 

Willson,  H.  Use  of  a Box  of  Colours  : Composition,  Light  and  Shade.  8vo.  1842. 

Wilme,  B.  P.  Handbook  for  Mapping,  Engineering,  and  Architectural  Drawing.  8vo. 
1846. 

XVII.  ORNAMENT,  DECORATION,  BRASSES,  &c.  . 

Adams,  L.  G.  Recueil  de  Sculptures  Gothiques  d’apres  les  plus  Beaux  Monuments  en 
France  depuis  le  XI®  jusqu’au  XV®  Siecle.  192  plates,  2 vols.  4to.  Paris,  1856. 

Decorations  Interieures  et  Meubles  des  Epoques  de  Louis  XJIT.  et  XIV.,  d’apres 

les  Compositions  de  C.  de  Passe,  etc.  100  plates,  folio.  Paris,  1862-64.  [1805. 

Albertolli,  F.  Corso  Elem^entare  di  Ornamenti,^  Architettonici.  Folio,  28  plates.  Milan, 

Ame,  E.  Les  Carrelages  Emailles  du  Moyen  Age  et  de  la  Renaissance.  4to.  Paris,  1859. 

Antonelli.  Collezione  de’  Migliori  Ornamenti  Antichi  nella  Citta  di  Venezia.  130  plates, 
4to.  Venezia,  18' 

Architectural  Ornaments.  A Collection  of  Capitals,  Friezes,  Roses,  Entablatures,  Mould- 
ings, &c.,  drawn  on  Stone  from  the  Antique.  100  plates.  (Ackermann),  1824. 

Arundel  Society.  Sculptured  Ornament  of  the  Monastery  of  Batalha.  Folio.  1868. 

Asselineau,  C.  Meubles  et  Objets  divers  du  Moyen  Age  et  de  la  Renaissance.  Folio. 
Paris,  1854. 

Audsley,  W.  J.  and  G.  A.  Outlines  of  Ornament  in  the  Leading  Styles.  Folio.  1881. 

, G.  A.,  and  Bowes,  J.  L.  Keramic  Art  of  Japan.  Folio.  1875. 

Baldus,  E.  Palais  du  Louvre  et  des  Tuileries;  Motifs  de  Decoration  Interieiire  et  Ex- 
terieure.  2 vols.  folio.  Paris,  1874. 

— Recueil  d’Ornements  d’apres  les  Maitres  les  plus  celebres  des  XV®  an  XVIII® 

Siecles.  Folio.  Paris,  1869. 

Basoli,  A.  Raccolta  di  Diversi  Ornamenti.  100  plates,  folio.  Bologna,  1838. 

Compartimenti  di  Camere.  100  plates,  folio.  Bologna,  1827. 

Beauvallet,  P.  N.  Fragmens  d’ Architecture,  Sculpture,  et  Peinture  dans  le  Style  Antique. 
Folio.  Paris,  1804. 

Blashfield,  J.  M.  History  and  Manufacture  of  Ancient  and  Modern  Terra  Cotta,  and  of 
its  Use  in  Architecture.  12mo.  1855. 

Bock,  translated  by  Suckau.  Les  Tresors  Sacres  de  Cologne.  48  plates,  coloured. 

Bordeaux,  R.  Serrurerie  du  Moyen  Age.  4to.  Paris,  1853.  _ 

Borsato,  G.  Opera  Ornamentale  ; con  Cenni  Storici  dell  Ornato  Decorative  Italiano  di 
Vallardi.  60  plates,  folio.  Milano,  1831. 
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Boutell,  U.  Monumental  Brasses  of  England.  8vo.  1849. 

Boutowski,  V.  de.  Histoire  de  rOrnement  Riisse  dii  X®  an  XVI®  Siecle,  d’aprfes  les  manu- 
scrits.  200  plates,  folio.  Paris,  1870-72. 

Charles,  R.  Dccorativ^e  Designs  by  Robert  Adams.  Folio.  ^1883. 

Choix  des  Monumens  les  pjus  remarquables  des  Anciens  Egyptiens,  des  Persans,  des 
Grecs,  des  Volsques,  des  E'rusques,  et  des  Remains,  consistans  en  Statues,  Bas-Reliefs, 
et  Vases.  2 toIs.  folio.  244  plates.  Rome,  1788. 

Cicognafa,  L.  Monument!  Sepolcrali  cospicui  eretti  alle  Memorie  degli  Uomini  Celebri 
in  Venezia,  &e.  Folio.  Turin,  1858. ' 

Clarkson,  D.  A.  Ancient  Ironwork  from  the  1 3th  century.  4to.  1860. 

Colette,  J.  Livre  de  divers  Ornemens  pour  Plafonds,  Cintres,  Surbaiss^es,  Galeries. 
Folio,  10  plates.  Paris. 

Colling,  J.  K.  Art  Foliage  for  Sculpture  and  Decoration.  72  plates,  4to.  1865. 

Gothic  Ornaments  of  Great  Britain.  200  plates,  2 vols.  4to.  1848-56. 

Examples  of  English  Mediaeval  Foliage,  taken  from  Buildings  of  the  12th  to 

15th  century.  4to.  1872 

Columbani,  P.  Capitals,  Friezes,  and^Cornices,  &c.  4to. 

Cramer,  J.  0.  Ornements  du  Moyen  Age  en  Italie  et  en  Sicile.  4to.  Ratisbon,  1842. 

Creeny,  W.  F.  A Book  of  _Fac*similes  of  Monumental  Brasses  on  the  Continent  of 
Europe.  Folio.  Norwich,  1884. 

Cirler,  T.  AV.  A Grammar  of  Japanese  Ornament  and  Design.  65  plates,  4to. 
1880,  1887. 

Cutts,  E.  L.  Manual  for  the  Study  of  Sepulchral  Slabs  and  Crosses  of  the  Middle  Ages. 
8vo.  Oxford,  1849. 

Daly,  C.  Motifs  Historiques  d’ Architecture  et  de  Sculpture  d’Ornement  des  Monuments 
Fran9ais  de  la  Renaissance  a la  fin  de  Louis  XVI.  Two  series,  folio.  Paris,  1866- 
68;  1874.  Motifs  Historiques  d’ Architecture,  etc.,  pour  la  Composition  et  la  Decora- 
tion exterieure  des  Edifices  publics  et  prives.  2 a'oIs.  folio.  Paris,  1870. 

Davidson,  E.  A.  Amateur  House  Carpenter.  8vo.  1875. 

Day,  L F.  The  Anatomy  of  Pattern.  8vo.  1886. 

Degen,  L.  Constructions  en  Briques.  48  plates,  4to.  Paris,  1859. 

Constructions  en  Bois;  Motifs  de  Decoration  et  d’Ornement.  48  plates,  4to. 

Destaillsur,  H.  Recueil  d’Estampes  relatives  a rOrnementation  des  Appartements  aux 
XVD-XVIII®  Siecles.  Folio.  Paris,  1865-71. 

Didron,  A.  N.  Manuel  des  (Euvres  de  Bronze  et  d’Orfevrerie  du  Moyen  Age ; drawn  by 
L.  Gaucherel.  4to.  Paris.  1859. 

Dietterlein,  W.  Architectura  von  Au^stheilung,  etc.  der  fiinlF  Seulen.  Folio.  Nurem- 
berg, 1593,  1598.  5 Biich,  1655.  New  edition,  folio.  Liege,  1862. 

Drawing-Book  of  the  Government  School  of  Design.  Folio.  1842-43. 

Dresser,  C.  Modern  Ornamentation.  50  plates,  4to.  (1866.)  Art  of  Decorative  Designs. 
8vo.  1862.  Japan;  its  Architecture,  Art,  &c.  8vo.  1882. 

Duchene,  Lacroix,  et  Sere.  Le  Moyen  Age  et  la  Renaissance;  Histoire  des  Mceurs,  des 
Arts,  etc.,  a.d.  500-1600.  300  plates,  5 vols.  4to.  Paris,  1848-51. 

Eastlake,  E.  Recueil  de  Meubles  et  d’Ornements  Interieurs  de  differents  Styles  depuis 
I’Epoque  Louis  XIII.  2 vols.  folio.  Bruxelles. 

Ebbetts,  D.  J.  Examples  of  Decorative  AVrought  Ironwork  of  XVIIth  and  XVIIIth 
centuries.  Folio.  1879. 

Eggert,  F.  Sammlung  Gothischer  A^erzierungen.  Plates,  folio.  Munich. 

Eisenlohr,  F.  Ornamentik  in  ihrer  Anwendung  auf  verschiedene  Gegenstande  derBauge- 
werke.  Folio.  Carlsruhe  and  Leipzig,  1851. 

Mittelalterliche  Bauwerke  im  siidwestlichen  Deutschland  und  am  Rhein. 

— und  Feeder] e,  F.  Holzbauten  des  Schwarzwaldes,  &c.  Folio.  Carlsruhe,  1854. 

Fabre,  A.,  and  A^eslay,  L.  de.  L’ Architecture  an  Salon;  Art  Antique,  Moyen  ge.  Re- 
naissance, etc.  Folio.  Paris,  1872. 

Fergusson,  J.  Tree  and  Serpent  AVorship.  4to.  1868. 

Feuchere,  L.  L’Art  Industriel ; Recueil  de  Dispositions  et  Decorations  Interieures.  72 
plates,  folio.  Paris,  1839-48. 

Fowler,  W.  Collection  of  Mosaic,  Roman  and  Norman  Tesselated  Pavements,  and  ancient 
Stained  Glass,  discovered  in  different  parts  of  England.  Folio.  Various  dates,  from 
1798  to  1821.  Collations  and  Notes,  4to.  1883,  by  Lord  Lindsay. 

Gaucherel,  L.  Exemples  de  Decoration  appliques  a 1 ’Architecture  et  a la  Peinture.  120 
plates,  4to.  Paris,  1857. 

Haines,  H.  A Manual  of  Monumental  Brasses.  2 vols.  8vo.  Oxford,  1861. 

Havard,  H.  L’Art  dans  la  Maison.  8vo.  Paris,  1884. 

Heideloff,  C.  A.  von.  Art  Specimens  of  Nuremberg,  for  Turners,  Pottery  and  Porcelain 
Manufacturers,  Jewellers  and  Goldsmiths,  AA^’oodcarvers,  Carpenters,  &c.  4 parts,  4to. 

Nuremberg,  1851. 
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Paris,  1868. 
vuls.  folio. 


Ileideloff,  C ''ojh  JHhI  Gorgel,  C.  Les  Ortu'ments  elu  iMoycii  Age  (IJyzantiiio  and  Got  liic 
.Sr, vies).  U4  plates,  4 parts,  4to.  Nuremberg,  18 13-o2. 

Hessemer,  F.M.  Arabische  und  Alt-ltalienische  Bauverzierungen.  120  plates  lar^re  folio 
Berlin,  1842.  r . o 

Hill,  A.  G.  Organ  Cases  and  Organs  of  the  .Aliddle  Ages  and  Renaissance.  Folio  1883 
Hinz,  A.  Die  Schatzkammer  dor  JMarienkirche  zu  Dantzig.  8vo.  1871, 

Hnlnie,  F.  E.  Suggestions  in  Floral  Design.  Folio.  1886. 

Ilu.sson,  F.  I/Architectiire  Ferroniere:  Exemples  de  Con.strnotion  et  d’Ornenientation 
ancienncs  et  modernes.  4to.  Paris,  1872. 

Jacqnemart.  A.  History  of  the  C-ramic  Art— of  all  Ages  and  all  Nations.  Translated 
by  Mrs.  Bury  Palli>er.  8vo.  1873. 

Jalembier,  C.  A.  Principes  d’Ornemens  pour  rArchitcclure,  40  p’ates.  Paris 

.Jenkins,  W.,  and  Ilosking,  W.  Selection  of  Architectural  and  other  Ornaments,  Greek 
Roman,  and  talian.  25  plates,  folio.  1829  ’ ’ 

Jombert,  C.  A.  Repertoire  des  Artistes;  on  Recueil  de  Compositions  d’Architecture  et 
d’Oniemens,  antiques  et  modernes,  de  toute  espece,  par  divers  Auteurs.  2 vols.  folio. 
Paris,  1765. 

Junes,  Owen.  Examples  of  Chinese  Ornament,  4to.  1866;  and  8vo.  1867 
and  the  False  in  the  Decorative  Arts.  8vo.  1863. 

Julienne,  E.  L'Oniemaniste  des  Arts  Industriels.  Folio.  Paris,  18  40. 

Julienne,  M.  E.  L’Orfevrorie  Fran9aise,  les  Bronzes  et  la  Ceramique.  Folio. 

King,  T.  H.  Orfevrerie  et  Ouvrages  en  Metal  du  Moyen  Age.  200  plates 
Bruges,  1853-60.  ’ • 

Kinross,  J.  Details  from  Italian  Buildings,  chiefly  Renaissance.  ^Folio.  Edinburgh,  1882. 

Labarte,  J.  Histoire  des  Arts  Industriels  au  Moyen  Age  et  a I’Epoque  de  la  Renaissance. 
2 vols  4to.  Paris,  1848-51. 

Lachave.  Nouvelle  Collection  de  Menuiserie  en  Batiments.  Folio.  1864. 

Serrurerie.  Recueil  contenant  Balcons  en  fer  corroye  et  d’autres  en  fonte,  lits  en 

fer,  etc  Folio.  1864. 

Lavedan,  B.  Guide  Pratique  de  S rrurerie  Usuelle  et  Artistique  a I’usage  des  Archi- 
tectes,  etc.  3 vols  4to.  Paris,  1867. 

Lefuel.  Palais  du  Louvre  et  des  Tuileries  ; Motifs  de  Decorations.  Folio.  Pari.s,  1870. 

Le  Noir,  A.  Nouvelle  Collection  d’Arabesques  propres  a la  Decoration  des  Appartemens 
dessinees  a Rome  par  L.  Poussin  4to.  Paris. 

Lo  Pautre,  A.  Oeuvres  d’Architecture;  cantenant  Ps  Frises,  Feuillages,  Montana  ou 
Pilastres,  Grotesques,  Moresques,  Panneaux,  Placarts,  Trumcaux,  Lambris,  Amortisse- 
mens,  Plafonds,  et  generalement  tout  ce  qui  concerne  TOrnement.  3 vols,  folio.  Paris, 
1751. 

Levy,  E,  Meubles  Religieux  et^Civils  conserves  dans  les  Priiu-ipaux  Monasteres  et 
Musees  de  I’Europe  du  Moyen  Age  et  de  la  Renaissance.  Folio.  1863. 

Lewis,  T.  C.  Organ  Building  and  Bell  P'ounding.  4to.  1878.  [Munich,  1872. 

Metzger,  E.  Ornaments  designed  from  Flowers,  for  Architects,  Decorators,  &c.  Folio. 

Moreau,  C.  Fragmens  et  Ornemens  d’Architecture  dessines  a Rome  d’apres  1’ Antique, 
formant  un  Supplement  a I’CEuvre  d’Architecture  de  Desgodetz.  Large  folio,  36  plate.s. 
Paris,  1802. 

Nichols,  J.  G.  Essay  on  Encaustic  Tiles,  with  Examples.  4to.  1842-45. 

Normand,  C.  Le  Guide  de  I’Ornemaniste  et  de  Decoration.  New  edition,  folio.  Liege,  1847. 

Nouveau  Recueil  en  divers  Genres  d’Ornemens,  et  autres  Objets  propres  a la 

Decoration.  Folio,  46  plates.  Paris,  1803. 

Oldham,  T.  Ancient  Irish  Pavement  Tiles.  4to.  Dublin,  1842, 

Ornament.  Collezione  dei  Migliori  Ornamenti  Antichi,  sparsi  nella  Citta  di  Venezia,  con 
alcuni  Frammenti  di  Gotica  Architettura.  Folio.  Venezia,  1843-45. 

Cours  Elementaires  de  Lavis  applique  a rOrnementation.  Folio.  Paris,  1853. 

Papworth,  J.  W.  and  W.  Specimens  of  Decoration  in  the  Italian  Style,  selected  from  the 
Designs  of  RafFaello  in  the  Vatican  Palace  at  Rome.  14  plates,  4to.  1844. 

Pequenot.  Architecture,  Sculpture,  Cheminees,  Plafonds,  Decorations  Interieure-s  d’apres 
les  Maitres.  200  plates,  4to.  Paris. 

Percier,  C.,  et  Fontaine,  P.  F.  L.  Recueil  de  Decorations  Interioures,  comprenant  toutce 
qui  a rapport  a I’Ameublement.  Folio,  72  plates.  Paris,  1812. 

Pergolesi,  M.  A.  Designs  for  Arabesques.  Large  folio,  30  plates.  1777-85. 

Petit,  V.  Nouveau  Portefeuille  de  I’Oi’nemaniste.  50  plates,  folio.  Paris,  1864. 

et  Bisiaux.  Motifs  de  Decoration.  1st  series,  50  plates,  folio.  Paris,  1864.^ 

Pfnor,  R.  Architecture,  Decoration  et  Ameublement  de  I’Epoque  de  Louis  XVI.  lolio. 
Paris,  1864-65. 

Ornementation  usuelle  de  toutes  les  Epoques  dans  les  Arts  Industriel.es  et  on 

Architecture.  2 vols.  folio.  Paris,  1867-68. 

Piroli,  'r.  Monumens  Antiques  du  Musee  Napoleon.  4 vols.  4to.  40  plates.  Pans,  1804. 
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Pompeii.  Gli  Ornati  delle  Pareti  ed  i PavimenLi  delle  Stanze  dell’  Antica  Pompeia. 
Atlas  folio,  21  plates.  Napoli,  1796. 

Pugin,  A.  W.  N.  Glossary  of  Ecclesiastical  Ornament  and  Costume.  3rd  edition,  4to. 
1868. 

Floriated  Ornament.  A Series  of  31  Designs.  4to.  . 1849. 

Pullan,  R.  P.  The  Designs  of  William  Burges.  Folio.  1886. 

Queverdo,  F.  M.  Decorations  Interieures ; Epoque  de  Louis  XVI.  Folio.  Paris. 
Ilamee,  D.  Sculptures  D^coratives,  Motifs  d’Ornementation  recueillis  en  France,  Alle- 
magne,  Italie,  et  Espagne,  dans  les  plus  Beaux  Monuments  eFves  du  XII®  au  XVi® 
Siecle.  4to.  Paris,  1863-64. 

Meubles  Religieux  et  Cavils,  conserves  dans  les  principaux  Monuments  et  Musees 

de  I’Europe,  pendant  Moyen  Age — de  Louis  XVI.  2 vols.  folio.  Paris,  1864. 

Reynard,  0.  Ornemens  des  Anciens  Maitres  desXV®  du  XVIII®  Siecles.  Folio.  Paris, 
1844. 

Richardson,  C.  J.  Studies  of  Ornamental  Design.  2^vols.  folio.  1849-51. 

Rigollot.  Histoire  des  Arts  du  Dessin,  depuis  I’Epoque  Romaine  jusqu’a  la  fin  du 
seizi^me  Siecle.  2 vols  8vo.  Paris,  1861. 

Romagnesi.  Recueil  d’Ornemens  en  Sculptures.  Folio.  Paris,  1843. 

Rottman,  L.  Ornaments  from  the  Interiors  of  Celebrated  Buildings  of  Munich.  Folio. 
Munich,  1849. 

Rouyer,  E.,  et  Darcel,  A.  L’Art  Architectural  en  France  depuis  Fran9ois  I®*"  jusqu’a 
Louis  XIV  ; Motifs  de  Decoration.  184  plates,  4to.  Paris,  1862-65. 

Rungc,  L.  Essais  sur  les  Constructions  en  Briques  en  Italie.  Text  French  and  German. 
2 series,  folio.  Berlin,  1846-53. 

Schmidt,  C.  W.  Baudenkmale  in  Trier  und  seiner  Umgebung.  5 parts,  folio  and  4to. 
Treves,  1836-45. 

Scott,  Sir  G.  G.  Guide  to  the  Architectural  Museum.  8vo.  1876. 

Scott,  W.  B.  The  Ornamentist ; Designs  selected  from  the  Works  of  Dietterlin,  Berain, 
Blond  el,  Meissonier,  Le  Pautre,  &c.  4to.  Edinburgh,  1845. 

Sharpe  E.  The  OrnameLtation  of  the  Transitional  Period  of  British  Architecture,  1145- 
1190.  4to.  1871. 

Shaw,  H.  Handbook  of  Mediaeval  Alphabets  and  DeA’ices.  8vo.  1 853. 

Decorative  Arts  of  the  Middle  Ages.  8vo.  1851. 

Specimens  of  Tile  PaA’ements.  4to.  1852. 

Silvestre,  J.  Collection  d’ Alphabets  ; Histoires  et Fleuronnes  tires  des  Principals  Biblio- 
th^ues  de  I’Europe.  Folio.  Paris,  1843. 

Sommerard,  A.  du.  Les  Arts  du  Moyen  Age,  en  ce  qui  concerne  principalement  le  Palais 
de  Paris ; I’Hotel  de  Cluny,  etc.  1 1 vols.  8vo.  and  folio.  Paris,  1838-46. 

Talbert,  B.  J.  Gothic  Forms  applied  to  Furniture,  Metal  Work,  Decoration,  &c.  Folio. 
Birmingham,  1868. 

Tatham,  C.  H.  Grecian  and  Roman  Ornaments.  Folio,  101  plates.  1825. 

Thiollet,  F.  ModMes  de  Serrurerie  et  P’onte  de  Fer.  Folio.  Paris. 

Tyrwhitt,  R.  St.  J.  Christian  Art  and  Symbolism.  8a^o.  1872. 

Ume,  G.  L’Art  Decoratif;  ModMes  de  Decoration  et  d’Ornementation  de  tous  les  Styles. 

4to.  Paris,  1862.  ^ 

Ungewitter,  G.  G.  Plans,  etc.  Meubles  du  Moyen  Age,  composes  par  G.  U.  48  plates, 
folio.  Leipzig,  1856. 

Sammluug  mittelalterlicher  Ornamentik  in  Geschichtlicher.  Folio.  Liepzig,  1863. 

Vatican.  Recueil  d’ Arabesques ; contenant  les  Loges  du  Vatican,  gravies  d’apres  Raphael 
et  grand  Nombre  d’autres  Compositions  du  memo  Gout  dans  le  Style  Antique.  Large 
folio.  Paris,  1802. 

Viollet-le-Duc,  E.  E.  Dictionnaire  Raisonne  du  Mobilier  Fran9ais  de  I’Epoque  Carlovin- 
gienne  a la  Renaissance.  4 vols.  8vo.  Paris,  1858-72. 

Volpato,  J.  Raphael’s  Loggie  del  Vaticano.  3 vols.  folio.  Rome,  1772-77. 

Vulliamy,  L.  Examples  of  Ornamental  Sculpture  in  Architecture.  40  plates,  folio.  1828. 
Waller,  J.  G.  and  L.  Monumental  Brasses  from  Edward  I.  to  Elizabeth.  Folio. 
Waring,  J.  B.  Illustrations  of  Architecture  and  Ornament.  4to.  1868. 

Stone  Monuments,  Tumuli,  and  Ornaments  of  Remote  Ages.  4to.  1870. 

Weale,  J.  Ornamental  Ironwork,  Gates,  Ledges,  Palisading,  &c.,  in  the  Royal  Parks,  &c. 
4to.  1840. 

Wornum,  R.  N.  Analysis  of  Ornament ; Characteristics  of  Styles.  8vo.  1856. 

Zach.  Ornements  d’ Architecture  du  Moyen  Age  d’Angleterre  et  de  France.  4to. 
Munich,  1842. 

Zahn,  W.  Select  Ornaments  for  Architects  and  Workmen.  Folio.  1844. 

Zanetti,  G.  Studj  Architettonico-Ornamentali.  Folio.  Venezia,  1846, 
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XVIII.  COLOURED  DECORATION,  STAINED  GLASS,  HERALDRY,  &c. 

Adams,  E.  Polychromatic  Ornament  of  Italy.  4to.  1847. 

Arrow-smith,  W.  and  A.  House  Decorator’s  and  rainter’s  Guido  ; Designs  for  Docoratiii" 
Apartments.  4to.  1840.  ’’ 

Be  itord,  W.  K.  E.  The  Blazon  of  Episcopacy.  8vo.  18r)8. 

Benson,  W.  Manual  of  the  Science  of  Colour.  8vo.  1871. 

Berg,  A.  E.,  and  P.  van  der.  School  of  Painting  for  the  Imitation  of  Woods  and 
Marbles.  36  plates,  folio. 

Blackburne,  E.  L.  History  of  the  Decorative  Painting  applied  to  English  Architecture 
during  the  Middle  Ages.  4to.  1847, 

Bourgoin,  J.  Les  Arts  Arabes.  Archi:ecture,  Menuiserie,  Bronzes,  Plafonds,  Marbres, 
Pavements.  Vitraux,  etc.,  et  le  trait  general  de  I’Art  Arabe.  Polio.  Paris,  *1873. 

Burke,  Sir  B.  Encyclopaedia  of  Heraldry  or  General  Armory.  8vo.  1842.  ' New 
edition.  1878. 

Cahier,  C.,  et  Martin,  A.  Vitraux  Pients  de  Saint-Etienne  de  Bourges  ; Eecherches 
d^tachees  d’une  Monographie  de  cette  CadiMrale.  Verrieres  du  XIIP  Siecle.  74 
plates,  folio.  Paris,  1841-44. 

Suite  aux  Melanges  d’Archeologie.  Ser.  P®.  Carrelages  et  Tissus.  8vo. 

Paris  1873. 

Caneto,  F.  Sainte-Marie  d’Auch  ; Atlas  Monographique  de  cette  Cath^drale.  60  plates 
of  glass,  folio.  Paris,  1857. 

Chevreul,  M.  E.  De  la  Loi  du  Contraste  Simultane  des  Couleurs,  etc,  8vo.  Paris,  1829. 
Plates,  4to.  1839.  Translated  by  C.  Martel.  8vo.  London,  1854.  Translated  by 
J.  Spanton.  8vo.  1860  and  1883. 

Church,  A.  H.  Colour : an  Elementary  Manual  for  Students.  8vo.,  new  edition. 
1887. 

Daly,  C.  Decorations  Interieures  Peintres.  Salons,  Salles  a Manger,  Chambres  a 
Coucher,  etc.  etc.  3rd  series  of  L’ Architecture  Privee.  Folio.  Paris,  1874. 

Davidson,  E.  A.  House  Painting,  Graining,  Marbling.  &c.  12mo.  1876. 

Descamps,  H.  P.  V.,  et  Le  Maistre-d’Anstaing,  I.  Vitraux  de  la  Cathedrale  do  Tournai, 
dessines  par  Capronnier.  13  plates,  folio.  Paris,  1846-48. 

Deville,  A.  Histoire  de  I’Art  de  la  Verrerie  dans  I’Antiquite.  4to.  Paris,  1873. 

Dupont- Auberville.  Art  Industriel.  L’Oi-nement  du  Tissus,  Eecueil  Historique  et  Pra- 
tique de  I’Art  Ancien,  du  Moyen  Age,  de  la  Eenaissance,  et  des  XVII®  et  XVIJI® 
Siecles.  100  plates.  Folio.  Paris,  1874-77. 

Fenger,  L.  P.  Dorische  Polychromie.  4to.  1886. 

Field,  G-.  Chromatography ; or,  a Treatise  on  Colours  and  Pigments,  and  of  their  Powers 
in  Painting.  2nd  edition,  8vo.  1841.  Eevised  by  T.  W.  Salter,  8vo.  1869. 

Eudiments  of  the  Painter’s  Art;  or,  a Grammar  of  Colouring.  12mo.  1850. 

Fowler,  W.  Collection  of  Pavements,  &c.  (See  List  XVII.) 

French,  G.  H.  Hints  on  the  Arrangement  of  Colours  in  Ancient  Decorative  Art.  2nd 
edition,  8v-o.  Manchester,  1850. 

Gaucherel,  L.  Exemples  de  Decoration  appliques  a TArchitecture  et  a la  Peinture  depuis 
I’Antiquite  jusqu’a  nos  jours.  4to.  Paris,  1857. 

Girault  de  Prangey.  Choix  d'Ornemens  Moresques  de  rAlhambra.  Folio.  Paris, 
1847. 

Goethe,  J.  W.  von.  Theory  of  Colours.  Translated  from  the  German  by  C.  L.  Eastlake. 
8vo.  1840. 

Gruner,  L.  Fresco  Decorations  and  Stuccoes  of  Churches  and  Palaces  in  Italy  during  the 
XVth  and  XVIth  Centuries.  Text  by  J.  I.  Hittorif.  4to.  plates,  folio.  1844.  New 
edition,  1854. 

Ornamental  Designs  for  Decorations  and  Manufactures.  Published  for  the 

Government  School  of  Design.  Folio.  1848. 

Hay,  D.  E.  Nomenclature  of  Colours,  Hues,  Tints,  and  Shades.  8yo.  Idinburgh,  1815. 

Principles  of  Beauty  in  Colouring  Systematised.  8vo.  Edinburgh,  1845. 

Higgins,  W.  M.  The  House  Decorator,  or  DeconVor’s  Companion  ; a Complete  Treatise 
on  the  Art  of  House  Painting,  Graining,  Marbling,  &c,  4to. 

Hittorff,  J.  I.,  et  Zanth,  L.  von.  L’Architecture  Polychrome  chez  les  Grccs.  l-olio. 
Paris,  1852. 

Hunt,  W.  H.  The  Present  System  of  obtaining  Materials  in  use  by  Artist  1 ainters,  as 
compared  with  that  of  the  Old  Masters  ; read  before  the  Society  of  Arts,  &c.  Jouruai, 

Jones,  6.  Attempt  to  define  the  Principles  which  should  regulate  the  Employment  of 
Colour  in  Decorative  Arts.  8vo.  1852.  _ o/.- 

Grammar  of  Ornament.  Folio.  1857.  4to.  edition,  1 860-66. 
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Langlois,  E.  II.  Essai  Ilistoriqne  Descriptif  sur  la  Peintuie  sur  Verre,  Ancienno  ot 
Moderne,  et  sur  les  Vitraiix  les  plus  Eemarquablcs.  8vo.  Rouen,  1832. 

LatilLi,  E.  Fresco,  Encaustic,  and  Tempera  Painting.  8vo.  1812. 

Levy,  E.,  et  Capronnier,  J.  B.  Histoire  de  la  Peinture  sur  Verre  en  Europe.  37  plates, 
folio.  Bruxelles,  1860.  Paris,  1865. 

L’uton,  W.  Ancient  and  Modern  Colours  ; with  their  Chemical  and  Artistical  Properties. 
8vo.  1852. 

Magne,  L.  L’CEuvre  des  Peintnrcs  Verriers  Eran^-ais.  8vo.  1887. 

Mandelgren,  N.  M.  Notes  sur  I'Execution  technique  de  nos  vieilles  Peintures  d’Eglise, 
et  sur  le  Moyen  de  les  Eesfaurer.  8vo.  Stockholm,  1873. 

Merrifield,  Mrs.  M.  P.  Art  of  Eresco  Painting,  as  practised  by  the  old  Italian  and 
Spanish  Masters.  8vo.  1816. 

Miller,  E.  Interior  Decoration : Surface  Decoration,  with  Notes  on  Colour,  Stencilling, 
and  Panel  Painting.  8vo.  1887. 

Moore,  G.  B.  Principles  of  Colour  applied  to  Decorative  Art.  8vo.  1851- 

Morton,  H.  History  of  Paperhangings  ; with  a Eeview  of  other  Modes  of  Mural 
Decoration.  8vo.  Liverpool,  1875. 

Papworth,  J.  W.,  and  Morant,  A.  An  Alphabetical  Dictionary  of  Coats  of  Arms  belong- 
ing to  i'amilies  in  Great  Britain  and  Ireland;  or.  Ordinary  of  British  Armorials.  8vo. 
1874. 

Eacinet,  A.  L’Ornement  Polychrome;  Eecueil  Histoi’ique  et  Pratique — 17th  and  18th 
Centuries.  100  plates,  folio.  Paris,  1870-72. 

Eossi,  G.  B.  de.  Musaici  Christiani  e Saggi  dei  Pavimenci  delle  Chiese  di  Eoma  ante- 
riore  al  Secolo  XV.  E'olio.  Eoma,  1872. 

Science  and  Art  Department,  South  Kensing'oti.  A List  of  Buildings  in  England  having 
Marble  or  other  Painted  Decorations,  of  dates  previous  to  the  middle  of  the  16th 
century.  By  E.  II.  S.nith.  8vo.  1872.  3rd  edition,  8vo.  1883. 

Eeport  on  Mosaic  Pictures  for  Wall-decorations,  and  Notes  of  Objects  in  Italy 

suitable  for  reproduction  by  various  methods.  8vo.  1872. 

Sere,  E.,  et  Louandre  C.  Les  Arts  Somptuaires  ; Histoire  du  Costume  et  de  TAmeuble- 
ment  en  Europe,  et  des  Arts  et  Industries  qui  s'y  rattachent.  4 vols.  4to.  Paris, 
1852-58. 

Standage,  11.  C.  The  Artist’s  Manual  of  Pigmerts,  showing  tbeir  Composition, 
Conditions  of  Permanency,  non-Permanency,  Adulteration,  &c..  Tests  of  Purity.  8vo 
1887. 

Texier,  C.  Histoire  de  la  Peinture  sur  Verre  en  Limousin.  8vo.  Paris,  1817. 

Vacher,  S.  Fifteenth  Century  Italian  Ornament.  Folio.  1886. 

M aring,  J.  B.  Arts  connected  with  Architecture;  Stained  Glass,  Eresco  Ornament, 
Inlay,  &c.,  during  13th  to  15th  century  in  Central  Italy.  41  plates,  folio.  18)8. 

Warrington,  W.  History  of  Stained  Glass  from  the  Earliest  Period.  Folio.  1848. 

Weale.  J.  Divers  Works  of  Early  Masters  in  Stained  and  Painted  Glass.  2 vols.  folio. 
1816. 

Westwood,  J.  0.  Distinctive  Character  of  the  various  Styles  of  Ornamentation  empl  *yed 
by  the  Early  British,  Anglo-Saxon,  and  Irish  Artists.  8vo.  1854. 

Facsimiles  of  Miniatures  and  Ornaments  of  Anglo-Saxon  and  Irish  MSS. 

Folio.  1868. 

Whitaker,  H.  Materials  for  a new  Style  of  Ornamentation,  consisting  of  Botanical  Sub- 
jects and  Compositions  drawn  from  Nature.  4to.  1849. 

Willement,  T.  Eoyal  Heraldry.  4to.  1821. 

Wilme,  B.  P.  Manual  of  Writing  and  Printing  Characters,  both  Ancient  and  Modern. 
4to.  1845. 

W(inston),  C.  Inquiry  into  the  Difference  of  Style  in  Ancient  Glass  Paintings,  especially 
in  England;  with  Hints  on  Gla'^s  Painting.  2 vols.  8vo.  Oxford,  1847. 

. Introduction  to  the  Study  of  Painted  Glass,  with  Eemarks  on  Modern  Glas.s 

Painting.  8vo.  1849. 

Memoirs  Illustrative  of  the  Art  of  Glass  Painting.  8vo.  1865. 

Wyatt,  M.  D.  Metalwork  and  its  Artistic  Design.  Folio.  1852. 

Geometrical  Mosaics  of  the  Middle  Ages.  Folio.  1858. 

^ahn,  W.  Die  schonsten  Ornamente  und  merkwiirligsten  Gemiilde  aus  Pompeji,  Herku- 
lanum  und  Stabise.  3 series,  250  plates,  folio."  Berlin,  1829-54. 

.. Ornamente  aller  klassischen  Ivunst-Epochen.  100  plates,  2 vols.  folio.  Berlin, 

1838-42,  1843-48,  1849-63. 
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XIX.  SURVEYING;  MENSURATION;  LEVELLING;  QUANTITIES  - PRICES- 

ESTIMATING.  ’ ’ 

Ainslie,  ,L  Comprehensive  Treatise  on  Land  Surveying.  New  edition,  by  IV.  Galbraith. 

8 VO.  and  4to.  Edinburgh,  1849. 

Baker,  T.  Land  and  Engineering  Surveying.  12mo.  1883. 

Mensuration.  12mo.  18.59. 

Castle,  II.  J.  Treatise  on  Land  Surveying  and  Levelling.  8vo.  1815. 

Dobson,  E.  Student’s  Guide  to  Measuring  and  Valuing  Artiftcers’  Work.  Enlarged  by 
E.  L.  Garbett.  8vo.  1853.  New  edition,  by  E.  W.  Tarn.  8vo.  1871. 

Fletcher,  B.  Quantities;  a Text- Book  for  Surveyors.  4th  edition,  8vo.  1881. 

Leaning,  J.  Quantity  Surveying.  8vo.  1880.  2nd  edition,  1886. 

Morell,  J.  R.  Euclid  Simplified  in  Method  and  Language.  IGtno.  1875 
Nesbit,  A.  Practical  Mensuration,  with  Key.  New  edition,  12nio.  1852.  Practical 
Land  Surveying.  10th  edition,  revised  by  T.  Baker.  8vo.  1855. 

Nicholson,  P.  Principles  of  Architecture.  3 vols.  8vo.  1833. 

Beid,  J.  Young  Surveyor’s  Preceptor : Art  of  Architectural  Mensuration.  2nd  edition, 
4to.  1859. 

Stephenson,  G.  Estimating:  a Method  of  Pricing  Builders’ Quantities.  8vo.  1883. 
Simms,  F.  iV,  Principles  and  Practice  of  Levelling.  3rd  edition,  8vo.  1856.  8vo.  1875. 
Spons’ Architects’  and  Builders’  Pocket-book  of  Prices,  &c.,  tor  1887.  Edited  by  J. 

Young.  14th  edition,  32mo,  1887. 

Young.  J.  R.  Mensuration  in  Theory  and  Practice.  8vo.  1853. 

AVeir,  II.  F.  Land  Measuring  Tables,  showing  the  Area  of  any  sized  Plot.  8vo.  Glasgow, 
1857. 


XX.  LAW;  DILAPIDATIONS;  FIXTURES;  LIGHT  AND  AIR;  ESTATES,  &c. 

xVddison,  C.  G.  Treatise  on  the  Law  of  Contracts,  and  Rights  and  Liabilities  ex  con- 
tractu. 6th  edition,  8vo.  1862. 

Amos,  A.,  and  Ferard,  J.  Treatise  on  the  Law  of  Fixtures.  8vo.  1847. 

Bayldon,  J.  S.  Art  of  Valuing  Rents  and  Tillages,  and  Claims  of  Tenants  upon  quitting 
Farms.  8th  edition,  by  J.  C.  Morton.  8vo.  1862. 

Bruton,  E.  G.  Ecclesiastical  Dilapidations.  2nd  edit'on,  r2mo.  Oxford,  1865. 

Handybook  on  the  Ecclesiastical  Dilapidations  Act,  1871,  ^vith  the  Amendment 

Act,  1872.  2nd  edition,  8vo.  1873. 

Chambers,  T.,  and  Tattersall,  G.  Law  relating  to  Buildings,  Fixtures,  Irsurance,  Actions 
on  Builders’  Bills,  Dilapidations.  12mo.  1845. 

Chitty,  J.  Treatise  on  the  Law  of  Contracts.  6th  edition,  by  J.  A.  Russell,  8vo.  1857. 

Cox,  H.  Law  and  Science  of  Ancient  Lights.  8vo.  1869. 

Dean,  G.  A.  Enfranchisement  and  Commutation  of  Copyhold  Property  considered  with 
the  Copyhold  Enfranchisement  Bill.  8vo.  1851. 

The  Lind  Steward ; Hints  on  Choice  of  Landed  Estatfs,  Principles  of  Drainage, 

Irrigation,  arrangement  of  Farm  Buildings,  Walls,  Roads,  &c.  8vo.  1851, 

Dilapidations.  Report  of  Select  Committee  of  Royal  Inst,  of  Brit.  Architects.  8vo.  1814, 

Ecclesiastical  Dilapidations  Act.  Report  of  the  Select  Committee.  Folio.  1876. 

Elmes,  J.  On  Dilapidations.  8vo.  1829. 

Practical  Treatise  on  Architectural  Jurisprudence.  8vo.  1827. 

Emden,  A.  The  Law  relating  to  Builaing,  Building  Leases,  and  Building  Contracts, 
8vo.  1882,  1885. 

Metropolis  Management  and  Building  Acts  Amendment  Act,  1882.  8vo.  1^82, 

Fletcher,  B.  Dilapidations.  3rd  edition,  8vo.  1883.  Compensations.  8vo.  1871. 
Light  and  Air.  Revised,  2nd  edition,  8vo.  1886.  Metropolitan  Building  Acts,  &c,^ 
1855-82.  8vo.  1882.  Arbitrations.  8vo,  1875. 

Gibbons,  D.  Law  of  Fixtures.  8vo.  1836, 

“Law  of  Dilapidations  and  Nuisances.  New  edition,  8vo.  1849. 

Law  of  Contracts  for  Works  and  Services.  12mo.  1857. 

Goddard,  J.  L.  Treatise  on  the  Law  of  Easements.  2nd  edition,  8vo.  1877. 

Goldstraw,  W.  Manual  of  the  Building  Regulations  in  force  in  Liverpool.  8vo.  Livei^ 
pool,  1882.  J.  . 

Grady,  S.  G.  The  Law  of  Fixtures  ; Law  of  Dilapidations.  3rd  editmn,  8vo.  1876. 

Holden,  J.  Easements  and  Rights  of  Light.  8vo.  Manchester,  1885. 

Hudson,  R.  Land  Valuer’s  Best  Assistant ; being  Tables  on  a very  much  improved  plan 
for  calculating  the  Value  of  Estates,  &c.,  for  laying  out  Plots  of  Land.  8vo.  (1 8o  J.; 
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Ingram,  T.  D.  Compensation  to  Land  and  House  Owners.  12mo.  1864. 

Jackson,  C.  The  Practical  Arbitrator.  8vo.  1879. 

Jenkins,  E.,  and  Raymond,  J.  A Legal  Handbook  for  Architects.  3rd  edition,  8vo. 
1880.  Building  Contracts.  8vo.  1873. 

Kerr,  R.  On  Ancient  Lights,  and  tlie  Evidence  of  Surveyors  thereon.  8vo.  1865. 
The  Consulting  Architect.  8vo.  1886. 

Lanktree,  J.  Elements  of  Land  Valuation,  and  Instructions  as  to  the  Qualifications  and 
Duties  of  Valuators.  8vo.  Dublin,  1853. 

Lathom,  F.  O.  Law  of  Window  Lights,  12mo.  1867. 

Law,  T.  J.  Acts  for  Building  Churches.  8vo.  1847. 

Lewin,  T.  A Practical  Treatise  on  the  Law  of  Trusts.  7th  edition,  by  F.  A.  Lewin. 
8vo.  1879. 

Low,  D.  Landed  Property  and  the  Economy  of  Estates.  8vo.  1856. 

Lumley,  W.  O.  Nuisances  Removal  and  Diseases  Prevention  Act,  1848  ; with  Notes  and 
the  Amending  Act:  and  ditto  of  1855.  2nd  edition,  12mo.  1860. 

— Law  of  Parochial  Assessments.  4th  edition,  12mo.  1858. 

Lyon,  G.  Compendium  of  the  Law  of  Landlord  and  Tenant,  as  applicable  both  to  Agri- 
cultural Leases  and  to  those  of  Urban  Tenements.  8vo.  Edinburgh,  1848. 

Macdonald,  D.  G.  F.  Estate  Management.  8vo.  1819. 

McGovern,  J.  H.  Liverpool  Compensations.  8vo.  Liverpool,  1882. 

Marwick,  T.  P.  Valuation  of  Heritable  and  Landed  Estite.  8vo.  Edinburgh,  1887. 

Morris,  T.  Clue  to  Railway  Compensation,  Value  of  Estates,  and  Parochial  Assessments, 
&c.  2nd  edition,  12mo.  1866. 

Morton,  J.  L.  The  Resources  of  Estates  ; the  Agricultural  Improvement  and  General 
Management  of  Landed  Property.  8vo. 

Price,  R.  On  Reversionary  Payments  and  Annuities ; by  Morgan.  6th  edition,  2 vols 
8vo.  1803. 

Roscoo,  E.  S.  Digest  of  Building  Cases.  2nd  edition,  8vo.  1883.  Digest  of  Law  of 
Light.  1881.  2nd  edition,  8vo.  1886. 

Rouse,  R.  The  F ractical  Man  ; or,  Pocket  Companion  for  Solicitors,  Valuers,  and  Owners 
of  Property.  4th  edition,  8vo.  1841. 

Russell,  F.  The  Power  and  Duty  of  an  Arbitrator.  8vo.  1878. 

St.  Leonard,  Lord.  Handybook  on  Property  Laav.  7th  edition,  8vo.  1866. 

Scratchley,  A.  Copyhold,  Life  Leasehold,  and  Church  Property.  4th  edition,  8vo.  1859. 

Scriven,  J.  Law  of  Copyhold,  Customary,  Freehold,  and  Ancient  Demesne  Tenure.  4th 
edition,  2 vols.  8vo.  1849. 

Smith,  J.  W.  Law  of  Contracts.  8vo.  1855.  Law  of  Landlord  and  Tenant.  8vo.  1860. 

Smith,  T.  R.  The  Practice  of  an  Architect.  8vo.  1880. 

Tarbuck,  E.  L.  Handbook  of  House  Property  ; Guide  to  the  Purchase,  Mortgage,  Ten- 
ancy, and  Compulsory  Sale  of  Houses  and  Lanrl,  &c.  12 mo.  1875. 

Handbook  of  House  Property.  2nd  edition,  12mo.  1880. 

Watson,  W.  H.  Law  of  Arbitration  and  Awards.  8vo.  1846. 

Wily,  W.  Law  of  Dilapidation  in  Ireland.  8vo.  Dublin,  1850. 

Woodfall,  W.  Law  of  Landlord  and  Tenant.  8vo.  1856. 

Woolrych,  H.  W.  Law  of  Party  Walls  and  Fences,  with  Building  Act.  8vo.  1845. 

Treatise  of  the  Law  of  Ancient  and  Molern  Window  Lights.  l2mo.  1864. 

The  Metropolis  Local  Management  Acts.  8vo.  1880. 

Tool,  G.  W.  Waste,  Nuisance,  and  Trespass.  8vo.  1863. 

Compensation  to  Landowners.  8vo.  1864. 


XXI.  SCIENTIFIC  SUBJECTS. 

Anderson,  R.  Lightning  Conductors  ; their  History,  Nature,  and  Mode  of  Application. 
3rd  edition,  revised,  &c.  8vo.  1887. 

Ansted,  D.  T.  Elementary  Course  of  Geology,  &c.  2nd  edition,  12mo.  1856. 

Arnott,  N.  Elements  of  Physics.  8vo.  1828. 

Beard  more,  N.  Manual  of  Hydrology.  8vo.  1862. 

Brande,  W.  T.  Manual  of  Chemistry.  4th  edition,  8vo.  1836. 

Dalemagne,  L.  La  Silicatisation  appliquee  a la  Conservation  des  Monuments,  &c.  4to. 
Paris,  1867. 

Donkin,  W.  F.  Acoustics.  Part  I.  Theoretical.  8vo.  Oxford,  1870. 

Edwards,  F.  On  Smoky  Chimneys,  their  Cure  and  Prevention.  4th  edition,  8vo.  1866. 
Electric  Light : Phoenix  Fire  Office  Rules  for  Electric  Light  Installations.  7th  edition, 
8vo.  1887. 

Fownes,  G.  Manual  of  Elementary  Chemistry,  Theor<  tical  and  Practical.  9th  edition, 
8vo.  1863. 
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Ganot,  A,  Elementary  Treatise  on  Physics.  Translated  by  E.  Atkinson.  9th  edition. 
8 VO.  1863. 

Glynn,  J.  Construction  of  Cranes  and  Machinery  for  Raising  Heavy  Bodies.  12mo 
1849. 

Goslin,  S.  B.  A Review  of  ia.ts  and  Records  in  connection  witli  Kitchen  Boiler 
Explosions,  &c  8vo.  1881. 

Hedges,  K.  Useful  Information  on  Electric  Lighting.  8vo.  1882.  Precautions  to  be 
adopted  on  introducing  the  Electric  Light,  &c.  8vo.  1886. 

Hughes,  S.  Treatise  on  Gas  AVorks  and  Practice  of  Manufacturing  Coal  Gas  &c  8vo. 

1853. 

Humble,  W.  Dictionary  of  Geology  and  Mineralogy.  3rd  edition,  8vo.  1840. 

Keily,  J.  Expansion  of  Structures  by  Heat.  8vo.  1887. 

Lightning-Rod  Conference — Report.  8vo.  1882. 

Lyell,  SirC.  Elements  of  Geology.  5th  edition,  8vo.  1855.  Supplement,  1857. 

Page,  D.  Introductory  Text-Book  of  Geology.  11th  edition,  8vo.  Edinburgh,  1877. 

Advanced  Text-Book  of  Geology;  Descriptive  and  Industrial.  5th  edition,  8vo. 

Edinburgh,  1876. 

Parnell,  A.  The  Action  of  Lightning,  and  the  Means  of  Defending  Life  and  Property 
from  its  Effects.  12mo.  1882. 

Pennethorne,  J.  The  Geometry  and  Optics  of  Ancient  Architecture;  illustrated  by 
examples  from  Thebes,  Athens,  and  Rome.  Folio.  1878. 

Peschel,  C.  F.  Elements  of  Physics.  Translated  by  E.  West.  2nd  edition,  3 vols.  8vo. 

1854. 

Roscoe,  H.  E.  Elementary  Chemistry ; Inorganic  and  Organic.  12mo.  1869. 

Smi  h,  T.  R.  Acoustics  of  Public  Buildings.  12mo.  1861. 

Tomlinson,  C.  Introduction  to  the  Study  of  Natural  Philosophy.  12mo.  1859. 

Tyndall,  J.  Sound;  eight  Lectures.  8vo.  1869.  Heat  as  a Mode  of  Motion.  6lh 
edition,  8vo.  1880.  Light;  six  Lectures.  1873.  2nd  edition,  8vo.  1875. 

Urquhart,  J.  W.,  and  Webb,  F.  C.  Electric  Light;  its  Production  and  Use.  8vo.  1880. 
Webster,  A.  W.  On  the  Principles  of  Sound;  their  Application  in  the  Construction  of 
Public  Buildings.  8vo.  1840. 

AVebster,  T.  Principles  of  Hydrostatics  ; or.  Law  of  Fluids.  3rd  edition.  8vo.  1847. 
Wilkinson,  G.  Practical  Geology  and  Ancient  Architecture  of  Ireland.  8vo.  1845. 
AVilliamson,  A.  W.  Chemistry  for  Students.  8vo.  Oxford,  1868. 

Wilson,  G.  Chemistry,  12mo.  Edinburgh,  I860. 

Wright,  M.  R.  Sound,  Light,  and  Heat.  8vo.  1888. 


XXII.  SANITARY;  VENTILATION;  WARMING. 

Baths  and  Washhouses.  See  Class  lA’’. 

Bernan,  AV.  History  and  Art  of  AVarming  and  A'entilating  Rooms  and  Buildings. 
2 vols.  8vo.  1846. 

Blondel  et  Ser,  L.  Rapport  sur  les  Hopitaux  Civils  de  la  Ville  de  Londres.  4to.  Paris, 
1862. 

Boulnois,  H.  P.  The  Municipal  and  Sanitary  Engineer’s  Handbook.  8vo.  1883. 
Brown,  G.  AVater  Closets.  12mo.  New  York,  1884. 

Experiments  in  Trap  Siphonage.  8vo.  Washington,  1886. 

Buchan,  W.  P.  A Text-Book  to  the  Practice  of  the  Art  and  Craft  of  the  Plumber. 
1876.  4th  edition,  8vo.  1883. 

Buckton,  C.  M.  Our  Dwellings,  Healthy  and  Unhealthy.  8vo.  1885. 

Collins,  H.  H.  Hints  on  Home  Sanitation.  8vo  1881. 

Corfield,  W.  H.  The  Laws  of  Health.  5th  edition,  revised,  12mo.  1887. 

Water  Supply,  Sewerage,  and  Sewage  Utilisation,  iolio.  Chatham,  1874. 

Creswell,  C.  E.  Ventilation  of  Sew'ers  and  Drains,  Folio.  1884. 

Davies,  P.  J.  Standard  Practical  Plumbing  ; a complete  Cyclopaedia.  8vo.  vol.  1.  1887. 
Dempsey,  G.  D.  On  the  Drainage  of  Towns  and  Buildings.  l2mo,  1849. 

Denton,  J.  B.  The  Sewage  Question  ; explaining  the  several  Processes  that  have  been 
adopted  for  the  Treatment  and  Utilisation  of  Sewage.  8vo.  18/ 1. 

Sanitary  Engineering.  8vo.  1877- 

E.  F.  B.  Handbook  of  House  Sanitation.  Now  edition,  8vo.  1882. 

Drysdale,  J.,  and  Hayward,  J.  H.  Health  and  Comfort  in  House  Building ; or,  A entila- 
tion  with  Warm  Air  by  Selfacting  Suction  Power.  8vo.  1872. 

Eassie,  W.  Healthy  Houses;  a Handbook  to  Defects  and  Remedms  of  Drainage,  A en- 
tilation,  AVarming,  and  kindred  subjects.  12mo.  1872.  8vo.  1876.  r 

Edwards,  F.,  jun.  The  A^entilation  of  Dwelling  Houses,  and^  the  Ltilization  of  A^  aste 
Heat  from  Open  Fireplaces.  2nd  edition,  revised,  8vo.  1881. 


1198 


rUELlCATJ ONS  EE LATING 


IClHcp-Clarke,  E.  B.  Further  Remarks  on  Ventilation  of  Sewers.  8vo.  Liverpool,  1878. 

GatlitF,  C.  Improved  Dwellings,  and  their  Effect  on  Health  and  Morals.  8vo.  1875. 

Galton,  D.  On  the  General  Principles  to  be  observed  in  the  Construction  of  Hospitals. 
8vo.  1869. 

Grantham,  E.  F.  The  Se^parate  System  of  Sewerage.  8vo.  1886. 
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GLOSSARY  OF  TERMS 

USED  IN 

AECIIITECTUEE  AND  IN  BUILDING. 


[Note.— Further  explanations,  illustrations,  &c.,  of  many  of  the  terms  herein  vill  be 
obtained  in  the  Encyclopaedia  by  reference  to  the  Index ; and  many  publications  on  the 
subjects  described  will  be  found  in  the  List  prefixed  hereto.] 


A. 

Abaciscus.  A word  sometimes  used  as  synonymous  with  abacus,  but  more  correctly 
applied  to  a square  compartment  enclosing  a part  or  the  entire  pattern  or  design  of  a 
Mosaic  pavement. 

Abacus.  (Gr.  A0a|,  a slab.)  The  upper  member  of  the  capital  of  a column,  and  serving 
as  a crowning  both  to  the  capital  and  to  the  whole  column.  It  is  othenvise  defined  by 
some  as  a square  table,  list,  or  plinth  in  the  upper  part  of  the  capitals  of  column.s, 
especially  of  those  of  the  Corinthian  order,  sendng  instead  of  a drip  or  corona  to  the 
capital,  and  supporting  the  nether  face  of  the  architrave,  and  the  whole  trabeation.  In 
the  Tuscan,  Doric,  and  ancient  Ionic  orders,  it  is  a fiat  square  member,  well  enough 
resembling  the  original  title  ; whence  it  is  called  by  the  French  tailloir,  that  is,  a trencher, 
and  by  the  Italians  credenza.  In  the  richer  orders  it  parts  with  its  original  form,  the 
four  sides  or  faces  of  it  being  arched  or  cut  inwards,  and  ornamented  in  the  middle  of 
each  face  with  a rose  or  other  flower,  a fish’s  tail,  &c. ; and  in  the  Corinthian  and  Com- 
posite orders  it  is  composed  of  an  ovolo,  a fillet,  and  a cavetto.  The  word  is  used  by 
Scamozzi  to  signify  a concave  moulding  in  the  capital  of  the  Tuscan  pedestal. 

Abaton.  (Gr.  A)8aTOj',  an  inaccessible  place).  A building  at  Ehodes,  mentioned  by 
Vitruvius,  lib.  ii.,  entrance  to  which  was  forbidden  to  all  persons,  because  it  contained  a 
trophy  and  two  bronze  statutes  erected  by  Artemisia  in  memory  of  her  triumph  in  sur- 
prising the  city. 

Abattoir.  (Fr.  Abattre,  to  knock  dowm.)  A building  appropriated  to  the  slaughtering 
of  cattle.  All  private  slaughtering-houses,  in  large  towns  at  least,  should  be  abolished, 
and  public  ones,  under  proper  supervision,  established,  as  lately  effected  at  Edinburgh, 
Manchester,  and  a few  other  towns. 

Abbey.  (Fr.  Abbaie.)  Properly  the  building  adjoining  to  or  near  a convent  or  monas- 
tery, for  the  residence  of  the  head  of  the  house  (abbot  or  abbess).  It  is  often  used  for 
the  church  attached  to  the  establishment,  as  also  for  the  buildiags  composing  the  whole 
establishment.  In  such  e-tablishments  the  church  was  usually  grand,  and  splendidly 
decorated.  They  had  a refectory,  which  was  a large  hall  in  which  the  monks  or  nun.s 
had  their  meals  ; a guest  hall,  for  the  reception  and  entertainment  of  visitors  ; a.  parlour 
or  locutory,  where  the  brothers  or  sisters  met  for  conversation  ; a dormitory,  -Awahnonry, 
wherefrom  the  alms  of  the  abbey  w'ere  distributed ; a library  and  museum  ; a prison 
for  the  refractory,  and  cells  for  penance.  The  sanctuary  was  rather  a precinct  than  a 
building,  in  which  offenders  were,  under  conditions,  safe  from  the  operation  of  the  law. 
Granges,  or  farm  buildings,  and  abbatial  residences.  Schools  were  usually  attached  for 
the  education  of  youth,  with  separate  accommodations  for  the  scholars  ; a singing  school. 
A common  room,  with  a fire  in  it,  for  the  brothers  or  sisters  to  warm  themselves,  no 
other  fire  being  allowed,  except  in  the  apartments  of  the  higher  officers.  A mint  lf>r 
coining,  and  a room  called  an  exchequer.  The  abbey  was  always  provided  witli  a 
churchyard,  a garden,  and  a bakehouse.  The  sacristy  contained  the  garments  of  the 
priests,  and  the  vessels,  &c. ; vestiaria  or  wardrobes  being  assigned  for  the  monks. 
Many  of  the  ordinary  duties  of  those  persons  were  performed  in  the  cloisters  where  they 
delivered  their  lectures. 
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AmiEUVOiR.  (Fr.)  In  masonry,  the  joint  between  two  stones,  or  the  interstice  to  be  filled 
up  witli  mortar  or  cement,  when  either  are  to  be  used. 

Absciss,  or  Abscissa.  A geometrical  term,  denoting  a segment  cut  off  from  a straight 
line  by  an  ordinate  to  a curve. 

Absis.  See  Apsis. 

Absorption.  The  penetration  of  a gas  or  liquid  into  any  substance  ; or  the  taking  up  of 
moisture  by  capillary  attraction.  A principle  seriously  affecting  the  durability  of  all  ^ 
building  materials.  The  rapidity  of  absorption  is  not  a criterion  as  to  durability,  but 
the  comparative  durability  of  stones  of  the  same  kind  may  be  tested  by  the  smallness  or 
the  weiglitof  water  which  a given  weight  of  stone  is  capable  of  absorbing.  The  actual 
absorption  of  water  by  bricks  of  various  qualities  has  thus  been  stated; — Malm  place 
brick,  62  ounces  of  water  ; white  Surrey,  68  oz. ; white  seconds,  52  oz.  ; red  facings, 

51  oz. ; pickings,  50  oz. ; stocks,  27  oz.  ; Workman’s  waterproofed,  2 oz.  The  following 
table  of  the  absorbent  powers  of  certain  stones,  when  saturated  under  the  exhausted 
receiver  of  an  air-pump  is  given  in  the  Beport  of  the  Commissioners  on  Building  Stones, 
1839:— 


Sandstones. 

Oolites. 

Ma>{nesian  Limestones. 

i I.imestor.es. 

Craigleith  . 

, 0-143 

Ancaster 

. 0-180 

Bolsover 

. 0-182 

Barnack 

. 0-204 

Heddon 

. O-loG 

B.ith  Box 

. 0-312 

Huddlestone 

. 0-239 

Chihnark 

. 0-053 

Kenton 

, 0-143 

Portland 

. 0-200 

Roach  Abbey 

. 0-248 

Ham-Hill 

. 0 147 

Mansdeld,  red  . 

, 0-151 

Ketton 

. 0-244 

Park  Kook  . 

. 0-249 

The  granites,  though  closely  granulated,  take  up  much  more  than  the  graiiwacke,  but 
less  than  the  sandstones  ; while  the  grauwacke  resists  the  water  four  times  that  of 
granite,  and  thirty-six  times  that  of  Yorkshire  sandstones. 

Abstract.  A term  in  general  use  among  artificers,  surveyors,  &c.  to  signify  the  collect- 
ing together  and  arranging  under  a few  distinct  heads  the  various  small  quantities  of 
different  articles  which  have  been  employed  in  any  work,  and  the  affixing  of  a price  to 
determinate  portions  of  each,  as  per  square,  per  foot,  per  pound,  &c.  for  the  purpose  of 
more  expeditiously  and  conveniently  ascertaining  the  amount. 

Abuse.  A term  applied  to  those  practices  in  architecture  which,  arising  from  a desire 
of  innovation,  and  often  authorised  by  custom,  tend  to  unfix  the  most  established 
principles,  and  to  corrupt  the  best  forms,  by  the  vicious  way  in  which  they  are  used. 
Palladio  has  given  a chapter  on  them  in  his  work.  He  reduces  them  to  four  principal 
ones:  the  first  whereof  is  the  introduction  of  brackets  or  modillions  for  supporting  a 
weight ; the  second,  the  practice  of  breaking  pediments  so  as  to  leave  the  centre  part 
open;  third,  the  great  projection  of  cornices;  and,  fourth,  the  practice  of  rusticating 
columns.  Had  Palladio  lived  to  a later  day,  he  might  have  greatly  increased  his  list 
of  abuses,  as  Perrault  has  done  in  the  following  list ; — the  first  is  that  of  allowing 
columns  and  pilasters  to  penetrate  one  another,  or  be  conjoined  at  the  angles  of  a 
building.  The  second  that  of  coupling  columns,  which  Perrault  himself  in  the  Louvre 
has  made  almost  excusable  ; the  third,  that  of  enlarging  the  metopie  in  the  Doric  order, 
for  the  purpose  of  accommodating  them  to  the  intercolumniations  ; the  fourth,  that  of 
leaving  out  the  inferior  part  of  the  tailloir  in  the  modern  Ionic  capital ; the  fifth,  that 
of  running  up  an  order  through  two  or  three  stories,  instead  of  decorating  each  story 
with  its  own  order ; the  sixth,  that  of  joining,  contrary  to  the  practice  of  the  ancients, 
the  plinth  of  the  column  to  the  cornice  of  the  pedestal,  by  means  of  an  inverted  cavetto ; 
the  seventh,  the  use  of  architrave  cornices  ; the  eighth,  that  of  breaking  the  entablature 
of  an  ffrder  over  a column,  &c.,  &c.  i 

Abutment.  The  solid  part  of  a pier  from  which  an  arch  immediately  springs.  Abut- 
ments are  artificial  or  natural : the  former  are  usually  formed  of  masonry  or  brickwork,  1 
and  the  latter  are  the  rock  or  other  solid  materials  on  the  banks  of  the  river,  in  the  case  I 
of  a bridge,  which  receive  the  foot  of  the  arch.  It  is  obvious  that  they  should  be  of  | 
sufficient  solidity  and  strength  to  resist  the  thrust  of  the  arch. 

Abuttals.  The  buttings  or  boundings  of  land. 

Acanthus.  (AKavdos,  a spine.)  A spiny  herbaceous  plant  found  in  various  parts  of  the 
Levant.  Its  leaf  is  said  by  Vitruvius  to  have  been  the  model  on  which  the  Grecian 
architects  formed  the  leaves  of  the  Corinthian  capital. 

Acer.  A genus  of  trees  comprehending  the  maple  and  sycamore,  the  wood  of  which  is  not 
of  much  value.  That  of  the  acer  campestre  furnishes  the  cabinet  makers  with  what 
they  call  bird’s-eye  maple. 

Access.  See  Passage  ; also  Adit. 

Accidental  Point.  In  perspective,  the  point  in  which  a straight  line- drawn  from  the 
eye  parallel  to  another  straight  line  cuts  the  perspective  plane.  It  is  the  point  wherein 
the  representations  of  all  straight  lines  parallel  to  the  original  straight  line  concur 
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^ V ^vhen  protLiced.  Its  name  is  adopted  to  distinguish  it  from  tlie  principal  point  or  point 
a of  view.  ‘■ 

^ Acoustics.  (Gr.  Akovo},  to  liear.)  Tlie  doctrine  or  tlieory  of  sounds,  as  applicable  to 
buildings.  See  Theatuks,  book  iii.,  chap,  v.,  and  Cuuuches  in  the  same  book  Tlie 
subject  IS  one  presenting  groat  difficulty.  The  statements  of  various  professors,  and  a 
comparison  of  buildings  themselves,  have  been  collected  in  a work  by  .Mr.’  T.  K 
Smith.  It  Avas  stated  by  Professor  Lewis,  at  a lecture  given  in  186U65,  that  in  con- 
sulting one  of  the,  most  eminent  Scottish  philosophers  respecting  the  plan  for  a church 
the  reply  was,  that  in  his  opinion  the  principle  adopted  would  most  probably  answer  ; 
but  he  added  that  he  had  studied  acoustics  probably  as  much  as  any  man,  and  the 
cnncliusion  he  arrived  at  was  that  in  applying  theory  to  actual  practice  he  knew  nothing 
about  it,  and  he  beliei'ed  nobody  else  knew  more, 
i Acropolis.  (Gr.  A/cpos  and  HoAis,  city.)  The  upper  towm  or  citadel  of  a Grecian  city, 
usually  the  site  of  the  original  settlement,  and  chosen  by  the  colonists  for  its  natural 


Fig.  1361.  Tlie  Acropolis  at  .Atliens. 


strength.  The  most  celebrated  were  those  at  Athens,  Corinth,  and  Ithome ; the  two 
latter  were  called  the  horns  of  the  Peloponnesus,  as  though  their  possession  could 
secure  the  submission  of  the  whole  peninsula. 

Acroteria.  (Gr.  AKpcor-npiov,  the  extremity  of  anything.)  The  pedestals,  often  without 
base  or  cornice,  placed  on  the  centre  and  sides  of  pediments  for  the  reception  of  figures. 
^’itruvius  says  that  the  lateral  acroteria  ought  to  be  half  the  height  of  the  tympanum, 
and  the  apex  acroterium  should  be  an  eighth  part  more.  No  regular  proportion,  how- 
ever, is  observable  in  Grecian  buildirgs. 

The  word  acroterium  is  applied  to  the  ridge  of  a building  ; it  has  also  been  used  to 
signify  the  statues  on  the  pedestals ; but  it  is  only  to  these  latter  that  it  is  strictly 
applicable.  The  Avord  has,  moreover,  been  given  to  the  small  pieces  of  Avail  in  balus- 
trades, between  the  pedestal  and  the  balusters,  and  again  to  the  pinnacles  or  other 
ornaments  which  stand  in  ranges  on  the  horizontal  copings  or  parapets  of  buildings, 
f Acute  Angle.  A term  used  in  geometry  to  denote  an  angle  less  than  90°,  that  is,  less 
I than  a right  angle. 

I Acute-angled  Triangle.  A triangle  haA’ing  all  its  angles  acute.  Every  tx-iangle  has  at 
least  tAvo  acute  angles. 

« Adhesion.  (Lat.  Adhaereo.)  A term  in  physics  denoting  the  force  with  which  different 
I bodies  remain  attached  to  each  other  when  brought  into  contact.  It  must  not  be  con- 
j founded  Avith  cohesion,  which  is  the  force  that  unites  the  particles  of  a homogeneous 

I body  with  each  other.  The  folloAAnng  is  an  account  of  some  experiments  recorded  in  the 

1 j'echnical  Eepository  for  1824  : — * The  insertion  of  a nail  is  accomplished  by  destroying 

I the  cohesion  of  the  Avood,  its  extraction  by  overcoming  the  force  of  adhesion  and  fnc- 

tion.  We  Avill  consider  it  here  solely  as  a case  of  adhesion.  line  sprigs,  of  whicli 
4560  Aveighed  one  pound,  — of  an  inch  long,  forced  four-tenths  of  an  inch  into  dry 
ii  Christiania  deals  at  right  angles  to  the  fibre,  required  a force  of  22  lbs.  to  extract  them. 

II  The  same  description  of  nail  having  3200  in  the  pound,  ^ of  an  inch  long,^  and  torcid 

' foo  of  an  inch  into  the  same  kind  of  wood,  required  37  lbs.  to  extract  it.  riireepenny 

brads,  618  to  the  pound  w'eight,  one  and  a quarter  inch  long,  forced  half  an  incli  into 
the  wood,  required  a force  of  58  lbs.  to  draw  them  out.  liA'epcnny  nails,  139  to  the 
pound  Aveight,  tAA'o  inches  long,  and  forced  one  inch  and  a half  into  the  wood,  required  a 
force  of  320  lbs.  to  extract  them.  Sixpenny  nails,  73  to  the  pound,  tAvo  inches 
I half  long,  and  forced  one  inch  into  the  Avood,  required  187  lbs.  to  extract  them.  1 he 
same  kind  of  nail  forced  eiit?  inch  and  a half  into  the  AA'ood  required  327  lbs.  to  (.rau  tt 
! 4 11  2 
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out;  and  one  forced  two  inches  into  the  wood  required  530  Ihs.  to  extract  it.  In  this 
last  experiment  the  nail  was  forced  into  the  wood  by  a hammer  of  cast-iron  weighing 
6'275  lbs.  falling  from  a height  of  twelve  inches,  four  blows  of  which  were  necessary  to 
force  the  nail  an  inch  and  a half  into  the  wood.  It  required  a pressure  of  400  lbs.  to 
force  the  nail  to  the  same  depth.  A.  sixpenny  nail  driven  one  inch  into  dry  elm  across 
the  grain  or  fibres  required  327  lbs.  to  draw  it  out  by  direct  force  ; driven  endwise  into 
dry  elm,  or  parallel  with  the  grain,  it  required  only  257  lbs.  to  extract  it.  The  same 
sort  of  nail  driven  into  dry  Christiania  deal  was  extracted  by  a force  equal  to  257  lbs., 
and  by  one  of  87  lbs.  from  a depth  of  an  inch.  The  adhesion,  therefore,  of  a nail  driven 
into  elm  across  the  grain,  or  at  right  angles  to  the  fibres  of  the  wood,  is  greater  than 
when  it  is  driven  with  the  grain,  or  parallel  with  the  fibres,  in  the  proportion  of  100  to 
78,  or  4 to  3.  And  under  the  same  circumstances,  in  dry  Christiania  deal,  as  100  to  46, 
or  nearly  2 to  1.  The  comparative  adhesion  of  nails  in  elm  and  deal  is  between  2 and 
3 to  1.  To  extract  a sixpenny  nail  driven  one  inch  into  green  sycamore  required  312  lbs. ; 
from  dry  oak,  507  lbs. ; and  from  dry  beech,  667  lbs.  A common  screw  of  one-fifth  of 
an  inch  had  an  adhesion  about  three  times  as  great  as  that  of  a sixpenny  naii.  A 
common  sixpenny  nail  driven  two  inches  in  dry  oak  would  require  more  than  half  a ton 
to  extract  it  by  pressure.’ 

Adit  (Lat.  Adeo),  or  Aditus.  The  approach  or  entrance  to  a building,  &c.  Among 
the  ancients  the  aditus  theatri,  or  adits  of  a theatre,  were  doorways  opening  on  to  the 
stairs,  by  which  persons  entered  the  theatre  from  the  owtev portico,  and  thence  descended  i 
into  the  seats.  Upon  the  same  principle  were  the  adits  of  a circus. 

Adjacent  Angle,  in  geometry,  is  an  angle  immediately  contiguous  to  another,  so  that  one 
side  is  common  to  both  angles.  This  expression  is  more  particularly  applied  to  denote 
that  the  two  angles  have  not  only  one  side  in  common,  but  likewise  that  the  other  two 
sides  form  one  straight  line. 

Adytum.  (Gr.  A^vroy,  a recess.)  The  secret  dark  chamber  in  a temple  to  which  none 
but  the  priests  had  access,  and  from  which  the  oracles  were  delivered.  Seneca,  in  his 
tragedy  of  Thyestes  says  — 

“ Hinc  orantibus  ( 

Responsa  dantur  certa,  dum  ingenti  sono  i 

Laxantur  adyto  fata.” 

Among  the  Egyptians  the  secos  was  the  same  thing,  and  is  described  by  Strabo.  The 

' only  well-preserved  ancient  adytum  that  has  come  to  our  knowledge  is  in  the  little 
temple  at  Pompeii;  it  is  raised  some  steps  above  the  level  of  the  temple  itself,  and  is 
without  light. 

ADZE  or  Addice.  An  edged  tool  used  to  chip  surfaces  in  a horizontal  direction,  the  ' 
axe  being  employed  to  chop  materials  in  vertical  positions.  The  blade,  which  is  of 
iron,  forms  a small  portion  of  a cylindric  surface,  in  both  its  sides,  and  has  a wooden 
handle  fixed  into  a socket  at  one  of  its  extremities,  in  a,  radial  direction,  while  the  other 
extremity,  parallel  to  the  axis  of  the  cylinder,  and  therefore  at  right  angles  to  the  handle 
is  edged  with  steel,  and  ground  sharp  from  the  concave  side.  The  adze  is  chiefly  em- 
ployed for  taking  off  thin  chips  from  timber  or  boards,  and  for  paring  away  irregulari- 
ties at  which  the  axe  cannot  come.  It  is  also  usfd  in  most  joinings  of  carpentry, 
particularly  when  notched  one  upon  another,  scarfiegs,  thicknesses  of  flooring  boards 
opposite  to  the  joists,  &c. 

Aerial  Perspective.  The  relative  apparent  recession  of  objects  from  the  foreground 
owing  to  the  quantity  of  air  interposed  between  them  and  the  spectator.  It  accompanies 
the  recession  of  the  perspective  lines. 

iEsTHETics.  (Gr.  Aiadr\TiKos,  having  the  power  of  perception  by  means  of  the  senses.)  It 
is  in  the  fine  arts  that  science  which  derives  the  first  principles  from  the  effect  which 
certain  combinations  have  on  the  mind  as  connected  with  nature  and  right  reason.  See 
pp.  795  and  922. 

jEtiaioi.  (Gr.  Aeroy,  an  eagle.)  The  name  given  by  the  Greek  architects  to  the  slabs 
forming  the  face  of  the  tympanum  of  a pediment.  This  word  occurs  in  the  Athenian 
inscription,  now  in  the  British  Museum,  brought  to  England  by  Dr.  Chandler,  and 
relating  to  the  survey  of  some  temple  at  Athens. 

JEtoma,  or  .dilTOS.  (Gr.  Aeros.)  A name  given  by  the  Greek  architects  to  the  tympanum 
of  a pediment.  It  seems  derived  from  the  custom  of  decorating  the  apex  or  ridge  of  the 
roof  with  figures  of  eagles,  and  that  the  name  thence  first  given  to  the  ridge  was  after- 
wanls  transferred  to  the  pediment  itself. 

Air  Drains,  or  Dry  Areas.  Cavities  between  the  external  walls  of  a building  protected 
by  a wall  towards  the  earth,  which  is  thus  prevented  from  lying  against  the  said  walls 
and  creating  damp.  They  may  be  made  with  the  walls  battering  against  the  ground,  and 
covered  over  with  paving  stones,  or  with  their  walls  nearly  perpendicular,  and  arched 
on  the  top.  This  covering  should  be  above  the  ground,  and  sloped  to  throw  off  the 
wet.  The  bottoms  should  be  paved,  and  the  areas  should  be  well  ventilated. 
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Aik  Holes.  Holes  made  for  admitting  ^ir  to  ventilate  apartments : also  for  introducing-- 
it  among  the  timbers  of  floors  and  roofs  for  the  prevention  or  destruction  of  the  dry  rot. 

Air  Trap.  A trap  formed  so  as  to  prevent  foul  air  from  rising  from  sowers  or  drains 

into  the  atmosphere.  There  are  various  sorts,  all  depending  upon  a certain  amount  of 
water  in  them. 

Aisle,  or  Aile.  (Lat.  Ala.)  A term  chiefly  used  by  the  English  architect  to  signify 
the  side  subdivisions  in  a church,  usually  separated  from  the  nave  or  centre  division 
by  pillars  or  columns.  Among  different  nations,  as  applied  to  architecture,  it  bears 
different  significations.  Strabo  states  that  among  the  Egyptians  the  aUe  of  the 

temple  were  the  two  walls  that  enclosed  the  two  sides  of  the  pronaos,  and  of  the 

same  height  as  the  temple  itself.  The  walls,  lie  observes,  from  above  ground,  were  a 
little  further  apart  than  the  foundations  of  the  temple,  but  as  they  rose,  were  built 
wdth  an  inclination  to  each  other.  The  passage,  however,  is  not  clearly  to  be  under- 
stood. 

Ill  Gothic,  as  well  as  in  many  modern,  churches,  the  breadth  of  the  church  is 
divided  into  three  or  five  parts,  by  two  or  by  four  rows  of  pillars  running  parallel 

to  the  sides ; and  as  one  or  other  is  the  case,  the  church  is  said  to  be  a three- 

aisled  or  five-aisled  fabric.^  The  middle  aisle  is  called  the  nave  or  chief  aisle, 

and  the  penthouse,  which  joins  to  each  side  of  the  main  structure  containing 

the  aisles,  is  called  a wing.  St.  Mary’s,  Taunton;  Chichester  Cathedral  ; St.  Helen’s^ 
Abingdon  ; and  Elgin  Cathedral,  perhaps  comprise  all  the  five-aisled  churches 
in  Great  Britain,  except  a building  at  the  west  end  of  the  cathedral  at  Durham.  On 
the  Continent  there  are  many  such  buildings,  among  which  is  the  cathedral  at  Milan. 
It  is  somewhat  remarkable  that  in  Westminster  Abbey  and  in  Redcliff  Church 
at  Bristol  the  aisles  are  continued  on  each  side  of  the  transept,  and  in  Salisbury 
Cathedral  on  one  side  only,  a circumstance  not  met  with  in  any  other  churches  in  this 
country. 

Ajutage.  (Fr.)  Part  of  the  apparatus  of  an  artificial  fountain,  being  a sort  of  jet  <Teau, 
or  kind  of  tube  fitted  to  the  mouth  or  aperture  of  a vessel,  through  which  the  water  is 
to  be  played,  and  by  it  determined  into  the  form  to  be  given  to  it. 

Alabaster.  A white  semi-transparent  variety  of  gypsum  or  sulphate  of  lime,  a mineral 
of  common  occurrence,  and  used  for  ornamental  purposes,  as  screen  Avork,  and  for  sculp- 
ture. It  was  much  used  formerly  for  monuments  in  churches  and  the  like,  and  has  been 
re-introduced  of  late  years  for  similar  purposes. 

Albarium  Opus.  (Lat.)  In  ancient  Roman  architecture  a term  imagined  by  some  to 
haA'e  been  nothing  more  than  a species  of  whitewash  applied  to  walls,  but,  as  Ave  think, 
incorrectly.  In  the  passage  of  the  tenth  chapter  of  the  fifth  book  of  Vitruvius,  where 
he  recommends  the  use  of  the  albarium  opus  for  the  ceilings  of  baths,  he  alloAvs  tcctorium 
opus  as  a substitute ; so  perhaps  it  was  a species  of  stucco.  Ifs  employment  at  the 
baths  of  Agrippa,  seems  to  prove  it  to  have  been  superior  to  the  other,  and  it  is  by  no 
- means  improbable  that  it  was  susceptible  of  a high  polish. 

Alcove.  A wdde  and  deep  recess  in  a room.  That  part  of  a sleeping  chamber  Avherein 
' the  bed  is  placed.  The  use  of  alcoves,  though  not  by  that  name,  is  ancient.  They 
were  frequently  designed  in  the  form  of  a niche  ; such,  for  instance,  as  those  that 
Winkelman  notices  at  Hadrian’s  villa  at  TiAmli,  of  w'hich  sort  are  some  at  Pompeii. 
They  were  often  formed  by  enclosures  or  balustrades,  of  various  heights,  and  by  means 
of  draperies  the  alcove  was  separated  from  the  large  chamber  of  Avhicli  it  Avas  a part. 

, Some  idea  may  be  formed  of  it  from  many  of  the  ancient  bassi  relievi,  especially  troiu 
the  celebrated  one  known  by  the  name  of  the  Nozze  Aldobrandini.  In  modern  Avorks 
this  part  of  a room  differs  according  to  the  rank  and  taste  of  the  proprietor.  In  Eng- 
land it  is  rarely  introduced,  but  in  France  and  Italy  it  often  forms  a beautiful  feature 
in  the  sleeping  apartments  of  palaces  and  large  houses. 

Alder.  (Ang.  Sax.  Ellarn.)  A tree  belonging  to  the  order  Betulacege.  It  is  used  for 
piling  and  any  similar  work  under  water. 

Aieatorium.  In  ancient  Roman  architecture,  a room  in  Avhich  games  at  dice  Avere 
played. 

Alipterion.  In  ancient  Roman  architecture,  a room  used  by  the  bathers  for  anointing 
themselves. 

Aleoranes.  In  Eastern  architecture,  high  slender  tOAvers  attached  to  mosques,  and 
surrounded  Avith  balconies,  in  which  the  priests  recite  aloud  at  stated  times  prayers 
from  the  Koran,  and  announce  the  hours  of  deA’otion  to  worshippers.  I hey  much 
■ embellish  the  mosques,  and  are  often  A'ery  fantastical  in  form.  Ihey  are  also  called 
Minarets. 

Alley.  (Fr.  Allee.)  An  aisle,  or  any  part  of  a church  left  open  for  access  to  another 
' part.  In  towns,  a passage  narrower  than  a lane.  An  enclosed  AA-alk  in  a garden. 
Almery  or  Aumbryb.  A recess  or  cupboard  for  holding  the  sacred  vessels,  &c.,  used  lu 
the  mass.  An  example,  dating  circa  1200,  is  seen  in  Lincoln  Cathedral. 
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Almoxry.  Properly  a closet  or  repository  for  the  reception  of  broken  victuals  set  apart 
as  alms  for  the  poor.  It  is  more  generally  used  to  denote  a house  near  the  church  in 
abbeys,  or  at  their  gates,  provided  with  various  offices  for  distributing  the  alms  of 
the  convent,  and  for  tho  dwelling  of  the  almoner. 

Ai.mshouse.  a house  devoted  to  the  reception  and  support  of  poor  persons,  aad  generally 
endowed  for  a particular  description  of  persons. 
i.TAR.  The  name  given  to  a flat  stone  found  in  Celtic  erections. 

i.TAR.  (Lat.  Altare.)  A sort  of  pedestal  whereon  sacrifice  was  offered.  According  to 
Servius  there  was  among  the  ancients  a difference  between  the  ara  and  altare,  the  latter 
being  raised  upon  a substruction,  and  used  only  in  the  service  of  the  celestial  and 
superior  divinities,  whereas  the  former  was  merely  on  the  ground,  and  appropriated  to 
the  service  of  the  terrestrial  gods.  Altars  to  the  infernal  gods  were  made  by  excavation, 
and  termed  scrohiculi.  Some  authors  have  maintained  that  the  ara  was  the  altar  before 
which  prayers  were  uttered,  and  that  the  altare  was  used  for  sacrifices  only.  There  is, 
however,  from  ancient  authors  no  appearance  of  such  distinctions,  but  that  the  words 
were  used  indiscriminately.  The  earliest  altars  were  square  polished  stones,  on  which 
were  placed  the  offerings  to  the  gods.  Whilst  the  sacrifice  con.sisted  only  of  libations, 
perfumes,  and  offerings  of  that  nature,  the  altar  was  small,  and  even  portable  ; when 
man,  however,  began  to  consider  he  was  honouring  the  divinity  by  an  offering  of  blood, 
the  altar  necessarily  expanded  in  dimensions.  Different  forms  of  it  were  adopted, 
.according  to  the  nature  of  the  sacrifice,  and  on  it  the  throat  of  the  victim  was  cut  and 
tlie  flesh  burnt.  Of  this  sort  is  the  circular  altar  of  the  Villa  Pamphili  at  Rome,  one  of 
the  largest  and  most  elegant  of  the  class.  On  it  appears  the  cavity  for  holding  the  fire, 
and  the  grooves  for  carrying  off  the  blood.  The  varieties  of  altars  were  suitable  in 
form,  ornament,  and  situation  to  the  service  to  which  they  were  appropriated ; some, 
as  we  have  already  observed,  being  for  sacrifices  of  blood,  others  for  receiving  offerings 
and  the  sacred  vessels ; some  for  burning  incense,  others  for  receiving  libations.  Many 
were  set  up  as  mere  monuments  of  the  piety  of  a devotee,  whilst  others  were  raised  to 
perpetuate  some  great  event.  They  served  for  adjuration  as  well  as  for  an  asylum  to 
the  unfortunate  and  evil  doer.  In  form  they  varied  from  square  to  oblong,  and  from 
tri  ingular  to  circular.  Those  of  metal  were  commonly  tripodial.  When  of  brick  or 
stone  their  plan  is  generally  square.  According  to  Pausani'as  they  were  occasionally 
made  of  wood.  They  do  not  appear  to  have  been  of  any  regular  standard  height,  for 
they  are  sometimes  found  on  bassi  relievi  reaching  but  little  above  a man’s  knee, 
whereas  in  others  they  appear  to  reach  his  middle;  but  it  seems  that  in  proportion 
to  its  diameter  the  circular  altar  was  generally  the  highest.  Vitruvius  says  that  they 
should  not  be  so  high  as  to  intercept  the  statues  of  the  gods,  and  he  gives  the  relative 
lieights  of  those  used  for  different  divinities.  Thus,  he  says,  those  of  Jupiter  and  the 
celestial  gods  are  to  be  tlie  highest;  next,  those  of  Vesta  and  the  terrestrial  gods; 
those  of  the  sea  gods  are  to  be  a little  lower,  and  so  on.  On  festivals  they  were  deco- 
rated with  such  flowers  and  leaves  as  were  sacred  to  the  particular  divinity.  But  be- 
sides this  casual  decoration,  the  ancient  altars  furnish  us  with  some  of  the  most  elegant 
bassi  relievi  and  foliage  ornaments  that  are  known.  According  to  Vitruvius,  their 
fronts  were  directed  towards  the  east,  though  very  frequently  but  little  regard  was  paid 
to  their  position,  as  they  were  occasionally  placed  under  the  peristyle  of  a temple,  and 
not  unfrequently  in  the  open  air.  In  the  larger  temples  were  often  three  different 
altars.  The  first  was  in  the  most  sacred  part,  in  front  of  the  statue  of  the  god ; the 
second  before  the  door  of  the  temple  ; and  the  third  (called  anclabris)  was  portable, 
and  on  it  the  offerings  and  sacred  vessels  were  placed. 

The  altars  of  the  Catholic  church  are  either  attached  or  isolated-  The  former  generally 
stand  against  a wall,  and  are  so  decorated  as  to  appear  quite  independent  of  it.  The 
decorations  are  either  of  painting  or  sculpture,  or  both.  The  isolated  altar  has  no 
sort  of  connection  with  any  part  either  of  the  building  or  of  its  decorations.  The  high 
altar  is  always  isolated,  whether  placed  at  the  end  of  the  church  or  in  its  centre,  as  in  the 
w'ell-known  example  in  St.  Peter’s  at  Rome.  Whatever  the  situation  of  the  high  altar,  it 
should  be  grand  and  simple,  and  raised  on  a platform  with  steps  on  every  side.  The  holy 
table  of  the  Protestant  churches  of  England  was  generally  of  wood,  but  some  of  stone 
(but  not  affixed)  have  been  put  up  of  late  years  ; they  are  usually  covered  with  a cloth 
more  or  less  decorated.  Above  it  is  the  Reredos. 

The  altars  of  the  Greek  church,  though  in  other  respects  the  religion  vies  in  splendour 
with  the  Romish  church,  are  destitute  of  painted  or  sculptured  ornament.  In  Calvinistic 
churches  the  name  as  well  as  the  uses  of  an  altar  are  unknown  either  as  an  appendage 
or  a decoration. 

i-TAR  Pie:ce.  The  entire  decorations  of  an  altar.  See  Reredos. 

i-TAR  Screen.  The  back  of  an  altar,  or  the  partition  by  which  the  choir  is  separated 
from  the  presbytery  and  Lady  chapel.  The  date  of  its  introduction  into  English  churches 
we  believe  to  have  been  about  the  close  of  the  thirteenth  century.  It  is  generally  of 
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Ktone,  and  composed  of  the  richest  tabernaclo  Avork,  of  niches  finiaN  ami  i.e  ie^t  d • 
supporting  statues  of  the  tutelary  saiints.  Those  to  the  high  altar’s  of  AVh’.ches.l  r' ( *atU- 
dral,  of  fct.  Alban  «Abbey,  mul  of  x\ew  College  at  Oxford,  are  fine  examples.  .Many  were 
destroyed  at  the  Eeformation,  or  filled  up  with  plaster  and  covered  with  wainHa.t 
In  many  altar-screens  a door  was  placed  on  each  side  of  the  altar  for  the  ortu  iatim.^ 
priests,  whose  vestments  were  deposited  in  an  apartment  behind  the  screen. 

Ai.tar  Tomb.  A tomb  of  a square  box-like  form,  raised  some  3. to  G feet  in  height  above 
the  grouiKl.  On  it  is  usually  seen  a sculptured  recumbent  representation  of  the  deceased 
Ihese  elhgies  are  often  placed  under  an  arch,  sometimes  richly  canopied. 

Alto  Relievo.  See  Relievo.  ^ 

Ai.ube  a gutter,  passage  or  gallery,  as  on  the  top  of  a wall  or  building,  being  one  in 
which  a person  could  walk.  Lydgate  used  the  woid  for  covered  walks  in  the  stm-ts 
Ambitus.  A space  which  surrounded  a tomb,  and  was  held  sacred.  In  descriptions  of 
subterranean  tombs,  it  denoted  a small  niche  made  in  the  wall  for  the  reception  of  an 
urn  or  body.  When  the  corpse  was  placed  in  it,  to  the  mouth  of  the  niche  a slab  was 
fixed,  so  fitted  and  cemented  as  to  prevent  noisome  effluvia.  The  slabs  were  sometimes 
inscribed  with  the  name  and  quality  of  the  paity.  If  they  received  an  urn,  either  upon 
that  or  over  the  niche  the  inscription  was  placed.  Much  decoration  Avas  occasionally 
used  in  the  recesses  themselves.  ^ 


Ambo.  (Or.  Afi^wv.)  _ The  elevated  place  or  pulpit  in  the  early  Christian  churches,  which, 
according  to  Ciaiiipini,  fell  into  disuse  about  the  beginning  of  the  fourteenth  centurv! 
The  last  erected  ambo  in  Rome  is  supposed  to  have  been  that  of  S.  Pancrazio,  on  whicli 
appears  the  date  of  1249.  It  was  an  oblong  enclosure,  with  steps  usually  at  the  tAvo 
ends.  Tw'o  ambones  are  described  by  Eustace  in  the  cathedral  at  Salerno.  They  are 
placed  on  each  side  of  the  naAm  before  the  steps  of  the  chancel,  and  are  both  of 
marble,  the  largest  being  covered  Avith  mosaic  Avork  and  supported  by  twelve  Corinthian 
granite  columns. 

Ambrey.  See  Aumbrye. 

Ambulatio.  (Lat.)  See  Pteroma. 

Ambulatory.  (Lat.)  A sheltered  place  for  exercise  in  walking  ; a cloister;  a gallery. 

A-Aifhiprostyle.  (Gr.  Ag</)i,  both  or  double,  irpo,  before,  <ttv\os,  a column.)  A term"ap- 
plied  to  a temple  having  a portico  or  porch  in  the  rear  as  well  as  in  the  front,  but  Avith- 
out  columns  at  the  sides.  This  species  of  temp'e  never  exceeded  the  use  of  four  columns 
in  the  front  and  four  in  the  rear.  It  differed  from  the  temple  in  aJids,  in  having 
columns  instead  of  antse  at  the  angles  of  the  portico.  Such  Avas  the  temple  of  Riko 
Apteros  at  Athens.  See  Temple. 

Amphitheatre.  (Gr.  Au(pi,  about,  and  e^arpov,  a theatre.)  An  edifice  formed  by  the  junc- 
tion of  two  theatres  at  the  proscenium,  so  as  to  have  seats  all  round  the  periphery,  a 
contrivance  by  which  all  the  spectators  being  ranged  about  on  seats  rising  the  one  above 
the  other,  saAV  equally  Avell  Avhat  passed  on  the  arena  or  space  enclosed  by  the  loAvest 
range  of  seats,  Avhose  wall  towards  the  arena  AV'as  called  ihe.  p(.dium.  The  oriuin  of  the 
amphitheatre  seems  to  have  been  among  the  Etruscans,  to  Avhom  also  are  attributed  the 
first  exhibitions  of  gladiatorial  fights.  It  was  from  this  people  that  the  Romans 
acquired  a taste  for  such  show's,  Avhich  they  communicated  to  every  nation  Avhich  became 
subject  to  their  dominion.  Athenaeus  says,  “Romani  ubi  primum  ludos  facere  ccepe- 
runt,  huic  asciti  artifices  ab  Etruscis  civitatibus  fuerunt,  seroautem  ludi  omnes  qui  nunc 
a Romanis  celebrari  solent  sunt  instituti.”  Lib.  iv.  c.  17-  The  most  extraordinary 
edifice  remaining  in  Rome,  we  may  indeed  say  in  the  Avorld,  is  the  amphitheatre  gene- 
rally called  the  Coliseum.  It  Avas  commenced  by  Vespasian,  and  completed  by  Titus  Jiis 
son.  Words  are  inadequate  to  convey  a satisfactory  idea  of  its  stupendous  and  gigantic 
dimensions.  Ammianus  says  that  it  was  painful  to  the  eye  to  scan  its  summit  ; “ad 
cujus  summitatem  segre  visio  humana  conscendit.”  Martial,  in  one  of  his  epigrams 


says, 


“Omnis  Csesareo  cedat  labor  ampbitheatro, 
mim  pro  cunctis  fama  loquatnr  opus.” 


The  greater  axis  of  the  ellipsis  on  which  it  is  planned  is  about  627  feet,  and  the  les.ser 
620  feet,  the  height  of  the  outer  wall  about  166  feet,  such  Avail  being  decorated  by  the 
Doric,  Ionic,  and  Corinthian  Orders,  and  pierced  with  arcades  between  the  columns. 
Covering  firm  English  acres  and  a quarter,  it  was  capable  of  containing  the  vast 
number  of  87,000  persons.  It  has  suffered  much  from  having  been  used  actually  as  a 
quarry  for  many  of  the  modern  edifices  of  the  city;  but  in  the  present  day  its  pre- 
servation is  strictly  attended  to  by  the  papal  goA'ernment.  A description  of  this  building 
has  been  given  in  p.  94  et  seq.  Besides  the  Coliseum,  there  Avere  three  other  amphi- 
theatres in  Rome ; the  Amphitheatrum  Castrense,  on  the  Esquihne,  built  prokably  by 
Tiberius;  that  of  Statilius  Taurus,  and  that  built  by  Trajan  in  the  Campiiis  Martins. 
The  other  principal  amphitheatres  Avere  those  of  Otricoli;  on  the  Garighano,  of  buck  , 
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Puzzuoli,  Capua,  Verona,  at  the  foot  of  Monte  Casino,  Psestum,  Syracuse,  Agrigentum, 
Catanea,  Argos,  Corinth,  Pola  inistria  (see^y.  1362,),  Hipellaiu  Spain,  Nismes,  Arles, 
Prejus,  Saintes,  and 
Autun.  This  last  has 
four  stories,  in  that  re- 
spect like  the  Coliseum. 

That  which  remains  in 
the  most  perfect  condi- 
tion is  at  Verona;  its 
ago  lias  not  been  accu- 
rately determined,  some 
placing  it  in  the  age 
of  Augustus,  and  others 
in  that  of  Maximian ; of 
these,  MafFei  thinks  the 
first  date  too  early,  and 
the  latter  too  late.  The 
silence  of  Pliny  upon  it,  seems  to  place  it  after  the  time  of  his  writing.  In  the  reign  of 
Gallienus,  it  was  not  only  built,  but  began  to  suffer  from  dilapidation,  for  many  of  the 
stones  belonging  to  it  are  found  in  the  walls  of  Verona,  which  walls  were  erected  in  the 
time  of  that  emperor  Many  of  these  were  keystones,  and  the  numbers  cut  upon  them 
still  remain.  Prom  the  silence  of  authors  that  it  was  the  work  of  any  of  the  emperors, 
it  seems  probable  that,  like  that  at  Capua,  it  was  erected  at  the  expense  of  the  citizens. 
The  length  is  about  514  feet,  and  the  breadth  about  410  ; the  long  diameter  of  the  arena 
242  feet,  the  short  diameter  147  feet.  The  audience  part  or  visorium  contained  forty- 
seven  tiers  of  seats,  and  the  building  was  , capable  of  containing  about  22,000  seated 
spectators.  In  the  profile  of  the  walls  of  this  amphitheatre  the  diminution  in  thickness 
upwards  is  made  on  the  inside,  which  is  also  the  case  in  that  at  Pola.  In  the  Coliseum 
the  diminution  is  on  the  outside.  The  amphitheatre  at  Nismes  contained  about  17,000 
persons,  and  was  about  400  feet  in  length  and  320  feet  in  breadth. 

The  first  amphitheatres,  as  w'e  learn  from  Pliny,  were  constructed  of  wood,  and  usually 
placed  in  the  Campus  Martius,  or  in  some  place  out  of  the  city.  Accidents  occurring 
from  their  insecurity,  they  were  abandoned  for  the  more  substantial  species  of  fabric 
of  which  we  have  been  speaking.  The  first  person  who  is  said  to  have  erected  an  amphi- 
theatre in  Rome  was  Caius  Scribonius  Curio,  on  the  occasion  of  the  games  he  gave  to 
the  people  at  the  funeral  obsequies  of  his  father.  Determined  to  surpass  all  that  had 
hitherto  been  seen,  he  constructed  two  theatres  of  wood,  back  to  back,  which,  after  the 
theatrical  representations  had  been  finished,  were  turned  round  with  the  spectators  in 
them,  leaving  the  stages  and  scenery  behind.  By  their  opposite  junction,  they  formed 
a perfect  amphitheatre,  in  which  tlie  people  were  gratified  with  a show  of  gladiators. 

The  part  in  which  the  gladiators  fought  was  called  the  arena,  from  being  usually 
covered  with  sand  to  absorb  the  blood  spilt  in  the  conflicts,  for  which  it  was  used.  It 
was  encompassed  by  a wall  called  the  'podium,  fifteen  or  sixteen  feet  high,  immediately 
round  which  sat  the  senators  and  ambassadors.  As  in  the  theatres,  the  seats  rose  at  the 
back  of  each  other;  fourteen  rows  back  from  the  podium  all  round  being  allotted  to 
the  equites,  and  the  remainder  to  the  public  generally,  who  sat  on  the  bare  stone, 
cushions  being  provided  for  the  senators  and  equites.  Though  at  most  times  open  to 
the  sky,  there  v^ere  contrivances  for  covering  the  whole  space  with  an  awning.  The 
avenues  by  which  the  people  entered  and  retired  were  many  in  number,  and  were  called 
vomitoria. 

Anamorphosis.  (Gr.  hva,  backward,  and  luopcpr)  form.)  A term  employed  in  perspective 
to  denote  a drawing  executed  in  such  a manner  that  when  viewed  in  the  common  way 
it  presents  a confused  and  distorted  image  of  the  thing  represented,  or  an  image  of  some- 
thing entirely  different ; but  when  viewed  from  a particular  point,  or  as  reflected  by  a 
curved  mirror,  or  through  a polyhedron,  it  recovers  its  proportions  and  presents  a 
distinct  representation  of  the  object. 

Anchor.  In  decoration,  an  ornament  shaped  similarly  to  an  anchor  or  arrow  head.  It 
is  used  with  the  egg  ornament  to  decorate  or  enrich  mouldings.  By  some  it  is  called  a 
tongue,  from  its  supposed  resemblance  to  the  forked  tongue  of  a serpent.  It  is  used  in 
all  the  orders,  but  only  applied  to  the  moulding  called  the  echinus  or  quarter  round. 

Ancones.  (Gr.  Kyicocv,  the  joint  of  the  elbow.)  The  trusses  or  consoles  sometimes  em- 
ployed in  the  dressings  or  antepagmenta  of  apertures,  serving  as  an  apparent  support  to 
the  cornice  of  them  at  the  flanks.  In  ancient  doors  the  ancones  were  sometimes  broader 
at  the  top  than  at  the  bottom,  and  were  not  in  contact  with  the  flanks  of  the  architrave, 
but  situated  a small  distance  from  them.  The  term  is  also  used  to  signify  the  corners 
or  quoins  of  walls,  cross  beams,  or  rafters. 

Andron.  (Gr.  A -rp.)  In  ancient  architecture,  the  apartment  appropriated  to  the  reception 


Fig.  1362.  Amphitheatre  at  Pola. 
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of  the  male  branches  of  the  establishment,  and  always  in  the  lower  part  of  the  house  ; 
the  gynceciay  or  w'omon’s  apartments,  being  in  the  upper  part. 

Angle.  (Lat.  Angulus.)  The  mutual  inclination  of  two  linos  meeting  in  a point,  called 
indifferently  the  angular  point,  vortex,  or  point  of  concourse : the  two  lines  are  called 
legs. 

Angle  Bar.  In  joinery,  the  upright  bar  at  the  angle  of  a polygonal  window. 

Angle  Bead,  or  Staff  Bead.  A vertical  bead,  commonly  of  wood,  fixed  to  an  exterior 
angle  and  flush  with  the  intended  surface  of  the  plaster  on  both  sides,  for  the  purpose 
of  securing  the  angle  against  accident,  serving  also  as  a guide  for  floating  the  pla.'ter. 
The  section  of  these  beads  is  about  three-quarters  of  a circle,  with  a projecting  part  from 
the  other  quarter,  by  means  whereof  they  are  made  fast  to  the  wood 'bricks,  plugging, 
or  bond  timbers.  Angle  beads  of  wood  round  the  intradosses  of  circular  arches  are  dith- 
cult  to  bend  without  cutting  or  steaming  tliem.  The  former  has  a very  unsightly 
appearance,  and  the  latter  method  is  at  once  inconvenient  and  troublesome.  The  plast«  r 
itself  is  the  best  material  in  this  case,  and  at  the  height  generally  placed  will  be  out  of 
the  reach  of  accident.  In  good  finishings,  corner  beads  which  are  unsightly  should  not 
be  used,  but  the  plaster  should  be  well  gauged  and  brought  to  an  arris. 

Angle  Brace.  In  carpentry,  a piece  of  timber  fixed  to  the  two  extremities  of  a piece  of 
quadrangular  framing,  making  it  partake  of  the  form  of  an  octagon.  This  piece  is  also 
called  an  angle  tie  and  a diagonal  tie.  By  the  use  of  this  piece  wall  plates  are  frequently 
braced.  In  constructing  a well  hole  of  a circular  section  through  a roof  or  floor  for  a 
skylight,  &c.  the  framing  is  first  made  in  a quadrangular  form  ; braces  are  then  fixed 
opposite  to  each  angle,  and  the  aperture  becomes  of  an  octagonal  form  ; finally,  pieces 
are  fixed  at  each  angle  of  the  octagon,  meeting  each  other  in  the  middle  of  its  sides,  so  as 
to  transform  the  section  of  the  aperture  into  a circle,  or  oval. 

Angle  Bracket.  A bracket  placed  in  the  vertex  of  an  angle,  and  not  at  right  angles  with 
the  sides.  See  Bracketing. 

Angle  Capital.  In  ancient  Greek  architecture,  the  Ionic  capikils  used  to  the.  fl:ink 
columns  which  have  one  of  their  volutes  placed  at  an  angle  of  135°  with  the  planes  of 
the  front  and  returning  frieze.  As  an  example  may  be  cited  the  angle  capitals  of  the 
temple  of  Minerva  Polias  at  Athens.  This  term  is  also  applied  to  the  modern  Ionic 
capital,  in  which  the  whole  of  the  four  volutes  have  an  angular  direction. 

Angle  Chimney.  A chimney  placed  in  the  angle  of  a room. 

Angle  Iron.  A plate  of  iron  rolled  into  an  L shape,  and  used  for  the  purpose  of  secur- 
ing two  iron  plates  together  by  rivets,  as  Y Y in  the  beam 
of  the  plate  girder,  1363,  and  the  box-beam, 1364. 

Angle  Modillion.  A modillion  placed  in  a direction  parallel 
to  a diagonal  drawn  through  a cornice  at  its  mitring.  It 
is  an  abuse  seen  only  in  the  buildings  erected  duri  iig  the 
decline  of  Roman  architecture,  as  in  the  ruins  of  Balbec 
and  Palmyra,  and  in  the  palace  of  the  Emperor  Bioclesian  ^ 
at  Spalatro.  _ 

Angle  of  Vision.  In  perspective,  that  angle  under  which  Fig.  1383. 
an  object  or  objects  are  seen,  and  upon  which  their  ap- 
parent magnitudes  depend.  In  practical  perspective  it  should  not  exceed  sixty  degrees. 

Angle  of  a Wall.  The  angle  contained  by  the  vertical  planes  of  two  walls  which  form 
the  angle  of  the  building.  The  term  is  sometimes  used  to  denote  the  line  in  which 
the  two  sides  of  the  angle  meet,  which  by  workmen  is  commonly  called  the  arris : the 
arris,  however,  is  not  the  angle,  but  the  line  of  concourse  formed  by  the  two  sides  or 
planes  which  contain  the  angle.  . t /• 

Angle  Rafter.  The  piece  of  timber  in  a hipped  roof  placed  in  the  line  of  concourse  oi 
the  two  inclined  planes  forming  the  hip.  It  is  more  often  called  a hip  rafter. 

Angle  Rib.  A piece  of  timber  of  a curved  form  placed  between  those  two  pirts  o a 
coved  or  arched  ceiling  or  imult  which  form  an  angle  with  each  other  so  as  to  range 
with  the  common  ribs  on  each  side  or  return  part. 

Angle  Staff.  See  Angle  Bead. 

Angle  Stones.  A term  used  by  some  authors  to  denote  quoins. 

Angle  Tie.  See  Angle  Brace.  , „ i tv  t .+ 

Anglo-Saxon  Architecture.  Bede  mentions  one  Benedict  called  Biscop,  as  e ir>. 
person  who  introduced  builders  of  stone  edifices  and  makers  of  glass  into  aig  am  ,a. 
672.  The  principal  characteristics  of  the  style  is  a debased  imitation  ot  the  Roman 
works,  long  and  short  masonry,  absence  of  buttresses,  semi-circular  and  triangular 
arches,  rude  balusters,  hammer-dressings,  and  uiichiselled  sculptures. 

Angular  Capital.  See  Capital.  • * i 

Annular  Mouldings.  Generally  those  h-rving  vertiral  sides  and  liorizcntal  circul.ir 

AN^ULtr' Vault.  A vault  springing  from  two  walls  each  circular  on  the  plan;  such  as 
that  in  the  temple  of  Bacchus  at  Rome. 


Fig.  1364. 
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Annulate!)  Column.  Slender  shafts  clustered  together  or  joined  by  bands  of  stone, 
sometimes  of  metal,  to  a central  pier  or  to  a jamb.  They  were  much  employed  in 
Early  English  Gothic  architecture,  and  were  very  often  of  Purbeck  marble. 

Annulet.  (Lat.  Annulus.)  A small  fillet  whose  horizontal  section  is  circular.  The  neck 
or  under  side  of  the  Doric  capital  is  decorated  with  these  thin  fillets,  listels,  or  bands, 
whose  number  varies  in  different  examples.  Thus  in  the  Doric  of  the  theatre  of  Mar- 
cellus  there  are  three,  whilst  in  the  great  temple  at  Paestum  they  are  four  in  number 
and  in  other  cases  as  many  as  five  are  used. 

Anta,  m plur.  (Lat.  Anta.)  The  jambs  or  square  posts  supporting  the  lintels  of  doors 
The  term  antse  we  think  only  applicable  to  pilasters  or  pilldrs  attached  to  a wall,  though 
some  authors,  as  Perrault,  have  thought  otherwise.  Vitruvius  calls  square  pilasters 
when  insulated  parastata.  There  are  three  kinds  of  antee  : those  of  porches  or  jamb 
ornaments ; angular  antse,  being  such  as  show  two  faces  on  the  walls  of  a temple  ; and 
those  on  the  longitudinal  walls  of  its  cell.  Ant«n  are  only  found  in  temples  as  wings  to 
the  ends  of  the  walls  of  the  pronaos  to  give  a finish  to  the  terminations  the  ends  of  the 
walls  would  otherwise  present.  It  might  have  been  this  view  which  led  the  Greeks 
to  treat  them  rather  as  distinct  objects  than  to  assimilate  their  finishings  to  those 
of  columns.  The  pilasters  in  Roman  architecture  differ  only  from  the  column  in  being 
square  instead  of  round.  A rule  in  the  use  of  antse  W'as,  that  their  projection  should 
always  be  equal  to  that  at  least  of  the  mouldings  used  on  them.  Some  beautiful 
examples  of  antse  capitals  exist  in  the  temple  of  Minerva  Polias,  and  the  temple  of 
Apollo  Didymseus,  in  Ionia. 

Ante-chamber  or  Ante-room.  An  apartment  through  which  access  is  obtained  to  an- 
other chamber  or  room.  One  in  which  servants  wait  and  strangers  are  detained  till  the 
person  to  be  spoken  with  is  at  leisure.  In  the  distribution  of  many  houses  the  pecu- 
liarity of  the  plan  forces  upon  the  architect  the  introduction  of  ante-rooms:  in  most 
cases,  indeed,  they  add  both  elegance  and  dignity  to  a design. 

Ante-cour.  a French  term,  sometimes,  however,  used  by  English  authors.  It  is  the 
approach  to  the  principal  court  of  a house,  and  very  frequently  serves  for  communica- 
tion with  the  kitchen,  cellar,  stables,  &c. 

Antefixje.  (Lat.  Anti  and  Figo.)  The  ornaments  of  lions’  and  other  heads  below  the 
eaves  of  a temple,  through  perforations  in  which,  usually  at  the  mouth,  the  water  is 
cast  away  from  the  eaves.  By  some  this  term  is  used  to  denote  the  upright  orna- 
ments above  the  eaves  in  ancient  architecture,  which  concealed  the  ends  of  the  hanni 
or  joint  tiles. 

Antepagmenta.  (Lat.)  In  ancient  architecture,  the  jambs  or  moulded  architraves  of  a 
d )or.  The  lintel  returning  at  the  ends  with  similar  mouldings  down  upon  the  ante- 
pagmenta was  called  supcrciliuon. 

Antependium.  The  frontal  hangings  of  the  altar. 

Anti-:rides.  In  ancient  architecture,  buttresses  or  counterforts  for  the  support  of  a wall. 
The  Italians  call  them  spcroni  (spurs). 

Anthemion.  (Gr.  AvOefuov.)  It  is  considered  to  mean  the  honeysuckle,  palmette,  or 
fleuron  ornament  in  the  necking  of  some  columns  of  the  Ionic  order. 

Anticum.  (Lat.)  A porch  to  a front  door,  as  distinguished  from  posticnni,  which  is  the 
porch  to  a door  in  the  rear  of  a building.  It  was  the  space  also  between  the  front 
columns  of  the  portico  and  the  W'all  of  the  cella.  The  word  has  been  sometimes  impro- 
perly used  for  a7ita. 

Antiquarium.  Among  the  ancients  an  apartment  or  cabinet  in  which  they  kept  theii 
ancient  books  and  vases. 

Antioue.  A term  applied  to  pieces  of  art  woikedby  the  Greeks  and  Romans  of  the  clas- 
sical age. 

Apartment.  (Lat.  Partimentum.)  A space  enclosed  by  walls  and  a ceiling,  which  latter 
distinguishes  it  from  a court  or  area. 

Aperture.  (Lat.  Aperio.)  An  opening  through  any  body.  In  a wall  it  has  usually  three 
straight  .sides,  two  whereof  are  perpendicular  to  the  horizon,  and  the  third  parallel  to  it, 
connecting  the  lower  ends  of  the  vertical  sides.  The  materials  forming  the  vertical 
sides  are  called  and  the  lower  level  side  is  called  the  sill,  and  the  upper  part  the 

head.  This  last  is  either  a curved  or  flat  arch.  Apertures  are  made  for  entrance, 
light,  or  ornament.  In  Greek  and  Egyptian  architecture,  but  especially  in  the  latter, 
the  jambs  incline  towards  each  other.  Sometimes  apertures  are  made  circular,  ellip- 
tical, or  portions  of  those  figures.  “ Apertures,”  says  Sir  Henry  Wotton,  “ are  inlets  for 
air  and  light ; they  should  be  as  few  in  number,  and  as  moderate  in  dimensions,  as 
may  possibly  consist  with  other  due  respects  ; for,  in  a word,  all  openings  are 
weakenings.  They  should  not  approach  too  near  the  angles  of  the  walls  ; for  it 
were  indeed  a most  essential  solecism  to  weaken  that  part  which  must  strengthen 
all  the  rest.” 

Apiary.  (J>at.  Apis.)  A place  for  keeping  beehives.  Sometimes  this  is  a small  house 
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with  openings  for  the  bees  in  front,  and  a door  behind,  wldch  is  kept  looked  for  .conritv 
Sometimes  it  is  an  area  wherein  each  pariicular  beehive  is  chained  down  to  a oost  and 
padlocked.  ^ 

ApoDYTmiUM  i’AnoMa^  Gr.  to  strip  oneself.)  The  aparlment  at  the  entranoo  of  the 
ancient  baths,  or  in  the  Palsestra,  where  a person  took  otf  his  dress,  whether  for  Imth 
;ng  or  gymnastic  exercises.  In  the  baths  of  Nero,  these  apartments  were  small, 'but 
in  those  of  taracalla  the  apodyterium  was  a magnificent  room  with  columns  and  otln  r 
decorations. 

Apophyge.  (Gr.,  signifying  flight.)  That  part  of  a column  between  the  upper  fillet  or 
annulet  on  the  base  and  the  cylindrical  part  of  the  shalt  of  a column,  usuallv  moulde.1 
into  a hollow  or  cavetto,  out  of  which  the  column  seems  as  it  were  to  fly*or  escaoo 
upwards.  The  French  call  it  conge,  as  it  were,  leave  to  go.  ^ 

Apotheca.  (Gr.)  A storehouse  or  cellar  in  which  the  andent  Greeks  deposited  their 
oil,  wine,  and  the  like.  ^ 

Approach.  A curved  or  graduated  road  leading  to  a building  situated  some  distance 
Avitliiu  the  grounds. 

Apron,  or  Pitching  Piece.  A horizontal  piece  of  timber,  in  wooden  double-flighlcd 
stairs,  for  supporting  the  carriage  pieces  or  rough  strings  and  joistiiigs  in  the  half 
spaces  or  landings.  The  apron  pieces  should  be  firmly  wedged  into  the  wall. 

Apsis,  or  Absis.  (Gr.,  signifying  an  arch.)  A term  in  ecclesiastical  architecture,  denot- 
ing that  part  of  tlie  church  Mdierein  the  clergy  was  seated  or  the  altar  placed.  It  was  so 
called  from  being  usually  domed  or  vaulted,  and  not,  as  Isidorus  imagines,  from  being 
the  lightest  part  (apta).  The  apsis  was  either  circular  or  polygonal,  and  domed  over ; 
it  consisted  of  two  parts,  the  altar  and  the  presbytery  or  sanctuary.  At  the  middle  of 
the  semi-circle  was  the  throne  of  the  bishop,  and  at  the  centre  of  the  diameter  was 
placed  the  altar,  towards  the  nave,  from  which  it  was  separated  by  an  open  balustrade 
or  railing.  On  the  altar  w^as  placed  the  ciborium  and  cup.  The 'throne  of  the  bishop 
having  been  anciently  called  by  this  name,  some  have  thought  that  thence  this  part  of 
the  edifice  derived  its  name  ; but  the  converse  is  the  fact.  The  apsis  gradata  implied 
more  particularly  the  bishop’s  throne  being  raised  by  steps  above  the  ordinary  stalls. 
This  was  sometimes  called  exhedra,  and  in  later  times  tribune. 

Aquarium.  A case  to  contain  sea  or  fresh  water,  in  which  to  preserve  linng  objects  of 
natural  history.  From  a small  glass  case  for  a drawing-room,  they  have  increased  in 
size  until  buildings  are  erected  to  contain  a number  of  crystal  tanks  for  tlie  purpose  of 
exhibition — such  are  those  at  Brighton,  and  at  the  Crystal  Palace,  in  England  ; and  at 
Hamburgh.  London,  Liverpool,  and  other  cities  are  now  seeking  to  establish  them. 
Tlie  term  is  also  used  for  the  tanks  formed  for  growing  the  Victoria  Regia  and  other 
plants,  as  at  Syon,  Kew,  Botanic  Gardens  in  the  Regent’s  Park,  and  elsewhere. 

Aqueduct.  (Lat,  Aquse  ductus.)  A conduit  or  channel  for  conveying  water  from  one 
place  to  another,  more  particularly  applied  to  structures  for  the  purpose  of  conveying 
the  w^ater  of  distant  springs  across  valleys,  for  the  supply  of  large  cities.  The  largest 
and  most  magnificent  aqueducts  with  the  existence  of  which  we  are  acquainted,  were 
constructed  by  the  Romans,  and  many  of  their  ruins  in  Italy  and  other  countries  of 
Europe  still  attest  the  power  and  industry  of  that  extraordinary  nation.  The  most 
ancient  was  that  of  Appius  Claudius,  wdiich  W'as  erected  in  the  4I2nd  year  of  the  city, 
and  conveyed  tlie  Aqua  Appia  to  Rome,  from  a distance  of  11,190  Roman  paces  (a  pace 
being  58’219  English  inches),  and  was  carried  along  the  ground,  or  by  subterranean 
lines,  about  11,000  paces,  about  190  of  which  were  erected  on  arches.  The  next,  in  order 
of  time,  W'as  the  AnioVetiis,  begun  by  M.  Curius  Dentatus,  about  the  year  of  Rome  481. 
The  water  was  collected  from  the  springs  about  Tivoli ; it  was  about  43,000  paces  in 
length.  In  the  608th  year  of  the  city,  the  w'orks  of  the  Anio  Vetus  and  Aqua  Appia 
had  fallen  into  decay,'  and  much  of  the  w'ater  had  been  fraudulently  abstracted  by 
individuals,  the  praetor  Martins  was  therefore  empowered  to  take  measures  for  increas- 
ing the  supply.  The  result  of  this  was  the  Aqua  Martia,  the  most  wholesome  winter 
with  which  Rome  was  supplied.  It  w'as  brought  from  the  neighbourhood  of  Subiaco,^ 
twenty  miles  above  Tivoli,  and  was  61,710  Roman  paces  (about  61  niHes),  wlieriot 
7,463  paces  were  above  ground,  and  the  remainder  under  ground.  A length  of  463 
paces,  where  it  crossed  brook  and  valleys,  w^as  supported  on  arches.  To  supply  this  in 
dry  seasons,  was  conducted  into  it  another  stream  of  equal  goodness  by  an  aqueduct 
800  paces  long.  About  nineteen  years  after  this  was  completed,  the  Aqua  Tepuhi  Avas 
brought  in,  supplied  also  from  the  Anio  ; but  not  more  than  2,000  paces  in  length.  In 
the  reign  of  Augustus,  Agrippa  collected  some  more  springs  into  tho  Aqinj  lepuhu  but 
the  latter  water  flowing  in  a separate  channel,  it  preserved  its  name.  I his  Avas  lo,  l26 
paces  long,  7,000  aboA^e  ground,  and  the  remainder  of  the  length  on  arcades,  lo  tins 
was  given  by  Agrippa  the  name  of  Aqua  Julia.  In  the  year  719  of  tl;e  citA,  i gniq  a 
restored  the  dilapidated  aqueducts  of  Appius,  of  Martins,  and  of  the  Amo  \ etus.  at  his 
own  expense,  besides  erecting  fountains  in  the  city.  The  Aqua  Virg..,  vhich  receives 
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its  name  from  a girl  having  pointed  out  to  some  soldiers  the  sources  of  the  stream  from 
, which  it  was  collected,  was  brought  to  Rome  by  an  aqueduct  14,105  paces  in  length, 
12,865  of  which  were  under  ground,  and  700  on  arches,  the  remainder  being  above 
ground.  The  Aqua  Alsietina,  called  also  Augusta,  was  22,172  paces  from  its  source  to 
the  city,  and  358  paces  of  it  were  on  arcades.  The  seven  aqueducts  above  mentioned 
being  found,  in  the  time  of  Caligula,  unequal  to  the  supply  of  the  city,  this  emperor,  in 
the  second  year  of  his  reign,  began  two  others,  which  were  finished  by  Claudius,  and 
opened  in  the  yea,r  of  the  city  803.  The  first  was  called  Aqua  Claudia,  and  the  second 
Anio  Novus,  to  distinguish  it  from  one  heretofore  mentioned.  The  first  was  46,406 
Roman  paces,  of  which  10,176  were  on  arcades,  and  the  rest  subterranean.  The  Anio 
Novus  was  58,700  paces  in  length,  9,400  whereof  were  above  ground,  6,491  on  arches, 
and  the  rest  subterranean.  Some  of  the  arches  of  these  are  100  Roman  feet  high.  All 
the  aqueducts  we  have  mentioned  were  on  ditferent  levels,  and  distributed  accordingly 
to  those  parts  of  the  city  which  suited  their  respective  elevations.  The  following  is  the 
order  of 'their  heights,  the  highest  being  the  Anio  Novus,  159  feet  above  level  of  Tiber; 
Aqua  Claudia,  149  feet;  Aqua  Julia,  129  feet;  Aqua  Tepula,  Aqua  Martia,  125  feet; 
Anio  Vetus,  Aqua  Virgo,  34  feet ; Aqua  Appia,  27  feet ; and  the  Aqua  Alsietina  on  the 
lowest  level.  The  Tiber  at  Rome  being  91 '5  feet  above  the  level  of  the  Mediterranean, 
the  mean  fall  of  these  aqueducts  has  been  ascertained  to  be  about  0A32  English  inches 
for  each  Roman  pace  (58'219  English  inches),  or  1 in  441.  Vitruvius  directs  a fall  of 
1 in  200,  but  Scamozzi  says  the  practice  of  the  Romans  was  1 in  500.  The  quantity 
of  water  furnished  by  six  of  the  aqueducts,  as  given  by  Frontinus  from  a measurement 
at  the  head  of  each  aqueduct,  is  as  follows  : — 

*Anio  Vetus  - 4,398  quin.  I Aqua  Virgo  - 2,524  quin.  I Aqua  Claudia  - 4,607  quin. 

fAqua  Martia  - 4,690  „ j Aqua  Julia  - 1,368  „ [ *Anio  Novus  - 4,738  „ 

The  whole  supply  is  given  as  14,018  quinariae,  after  much  fraudulent  diversion  of  the 
water  by  individuals  ; but  the  diminished  quantity  is  supposed  to  have  been  27,743,100 
English  cubic  feet,  or,  estimatii  g the  population  of  Rome  at  one  million  of  inhabitants, 
27‘74  cubic  feet  per  diem  for  each  inhabitant,  or  about  170  gallons  English.  * These 
were  used  for  the  street  and  sewer  flushings,  the  baths,  and  scenic  representations, 
f This  was  used  for  drinking  purposes,  and  is  still  so  used. 

Parker,  Aqueducts  of  Borne,  says  24,805  quin,  was  the  exact  quantity  of  water  daily 
poured  into  Rome  in  Trajan’s  time,  equal  to  a stream  20  feet  wide  by  6 feet  deep 
constantly  running  in,  at  a fall  six  times  as  rapid  as  that  of  the  river  Thames.  He 
calculated  that  when  the  Trajan  and  the  Aurelian  aqueducts  were  finished,  the  daily 
supply  was  quite  332|  millions  of  gallons,  or  at  least  332  gallons  per  head. 

There  are  remains  of  Roman  aqueducts  in  other  parts  of  Europe  even  more  magnificent 
than  those  we  have  mentioned.  One,  or  the  ruins  of  one,  still  exists  at  Metz,  and  another 
at  Segovia  in  Spain,  with  two  rows  of  arcades,  one  above  the  other.  This  last  is 
about  100  feet  high,  and  passes  over  the  greater  part  of  the  houses  of  the  city.  The 
Romans  do  not  appear  to  have  been  aware  of  the  fact  of  water  rising  at  a distance  to 
its  level  at  the  fountain  head. 

Arabesque.  The  term  is  commonly  used  to  denote  that  sort  of  ornament  in  Saracenic 
architecture  consisting  of  intricate  rectilinear  and  curA’’ilinear  compartments  and  mosaics 
which  adorn  the  walls,  pavements,  and  ceilings  of  Arabian  and  Saracenic  buildings.  It 
is  capricious,  fantastic,  and  imaginative,  consisting  of  fruits,  flowers,  and  other  objects,  to 
the  exclusion  in  pure  arabesques  of  the  figures  of  animals,  which  the  religion  forbade. 
This  sort  of  ornament,  liowever,  did  not  originate  with  the  Arabians  ; it  was  understood 
and  practised  by  the  ancients  at  a very  early  period.  Foliage  and  griffins,  with  orna- 
ments not  very  dissimilar  to  those  of  the  Arabians,  were  frequently  employed  on  the 
friezes  of  temples,  and  on  many  of  the  ancient  Greek  vases,  on  the  walls  of  the  baths 
of  Titus,  at  Pompeii,  and  at  many  other  places.  To  Rafifaele,  in  more  modern  times, 
we  are  indebted  for  the  most  elaborate  and  beautiful  examples  of  a style  of  decoration 
called  Arabesque,  which  he  even  dignified,  and  left  nothing  to  be  desired  in  it.  Since 
the  time  of  that  master  it  has  been  practised  with  varying  and  inferior  degrees  of 
merit,  especially  by  the  French  in  the  time  of  Louis  XVI.  Arabesques  lose  their  cha- 
racter when  applied  to  large  objects,  neither  should  they  be  employed  where  gravity  in 
the  style  is  to  be  preserved. 

Arabian  Architecture.  See  Saracenic  Architecture. 

Arabo-Tedesco.  a term  used  chiefly  by  the  Italians.  An  example  of  this  style  may  be 
quoted  in  the  baptistery  at  Pisa  (jig.  152),  erected  by  Dioti  Salvi  in  1152.  It  is  a 
circular  edifice,  with  an  arcade  in  the  second  order  composed  of  columns  with  Corinthian 
capitals  and  plain  round  arches.  Between  each  arch  rises  a Gothic  pinnacle,  and  above 
it  is  finished  by  sharp  pediments  enriched  with  foliage,  terminating  in  a trefoil. 

Araiostyle.  (Gr.  Apaw,  wide,  and  arvAos,  a column.)  One  of  the  five  proportions  used  by 
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the  ancients  for  regulating  the  intercolumniations  or  intervals  between  the  columns  in 
porticoes  and  colonnades.  Vitruvius  does  not  determine  precisely  its  measure  in  terms 
of  the  diameter  of  the  column.  His  commentators  have  tried  to  supply  the  deficiency  ; 
and,  following  the  progression  observable  in  the  intercolumniations  ho  does  describe’, 
each  of  which  increases  by  a seniidiameter,  the  araeostyle  W'ould  be  throe  diameters  and 
a half.  Perrault,  in  his  translation  of  Vitruvius,  proposes  that  the  interval  bo  made 
equal  to  four  diameters,  which  is  the  interval  now  usually  assigned  to  it.  It  is  only, 
or  rather  ought  only  to  be,  used  with  the  Tuscan  order.  ’ 

Ab^osystyle.  (Gr.  Apaios,  wide,  (tvv,  with,  <ttv\os,  a column.)  A term  u.sod  by  the 
French  architects  to  denote  the  method  of  proportioning  the  intervals  between  columns 
coupled  or  ranged  in  pairs,  as  invented  by  Perrault,  and  introduced  in  the  principal 
facade  of  the  Louvre,  It  was  also  adopted  by  Sir  Christopher  Wren  in  the  west  front 
of  St.  Paul’s. 

Arc.  In  geometry,  a portion  of  a circle  or  other  curve  line.  The  arc  of  a circle  is  the 
measure  of  the  angle  formed  by  two  straight  lines  drawn  from  its  extremities  to  the 
centre  of  the  circle. 

Arc-boutant.  (Fr.)  An  arch-formed  buttress,  much  employed  in  sacred  edifices  built 
in  the  Pointed  style,  as  also  in  other  edifices,  and  commonly  called  flying  buttress, 
wdiose  object  is  to  counteract  the  thrust  of  the  main  vault  of  the  edifice  ; it  is  also 
called  arched  buttress  and  arched  hutment.  It  was  used  in  the  Baths  of  Diocletian. 

Arc  Doubleau.  (Fr.)  An  arch  forming  a projection  before  the  sofite  of  a main  arch 
or  vault,  in  the  same  manner  as  a pilaster  breaks  before  the  face  of  a wall. 

Arcade.  (Fr.)  A series  of  apertures  or  recesses  with  arched  ceilings  or  sofites.  But  the 
word  is  often  vaguely  and  indefinitely  used.  Some  so  designate  a single-arched  aperture 
or  enclosure,  which  is  more  properly  a vault',  others  use  it  for  the  space  covered  by  a 
continued  vault  or  arch  supported  on  piers  or  columns ; and,  besides  these,  other  false 
meanings  are  given  to  it  instead  of  that  which  we  have  assigned.  Behind  the  arcade  is 
generally  a walk  or  ambulatory,  as  in  Covent  Garden,  where  the  terra  piazz;i  is  igno- 
rantly applied  to  the  walks  under  the  arcade  instead  of  to  the  whole  (lX^\.  piazza) 
or  square. 

The  piers  of  arcades  may  be  decorated  with  columns,  pilasters,  niches,  and  apertures 
of  dilferent  forms.  The  arches  themselves  are  sometimes  turned  with  rock-worked,  and 
at  other  times  with  plain  rustic,  arch  stones  or  voussoirs,  or  with  a moulded  archivolt, 
springing  from  an  impost  or  platband ; and  sometimes,  though  a practice  not  to  be 
recommended,  from  columus.  The  keystones  are  generally  curved  in  the  form  of  a 
console,  or  sculptured  with  some  device.  Scamozzi  made  the  size  of  his  piers  less,  and 
varied  his  imposts  or  archivolts,  in  proportion  to  the  delicacy  of  the  orders  he  employed  ; 
but  Vignola  made  his  piers  always  of  the  same  proportion. 

Arcade.  In  mediaeval  architecture,  an  ornamental  dressing  to  a wall,  consisting  of  colon- 
nettes supporting  moulded  arches.  Sometimes  they  stand  sufficiently  forward  to  admit 
of  a passage  behind  them. 

Abc^.  In  ancient  Roman  architecture,  the  gutters  of  the  cavedium ; area  signifying  a 
beam  of  wood  with  a groove  or  channel  in  it. 

Arcelua.  (Lat.)  In  mediaeval  architecture,  a cheese  room. 

Arch.  A mechanical  arrangement  of  blocks  of  any  hard  material  disposed  in  the  line  of 
some  curve,  and  supporting  one  another  by  their  mutual  pressure.  The  arch  itself  is 
formed  of  voussoirs  or  arch  stones  cut  in  the  shape  of  a truncated  wedge,  the  uppermost 
whereof  is  called  the  keystone.  The  seams  or  planes,  in  which  two  adjacent  voussoirs 
are  united,  are  called  joints.  The  solid  extremities  on  or  against  whidi  the  arch 
rests  are  called  the  abutments.  The  lower  or  under  line  of  each  arch-stone  is  called  tlio 
intrados,  and  the  superior  or  upper  line  the  extrados.  The  distance  between  the  piers 
or  abutments  is  the  span  of  the  arch,  and  that  from  the  level  line  of  the  springing  to 
the  intrados  its  height,  or  versed  sine.  The  forms  of  arches  employed  in  the  dilferont 
styles  and  periods  of  architecture  will  be  found  described  under  the  several  heads. 

Architect.  (Gr.  Apxos  and  reKTczv,  chief  of  the  works.)  A person  competent  to  design  and 
superintend  the  execution  of  any  building.  The  knowledge^  he  ought  to  possess  forms 
the  subject  of  this  work;  whatever  more  he  may  acquire  will  bo  for  the  ad\ant;ige  o 
his  employers  ; and  w'hen  we  say  that  the  wffiole  of  the  elements  which  this  work  con- 
tains should  be  well  known  and  understood  by  him,  we  mean  it  as  a minimum  ol  liis 
qualifications.  To  this  we  may  add,  that  with  the  possessions  indicated,  devotedness, 
faithfulness,  and  integrity  towards  his  employer,  with  kindness  and  urbanit}  to  those 
whose  lot  it  is  to  execute  his  projects,  not  however  without  resolution  o check  the 
dishonesty  of  a builder,  should  he  meet  with  such,  will  tend  to  insure  a brilliant  and 

happy  career  in  his  profession.  . i i * :„^i 

Architecture.  The  art  of  building  according  to  certain  proportions  and  rules  determined 

and  regulated  by  nature  and  taste.  v m.  i 

Architrave.  (G^.  Apx^^v  to  govern,  and  Lat.  Trabs,  a beam.)  Tno  lower  of  the  three 
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principal  members  of  the  entablature  of  an  Order,  being,  as  its  name  imports,  the  chief 
beam  employed  in  it,  and  resting  immediately  on  the  columns.  It  is  called  in  Grecian 
architecture,  Epistylium,  from  eTr/,  upon,  and  (ttvXos,  a column.  The  height  of  the 
architrave  varied  in  the  different  Orders,  as  also  in  different  examples  of  the  same  Order. 

Architravk  Cornice.  An  entablature  consisting  of  an  architrave  and  cornice  only, 
without  the  interposition  of  a frieze.  It  is  never  used  with  columns  or  pilasters,  unless 
through  want  of  height.  It  is,  however,  allowable. 

Architrave  of  a Door  or  AVindow.  A collection  of  members  and  mouldings  round 
either,  used  for  the  decoration  of  the  aperture.  The  upper  part,  or  lintel,  is  called  the 
traverse,  and  the  sides  \h.v,jamhs.  See  Antepagmknta. 

Archivoet.  (Lat.  Arcus  volutus.)  The  ornamental  band  of  mouldings  round  thevoussoir», 
or  arch-stones  of  an  arch,  which  terminates  horizontally  upon  the  impost.  It  is  deco- 
rated, as  to  the  members,  analogously  with  the  architrave,  which,  in  arcades,  it  may  be 
said  to  represent.  It  differs  in  the  different  Orders. 

Archivoetum.  In  mediaeval  architecture,  an  arched  receptacle  for  filth.  A cesspool  or 
common  sewer. 

Arch  Mouethngs.  The  series  of  mouldings  forming  the  decoration  of  an  arch  as  used 
in  mediaeval  architecture.  The  illustration  of  the  Early 
English  period,  is  from  St.  Mary’s  Church,  Lincoln, 

Archway.  An  aperture  in  a building  covered  with  a vault. 

Usually  an  arched  passage  or  gate  wide  enough  for  carriages 
to  pass. 

Arcus  Ecceesi^.  In  mediaeval  architecture,  the  arch  dividing 
the  nave  of  the  church  from  the  choir  or  chancel, 

A Rcus  Presbyterii.  In  mediaeval  architecture,  the  arch  over 
the  tribune  marking  the  boundaries  of  its  recess. 

Arcus  Toraeis,  In  mediaeval  architecture,  the  lattice  sepa- 
rating the  choir  from  the  nave  in  a basilica. 

Area.  In  Architecture,  a small  court  or  place,  often  sunk 
below  the  general  surface  of  the  ground,  before  windows  in 
the  basement  story.  It  is  also  used  to  denote  a small  court 
or  yard,  even  when  level  with  the  ground. 

Area.  In  Geometry,  the  superficial  content  of  any  figure. 

The  “area”  of  every  building  shall  be  deemed  to  be  the 
superficies  of  a horizontal  section  of  such  building  made  at 

the  point  of  its  greater  surface,  including  the  external  walls  and  such  portion  of  the 
party  walD  as  belong  to  the  building,  but  excluding  any  attached  building  the  height 
of  which  does  not  exceed  the  height  of  the  ground  story.  Metropolitan  Building 
Act,  1855. 

Arena.  The  central  space  in  a Eoman  amphitheatre,  wherein  the  gladiators  fought. 

Armoury.  An  apartment  destined  for  the  reception  of  instruments  of  \var. 

Aronadb.  Embattled;  a junction  of  several  lines  forming  indentations  like  the  upward 
boundary  of  an  embattled  wall,  except  that  the  middle  of  every  raised  part  is  ter- 
minated by  a convex  arch,  which  arch  does  not  extend  to  the  length  of  that  part. 

Arriere  Voussure.  a secondary  arch.  An  arch  placed  within  an  opening  to  form  a 
larger  one,  and  sometimes  serving  as  a sort  of  discharging  arch. 

Arris  (probably  abbreviated  from  the  Ital.  a risega,  at  the  projection,  or  from  the  Sax. 
apipan,  to  rise).  The  intersection  or  line  on  wdiich  two  surfaces  of  a body  forming  an 
exterior  angle  meet  each  other.  It  is  a term  much  used  by  all  workmen  concerned  in 
building,  as  the  arris  of  a stone,  of  a piece  of  wood,  or  any  other  body.  Though,  in 
common  language,  the  edge  c-f  a body  implies  the  same  as  arris,  yet,  in  building,  the 
word  edge  is  restrained  to  those  two  surfaces  of  a rectangular  parallel opi pedal  body  on 
which  the  length  and  thickness  may  be  measured,  as  in  boards,  planks,  doors,  shutters, 
and  other  framed  joinery. 

Arris  Eieeet.  A slight  piece  of  timber  of  a triangular  section,  used  in  raising  the  slates 
against  chimney  shafts,  or  against  a wall  that  cuts  obliquely  across  the  roof,  and  in 
forming  gutters  at  the  upper  ends  and  sides  of  those  kinds  of  skylights  of  which  the 
planes  coincide  with  those  of  the  roof.  When  the  arris  fillet  is  used  to  raise  the  slates, 
at  the  eaves  of  a building,  it  is  then  called  the  caves'  hoard,  eaves'  lath,  or  eaves  catch. 

Arris  Gutter.  A wooden  gutter  of  this  V form  fixed  to  the  eaves  of  a building. 

Arsenae.  a public  establishment  for  the  deposition  of  arms  and  warlike  stores. 

Artificer.  (Lat.  Ars  and  Eacio.)  A person  who  works  with  his  hands  in  the  manufacture 
of  anything.  He  is  a person  of  intellectual  acquirements,  independent  of  mere  opera- 
tion by  liand,  which  place  him  above  the  artisan,  whose  knowledge  is  limited  to  the 
general  rules  of  his  trade. 

Artificiae  Stone.  A material  produced  by  the  use  of  cement  and  other  substances,  such 
as  Austin’s  artificial  stone,  which  is  not  burnt. 


GLOSSARY. 


12  IT) 

Asarotum.  In  ancient  arcliitectui’c,  a species  of  p;iiiiteil  pavement  used  by  the  Romans 
before  the  invention  of  Mosaic  work. 

Ashlar  or  Ashlkr.  (Ital.  Asciare,  to  chip.)  Common  or  free-stones  as  brought  from  tho 
quarry  of  dmerent  lengths  and  thicknesses. 

Also  the  facing  given  to  squared  stones  on  the  front  of  a building.  When  tho  work  is 
smoothed  or  rubbed  so  as  to  take  out  the  marks  of  the  tools  by  wliich  tho  stones  wero 
cut,  It  is  called  ^lain  ashlar.  Tooled  ashlar  is  understood  to  bo  that  of  which  tho  surtaco 
IS  wrought  in  a regular  manner,  like  parallel  flutes,  and  placed  perpendicularly  in  the 
building.  But  wnen  the  surfaces  of  the  stones  are  cut  with  a broad  tool  without  care 
or  regularity,  the  work  is  said  to  be  random-tooled.  When  wrought  with  a narrow  tool, 
it  is  Said  to  be  chiselled  or  boasted,  and  when  the  surface  is  cut  with  a very  narrow  tool*, 
the  ashlar  is  said  to  be  pointed.  When  the  stones  project  from  the  joints,  the  ashlar  is 
said  to  be  rusticked,  in  which  the  faces  may  have  a smooth  or  broken  surface.  In 
superior  work,  neither  pointed,  chiselled,  nor  random-tooled  work  are  emploved.  In 
some  parts  of  the  country  herring-bone  ashlar  and  herring-bone  random-tooled  ashlar 
are  used. 

Ashlarinq.  In  carpentry,  the  short  upright  quartering  fixed  in  garrets  about  two  feet 
six  inches  or  three  feet  high  from  the  floor,  being  between  therafrers  and  the  floor,  in 
order  to  cut  off  the  acute  angle  formed  by  the  rafters.  The  upright  quarterings  seen  in 
some  open  timber  roofs  between  the  inner  wall  plate  and  the  rafters,  is  also  so  cjilled. 

Aspect.  (Lat.  Aspicio.)  The  quarter  of  the  heavens  which  the  front  of  a building 
faces.  Thus  a front  to  the  north  is  said  to  have  a north  aspect.  ° 

Asphalte.  a bituminous  substance  found  in  various  places.  When  used  for  floors  or 
roadways,  it  is  either  poured  on  in  a liquid  state,  forming  when  set  a hard  substance, 
impervious  to  damp ; or  it  is  placed  on  the  ground  in  powder,  in  a hot  state,  and  press,  d 
down  by  hot  iron  rammers. 

Assemblage.  The  joining  or  uniting  several  pieces  together,  or  the  union  of  them  when 
so  joined.  Carpenters  and  joiners  have  many  modes  of  accomplishing  this,  as  by 
framing,  mortise  and  tenon,  dovetailing,  &c. 

Assemblage  of  the  Orders.  The  placing  of  columns  upon  one  another  in  the  several 
ranges. 

Assyrian  Architecture.  Little  more  is  known  of  the  buildings  of  Assyria  and  Baby- 
lonia than  the  thick  walls  forming  halls  and  chambers  lined  with  carvings,  and  having 
carved  stone  pavements.  The  roofing  is  supposed  to  have  been  formed  with  wooil 
pillars  supporting  the  framework  of  the  roof,  the  spaces  between  the  pillars  allowing 
the  entry  of  light  and  of  fresh  air. 

Astragal.  (Gr.  Ao-rpayaAos,  a die  or  huckle  bone.)  A small  moulding  of  a semicircular 
profile.  Some  have  said  that  the  French  call  it  talon,  and  the  Italians  tondino ; but 
this  a mistake,  for  the  term  is  properly  applied  only  to  the  ring  separating  the  capital 
from  the  column.  The  astragal  is  occasionally  cut  into  representations  of  beads  and 
berries.  A similar  sort  of  moulding,  though  not  developed  in  its  profile  as  is  the 
astragal,  is  used  to  separate  the  faces  of  the  architrave. 

Astylar.  a design  made  without  the  intioduction  of  columns  or  pilasters  is  termed  an 
astylar  composition. 

Atkinson’s  Cement.  A quick-setting  cement  similar  to  Parker’s  or  Roman  cement, 
formerly  obtained  from  nodules  found  near  Whitby  in  Y^orkshire. 

Atlantes  or  Atlantides.  Figures  of  males  used  instead  of  columns  for  the  support  of 
an  entablature.  In  some  modern  works  figures  resembling  Persians  have  been  intro- 
duced, and  hence  that  name  has  been  applied  to  them.  Caryatides. 

Atrium.  In  ancient  Roman  architecture,  a court  surrounded  by  porticoes  in  the  interior 
part  of  Roman  houses.  According  to  Scaliger  it  is  derived  from  tho  Greek  aWpios 
exposed  to  the  air.  By  some  it  has  been  considered  the  same  apartment  as  the  vestibule, 
and  Aulus  Gellius  intimates  that  in  his  time  the  two  words  were  confounded. 

Attic,  or  Attic  Order.  It  is  employed  to  decorate  the  fa9ado  of  a story  of  small  height, 
terminating  the  upper  part  of  a building;  and  it  doubtless  derives  its  name  from  ii.s 
resemblance  in  proportional  height  and  concealed  roof  to  some  of  the  buihlings  ot 
Greece.  Pliny  thus  describes  it  after  speaking  of  the  other  orders:  “Praeter  has  sunt 
quae  vocantur  Atticse  columnae  quaternis  angulis  pari  laterum  intervallo.  Ye,  liow- 
ever,  find  no  examples  of  square  pillars  in  the  remains  of  ancient  art,  though  almost 
all  the  triumphal  arches  exhibit  specimens  of  pilastral  attics,  having  no  Gipitals  sa;  e 
the  cornice  breaking  round  them.  In  modern  architecture  the  proportions  of  the  attic 
order  have  never  been  subject  to  fixed  rules,  and  their  good  effect  is  entirely  dopondent 
on  the  taste  and  feeling  of  the  architect.  The  att:c  is  usu  illy  decorated  ^\ltll  aiiim 

or  small  pilasters.  . , 

Attic  Base.  The  base  of  a column  consisting  of  an  upper  and  lower  torus  a scotia  an<l 
fillets  between  them.  It  is  thus  described  by  Vitruvius,  “ It  must  be  so  sul  dividts!  thc.t 
the  upper  part  bo  one-third  of  the  thickness  of  the  column,  and  that  th.'  reiuamdcr  lo 
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assigned  for  the  li<;ight  of  the  plinth.  Excluding  the  plinth,  divide  the  height  into  four 
parts,  one  of  which  is  to  be  given  to  the  upper  torus  ; then  divide  the  remaining  three  1 

parts  into  two  equal  parts  ; one  will  be  the  height  of  the  lower  torus,  and  the  other  the  ' 

height  of  the  scotia  w'ith  its  fillets.  See  figure  s.  v.  Base  of  a Column.  ! 

Attic  Story.  A term  frequently  applied  to  the  upper  story  of  a house  when  the  ceiling  i 
is  square  w'ith  the  sides,  to  distinguish  it  from  garrets.  i 

ATT>iii3UTES,  in  decorative  architecture,  are  certain  symbols  given  to  figures,  or  dis- 
posed as  ornaments  on  a building,  to  indicate  a distinguishing  character;  as  a lyre, 
bow,  or  arrow  to  Apollo  ; a club  to  Hercules  ; a trident  to  Neptune  ; a spear  to  Pallas,  &c.  j 
For  attributes  given  to  Saints  and  others  in  mediaeval  architecture,  see  Symbols. 

Auger.  A carpenter’s  and  joiner’s  tool  for  boring  large  holes.  It  consists  of  a wooden 
handle  terminated  at  the  bottom  with  steel.  The  more  modern  augers  are  pointed  and 
sharpened  like  a centre-bit,  the  extremity  of  one  of  the  edges  being  made  to  cut  the  , 

wood  clean  at  the  circumference,  and  the  other  to  cut  and  take  away  the  core,  the  whole  i 

length  of  the  radius. 

Aula.  (Lat.)  In  ancient  Roman  architecture,  a court  or  hall. 

Aumbrye.  a recess  in  the  wall  of  tlie  chancel  for  the  preservation  of  the  sacred  vessels. 
Aviary.  (Lat.  Avis.)  A house  or  apartment,  set  apart  for  keeping  and  breeding  birds. 
Awning.  (Fr.  Aulne.)  Any  covering  intended  as  a screen  from  the  sun,  or  protection 
from  the  rain. 

Axe.  (Sax.  Eax.)  A tool  with  a long  wooden  handle  and  a cutting  edge  situate  in  a 
plane  passing  longitudinally  through  the  handle.  It  is  used  for  hewing  timber  by 
cutting  it  vertically,  the  edge  being  employed  in  forming  horizontal  surfaces.  The  axe 
differs  from  the  joiner's  hatchet  by  being  much  larger,  and  by  its  being  used  with  only 
one  band.  Axes  of  various  sizes,  depending  upon  the  quality  of  the  material,  are  used 
by  stone-cutters  and  bricklayers.  The  adze  is  used  to  horizontal  surfaces. 

Axis.  The  spindle  or  centre  of  any  rotative  motion.  In  a sphere  a line  passing  through 
the  centre  is  the  axis. 

B 

Babylonian  Architecture.  See  Assyrian  Architecture. 

Back.  The  side  opposite  to  the  face  or  breast  of  any  piece  of  architecture.  In  a recess  ' 
upon  a quadrangular  plane,  the  face  is  that  surface  which  has  the  two  adjacent  planes, 
called  the  sides,  elbows,  or  gables.  When  a piece  of  timber  is  fixed  in  a horizontal  or 
in  an  inclined  position,  the  upper  side  is  called  the  back,  and  the  lower  the  breast. 
Thus  the  upper  side  of  the  handrail  of  a staircase  is  properly  called  the  back.  The 
same  is  to  be  understood  with  regard  to  the  curved  ribs  of  ceilings  and  the  rafters  of  a 
roof,  whose  upper  edges  are  always  called  the  hacks. 

Back  of  a Chimney.  The  recess^  face  of  it  towards  the  apartment,  &c.  See  Chimney.  j 
B.ack  of  a Hand-rail.  The  upper  side  of  it.  ’ 

Back  of  a Hip  or  other  Rafter.  The  upper  side  or  sides  of  it  in  the  sloping  plane  of  ’ 

the  side  of  the  roof. 

Back  Fillet.  The  return  to  the  face  of  the  wall,  of  the  margin  of  a projecting  quoin  ; 

as  in  a plain  architrave  to  an  opening.  j 

Back  Lining  of  a Sash  Frame.  That  parallel  to  the  pulley  piece  and  next  to  the  jamb  j 
on  either  side.  j 

Back  Puttying.  The  cleaning  off  of  the  putty  in  the  rebate  of  a sash  bar  on  the 

inside  after  the  glass  has  been  put  in,  and  the  outer  putty  left  a while  to  harden.  > 

Back  Shutters.  Those  folds  of  a shutter  wFich  do  not  appear  on  the  face  being  folded  ; 

within  the  boxing.  '» 

Back  of  a Stone.  The  side  opposite  to  the  face.  It  is  generally  rough.  ^ 

Back  of  a Wall.  The  inner  face  of  it. 

Back  of  a AVindow.  The  piece  of  wooden  framing  in  the  space  between  the  lower  part  ^ 
of  the  sash  frame  and  the  floor  of  the  apartments,  and  bounded  at  its  extremities  right  i 
and  left  by  the  elbows  of  the  window.  The  number  of  panels  into  which  it  is  framed  is  ^ 
dependent  on  what  may  be  necessary  for  carrying  out  the  design  ; it  rarely,  however,  .> 
consists  of  more  than  one.  \ 

Backing  of  a Rafter  or  Rib.  The  formation  of  the  upper  or  outer  surface  of  either  in  1 
such  a manner  as  to  range  with  the  edges  of  the  rafters  or  ribs  on  either  side  of  it.  The  | 

formation  of  the  inner  edges  of  the  ribs  for  a lath  and  plaster  ceiling  is  sometimes  : 

called  hacking,  but  improperly,  since  contrary  to  the  true  meaning  of  the  word. 

Backing  of  a Wall.  The  filling  in  and  building  which  forms  the  inner  face  of  the  w'ork. 

In  this  sense  it  is  opposed  to  facing,  which  is  the  outside  of  the  wall.  In  stone  walls  ■ 
the  backing  is  unfortunately  too  often  mere  rubble,  while  the  face  is  ashlar. 

Badigeon.  a mixture  of  plaster  and  freestone  sifted  and  ground  together,  used  by  sta-  ’ 
tuaries  to  repair  defects  in  their  work.  The  joiner  applies  this  term  to  a mixture  of 
sawdust  and  strong  glue,  with  which  he  fills  up  the  defects  of  the  wood  after  it  has  been  , 
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wrought  A nnxture  the  sumo  purpose  is  ru.ule  of  whiting  ami  glue,  and  some- 
times with  putty  and  chalk.  When  the  first  of  these  is  used  it  is  alloweil  to  remain 
until  quite  hard  after  which  it  may  be  submitted  to  the  operation  of  planing  and 
smoothing.  Without  this  precaution  it  may  shrink  below  the  surface  of  the  work 

Bagnio^.  (It.)  An  Italian  term  for  a bath,  usually  applied  by  the  English  to  an  estab- 
lishment  having  conveniences  for  bathing,  sweating,  and  otherwise  cleansing  the  bodv  • 
and  now  called  a Turkish  bath.  The  term  is  applied  by  the  Turks  to  the  prisons  where 
their  slaves  are  confined,  in  which  it  is  customary  to  have  baths. 

Baguettb.  (Fr.)  A small  moulding  of  the  astragal  species.  It  is  occasionally  cut  with 
pearls,  ribands,  laurels,  &c.  According  to  M.  Le  Clerc,  the  baguette  is  called  a chaplet 
when  ornaments  are  cut  on  if.  ^ 

Bailey.  See  Castle. 

Bakehouse.  An  apartment  provided  with  kneading  troughs  and  an  oven  for  bakin<>. 

B^laneia.  a Greek  term  fora  bath. 

Balcony.  (It.  Balcone.)  A projection  from  the  external  wall  of  a house,  borne  by 
columns  or  consoles,  and  usually  placed  before  windows  or  openings,  and  protected  on 
the  extremity  of  the  projection  by  a railing  of  balusters  or  ironwork.  In  the  French 
theatre,  the  bahon  is  a circular  row  of  seats  projecting  beyond  the  tier  of  boxes  imme- 
diately above  the  pit. 

Baldachino.  (It.)  A canopy  supported  by  columns,  generally  placed  over  an  altar  in 
Eoman  Catholic  places  of  worship.  Sometimes  the  baldachino  is  suspended  from  the 
roof,  as  in  the  church  of  St.  Sulpice  at  Paris.  It  succeeded  to  the  ancient  ciboriu.m, 
which  was  a cupola  supported  on  four  columns,  still  to  be  seen  in  many  of  the  churches 
of  Borne.  The  merit  of  its  invention  seems  to  belong  to  Bernini.  That  erected  by  him 
in  St.  Peter’s  is  128  feet  high,  and  being  of  bronze  weighs  near  90  tons.  It  was  built 
by  order  of  the  Pope  Barberini,  from  the  robbery  of  the  Pantheon,  and  occasioned  the 
bitter  observation,  “ Quod  non  fecerint  Barbari  fecorunt  Barberini.”  The  decision  of 
the  Arches  Court  against  issuing  a faculty  for  the  erection  of  a baldachino  in  St, 
Barnabas  Church,  Pimlico,  is  given  in  the  journals  of  the  early  part  of  1874, 

Balection  or  Bolec  rioN  Mouldings.  Mouldings  which  project  beyond  the  surface  of  a 
piece  of  framing. 

B.aeistraria.  An  opening,  sometimes  in  the  form  of  a cross,  in  the  wall  of  a Gothic 
castle  or  turret,  through  which  archers  could  discharge  their  missiles  without  being  per- 
ceived. They  were  usually  in  the  form  of  a cross,  the  vertical  slit  or  opening  being 
made  longer  than  the  horizontal  one  which  cros.sed  it  in  the  middle.  Sometimes  the 
ends  were  formed  circular  instead  of  square. 

Balks  or  Baulks,  (Dutch.)  Pieces  of  whole  fir,  being  the  trunks  of  small  trees  of  that 
species,  rough-squared  for  building  purposes.  In  the  metropolis  the  term  is  applied  to 
short  lengths,  from  eighteen  to  twenty-five  feet,  mostly  under  ten  inches  square,  biper- 
ing  considerably,  and  with  the  angles  so  lelt  that  the  piece  is  not  exactly  square. 

Ball  flower.  An  ornament  resembling  a ball  inclosed  in  a flower  of  a circular  shape, 
the  three  petals  of  which  fi'rm  a cup 
round  it.  It  is  usually  placed  in  a 
hollow  moulding,  and  is  considered 
one  of  the  chief  characteristics  of  the 
Decorated  period  of  Gothicarchitecture. 

Ballium.  In  the  architecture  of  the 
middle  ages,  the  open  space  or  court 
of  a fortified  castle.  This  has  acquired 
in  English  the  appellation  Bailey  ; thus  St.  Peter’s  in  the  Bailey  at  Oxford,  and  the 
Old  Bailey  in  London,  are  so  named  from  their  ancient  connection  with  the  sites  ot 
castles.  • • r,-i 

Balloon.  A round  ball  or  globe  placed  on  a column  or  pier,  by  way  of  crowning  it.  I he 
same  name  is  given  to  the  balls  on  the  tops  of  cathedrals,  as  at  St.  Peters,  which  is  8 
feet  in  diameter,  and  at  St.  Paul’s  in  London.  ^ ^ i j 

Balteus.  (Lat.  a girdle.)  The  wide  step  in  theatres  and  amphitheatres,  which 

a passage  round  them  without  disturbance  to  the  sitters.  No  one  sat  on  it ; it  served 
merely  as  a landing-place.  In  the  Greek  and  Koman  theatres,  every  eighth  step  v^as  a 
balteus.  Vitruvius  gives  the  rules,  in  the  third  chapter  of  his  fifth  book,  for  properly 

setting  it  out.  , , . , * v j 

The  term  balteus  is  also  used  by  Vitruvius  to  denote  the  strap  which  seems  to  bind  up 
the  coussinet,  cushion,  or  pillow  of  the  Ionic  capital.  , c n . TUt 

Baluster.  A species  of  small  column  belonging  to  a Ulustrade.  See  Columell^.  Ibis 
term  is  also  used  to  denote  the  lateral  part  of  the  volute  of  the  Ionic  capital.  \ itruMus 
calls  it  pulvinnfa,  on  account  of  its  resemblance  to  a pillow. 
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Baluster  Shaft.  A small  shaft  or  pillar  in  the  shape  of  a baluster  dividing  an  opening,  f 
seen  in  thewindow  of  belfries  in  the  Romanesque  towers  in  England.  They  have  generally 
an  elliptical  or  pear-shaped  entasis  or  swelling  in 
the  lower  half.  The  illustration  is  from  Wykham 
Church,  Derbyshire. 

Balustrade.  A parapet  or  protecting  fence  formed  of 
balusters,  sometimes  employed  for  real  use,  and 
sometimes  merely  for  ornament. 

Band.  (Fr.  Bande.)  A flat  member  or  moulding, 
smaller  than  a fascia.  The  face  of  a band  is  in  a 
vertical  plane,  as  is  also  that  of  the  fascia  ; the  word, 
however,  is  applied  to  narrow  members  somewhat 
wider  than  fillets;  and  the  word /ascm  to  broader 
members.  The  cinctures  sometimes  used  round  the 
shafts  of  rusticked  columns  are  called  bands.  In 
this  case  the  column  is  called  a handed  column. 

Bandages.  A term  applied  to  the  rings  or  chains  of 
iron  inserted  in  the  corners  of  a stone  wall,  or  round 
the  circumference  of  a tower,  at  the  springing  of 
a dome,  &c.,  which  act  as  a tie  on  the  walls  to  keep 
them  together. 

Bandelet,  or  Bandlet.  A small  band  encompassing 
a column  like  a ring. 

Banding  Plane.  A plane  intended  for  cutting  out  grooves  and  inlaying  strings  and 
bands  in  straight  and  circular  work. 

Banister.  A vulgar  term  for  baluster,  which  see. 

Banker.  A bench,  on  which  masons  prepare,  cut,  and  square  their  work. 

Banquet.  (Fr.)  The  footway  of  a bridge  when  raised  above  the  carriage-way. 

Baptistekv.  (Gr.  Panri^o}.)  A detached  building,  or  a portion  of  a church,  destined 
for  administration  of  the  rite  of  baptism.  It  has  been  contended  by  some  that  the 
baptistery  was  at  first  placed  in  the  interior  vestibules  of  the  early  churches,  as  are  in 
many  churches  the  baptismal  fonts.  This,  however,  was  not  the  case.  The  baptistery 
was  quite  separate  from  the  basilica,  and  even  placed  at  some  distance  from  it.  Until 
the  end  of  the  sixth  century,  it  was,  beyond  doubt,  a distinct  building;  but  after  that 
period  the  font  gradually  found  its  way  into  the  vestibule  of  the  church,  and  the  prac- 
tice became  general,  except  in  a few  churches,  as  at  Florence,  Ravenna,  of  S.  Giovanni 
Laterano  at  Rome,  and  in  those  of  all  the  episcopal  cities  of  Tuscany,  and  some  few 
other  places.  The  Roman  example  is  perhaps  the  most  ancient  remaining.  There  w^as 
a baptistery  at  Constantinople,  of  such  dimensions  that,  on  one  occasion,  it  held  a 
very  numerous  council.  That  at  Florence  is  nearly  ninety  feet  in  diameter,  octagonal, 
and  covered  with  a dome.  It  is  enclosed  by  the  celebrated  bronze  doors  by  Lorenzo 
Ghiberti,  which  Michel  Angelo  said  were  fit  to  be  the  gates  of  Paradise.  The  baptistery 
of  Pisa,  designed  by  Dioti  Salvi,  w’as  finished  about  1 160.  The  plan  is  octagonal,  about 
129  feet  in  diameter  and  179  feet  high. 

Bar.  In  a court  of  justice,  an  enclosure,  three  or  four  feet  high,  in  which  the  counsel 
have  their  places  to  plead  causes.  The  same  name  is  given  to  the  enclosure,  or  rather 
bar  before  it,  at  which  prisoners  are  placed  to  take  their  trials  for  criminal  otfences. 

Bar.  a piece  of  wood  or  iron  used  for  fastening  doors,  window  shutters,  &c. 

Bar  or  Barred  door.  The  term  used  in  Scotland  for  aledgred  door. 

Bar  of  a Sash.  The  light  pieces  of  wood  or  metal  which  divide  a window  sash  into 
compartments  for  the  glass.  The  angle  bars  of  a sash  are  those  standing  at  the  inter- 
section of  two  vertical  planes. 

Bar  Iron.  Iron  made  of  the  cast  metal  after  it  comes  from  the  furnace.  The  sows  and 
pigs,  as  the  shapes  of  the  metal  are  technically  termed,  pass  through  the  forges  and 
chaufery,  where,  having  undergone  five  successive  heats,  they  are  formed  into  bars. 

Bar-posts.  Posts  driven  into  the  ground  for  forming  the  sides  of  a field  gate.  They  are 
mortised,  to  admit  of  horizontal  bars  being  put  in  or  taken  out  at  pleasure.  ' 

Bar-tracery.  A name  given  to  the  completely  developed  form  of  Gothic  tracery,  from 
its  fancied  resemblance  to  bars  of  iron  wrought  artd  bent  into  the  various  forms  exhibited. 

Barbacan.  a watch-tower  for  descrying  an  enemy;  also  the  outer  work  or  defence  of  a 
castle,  or  the  fort  at  the  entrance  of  a bridge.  Apertures  in  the  walls  of  a fortress,  for 
firing  through  upon  the  enemy,  are  sometimes  called  by  this  name.  The  etymology  of 
the  word  has  been  variously  assigned  to  French,  Italian,  Spanish,  Saxon,  and  Arabian 
origin.  See  Castle.  ' 

Barge  Boards.  The  inclined  projecting  boards  placed  at  the  gable  of  a building,  and 
hiding  the  horizontal  timbers  of  a roof.  They  are  frequently  carved  with  trefoils, 
quatrefoils,  flowers,  and  other  ornaments  and  foliage. 


Fig.  1367.  Wykham  Church,  Derby- 
shire. 
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BARGt  COUPLKS.  (8ax.  to  bar.)  Two  beam.s  mortised  aiul  teuonod  togother  for 

the  purpose  of  increasing  the  strength  of  a ljuilding. 

Barge  Couksb.  The  part  of  the  tiling  whicli  projects  over  tJie  gable  of  a building,  and 
r \t'hich  is  made  good  below  with  mortar. 

Barx.  (Sax.  Bepn.)  A covered  farm-building  for  laying  up  grain,  hay,  straw,  &c.  The 
situation  of  a barn  should  be  dry  and  elevated.  It  is  usually  placed  on  tlie  north  or 
‘ Qorth-east  side  of  a farm-yard.  The  barns,  outhouses,  and  stables  should  not  bo  hu- 
disbint  from  each  other.  They  are  most  frequently  constructed  with  wooden  framing  of 
quarters,  &c.,  and  covered  with  weather  boarding;  sometimes,  in  superior  farms,  they 
! are  built  of  stone  and  brick.  The  roofs  are  usually  thatched  or  tiled,  ns  the  materuils 
for  the  purpose  are  at  hand ; but  as  the  grain  should  of  all  things  be  kept  dry,  to  pre- 
vent it  from  moulding,  the  gable  ends  should  be  constructetl  of  brick,  and  apertures  left 
- in  the  walls  for  the  free  admission  of  air.  The  bays,  as  they  are  called,  are  formed  by 
two  pairs  of  folding  doors,  exactly  opposite  to  each  other,  and,  as  well  as  for  thrashing, 
afford  the  convenienre  of  carrying  in  and  out  a cart  or  waggon  load  of  corn  in  sheaves, 
or  any  sort  of  bulky  produce.  The  doors  in  question  must  be  of  the  same  breadth  as 
the  threshing-floor,  to  afford  light  to  the  threshers,  and  air  for  winnowing  the  grain. 
It  is  a good  practice  to  make  an  extensive  penthouse  over  the  great  doors  sufficiently 
large  to  cover  a load  of  corn  or  hay,  in  case  of  the  weather  not  permitting  it  to  be  im- 
mediately housed. 

Barrack.  A building  erected  for  the  housing  of  soldiers. 

Barrack-room.  A name  given  to  a long  room  in  some  houses  in  the  country,  and  intended 
. for  the  sleeping  place  of  a number  of  men  who  may  have  to  stay  a nigbt  or  two,  the 
house  not  affording  a room  for  each. 

Barrel  Drain.  One  in  the  form  of  a hollow  cylinder. 

Barrel  Vault.  A cylindrical  vault,  presenting  a uniform  concave  surface  not  groined 
or  ribbed. 

Barrow.  In  Celtic  antiquities  a sepulchral  mound,  and  called  by  different  names 
according  to  the  shape  of  it. 

Bartisan.  a turret  on  the  summit  of  a tower,  castle,  or  li^uso.  wdiereon  was  generally 
hoisted  the  standard  or  flag  proper  to  the  place. 


Fig.  1368.  Temple  on  the  Ilyssus.  Fig.  1369.  Temple  at  Priene.  Fig.  1370.  Early  English  Perio-I. 


BARYC.as  or  Barycephal.®.  (Gr.  Bapvs.  low  or  flat,  and  KeepaKt},  head.)  The  Greek  name 
for  an  araeostyle  temple. 

Base.  (Gr.  Bao-ts.)  In,  geometry,  the  lower  part  of  a figure  or  body.  The  base  of  a solid 
is  the  surface  on  which  it  rests. 

Base  of  a Column.  The  part  between  the  shaft  and  the  pavement  or  pedestal,  if  there 
^ be  any  to  the  order.  Each  column  of 
the  Romans  has  its  particular  base,  for  | f | [ 

- which  see  Fig.  1371.'  For  the  Attic 
: base,  see  also  under  that  word.  The 

Grecian  Doric  order  did  not  have  a 

- base,  the  shaft  standing  on  the  pave- 
ment. Two  examples  of  Greek  Ionic 
bases  are  given  in  Figs.  1368  and  1369. 

Bases  are  also  used  to  the  shafts  in  mei 
tKites  an  example.  . , ^ 

Base  of  a Room.  The  lower  projecting  part.  ^^,^  ^ 0^006 

which  is  a plain  board  adjoining  the  floor,  called  the  plinth,  an 
^ or  more  mouldings,  which,  taken  collectively,  are  called  the  base-  f _ *1.^ 

better  sort  of  work  the  plinth  is  tongued  into  a groove  in  the  floor, 

. diminution  of  breadth  created  by  the  shrinking  nev’er  causes  f 

between  its  under  edge  and  the  floor,  and  the  tipper  edge  o ®«P.\  j „ Whout  a dado 

the  base.  Bedrooms,  lobbies,  passages,  and  staircases  arc  often  finished  without  a dado 

: . . , 1 I 2 - 


Tuscan,  Doric,  Ionic,  Corinthian,  Conipc^site,  Attic. 
Fig.  1371.  Homan  bases. 

iiaeval  architecture,  of  which  Fig.  1370  illus- 


1220 


GLOSSAliY. 


and  surbase,  and  indeed  the  fashion  has  extended  the  practice  to  rooms  of  the  higher 
class,  as  drawing-rooms,  &c. 

Basement.  The  lowest  story  of  a building,  whether  above  or  below  the  ground. 

Basil.  Among  carpenters  and  joiners  the  angle  to  which  the  edge  of  an  iron  tool  is 
ground  so  as  to  bring  it  to  a cutting  edge.  If  the  angle  be  very  thin  the  tool  will  cut 
more  freely,  but  the  more  obtuse  it  is  the  stronger  and  fitter  it  is  for  service. 

Basilica.  (Gr.  BacnAeus,  a king.)  Properly  the  palace  of  a king ; but  it  afterwards 
came  to  signify  an  apartment  usually  provided  in  the  houses  of  persons  of  importance, 
where  assemblies  were  held  for  dispensing  justice.  Thus  in  the  magnificent  villa  of 
the  Gordian  family  on  the  Via  Prenestina  there  were  three  basilic*,  each  more  than 
one  hundred  feet  long.  A basilica  was  generally  attached  to  every  forum,  for  the 
summary  adjustment  of  the  disputes  that  arose.  It  was  surrounded  in  most  cases 
with  shops  and  other  conveniences  for  traders.  The  difference  between  the  Grecian 
and  Roman  basilica  is  given  by  Vitruvius  in  the  fifth  chapter  of  his  first  book.  • 

The  term  basilica  is  also  applied  by  Palladio  to  those  buildings  in  the  cities  of  Italy 
similar  in  use  to  our  town  halls. 

Basis.  See  Base. 

Basket.  A term  often  applied  to  the  vase  of  the  Corinthian  capital,  with  its  foliage,  &c. 

Basket-handle  Arch.  (Fr.  Anse  de  panier.)  An  arch  whose  vertical  height  is  less  than 
half  its  horizontal  diameter,  such  as  an  elliptic  arch. 

Bass.  A trough  containing  mortar,  used  in  tiling,  &c. 

Basse  Coub.  (Fr.)  A court  destined  in  a house  of  importance  for  the  stables,  coach- 
houses, and  servants  attached  to  that  part  of  the  establishment.  In  country  houses  it 
is  often  used  to  denote  the  yard  appropriated  to  the  cattle,  fowls,  &c. 

Basso-eelievo.  See  Rei  ievo. 

Bastard  Stucco  or  Trowelled  Stucco.  Fine  stuff  mixed  with  sand  to  form  a surface 
in  plastering  to  receive  paint. 

Bat.  In  bricklayer’s  work,  a piece  of  a brick  less  than  one  half  of  its  length. 

Batardeau.  (Fr.)  The  same  as  Coffer  Dam. 

Batement  Light.  A window  having  upright  sides,  but  the  bottom  of  which  is  not  level. 

Bath.  (From  the  Saxon,  Bab,)  An  apartment  or  series  of  apartments  for  bathing.  Among 
the  ancients  the  public  baths  were  of  amazing  extent  and  magnificence,  and  contained  a 
vast  number  of  apartments.  These  extraordinary  monuments  of  Roman  magnificence 
seem  to  have  had  their  origin  in  many  respects  from  the  gymnasia  of  the  Greeks,  both 
being  instituted  for  the  exercise  and  health  of  the  public.  The  word  thermcB  (hot  baths) 
was  by  the  Romans  used  to  denominate  the  establishment,  although  it  contained  in  the 
same  building  both  hot  and  cold  baths.  In  later  times  a house  was  incomplete  unless 
provided  with  hot  and  cold  baths  ; and,  indeed,  it  was  not  till  the  time  of  Augustus  that 
public  baths  assumed  the  grandeur  which  their  remains  indicate.  Different  authors 
reckon  nearly  eight  hundred  baths  in  Romo,  of  which  the  most  celebrated  w’ere  those  of 
Agrippa,  Antoninus,  Caracalla,  Diocletian,  Domitian,  Nero,  and  Titus.  It  appears 
from  good  authority,  that  the  baths  of  Diocletian  could  accommodate  no  less  than  eight 
hundred  bathers.  These  stupendous  edifices  are  indicative  of  the  magnificence,  no  less 
than  the  luxury,  of  the  age  in  W'hich  they  were  erected.  The  pavements  were  mosaic, 
the  ceilings  vaulted  and  richly  decorated,  and  the  walls  encrusted  with  the  rarest  marbles. 
From  these  edifices  many  of  the  most  valuable  examples  of  Greek  sculpture  have  been 
restored  to  the  world ; and  it  was  from  their  recesses  that  the  restorers  of  the  art  drew 
their  knowledge,  and  that  Rafaelle  learnt  to  decorate  the  walls  of  the  Vatican.  See  p.  96. 

Batten.  (Probably  from  the  Fr.  BAton,  from  its  small  width.)  A scantling  or  piece  of 
stuff  from  two  to  six  inches  broad,  and  from  five-eighths  of  an  inch  to  two  inches  thick. 
Battens  are  used  in  the  boarding  of  floors  and  also  upon  walls,  in  order  to  receive  the 
laths  upon  which  the  plaster  is  laid.  See  Boarded  Floor. 

Battening.  The  fixing  of  battens  to  walls  for  the  reception  of  the  laths  on  which  the 
plaster  is  to  be  laid.  It  a’so  signifies  the  battens  in  the  state  of  being  fixed  for  that 
purpose.  The  battens  employed  are  usually  about  two  inches  broad  and  three-fourths 
of  an  incli  thick  ; the  thicknesses,  however,  may  be  varied  according  to  the  distances  that 
the  several  fixed  points  are  from  each  other.  Their  disbince  in  the  clear  is  from  eleven 
inches  to  one  foot.  To  fix  the  battens,  equidistant  bond  timbers  were  formerly  built  in 
the  wall : the  wall  is  now  plugged  at  equal  distances,  and  the  plugs  cut  off  flush  with 
its  surface,  or  the  battens  are  spiked  into  the  w'all.  The  plugs  are  generally  placed  twelve 
or  fourteen  inches  from  centre  to  centre  in  the  length  of  the  batten.  Battens  upon 
external  walls,  the  ceiling  and  bridging  joists  of  a naked  floor,  also  the  common  joists 
for  supporting  the  boarding  of  a floor,  are  fixed  at  the  same  distance,  viz.  from  eleven 
to  twelve  inches  in  the  clear.  When  battens  are  fixed  against  flues,  iron  holdfasts  are 
of  course  employed  instead  of  bond-timbers  or  plugs.  When  they  are  attached  to  a wall 
they  are  generally  fixed  in  vertical  lines,  and  when  fixed  to  tlie  surface  of  a stone  or 

•"  brick  vault,  whose  intrados  is  generated  by  a plane  revolving  about  an  axis,  they  ought 
to  be  placed  in  pltiius  tending  to  the  axis  ; as  in  this  position  they  have  only  to  be  fixed 
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in  straight  lines,  in  case  tlie  intraclos  is  straight  towards  the  axis,  which  will  bo  the  case 
when  It  IS  a portion  ot  a cone  or  cylinder;  and  when  the  intrados  is  curved  towards  the 
^is  they  W’lll  bend  the  easiest  possible.  Great  care  should  be  taken  to  regulate  the 
fans  of  the  oattens,  so  as  to  be  as  nearly  as  possible  equidistant  from  the  intended  surface 
of  the  plaster.  Lvery  piece  of  masonry  or  brickwork,  if  not  thoroughly  dry,  should  bo 
. battened  for  lath  and  plaster,  particularly  if  executed  in  a wet  season.  ‘ When  windows 
are  boarded,  and  the  walls  of  the  room  not  sufficiently  thick  to  contain  the  shutters  the 
surface  of  the  plastering  is  brought  out  so  as  to  give  the  architrave  a proper  projec- 
tion, and  quarterings  are  used  for  supporting  the  lath  and  plaster  in  lieu  of  battens 
This  IS  also  practised  when  the  breast  of  a chimney  projects  into  the  room,  in  order  to 
cover  the  recesses  and  make  the  whole  side  flush,  or  all  in  the  same  surface  with  the  breast 
Batter.  (Probably  from  the  Fr.  Battre.)  A term  used  by  artificers  to  signify  that  a 
body  does  not  stand  upright,  but  inclines  from  a pei-son  standing  before  it ; when  on 
the  contrary,  It  leans  towards  a person,  its  inclination  is  described  by ’saying  it 
overhangs.  ° 

Battlement.  An  indented  parapet  on  the  top  of  a wall.  They  w^ere  first  used  in  ancient 
fortifications,  and  subsequently  applied  to  other  buildings  as  mere  ornament.  Their 
outline  is  generally  a conjunction  of  straight  lines  at  right  angles  to  each  other,  each 
indentation  having  two  interior  right  angles,  and  each  raised  part  two  exterior’ right 
angles.  The  solid  parts  are  called  merlons  and  cops;  the  intervals  crenelles  or  embra- 
sures. In  Irish  architecture  a battlement  occurs  very  frequently,  the  merlons  being 
graduated  in  height. 

Battle-embattled.  A term  applied  to  the  top  of  a wall  which  has  a double  row  of 
battlements  formed  by  a conjunction  of  straight  lines  at  right  angles  to  each  other,  both 
embrasures  and  rising  parts  being  double,  the  lower  part  of  every  embrasure  less  than 
the  upper,  and  therefore  the  lower  part  of  each  riser  broader  than  the  upper. 

Baulk.  See  Balk. 

Baulk  Roofing.  Roofing  in  which  the  framing  is  constructed  of  baulk  timber. 

Bay.  (Dutch,  Baye.)  The  division  of  a barn  or  other  building,  generally  from  fifteen  to 
tw'enty  feet  in  length  or  breadth.  For  the  bay  of  a nave  or  choir  of  a mediaeval  church, 
see  Nave. 

Bay.  In  plasterer’s  w^ork,  the  space  between  the  screeds  prepared  for  regulating  atid 
working  the  floating  rule.  See  Screed. 

Bay  of  Joists.  The  joisting  between  two  binding  joists,  or  between  two  girders  when 
binding  joists  are  not  used. 

Bay  ofRoofing.  The  small  rafters  and  their  supportingpurlinsbetwecn  two  principal  rafters. 
Bay  Window.  A window  placed  in  a bay  or  projection  in  a room.  It  is  also  called  an 
oriel  window.  See  Boav  Window. 

Bay  of  a Window.  See  Day. 

Bazar.  A species  of  mart  or  exchange  for  the  sale  of  divers  articles  of  merchandize. 
The  word  is  Arabic,  signifying  the  sale  or  exchange  of  goods  or  merchandize.  Some  of 
the  Eastern  bazars  are  open,  like  the  market-places  of  Europe,  and  serve  for  the  same 
uses,  more  particularly  for  the  sale  of  more  bulky  and  less  valuable  commodities. 
Others  are  covered  with  lofty  ceilings  and  even  domes,  which  are  pierced  for  the  ad- 
mission of  light.  It  is  in  these  that  the  jewellers,  goldsmiths,  and  other  dealers  in  rich 
wares  have  their  shops.  The  bazar  or  meidan  of  Ispahan  is  one  of  the  finest  in  Persia. 
Beacon  Turret.  The  turret  of  an  angle  of  a tower,  sometimes  in  Border  counties  used 
for  containing  the  apparatus  for  kindling  at  the  shortest  possible  notice  the  need-fire. 
Bead.  (Sax.  Beafee.)  A moulding  whose  section  is  circular.  It  is  frequently  used  on 
the  edge  of  each  fascia  of  an  architrave,  as  also  in  the  mouldings  of  doors,  shutters, 
skirtings,  imposts,  and  cornices.  When  the  bead  is  flush  with  the  surface  it  is  called  a 
quirk  head,  and  when  raised  it  is  called  a cock-head. 

Bead  and  Butt  Work.  Framing  in  which  the  panels  are  flush,  having  beads  stuck  or 
run  upon  the  two  edges ; the  grain  of  the  wood  being  in  the  direction  of  them. 

Bead,  Butt,  and  Square  Work.  Framing  with  bead  and  butt  on  one  side,  and  square 
on  the  other,  chiefly  used  in  doors.  This  sort  of  framing  is  put  together  square,  and 
the  bead  is  stuck  on  the  edges  of  the  rising  side  of  the  pannel. 

Bead  and  Flush  Work.  A piece  of  framed  work  with  beads  run  on  each  edge  of  the 
included  pannel. 

Bead,  Flush,  and  Square  Work.  Framing  with  bead  and  flush  on  one  side,  and  square 
on  the  other,  used  chiefly  in  doors.  • • 

, Bead  and  Quirk.  A bead  stuck  on  the  edge  of  a piece  of  stuff,  flush  with  its  surface, 
with  only  one  quirk  or  without  being  returned  on  the  other  surface.  Bead  and  dou  ne 
quirk  occurs  when  the  bead  appears  on  the  face  and  edge  of  a piece  of  stuff  in  the  same 
manner,  thus  forming  a double  quirk.  . , v i.-  j 

Beak.  A little  pendent  fillet  left  on  the  edge  of  the  larmier,  forming  a canal  behind  to 
i prevent  the  water  from  running  down  the  lower  bed  of  the  cornice.  The  beak  is  some- 

^ times  formed  by  a groove  or  channel  recessed  on  the  soffite  of  the  larmier  upwards. 

i 
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Beak-head.  An  ornament  often  used  in  Norman  mouldings,  resembling  the  beak  of  a bird. 

Beak  Moulding.  See  Biud’s-beak  Moulding. 

Beam.  (Sax.  Beam,  a tie.)  A piece  of  timber,  or  sometimes  of  metal,  for  supporting  a weight, 
or  counteracting  two  opposite  and  equal  forces,  either  drawing  it  or  compressing  it  in 
the  direction  of  its  length.  Abeam  employed  as  a lintel  supports  a weight ; if  em- 
ployed as  a tie  beam,  it  is  drawn  or  extended  ; if  as  a collar  beam,  it  is  compressed.  The 
word  is  usually  employed  with  some  other  word  used  adjectively  or  in  opposition,  which 
word  implies  the  use,  situation,  or  form  of  the  beam ; as  tie  beam,  hammer  beam,  dragon 
beam,  straining  beam,  camber  beam,  binding  beam,  girding  beam,  truss  beam,  summer  beam, 
&c.  Some  of  these  are,  however,  used  simply,  as  collar  for  collar  beam,  lintel  for  lintel 
beam,  &c.  That  which  is  now  called  the  collar  beam  was  by  old  writers  called  wind 
beam,  and  strut  or  strutting  beam.  A beam  is  lengthened  either  by  building  it  in 
thicknesses,  or  by  lapping  or  splicing  the  ends  upon  each  other  and  bolting  them  through, 
which  is  called  scarfing.  See  Collau  Beam.  > 

Beam  Compasses.  An  instrument  for  describing  large  circles,  and  made  either  of  wood 
or  metal  with  sliding  sockets,  carrying  steel  or  pencil  points.  It  is  used  only  when  the 
circle  to  be  described  is  beyond  the  reach  of  common  compasses. 

Beam  Filling.  The  brickwork  or  masonry  brought  up  from  the  level  of  the  under  to  the  up- 
per sides  of  the  beams.  It  is  also  used  to  denote  the  filling  up  of  the  space  from  the  top  of 
the  wall  plate  between  the  rafters  to  the  under  side  of  the  slating,  board,  or  other  covering. 

Bearer.  That  which  supports  any  body  in  its  place,  as  a wall,  a post,  a strut,  &c.  In 
gutters  they  are  the  short  pieces  of  timber  which  support  the  boarding. 

Bearing.  The  distance  or  length  which  the  ends  of  a piece  of  timber  lie  upon  or  are 
inserted  into  the  wails  or  piers  ; thus  joists  are  usually  carried  into  the  walls  at  least 
nine  inches,  or  are  said  to  have  a nine-inch  bearing.  Lintels  of  an  aperture  should  in 
like  manner  have  a similar  bearing,  the  object  being  to  prevent  sagging  of  the  piece 
acting  on  the  inner  horizontal  quoins  of  the  wall. 

Bearing  of  a Toiber.  The  unsupported  distance  between  its  points  of  support  without 
any  intervening  assistance.  A piece  of  timber  having  any  number  of  supports,  one 
being  placed  at  each  extremity,  will  have  as  many  bearings,  wanting  one,  as  there  are 
supports.  Thus  a piece  of  timber  extended  lengthwise,  as  a joist  over  two  rooms,  will 
have  three  supports  and  two  bearings,  the  bearers  being  the  two  outside  walls  and  the 
partition  in  the  midst  between  them. 

Bearing  Wall  or  Partition.  A wall  or  partition  built  from  the  solid  for  the  purpose 
of  supporting  another  wall  or  partition,  either  in  the  same  or  in  a transverse  direction. 
When  the  latter  is  built  in  the  same  direction  as  the  supporting  wall,  it  is  said  to  hav’e 
a solid  bearing ; but  when  built  in  a transverse  direction,  or  unsupported  throughout, 
its  whole  length  is  said  to  have  a false  bearing,  or  as  many  false  bearings  are  there  are 
intervals  below  the  wall  or  partition. 

Beater.  An  implement  used  % plasterers  and  bricklayers  for  beating,  and  thereby  temper- 
ing or  incorporating  together  the  lime,  sand,  and  other  ingredients  of  a cement  or  plaster. 

Beaufet.  See  Buffet. 

Bed.  (Sax.  Bet>.)  The  horizontal  surface  on  which  the  stones,  bricks,  or  other  matters 
in  building  lie.  The  under  surface  of  a stone  or  brick  is  called  its  under  hd,  and  the 
upper  surface  its  wp'per  bed.  In  general  language  the  beds  of  a stone  are  the  surfaces 
where  the  stones  or  bricks  meet.  It  is  almost  needless  to  inculcate  the  necessity  of 
every  stone  being  worked  quite  straight,  and  not  dished  or  hollowed  out,  which  masons 
are  very  apt  to  do  for  the  purpose  of  making  a fine  joint.  Stones  thus  worked  are  very 
liable  to  fiush  and  break  off  at  the  angles. 

Bed  Chamber.  The  apartment  destined  to  the  reception  of  a bed.  Its  finishings  of 
course  depend  on  the  rank  of  the  party  who  is  to  occupy  it. 

Bed-mouldings.  The  mouldings  under  a projection,  as  the  corona  of  a cornice. 

Bed  of  a Slate.  The  under  side  of  a slate,  or  that  part  in  contiguity  with  the  boarding  or 
rafters. 

Beds  of  a Stone,  in  cylindrical  vaulting,  are  the  two  surfaces  intersecting  the  intrados 
of  the  vault  in  lines  parallel  to  the  axis  of  the  cylinder.  In  conic  vaulting,  where  the 
axis  is  horizontal,  they  are  those  two  surfaces  which,  if  produced,  would  intersect  the 
axis  of  the  cone.  In  arching  the  beds  are  called  summerings  by  the  workmen. 

Bedding  of  Timbers.  The  placing  them  properly  in  mortar  on  the  walls. 

Beech,  One  of  the  forest  trees,  but  not  often  used  in  building. 

Beetle.  (Sax.  Bytel.)  A large  wooden  hammer  or  mallet  with  one,  two,  or  three 

, handles  for  as  many  persons.  With  it  piles,  stakes,  wedges,  &c.,  are  driven. 

Bklection  Moulding.  See  Balection  Moulding. 

Belfry.  The  upper  part  of  the  steeple  of  a church  for  the  reception  of  the  bells.  It  is 
the  campanile  of  the  Italians,  though  amongst  them  a building  often  altogether 
unconnected  with  the  body  of  the  church.  It  is  sometimes  used  more  especially  in 

. respect  of  the  timber  framing  by  which  the  bells  are  supported. 
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Dkli..  riie  naked  vase  or  eorhedle  ol  the  Corinthian  and  Composite  capitals  round  which 
the  foliage  and  volutes  are  arranged.  Its  horizontal  section  is  ever3  where  a circle 
Bkll  Roof.  One  whereof  the  vertical  section,  perpendicular  to  the  wall  or  to  its  spring- 
mg  line,  is  a curve  of  contrary  ilexure,  being  concave  at  the  bottom  and  convex  at  the 
top.  It  IS  oiten  called  an  ogee  roof  from  its  form. 

Bell  Ttjuret.  A small  tower  formed  specially  for  holding  a bell.  A “ bell-cable  ” is  a 
gable-like  wall  perforated  to  hold  a bell.  ^ 

Belt.  In  masonry  a course  of  stones  projecting  from  the  naked,  either  moulded  plain 
fluted,  or  enriched  with  pateras  at  regular  intervals.  ^ ’ 

Belvedere  (It.)  A raised  turret  or  a lantern  for  the  enjoyment  of  a prospect  • also  a 
small  ediflee  in  gardens,  not  uncommon  in  France  and  Italy.  r i » ^ 

Benatura.  The  holy  water  vessel  placed  at  the  entrance  of  churches,  generally  on  the 
right  hand  of  the  outer,  or  inner,  porch  door,  or  both.  The  sprinkler,  originally  made 
of  the  herb  hyssop,  is  called  aspirgillum. 

Bench.  A horizontal  surface  or  table  about  two  feet  eight  inches  high,  on  which  joiners 
prepare  their  work.  ’ *' 

Bench  Hook.  A pin  affixed  to  a bench  for  preventing  the  stuff  in  working  from  sliding 
out  of  its  place. 

Bent  Timber  Roof.  A roof  of  large  span,  in  which  the  principals  are  formed  of  timber 
bent  to  the  required  form,  and  secured  by  bolts  or  bands. 

Beton.  (Fr.)  Concrete  made  according  to  the  French  system. 

Bevel.  (Lat.  Bivium.)  An  instrument  used  by  artificers,  one  leg  whereof  is  frequently 
curved  according  to  the  sweep  of  an  arch  or  vault.  It  is  moveable  upon  a pivot  or 
Centre,  so  as  to  render  it  capable  of  being  set  to  any  angle.  The  make  and  use  of  it 
are  much  the  same  as  those  of  the  common  square  and  miter,  except  that  those  are 
fixed,  the  first  at  an  angle  of  ninety  degrees  and  the  second  at  forty-five  ; whereas  the 
bevel  being  moveable,  it  may  in  some  measure  supply  the  office  of  both,  and  yet  supply 
the  deficiency  of  both,  which  is,  indeed,  its  principal  use,  inasmuch  as  it  serves  to  set 
off  or  transfer  angles  either  greater  or  less  than  ninety  or  forty-five. 

Any  angle  that  is  not  square  is  called  a bevel  angle,  whether  it  be  more  obtuse  or 
more  acute  than  a right  angle;  but  if  it  be  one  half  as  much  as  aright  angle,  viz. 
forty-five  degrees,  the  workman  calls  it  a miter.  They  have  also  a term  hatf  miter, 
which  is  an  angle  one  quarter  of  a quadrant  or  square,  that  is,  an  angle  of  twenty-two 
degrees  and  a half. 

Bier.  A portable  carriage  for  the  dead.  Hearse  or  Herce. 

Billet  Moulding.  (Fr.  Billet.)  A moulding  used  in  Norman  architecture,  in  string 
courses  and  the  archivolts  of  openings.  It  con- 
sists of  short,  small,  cylindrical  pieces,  two  or 
three  inches  long,  placed  in  hollow  mouldings  at 
intervals  equal  to  about  the  length  of  the  billet. 

See  fig.  1372. 

Binding  Joists.  Those  beams  in  a floor  which,  in 
a transverse  direction,  support  the  bridging  joists 
above,  and  the  ceiling  joists  below.  When  they 
are  placed  parallel  to  that  side  of  a room  on 
which  the  chimney  stands,  the  extreme  one  on  that  side  ought  never  to  be  placed  close 
to  the  breast,  but  at  a distance  equal  to  the  breadth  of  the  slab,  in  order  to  allow  for 
the  throwing  over  the  brick  trimmer  to  support  the  hearth. 

Binding  Rafters.  The  same  as  purlins. 

Binn  for  Wine.  The  open  subdivision  in  a cellar  for  the  reception  of  wine  in  bottles. 
The  average  diameter  allowed  for  green  bottles  is  3‘56  inches.  Thus  a binn  6 ft.  2^  in. 
long  will  take  twenty-cne  bottles.  If  they  are  laid  in  double  tiers  the  depth  should  be 
32  inches. 

Bird’s-beak  Moulding.  A moulding  which  in  section  forms  an  ovolo  or  ogee  with  or 
without  a fillet  under  it,  follow'ed  by  a hollow.  It  is  usual  in  Greek  work,  especially, 
in  the  cap  of  the  anta  of  the  Doric  order. 

Bird’s-eye  Maple  Wood.  The  wood  of  the  acer  macrophyllum.  or  broad-leaved  maple. 
It  is  scarcely  inferior  in  grain  to  the  finest  satin  wood.  It  is  largely  used  in  cabinet 

v'^ork.  • • 1 r f 

Bird’s-eye  Perspective.  A representation  of  any  place  or  building  taken  from  a great 
height.  The  lines  can  only  be  found  geometrically.  It  differs  from  the  ordinary 
perspective  representations  only  in  that  the  horizontal  line  is  very  much  aboie  tie 

object  to  be  shown.  , c 

Bird’s  Mouth.  An  interior  angle  cut  on  the  end  of  a piece  of  timber,  for  the  purpose 
of  obtaining  a firm  rest  upon  the  exterior  angle  of  another  piece. 

Bit.  An  instrument  for  boring  holes  in  wood  or  any  other  substance,  so  constructed  as 
to  admit  of  being  inserted  or  taken  out  of  a spring.  The  handle  is  divided  into  hie 


Fig.  1372.  Billet  Moulding. 


1224 


GLOSSARY. 


parts,  all  in  the  same  plane  ; the  middle  and  the  two  extreme  parts  being  parallel. 
The  two  extreme  parts  are  in  the  same  straight  line,  one  of  them  having  a brass  end 
with  a socket  for  containing  the  bit,  which,  when  fixed,  falls  into  the  same  straight  line 
with  the  other  end  of  the  stock  ; the  further  end  has  a knob  attached,  so  as  to  remain 
stationary,  while  all  the  other  parts  of  the  apparatus  may  be  turned  round  by  means  of 
the  projecting  part  of  the  handle. 

There  are  various  kinds  of  bits;  as  shell  bit,  used  for  boring  wood,  and  having  an 
interior  cylindric  concavity  for  containing  the  core ; antre  hit,  used  to  form  a large 
cylindric  hole  or  excavation  ; countersink  bit,  for  widening  the  upper  part  of  a hole  in 
wood  or  iron,  to  take  in  the  head  of  a screw  or  pin,  so  that  it  may  not  appear  above  the 
surface  of  the  wood ; rimer  bit,  for  widening  a hole  ; and  taper  shell  bit,  used  also  for 
the  last-named  purpose. 

Bitumen.  A mineral  pitch  used  in  former  ages  instead  of  mortar.  The  bricks  of  the 
walls  of  Babylon  are  said  to  have  been  cemented  together  with  it. 

Blade.  (Sax.  Blse's.)  A name  sometimes  given  to  the  principal  rafter  of  a roof. 

Blade  of  a Chisel.  The  iron  or  steel  part  of  it  as  distinguished  from  the  wooden 
handle. 

Blade  of  a Saw.  The  thin  steel  part  on  the  edge  of  which  the  teeth  are  cut.  The 
chief  properties  of  a good  saw  are,  that  it  should  be  stiff  and  yet  bend  equally  into  a 
regular  curve,  well  tempered,  equally  thick  on  the  cutting  edge,  and  thinner  towards 
the  back  edge. 

Blank  Door.  A door  either  shut  to  prevent  a passage,  or  one  placed  in  the  back  of  a 
recess,  where  there  is  no  entrance,  having,  nevertheless,  the  appearance  of  a real  door. 

Blank  Window.  One  which  has  the  appearance  of  a real  window,  but  is  merely  formed 
in  the  recess  of  the  wall.  When  it  is  necessary  to  introduce  blank  windows  for  the 
sake  of  uniformity,  it  is  much  better  to  build  the  apertures  like  the  other  and  real 
windows,  provided  no  flues  or  funnels  interfere ; and  instead  of  representing  the  sashes 
by  painting,  real  sashes  should  be  introduced  with  the  panes  of  glass  painted  black 
on  the  back. 

Blind.  The  ordinary  white  linen  material  for  draw-down  blinds,  now  also  made 
buff,  blue,  or  red  in  colour.  Also  quadrangular  forms  of  wood  or  metal,  covered  with 
an  opaque  substance,  stretched  between  the  framing,  so  as  to  cover  either  the  whole  or 
part  of  the  sashes  of  a window.  They  are  used  for  the  purpose  of  diminishing  the 
intense  effects  of  the  sun’s  rays,  or  of  preventing  persons  from  seeing  into  the  in- 
terior of  an  apartment.  Helioscene.  Venetian. 

Block  (Teutonic)  of  Wood.  A piece  of  wood  cut  into  some  prescribed  form  for  a par- 
ticular purpose. 

Block  of  Stone  or  Marble.  A piece  rough  from  the  quarry  before  it  has  received  any 
form  from  the  hand  of  the  workman. 

Blocking  or  Blocking  Course.  In  masonry,  a course  of  stones  placed  on  the  top  of  a 
cornice  and  forming  the  crown  of  a wall. 

Blockings.  Small  pieces  of  wood  fitted  in  and  glued  to  the  interior  angle  of  two  boards, 
or  other  pieces,  for  the  purpose  of  giving  additional  strength  to  the  joint.  In  gluing 
up  columns  the  staves  are  glued  up  successively  and  strengthened  by  blockings  ; as  also 
the  risers  and  treads  of  stairs  and  all  other  joints  that  demand  more  strength  than  their 
own  joints  afford.  Blockings  are  always  concealed  from  the  eye. 

Board.  (Sax.  Bojin.)  A piece  of  timber  of  undefined  length,  more  than  four  inches  in 
.breadth,  and  not  more  than  two  inches  and  a half  in  thickness.  When  boards  are  of  a 
trapezoidal  section,  that  is,  thinner  on  one  edge  than  the  other,  they  are  called  feather- 
edged  boards.  Boards  when  wider  than  nine  inches  are  planks.  The  fir  boards 

called  deal  (because  they  are  dealt  or  divided  out  in  thicknesses)  are  generally  imported 
into  England  ready  sawn,  being  thus  prepared  cheaper  by  saw  mills  abroad  than  they 
can  be  here.  Fir  boards  of  this  sort,  one  inch  and  a quarter  thick,  are  called  whole  deal, 
and  those  a full  half  inch  thick,  slit  deal.  See  Batten. 

Board  for  Valleys  or  Valley  Board.  A board  fixed  on  the  valley  rafters,  or  a piece 
for  the  leaden  gutter  of  the  valley  to  rest  on. 

Boarded  Floor.  A floor  covered  with  floor-boards.  The  laying  of  floors  usually  com- 
mences when  the  windows  are  in  and  the  plaster  dry.  The  boards  should  be  planed  on 
their  best  face  and  set  up  to  season,  till  the  natural  sap  is  expelled.  They  are  then  to 
be  planed  smooth,  shot,  and  squared  on  the  edge.  The  opposite  edges  are  brought  to  a 
breadth  by  drawing,  with  a flooring  gauge,  a line  on  the  face  parallel  to  the  other  edge. 
After  this  they  are  gauged  to  a thickne-s,  and  rebated  down  on  the  back  to  the  lines 
drawn  by  the  gauge.  The  next  thing  is  to  try  whether  the  joists  be  level,  and  if  not, 
either  the  boards  must  be  cut  on  the  under  side  to  meet  the  inequality,  or  the  joists 
must  ho  furred  up  by  pieces  to  bring  the  boards,  when  laid,  to  a level.  The  boards  em- 
ployed in  flooring  are  either  battens  or  deals  of  greater  breadth.  The  quality  of  battens 
is  divided  into  three  sorts.  The  best  is  that  free  from  knots,  shakes,  sap  wood,  or  cross- 
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grained  stuff,  well  matched,  and  selected  Avith  the  greatest  care.  The  second  best  i.**  that 
in  which  only  small  but  sound  knots  are  permitted,  but  it  is  to  be  free  fnmi  sapwofd 
and  shakes.  The  most  inferior  kind  is  that  left  from  the  selection  of  the  other  two. 

Boarding  Joist.  In  naked  floorings  the  joist  to  which  the  boards  are  to  bo  fixed. 

Boarding  for  Lead  Flats  and  Gutters.  That  which  immediatdy  receives  the  Icid, 
rarely  less  than  one  inch  pd  au  eighth,  or  one  inch  and  a quarter  thick.  It  is  usually 
laid  merely  with  rough  joints. 

Boarding  for  Pugging  or  Deafening,  also  called  Sound  Boarding.  Short  boards  dis- 
posed transversely  between  the  joists  of  floors  to  hold  some  substance  intended  to  prevent 
sound  being  transmitted  from  one  story  to  another.  These  boards  are  supporteil  by 
fillets  fixed  to  the  sides  of  the  joists,  about  three-quarters  of  au  inch  thick  and  an  inch 
wide.  The  substance,  often  plaster,  placed  between  them  to  prevent  the  transmission 
of  the  sound,  is  called  the  'pugging. 

Boarding  for  Si.ating.  That  nailed  to  the  rafters,  in  place  of  laths,  for  the  reception  of 
the  slates,  usually  | to  | of  an  inch  in  thickness  ; the  sides  commonly  rough;  the  edges 
either  rough,  shot,  ploughed  and  tongued,  or  rebated  and  sometimes  sprung,  so  as 
to  prevent  the  rain  from  passing  through  the  joints.  The  boarding  for  slating  may  be 
so  arranged  as  to  diminish  the  lateral  pressure  or  thrust  against  the  walls  by  disposing 
the  boards  diagonally  on  the  rafters.  On  the  lower  edge  of  the  boarding  is  fixed  the 
eaves  hoard,  as  also  against  all  walls  either  at  right  angles  to  or  foimingan  acute  angle 
with  the  ridge,  or  a right  or  obtuse  angle  with  the  wall  plate.  The  eaves  board  is  lor 
raising  the  lower  ends  of  the  lower  row  of  slates  that  form  the  eaves.  Those  placed 
against  walls  are  for  raising  the  slates  to  make  the  water  run  off  from  the  wall.  The 
boarding  for  slates  should  be  of  yellow  deal  without  sap. 

Boarding  for  lining  Walls.  The  boards  used  for  this  purpose  are  usually  from  five- 
eighths  to  three-quarters  of  an  inch  thick,  and  are  ploughed  and  tongued  together. 

Boaster.  A tool  used  by  masons  to  make  the  surface  of  the  work  nearly  smooth.  It  is 
two  inches  wide  in  the  cutting  parL 

Boasting  in  Masonry.  The  act  of  paring  the  stone  with  a broad  chisel  and  mallet,  but 
not  in  uniform  lines. 

In  Carving,  it  is  the  rough  cutting  round  the  ornaments,  to  reduce  them  to  their 
contours  and  profiles,  before  the  incisions  are  made  for  forming  the  raffels  or  minuter 
parts.  See  Ashlar. 

Body  of  a Niche.  That  part  of  it  whose  superficies  is  vertical.  If  the  lower  part  be 
cylindrical  and  the  upper  part  spherical,  the  lower  part  is  the  body  of  the  niche,  and 
the  upper  part  is  termed  the  head. 

Body  of  a Boom.  That  which  forms  the  main  part  of  the  apartment,  independent  of 
any  recesses  on  the  ends  or  sides. 

Body  Range  of  a Groin.  The  wider  of  two  vaults  which  intersect  and  form  a groin. 

Bolection  Moulding.  See  Balection  Moulding. 

Bolster  or  Pillow.  The  baluster  part  of  the  Ionic  capital  on  the  return  side.  See 
Baluster. 

Bolt.  (Gr.  BoAts,  a dart.)  In  joinery,  a metal  fastening  for  a door,  and  moved  by  the 
hand,  catching  in  a staple  or  notch  which  receives  it.  Bolts  are  of  various  sorts,  of  which 
plate  spring  and  flush  bolts  are  for  fastening  doors  and  windows. 

This  name  is  also  given  to  large  cylindrical  iron  or  other  metal  pins,  having  a round 
head  at  one  end  and  a slit  at  the  other.  Through  the  slit  a pin  or  forelock  is  passed, 
whereby  the  bar  of  a door,  window  shutter,  or  the  like  is  made  last.  Ihese  are  usually 
called  round  or  window  bolts. 

The  bolt  of  a lock  is  the  iron  part  that  enters  into  a staple  or  jamb  when  the  key  is 
turned  to  fasten  the  door.  Of  these  the  two  sorts  are,  one  which  shuts  of  itselt  when 
the  door  is  shut  to,  called  a spring  bolt ; the  other,  which  is  only  acted  upon  by  apphing 
the  key,  is  called  the  dormant  bolt.  _ _ _ . • i i i 

In  carpentry,  a bolt  is  usually  a square  or  cylindrical  piece  of  iron,  with  a knob  at 
one  end  and  a screw  at  the  other,  passing  through  holes  for  its  reception  in  two  or  more 
pieces  of  timber,  for  the  purpose  of  fastening  them  together,  by  means  of  a nut  screwed 
on  the  end  opposite  to  the  knob.  The  bolt  of  carpentry  should  bo  proportioned  to  tlm 
size  and  stress  of  the  timbers  it  connects. 

Boltel.  See  Boultine.  , . , 

Bond.  (Sax.)  Generally  the  method  ot  connecting  two  or  more  bodies,  in  the 

plural  number,  it  signifies  the  timbers  disposed  in  the  walls  of  a house,  as  >on  im- 
h rs,  lintels,  and  wall  plates.  The  term  chain  bond  is  sometimes  applied  to  he  ^nd 
timbers  formerly  placed  in  one  or  more  tiers  in  the  walls  of  each  stop'  o 
and  serving  not  only  to  tie  the  walls  together  during  their  settlemen -,  u a 
for  nailing  the  finishings  thereto.  These  bond  timbers  are  now  not  allowed  to  bo  u.td 

in  buildings  in  the  metropolis.  ...  , . , 

In  masonry  or  brickwork,  is  that  disposition  of  stones  or  bricks  vaich  pIe^cnti 
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the  vertical  joints  falling  over  one  another.  Heart  bond  is  that  bond  which  occurs 
when  two  stones  being  placed  in  a longitudinal  position  extending  the  exact  thickness 
of  the  wall,  anotlier  stone  is  put  over  the  joints  in  the  centre  of  the  wall. 

Roxd  Masonry.  See  Bound  Masonry, 

Bond  Stones.  Those  whose  longest  horizontal  direction  is  placed  in  the  thickness  of  the 
work. 

Boneing,  or  Boning.  (Etym.  doubtful.)  The  act  of  judging  of,  or  making,  a plane  surface 
or  line  by  the  eye.  It  is  also  performed  by  joiners  with  two  straight  edges,  by  which 
it  is  seen  whether  the  work  is  out  of  winding,  that  is,  whether  the  surface  be  plane  or 
twisted. 

Booth.  (British,  Bwth.)  A stall  or  standing  in  a fair  or  market.  The  term  is  also  applied 
to  any  temporary  structure  for  shade  and  shelter,  as  also  for  wooden  buildings  for  itinerant 
players  and  pedlars. 

Border.  (Fr.  Bord.)  A piece  of  wood  put  round  the  upper  edges  of  any  thing,  either 
for  use  or  ornament.  Such  are  the  three  pieces  of  wood,  to  which  the  term  is  more 
usually  applied  in  architecture,  which  are  mitred  together  round  the  slab  of  a chimney. 

Boring.  The  art  of  perforating  any  solid.  For  wood,  the  various  sorts  of  bits  are 
described  under 'Bit. 

Boss.  (Fr.)  A projecting  mass  or  prominency  of  material,  to  be  afterwards  cut  or  carved. 
It  is  placed  at  the  intersection  of  the  ribs  in  groined  vaulting.  The  bosses  in  the  later 
mediaeval  styles  were  beautifully  carved  with  foliage  and  figures.  See  Orb. 

Boss.  Among  bricklayers,  a wooden  vessel  used  by  tlie  labourers  for  the  mortar  used  in 
tiling.  It  has  an  iron  hook,  by  which  it  hangs  on  the  laths  or  on  the  rounds  of  a 
ladder. 

Bossage  (Fr.)  Projecting  stones  laid  rough  in  building  to  be  afterwards  cut  into  mould- 
ings or  carved  into  ornaments.  The  term  is  also  used  to  signify  rustic  work,  which 
seems  to  advance  before  the  naked  of  a building,  by  reason  of  indentures  or  channels 
left  at  the  joints.  The  cavities  or  indentures  at  the  joints  are  sometimes  bevelled  or 
chamfered,  and  sometimes  circular. 

Boudoir.  A French  term  used  in  England  to  designate  a room  in  a large  mansion 
especially  appropriated  to  the  mistress  of  the  house  as  her  sitting-room. 

Boulder  Walls.  Such  as  are  built  of  round  flints  or  pebbles  laid  in  strong  mortar.  This 
construction  is  used  where  there  is  a beach  cast  up  by  the  sea,  or  where  there  is  an  abun- 
dance of  flints  in  the  neighbourhood. 

Boultine  or  Boltel.  A name  sometimes  given  by  workmen  to  a convex  moulding,  such 
as  an  ovolo.  See  Bowtel. 

Bound  or  Bond  Ma.sonry.  That  wherein  the  stones  of  each  succeeding  course  are  laid 
so  that  the  joint,  which  mounts  and  separates  two  stones  always  falls  directly  over  the 
middle  of  the  stone  below. 

Bow.  (Sax.  BuSen.)  The  part  of  any  building  which  projects  from  a straight  wall.  It 
is  sometimes  circular  and  sometimes  polygonal  on  the  plan,  or  rather  formed  by  two 
ttxterior  obtuse  angles.  Bows  on  polygonal  plans  are  called  canted  boxes. 

Bow.  Among  draughtsmen,  denotes  a beam  of  wood  or  brass,  with  three  long  screws  that 
direct  a lath  of  wood  or  steel  to  an  arch.  It  is  used  in  drawing  flat  arches  of  large 
radius. 

Bow  Compasses.  In-struments  for  describing  small  circles. 

Bow  Room.  A room  having  a bow  on  one  or  more  sides  of  it. 

Bow  Saw.  One  for  cutting  the  thin  edges  of  wood  into  curves. 

Bow  Window.  A semicircular  or  polygonal  projection  from  a building,  and  containing 
a window.  The  supports  are  either  carried  up  from  the  ground,  or  in  tlie  case  of  an 
upper  story,  they  are  formed  of  projected  suites  of  mouldings  springing  from  a corbel. 
They  are  most  frequently  seen  in  the  later  mediaeval  and  the  Italian  styles. 

Bowlers  or  Bolders.  See  Pavement. 

Bowtel  or  Boltel.  The  mediaeval  term  for  a plain  moulding  or  shaft  of  a circular  shape. 
See  Boultine. 

Box,  (Sax.)  Generally,  a case  for  holding  anything. 

Box  for  Mitering.  A trough  for  cutting  miters.  It  has  three  sides,  and  is  open  at  the 
ends,  with  cuts  on  the  vertical  sides  at  angles  of  forty-five  degrees  with  them. 

Box  OF  A Rib  Saw.  Two  thin  iron  plates  fixed  to  a handle,  in  one  of  which  plates  an 
opening  is  made  for  the  reception  of  a wedge,  by  which  it  is  fixed  to  the  saw. 

Box  OF  A Theatre.  One  of  the  subdivisions  in  the  tiers  round  the  circle. 

Boxed  Shutters,  See  Boxings  of  a Window. 

Boxings  of  a Window.  The  cases  opposite  each  other  on  each  side  of  a window,  into 
which  the  shutters  are  folded  or  fall  back.  The  shutters  of  principal  rooms  are  usually 

, in  two  divisions  or  halves,  each  subdivided  into  others,  so  that  they  may  be  received 
within  the  boxings.  The  subdivisions  are  seldom  more  in  number  than  three,  and  are 
-so  contrived  that  the  subdivision  whose  face  is  visible,  which  is  called  the  front  shutter, 
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is  of  the  exact  breadth  of  Uie  boxing,  and  also  flush  with  it;  the  next,  hidden  in  die 
boxing,  18  somewliat  legs  in  breadth  than  that  last  mentioned,  and  the  tliinl  still  less 
Suppose,  for  instance,  a window  four  feet  wide,  standing  in  a two-brick  or  ei-diteen-incli 
wall ; we  may  thus  find  the  number  of  leaves  each  of  the  halves  must  have,  as'^tollows  •— 
To  the  thickness  of  the  wall  add  that  of  the  plastering,  say  2 inches,  and  we  have ‘20 
inches.  Now  the  sash  frame  = 6 inches  in  thickness,  being  added  to  the  reveal  or  dis- 
tance = 41  inches  of  the  sash  frame  from  the  face  of  the  wall  = 10.^  inches  which 
I subtracted  from  20,  the  thickness  of  the  wall  and  plaster,  leaves  inches  This  wil' 
[t  give  three  leaves,  or  subdivisions,  and  as  it  is  usual  to  make  the  back  flaps,  or’ those  foldeu 

; within  the  boxings,  less  than  the  front  shutter,  whose  face  is  visible  and  flush  with  and 

of  the  exact  breadth  of  the  boxings,  the  arrangement  may  be  as  follows ; -J'ront 
shutter  9^  inches,  the  next  8 inches,  and  the  third  6^  inches  ; in  all,  24  inches  the  half 
of  the  opening  of  the  window.  It  will  be  perceived  that  no  allowance  has  been  made 
for  the  shutters  being  rebated  into  each  other,  as  is  usually  the  case ; and  for  this  half 
an  inch  more  must  be  allowed  for  the  two  rebates  of  the  three  leaves,  and  one-ei»hth 
of  an  inch  for  the  rebate  at  the  meeting  of  the  two  principal  divisions  in  the  middTe  of 
the  window,  making,  with  the  breadth  of  the  three  subdivisions,  24  + f ; the  flaps,  there- 
fore, may  be  thus  disposed  -.—Front  leaf  9^  inches,  second  leaf  8^  inches,  and  the  third 
leaf  6|  inches ; in  all  24|  inches,  being  fully  the  width  of  each  principal  division.  To 
find  the  depth  to  be  given  to  the  boxings,  to  the  thickness  of  each  of  the  leaves  add  one- 
sixteenth  of  an  inch,  and  if  there  be  a back  lining  add  also  the  thickness  of  that.  The 
second  and  third  flaps  are  almost  always  thinner  than  the  front  leaf;  thus,  say  front 
leaf  inch,  second  leaf  1^  inch,  and  third  leaf  inch ; to  which  add  ^ for  the  three 

leaves,  and  the  amount  will  stand  thus 1 1 4^  inches  for  the  depth  of 

the  boxings.  If  the  walls  are  only  a brick  and  a half  thick,  or  the  ududow  very  udde, 
I the  architrave  is  made  to  project  before  the  face  of  the  plaster,  for  the  purpose  of 

* obtaining  width  for  the  boxings,  or  the  plaster  is  brought  out  from  the  internal  hice  of 
I the  wall  by  means  of  battening. 

I Brace.  (Fr.  Embrasser.)  An  inclined  piece  of  timber  used  in  trussed  partitions  and  in 
^ framed  roof’s,  in  order  to  form  a triangle,  by  which  the  assemblage  of  pieces  composing 

: the  framing  are  stiffened.  When  a brace  is  used  to  support  a rafter,  it  is  called  a strut. 

: When  braces  are  used  in  roofs  and  in  partitions,  they  should  be  disposed  in  pairs,  and 

* introduced  in  opposite  directions.  See  Angle  Brace. 

i Bracket.  (Lat.  Brachium.)  A supporting  piece  for  a shelf.  When  the  shelf  is  broad 
the  brackets  are  small  trusses,  which  consist  of  a vertical  piece,  a horizontal  piece,  and 
~a  strut;  but  when  narrow  the  brackets  are  generally  solid  pieces  of  board,  usually 
finished  with  an  ogee  figure  on  their  outer  side. 

8 Bracket  for  Stair.  It  is  sometimes  used  under  the  ends  of  wooden  steps  next  to  the 
well-hole,  for  the  sake  of  ornament  only,  for  it  gives  only  the  appearance  of  a support. 

(1  Bracketing  to  a Cornice.  The  wooden  ribs  nailed  to  the  ceiling,  joists,  and  battening 
for  supporting  the  cornices  of  rooms  when  too  large  for  security,  by  the  mere  dependence 
; on  the  adhesive  power  of  plaster  to  the  ceiling.  It  consists  of  vertical  ribs  whose  rough 
outline  is  that  of  the  cornice,  and  to  which  the  laths  are  nailed  for  sustaining  the  plaster 
in  which  the  mouldings  are  run.  The  bracketing  for  coves  is  only  an  enlargement  of 
’ the  scale  which  occurs  in  ordinary  cornices,  the  operation  being  that  of  obtaining  a set 

‘ of  ribs  to  which  the  laths  may  be  nailed  for  the  reception  of  the  plastering.  The  ribs 

1 in  question  are  usually  cut  out  of  deals,  whose  thickness  must  necessarily  vary  with  the 
weight  of  plaster  they  have  to  support. 

0 Brad.  (Etym.  uncertain.)  A thin  nail  used  in  joinery  without  the  spreading  head  which 
other  nails  have,  the  projection  of  the  head  being  only  on  one  side.  There  are  various 
sorts  of  brads,  .such  SiS  joiners'  brads  for  hard  woods;  batten  brads,  for  softer  woods; 
and  hill,  or  quarter  brads,  used  for  a hastily  laid  floor.  When  brads  are  used  they  are 
generally  driven  below  the  surface  of  the  wood  through  the  medium  of  a punch,  and  the 
hole  is  filled  up  with  putty  to  prevent  an  appearance  of  the  nailing. 

? Branches.  The  ribs  of  a Gothic  vault,  rising  upwards  from  the  tops  of  the  pillars  to  the 
apex.  They  appear  to  support  the  ceiling  or  vaidt. 

( Brandering.  Cov-ering  the  underside  of  joists  with  battens  about  an  inch  square  and 
' from  twelv-e  to  fourteen  inches  apart,  to  which  to  nail  laths,  in  order  to  secure  a better 
key  for  the  plastering  of  the  ceiling. 

<1  Brandrith.  a fence  or  rail  round  tlie  opening  of  a well. 

\ Brass.  A metal  much  used  in  building.  It  is  an  alloy  of  copper  and  zinc,  whose  pro- 
1 portions  vary  according  to  the  required  colour.  lour  parts  of  copper  and  one  of  zinc 
form  a good  brass.  The  common  process  for  making  it  is  by  heating  copper  plates  in 
a mixture  of  native  oxide  of  zinc,  or  calamine  and  charcoal.  _ _ 

; Brass.  A sepulchral  metal  plate,  generally  sunk  into  a grave-stone;  sometimes  with  a 
mere  inscription,  but  very  frequently  with  effigies,  armorial  bearings,  and  other  devices 
engraved  upon  it. 
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Brattishing.  An  ornamental  cresting.  The  carved  open  work  over  a shrine. 

Brazing.  The  union  of  pieces  of  copper  by  heating  and  hammering  them.  See  SoMujr- 
iNG  and  Welding. 

Breadth.  The  greatest  extension  of  a body  at  right  angles  to  its  length. 

Break.  Tlie  recess  or  projection  of  any  part  within  or  beyond  the  general  face  of  the 
work.  In  either  case  it  is  to  be  considered  a break. 

Break  in.  In  carpentry,  it  is  the  cuiting  or  breaking  a hole  in  brickwork  with  the  ripping 
chisel  for  the  purpose  of  inserting  timber,  or  to  receive  plugs,  the  end  of  a beam,  or 
the  like. 

Breaking  down.  Sawing  a baulk  of  timber  into  boards. 

Breaking  Joint.  In  masonry  or  brickwork,  it  is  the  placing  a stone  or  brick  over  the 
course  below,  in  such  a manner  that  the  joint  above  shall  not  fall  vertically  immediately 
above  those  below  it. 

Breast  of  a Chimney.  The  projecting  or  facing  portion  of  a chimney  front  towards  a 
room  which  projects  into  it,  or  which,  from  other  construction,  may  not  have  a break. 
It  is,  in  fact,  the  wall  carried  up  over  the  front  of  a fireplace,  whether  projecting  or 
not.  See  Chimney. 

Breast  of  a Window.  The  masonry  or  brickwork  forming  the  back  of  the  recess  or 
parapet  under  the  window  sill. 

Breeze.  Small  ashes  and  cinders  used  instead  of  coal  in  the  burning  of  bricks. 

Bbessummer  or  Breast  Summer.  That  is,  a summer  or  beam  placed  breastvose  for  the 
support  of  a superincumbent  wall,  performing  in  fact  the  office  of  a lintel.  It  is  prin- 
cipally used  over  shop  windows  to  carry  the  upper  part  of  the  front  and  supported  by 
iron  or  timber  posts,  though  sometimes  by  stone.  In  the  interior  of  a building  the 
pieces  into  which  the  girders  are  framed  are  often  called  summers. 

Brewhouse.  An  establishment  for  the  manufactory  of  malt  liquors.  A brewhouse  is 
generally  provided  as  an  appendage  to  dwelling-houses  in  the  country,  for  brewing  the 
beer  used  by  the  family. 

Brick.  (Dutch,  Bricke.)  A sort  of  fictitious  stone,  composed  of  an  argillaceous  earth, 
tempered  and  formed  in  moulds,  dried  in  the  sun,  and  finallj’^  burnt  to  a proper  degree 
of  hardness  in  a clamp  or  kiln.  The  method  pursued  by  the  ancients  in  making  un- 
burnt bricks  is  described  by  Vitruvius,  book  ii.,  chap.  iii.  That  author  describes  the 
three  different  sorts  in  use: — Didoron  (SiSwpoF),  being  one  foot  long  and  half  afoot 
wide  ; the  other  two  sorts  are  called  Pentadoron  and  Tetradoron.  By  the  word  Boron 
the  Greeks  mean  a palm,  because  the  word  Sccpoi/  signifies  a gift  which  can  be  borne  in 
the  palm  of  the  hand.  That  sort,  therefore,  which  is  five  palms  each  way  is  called  Pen- 
tadoron ; that  of  four  palms  Tetradoron.  The  former  of  these  two  sorts  is  used  in 
public  buildings  ; the  latter  in  private.  Each  sort  has  half-bricks  made  to  suit  it. 
Towards  the  decline  of  theEepublic,  the  Romans  made  great  use  of  bricks  as  a building 
material.  According  to  Pliny,  those  most  in  use  were  a foot  and  a half  long,  and  a foot 
broad.  This  agrees  nearly  with  the  Roman  bricks  used  in  England,  which  are  gener- 
ally found  to  be  about  seventeen  inches  in  length,  by  eleven  inches  in  breadth.  Ancient 
bricks  are  generally  very  thin,  being  often  no  more  than  one  inch  and  a half  thick, 
and  are  often  called  tiles.  Erom  the  article  in  the  Encyo.  Methodiqiie,  it  appears  that  in 
the  researches  made  among  the  buildings  at  Rome,  bricks  of  the  following  sizes  were 
found.  The  least  were  7g  inches  (French)  square  and  1^  inch  thick ; the  medium  one  16g 
inches  square  and  from  18  to  20  lines  in  thickness.  The  larger  ones  were  22  inches 
square  by  21  or  20  lines  thick.  The  smaller  ones  were  used  to  face  walls  of  rubble 
work ; and  for  making  better  bond  with  the  wall,  they  were  cut  diagonally  into  two 
triangles,  the  longer  side  being  placed  on  the  outside,  and  the  point  towards  the  in- 
terior of  the  work.  To  make  the  tie  more  effectual  between  the  rubble  and  the  facing, 
there  were  placed  at  intervals  of  four  feet  in  height,  one  or  two  courses  of  large  square 
bricks.  The  larger  bricks  were  also  used  for  the  arches  of  openings  to  discharge  the 
superincumbent  weight. 

Bricklayer’s  Work.  The  art  of  bricklaying. 

Brickwork.  Any  work  performed  with  bricks  as  the  solid  material. 

Bridge.  (Sax.  Bjnsse.)  A structure  for  the  purpose  of  connecting  the  opposite  b mks 
of  a river,  gorge,  valley,  &c.,  by  means  of  certain  materials,  forming  a roadway  from 
one  side  to  the  other.  It  may  be  made  of  stone,  brick,  iron,  timber,  suspended  chains 
or  ropes,  or  the  roadway  may  be  obtained  by  means  of  boats  moored  in  the  stream. 
In  the  bridges  of  the  ancients  the  arches  were  semicircular ; in  those  erected  during 
the  mediaeval  period  the  arches  were  obviously  made  pointed,  and  generally  of  small 
.‘•pans,  although  there  are  a few  good  exceptions  ; while  in  those  of  modern  date  they 
have  been  segmental  or  semi-elliptical.  The  last  two  forms  are  very  much  more 
suitable,  because  of  the  freer  passage  for  the  stream,  especially  in  the  case  of  floods. 
We  would  refer  the  student  to  the  brick  railway  bridge  at  Maidenhead,  over  the  river 
Thames,  carried  out  in  1835,  by  Sir  I.  Brunei,  as  a daring  effort  of  work;  the  two 
largest  arches,  elliptical  in  form,  are  each  128  feet  span,  with  a rise  of  24  feet  S in. 
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only;  to  the  elliptical  stone  bridge  over  the  Arno  at  Florence.  lo67  7u,  by  Hurt. 
Amnmnnato,  for  its  acknowledged  beauty,  the  largest  arch  of  which  is  9o  feet  10  in., 
with  a rise  of  15  feet  2 in.;  and  to  the  Grosvenor  bridge  at  Chester,  over  the  Dee, 
executed  1825-27,  by  Thomas  Harrison,  architect,  for  its  design  and  good  construction, 
as  well  as  for  being  the  largest  span  of  any  bridge  yet  erected  in  Great  Rritain,  and 
almost  in  the  world,  consisting  of  only  one  segmental  arch  of  200  feet  span,  with  a 
rise  of  42  feet.  In  the  brick  bridge  at  Pavia,  over  the  Ticino,  which  is  of  an  early 
period,  and  also  a covered  bridge  (a  practice  useless  perhaps,  but  not  uncommon  in 
Italy  and  other  parts  of  the  Continent),  the  arches,  70  feet  in  span,  are  Pointed  ; a 
form  very  favourable  in  every  respect  and  most  especially  so  in  rivers  subject  to 
sudden  inundations,  but  unfavourable  certainly  in  cases  where  the  span  of  the  arch 
(here  having  a rise  of  64  feet)  is  required  to  have  a large  width  in  proportion  to  its 
height. 

There  are  two  rules  respecting  bridges  which  ought  not  to  be  neglected  ; the  prin- 
cipal one  is,  that  their  direction  must,  if  possible,  be  at  right  angles  to  the  stream  ; 
the  other  that  they  must  be  placed  in  the  line  of  the  streets  which  they  connect  on  the 
opposite  banks  of  the  stream.  From  a want  of  regard  to  these  points  many  unfortunate 
blunders  have  been  committed,  which  a prodigal  expenditure  will  not  afterwards 
rectify.  The  position  of  a bridge  should  be  neither  in  a narrow  part  nor  in  one  liable 
to  sw'ell  with  tides  or  floods,  because  the  contraction  of  the  waterway  increases  the 
depth  and  A'elocity  of  the  current,  and  may  thus  endanger  the  navigation  as  well  as  the 
bridge  itself. 

It  is  the  common  practice  to  construct  a bridge  with  an  odd  number  of  arches,  for 
the  reason,  among  many  others,  that  the  stream  being  usually  strongest  in  the  middle, 
egress  is  there  better  provided  by  a central  arch.  If  the  bridge  be  not  perfectly 
horizontal,  symmetry  results  by  the  sides  rising  towards  the  middle,  and  the  roadway 
may  be  made  one  continued  curve.  When  the  roadway  of  a bridge  is  horizontal,  the 
saving  of  centering  for  the  arches  is  considerable,  because  two  sets  of  centres  will 
perhaps  be  suflfieient  for  turning  all  the  arches.  If,  however,  the  bridge  be  higher  in 
the  middle  than  at  the  extremities,  the  arches  on  each  side  of  that  in  the  centre  must 
diminish  similarly,  so  that  they  may  be  respectively  symmetrical  on  each  side  of  the 
middle.  From  this  disposition  beauty  necessarily  results,  and  the  centering  for  one  of 
the  sides  equally  suits  the  other.  A bridge  should  be  constructed  with  as  few  arches 
us  possible,  for  the  purpose  of  allowing  a free  passage  for  the  water,  as  well  as  for  the 
vessels  ; if  the  bridge  can  be  constructed  with  a single  arch  not  more  should  be  allowed. 
The  piers  should  be  of  sufficient  solidity  to  resist  the  thrust  of  the  arch,  independent 
of  the  counter  thrust  from  the  other  arches;  in  which  case  the  centering  may  be  struck 
without  the  impendent  danger  of  overturning  the  pier  left  naked.  The  piers  should 
also  be  spread  on  their  bases  as  much  as  possible,  and  should  diminish  gradually 
upwards  from  their  foundations.  In  brick  bridges  of  small  plan,  an  inverted  arch  is 
often  formed  between  the  piers,  to  form  a support,  as  well  as  to  prevent  any  ill  effects 
to  the  piers  or  abutments  from  a scour. 

The  method  usually  employed  for  forming  the  foundations  is  by  means  of  coffer-dar.ts. 
When,  however,  the  ground  is  loose,  this  method  cannot  so  well  be  used ; and  then 
caissons  have  been  employed.  On  this  system  the  piers  of  old  Westminster  and  old 
Elackfriars  bridges  were  constructed ; both  bridges  have  been  rebuilt.  It  is  now 
universally  admitted  to  be  defective  and  inefficient,  principally  from  the  liability  of 
the  piers  being  undermined  by  increased  scour.  Waterloo,  Southwark,  and  London 
bridges  w'ere  all  built  with  the  coffer-dam,  laying  the  foundation  dry.  At  new’ 
minster  bridge  another  plan  was  adopted,  avoiding  the  expense  of  coffer-dams, 
principal  bearing  is  on  elm  piles,  cut  off  below  low  water.  These  are  surrounded  by 
iron  piles  wirh  cast  iron  plates  driven  between  the  piles,  thus  forming  a complete 
casing  which  surrounds  and  includes  the  elm  bearing  piles,  and  the  interstices  a^ 
filled  in  with  concrete,  makii  g the  whole  solid.  The  next  system  of  foundation  is 
that  of  iron  cylinders  open  at  bottom  and  sunk  into  the  bed  of  the  river  by  exca\ating 
first  inside  by  divers  ; aud  afterwards,  when  watertight  strata  are  reached,  by  pumping 
out  and  working  dry  ; the  interior,  when  a sufficient  depth  has  been  reached,  eing 
filled  solid  with  concrete  or  brickwork.  Some  other  examples  of  bridges  are  no  icec 

in  this  work.  . i • u i i r fVm 

Bridge  Board,  otherwise  called  Notch  Board.  A board  into  which  the  ends  ot  tne 

. steps  of  wooden  stairs  are  fastened.  , • ^ 

Bridge-over.  A term  used  when  several  parallel  timbers  occur,  and  another  pi^e  is 
fixed  transversely  over  them  ; such  piece  is  then  said  to  bridge-over  l o P‘‘^  ivinoA 
Thus  in  framed  roofing,  the  common  rafters  bridge^yer  the  ’ I • ‘i- 

flooring,  the  upper  joists,  to  which  the  flooring  is  fixed,  bridge-over  the  beams  or  bin  li  g 
joists,  and  for  this  reason  they  are  called  bridging -joists. 
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Bridge  Stone.  A stone  laid  from  tlie  pavement  to  the  entrance  door  of  a house  over  a 
sunk  area  and  supported  by  an  arch.  • 

Bridged  Gutter.  One  made  with  boards  supported  by  bearers  and  covered  above  with 
lead  or  zinc. 

Bridging  or  Bridging  Pieces,  also  called  Strutting  or  Straining  Pieces.  Pieces 
placed  between  two  opposite  beams  to  prevent  their  nearer  approach,  as  rafters,  braces,, 
struts,  &c.  When  a strutting-piece  also  serves  as  a sill,  it  is  called  a straining  sill.  . 
Bridging  Floors.  Those  in  which  bridging-joists  are  employed. 

Bridging  Joists.  Those  which  are  sustained  by  transverse  beams  below,  called  binding 
joists ; also  those  joists  which  are  nailed  or  fixed  to  the  flooring-boards.  - - 

Bridging  to  Floors.  In  some  parts  of  England  and  in  Ireland  this  term  is  applied  to 
what  is  usually  called  Herring-bone  Strutting,  or  Herring  boning  between  the  joists 
of  a floor. 

Bringing-Forward.  Priming  and  painting  new  work  mixed  with  old,  so  that  the  whole 
shall  have  the  same  appearance  when  finished. 

Bringing-Up  or  Carrying-Up.  A term  used  by  woikmen  to  denote  building-up.  Thus 
hringing-u'p  a wall  four  feet  means  buildingit  up. 

Broach.  An  old  English  term  for  a spire,  and  still  so  employed.  Sometimes  it  is  used 
to  designate  a spire  rising  from  the  tower  without  any  parapet,  as  in  the  Early  English 
period.  • , i 

Broached  Work.  See  Droved  and  Broached.  , ' 

Broad  Stone.  The  same  as  Free  Stone. 

Broken -joint  Flooring.  The  s ime  as  floor-board.s  laid/o/c^iR^.  See  Floor. 

BronteuM.  (Gr.)  In  ancient  Greek  Architecture,  that  part  of  the  theatre  under  the 
floor  in  which  brazen  vessels  with  stones  in  them  were  placed  to  imitate  the  sound  of 
thunder. 

Bronze.  A compound  metal  applied  to  various  useful  and  ornamental  purposes.  Tho- 
composition  consists  of  6 to  12  parts  of  tin  and  100  parts  o/  copper.  This  alloy  is 
heavier  and  more  tenacious  than  copper;  it  is  also  much  more  fusible,  and  less  liable 
to  be  altered  by  exposure  to  the  air.  : 

Budget.  A small  pocket  used  by  tilers  for  holding  the  nails  in  lathing  for  tiling. 

Buffet.  (Fr.)  A cabinet  or  cupboard  for  plate,  glass,  or  china.  Some  years  back  it 
was  the  practice  to  make  these  small  recesses  very  ornamental,  in  the  form  of  niches, 
and  left  open  in  the  front  to  display  the  contents.  At  present,  wiien  used,  they  are 
generally  closed  with  a door.  ' 

Buhl  Work.  Formerly  called  Boule  w'ork  from  the  name  of  its  inventor.  It  consists 
' of  one  or  more  metals  inlaid  upon  a ground  of  tortoise  shell,  alone  or  with  coloured 
woods,  or  of  these  last-named  materials  inlaid  upon  grounds  of  metal.  The  process  is 
‘ as  follows; — Two  pieces  of  veneer  are  placed  together,  with  paper  between  them,  each 
being  glued  to  the  paper.  Upon  the  surface  of  the  upper  one  is  placed  the  drawing  of 
the  pattern  to  be  cut,  a.id  then  the  outlines  of  it  are  cut  through  by  means  of  a very 
fine  watch-spring  saw.  The  parts  are  then  separated,  that  which  is  taken  from  the 
darker  wood  is  let  into  the  lighter  wmoa  and  vice  versa.  See  Kkignier  Work. 

Builder.  A person  who  contracts  for  performing  the  whole  of  the  different  artificers’ 
works  in  a building.  . 

Building.  Used  as  a substantive  is  the  mass  of  materials  shaped  into  an  edifice.  As  a 
participle,  it  is  the  constructing  and  raising  an  edifice  suited  to  the  purposes  for  which  it 
is  erected;  the  knowledge  requisite  for  the  design  and  construction  of  buildings  being 
the  subject  of  this  work,  in  which  it  is  treated  under  its  various  heads.  A “ new 
building”  is  the  re-erecting  of  any  building  pulled  down  to  or  below  the  ground  floor, 
or  of  any  frame  building  of  which  only  the  framework  is  left  down  to  the  ground  floor, 
or  the  conversion  into  a dwelling  house  of  any  building  not  originally  constructed  for 
human  habitation,  or  the  conversion  into  more  than  one  dwelling  house  of  a building 
originally  constructed  as  one  dwelling  house  only.  Public  Health  Act,  1875.  r 
Building  Act.  An  Act  passed  for  regulating  the  construe  ion  and  use  of  buildings  in 
any  town  or  city.  ? 

Building  of  Beams.  The  same  as  Scarfing.  A “ built-beam  ” iS  a beam  or  girder 
formed  of  several  pieces  of  timber  fitted  and  bolted  or  strapped  together,  in  order  to 
obtain  one  of  a greater  strength  than  usually  obtainable  in  one  balk  of  timber. 

Bulker.  A term  used  in  Lincolnshire  to  signify  a beam  or  rafter. 

.Bullen  Nails.  Such  as  have  round  heads  with  short  shanks  turned  and  lacquered. 

They  are  principally  used  in  the  hangings  of  rooms. 

Bull’s  Eye.  Any  small  circular  aperture  for  the  admission  of  light  or  air.  The  name 
is  also  applied  to  the  knob  in  a pane  of  common  glass,  left  in  its  manufacture,  which 
was  formerly  used  for  cheapntss,  and  lately  as  a sort  of  ornament  or  for  the  sake  of  ' 
obscurity. 

Bull’s  Nose.  The  external  or  o*her  angle  of  a polygon,  or  of  any  two  lines  meeting  at 
an  obtuse  angle. 
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Bullock  Sheds.  Houses  or  sheds  for  feeding  bullocks,  in  y.luch  the  main  points  to  l>e 
observed  are  good  ventilation  facility  in  feeding  and  cleaning  the  animals,  perfect 
drainage,  and  a good  aspect.  They  ought  not  to  be  less  than  nineteen  feet  wide 

Bund.  A Persian  term  for  a dam  or  dyke. 

Bundle  Pillar.  In  Gothic  architecture,  a column  consisting  of  a number  of  small 
pillars  round  its  circumference. 

Bungalow.  The  Hindoo  name  for  a thatched  house  ; or  generally  fur  a house 

Butment.  The  same  as  Ahutment,  which  see. 

Butment  Cheeks.  The  uvo  solid  sides  of  a mortise.  The  thiokne.ss  of  each  cheek  is 
usually  equal  to  the  thickness  of  the  mortise,  but  it  happens  thar.  circumstances  arise 
to  vary  this  thickness. 

Butt-end  of  a piece  of  Timber.  That  which  was  nearest  the  root  of  a tree 

Buttery.  A store-room  for  provisions ; it  should  be  on  the  north  side  of  a building 

Butt-hinges  or  Butts.  Those  employed  in  the  hanging  of  doors,  shutters,  casements, 
&c.  They  are  placed  on  the  edges  with  the  knuckle  projecting  on  the  side  in  which 
the  closure  is  to  open,  an  ! the  other  edges  stopping  against  a small  piece  of  wood  left 
in  the  thickness  of  the  closure  so  as  to  keep  the  arris  entire.  Workmen  generally  sink 
the  thickness  of  the  hinges  flush  with  the  surface  of  the  edge  of  the  closure,  ai!d  the 
tail  part  one-half  into  the  j.^mb.  Stop  buit~hiuges  permit  the  closure  to  open  only  to 
a right  angle,  without  breaking  the  hinges  ; rising  butt-hinges,  which  are  those  that 
turn  upon  a screw,  cause  the  door  to  rise  as  it  opens,  so  as  to  clear  the  carpet  in  the 
apartment;  slip  off  butt -hinges  iWQ  used  where  a door  or  window-blind  is  required  to 
be  taken  otF  occasionally 

Butting  Joint.  That  formed  by  the  surfaces  of  two  pieces  of  wood,  whereof  one  is  per- 
pendicular to  the  flbres,  and  the  other  in  their  direction,  or  making  an  oblique  angle 
with  them,  as,  for  example,  the  joints  made  by  the  struts  and  braces  with  the  truss 
posts. 

Button  A small  piece  of  wood  or  metal,  mad^  to  turn  a1  out  a centre,  for  fastening  a 
door,  drawer,  or  any  other  kind  of  closure.  The  centre  is  generally  formed  by  a screw’. 

Buttress.  (Fr.  Aboutir,  to  lie  out.)  A mass  of  brickwork  or  masonry  to  support  the 
side  of  a wall  of  great  height,  or  pressed  on  tlie  opposite  side  by  a bank  of  earth  or 
body  of  water.  Buttresses  are  employed  against  the  piers  of  Gothic  buildings  to  resist 
the  thrust  of  the  vaulting.  See  Arc  Boutant,  or  flying  buttress.  The  buttress  called 
the  pillared  buttress  is  formed  by  vertical  planes  attached  to  the  walls  themselves. 
These  sometimes  form  the  upright  terminations  of  flying  buttresses. 

Byzantine.  The  style  of  architecture  and  art  established  under  the  Eastern  division  of 
the  Roman  Empire.  It  contains  more  of  the  Greek  element  than  Ro.manesquk  Art, 
which  was  developed  in  the  Western  division. 


() 

Cabin.  (Brit.  Chabin.)  A term  applied  .to  the  huts  and  cottages  of  poor  pc'ople  and  lo 
those  of  persons  in  a savage  state  of  life. 

Cabinet.  (Fr.)  A retired  room  in  an  edifice  set  apart  fur  writing,  study,  or  the  preser- 
vation of  anything  curious  or  valuable.  The  term  is  also  applied  to  an  apartment  at 
the  end  of  a gallery  in  which  pictures  are  hung,  or  small  pieces  of  sculpture,  rm  dal.'*, 
bronzes,  and  other  curiosities  are  arranged. 

Cable  Moulding.  A convex  circular  moulding  used  in  Norman  Architecture,  as  in  fig.  1,373. 
Cabling.  A moulding  of  a convex  circular  section,  rising  from  the  back  or  con- 
cave surface  of  a Ante  of  a column,  so  that  its  most 
prominent  part  may  be  in  the  same  continued 
circular  surface  as  the  fillet  on  each  side  of  the 
flute.  Thus  the  surflice  of  a flute  is  that  of  a 
concave  cylinder,  and  that  of  the  cable  is  the 
•'  surface  of  a convex  cylindei’.  W’ith  the  axes  of  the 
cylinders  parallel  to  each  other.  The  cable  seems 
to  represent  a rope  or  staff  laid  in  the  flute,  at  the  lig- 

lower  part  of  which  it  is  placed  about  one  third 
- of  the  w"ay  up.  Cabling  of  flutes  was  not  frequently  used  in  the  works  of  antiquity.  .\t 
the  arch  of  Constantine  the  cables  rise  to  about  one  third  of  the  height  ot  the  shaft.  In 
modern  times  an  occasional  abuse  has  been  practisedof  cabling  w'ithout  fluting,  as  in  the 
' church  della  Sapienza  at  Rome. 

Caer.  a term  in  British  antiquity,  which,  like  the  Saxon  term  Uosicr,  denotes  a castle, 
and  is  generally  prefixed  to  the  names  of  places  fortified  by  the  Romans. 

Cage.  In  carpentry,  is  an  outer  work  of  timber  surrounding  another.  J hus  the  cage  ot 
‘ a stair  is  the  wooden  inclosure  that  encircles  it. 
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Cairx.  a pyramidal  pile  of  stones  heaped  up  by  the  ancient  races,  for  monument, d or 
memorial  purposes. 

Caisson,  (hr.)  A large  and  strong  chest  of  timber,  water-tight,  used  in  large  and  rapid 
rivers  for  building  the  pier  of  a bridge.  The  bottom  consists  of  a grating  of  timl)er, 
contrived  in  such  a manner  that  the  sides,  when  necessary,  may  be  detached  from  it. 
The  ground  under  the  intended  pier  is  first  levelled  by  divers,  or  otlier  means,  or  piles 
driven  in  whereon  the  caisson  may  lodge ; the  caisson  is  then  launched  and  floated  into 
its  proper  position,  and  the  pier  built  therein ; it  sinks,  and  the  work  is  continued  as  high 
as  the  level  of  the  water,  or  nearly  so.  The  sides  are  then  detached.  The  objection  to 
the  system  is  that  a perfectly  level  bed  cannot  be  .obtained,  and  the  caisson  rests  on 
limited  portions;  increased  weight  and  time  may  no  doubt  produce  a more  even  bearing, 
but  settlement  is  involved  to  some  extent.  Old  Westminster  and  old  BLackfriars 
Bridges  were  so  constructed.  The  tonmige  of  each  of  the  caissons  used  at  Westmin- 
ster Bridge  was  equal  to  that  of  a forty-gun  ship. 

Caisson.  A sunken  panel  in  ceilings,  vaults,  and  cupolas.  See  Coffer. 

Calcareous  Earth.  A species  of  earth  which  becomes  friable  by  burning,  and  is  after- 
wards reduced  to  an  impalpable  powder  by  mixing  it  with  water.  It  also  effervesces 
with  acids.  It  is  frequently  met  with  in  a friable  or  compact  state  in  the  form  of 
chalk. 

Caluarium.  (Lat.)  In  ancient  architecture  a close  vaulted  room,  in  which  persons  were 
brought  into  a state  of  profuse  perspiration,  by  hot  water  or  heated  air.  It  was  one  of 
the  apartments  attached  to  ancient  baths. 

Calfpen.  a place  for  nourishing  calves.  It  is  generally  a small  apartment  within  the 
cowhouse ; but  the  practice  is  not  to  be  recommended,  as  it  keeps  the  cow  in  a restless 
and  agitated  state,  and  prevents  her  from  feeding  well  and  giving  that  quantity  of 
milk  she  would  otherwise  furnish. 

Caliber.  (Spanish.)  The  greatest  extent  or  diameter  of  a round  body. 

Caliber  Compasses.  Those  made  with  bent  legs  for  taking  the  diameter  of  a convex  or 
concave  body  in  any  part.  See  Mould. 

Caliuucts.  (Lat.)  Pipes  or  channels  disposed  along  the  walls  of  houses  and  apartments. 
They  were  used  by  the  ancients  to  conA^ey  heat  to  the  remote  parts  of  the  house  from 
one  common  furnace. 

Caliper.  See  Caliber. 

Calotte.  (Fr.)  A concavity  in  the  form  of  a cup  or  niche,  lathed  and  plastered,  serving 
to  diminish  the  height  of  a chapel,  alcove,  or  cabinet,  which  otherwise  would  appear  too 
high  for  the  breadth. 

( 'AMAROsis.  (Gr.)  An  elevation  terminated  with  an  arched  or  vaulted  head. 

Camber.  (Gr.)  An  arch  on  the  top  of  an  aperture  or  on  the  top  of  a beam.  Hence 
camber  windows. 

Camber  Beam.  That  which  forms  a curved  line  on  each  side  from  the  middle  of  its 
length.  All  beams  should,  to  some  degree,  if  possible,  be  cambered;  but  the  cambered 
beam  is  used  in  flats  and  church  platforms,  wherrin,  after  being  covered  with  boards, 
these  are  covered  with  lead,  for  the  purpose  of  discharging  the  rain-water. 

Camerated.  (Gr.)  The  same  as  arched. 

Games.  Small  slender  rods  of  cast  lead  in  glazing,  twelve  or  fourteen  inches  long,  of 
which  when  drawn  separately  through  a species  of  vice,  forming  a groove  on  each  side 
of  the  lead,  the  glaziers  make  the  patterns  for  receiving  the  glass  of  casements,  and  for 
stained  glars  windows. 

Camp  Ceiling.  A ceiling  whose  form  is  convex  inwardly. 

Campanile.  (It.)  A tower  for  the  reception  of  bells,  usually,  in  Italy,  separated  from 
the  church.  Many  of  the  campaniles  of  Italy  are  lofty  and  magnificent  structures. 
That  at  Cremona  is  much  celebrated,  being  395  feet  high.  It  consists  of  a square 
tower,  rising  262  feet,  surmounted  by  two  octagonal  o^ien  stories,  ornamented  with 

. columns  ; a conical  shaft  and  cross  terminate  the  elevation.  The  campanile  of  Florence, 
from  the  designs  of  Giotto,  claims  admiration  for  its  richness  and  workmanship.  It  is  , 
267  feet  high,  and  45  feet  square.  The  most  remarkable  of  the  campaniles  in  the 
country  mentioned  is  that  at  Pisa,  commonly  called  the  “ Leaning  Tower.”  It  is 
cylindrical  in  general  form,  and  surrounded  by  eight  stories  of  columns,  placed  over  one 
another,  each  having  its  entablature.  The  height  is  about  150  feet  to  the  platform, 
whence  a plumb  line  lowered  falls  on  the  leaning  side  nearly  13  feet  beyond  the  base  of 
the  building. 

Camp-sheeting  or  Camp-shot.  The  sill  or  cap  of  a wharf  wall. 

Canal.  (It.  Canale.)  A duct  for  the  conveyance  of  a fluid  ; thus  the  canal  of  an  aqueduct 
is  the  part  through  which  the  water  flows. 

Canal.  A term  sometimes  used  fn  the  flutings  of  a column  or  pilaster.  The  canal  of 
the  volute  is  the  spiral  channel,  or  sinking  on  its  face,  commencing  at  the  eye,  and 
following  in  ihe  revolutions  of  the  volute,  canal  of  the  larmier  is  the  channel  or 
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groove  sunk  on  its  soffite  to  throw  off  the  rain,  and  prevent  it  from  running  down  the 
bed  mould  of  the  cornice. 

Canceli.1.  (Lat.)  Latticed  windows,  or  those  made  with  cro^s  bars  of  wood  or  iron 
The  balusters  or  rails  which  close  in  the  bar  of  a court  of  justice,  and  those  round  the 
altar  or  a church,  are  also  so  called ; hence  the  word  chancel. 

Candelabrum.  (Lat.  Candela.)  A stand  or  support  on  which  the  ancients  placed  a 
lamp.  Candelabra  varied  in  form,  and  were  highly  decorated  with  the  stems  and  leaves 
of  plants,  parts  of  animals,  flowers,  and  the  like.  The  etymology  of  the  wqrd  wouhl 
seem  to  assimilate  the  candelabrum  to  our  candlestick ; it  is,  however,  certain  that  the 
word  candela  was  but  a lamp,  of  which  the  candelabrum  was  the  support.  In  the  works 
of  Piranesi  some  of  the  finest  specimens  are  to  be  found.  The  most  curious,  however, 
as  respects  form,  use,  and  workmanship,  are  those  excavated  at  Ilerculaneum  and 
Pompeii.  They  are  all  of  bronze,  slender  in  their  proportions,  and  perfectly  portable  as 
they  rarely  in  height  exceed  five  feet.  On  none  of  the  candelabra  hitherto  found  is 
there  any  appearance  of  a socket  or  pipe  at  top,  from  which  an  inference  as  to  the  use 
of  candles  could  be  made. 

Canephorje.  (Gr.  Kai/7j<|)opos,  bearing  a basket.)  Figures  of  young  persons,  of  either  sex, 
bearing  on  their  heads  baskets  containing  materials  for  sacrifice.  They  are  frequently 
confounded  with  caryatides,  from  their  resemblance  in  point  of  attitude  and  the  modern 
abuse  of  their  application. 

Canopy.  (Gr.  Kavwireiov.)  An  ornamented  covering  over  a seat  of  state;  and  in  its 
extended  signification  any  covering  which  affords  protection  from  above.  It  is  also  the 
label  or  projecting  roof  that  surrounds  the  arches  and  heads  of  Gothic  niches. 

Cant.  An  external  angle  or  quoin  of  a building.  Among  carpenters  it  is  used  as  a verb, 
to  signify  the  turning  of  a piece  of  timber  which  has  been  brought  in  the  wrong  way 
for  their  work. 

Cant  Moulding.  One  with  one  cr  more  bevelled,  instead  of  curved,  surfaces.  The  cant 
moulding  was  used  at  an  early  period  of  the  art. 

Cantalever  or  Cantilever.  (Probably  from  Canterii  labrum,  fhe  lip  of  the  rafter.)  Blocks- 
inserted  into  the  wall  of  a building  for  supporting  a balcony,  the  upper  members  of  a 
cornice,  or  the  eaves  of  a house,  and  the  like.  They  answer  the  same  purpose  as  mo- 
dillions,  mutules,  blocks,  brackets,  &c.,  although  not  so  regularly  applied.  They  are,  in 
modern  use,  not  unfrequently  made  of  timber  or  cast  iron,  and  project  considerably,  as  to 
the  roof  of  the  church  of  St.  Paul,  Covent  Garden,  which  projects  one  quarter  of  the 
height  of  the  column. 

Canted  Column.  One  whose  horizontal  sections  are  polygons.  In  the  works  of  the 
ancients  it  is  rarely  met  with.  The  examples  immediately  occurring  to  us  are  the 
columns  of  the  portico  of  Philip  of  Macedon  and  of  the  temple  at  Cora. 

Cantharus.  a fountain  or  basin  of  water  in  the  centre  of  the  atrium  before  the  ancient 
churclics,  wherein  persons  washed  their  faces  and  hands  before  they  entered.  Among 
the  Romans  the  cantharus  of  a fountain  was  the  part  out  of  which  the  w-ater  issued. 

Canthers  or  Canterii.  In  ancient  carpentry  the  common  rafters  of  a roof,  whose  ends, 
say  some,  the  mutules  of  the  Doric  order  represent. 

Canting.  The  cutting  away  of  a part  of  an  angular  body  at  one  of  its  angles,  so  that  its 
horizontal  section  becomes  thereby  the  portion  of  a polygon  of  a greater  number  of  sides 
whose  edges  are  parallel  from  the  intersection  of  the  adjoining  planes. 

Cantoned  Building.  One  whose  angles  are  decorated  with  columns,  pilasters,  rustic 
quoins,  or  anything  projecting  beyond  the  naked  of  the  wall. 

Canvass.  The  names  and  sizes  of  the  usual  canvasses  prepared  for  the  use  of  painters 
(the  width  of  the  frame  is  a matter  of  taste)  are  as  follows : — 


Head  size 

Three  quarters  do.  . 
Kit-cat  do. 

Small  half-length  do. 


24  by  20  inches 
?.0  by  25  „ 

36  by  28  „ 

44  by  34  „ 


Half-length  size  . . 50  by  40  inches 

Bishop’s  half-length  do.  . 56  by  44  „ 

Whole  length  do.  . . 94  by  58  „ 

Bishop’s  whole  length  do.  106  by  70  „ 


Cap.  a term  used  in  joinery,  signifying  the  uppermost  of  an  assemblage  of  parts.  It  is 
also  applied  to  the  capital  of  a column,  the  cornice  of  a door,  the  capping  or  uppermost 
member  of  the  surbase  of  a room,  the  handrail  of  a sburcase,  &c.  . *i 

Capital.  (Lat.  Caput.)  The  head  or  uppermost  member  of  any  part  of  a buihling;  but 
generally  applied  in  a restricted  sense  to  that  of  a column.  The  capital  of  the  pilastex 
or  nnta  of  the  Greeks  was  very  different  to  that  of  the  columns  in  front  of  it.  The  ac 
companying  illustrations  exhibit  the  sort  of  caps  used  m rncd^^y»\  architMture  Fy. 
1374  is  Norman;  1375  and  1376  Early  English;  and/y.  13'?  “T''''-  ,h„ 

Capital,  angular.  The  modern  Ionic  capibil,  whose  four  sides  are  all  alike,  showing  the 
volute  placed  at  an  angle  of  135°  on  all  the  faces. 

Capital  of  a Baluster.  The  crowning  or  head  mouldings  of  it. 
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Capital  of  a Lantern.  The  covering  by  which  it  is  terminated  ; it  may  be  of  a bell 
form,  that  of  a dome,  spire,  or  other  regular  figure. 


Fig.  1376.  North  Doorway,  Wostminster,  Fig.  1377.  York  Minster. 


Capital  of  a Trislyph.  The  square  band  which  projects  over  it.  In  the  Roman  Doric 
it  has  a greater  projection  than  in  the  Grecian. 

Capitol.  The  Acropolis  of  ancient  Rome. 

Capreoli.  (Lat.)  In  ancient  carpntry,  the  joints  or  braces  of  a trussed  roof. 

Caracol.  a term  sometimes  applied  to  a staircase  in  the  form  of  a helix  or  spiral. 

Caravanserai.  Among  the  Eastern  nations  a large  public  building  or  inn  appropriated 
to  the  reception  and  lodgment  of  travellers  by  caravans  in  the  desert.  Though  the  cara- 
vanserai serves  the  purpose  of  an  inn,  there  is  this  essential  difference  between  the  two, 
that  in  the  former  the  traveller  finds  nothing  either  for  the  use  of  himself  or  his  cattle, 
but  must  carry  all  his  provisions  and  necessaries  with  him.  Caravanserais  are  also  nu- 
merous  in  cities,  where  they  serve,  not  only  as  inns,  but  as  shops,  warehouses,  and  even 
exchanges. 

Carbolic  Acid.  This  fluid  has  lately  been  obtained  from  creosote  by  distillation.  By  the 
use  of  a solution  of  Me  Dougall’s  patent  prepared  carbolic  acid,  sewage  is  rendered  im- 
putrescible,  all  smell  being  removed,  and  no  lurther  decomposition  possible.  A solution 
of  it  (about  a pint  to  a cartload)  has  lately  been  mixed  Avitli  the  water  sprinkled  on 
^ roads  by  watering  carts,  by  which  a disinfecting  action  takes  place  on  the  droppings 
of  horses,  decomposing  dust,  &c.  The  powder  may  be  used  in  dust-bins,  water-closets, 
in  whitewashing  the  walls  of  hospitals,  &c.  Formed  into  a soap,  it  can  be  employed  in 
washing  painted  work  and  floors,  or  linen.  Mixed  carefully  with  oil  of  vitriol,  sulphur- 
ous acid  gas  is  liberated  for  fumigating  an  apartment.  It  is  not  poisonous. 

Carcass.  The  naked  building  of  a house  before  it  is  lathed  and  plastered  or  the  floor 
boards  laid,  &c. 

Carcass  Flooring.  That  which  supports  the  boarding,  or  floor  boards,  above,  and  the 
ceiling  below,  being  a grated  frame  of  timber,  varying  in  many  particulars. 

Carcass  Roofing.  The  grated  frame  of  timber  work  which  spans  the  building,  and 
carries  the  boarding  and  other  covering. 

Cardinales  Scapi.  In  ancient  Roman  joinery,  the  stiles  of  doors. 

Carolitic  Column.  One  with  a foliated  shaft. 

Carpenter.  (Fr.  Charpentier.)  An  artificer  who  practises  the  science  of  framing  and 
fitting  to  each  other  the  various  pieces  and  assemblages  of  timber  used  in  the  construc- 
tion of  buildings. 

Carpenters’  Rule.  The  instrument  by  which  carpenters  take  their  dimensions,  and  by  the 
aid  of  a brass  slide,  which  makes  it  a sliding  rule,  they  are  enabled  to  make  calculations 
in  multiplication  and  division,  besides  other  operations. 
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Carpenter’s  Square.  An  instrument  whose  stock  and  blade  consists  of  an  iron  plate  of 
one  piece.  One  leg  is  eighteen  inches  long,  and  numbered  on  the  outer  edge  from  the 
exterior  angle  with  the  lower  part  of  the  figures  adjacent  to  the  interior  edge.  The 
other  leg  is  twelve  inches  long,  and  numbered  from  the  extremity  towards  the  angle  ; 
the  figures  being  read  from  the  internal  angle,  as  on  the  other  side.  Each  of  the  legs 
is  about  an  inch  broad.  This  instrument  is  not  only  used  as  a square,  but  also  as  a 
level  and  measuring  rule. 

Carpentry.  (Lat.  Carpentum,  carved  wood.)  An  assemblage  of  pieces  of  timber  con- 
nected by  framing,  or  letting  them  into  each  other,  as  are  the  pieces  of  a roof,  floor, 
centre,  &c.  It  is  distinguished  from  joinery  by  being  put  together,  without  the  use  of 
any  other  edge  tools  than  the  axe,  adze,  saw,  and  chisel,  whereas  joinery  requires  the  use 
of  the  plane.  The  leading  points  that  require  attention  in  sound  carpentry  are, — 
1.  the  quality  of  the  timber  used;  2.  the  disposition  of  the  pieces  of  timber,  so  that 
each  may  be  in  such  direction,  with  reference  to  the  fibres  of  the  wood,  as  to  be  most 
capable  of  performing  its  office  properly ; 3.  the  forms  and  dimensions  of  thepiects; 
4.  the  manner  of  framing  the  pieces  into  each  other,  or  otherwise  uniting  them  by  means 
of  iron,  or  other  metal. 

Carrara  Marbeb.  The  name  of  a species  of  white  marble  obtained  at  the  quarries  near 
the  town  bearing  that  name,  in  the  Tuscan  States.  It  was  called  warmor  lunense  and 
ligustrum  by  the  ancients,  and  differs  from  the  Parian  marble  by  being  harder  in  tex- 
ture, and  less  bright  in  colour. 

Carriage.  The  timber  framework  on  which  the  steps  of  a w'ooden  staircase  are  supported. 

Carr*:  up.  See  Bring  up. 

^ Cartouch.  (Lr.)  A name  given  to  the  modillion  of  a cornice  used  internally. 
“1  It  is  also  used  to  denote  a scroll  of  paper,  usually  in  the  form  of  a tablet,  for 

I the  reception  of  an  inscription.  In  Egyptian  architecture,  it  is  applied  to  the 

~ 1 form  enclosing  hieroglyphs,  as  in  the  annexed  cut. 

Carver.  An  artificer  who  cuts  wood  into  various  forms  and  devices.  Carving,  generally, 
is  the  art  of  cutting  a body  by  recession,  in  order  to  produce  the  representation  of  an 
object,  either  in  relief,  or  recessed  within  the  general  surface.  In  this  sense  it  equally 
applies  to  the  making  of  intaglios  as  to  that  of  making  cameos. 

Caryatides.  Figures  of  females  used  instead  of 
columns  for  the  support  of  an  entablature.  They 
were  used  at  the  temple  of  Erechtheus,  at  Athens, 
as  shown  in  the  illustration,/^.  1378.  See  Cane- 
PHORAE.  AtLANTES. 

Case.  The  outside  covering  of  anything,  or  that  in 
which  it  may  be  enclosed.  It  is  also  a term  used  to 
denote  the  carcass  of  a house. 

Case  Bays.  Tlie  joists  framed  between  a pair  of 
girders  in  naked  flooring.  When  the  flooring  joists 
are  framed  with  one  of  their  ends  let  into  a girder, 
and  the  opposite  ends  let  into  a wall,  they  are  called 
tail  hays.  The  extent  of  the  case-bays  should  not 
exceed  ten  feet. 

Case  of  a Door.  The  wooden  frame  in  which  a door 
is  hung. 

Case  of  a Stair.  The  wall  surrounding  a staircase. 

Cased.  A term  signifying  that  the  outside  of  a building 
is  faced  or  covered  with  materials  of  a better  quality. 

Thi.s,  a brick  wall  is  said  to  be  cased  with  stone, 
or  with  a brick  superior  in  quality  to  that  used  in  the  inner  part  the  wall. 

Cased  Sash  Frames.  Those  which  have  their  interior  vertical  sides  hollow,  to  admit  tlie 
weiffhts  which  balance  the  sashes  hung  between  them.  _ ^ i • . 

Case-hardening.  The  process  by  which  the  surfaces  of  soft  iron  are  converted  into  a 
species  of  imperfect  steel,  sufficiently  hard  to  resist  the  action  of  an  d 

Hodgkinson  has  proved  the  fallacy  of  the  assertion  that  if  the  hard  skin  at  the  ou  si  lo 
ofarastiron  bar  be  removed,  its  strength  comparatively  with  its 
much  reduced.  Bars  planed  down  on  all  sides  to  an  inch  square,  bore  a breaking-v  eight 
quite  equal  to  those  of  bars  cast  exactly  an  inch  square. 

Casemate.  A hollow  moulding,  such  as  the  cavetto.  nf  the 

Casement.  A glazed  frame  or  sash,  opening  on  hinges  affixed  to  the  vertical  sides  of  t 

frame  into  which  it  is  fitted. 

cismo  (11°)  lerm  applied  to  a email  country  house,  and  to  a sort  oflcdge  in  a park ; but 
fH^rly  to  ofe  capable  of  afTording  defence  on  a small  scale  agau.st  an  attacking  force. 

An  ellipUc  curve  wherein  the  product  of  any  two  lines,  drawn  from  the  foe. 

4 K 2 


Fig.  1378. 
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to  a point  in  the  curve,  shall  he  equal  to  the  rectirgle  under  the  semi-transverse  and 
semi -conjugate  diameters. 

Castella.  In  ancient  Roman  architecture,  reservoirs  in  which  the  waters  of  an  aque- 
duct were  collected,  and  whence  the  Avater  was  conducted  through  leaden  pipes  to  the 
several  parts  of  a city. 

Castellated  House.  One  with  battlements  and  turrets,  in  imitation  of  an  ancient 
castle. 

Casting.  In  carpentry  and  joinery,  a term  synonymous  with  w'arping.  It  means  the 
bending  of  the  surfaces  of  a piece  of  wood  from  their  original  state,  caused  either  by  the 
gravity  of  the  material,  by  its  being  subjected  to  unequal  temperature,  to  moisture,  or 
to  the  want  of  uniform  texture  of  the  material. 

Cast  Iron.  It  is  the  product  of  the  process  of  smelting  iron  ores.  Different  sorts  of  pig 
iron  are  produced  from  the  same  ore  in  the  same  furnace  under  different  circumstances 
as  to  temperature  and  quantities  of  fuel.  Intense  cold  makes  cast  iron  brittle,  and  sud- 
den changes  of  temperature  sometimes  cause  large  pieces  of  it  to  split.  The  proof 
strength  is  about  one  third  of  the  breaking  load. 

Castle.  (Lat.  Castellum,  or  Sax.  Cajitel.)  A building  fortified  for  military  defence ; also 
a house  with  towers,  usually  encompassed  with  w'alls  and  moats,  and  having  a donjon 
or  keep  in  the  centre.  The  principal  castles  of  England  at  present  are  those  of  the  Tower 
of  London,  of  Dover,  Windsor,  Norwich,  &c.  At  one  time  those  of  Harwood,  Spofforth, 
Kenilworth,  Warwick,  Arundel,  and  others,  might  have  vied  with  these  in  importance. 
The  characteristics  of  a castle  are  its  valla  (embankments)  and  fossa  (ditches)  ; from  the 
former  whereof  the  w'alls  rise  usually  crowned  with  battlements,  and  fianked  by  circular 
or  polygonal  bastions  at  the  angles  formed  by  the  walls.  These  were  pierced  for  gates, 
with  fixed  or  draw-bridges,  and  towers  on  each  side.  The  gates  of  considerable  strength 
were  further  guarded  by  descending  gratings,  c?i\\edi  portcullises.  All  the  apertures  were 
made  as  small  as  they  could  be,  consistent  with  internal  lighting. 

The  component  parts  of  the  castle  were — the  fosse  or  moat,  with  its  bridge  ; the  har- 
hacan,  which  was  in  advance  of  the  castle,  being  a raised  mound  or  tower,  whose  outer 
walls  had  terraces  towards  the  castle,  with  their  bastions,  as  above  mentioned;  the  gate- 
house, flanked  by  towers,  and  crowned  with  projections  called  machicolations,  through 
which  heavy  materials,  or  molten  lead,  were  dropped  on  the  assailants  enteiing  the  gate- 
way ; the  outer  hallium,  or  bailey,  or  area  within  the  castle,  which  was  separated  from 
the  inner  ballium  by  an  embattled  wall  with  a gatehouse,  and  in  which  the  stables  and 
nt  her  offices  were  usually  seated  ; and  the  inner  hallium,  for  the  residence  of  the  owner 
or  goA'crnor,  and  his  retinue;  this,  at  one  corner,  or  in  the  centre,  had  a or  keep  tower, 

which  was  the  stronghold  of  the  place,  and  contained  a state  apartment,  a well,  and  a 
chapel ; the  former  usually,  and  the  latter  frequently,  are  found  in  ancient  castles. 

Catabasion.  (Gr.  KaTafiaivu.)  A place  in  the  Greek  church,  under  the  altar,  in  which 
relics  are  deposited. 

Catacomb.  (Gr.  Kara,  against, 'and  Ko/ifos,  a hollow  place.)  A subterraneous  place  for 
burying  the  dead.  The  hypogaea,  crypta,  and  cimeteria  of  the  ancients  were  used  for 
the  same  purpose.  In  some  cities  the  excavations  for  catacombs  Avere  of  A’^ast  extent,  and 
were  used  for  other  purposes  than  those  of  sepulture ; at  Syracuse,  fur  instance,  the  same 
cavern  served  for  a prison  as  well  as  a public  cemetery.  It  has  been  said,  that  in  the 
early  ages  of  Christianity  they  serA’ed  as  places  of  public  Avcrship  or  devotion.  The 
most  celebrated  for  their  extent  are  those  of  Rome,  Naples,  Syracuse,  &c. ; and  the 
more  modern  ones  of  Paris,  Avhich  have  been  formed  by  quarrying  for  the  stone  of  Avhich 
a great  part  of  the  city  has  been  built. 

Catafalco.  (It.  a scaffold.)  A temporary  structure  of  carpentry,  decorated  with  paint- 
ing and  sculpture,  representing  a tomb  or  cenotaph,  and  used  in  funeral  ceremonies. 
That  used  at  the  final  interment  of  Michel  Angelo,  at  Florence,  Avas  of  a very  magnifi- 
cent description;  and,  for  the  art  employed  on  it,  perhaps  unequalled  by  any  other 
before  or  since  its  emploj  ment. 

Catch  Drain.  A drain  used  on  the  side  of  a larger  open  one,  or  of  a canal,  to  receive  the 
surplus  water  of  the  principal  conduit. 

Catenary  Curate.  The  mechanical  curve  formed  by  a heavy  flexible  cord  or  chain  of 
uniform  density,  hanging  freely  from  the  two  extremities.  Galileo  first  noticed  it,  and 
proposed  it  as  the  proper  figure  for  an  arch  of  equilibrium.  He,  however,  imagined  that 
it  was  the  same  as  the  parabola.  It  was  James  Bernouilli  who  first  iiiA'estigated  its  nature, 
and  its  properties  were  thereafter  pointed  out  by  John  Bernouilli,  Huygens,  and  Leib- 
nitz. From  the  first  of  these  mathematicians,  the  follow  ing  geometrical  method  of  de- 
termining the  relations  between  the  parts  of  a catenary  is  translated.  The  catenarean 
curve  is  of  two  kinds,  the  common,  which  is  formed  by  a chain  equally  thick  or  equally 
heavy  in  all  its  points  ; or  uncommon,  which  is  formed  by  a thread  unequally  thick,  that 
is,  which  in  all  its  points  is  unequally  heavy,  and  in  some  ratio  of  the  ordinates  of  a 
given  curve.  To  draw  the  common  catenary  mechanically,  suspend  on  a A’ertical  plane 
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a chain  of  similar  and  equal  links  of  homogeneous  matters,  as  flexible  as  possible, 
any  two  points  not  in  a perpendicular  line,  nor  so  distant  from  each  other  as  the  i 
of  the  chain.  Prick  the  plane  through  the  links 
as  nearly  as  possible  in  the  middle  of  the  chain, 
and  through  the  points  draw  the  catenary 
{Jig.  1379.)  Let  the  chord  FBI)  or  Ybd  bo 
given,  and  the  abscissa  BA  or intersecting  it 
{Jig.  1 379 ) in  B or  at  a given  angle.  Draw  the 
vertical  line  BA  and  FBD  or  VH  at  the  given 
angle  on  the  plane.  Fix  one  end  of  the  chain 
at  F,  and  from  the  point  D or  d,  with  another 
part  of  the  chain,  raise  or  lower  the  chain  until 
the  lower  part  coincides  with  A,  and  through 
points,  made  as  before,  draw  the  curve. 

To  draw  a tangent  to  the  catenary : let  DBF 
be  a horizontal  line,  and  at  right  angles  to  BA 


I23r 

from 

length 


Fig.  1379. 


from  A draw  AR  eqtial  to  the  curve  DA,  obtained  as  before,  and  draw'  BR,  which  bisect 
in  o.  At  right  angles  to  BR  draw  oC  intersecting  BA  continued  in  C.  Draw  CR,  and 
make  the  angle  BDT  equal  to  the  angle  ACR.  DT  is  the  Lingent  required,  and  BC 
equals  CR ; CA  is  the  tension  at  the  point  A,  or  the  horizontal  draft,  which,  in  a cate- 
nary, is  in  every  point  the  same,  and  is  therefore  a constant  quantity ; as  DB ; BT : : 
CA : AR : or  as  DB  : BT  : : the  constant  quantity  CA:  AR,  equal  to  the  length  of  the 
chain  AD. 

If  CH.  be  drawn  through  C at  right  angles  to  BC  it  is  called  the  directrix,  and  DII 
draw'n  parallel  to  BC,  intersecting  the  directrix  at  H,  is  the  tension  at  the  point  D, 
being  always  equal  to  the  sum  of  the  abscissa  and  constant  quantity.  "With  the  centre 
C and  radius  = the  tension  DH  at  D = CB,  cut  the  tangent  at  the  vertex  A in  R,  then 
AR  is  the  length  of  the  chain  AD. 

AC  is  the  semi-axis  of  an  equilateral  hyperbola,  and  also  the  radius  of  curvature  of  a 
circle  equicurved  with  it  and  the  catenary. 

In  the  triangle  CAR,  when  CA  is  the  radius,  then  the  tension  equals  CR,  the  secant 
of  the  angle  ACR  ( = BDC).  The  chain  AD  equals  AR,  the  tangent  of  the  same  angle 
and  the  absciss  AB  equals  CR  — CA  = SR.  Hence,  ACR  being  a right-angled  triangle, 
it  is  manifest  that  when  two  of  the  five  quantities,  viz.  the  angle,  the  absciss,  the  length 
of  the  chain  between  the  vertex  and  points  of  suspension,  the  constant  quantity  or  tension 
at  the  vertex,  and  the  tension  at  the  points  of  suspension,  are  known,  the  other  three 
may  be  obtained  geometrically,  or  from  a table  of  tangents  and  secants. 

Cathedral.  (Gr.  KaffeSpa,  a seat  or  throne.)  The 

principal  church  of  a province  or  diocese,  wherein 
the  throne  of  archbishop  or  bishop  is  placed.  It 
was  originally  applied  to  the  seats  in  which  the 
bishop  and  presbyters  sat  in  their  assemblies. 

In  after  times,  the  bishop’s  throne  was,  however, 
placed  in  the  centre  of  the  apsis,  on  each  side 
whereof  were  inferior  seats  for  the  presbyters. 

In  the  present  day  the  bishop’s  throne  is  placed 
on  one  side  of  the  choir,  usually  on  that  towards 
the  south. 

Catherine  Wheel  Window'  also  called  Marigold 
Window.  In  mediaeval  buildings  a window  or 
compartment  of  a window  of  a circular  form 
with  radiating  divisions  or  spokes.  Examples 
are  seen  at  Patrixbourne,  York,  St.  Davids,  of  a 

small  size;  while  at  Westminster  {fg.  1380)  Fig.  1380.  Westminster  Abbey, 

south  transepts  of  St.  Ouen  at  Rouen,  and  of  ^ 

Amiens  cathedral,  and  at  the  cathedral  of  Strasbourg,  they  are  of  larger  sue*  See  Rosa 

Window'.  • , v i 

Cathetus.  (Gr.  KaOeros,  let  down.)  A perpendicular  line  passing  through  the  centre  of 
a cylindrical  body  as  a baluster  or  a column.  It  is  also  a line  falling  perpendicularly, 
and  passing  through  the  centre  or  eye  of  the  volute  of  the  Ionic  capibil.  _ ^ 

Cattle  Shed,  or  Cattle  House.  In  agricultural  buildings,  an  erection  for  containing 
cattle  while  feeding,  or  otherwise.  The  cattle  shed  is,  of  course,  most  economically  con- 
structed when  built  against  w'alls  or  other  buildings.  If  cattle  sheds  are  built  in  iso- 
lated situations,  the  expense  of  a double  shed  will  be  much  less  than  that  of  a single 
one,  to  contain  the  same  number  of  cattle.  Buildings  of  this  description  should  be  well 
ventilated,  and  be  so  constructed  as  to  require  the  least  possible  labour  in  supplying  the 
food,  and  clearing  away  the  dung.  The  stalls  should  bo  placed  so  as  to  keep  the  cattle 
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dry  and  clean,  the  floor  level  and  with  sufficient  drains  to  receive  the  ordure,  and  to  be 
readily  flushed.  There  should  be  good  provision  of  air  holes  in  the  roof;  and,  if  the 
Duilding  have  gables,  a window  should  be  placed  in  each  as  high  as  possible  with 
movable  luffer-boards,  which  may  be  easily  opened  and  shut.  A cubical  space  is 
required  of  not  less  than  1000  feet  for  each  animal,  whether  there  are  inhabited  rooms 
over  the  shed  or  not.  The  cattle  plague  first  broke  out  in  the  central  districts  of 
London,  where  the  space  allotted  did  not  exceed  450  cubic  feet.  Many  of  the  model 
farms  and  stockbreeders  now  use  iron  cow-stalls,  to  assist  in  preventing  the  spread  of 
rinderpest.  A bullock  averages  7 feet  6 inches  in  length,  5 feet  in  height,  and 
2 feet  6 inches  in  width.  The  stall  should  be  5 feet  wide  for  each  milch  cow,  or  6 feet 
if  kept  indoors  all  the  year,  the  building  being  16  feet  wide;  the  top  of  the  manger 
not  more  than  from  12  to  18  inches  above  the  floor,  18  inches  broad,  and  12  inches  deep, 
with  three  divisions,  for  moist  and  dry  food  and  water.  See  Bullock  Shed. 

The  infectious  effluvia  from  the  private  slaughter-houses  often  causing  contagious 
maladies  in  their  neighbourhood,  the  French  government  in  1811  removed  all  such 
buildings  from  the  heart  of  their  capital.  For  this  purpose  five  open  airy  spots  were 
selected  in  the  outskirts  of  the  city ; those  at  Menilmontant  and  Montmartre  are  the 
most  considerable  and  extensive.  These  five  establishments  were  later  merged  into 
one  large  abattoir.  Happe  was  the  architect  of  the  former;  and  the  cost  was  some- 
thing above  120,000^. 

The  Metropolitan  Cattle  Market  was  designed  by  the  late  Mr.  J.  B.  Banning,  City 
Architect,  and  opened  in  1855.  Several  additions  have  since  been  made  by  the  late 
Sir  Horace  Jones,  City  Architect.  A market  and  abattoir  was  designed  1870-71,  nt 
l)eptford,  by  the  same  architect,  for  the  City  of  London,  where  foreign  cattle  are  landed, 
inspected,  sold,  and  slaughtered.  The  cost  of  the  market,  including  95,000^.  paid  for 
the  site  of  22  acres,  was  210,OU0f. 

Of  late  years  several  such  buildings  have  been  erected,  as  at  Glasgow,  Edinburgh, 
and  Bradford ; and  a carcase  market  with  butchers’  slaughter-houses  adjoining,  at 
Manchester.  A description  of  this  building,  erected  from  the  designs  of  Mr.  A Darby- 
shire,  was  read  by  him  at  the  Royal  Institute  of  British  Architects,  Feb.  1,  1875;  and 
as  it  is  considered  a well-arranged  structure  for  its  purposes,  a few  details  will  be  given. 
It  is  in  the  shape  of  the  letter  |_.  In  the  long  side  fronting  Water  Street  are  the 
entrances,  and  the  carcase  market,  418  feet  long  and  55  Let  6 inches  wide,  paved  with 
asphalte.  Behind  this  are  the  wholesale  slaughter-houses,  twenty-one  in  number,  each 
being  24  feet  by  17  feet  6 inches  inside,  with  a lair  attached  in  rear,  22  feet  by  17  feet 
6 inches.  Both  of  these  are  open  to  the  roof,  but  entirely  separated,  and  the  former 
well  lighted  by  rows  of  glass  slates,  which  light  is  superior  to  side  windows  for  the 
several  operations  necessary.  The  former  has  a glazed  enamelled  brick  dado,  5 feet 
high,  and  a plentiful  supply  of  water.  They  are  paved  with  Yorkshire  stone.  In  rear 
of  part  of  the  above  are  placed  nineteen  retail  slaughter-houses  similar  to  the  above. 
In  rear  of  these  latter  is  the  condemned  meat  department,  consisting  of  a lair,  slaughter- 
house, meat  store,  and  boiling-house.  The  blood  department  consists  of  a storing- 
room,  drawing-oflf  room,  and  drying-room.  The  pig  slaughtering  department  is  adjacent, 
and  contains  a large  pig  slaughter-house,  open  yard,  and  piggeries.  The  two  lodges 
at  the  gates  (through  which  all  cattle  must  enter  the  abattoir)  contain  residences  for 
the  porter  and  the  inspector,  with  rooms  for  the  convenience  of  the  markets  committee. 
The  site  also  contains  a large  general  lair  for  cattle,  a manure  pit,  and  a common  room  for 
drovers  and  others  : suitable  conveniences  at  various  points  ; and  a stable  and  gig-house 
for  the  inspector.  The  total  cost  was  somewhat  over  30,000^.  Space  prevents  us  from 
following  the  author  through  his  explanation  in  detail  of  the  uses  to  which  the  various 
buildings  are  applied,  but  one  very  important  feature  remains  to  be  noticed.  A simple 
and  effectual  apparatus  has  been  provided  by  the  engineer,  Mr.  John  Meiklejohn,  of 
Dalkeith,  by  which  the  carcase  when  ready  is  placed  on  a hoist,  and  moved  along  rails 
across  the  roadway  into  the  market,  or  placed  into  the  carts  ; this  apparatus  also  allows 
the  seller  to  detach  any  particular  carcase  from  the  others,  and  deposit  it  in  the  cart 
of  the  buyer,  without  in  any  way  disturbing  the  other  carcases  hanging  on  the  beams. 
A considerable  amount  of  manual  labour  is  saved  ; and,  in  addition,  the  meat  intended 
for  human  food  receives  as  little  handling  as  possible  after  being  dressed,  and  is  not 
transferred  at  any  time  to  the  dirty  and  greasy  backs  and  shoulders  of  the  slaughterers. 
The  private  slaughter-houses  have  the  same  hoisting  apparatus,  but  the  carcase  is  placed 
at  once  in  carts  and  removed  to  the  butcher’s  shop.  At  the  Edinburgh  abattoir  a 
central  crane  and  semicircular  hanging  beam  is  in  operation ; while  at  Bradford  an 
hydraulic  lifting  power  is  in  use. 

A very  interesting  discussion  followed  the  reading  of  the  piper,  in  reference  to 
private  slaughter-houses  ; the  best  mode  of  lighting;  the  paAung  ; the  use  of  a tripery 
at  the  abattoir ; blood  stores ; a place  for  salting  hides  ; and  other  apparatuses.  An 
important  fact  was  stated,  tending  to  the  greater  introduction  of  killing  animals  in 
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the  country  and  sending  the  carcases  up  to  the  “dead  meat”  markets  in  cities  and 
towns that  it  has  been  proved  that  if  an  animal  he  slaughtered  in  Edinburgh,  near 
where  it  was  fed,  and  another  be  taken  from  the  same  herd  and  sent  as  carefully  as 
possible  to  London  by  railway,  and  slaughtered  there,  the  latter  loses  at  least  tliree 

, stones  in  weight  as  compared  with  the  former,  and  this  represents  a sovereign. 

Cattus.  a moveable  shed  usually  fixed  on  wljecls. 

Caul.  An  implement  used  hot  in  veneering  to  keep  the  glue  moist,  while  at  the  same 
time  it  presses  down  the  veneer  until  it  cools. 

Caulicol^  or  Caulicoli.  (Lat.  Caulis,  a sUilk.)  The  eight  lesser  branches  or  stalks  in 
the  Corinthian  capital  springing  out  from  the  four  greater  or  principal  caules  or  stalks. 
The  eight  volutes  of  the  capital  of  the  order  in  question  are  sustained  by  four  caules  or 
leaves,  from  which  these  caulicolm  or  lesser  foliage  arise.  They  have  been  sometimes 
confounded  with  the  helices  in  the  middle,  and  by  others  with  the  principal  stalks 
whence  they  arise. 

Caulking  or  Cocking.  The  mode  of  fixing  the  tie-beams  of  a roof  or  the  binding  joists 
of  a floor  down  to  the  wall-plates.  Formerly  this  was  performed  by  dovetailing  in  the 
following  manner : — A small  part  of  the  depth  of  the  beam  at  the  end  of  the  under  side 
w'as  cut  in  the  form  of  a dovetail,  and  to  receive  it  a corresponding  notch  was  formed  in 
the  upper  side  of  the  wall-plate,  across  its  breadth,  making,  of  course,  the  wide 
part  of  the  dovetail  towards  the  exterior  part  of  the  wall,  so  that  the  beams, 
when  laid  in  their  notches,  and  the  roof  finished,  would  greatly  tend  to  prevent  the 
walls  separating,  though  strained  by  inward  pressure,  or  even  if  they  should  have  a 
tendency  to  spread,  through  accidents  or  bad  workmanship.  But  beams  so  fixed  have 
been  found  liable  to  be  drawn  to  a certain  degree  out  of  the  notches  in  the  wall-plates 
from  the  shrinking  of  the  timber.  A more  secure  mode  is  that  of  forming  a sort  of 
pin  out  of  the  upper  side  of  the  plate,  with  a notch  in  the  beam,  which  obviates  all 
hazard  of  one  being  drawn  out  of  the  other. 

Caustic  Curve.  (Gr.  Katw,  to  burn.)  The  name  given  to  a curve,  to  which  the  rays  of 
light,  reflected  or  refracted  by  another  curve,  are  tangents.  The  curve  is  of  two  kinds, 
\X\Qcaiacaustic  and  the  dia^austic;  the  former  being  caused  by  reflection,  and  the  latter 
by  refraction. 

Cav^dium.  (Lat.)  In  ancient  architecture  an  open  quadrangle  or  court  within  a house. 

. The  cavsedia  described  by  Vitruvius  are  of  five  species: — Tiiscanicum,  Corinthium, 
Tetrastylon  (with  four  columns),  (uncovered),  and  Testudinatum  (vaulted). 

Some  authors  have  made  the  cavaedium  the  same  as  the  atrium  and  vestibulum,  but 
they  were  essentially  different. 

Cave.  (Lat.  Cavum.)  A hollow  place. 

Caveje.  (Lat.)  In  ancient  architecture  the  subterranean  cells  in  an  amphitheatre, 
wherein  the  wild  beasts  were  confined  in  readiness  for  the  fights  of  the  arena.  ^ In  the 
end  the  amphitheatre  itself  (by  synecdoche)  was  called  cavea,  in  which  sense  it  is  em- 
ployed by  Ammianus  Marcel linus,  lib.  xxix.  cap.  i. 

Cavetto.  (Lat.  Cavus.)  A hollowed  moulding,  whose  profile  is  the  quadrant  of  a circle. 
It  is  principally  used  in  cornices. 

Ckdar.  (Gr.  KeS^os.)  The  pinus  cedrus  of  Linnaeus,  a forest  tree  little  used  in  this 
country,  except  for  cabinet  work. 

Ckiling.  (Lat.  Ccelum.)  The  upper  horizontal  or  curved  surface  of  an  apartment  op- 
posite the  floor,  usually  finished  with  plastered  work.  ^ _ 

Ceiling  Joists.  Small  beams,  which  are  either  mortised  into  the  sides  of  the  binding 
joists,  or  notched  upon  and  nailed  up  to  the  under  sides  of  those  joists.  The  last  mode 
diminishes  the  height  of  the  room,  but  is  more  easily  executed,  and  is  by  some  thought 
not  so  liable  to  break  the  plaster  as  when  the  ends  of  the  ceiling-joists  are  inserted 
into  pulley  mortises.  • , • i t*. 

Cell.  (Lat.  Celia.)  In  ancient  architecture  the  part  of  a temple  within  the  walls.  Jt 
was  also  called  the  naos,  whence  the  word  nave  in  a church.  The  part  of  a temple  in 
front  of  the  cell  was  called  the  pronaos,  and  that  in  the  rear  the  posticum.  See  V imana 
of  the  Hindoos.  It  is  also  the  chamber  in  which  a prisoner  is  confined. 

Cellar.  (Fr.  Cellier.)  The  lower  story  of  a building,  wholly  or  partly  under  the  level 
of  the  ground,  and  not  adapted  for  habitation,  but  merely  for  lumber,  storage  purposes, 
coals,  wine,  and  such  like:  and  having  openings  into  the  outer  air  for  ventilation 
only.  Coal  cellars  in  the  metropolis  are  arched  vaults  under  the  street  paving. 

Cellular  Beams.  Beams  made  of  wrought  iron  plates,  rivetted  together,  and  whoso 
strength  depends  upon  the  system  of  cells  placed  at  the  top  of  the  veD 
the  cell,  which  takes  the  place  of  it  in  a larger  beam  or  girder. 

ones,  cells  are  also  placed  under  it.  _ ^ nf  thn 

Celtic  Erections.  The  manner  of  building  adopted  by  the  ^ ‘ . x 

Northern  part  of  Europe,  comprising  chiefly  the  ereciion  of  . 'i, 

forms,  and  of  tumuli  in  which  are  found  chisels  and  adzes  of  bronze  or  hard  stone. 


or  over 
In  very  large 


12  40 


GLOSSAHr. 


hence  the  name  of  celts  derived  from  celieh,  the  ancient  Latin  word  for  a chisel.  They 
are  discovered  in  great  quantities  in  England,  Ireland,  and  France. 

Cement.  (Lat.  Cementum.)  The  medium  through  which  stones,  bricks,  or  any  other 
materials  are  made  to  adhere  to  each  other.  See  Moutab. 

Cemetery.  (Gr.  Kot/ido,  to  sleep.)  An  edifice  or  area  where  the  dead  are  interred.  The 
most  celebrated  public  cemeteries  of  Europe  are  those  of  Napb  s.  that  in  the  vicinity  of 
Bologna,  of  Pisa,  and  the  more  modern  ones  of  Paris,  whereof  that  of  Pere-la-Chaise 
is  the  principal.  That  of  Pisa  is  particularly  distinguished  by  the  beauty  of  its  form 
and  architecture,  which  is  of  early  Italian  Gothic.  It  is  490  feet  long,  170  feet  wide, 
.and  60  feet  high,  cloistered  round  the  four* sides. 

(’enotaph.  (Gr.  Kerbs,  empty,  and  Td<pos,  a sepulchre.)  A monument  erected  to  the 
memory  of  a person  buried  in  another  place. 

Centering.  The  temporary  woodwork  or  framing,  whereon  any  vaulted  work  is  con- 
structed, and  sometimes  called  a centre. 

Centre.  (Lat.  Centrum.)  In  a general  sense  denotes  a point  equally  remote  from  the  ex- 
tremes of  a line,  superficies,  or  body,  or  it  is  the  middle  of  a line  or  plane  by  which  a 
figure  or  body  is  divided  into  two  equal  parts;  or  the  middle  point  so  dividing  a line, 
plane,  or  solid,  that  some  certain  effects  are  equal  on  all  its  sides.  For  example,  in  a 
circle  the  centre  is  everywhere  at  equal  distance  from  the  circumference  ; in  a sphere 
the  centre  is  a point  at  the  same  distance  from  every  point  in  the  surface. 

Centres  of  a Door.  The  two  pivots  on  which  the  door  revolves. 

Centrolinead.  An  instrument  for  drawing  lines  converging  to  a point  at  any  required 
distjince,  whether  .accessible  or  inaccessible.  It  is  used  for  making  drawings  in  per- 
spective. 

Ceboma.  (Gr.)  An  apartment  in  the  Gymnasia  and  baths  of  the  ancients,  where  the 
bathers  and  wrestlers  were  anointed  with  oil  thickened  by  wax,  as  the  name  imports. 

Cesspool,  or  Sesspool.  A small  well  sunk  below  the  mouth  of  a drain  to  receive  the 
sediment  which  might  otherwise  choke  up  its  passage,  in  its  course  to  its  outfall. 

A cesspool  is  also  a well  sunk  to  receive  the  soil  from  a water-closet,  or  kitchen 
sink,  drain  hole  to  a path,  &c.  It  is  sometimes  built  dry  so  that  the  water  percolates 
through  the  joints  of  the  stone  or  brickwork  into  the  surrounding  soil ; or  it  is  built  in 
mortar,  and  a drain  formed  to  carry  off  the  surplus  water  from  near  the  top  of  it.  When 
found  to  be  full,  the  cesspool  is  emptied  and  the  contents  carted  away,  or  used  for 
garden  manure,  &c. 

Chain  Moulding.  An  ornament  of  the  Norman  period,  c.arved  in  imitation  of  a chain. 

Chain  Timber.  See  Bond. 

Chair  Kail.  A piece  of  wood  fastened  to  a wall,  to  prevent  the  backs  of  the  chairs  in- 
juring the  plastering  when  placed  against  it.  This  result  is  often  better  effected  by 
fixing  a fillet  of  sufficient  projection  on  the  floor,  next  the  skirting,  for  the  feet  of  the  chair 
to  strike  against,  similar  to  that  frequently  put  to  cover  the  nails  securing  the  carpet. 

Chaitya  Cave.  The  name  given  to  a class  of  rock-cut  Buddhist  temples  in  India, 
Chaitya  meaning  an  object  of  worship,  whether  an  image,  a tree,  an  edifice,  or  mountain. 
They  resemble  in  almost  all  particulars,  both  of  form,  size,  and  purpose,  the  choirs  of 
Gothic  churches  of  the  eleventh  or  twelfth  centuries:  the  dagoba  occupying  the  place 
of  the  altar,  and  being  like  it,  simply  a relic  shrine.  They  are  seen  at  Karli,  Ajunta, 
and  other  places. 

Chalcidicum.  (Lat.)  In  ancient  architecture,  a term  used  by  Vitruvius  to  denote  a largo 
building  appropriated  to  the  purpose  of  administering  justice,  but  applied  sometimes  to 
the  tribunal  itself. 

Chalk.  (Germ.  Kalk.)  Earthy  carbonate  of  lime,  found  in  abundance  in  Great  Britain, 
and,  indeed,  in  most  parts  of  the  world.  It  is  insoluble  in  water,  but  decomposed  1 y 
heat,  and  sometimes  used  in  building  for  the  same  purposes  as  limestone. 

Chamber.  (Fr.  Chambre.)  Properly  a room  vaulted  or  arched,  but  the  word  is  now 
generally  used  in  a more  restricted  sense  to  signify  an  apartment  appropriated  to  loflg- 
ing.  With  the  French  the  word  has  a much  more  extensive  meaning;  but  with  us  the 
almost  only  use  of  it,  beyond  what  is  above  stated,  is  as  applied  in  a palace  to  the  room 
in  which  the  sovereign  receives  the  subject,  w’hich  room  is  called  the  Presence  Chamber. 

Chamber  of  a Lock.  In  canals  the  space  between  the  gates  in  which  the  vessels  rise 
and  sink  from  one  level  to  another,  in  order  to  pass  the  lock. 

Chamber  Story.  That  story  of  a house  appropriated  for  bed-rooms. 

Chambranle.  (Fr.)  An  ornamental  bordering  on  the  sides  and  tops  of  doors,  windows, 
and  fireplaces.  This  ornament  is  generally  taken  from  the  architrave  of  the  order 
of  the  building.  In  window  frames  the  sill  is  also  ornamental,  forming  a fourth 
side.  The  top  of  a three-sided  chambranle  is  called  the  transverse,  and  the  sides 
ascendants. 

Chamfer.  (Fr.  Chamfrein.)  The  arris  of  anything  originally  right-angled,  cut  aslope,  or 
bevel,  BO  that  the  plane  it  then  forms  is  inclined  less  than  a right  angle  to  the  other 
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planes  with  which  it  intersects.  If  it  is  not  carried  tlie  whole  extent  of  tlic  piece  it  is 
returned  and  then  is  said  to  be  ‘ stop  chamfered.’  ’ 

Champain  Line.  In  ornamental  carved  work  formed  of  excavations  is  the  lino  parallel 
to  the  continuous  line,  either  ascending  or  descending. 

Chancel.  That  part  of  the  eastern  end  of  a church  in  which  the  altar  is  placed.  See 
Cancelli.  This  is  the  strict  meaning ; but  in  many  cases  the  cliancel  extends  much 
farther  into  the  church,  the  original  divisions  having  been  r<-moved  for  accommodating 
a larger  staff  of  clergy.  The  w'ord  is  also  used  to  denote  a separate  division  of  the  ancient 
basilica,  latticed  off  to  separate  the  judges  and  council  from  the  audience  part  of  the  place. 

The  chancel  of  a Protestant  church  is  now  raised  two  or  three  steps  above  the  pave- 
ment of  the  nave,  and  provided  on  each  side  with  two  rows  of  benches  or  stalls  for 
choristers  ; on  the  north  side  in  a sort  of  chapel  or  recess  is  placed  the  organ,  and  be- 
hind which  is  sometimes  the  choristers’  vestry,  attached  to  the  vestry  for  the  clorgv. 
Peyond,  is  the  part  called  the  sncTavium,  railed  off,  with  a step  for  the  communicants, 
and  inside  which  is  the  altar  or  communion  table  placed  on  a platform  raised  two  or 
three  steps.  In  a large  chancel,  the  space  wdll  allow  of  two  or  three  chairs  or  perhaps 
sedilia  for  the  clergy  on  the  south  side,  with  an  aumbry  for  the  church  utensils,  and  a 
credence  bible  or  shelf  for  the  bread  and  wine  before  being  placed  on  the  table. 

CuANDRY.  An  apartment  in  a palace  or  royal  dwelling  for  depositing  candles  and  other 
lights. 

Channel  of  the  Larmier,  and  of  the  Volute.  See  Canal  of  the  Larmier,  a.nd 
OF  the  Volute. 

Channel.  (Fr.  Canal.)  A long  gutter  sunk  below  the  surface  of  a body,  as  in  a street, 
and  serving  to  collect  and  run  off  the  rain  water  with  a current. 

Chaori.  a great  porch  or  hall,  as  used  in  India,  usually  attached  to  the  Vimana  with 
its  mantapa  and  antarala,  all  three  forming  the  temple  properly  speaking.  This  porch 
in  lower  India  is  called  a maha  mantapa,  and  is  generally  used  for  marriage  ceremonies 
and  religious  ceremonies  performed  in  public. 

Chantlate.  a piece  of  wood  fastened  at  the  end  of  rafters,  and  projecting  beyond  the 
wall,  to  support  several  row’s  of  slates  or  tiles,  being  so  placed  as  to  throw  off  the  rain- 
water from  the  face  of  the  wall. 

Chantry.  (Lat.  Cantaria.)  A little  chapel  in  ancient  churches  with  an  endowment  for 
one  or  more  priests  to  say  mass  for  the  release  of  souls  out  of  purgatory.  In  the  four- 
teenth 3’ear  of  Edward  VI.,  ail  the  chantries  in  England  were  dissolved : at  this  perical 
there  were  no  less  than  forty-seven  attached  to  St.  Paul’s  Cathedral. 

Chapel.  (Lat.  Capella.)  A building  for  religious  worship,  erected  separately  from  a 
church,  and  served  by  a chaplain.  In  Catholic  churches,  and  in  cathedmls  and  abbey 
churches,  chapels  are  usually  annexed  in  the  recesses  on  the  sides  of  the  aisles.  These 
are  also  called  chantries.  It  is  also  the  name  of  the  building  erected  for  worship  by 
the  dissenters  and  others. 

Chapiter.  The  same  as  Capital. 

Chaplet.  (Fr.  Chapelet.)  A moulding  carved  into  beads,  olives,  and  the  like.  See 
Baguette. 

Chapter  IIouse.  In  ecclesiastical  architecture  the  apartment  (usually  attached)  of  a 
cathedral  or  collegiate  church  in  which  the  heads  of  the  church  or  the  chapter  meet  to 
transact  business.  These  council  chambers  date  back  in  England  as  far  as  the  time  of 
Archbishop  Cuthbert  at  Canterbury.  On  the  Continent  the  chapter  houses,  for  the 
most  part,  are  square  or  oblong  rooms  with  timber  roofs.  In  the  ninth  century,  the 
east  alley  of  the  cloister  was  used  as  a chapterhouse,  but  in  the  tenth,  a distinct  build- 
ing was  formed  for  it  at  Fontenelle.  In  the  eleventh  century  king  Edward  the  Con- 
fessor erected  a round  and  vavdted  chapter  house  at  Westminster.  It  is  a remarkable 
fact  that  the  Benedictine  monks  almost  invariably  built  polygonal,  while  the  Seculars 
erected  rectangular,  chapter  houses.  The  two  exceptions  to^  the  rule  are  those  of  V or- 
cester  and  Westminster.  From  the  commencement  of  the  thirteenth  century  a poligonal 
shape  was  adopted ; a decagon  as  at  Hereford,  St.  Paul’s  at  London,  Bridlington, 
Lichfield,  and  Lincoln,  and  at  Worcester  though  it  is  a circle  internally;  an  ocLagon 
at  Wells,  York,  Salisbury,  and  Westminster.  At  Westminster,  Veils,  and  St.  1 mils, 
it  was  built  over  a crypt. 

Dates.  Diameter. 

Lincoln  1186-1203  60  ft. 

York  completed  about  1 350  57  ft. 

Wells  1293-1302  55  ft.  by  42  ft. 

Lichfield  about  1240  44  ft.  by  26  ft. 

by  heat  without  the 

Its  sanitary  properties  consist  in  its  power  of  absorbing  gases,  w ic 


Worcester 

Salisbury 

AVestminster 


Dates. 

1263-1372 

1263-1270 

1250 


Diameter. 
48  ft. 
68  ft. 
68  ft. 
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when  the  cliareoal  is  powdered.  Auimal  charcoal  is  better  than  that  of  wood,  cr  of  peal, 
for  the  purposes  of  disinfection.  When  cleansing  cesspools,  the  charcoal  should  be 
mixed  with  the  soil.  Wlien  used  to  destroy  foul  air,  the  charcoal  requires  to  be  exposed' 
in  tliin  films,  presenting  the  greatest  possible  surface.  It  is  essentially  necessary  to 
the  proper  filtration  of  water.  It  is  a bad  conductor  of  heat,  but  conducts  electricity.  • 

Charged.  A term  used  to  denote  that  one  member  of  a piece  of  architecture  is  sustained 

by  another.  A frieze  is  said  to  be  charged  with  the  ornament  cut  on  it. 

Charnel  House.  A place  whore  the  bones  of  the  dead  are  deposited.  - • ■■ 

CuARToPHYLACiuji.  A rccess  or  apartment  in  an  ancient  building,  for  the  preservation  of 
records  or  valuable  writings. 

Chase.  An  upright  indent  cut  in  a wall  for  the  joining  another  to  it.  It  also  means  an 

indent  cut  in  a wall,  into  which  a pipe  or  some  such  article  is  placed. 

Chase  Mortise,  or  Pulley  Mortise.  A long  mortise  cut  lengthwise  in  one  of  a pair  of 
parallel  timbers,  for  the  insertion  of  one  end  of  a transverse  timber,  by  making  the 
latter  revolve  round  a centre  at  the  other  end,  which  is  fixed  in  the  other  parallel  timber. 
This  maybe  exemplified  in  ceiling  joists  where  the  binding  joists  are  the  parallel  tim- 
bers first  fixed,  and  the  ceiling  are  the  transverse  joists.  - 

Chateau.  The  modern  Preuch  form  of  the  word  castle,  and  used  for  a castle,  fort,  or 
country  mansion. 

Cheeks.  Two  upright,  equal,  and  similar  parts  of  any  piece  of  timber-work.  Such,  for 
instance,  as  the  sides  of  a dormer  window. 

Cheeks  of  a Mortise  are  the  two  solid  parts  upon  the  sides  of  the  mortise.  The  thick- 
ness of  each  cheek  should  not  be  less  than  the  thickness  of  the  mortise,  except  mould- 
ings on  the  stiles  absolutely  require  it  to  be  otherwise. 

Cheese  Room.  A room  set  apart  for  the  reception  of  cheeses  after  they  are  mado.  The 
walls  should  be  lined,  and  fitted  up  with  shelves  with  one  or  more  stages,  according  to 
the  size  of  the  room,  and  proper  gangways  for  commodious  passage.  In  places 
where  much  cheese  is  manufactured,  the  dairy-room  may  be  placed  below,  the  shelf- 
room  directly  above,  and  lofts  may  be  built  over  the  shelf-room,  with  trap-doors  through 
each  floor.  This  will  save  much  carriage,  and  will  be  found  advantageous  for  drying 
the  cheeses. 

Chequers.  In  masonry,  are  stones  in  the  facings  of  walls,  which  have  all  their  thin  joints 
continued  in  straight  lines,  without  interruption  or  breaking  joints.  Walls  built  in 
this  manner  are  of  the  very  worst  description  ; particularly  when  the  joints  are  made 
horizental  and  vertical.  Those  which  consist  of  diagonal  joints,  or  joints  inclined  to 
the  horizon,  were  used  by  the  Romans.  • ' 

Chesnut  or  Chestnut.  fag%is  castanea.  A large  tree  chiefly  grown  in  England  in 
ornamental  grounds.  It  has  often  been  stated  that  its  timber  has  been  used  in  building, 
but  no  satisfactory  proof  has  been  adduced.  Where  wide  planks  can  be  procured 
without  a fault,  they  have  perhaps  been  used  for  panels  and  carving,  as  the  wood  is 
very  similar  to  wainscot,  but  is  without  the  flower.  • ‘ 

Chest.  The  same  as  Caisson. 

Chevet.  a term  used  by  French  architects  and  antiquaries  to  denote  the  surrounding 
aisles  to  the  choir  of  a cathedral,  from  their  resemblance  on  the  plan  to  the  form 
of  a bolster. 

Chevron  Moxtldinq.  A zigzag  ornament  used  in 
the  archivolts  of  Saxon  and  Norman  arches,  similar 
to  Jig.  1381. 

CiiiMiERA.  A monster  of  the  Grecian  mythology, 
described  as  having  a lion’s  head,  a goat’s  body, 
and  the  tail  of  a dragon.  Out  of  the  back  grows  the 
head  and  neck  of  a goat.  One  such  piece  of  sculp- 
ture, brought  to  England  by  Sir  Charles  Fellowes 
from  Asia  Minor,  is  now  in  the  British  Museum. 

Chimney.  (Fr.  Cheminee.)  The  place  in  a room  where  a fire  is  btirnt,  and  from  which 
the  smoke  is  carried  away  by  means  of  a conduit,  called  a funnel  or  a flue.  Where  the 
walls  are  sufficiently  thick,  the  chimneys  are  formed  in  the  substance  of  them,  but  they 
are  usually  made  by  a projection  from  a wall  and  a recess  in  the  same  from  the  floor 
ascending  within  the  limits  of  the  projection  and  the  recess.  That  part  of  the  opening 
wliich  faces  the  room  is  properly  called  the  jire'p'.ace,  the  stone,  marble,  or  metal,  under 
which  is  called  the  hearth.  That  on  a level  with  and  in  front  of  it  is  the  slab,  though 
often  called  the  hearth.  The  vertical  sides  of  the  opening  are  caWedi  jambs.  The  head 
of  the  fore-plate  resting  on  the  jambs  is  called  the  mantel.  The  tube  or  cavity  from  the 
fireplace  upwards  is  called  funnel  or  jiue.  The  part  of  the  funnel  which  contracts 
as  it  ascends  is  termed  the  gathering,  by  some  the  gathering  of  the  wings.  The  part 
between  the  gathering  and  the  flue  is  called  the  throat.  The  part  of  the  wall  facing 
the  room,  and  forming  one  side  of  the  funnel  parallel  thereto,  or  the  part  of  the  wall 
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forming  the  sitlcs  of  the  funnels  where  there  are  more  tlian  one,  is  tlie  breast.  In  ex- 
ternal walls,  that  side  of  the  funnel  opposite  the  breast  is  called  the  back.  Wlien  there 
is  more  than  one  chimney  in  the  same  breast,  the  solid  parts  that  divide  them  are  called 
withs  or  withes  : and  when  several  chimneys  are  collected  into  one  mass,  it  is  called  a 
stack  of  chimneys.  The  part  which  rises  above  the  roof,  for  discharging  the  smoke  into 
the  air,  is  called  a chimney  shaft,  whose  horizontal  upper  surface  is  termed  the  chim- 
ney-tof  ; on  this  is  placed  the  chimney-yot,  or  contrivance  for  dissipating  the  smoko,  or 
for  creating  a draught.  ’ 

The  covings  were  formerly  placed  at  right  angles  to  the  face  of  the  wall,  and  the 
chimney  was  finished  in  that  manner;  but  Count  Rumford  showed  that  more  heat  is 
obtained  from^  the  fire  by  reflection  when  the  covings  are  placed  in  an  oblique  position. 
He  likewise  directed  that  the  fire  itself  should  be  kept  as  near  to  the  hearth  as  possible, 
and  that  the  throat  of  the  chimney  should  be  constructed  much  narrower  than  had  been' 
practised,  with  the  view  of  preventing  the  escape  of  so  much  heated  air  as  happened 
with  wide  throats.  If  the  throat  be  too  near  the  fire,  the  draught  will  bo  too  strong, 

. and  the  fuel  will  be  wasted  ; if  it  be  too  high  up,  the  draught  will  be  too  languid,  and 
there  will  be  danger  of  the  smoke  being  occasionally  beaten  back  into  the  room.  The 
chimney  of  large  furnaces  and  for  boilers  is  called  a stalk,  and  built  very  tiill  in  order 
to  create  sufficient  draught  for  the  fire. 

Chimney  Piece.  The  assemblage  of  architectural  dressings  around  the  open  recess  con- 
stituting the  fireplace  in  a room,  and  within  which  the  fuel  is  burnt,  either  immediately 
upon  the  hearth  itself,  or  in  a raised  grate,  or  open  stove.  Formerly  fireplaces  were 
provided  only  in  the  principal  rooms  of  a house;  those  in  public  rooms,  as  town  halls, 
became  fine  pieces  of  architecture. 

Chinese  Architecture.  In  the  tent  is  to  be  found  the  type  of  this  architecture.  A 
characteristic  quality  is  gaiety  of  effect.  The  coloured  roofs,  porches  diapered  with 
variegated  tints,  the  varnish  with  which  tho  woodwork  is  covered,  the  light  forms  of 
the  buildings,  all  unite  in  producing  a style  very  different  to  that  seen  in  other  coun- 
tries. The  towers  called  pagodas,  and  the  arches,  are  two  of  the  peculiar  erections  of 
that  country. 

! Chip.  A piece  of  any  material  cut  by  an  acute-angled  instrument. 

Chisel.  An  instrument  used  in  masonry,  carpentry,  and  joinery,  and  also  by  carvers  and 
statuaries,  for  cutting  either  by  pressure  or  by  impulse  from  the  blows  of  a mallet  or 
hammer.  There  are  various  kinds  of  chisels  ; the  principal  ones  used  in  carpentry  and 
joinery  are  t\\Q  former,  the  faring  chisel,  the  gouge,  the  mortise  chisel,  the  socket  chisel, 
and  the  ripping  chisel. 

Chiseled  Work.  In  masonry,  the  state  of  stones  whose  surface  is  formed  by  the  chisel. 

Chit.  An  instrument  used  for  cleaving  lafhs. 

Choir.  (Gr.  Xopos.)  The  part  of  a church  in  which  the  choristers  sing  divine  service. 
J In  former  times  it  was  raised  separate  from  the  altar,  with  a pulpit  on  each  side,  in 

■ which  the  epistles  and  gospels  were  recited,  as  is  still  the  case  in  several  churches  on 

• the  Continent.  It  was  separated  from  the  nave  in  the  time  of  Constantine.  In  nun- 

j neries,  the  choir  is  a large  apartment,  separated  by  a grate  from  the  body  of  the  church, 

? where  the  nuns  chaunt  the  service.  In  churches  in  Italy,  the  cors  is  moveable,  and  is 

\ held  sometimes  in  one  part  of  the  church,  and  sometimes  in  another.  See  Ch.vncix. 

^ Choir  Screen  or  Rood  Screen.  An  ornamental  open  screen  of  wood  or  stone,  dividing  the 

ij  choir  or  chancel  from  the  nave,  yet  so  as  not  to  obstruct  sight  or  sound.  The  modern 

I choir  screen  at  Hereford  Cathedral  has  been  formed  of  wrought  iron  and  decor.ited. 

5 See  Jure. 

I Choragic  Monument.  (Gr.  Xopos.)  In  Grecian  architecture,  a monument  erected  in 
; honour  of  the  choragus  who  gained  the  prize  by  the  exhibition  of  the  best  musical  or 
; theatrical  entertainment  at  the  festivals  of  Bacchus.  The  choragi  were  tho  heads  of 

1;  the  ten  tr-ibes  at  Athens,  who  overlooked  and  arranged  the  games  at  their  own  expense. 

I The  prize  was  usually  a tripod,  which  the  victor  was  bound  publicly  to  exhibit,  for 
which  purpose  a building  or  column  was  usually  erected.  The  remains  of  two  very  fine 
monuments  of  this  sort,  viz.  of  Lysierates  and  Thrasyllus,  are  still  to  be  seen  at  Athens, 
||  Chord.  In  geometry  the  straight  line  which  joins  the  two  extremities  of  the  arc  of  a 
curve ; so  called  from  the  resemblance  which  the  arc  and  chord  together  have  to  a bow 
and  its  string,  the  chord  representing  the  string. 
t Choultry  (properly  Chaturam).  A Tatar  term  for  a post  house,  lodge,  or  hall  for 
travellers.  It  is  only  used  in  the  Madras  Presidency.  There  are  various  sorts,  from  a 
mere  shed  (chauvadi),  one  in  which  images  are  sometimes  placed  {mandapa7u),  to  the 

true  choultry,  built  expressly  as  an  inn  or  caravanserai.  . • , 

1*  Chrismatory.  a rf^ccss  resembling  a piscina,  near  the  spot  wliere  the  font  originally 
stood,  to  contain  the  chri-m,  or  holy  oil,  with  which,  after  baptism,  infants  were  anointeil. 
C Church  (Gr.  KvpiaKou,  from  Kupios,  Lord.)  A building  dedicated  to  tho  perlormance 
of  Christian  worship.  The  basilicae  were  the  first  buildings  used  for  tho  assembly  of 
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the  early  Cliristians.  Among  the  first  of  the  churches  was  that  of  St.  Peter  at  Rome^ 
about  the  year  326,  nearly  on  the  site  of  the  present  church ; and  it  is  supposed  that 
tlie  first  church  of  St.  Sophia  at  Constantinople  was  built  somewhat  on  its  model! 
That  which  was  afterwards  erected  by  Justinian  seems,  in  its  turn,  to  have  afforded  the 
model  of  St.  Mark’s,  at  Venice,  which  was  the  first  in  Italy  constructed  with  pendeutives 
and  a dome,  the  former  affording  the  means  of  covering  a square  plan  with  a hemi- 
spherical vault.  The  four  most  celebrated  churches  in  Europe  erected  since  the  revival 
of  the  arts  are,  St.  Peter’s  at  Rome,  which  stands  on  a area  of  227,069  feet  superficial ; 
Sta  Maria  del  Fiore  at  Florence,  standing  on  84,802  feet;  St.  Paul’s,  London,  which, 
stands  on  84,025  feet,  and  St.  Genevieve  at  Paris,  60,287  feet.  The  churches  on  the; 
Continent  are  usually  ranged  under  seven  classes ; pontifical,  as  St.  Peter's,  where  the"^ 
pope  occasionally  \ patriarchal,  where  the  government  is  in  a patriarch;! 

metropolitan,  where  an  archbishop  is  the  head  ; cathedral,  where  a bishop  presides  \\ 
collegiate,  when  attached  to  a college;  parochial,  attached  to  a parish  ; and  conventuaU 
when  belonging  to  a convent.  In  this  country  the  churches  are  cathedral,  abbey,  andC 
parochial,  and  those  be'onging  to  the  numerous  classes  of  dissenters,  which  until  latel 
years  were  called  chapels,  and  by  some  denominations  art-  still  so  called.  A list  of  large! 
churches  in  England  is  given  in  the  Builder  1865,  page  123,  and  1867,  page  701.® 

The  designs  of  the  temples  of  the  ancients  are  given  in  this  Glossary. 

The  early  Christian  worship,  attended  by  large  congregations,  required  for  its  exercise 
edifices  whose  interiors  were  of  great  extent  and  well  lighted.  Nothing  was  so  well 
adapted  for  this  purpose  as  the  basilicae,  which,  bearing  the  name  from  their  resem- 
blance to  the  ancient  courts  of  justice,  were  raised  for  the  purpose.  Such  was  that  of 
St.  Paul  without  the  walls  of  Rome  {figs.  141.  and  142.).  That  of  St.  Giovanni 
Laterano  was  divided  by  lour  ranks  of  columns,  which  supported  the  walls,  carrying 
the  roofs  of  five  aisles  formed  by  the  ranks  of  columns,  the  middle  one  or  nave  being 
wider  and  higher  than  the  others.  Each  aisle  being  lower  than  that  adjoining  it, 
allowed  windows  to  be  introduced  in  the  several  walls.  The  direction  of  the  length  of 
the  nave  and  aisles  was  from  east  to  west,  and  was  crossed  by  a transverse  nave,  called 
a transept,  from  north  to  south.  In  front  uas  an  ample  porch  or  portico.  The  use 
of  the  modern  church  being  the  same  as  that  of  the  first  Christian  basilicse,  it  may  be 
doubted  whether  for  extremely  large  assemblies  a better  di^posilion  could  be  chosen. 
Bramante  imitated  the  Temple  of  Peace  in  the  design  for  the  new  church  of  St.  Peter. 
The  desire  of  gatheriig  into  a single  edifice  the  beauties  of  several,  induced  the 
architect  to  crown  the  edifice  imitated  from  the  Temple  of  Peace  with  another,  imitated 
from  the  Pantheon.  The  obstruction  tc  seeing  and  hearing  caused  by  the  large  piers  of 
the  later  churches  is  a great  defect  when  compared  with  the  little  obstruction  that  the 
columns  of  the  basilicse  present.  The  cost  of  the  Italian  churches  is  another  serious 
objection  to  them,  especially  in  the  construction  of  the  domes,  which  are,  with  their 
tambours,  buildings  deficient  in  real  solidity,  from  the  large  portion  of  false  bearing 
they  must  involve;  creating  a very  different  sensation  to  that  experienced  in  viewing 
the  lantern,  as  at  Peterborough  and  Ely  Cathedrals. 

The  smaller  parish  church,  with  its  nave  and  an  aisle  on  each  side,  is  not  only  the 
most  economical,  but  the  best  form  of  plan.  It  was  that  which  best  pleased  Sir 
Christopher  Wren,  whose  churches  are  generally  so  planned ; and  we  shall  here  give  a 
short  account  of  one  of  his  best  of  this  form,  that  of  St.  James’s,  Westminster,  whose 
interior  is  worthy  of  all  praise.  It  is  an  excellent  example  of  Wren’s  love  of  harmony 
in  proportions;  the  breaAh  being  half  the  sum  of  its  height  and  length,  its  height  half 
its  length,  and  its  breadth  the  sesquialtera  of  its  height:  the  numbers  are  84,  63,  and 
42  feet.  The  church  is  divided  transversely  into  three  unequal  parts,  by  a range  of  six 
columns  on  each  side  of  the  nave,  forming  aisles  which  are  each  one-filth  of  the  whole 
breadth,  the  remaining  three-fifihs  being  given  to  the  breadth  of  the  nave.  The  roof 
is  carried  on  these  columns,  and  is  as  great  a proof  of  the  consummate  skill  of  the  archi- 
tect as  any  portion  of  the  fabric  of  St.  Paul’s,  on  account  of  its  extreme  economy  and 
durability.  It  is  not  further  necessary  to  describe  the  building;  but  the  observations 
of  its  architect  with  regard  to  it  are  of  the  utmost  value,  emanating  from  such  a man. 

“ I can  hardly  think  it  possible,”  says  the  architect,  “ to  make  a single  room  so  cjipacious, 
with  pews  and  galleries,  as  to  hold  above  two  thousand  persons,  and  all  to  hear  the  ser- 
vice, and  both  to  hear  distinctly  and  see  the  preacher.  I endeavoured  to  effect  this  in 
building  the  parish  church  of  St.  James’s,  Westminster,  which,  I presume,  is  the  most 
capacious,  with  these  qualifications,  that  hath  yet  been  built ; and  yet  at  a solemn  time, 
when  the  church  w’as  much  crowded,  I could  not  discern  from  a gallery  that  two  thousand 
were  present.  In  this  church  I mention,  though  very  broad,  and  the  middle  nave 
arched  up,  yet  as  there  are  no  walls  of  a second  order,  nor  lanterns,  nor  buttresses,  but 
the  whole  roof  rests  upon  the  pillars,  as  do  also  the  galleries,  I think  it  may  be  found 
beauGful  and  convenient,  and,  as  such,  the  cheapest  of  any  form  I could  invent.”  On 
the  place  of  the  pulpit  in  a church  of  this  class,  the  same  architect  continues:  “ Con- 
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oerning  the  placing  of  the  pulpit,  I shall  observe,  a moderate  voice  may  be  heard  fifty 
feet  distant  before  the  preacher,  thir  y feet  on  each  side,  and  twenty  behind  the  pul- 
pit; and  not  this,  unless  the  pronunciation  be  distinct  and  equal,  without  losing  the 
voice  at  the  last  word  of  the  sentence,  which  is  commonly  emphatical,  and  if  obscured 
spods  the  whole  sense.  A Frenchman  is  heard  farther  than  an  English  preacher, 
because  he  raises  his  voice,  and  not  sinks  his  last  words.”  Speaking  of  the  dimen- 
sions of  a church,  Wren,  a'ter  stating  that  a proposed  church  may  be  60  feet  broad,  and 
90  feet  long,  “besides  a chancel  atone  end,  and  the  belfry  and  portico  at  tlie  other.” 
says:  “ These  proportions  may  Le  varied;  but  to  build  more  room  than  that  every 
person  may  conveniently  hear  and  see,  is  to  create  noise  and  coi.fusicn.  A church 
should  not  be  so  filled  with  pews  but  that  the  poor  may  have  room  enough  to  stand  and 
sit  in  the  alleys,  for  to  them  equally  is  the  gospel  preached.  It  were  to  be  wished 
there  were  to  be  no  pews  but  benches ; but  there  is  no  stemming  the  tide  of  profit,  and 
the  advantage  of  pewkeepers ; especially,  too,  since  by  pews  in  the  chapels  of  ease  the 
mini.^ter  is  chiefly  supported.”— “ As  to  the  situation  of  the  churches,  I should  pro- 
pose they  be  brought  as  forward  as  possible  into  the  larger  and  more  open  streets,  not 
in  obscure  lanes,  nor  wdiere  coaches  will  be  much  obstructed  in  the  passage.  Nor  are 
we,  I think,  too  n-icely  to  observe  east  or  west  in  the  position,  unless  it  falls  out 
properly;^  such  fronts  as  shall  happen  to  lie  most  open  in  view  should  be  adorned 
with  porticoes,  both  for  beauty  and  (!onvenience ; which,  together  with  handsome  spires 
or  lanterns,  rising  in  good  proportion  above  the  neighbouring  houses  (of  which  I have 
giv#*n  several  examples  in  the  city,  of  different  forms),  may  be  of  sufficient  ornament 
to  the  town,  without  a great  expense  for  enriching  the  outward  walls  of  the  churches, 
in  which  plainness  and  duration  ought  principally,  if  not  wholly,  to  be  studied.” 

Churches  are  usually  constructed  on  the  plan  of  a Greek  cross,  which  is  that  wherein 
the  length  of  the  transverse  part,  or  transept,  is  equal  to  that  of  the  nave ; of  a Latin 
cross,  wherein  the  nave  is  longer  than  the  transept;  of  a Lorraine  cross,  where 
there  is  a transept  given  to  the  long  choir,  as  in  a cathedral;  in  rotondo,  where  the 
plan  is  a circle;  simple,  where  the  church  has  only  a nave  and  choir;  with  aisles,  when  a 
subdivision  occurs  on  each  side  of  the  nave;  and  those  with  aisles  may  have  more  than 
one  of  such  aisles  on  each  side  of  the  nave. 

The  church  being  a building  in  which  to  do  work,  the  work  to  be  done  in  one  is  to 
carry  out  the  distinctive  worship  of  the  body  to  which  it  belongs.  Hence  the  church 
of  every  communion,  if  true  to  its  nature,  must  vary  as  the  worship  of  that  com- 
munion varies.  As  the  English  Reformation  involved  no  breach  of  continuity,  the 
ancient  churches  of  this  land  have  in  the  main  served  'well  for  present  use.  13ut  the 
aim  of  that  Reformation  was  to  reduce  the  many  services  of  the  older  ritual  into  an 
order  at  once  simple  and  congregational,  and  the  modern  English  church  ought  there- 
fore to  be  simple  in  its  j Ian  and  congregational  in  its  working  arrangements,  absorbing 
as  many  of  the  people  into  the  more  active  work  of  worship  as  possible.  Therefore  with 
a great  town  congregation  the  building  should  be  broad  and  high,  as  well  as  long,  and 
solid  and  dignified  in  every  part.  It  must  be  broad  in  proportion  to  the  number  for 
which  it  is  intended,  for  if  the  nave  be  narrow  many  will  not  see  or  hear  sufficiently. 
Might  not  the  nave  be  sometimes  polygonal  or  circular,  as  at  the  Temple  Church,  and 
the  decagon  of  St.  Gereon  at  Cologne  ? — era  wide  nave  with  proportionately  narrow 
aisles,  serving  rather  as  passages  than  omitted  altogether  ? Chairs  or  benches  are  both 
good  in  their  respective  ways.  The  baptistery  should  be  emphasized.  The  choir  or 
chancel  proper  ought  not  to  bo  much  elevated  above  the  nave;  practically  the  raising 
will  be  found  inconvenient,  and  artistically  many  steps  at  the  chancel  arch  can  seldom 
be  successfully  managed.  The  great  rise  might  be  between  the  chancel  and  the  sanctuary 
leading  up  to  the  table.  The  elevation  compensates  for  the  necessary  distance,  and  places 
the  table  in  full  sight  of  the  whole  church.  The  choir  or  chancel  screen  is  claimed  as 
“ distinctly  and  emphatically  Anglican.  ’ A low  screen  of  stone  or  wdth  metal  rads  is 
frequently  introduced  in  place  of  it.  The  Fxclesiologist  journal,  1845,  p,  135,  contains 
an  elaborate  paper  on  the  division  of  a church  into  nave,  chancel,  and  sacranum. 

The  chancel  shruld  also  be  broad;  usually  one  or  perhaps  two  rows  ot  seats  or 
stalls  on  each  side  are  provided  ; but  might  not  three,  and  four  rows  even,  be  appr^ 
priately  introduced  for  the  necessary  choir,  and  made  without  encroaching  on  t e 
gangway  in  the  middle?  A useful  paper  on  the  Choral  Arrangements  of  Chnrc  irs 
w'as  read  at  the  Northampton  Architectural  Society,  in  Oct.  1870.  ^ large  own 

cdmrch  the  usual  three  seddlia  sometimes  provided  may  be  found  too  few;  a stone  'em 
on  either  side  may  suit  better.  An  apse  or  a square  end  to  the  chancel  must  depend  on 
the  circumstances  of  the  case.  It  is  now  the  fashion  to  place  the  “ organ 
in  the  north  or  south  side  of  the  chancel,  hiding  away  the  instrument  and  muffiing  the 
sound.  With  a large  choir  and  a lofty  chancel,  it  might  with  advantage  project  o^cr 
the  stalls  on  one  or  both  sides.  It  has  been  proposed  to  place  the  Litany  desk, 
made  capable  of  containing  two  or  three  clerks,  in  a space  left  tree  o si 
easternmost  bay  of  the  nave,  or  in  the  central  crossing  where  there  aie  raiise]'  s. 
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lectern,  where  the  church  is  small,  may  w'ell  be  placed  in  the  chancel ; but  where  thefi 
church  is  intended  for  a large  congregation,  and  the  choir  must  have  ample  room,  then^ 
the  lessons  had  best  be  read  at  the  extreme  end  of  the  nave;  thus  the  Litany  desk  in^ 
the  middle  and  the  pulpit  on  the  other  side,  aS  suggested  by  Mr,  Beresford  Hope  ei  ; 
Brighton,  in  1874,  most  of  whose  remarks  are  used  by  us  herein;  and  who  advo-‘ 
cated  the  construction  of  a triforium  wRere  it  w'as  essentially  necessary  to  have 
galleries.  The  experiment  of  such  an  arrangement  has  been  tried  in  a new  Roman 
Catholic  church  at  Amsterdam,  with,  he  said,  a telling  effect;  and  one  has  be^nT^; 
adopted  in  the  memorial  church  at  Cawnpore.  In  such  a case  the  table  must  be  well  + * 
raised,  and  the  chancel  screen  just  so  high  that  those  below  may  be  under  its  tracery,'  f 
and  those  aloft,  above  it. 

Complaints  are  often  made  as  to  “ the  difficulty  of  seeing  and  hearing  in  some  of 
our  new  churches.”  Exeter  Hall  has  been  greatly  improved  by  substituting  a gently  ! 
curved  wooden  ceiling  for  the  original  ceiling  intersected  by  wide  spaces  ; and 
of  the  best  churches  for  facility  of  hearing  is  that  of  St.  Pancras  in  Euston  Square 
which  accommodates  2,500  persons;  it  has  a flat  ceiling,  and  no  massive  arches  and"? 
columns  to  intercept  thesmnd,  which  travels  freely  round  the  walls  of  the  spacious  i 
building.”  Mr.  Spurgeon’s  Tabernacle  at  Newington,  is  also  praised. 

The  subject  of  Church  arrangement  during  the  mediaeval  period  has  been  elucidated 
by  Mr.  W.  H.  Dykes,  architect,  in  a paper  read  before  the  Y'orkshire  Architecfiral  ‘ 
Society,  in  1852  ; and  the  Rev.  M.  E.  C.  Walcott,  On  Church  and  Conventual  Arrange- 
ment, 1861,  8vo.,  describes  the  conventual  plans  adopted  by  the  various  religious  orders. 

CiBORiLM.  (Ki0wpiov.)  An  insulated  erection  open  on  each  side  with  arches,  and  having 
a dome  of  o^ee  form,  like  the  bowl  of  a reversed  cup,  carried  or  supported  by  four 
columns,  the  whole  covering  the  altar.  In  later  times  the  name  w^as  transferred  to  a 
tabernacle,  coffer,  or  ense,  in  which  the  host  was  deposited  ; whence  the  covering  was 
thence  called  uruhraculum  or  haldacchino.  The  earliest  known  instance  of  a ciborium  '■ 
appears  to  have  been  one  in  the  church  of  St.  George  at  Thessalonica,  and  supposed  to 
have  been  in  use  about  a.d.  325.  It  is  also  the  name  for  the.  A’essel  in  which  the  bread 
is  placed  at  the  Communion,  instead  of  on  a paten  when  many  persons  are  present  at  it. 

Cilery.  The  drapery  or  foliage  carved  on  the  heads  of  columns. 

CiLL.  (Sax.  Cill.)  The  timber  or  stone  at  the  foot  of  a door,  &c.  Ground  dlls  are  the 
timbers  on  the  ground  which  support  the  pests  and  superstructure  of  a timber  building. 
The  term  also  applies  to  the  bottom  piece  which  supports  quarter  partitions. 

CiMBiA.  A fillet  string,  list,  or  cornice. 

Ci.MELiARCH.  The  apartment  in  old  churches  where  the  plate  and  vestments  were  deposited. 

Cincture.  The  ring,  list,  or  fillet  at  the  top  and  bottom  of  a column,  which  divides  the 
shaft  of  the  column  Irc  m its  capital  and  base. 

Cinque-Cento  .Architecture.  Literally  500,  but  used  as  a contraction  for  1500,  the 
century  in  which  the  revival  of  ancient  architecture  took  place  in  Italy.  The  term  is 
applied  to  distinguish  the  style  of  architecture  which  then  arose  in  that  country.  In 
Trance  the  style  as  introduced  there  is  called  Stgle  Frangois  premier,  and  Renaist ance  ■, 
and  in  England  the  Revival,  and  Elizabethan. 

Cinquefoil.  An  ornament  used  in  the  Pointed  ^tyle  of  architecture;  it  consists  of  five 
cuspidated  divisions  or  curved  pendents  inscribed  in  a pointtd  arch,  or  in  a circular 
ring  applied  to  windows  and  panels.  The  cinquefoil,  when  inscribed  in  a circle,  forms 
a rosette  of  five  equal  leaves  having  an  open  space  in  the  middle,  the  leaves  being 
formed  by  the  open  spaces,  and  not  by  the  solids  or  cusps. 

Cippi’s.  A small  low  column,  sometimes  without  a base  or  capital,  and  most  frequently 
bearing  an  inscription.  Among  the  ancients  the  cippus  was  used  for  various  purposes ; 
when  placed  on  a road  it  indicated  the  distance  of  places ; on  other  occasions  cippi 
were  employed  as  memorials  of  remarkable  events,  as  landmarks,  and  for  bearing 
sepulchral  epitaphs. 

Circle.  (Lat.  Circulus.)  A figure  contained  under  one  line  called  the  circumference, 
to  which  all  lines  drawn  from  a certain  point  within  it,  called  the  centre,  are  equal. 

It  is  the  most  capacious  of  all  plain  figures. 

Circle.  The  name  given  to  one  of  the  megalithic  remains,  as  at  Stonehenge,  Avebury, 
and  other  places. 

Circular  Buildings.  Such  as  are  built  on  a circular  plan.  When  the  interior  also  is 
circular,  the  building  is  called  a rotunda. 

Circular- Circular,  or  Cylindro-cylindric  Work.  A term  applied  to  any  work  which 
is  formed  by  the  intersection  of  twm  cylinders  whose  axes  are  not  in  the  same  direction. 
Q'he  line  formed  by  the  intersection  of  the  surfaces  is  termed,  by  mathematicians,  a line 
of  double  curvature. 

Circular  Winding  Stairs.  Such  as  have  a cylindric  case  or  walled  enclosure,  with  the 
planes  of  the  risers  of  the  steps  ending  towards  the  axis  of  the  cylinder. 

Circular  Work.  A term  applied  any  work  with  cylindric  faces,  as  roofs,  &c. 

Circumference.  The  boundary  line  of  a circular  body. 
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Circumvolutions.  The  turns  in  the  spiral  of  tlie  Ionic  capital,  which  are  usually  three, 
but  there  are  four  in  the  capitals  of  the  temple  of  Alinerva  Tolias. 

Circus.  (Lat.)  In  ancient  architecture,  a straight,  long,  narrow  building,  whoso  length 

. to  its  breadth  was  generally  as  5 to  1,  It  was  divided  down  the  centre  by  an  orna- 
mented barrier  called  the  spina,  and  was  used  by  the  Romans  for  the  exhibition  of  pub- 
lic spectacles  and  chariot  races.  Several  existed  at  Rome,  whereof  the  Tiio.st  celebrated 
was  the  Circus  Maximus.  Julius  Ciesar  improved  and  altered  the  Circus  Maximus,  and 
that  it  might  serve  for  the  purpose  of  a naumachia,  supplied  it  with  water.  Augustu.s 
added  to  it  the  celebrated  obelisk  now  standing  in  the  Riazzo  del  Popolo.  Of  this 
circus  no  vestiges  remain.  Besides  these  at  Rome  were  the  circi  of  Flaminiiis,  near  the 

• Pantheon  ; Agonalis,  occupying  the  site  of  what  is  now  called  the  Piazza  Navona ; of 
Nero,  on  a.  portion  whereof  St.  Peter’s  stands ; of  Antoninus  and  Aurelian,  of  which  no 
portion  whatever  exists  ; and  of  Caracalla,  which  was  738  feet  in  length,  and  is  at  the 
present  time  sufficiently  perfect  to  exhibit  its  plan  and  distribution  in  the  most  satis- 
factory nianner.  The  spectacles  of  the  circus  were  called  the  Circensian  Games,  and 
consisted  of  chariot  and  horse  races,  of  both  whereof  the  Romans  were  passionately  fond, 
but  particularly  of  the  former,  which  in  the  times  of  the  emperors  excited  so  great  an 
interest  as  to  divide  the  whole  population  of  the  city  into  factions,  distinguished  by  the 
colours  worn  by  the  different  charioteers.  The  disputes  of  these  factions  often  led  to 
serious  disturbances. 

CissoiD.  In  geometry,  a curved  line  invented  by  Diodes.  Its  name  is  derived  from 
KKTffos,  ivy,  from  the  curve  appearing  to  mount  along  its  assymptote,  as  ivy  climbs  on 
the  trunk  of  a tree.  The  curve  consists  of  two  infinite  branches  above  and  below  the 
diameter  of  a circle,  at  one  of  whose  ends  a tangent  being  drawn,  the  curA’e  approaches 
the  tangent  without  ever  meeting  it.  The  curve  was  invented  by  its  author  with  a view 
to  the  solution  of  the  famous  problem  of  the  duplication  of  the  cube,  or  the  insertion  of 
two  mean  proportionals  between  two  given  straight  lines.  Its  mechanical  construction 
may  be  found  in  Newton’s  Arithnutica  Universalis. 

Cist.  (Gr.  Kktti],  a chest.)  A term  used  to  denominate  the  mystic  baskets  used  in  pro- 
cessions connected  with  the  Eleusinian  mysteries.  It  was  originally  formed  of  wicker 
work,  and  when  afterwards  made  of  metal,  the  form  and  texture  were  preserved  in  imi- 
tation of  the  original  material.  AVhen  sculptured  on  ancient  monuments,  it  indicates 
some  connection  with  the  mysteries  of  Ceres  and  Bacchus. 

Cist,  or  Cistvaen.  In  Celtic  or  Druidical  buildings,  the  chamber  formed  of  laterally 
recumbent  blocks  of  stone. 

Cistern.  (Gr.  Ktcrr?}.)  A reservoir  for  water,  whether  sunk  below  or  formed  of  planks 
of  wood  above  ground.  In  the  construction  of  an  earthen  cistern,  a well-tempered 
stratum  of  clay  must  be  laid  as  a foundation  for  a brick  flooring,  and  the  bricks  laid  in 
terras  mortar  or  Parker’s  cement.  The  sides  must  be  built  with  the  same  materials; 
and  if  in  a cellar  or  other  place  near  a wall  a space  must  be  tilled  with  clay,  from  the 
foundation  to  the  top  of  the  cistern  contiguous  to  the  wall,  by  which  means  it  will  be 
preserved  from  injury.  Cisterns  above  ground  are  usually  formed  of  wooden  planks 
lined  with  lead  or  zinc,  and  carried  by  bearers;  but  the  cistern  lormcd  of  slates,  now 
much  used,  is  the  best  for  adoption. 

Civic  Crown.  A garland  of  oak  leaves  and  acorns,  often  used  as  an  architectural  ornament. 

Civil  Architecture.  The  art  of  erecting  every  species  of  edifice  destined  for  the  use  of 
iTian,  the  several  matters  necessary  to  the  knowledge  whereof  forms  the  subject  of  the 
Encyclopaedia. 

Clamp.  In  brick-making,  a large  mass  of  crude  bricks  generally  piled  quadrangular  on 
the  plan,  and  six,  seven,  or  eight  feet  high,  arranged  in  the  brick  field  for  burning, 
which  is  effected  by  flues  prepared  in  stocking  the  clamp,  and  breeze  or  cinders  laid 


between  each  course  of  bricks.  . 

Clamp.  In  carpentry  and  joinery , is  a piece  of  w'ood  fixed  to  another  with  a mortise  and 
tenon,  or  a groove  and  tongue,  so  that  the  fibres  of  the  piece  thus  fixed  ciuss  those  of 
the  other,  and  thereby  prevent  it  from  casting  or  W'arping. 

Clamp  and  Clasp  Nails.  See  Nails.  i /.  • <. 

Classic  Architecture.  The  term  applied  in  a broad  sense  to  the  works  of  the  ancient 
Greeks  and  Romans.  The  term  classic  is  applied  sometimes  to  a stylo,  but  none  sucli 
exists.  The  Greek  and  Roman  styles  of  architecture  being  so  different  in  principle, 
they  cannot  correctly  be  described  under  one  name.  Of  late  3 ears  the  term  as  con 
stantly  been  misapplied  to  the  modern  Italian  schools  of  architecture. 

Clathri.  In  ancient  Roman  architecture,  were  bars  of  iron  or  wood  which  were  used  to 

secure  doors  or  windows.  ^ 

CJ.AY.  In  ordinary  language,  any  earth  which  possesses  sufficient  ductility  to  admit  of 
being  kneaded  with  water.  Common  clays  may  be  divuled  into  three  classes,  ' ^ 
iuous,  meagre,  and  calcareous.  Of  these  the  first  is  cliiefly  u.sed  in  potter)  , and  the 
second  and  third  are  employed  in  the  manufacture  of  bricks  and  ti  es. 
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Claying.  The  operation  of  spreading  two  or  three  coats  of  clay  and  incorporating  them, 
for  the  purpose  of  keeping  water  in  a vessel.  This  operation  is  also  called  'puddling, 

Clram.  a term  used  in  some  places  with  the  same  signification  as  to  stick  or  to  glue. 

Clkab.  The  nett  distance  between  two  bodies,  where  no  other  intervenes,  or  between 
their  nearest  surfaces. 

Clear  Story  or  Cleue  Story.  The  upper  vertical  divisions  of  the  nave,  choir,  and 
transepts  of  a church.  It  is  clear  above  the  roof  of  the  aisles,  whence  it  may  have  taken 
its  name;  but  some  have  derived  the  name  from  the  or  light  admitted  through 
its  tier  of  windows.  JS early  all  the  cathedrals  and  large  churches  have  clear  stories, 
either  as  tiers  of  arcades,  or  of  windows  over  the  triforia.  There  is  no  trilorium 
in  the  priory  church  of  Bath,  but  a series  of  large  and  lofty  windows  constitute  the  clear 
story.  The  clioir  at  Bristol  Cathedral  has  neither  triforium  nor  clear  story.  Examples 
are  given  in  figs.  1416  to  1426. 

Cleats.  Small  wooden  projections  in  tackle  to  which  to  fasten  the  ropes. 

Cleaving.  The  act  of  forcibly  separating  one  part  of  a piece  of  wood  or  other  matter  from 
another  in  the  direction  ot  the  fibres,  either  by  pressure  or  by  percussion  with  some 
wedge-formed  instrument. 

Cleft.  The  open  crack  or  fissure  which  appears  in  wood  which  has  been  wrought  too 
green.  The  carpenter  usually  fills  up  these  cracks  with  a mixture  of  gum  and  sawdust, 
but  the  neatest  way  is  to  soak  both  sides  well  with  the  fat  of  beef  broth,  and  then  dip 
pieces  of  sponge  into  the  broth,  and  fill  up  the  cracks  with  them;  they  swell  out  so  as 
to  fill  the  whole  crack,  and  so  neatly  as  to  be  scarcely  distinguishable. 

Clepsydra.  (Gr.  from  KAcittw,  to  conceal,  and  'tdaip,  water).  A water  clock,  or  vessel 
for  measuring  time  by  the  running  out  of  a certain  quantity  of  water,  or  sometimes  of 
sand,  through  an  orifice  of  a determinate  magnitude.  Clepsydras  were  first  used  in 
Egypt  under  the  Ptolemies  ; they  seem  to  have  been  common  in  Borne,  though  they 
were  chiefly  employed  in  winter.  In  the  summer  season  sundials  were  used. 

Clinching.  The  act  of  binding  and  driving  backward  with  a hammer  the  pointed  end  of 
a nail  after  its  penetration  through  a piece  of  wood. 

Clinkers.  Bricks  impregnated  with  nitre,  and  more  thoroughly  burnt  by  being  nearer 
the  fire  in  the  kiln. 

Cloaca.  The  name  given  to  the  common  sewer  of  ancient  Borne  for  carrying  off  into 
the  Tiber  the  filth  of  the  city.  The  chief  of  these,  called  the  cloaca  maxima,  was  built, 
by  the  first  Tarquin  of  huge  blocks  of  stone  placed  together  without  cement.  The  top 
w.is  arched,  and  consisted  of  three  rows  of  stones  one  above  another.  It  began  in  the 
Forum  Bomanum,  was  300  paces  long,  and  entered  the  Tiber  between  the  temple  of 
Vesta  and  the  Pons  Senatorius.  There  were  as  many  principal  sewers  as  there  were 
hills  in  the  city. 

Cloak -PINS  and  Bail.  A piece  of  wood  attached  to  a wall,  furnished  with  projecting 
pegs  on  which  to  hang  hats,  great-coats,  &c.  The  pegs  are  called  cloak  pins,  and  the 
board  into  which  they  are  fixed,  and  which  is  fastened  to  the  wall,  is  called  the  rail. 

Clock  Tower.  A tower  specially  designed  to  hold  a clock  with  its  quarter  and  hour 
bells.  Bells  which  are  to  be  rung  should  properly  be  placed  in  a distinct  erection,  as 
the  vibration  injures  the  clock. 

Cloister.  (Lat.  Claustrum.)  The  square  space  attached  to  a regular  monastery  or  large 
church  with  a peristyle  or  ambulatory  round,  usually  with  a range  of  building  over 
it.  The  cloister  is  perhaps,  ex  vi  termini,  the  central  square  shut  in  or  closed,  by  the 
surrounding  buildings.  Cloisters  are  usually  square  on  the  plan,  having  a plain  wall 
on  one  side,  a series  of  windows  between  the  piers  or  columns  on  the  opposite  side,  and 
arched  over  with  a vaulted  or  ribbed  ceiling.  It  mostly  foi-ms  part  of  the  passage  of 
communication  from  the  church  to  the  chapter  house,  refectory,  and  other  parts  of  the 
establishment.  In  England  all  the  cathedrals,  and  most  of  the  collegiate  churches  and 
abbeys,  were  provided  with  cloisters.  On  the  Continent  they  are  commonly  appended 
to  large  monasteries,  and  are  often  decorated  with  paintings,  and  contain  tombs. 

A common  appendage  to  a cloister  was  a lavatory,  or  stone  trough  for  water,  at  which 
the  monks  washed  their  hands  previous  to  entering  the  refectory. 

Close  String.  In  dog-legged  stairs,  a sbiircase  without  an  open  newel. 

Closer.  The  last  stone  in  the  horizontal  length  of  a wall,  which  is  of  less  dimensions 
than  the  rest,  to  close  the  row.  Closers  in  brickwork,  or  pieces  of  bricks  (or  bats),  less 
or  greater  than  half  a brick,  that  are  used  to  close  in  the  end  of  a course  of  brickwork. 
In  English  as  well  as  Flemish  bond,  the  length  of  a brick  being  but  nine  inches,  and  its 
width  four  inches  and  a half,  in  order  that  tlie  vertical  joints  may  be  broken  at  the  end 
of  the  first  stretcher,  a quarter  brick  (or  bat)  must  be  interposed  to  preserve  the  con- 
tinuity of  the  bond,  this  is  called  a queen-closer.  A similar  preservation  of  the  bond 
may  bo  obtained  by  inserting  a three-quarter  bat  at  the  angle  in  the  stretching  course; 
this  is  called  a king-closer.  In  both  cases  an  horizontal  lap  of  two  inches  and  a quarter 
is  left  f(;r  the  next  header. 

Closet.  A sm  all  apartment  frequently  made  to  communicate  with  a bed-chamber,  and 
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used  as  a dressing  room.  Sometimes  a dosct  is  made  for  the  rcoei-tion  of  stores  and 
ts  then  called  a store  closet.  ^ ’ 

Clough  or  Oloysh.  The  same  as  paddle,  shuttle,  sluice,  or  penstock.  A contrivance  for 
retjunmg  or  letting  out  the  water  of  a canal,  pond,  &c. 

Clough  Arches  or  Padple-holes.  Crooked  arches  by  which  the  water  is  conveyed 
from  the  upper  pond  into  the  chamber  of  the  lock  of  a canal  on  drawing  up  the  clouah 
Clout  Nail.  See  Nails.  ^ ^ ' 

Clustered.  The  combination  of  several  members  of  an  Order  penetrating  each  other 
Clustered  Pillar.  Several  slender  pillars  or  shafts  attached  to  each  other  so  as  to 
form  one.  In  Roman  architecture  the  term  is  used  to  denote  two  or  four  columns 
which  appear  to  intersect  each  other,  at  the  angle  of  a building,  or  of  an  apartment  to 
answer  to  each  return. 

Coarse  Stuff.  In  plastering,  a mixture  of  lime  and  hair  used  in  the  first  coat  and  float- 
ing of  plastering.  In  floating,  more  hair  is  used  than  in  the  first  coat. 

Coat.  A thickness  or  covering  of  plaster,  paint,  or  other  work  done  at  one  time. 

Con- walls.  Such  as  are  formed  of  mud  mixed  with  straw,  not  uncommon  in  some 
districts  of  England,  but  the  best  are  to  bo  found  in  Somersetshire. 

Cocking  or  Cogging.  See  Caulking. 

Cockle  Stairs.  A term  sometimes  used  to  denote  a winding  staircase. 

CoDDiNGs.  A Scotch  term  for  the  base  or  footings  on  which  chimney  jambs  are  set  in 
the  ground  floor  of  a building. 

CtENAcuLUM.  (Lat.)  In  ancient  Roman  architecture,  an  eating  or  supper  room.  In  the 
early  period  of  their  history,  when  the  houses  rarely  consisted  of  more  than  two  stori.-s, 
it  denoted  generally  the  upper  story.  The  word  also  signified  lodgings  to  lot  out  for 
hire.  Also  the  upper  stories  of  the  circi,  which  were  divided  into  small  shops  or 
rooms. 

CiENATio.  An  apartment  in  the  lower  part  of  the  Roman  houses,  or  in  a garden,  to  sup 
or  eat  in.  From  Suetonius  it  would  appear  that  it  denoted  a banqueting  and  summer 
house.  In  the  Laurentine  Villa  a large  coenatio  is  described  by  the  younger  Pliny,  and 
it  seems,  from  the  description,  that  it  was  placed  in  the  upper  part  of  a lofty  tower. 
Coffer.  (Sax.  Corpe.)  A sunk  panel  in  vaults  and  domes,  and  also  in  the  soflite  or 
under  side  of  the  Corinthian  and  Composite  cornices,  and  usually  decorated  in  the  centre 
with  a flower.  But  the  application  of  the  term  is  general  to  any  sunk  panel  in  a ceiling 
or  soffite.  See  Caisson. 

Coffer  Dam.  A case  of  piling,  water-tight,  fixed  in  the  bed  of  a river,  for  the  purpose 
of  excluding  the  water  while  any  work,  such  as  a wharf  wall,  or  the  pier  of  a bridge,  is 
carried  up.  A coffer  dam  is  variously  formed,  either  by  a single  enclosure  or  by  a 
double  one,  with  clay,  chalk,  bricks,  or  other  materials  between,  so  as  effectually  to 
exclude  the  water.  The  coffer  dam  is  also  made  with  piles  only  driven  close  together, 
and  sometimes  notched  or  dove-tailed  into  one  another.  If  the  water  be  not  very  deep, 
piles  may  be  driven  at  a distance  of  five  or  six  feet  from  each  other,  and  grooved  in 
the  sides  with  boards  let  down  between  them  in  the  grooves.  For  building  in  coffer 
dams,  a good  natural  bottom  of  gravel  or  clay  is  requisite,  for  though  the  sides  bo  made 
sufficiently  water-tight,  if  the  bed  of  the  river  be  loose,  the  water  will  ooze  up  through 
it  in  too  great  quantities  to  permit  the  operations  to  be  carried  on.  It  is  almost 
unnecessary  to  inculcate  the  necessity  of  the  sides  being  very  strong  and  well-braced 
on  the  inside  to  resist  the  pressure  of  the  water. 

Cogging.  See  Caulking. 

Cohp:sion.  See  Resistance. 

Coin.  (Fr.)  The  same  as  quoin.  The  angle  formed  by  two  surfaces  of  a stone  or  brick 
building,  whether  external  or  internal,  as  the  corner  formed  by  two  walls,  or  of  an  arch 
and  wall,  the  corner  made  by  the  two  adjacent  sides  of  a room,  &c. 

Corel,  Cockle,  or  Coakel.  A furnace  made  of  very  thick  iron  for  generating  heated 
air  of  great  intensity,  the  iron  often  being  made  red-hot. 

Coliseum.  The  name  given  to  the  amphitheatre  built  (a.d.  72)  by  Vespasian. 

Collar  or  Colarino.  (It.)  A ring  or  cincture;  it  is  another  name  for  the  astragal  of  a 
column.  It  is  sometimes  called  the  neck,  gorgerin,  or  hypotrachelium. 

Collar  Beam.  A beam  used  in  the  construction  of  a roof  above  the  lower  ends  of  the 
rafters  or  base  of  the  roof.  The  tie  beam  is  always  in  a state  of  extension,  but  the 
collar  beam  may  be  either  in  a state  of  compression  or  extension  as  the  principal  rafters 
are  with  or  without  tie  beams.  In  trussed  roofs,  collar  beams  are  framed  into  queen 

posts;  in  common  roofs,  into  the  rafters  themselves. 

In  general,  trusses  have  no  more  than  one  collar  beam  ; yet,  in  very  large  roofs,  they 
may  have  two  or  three  collar  beams  besides  the  tie  beam.  The  collar  beam  supports  or 
trusses  up  the  sides  of  the  rafters,  so  as  to  keep  them  from  sagging  without  any  oMier 
support,  but  then  the  tie  beam  would  be  supported  only  at  its  extremities,  in  common 
purlin  roofing,  the  purlins  are  laid  in  the  acute  angles  between  the  ratters  and  the  upper 
edges  of  the  collar  beams. 
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College.  An  establisliment  properly  so  termed  for  the  education  of  youth  in  the  higher 
branches  of  study.  ^ It  generally  consists  in  this  country  of  one  or  more  courts  or  quad- 
'’rangles,  round  which  are  disposed  the  rooms  for  the  students,  with  the  chapel,  library, 
and  eating-hall ; apartments  for  the  head  of  the  establishment  and  for  the  fellows  and 
students;  a combination  room,  which  is  a spacious  apartment  wherein  the  latter 
assemble  after  dinner ; kitchen,  buttery,  and  other  domestic  offices,  latrines,  gardens, 
&c.  On  the  Continent  the  college  diflers.  very  materially.  . 

•At  Rome,  the  college,  formerly  that  of  the  Jesuits,  now  the  Roman  college,  is  a very 
large  edifice,  simple  in  character,  as  this  species  of  building  seems  to  demand.  Its 
length  is  328  feet,  and  its  height,  without  the  attic,  87  feet.  The  other  buildings  in 
Rome  which  pass  under  the  name  of  colleges  are  not  to  be  considered  as  establishments 
for  education,  being  destined  to  the  study  of  theology  and  other  sciences ; such  are  the 
' Propaganda  and  the  Sapienza : the  latter  is  one  of  the  finest  buildings  of  that  city. 
At  Genoa  is  a magnificent  college,  which  was  formerly  the  palace  of  the  Balbi  family, 
b}'  whom  it  was  given  to  the  Jesuits  for  a place  of  education.  Of  the  many  colleges  in 
Paris  hardly  one,  says  the  author  of  the  article  “ College  ” in  the  Encyclopedie  Metho- 
dique,  deserves  notice.  The  same  writer  says  that  in  England  alone  are  found  ex- 
amples of  what  a college  ought  to  be.  - - 

The  universities  of  Oxford  and  Cambridge  form  good  examples ; many  are  irregular 
in  plan,  but  are  convenient  in  disposition,  and  highly  picturesque.  Merton  College,  at 
Oxford,  erected  for  secular  priests,  1270-77,  was  the  earliest  in  England ; only  a small 
portion  of  it  remains,  such  as  the  stone  treasury,  and  the  chancel,  an  exquisite  speci- 
men, and  one  of  the  earliest,  of  the  Decorated  period.  Several  colleges  were  founded 
. both  in  Oxford  and  Cambridge  within  a few  years  afterwards ; but  no  other  collegiate 
buildings  were  erected  in  either  university  until  near  the  end  of  the  fourteenth  cen- 
tury, when  the  magnificent  foundation  of  William  of  Wykeham  arose,  emphatically, 
. termed  New  College,  because  it  was  to  a great  extent  on  a new  system ; he  also  erected 
the  college  at  Winchester,  both  founded  between  1380  and  1390,  and  although  belong- 
ing more  to  the  monastic  than  to  the  strictly  domestic  character,  they  yet  afford 
. valuable  examples  of  the  style  of  building  of  their  period. 

In  Oxford  the  most  regular  college  in  plan  is  Queen’s  College,  commenced  as 
late  as  1710,  and  in  the  Italian  style.  The  accommodation  afforded  is  for  about  170 
persons,  including  the  provost  and  fellows,  whose  apartments,  of  course,  occupy  a con- 
siderable portion  of  the  space.  A bed  and  sitting  room,  both  of  moderate  dimensions, 
are  as  much  as  can  be  afforded  to  the  students.  Nicholas  Hawksmore,  the  architect, 
completed  the  first  quadrangle  and  library  in  1759.  Of  the  colleges  in  Oxford,  Christ- 
church is  past  question  the  most  magnificent.  Its  extent,  towards  the  street,  is  400 
feet.  What  is  called  Christchurch  Meadow,  attached,  affords  delightful  walks  for  the 
exercise  and  recreation  of  the  members,  being  bounded  on  the  east  % the  Cherwell,  on 
the  south  by  the  Isis,  and  on  the  west  by  a branch  of  the  same  river.  The  whole 
establishment  is  worthy  of  the  princely  founder.  Such  a magnificent  foundation  can- 
not elsewhere  be  referred  to.  Keble  College,  by  W.  Butterfield,  1867-70,  does 
not  appear  to  have  been  yet  illustrated  ; it  encloses  the  greater  part  of  a quadrangle 
243  feet  by  220  feet.  The  chapel  (1875)  has  been  erected  at  a cost  of  about  82,000^. 
in  a decorated  style,  with  mosaic  work,  stained  glass,  marbles,  &c. 

In  Cambridge,  the  library  and  court  of  Trinity  College,  the  former  one  of  the  finest 
works  of  Wren ; and  the  extraordinary  and  beautiful  chapel  of  King’s  College,  are  the 
principal  features  of  this  university.  The  chapel  is,  inside,  289  feet  long,  42  feet  broad, 
■'and  80  feet  high  to  apex  of  the  vaulting. 

Besides  the  modern  Queen’s  colleges  in  Ireland,  Trinity  College,  Dublin,  is  the  only 
one  requiring  notice.  It  was  first  designed  by  Sir  William  Chambers,  and  carried  out 
^ by  G.  Meyers.  The  front  is  300  feet  in  length,  with  a total  depth  of  600  feet,  which 
encloses  two  quadrangles ; it  was  erected  1759-80.  The  campanile,  in  the  middle, 
95  feet  high,  was  erected  1853,  by  Sir  C.  Lanyon.  The  number  of  students  is  upwards 
of  500.  Near  to  the  library  is  another  court,  erected  1818,  with  the  anatomy  house, 
1824.  Beyond  these  are  the  new  museum  buildings,  1852-5,  designed  by  J.  MacCurdy, 
with  Messrs.  Deane,  Son,  and  Woodward. 

In  Scotland,  among  the  latest  buildings  of  this  sort,  is  the  extensive  one  erected 
1864-1870  for  the  university  of  Glasgow,  at  a cost  of  about  420, 000^.,  from  the 
designs  of  Sir  G.  G.  Scott,  R.A.  The  plan  is  given  in  the  Builder  journal,  xxviii. 
1870,  to  which  work  the  student  is  referred  for  a description  of  it.  This  publication 
also  gives,  xxiii.,  1865,  the  Malvern  Proprietary  College,  by  C.  F.  Hansom;  xxvi., 
1868,  the  College  of  St.  Nicholas  at  Lancing,  by  R.  C.  Carpenter,  with  its  chapel 
by  Messrs.  Slater  and  Carpenter  ; andxxix.,  1871,  Owens  College  at  Manchester,  for 
scientific  purposes,  by  Alfred  Waterhouse. 

In  this  class  there  have  sprung  up  a number  of  buildings  specially  designed  for  the 
purposes  of  technical  education,  having  lecture  rooms  and  work  rooms  fitted  with  the 
requisite  apparatus  for  working  scientifically  or  according  to  trades.  These  are  eo 
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numerous  and  special  that  tlie  student  is  at  once  referred  ta  the  work  by  Mr  K C 

' Robins,  on  lechmcal  Schools  and  College  Btiildinys,  1887  ^ ' 

CoLO.NEi.Li.  (It  ) The  Italian  name  for  {he  posts  emplojed’in  any  truss  framing. 

Coi.oxNAUE.  (It.  Colounata.)  A range  of  columns.  If  the  columns  are  four  itf  number. 
It  IS  called  tetrastyle ; if  six  in  number,  Juxasfyle ; wlien  there  are  eight,  octaslyk  ; win  n 
t^,decastyle  - and  so  on,  according  to  the  Gre.k  numerals.  When  a colonimde  is  i.i 
front  of  a building  it  is  called  a portico,  when  surrounding  a building  a peristyle,  ami 
^•hen  double  or  more  polystyle.  ^ The  colonnade  is  moreover  designated  according  to 
the  nature  of  the  interwlumniations  introduced  as  follows;  pycnostyle,  when  the  space 
between  the  columns  is  one  diameter  and  a half  of  the  column  ; systole,  when  it  is  of 
two  diameters;  eustyle,  when  of  two  diameters  and  a quarter;  diastyle,  when  three;  and 
arcBostyle  when  four.  ’ ’ 

COLU-WBARIUM  (Lat.)  A pigeon-house.  The  plural  of  the  word  (columbaria)  was 
applied  to  designate  the  apertures  formed  in  walls  for  the  reception  of  cinerary  urns 
m the  ancient  Roman  cemeteries. 

CoLUAiELL.TS.  A name  sometimes  used  for  balusters. 

Columen.  The  ridge  piece  of  a roof. 

Column.  (Lat.  Columna.)  Generally  any  body  which  supports  another  in  a vertical  direc- 
tion. See  Pier,  Pillar,  and  Shaft.  There  are  various  species  of  columns,  as 
spiral,  and  rusticked.  Cabled  or  rudented  columns  are  such  as  have  their  fiutings  filled 
with  cables  or  astragals  to  about  one-third  of  the  height.  Carolitic  columns  have  their 
shafts  foliated.  Columns  were  occasionally  med  as  monuments.  The  following  list 
comprises  the  best  known  ones ; the  heights  in  feet  are  to  the  top  of  the  abacus 
Antonine,  Rome  . . .136  feet 

Trajan,  Rome  . . . . llo  ,, 

IMonument,  London  . . . 171  „ 

Napoleon,  Paris  . . . 116  „ 


Pompey,  Alexandria 
Alexander,  8t.  Petersburg 
Napoleon,  Boulcgnc 
York,  London 


08  feet 
121  „ 
HI  „ 
06  „ 


_ By  the  side  of  the  Halle  au  Ble  at  Paris  there  is  a gnomonic  column  for  showing  the 
time,  erected  by  Catharine  di  Medicis. 

The  Columna  BelUca  at  Rome  was  near  the  temple  of  Janus,  and  at  it  the  consul 
proclaimed  war  by  throwing  a javelin  tow'ards  the  enemies’  country.  The  chronological 
column  was  rather  historical,  bearing  an  inscription  to  record  an  event.  The  crucifcral 
column  is  one  bearing  a cross  ; the  funereal  one,  an  urn  ; the  zoophoric,  an  animal ; 
and  the  itinerary  one  pointed  out  the  various  roads  diverging  from  its  site.  There  w.is 
among  the  Romans  what  was  called  a lacteal  column,  which  stood  in  the  vegetable 
market,  and  contained  on  its  pedestal  a receptacle  for  infants  abandoned  by  their 
parents.  (Juvenal,  Sat,  vi.)  On  the  legal  column  were  engraved  the  laws  ; the  boundary 
or  limitative  column  marked  the  boundary  of  a province  ; the  manuJdal  column  was  for 
the  reception  of  trophies  or  spoils ; and  the  rostral  column,  decorated  with  prows  of 
ships,  was  for  the  purpose  of  recording  a naval  engagement.  The  triumphal  column 
was  erected  in  commemoration  of  a triumph,  and  the  sepulchral  one  was  erected  on  a 
tomb.  The  milliarium  aureum,  or  midiary  column  of  the  Romans,  was  originally  a 
column  of  white  marble,  erected  by  Augustus  in  the  Forum,  near  the  temple  of  Saturn. 
From  it  the  distances  from  the  city  were  measured.  It  is  a short  column  with  a Tuscan 
capital,  having  a ball  of  bronze  (formerly  gilt)  for  its  finish  at  top,  and  is  still  pre- 
served in  the  Capitol. 

CoLUAiNiATiON.  The  employment  of  columns  in  a design. 

CoMiTiUAi.  (Lat.)  A building  which  stood  in  the  Roman  Forum,  wJierein  assemblies  of 
the  people  were  held.  It  occupied  the  whole  space  between  the  Palatine  Hill,  the 
Capitol,  and  the  Via  Sacra. 

CoAiMissuRE.  (Lat.)  The  joint  between  two  stones,  or  the  application  of  the  surface  of 
one  stone  to  the  surface  of  another. 

CoAiAiON  Centring.  Such  as  is  constructed  without  trusses,  but  having  a tie  beam  at  its 
ends.  Also  that  employed  in  straight  vaults. 

Common  Joist.  One  in  single  naked  flooring  to  which  the  boards  .are  fixed.  Such  joistf 
are  also  called  boarding  joists,  and  should  not  exceed  one  foot  apart. 

Comaion  Rafter.  One  in  a roof  to  which  the  boarding  or  lathing  is  attached. 

CoAiAiON  Roofing.  That  which  consists  of  common  rafters  only,  which  bridge  over  the 
purlins  in  a strongly  framed  roof. 

Comparted.  (Fr.  Compartir,  to  divide.)  That  which  is  divided  into  several  p.arts  is  said 
to  be  comparted.  . . 

CoMPARTiTiON.  The  distribution  of  the  ground  plot  of  an  edifice  into  the  a an'  us 
passages  and  apartments.  . 

Co.MPARTAiENT.  A subdivisional  part,  for  ornament,  of  a larger  division,  lo  tins  alone 
is  the  term  properly  applicable. 

Compartment  Ceiling.  One  divided  into  panels,  which  are  usually  surrounded  by 

, mouldings. 


4 L 2 


1262 


GLOSSARY, 


CoMPARTMEXT  TiLES.  An  arrangement  of  varnished  red  and  white  tiles  on  a roof. 

Compasses.  (Fr.  Compas.)  A mathematical  instrument  for  drawing  circles  and  m^/usuring 
distances  between  two  points.  Common  compasses  have  two  legs,  moveable  on  a joint. 
Triangular  compasses  have  two  legs  similar  to  common  compasses,  and  a third  leg  fixed 
to  the  bulb  by  a projection,  with  a joint  so  as  to  be  moveable  in  every  direction.  Beam 
compasses  are  used  for  describing  large  circles.  Broportional  compasses  have  two  pair 
of  points  moveable  on  a shitting  centre,  which  slides  in  a groove  and  thereby  regulates 
the  proportion  that  the  opening  at  one  end  bears  to  that  of  the  other.  They  are  useful 
in  enlarging  or  diminishing  drawings.  ^ _ j • i 

Compass  Saw.  One  for  dividing  boards  into  curved  pieces ; it  is  very  narrow  and  with- 

CoMPAss  Window.  An  old  English  term  for  a projecting  window  of  a circular  plan. 

Complement.  The  number  of  degrees  which  any  angle  wants  of  a right  angle.  The 
complement  of  a parallelogram  is  two  lesser  parallelograms,  made  by  drawing  two  right 
lines  parallel  to  the  sides  of  the  greater  through  a given  point  in  the  diagonal. 

CoMPLUViuM.  (Lat.)  An  area  in  the  centre  of  the  ancient  Roman  houses,  so  constructed 
that  it  might  receive  the  waters  from  the  roofs.  It  is  also  used  to  denote  the  gutter  or 

■ eave  of  a roof.  ,,  , t,  t • 

CoMPO.  A name  often  given  to  Parker’s  cement,  or  the  so-called  Roman  cement.  It  is 
also  the  name  of  the  material  used  for  making  imitation  carved- work  for  frames,  &c., 
and  made  of  glue  and  whiting : it  is  the  short  for  “ composition.” 

Composite  Arch.  The  same  as  the  pointed  or  lancet  arch,  but  better  appropriated  to  an 
arch  of  four  centres. 

Composite  Numbers.  Such  as  can  be  divided  by  some  other  number  greater  than  unity  ^ 
whereas  prime  numbers  admit  of  no  s-uch  divisor, 

Co.MPOSiTE  Order.  The  fifth  order  used  in  Roman  and  Italian  architecture,  and  being 
of  a more  decorative  character  than  the  Corinthian  order.  The  capital  is  somewhat 
similar  to  the  Corinthian  ; the  volutes  are  larger,  but  not  so  large  as  those  in  the  Ionic 
capital.  The  base  is  shown  vafig.  1368. 

Composition  in  Architecture.  The  student  will  find  that  in  most  cases  a good  distri- 
bution of  plan  will  lead  to  good  sections  and  elevations.  Upon  the  adaptation  of  the 
different  fronts  of  the  building  to  sort  with  the  internal  convenience,  the  greatest  care 
should  be  bestowed ; and  then  the  decoration  of  such  an  edifice  becomes  a secondary 
and  comparatively  easy  work,  though  requiring,  of  course,  the  early  cultivation  of  the 
taste  of  the  architect,  and  an  intimate  acquaintance  with  the  parts  of  the  design.  For 
the  thorough  comprehension  of  a projected  edifice,  a plan,  section,  and  elevation  are 
required ; these  comprise  the  whole  elementary  part  of  the  mechanical  process  necessary 
for  making  a design  or  composition.  To  carry  out  such  a design,  working  drawings 
may  be  required  showing  the  parts  at  large.  See  Design. 

Composition  of  Forces.  The  combination  or  union  of  several  forces  for  determining  the 
result  of  the  whole. 

Compound  Pier.  A terra  sometimes  given  to  a clustered  column. 

Compressibility.  The  quality  of  bodies  which  permits  of  their  being  reduced  to  smaller 
dimensions.  All  bodies,  in  consequence  of  the  porosity  of  matter,  are  compressible, 
but  liquids  resist  compression  with  immense  force. 

CoNCAMERATA  SuDATio.  An  apartment  in  the  ancient  gymnasium,  between  the  laconicum 
or  stove,  and  the  warm  bath.  To  this  room  the  racers  and  wrestlers  retired  to  wipe  oflf 
the  sweat  from  their  bodies.  See  Caldarium, 

CoNCAMERATE.  (Lat.)  To  arch  over. 

Concavity.  (Lat.  Concavus,  hollow.)  Of  a curve  line  is  the  side  between  the  two  points 
of  the  curve  next  its  chord  or  diameter.  The  concavity  of  a solid  is  such  a curved  sur- 
face, that  if  any  two  points  in  it  be  taken,  the  straight  line  between  them  is  in  a void 
space,  or  will  coincide  in  only  one  direction  with  the  surface. 

Concentric.  (Lat.)  Having  a common  centre,  as  are  the  radii  of  a circle. 

Conchoid  of  Nicomedes.  A name  given  to  a curve  invented  by  that  mathematician  for 
solving  the  two  famous  problems  of  antiquity — the  duplication  of  the  cube,  and  the  tri- 
section  of  an  angle.  It  continually  approaches  a straight  line  without  meeting  it, 
though  ever  so  far  produced. 

Concrete.  (Lat.  Concrescere.)  To  coalesce  in  one  mass.  A mass  composed  of  stone 
chippings,  or  ballast,  cemented  together  through  the  medium  of  sand  and  lime,  or  of 
cement,  and  usually  employed  in  making  foundations  where  the  soil  is  of  itself  too  light 
or  boggy,  or  otherwise  insufficient  for  the  reception  of  the  walls.  It  is  likewise  used 
to  cover  the  ground  under  a building  to  keep  damp  from  rising.  Also  to  form  a backing 
to  a wharf  wall,  or  one  at  the  side  of  a railway  cutting,  for  extra  strength.  Of  late 
years  it  has  been  used  in  lieu  of  bricks  or  stone  wherewith  to  build  houses ; for  incom- 
bustible flooring;  and  a church  has  been  built  of  it  near  Paris.  Large  concrete  blocks 
are  used  for  the  interior  work  of  piers  to  harbours,  and  similar  extensive  erections. 

Conduit.  (Fr.)  A long  narrow  walled  passage  underground,  for  secret  communication 
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between  d liferent  Apartments.  It  is  a term  also  used  to  denote  a canal  or  pipe  for  the 

it  is  coir;^^  t 

^'iXLnt  “’"'h  purifies, rmujfsinfoc^^^^  'Iho  !'^m!jrof  ^ 

p^portio»  witl.°[  Xio” 


CoxE.  (Gr-  A solid  body,  having  a circle  for  if,  base,  and  tormiiialrnR  in  a 

point  called  its  verton ; so  that  a straight  line  drawn  from  any  point  in  tho  ci^nni 
ference  of  the  base  to  the  vertex  will  coincide  with  the  convex  surface.  If  the  axis  r 
straight  line  drawn  froni  the  centre  of  the  base  to  the  vertex  be  perpendicular  to  tlio 
base,  It  IS  termed  a n^kt  cone ; if  not,  it  is  an  oblique  cone. 

Confessional  (Lat.)  In  Catholic  churches  the  small  cell  wherein  the  pric‘^t  sits  to 
hear  the  confession  of  and  give  absolution  to,  the  penitent.  It  is  usually  constructed 
of  wood  and  in  three  divisions,  the  central  one  whereof  has  a seat  for  the  couvenienco 
of  the  priest. 

Configuration.  The  exterior  form  or  superficies  of  any  body. 

Conge.  (Fr.)  The  same  as  Apophyge. 

Conic  Sections.  The  figures  formed  by  the  intersections  of  a plane  with  a cone  Tliey 
are  five  in  number:  a triangle,  a circle,  an  ellipse,  a parabola,  and  an  hyperbola  • the 
three  last,  however,  are  those  to  which  the  term  is  usually  applied. 

Conical  Roof.  One  whose  exterior  surface  is  shaped  like  a cone. 

Conisterium.  (Gr.  Koviarripiov.)  In  ancient  architecture  a room  in  the  gymnasium  and 
palfestra,  wherein  the  wrestlers,  having  been  anointed  with  oil,  were  sprinkled  over 
with  dust,  that  they  might  lay  firmer  hold  on  one  another. 

Conjugate  Diameters.  The  diameters  in  an  eUipsis  or  hyperbola  parallel  to  tangents  at 
each  other’s  extremities. 


Conoid.  (Or.  KovoeiSrjs.)  Partaking  of  the  figure  of  a cone.  A figure  generated  by  fho 
revolution  of  a conic  section  round  one  of  its  axes.  There  are  three  kinds  of  conoids, 
the  elliptical,  the  hyperboliccil,  and  the  parabolical,  which  are  sometimes  otherwise 
denominated  by  the  terms  ellipsoid  or  spheroid,  hyperboloid,  and  paraboloid. 

CoNOTsRVATORY,  A buildiiig  for  preserving  curious  and  rare  exotic  plants.  It  is  made 
with  beds  of  the  finest  composts,  into  which  the  trees  and  plants,  on  being  removed 
from  the  greenhouse,  and  taken  from  the  tubs  and  pots,  are  regularly  planted. 

With  respect  to  its  construction,  it  is  very  similar  to  the  greenhouse,  but  it  must  bo 
more  spacious,  loftier,  and  finished  in  a superior  style.  The  sides,  ends,  and  roofs 
should  be  of  glass  for  the  free  admission  of  light,  and  for  protection  of  the  plants.  It 
should  be,  moreover,  seated  on  a dry  spot,  and  so  as  to  receive  during  the  day  as  much 
of  the  sun’s  heat  as  possible.  It  is  to  be  provided  with  flues,  or  hot-water  pipes,  to 
raise  the  temperature  when  necessary;  there  must  also  be  contrivances  for  introtlucing 
fresh  air  when  required.  In  summer  time  the  glass  roofs  are  hiken  off,  and  the  plants 
exposed  to  the  open  air ; but  these  are  restored  always,  if  taken  off,  on  tho  slightest 
indication  of  frost.  Tlie  chief  point  in  which  conservatories  differ  from  greenhouses  is, 
that  in  the  latter,  tho  plants  and  trees  stand  in  pots  placed  upon  stages,  whereas,  in 
the  former,  they  are  planted  in  beds  of  earth  surrounded  with  borders.  See  Greenuouse. 

Console.  The  same  as  Ancones. 

Construction.  Literally,  the  building  up  from  the  architect’s  designs ; but  amongst 
architects  it  is  more  particularly  used  to  denote  the  art  of  distributing  the  different 
forces  and  strains  of  the  parts  and  materials  of  a building  in  so  scientific  a manner  as 
to  avoid  failure  and  insure  durability.  The  second  book  of  the  Encyclopaedia  is  devoted 
to  the  subjects  involved  in  the  science  of  construction. 

Contact.  (Lat.  Contactus.)  In  geometry,  the  touching  any  figure  by  a lino  or  plane 
which  may  be  produced  either  way  without  cutting  it.  ^ 

' Content.  (Lat.  Coutentus.)  The  area  or  superficial  quantity  contained  in  any  figure. 

Contexture.  (Lat.  Gontextus.)  The  inter-disposition,  with  respect  to  each  other,  of  tho 
different  parts  of  a body. 

> CoNTiGNATio.  In  Roman  carpentry,  the  same  as  that  now  called  naked  flooring. 

‘ Continued.  A term  used  to  express  anything  uninterrupted.  ^ Thus,  an  attic  is  said  to  bo 

continued  when  not  broken  by  pilasters  ; a pedestal  is  continued  when,  with  its  mould- 
ings and  dado  or  die,  it  is  not  broken  under  the  columns ; so  of  a socle,  &c. 

1 Contour.  (It.  Contorno.)  The  external  lines  which  bound  and  terminate  a figure. 

) Contract.  An  agreement,  attached  to  a specification  for  the  performance  of  certain  works 

in  accordance  therewith,  and  with  the  drawings  accompanying  it,  if  any.  ^ 

J Convent.  (Lat.  Conventus.!  A building  for  the  reception  of  a society  of  religious 
persons,  but  more  properly  applied  to  one  for  the  habitation  of  nuns. 

Conventual  Church.  One  attached  or  belonging  to  a convent. 
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Co^VKRGENT  Lines.  Such  as,  if  produced,  will  meet. 

Convex.  (Lat.  Convexiis.)  A form  which  swells  or  rounds  itself  externally.  A convex 
rectilinear  surface  is  a curved  surface,  in  which  a point  being  taken,  a right  line  passing 
through  it  can  only  be  drawn  in  one  direction. 

CopiNO.  (Dutch,  Cop,  the  head.)  The  highest  and  covering  course  of  masonry  or  brickwwk 
in  a wall.  Coping  equally  thick  throughout  is  called  -parallel  coping,  and  ought  to  be 
used  only  on  inclined  surfaces,  as  on  a gable,  for  example,  or  in  situations  sheltered 
from  the  rain,  as  on  the  top  of  a level  wall,  which  it  is  intended  to  cover  by  a roof. 
Coping  thinner  on  one  edge  than  on  the  other  serves  to  throw  off  the  water  on  one  side 
of  the  wall,  and  is  called  feather-edged  coping.  Coping  thicker  in  the  middle  than  at 
the  edges  is  called  saddle-hacked  coping.  This,  of  course,  delivers  each  W'ay  the  water 
that  falls  upon  it.  It  is  commonly  used  on  the  walls  of  a sunk  area,  on  dwarf  walls 
carrying  an  iron  railing,  and  in  the  best  constructed  fence  walls.  In  Gothic  architecture, 
coping  is  either  inclined  upon  the  faces  or  plumb  ; in  the  former  case  the  sides  of  the 
vertical  section  are  those  of  an  equilateral  triangle  with  an  horizontal  base.  It  is  some- 
times in  one  inclined  plane,  terminated  at  top  by  an  astragal,  and  at  others  in  two 
inclined  planes  parallel  to  each  other,  the  upper  one  being  terminated  at  top  by  an 
astragal  and  projecting  before  the  low'er,  which,  like  that  on  one  inclined  plane,  changes 
its  direction  at  the  boitom  into  a narrow  vertical  plane  projecting  before  the  level  sofite 
‘ before  the  parapet.  The  inclined  coping  is  occasionally  used  without  the  astragal.  The 
sofite  of  a projection  is  said  to  cope  over  when  it  slants  dowmwards  from  the  wall. 

Cot  PER.  (Cuprum,  a corruption  of  Cyprium,  having  been  originally  brought  from  the 
island  of  Cyprus.)  One  of  the  metals  used  in  building,  but  not  now  to  the  extent  to 
' which  it  was  employed  a few  years  back. 

CoRBEiE.  (Lat.  Corbis,  a basket.)  A carved  basket,  with  sculptured  flowers  and  fruit, 
used  as  the  finishing  of  some  ornament.  The  name  is  given  to  the  basket  placed  on  the 
heads  of  Caryatides,  under  the  sofite  of  the  architrave  cornice.  The  term  is  also  applied 
to  the  bell  of  the  Corinthian  cap-tal. 

Corbel.  A range  of  stones  projecting  from  a wall  for  the  purpose  of  supporting  a parapet 
or  the  superior  projecting  part  of  the  wall.  Their  fronts  are  variously  moulded  cr 
carved.  They  perform  the  same  office  as  the  modillions  of  an  order,  but  the  term  is 
• chiefly  confined  to  Pointed  architecture. 

The  word  corbel  is  sometimes  used  to  denote  a projection  from  a wall  to  carry  a 
statue  or  bust.  It  also  signifies  a horizontal  range  of  stones  or  timber  fixed  in  a wall 
or  in  the  side  of  a vault,  serving  to  sustain  the  timbers  of  a floor  or  of  a vault.  In  old 
buildings  many  of  the  timber  floors  or  contignations  were  thus  supported. 

Corbel  Table.  A series  of  small  arches  for  carrying  a battlement,  parapet,  or  cornice, 
and  resting  on  corbels.  Also  any  projection  borne  by  corbels,  as  figs.  1382  to 


1384. 


f 


Fig.  1382.  Nebuly  Corbel  Table.  Fig.  1383.  Wavy  Corbel  Table. 


Fig.  1384.  Corbel  Table. 


Corbie  Steps.  Steps  in  the  gables  of  old  buildings,  especially  as  used  in  Scotland. 

Cordon.  The  edge  of  a stone  on  the  outside  of  a building. 

Core.  The  interior  part  of  anything.  In  walls  of  masonry  there  should  be  thorough  stones 
• at  regular  intervals,  for  strengthening  the  core,  which  is  commonly  composed  of  rubble 
stones,  or,  when  they  are  not  procurable,  two  bond  stones  lapped  upon  each  other  may 
be  used,  one  from  each  face  of  the  wall.  Instead  of  each  thorough  stone  two  stones  may 
be  laid  level  on  the  upper  bed,  and  one  large  stone  in  the  core  lapped  upon  both,  observing 
that  the  tails  of  the  two  lower  stones  be  right-angled;  by  this  means  the  two  sides  of 
the  wall  will  be  completely  tied  togetlier. 

■ The  core  of  a column  is  a strong  post  of  some  material  inserted  in  its  central  cavity 
when  of  wood. 

Bricks  or  tiles  brought  out  for  the  formation  of  cement  cornices  or  other  projections. 

It  is  also  the  interior  part  of  a lump  of  lime,  which  has  not  been  sufficiently  burnt 
In  slaking  lump  lime  these  “cores”  will  not  disintegrate,  consequently  they  can  be 
removed ; but  when  lime  is  ground,  these  lumps  are  ground  up  with  it ; the  result  is 
an  inferior  mortar. 

Corinthian  Order.  . The  fourth  order  used  in  Roman  and  Italian  architecture.  It  is 
richer  than  the  Ionic  order;  and  its  capital  is  composed  of  a bell-shaped  vase,  surrounded  " 
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I base  is  shown 

---  --  fi  y._yo.  looo  iiiui  are  those  to  which  oiip 

knowledge  is  confined  of  the  nse  of  this  order  in  Grooeo.  Tl.o  first  one  can,  however 
scarcely  be  considered  Corinthian,  and  the  second  one  not  very  strictly  so : die'nioiiu’ 
meut  was  erected  about  330  b.c.  See  Choragic  Moxumi.rs’t. 


. with  leafage,  and  having  small  volutes  projecting  at  each  angle  of  it  The  1 
in»  1368;  The  Uvo  following  capitals,  fys.  1385  and  1386,  are  those 
knowledge  is  confined  of  the  use  of  this  order  in  Ti,..  Uw,i.  , 


Cornice.  (Fr.  Corniche.)  Any  moulded  projection  which  crowns  or  finishes  the  part  to 
which  it  is  affixed;  as  the  cornice  of  an  order,  of  a pedestal,  of  a pier,  door,  window, 

f house,  &c.  The  cornice  of  an  order  is  a secondary  member  of  the  order  itself,  being 
the  upper  subdivision  of  the  entablature. 

Corona.  (Lat.)  A member  of  the  cornice,  with  a broad  vertical  face,  and  usually  of 
considerable  projection.  The  solid,  out  of  Avhich  it  is  formed,  is  commonly  recessed 
upwards  from  its  sofite,  and  this  part  by  the  English  workmen  is  called  the  drip,  because 

1 it  facilitates  the  fall  of  the  rain  from  its  edge,  by  which  the  parts  below  it  are  sheltered. 

, The  situation  of  the  corona  is  between  the  cymatiura  above,  and  the  bed-moulding  below. 

Corona  Lucis.  A crown  or  circlet  suspended  from  the  roof  or  vaulting  of  a church,  to 
hold  tapers  or  gas  jets. 

Corridor.  (It.  Corridore.)  A gallery  or  passage  round  a quadrangle  leading  to  the 
various  apartments.  Also,  any  gallery  of  communication  to  them. 

CoRSA.  (Lat.)  In  ancient  architecture,  the  name  given  by  Vitruvius  to  any  platband  or 
square  fascia  whose  height  is  greater  than  its  projection. 

CoRTiLE.  (It.)  A small  court  or  area,  quadrangular  or  curved,  in  a dwelling-house, 
which  is  surrounded  by  the  buildings  of  the  house  itself. 

Cottage.  (Sax.  Cot.)  A small  house  or  dwelling  for  a poor  person. 

Cottage  Ornee.  A small  villa  erected  in  the  country,  emulating  the  houses  of  a rural 
character,  and  not  affecting  to  display  exteriorly  any  particular  style.  They  were  very 
fashionable  at  the  beginning  of  the  nineteenth  century. 

Counter  Drain.  A drain  parallel  to  a canal  or  embanked  water-course,  for  collecting  the 
soakage  water  by  the  side  of  the  canal  or  embankment  to  a culvert  or  arched  drain 
under  the  canal,  by  which  it  is  conveyed  to  a lower  level. 

Counterfort.  (Fr.)  A buttress  or  pier  built  against  and  at  right  angles  to  a wall  to 
strengthen  it. 

Counter  Gauge.  In  carpentry,  the  measure  of  the  joints  by  transferring,  as,  for  instance, 
the  breadth  of  a mortise  to  the  place  on  the  other  timber,  where  the  tenon  is  to  bo  made 
to  adapt  them  to  each  other. 

Counter  Lath.  One  placed  between  every  couple  of  gauged  ones. 

Counterparts  op  a Building.  The  similar  and  equal  parts  of  the  design  on  each  side  of 
the  middle  of  the  edifice.  ^ . . 

Counter  Sink.  The  sinking  a cavity  in  a piece  of  timber  or  other  material  to  receive  a 
projection  on  the  piece  which  is  connected  with  it,  as  for  the  reception  of  a plate  of  iron, 
or  the  head  of  a screw  or  bolt. 

Coupled  Columns.  Those  arranged  in  pairs  half  a diameter  apart.  ^ ^ 

Couples.  A term  used  in  the  North  to  signify  rafters  framed  together  in  pairs  with  a tie 
fixed  above  their  feet.  The  main  couples  answer  to  the  trusses.  i • i ,, 

Course.  (Lat.  Cursus.)  A continued  level  range  of  stones  or  bricks  of  the  same  neiglit 
throughout  the  face  or  faces  of  a building.  Coursed  masonry  is  that  therefore  wherein 
the  stones  are  laid  in  courses.  The  course  of  the  face  of  an  arch  is  the  ffice  of  the  arch 
stones,  whose  joints  radiate  to  the  centre.  The  course  of  a plinth  \s  its  con  inui  y m 
the  face  of  the  wall.  A boyJ  course  is  that  whose  stones  are  inserted  into  the  wall  tar- 
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ther  than  either  of  the  adjacent  courses,  for  the  purpose  of  binding  the  wall  together. 

A coursing  joint  in  the  joint  between  two  courses. 

Court.  tFr.  Cour.)  An  uncovered  area  before  or  behind  the  house,  or  in  the  centre  of 
it,  in  which  latter  case  it  is  often  surrounded  by  buildings  on  its  four  sides,  and  is 
more  often  called  a quadrangle,  as  at  Somf^rset  House  in  the  Strand. 

Court  of  Justice,  La.w  Court,  Assize  Court.  The  apartment  arranged  for  a trial. 

It  is  also  sometimes  applied  to  the  building  containing  it  and  the  necessary  accommo- 
dation for  the  persons  privileged  to  attend  in  it  at  the  trial.  Thus  the  designs  must 
provide  apartments  and  accommodation  for  the  robing,  and  occasional  refreshment, 
of  the  judges,  the  bar,  and  the  different  officers  attached  to  the  court,  also  suitable 
accommodation  for  the  jury,  for  the  witnesses,  for  the  attorneys  whose  instructions  to 
counsel  are  from  instant  to  instant  necessary  for  the  proper  conduct  of  a case,  and 
though  last,  not  least,  ample  space  for  the  public,  who  have  an  undoubted  right  to 
be  present ; also  refreshment  and  waiting  rooms  for  them.  The  architect  must  be 
careful  to  supply  such  accommodation  as  shall  render  the  office  of  all  parties  en- 
gaged a pleasing  duty  rather  than  an  irksome  task.  To  every  court  of  law  should 
be  attached  a vestibule  or  saloon,  sufficiently  large  to  afford  a promenade  for  those  ^ 
of  all  classes  engaged  in  the  courts.  In  Westminster,  bad  as  the  courts  were,  this 
w'as  well  provided  m the  maguiticent  saloon  called  Westminster  Hall.  In  courts  for 
the  trial  of  felons  it  may  be  necessary,  if  the  prison  has  no  communication  with  the 
court,  to  add  accommodation  for  the  police  and  other  officers,  as  likewise  some  cells 
for  criminals. 

In  these,  as  in  ether  buildings  where  there  is  often  congregated  a great  number 
of  persons,  the  entrances,  and  at  the  same  time  outlets,  should  be  increased  in 
number  as  much  as  convenience  and  the  situation  will  permit ; and  another  indispens-  i 
able  requisite  is,  that  the  court  itself  should  be  so  placed  in  the  design  that  no  * 


noise  created  on  the  outside  of  the  building  may  be  heard  in  the  interior,  so  as  t'O’jJj),! 
interfere  with  the  attention  of  those  engaged  on  the  business  before  them. 

The  assize  or  law  courts  at  Manchester,  erected  1859-64  by  Mr.  Alfred  Water- 
house,  architect,  in  the  Pointed  style  of  architecture,  have  received  the  highest 
approbation  for  the  accommodation  provided,  not  only  for  all  those  immediately 
interested  in  the  administration  of  justice,  but  for  the  public.  This  edifice  has  been 
described  by  its  architect  in  the  Sessional  papers  of  the  Royal  Institute  of  British 
Architects,  1864-5,  p-  165,  from  which  we  gather  that  the  cost,  limited  to  70,000^. 
did  not  exceed  110,01)0^.,  or  nearly  ^d.  per  foot  cube  ; the  furniture  was  about  10,000^. 
more.  It  consists  of  two  almost  distinct  parts,  the  inner  structure  containing  the 
courts,  public  offices,  and  arrangements  for  business.  This  is  separated  by  a court- 
yard in  front,  but  connected  by  a corridor  at  back,  from  the  judges’  residence  or 
“lodgings.” 

In  the  basement  of  the  main  building,  which  is  256  feet  long  by  166  feet  deep, 
and  three  stories  or  about  60  feet  in  height,  are  cells  for  the  prisoners  under  trial, 
chambers  for  heating  and  ventilating,  kitchens,  refreshment  rooms,  &c.  On  the 
principal  floor,  which  is  about  17  feet  above  the  level  of  the  street,  and  close  to 
the  entrance,  is  the  central  hall,  100  feet  long,  48  feet  6 in.  wide,  and  75  feet  high; 
beyond  it  are  the  assize  courts,  and  the  sheriffs’  or  additional  court  at  one  end ; also 
the  various  rooms  for  the  accommodation  of  the  bench,  the  bar,  the  different  officers 
of  the  court,  witnesses,  and  jurors.  The  crown  and  civil  courts  are  each  59  feet  by 
45  feet  and  39  feet  6 in.  high,  being  among  the  largest  courts  in  the  kingdom.  In 
them  the  bar  is  placed  as  usual  opposite  the  bench,  the  jury  is  on  the  judge’s  left 
hand,  the  witness-box  on  his  right  and  brought  close  to  the  bench.  To  each  of  the 
courts  there  are  eight  entrances,  and  also  two  to  the  ladies’  gallery  above.  All' these 
are  approached  from  the  corridors,  10  feet  wide,  which,  diveraing  from  the  central 
hall,  run  round  the  building,  and  return  to  the  hall  again.  The  barristers’  corridor 


11 

at  the  rear  of  the  courts  is  184  feet  long,  and  shut  off  so  as  to  keep  it  for  the  exclu-  4* 
sive  use  of  the  bar.  Opposite  the  main  entrance,  but  quite  in  the  rear,  is  a door  - 
leading  from  this  corridor  into  the  library,  60  feet  by  25  feet,  another  into  the  robing  * 

room,  beyond  which  are  the  lavatories,  placed  round  a ventilating  shaft.  The  rooms  , 

for  the  prothonotary,  clerk  of  the  crown,  and  indictment  office,  all  also  open  into  this 
corridor.  Other  rooms  on  this  floor  are  devoted  to ‘the  witnesses,  who  are  classified  * 
as  much  as  possible,  to  jurors,  attorneys,  and  barristers’  clerks,  to  the  various  officers  j 
of  the  assizes,  and  to  purposes  of  consultation.  On  the  upper  floor  are  situated  the 
Chancery  court  for  the  County  Palatine  ol  Lancaster,  41  feet  by  23  feet;  the  grand 
j ury  room,  40  feet  by  25  feet ; the  magistrates’  board  room ; and  the  barristers’  mess 
room,  55  feet  by  22  feet. 

The  article  Town  Hall  gives  references  to  many  similar  buildings  of  modern  erec- 
tion, and  of  various  sizes,  but  the  above  is  probably  still  the  best  of  its  class. 

The  Courts  of  Justice  in  London ; the  foundations  were  commenced  in  1871>  and  the 
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in  October,  1882,  on  their  completion  by  his  eon^  slreer‘'‘';’l  nr‘‘“ 

^ee‘ n“  t “ X"ar  S3  fl: 

The  word  is  also  used  for  the  part  of  the  Ionic  caoitnl  *1,  v 

quarter  round,  which  serves  to  form  the  volute  and  if  is  in  til  I*/*' 

because  its  appearance  is  that  of  a cushion  or  pillow  seemiuirlv  Sll  mwfl  f 

over  it  end  Itas  a band  called  iaHeus.  Ba3nn  U SHi df oVS  ?dute'' 

Cove.  Any  kind  of  concave  moulding  or  vault ; but  the  term  in  ii«  „c  1’  a .• 

IS  the  quadrantal  profile  between  the  ceiling  of  a room  and  its  cornice 
Cove  BnACKitTiNO.  The  wooden  skeleton  for  the  lathing  of  any  cove-  bnt  the  term  i. 

Z"Z  Xu  “ botwein  1 Xt  ceUittg 

r CovliR.  That  part  of  a slate  which  is  hidden  or  covered.  See  Gauge 

Cover  Way.  In  roofing  the  recess  or  internal  angle  left  in  a piece  of  masonry  or  brick- 
work  to  receive  the  rooting.  ^ masumy  ur  uritK- 

CoviNG.  In  old  buildings,  the  projection  of  the  upper  story  over  the  lower  ones. 

CoviNQ  OF  A xiKE-PLACE.  See  Chiaikey. 

Cow-house.  See  Cattle-shed. 

Cowl.  See  Windguard. 

Crab.  A species  of  crane  much  used  by  masons  for  raising  large  stones ; it  is  a wheel 

* and  axle  mounted  on  a pair  of  sloping  legs,  three  or  four  feet  apart,  the  legs  being 

* inserted  into  a frame^  at  the  base,  whereon,  opposite  to  the  weight  to  be  raised,  a load 
, * may  be  placed  for  gaining  so  great  an  amount  of  lev'erage  as  to  overcome  the  weight  to 

be  raised.  The  rope  for  the  tackle  works  round  the  axle,  which  is  turned  by  pinion 
wheels  to  gain  power. 

Cradle.  A name  sometimes  given  to  a centering  of  ribs  and  lattice  for  turning  culverts. 
Cradle  Vault.  A term  used,  but  improperly,  to  denote  a cylindric  vault. 

Cradling.  The  timber  ribs  and  piecesfor  sustaining  the  lathing  and  plastering  of  vaulted 
ceilings.  The  same  term  is  applied  to  the  wooden  bracketing  for  carrying  the  entabla- 
ture of  a shop  front. 

Cramp.  An  iron  instrument  about  four  feet  long,  having  a screw  at  one  end,  and  a move- 
able  shoulder  at  the  other,  employed  by  carpenters  and  joiners  for  forcing  mortise  and 
tenon  work  together. 

Crajipern  or  Cramp  Iron,  usually  called  for  shortness  cramp.  A piece  of  metal  bent  at 
both  extremities  towards  the  same  side,  for  fastening  stones  together.  When  stones  are 
to  be  connected  with  a greater  strength  than  that  of  mortar,  a chain  or  bar  of  iron 
^ with  different  connecting  knobs  is  inserted  in  a cavity,  cut  on  the  upper  side  of  a course 
of  stones  across  the  joints,  instead  of  single  cramps  across  the  joints  of  each  two  stones. 
Cramps  are  commonly  employed  in  works  requiring  great  solidity;  but  in  common  works 
they  are  applied  chiefly  to  the  stones  of  copings  and  cornices,  and  generally  in  any 
external  work  upon  the  upper  surface  or  between  the  beds  of  the  stone.  All  external 
work,  liable  to  the  injuries  which  weather  inflicts,  should  be  cramped.  The  most 
secure  mode  of  fixing  cramps  is  to  let  them  into  the  stone  their  whole  thickness,  and  to 
run  them  with  lead ; but  in  slight  works  it  is  sufiBcient  to  bed  them  in  plaster,  as  is 
practised  in  chimney-pieces.  In  modern  buildings  iron  is  chiefly  used  for  the  cramp. 
The  practice  is  bad,  from  the  liability  of  iron  to  rust  and  exfoliate;  hence  cast-iron  is 
better  than  wrought,  and  should  be  of  somewhat  larger  size  than  when  WTOught  iron  is 
employed.  Copper  cramps  are  also  used  in  best  works.  The  Romans  wisely  used 
cramps  of  bronze,  a material  far  better  than  either  cast  or  wrought  iron.^ 

Crampoons.  Hooked  pieces  of  iron,  something  like  double  calipers,  for  raising  timber  or 
stones. 

Crane.  (Sax.  Cr.an.)  A machine  for  raising  heavy  weights,  and  depositing  them  at  some 
distance  from  their  original  place.  The  crane  may  be  constructed  of  immense  power, 
and  worked  by  human  strength  or  by  steam^  power. 

Crapaudine  Doors.  Those  which  turn  on  pivots  at  top  and  bottom.^ 

Creasing  or  Tile  Creasing.  Two  rows  of  plain  tiles  placed  horizontally  under  the 
coping  of  a wall,  and  projecting  about  an  inch  and  a half  on  each  side  to  throw 

off  the  rain  water.  , . , ..  . 

Credence.  (It.  Credenza,  a buttery  or  pantry.)  The  slab  whereon,  in  the  sacrifice  of  the 
mass,  or  before  the  Communion  Service,  the  elements  are  deposited  previous  to  tlio 
oblation.  Sometimes  a plain  recess,  sometimes  a slab  on  a bracket ; it  is  in  all  cases 
placed  on  the  south  side  of  the  altar.  1 i 1 

Crenjsllb.  In  Gothic  architecture,  the  opening  in  an  embattled  parapet. 
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Crenellated  Mouldinq.  A moulding  used  in  Norman  architecture,  carved  into  a resem- 
blance of  battlements,  notchings,  or  indentations. 

Crepido.  (Lat.)  The  projecting  members  of  a cornice,  or  other  projecting  ornament. 
Crescent,  A building,  or  rather  a series  of  buildings,  which  on  the  plan  is  disposed  in 
the  arc  of  a circle. 

Crest  The.  That  on  the  ridge  of  a house.  In  Gothic  architecture,  crest  tiles  are  those 
which,  decorated  with  leaves,  run  up  the  sides  of  a gable  (^r  ornamented  Kinopy. 

Crib.  The  rack  of  a stable ; sometimes  applied  to  the  manger.  It  is  used  also  to  express 
any  small  habitation  ; and  moreover  the  stall  or  cabin  of  an  ox. 

Crocket.  (Fr.  Croc,  a hook.)  One  of  the  small  ornaments  placed  on  the  inclined  sides  of 
pinnacles,  pediments,  canopies,  &c.  in  Gothic  architecture,  and  most  commonly  dis- 
posed at  equal  distances  from  each  other.  The  crocket  seems  to  have  had  for  type  the 
buds  and  boughs  of  trees  in  the  spring  season,  from  the  great  resemblance  it  bears  to 
those  periodical  productions ; examples,  moreover,  of  the  same  ornament  have  great 
resemblance  to  the  first  stage  of  the  leaves  when  the  buds  begin  to  open ; sometimes, 
liowever,  animals  are  substituted  in  the  place  of  leaves. 

Cromlech.  A mass  of  large  flat  stones  laid  across  others  in  an  upright  position. 
Examples  of  cromlechs  are  found  in  the  southern  districts  of  England,  in  Brittany, 
and  in  many  other  parts  of  the  ■world. 

Cross.  (Lat.  Crux.)  A figure  consisting  of  four  branches  at  right  angles  to  each  other, 
or  a geometrical  one,  consisting  of  five  rectangles,  each  side  of  one  rectangle'  being 
common  with  one  side  of  each  of  the  other  four.  It  is  a figure  more  particularly  used 
for  the  plans  of  churches  than  for  those  of  other  edifices.  In  Ecclesiastical  architecture, 

■ there  are  two  kinds  of  plans  having  the  form  of  a cross.  The  first  is  that  wherein  all^ 
the  five  rectangles  are  equal,  or  wherein  each  of  the  four  wings  is  equal  to  the  middle 
part  formed  by  the  intersection:  this  form  is  called  a Greek  cross,  as  1387.  The 
second  has  only  the  two  opposite  wings  equal,  the  other  two  are  unequal,  and  the  three 
. rectangles  in  the  direction  of  the  unequal  parts  are  of  greater  length  than  the  three  ( 
parts  in  the  direction  of  the  equal  parts;  this  is  the  Zaim  cross^  a,sfig.  1388.  The  middle 
, part  in  each  direction  is  common. 


Fig.  1387. 


Fig.  1388. 


Fig.  1389.  Fig.  1390. 


Fig.  1391. 


,The  cross,  the  symbol  of  Christianity,  has  very  naturally  been  extensively  used  in^ 
the  monuments  of  the  Middle  Ages.  It  is  unnecessary  to  give  the  ornamental  and  pro- 
fusely decorated  examples  which  the  student  everywhere  finds,  therefore  the  simple 
forms  by  which  crosses  are  distinguished  will  only  here  be  noticed.  ‘ When  the] 
two  branches  of  the  cross  are  equal  in  length,  as  in  fig.  1387,  the  cross  is  called  a] 
Greek  cross,  and  when  the  stem  is  longer  than  the  arms,  as  in  fig.  1388,  it  is  a Roman* 
or  Latin  cross.  When  the  figure  has  two  arms,  one  longer  than  the  other,  as  in  fig.i 
1389  (the  upper  one  meant  as  a representation  of  the  inscription  which  was  placed! 
over  the  head  of  Christ),  it  is  known  by  the  name  of  the  Lorraine  cross,  and  has] 
received  that  name  from  its  being  a bearing  in  the  arms  of  the  Dukes  of  Lorraine.  By] 
our  own  heralds  this  is  called  a patriarchal  cross.  The  next  cross,  whose  arms  are  i 
triple,  as  fig.  1390,  is  the  papal  cross,  and  is  one  of  the  emblems  of  the  papacy,  signify- 
ing, perhaps,  like  the  triple  crown  or  tiara,  the  triple  sovereignty  over  the  universal] 
Church,  the  suffering  Church,  and  the  triumphant  Church.  The  great  majority  of  thej 
western  churches,  with  transepts,  are  constructed  in  the  form  of  a Latin  cross,  those  in] 
the  form  of  the  Greek  cross  being  very  rare.  Those  in  the  form  of  the  Lorraine  cross] 
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are  still  rarer,  and  yet  rarer  are  those  constructed  \vith  trinle  transent*?  Tinro 
another  form  called  the  trinicated  or  taic  cross,  as  fuj.  13‘U,  haviiifr  ,ho  form  of  that 
etter,on>vhich,asaplan  a few  churches  have  been  built.  Considered  as  respects 
the  contour,  the  cross  in  blason  has  been  variously  shaped  and  named.  Tlius  fia  i ■ 
in  which  the  extremities  widen  as  they  recede  from  tlie  centre,  is  culled  a cross 

tTliis  IS  met  with  more  frequently  than  any  of  the  otliers.  It  is  seen  iii 
the  nimbus,  on  tombs,  on  shields,  upon  coins,  etc. ; and  is  the  usual  lorm 
01  the  dedication  cross  louiid  iu  religious  structures.  Fig.  1393  is  by  the 
French  called  ancree,  the  extremities  forming  hooks,  but  by  our  own 
heralds  it  is  called  a cross  moline.  Crosses  Jlorif  are  those  in  which  the 
ends  are  formed  into  trefoils,  as  is  seen  in  fig.  1390,  the  papal  cross  above 
mentioned.  Jug.  1394,  is  a cross  yoUmt,  and/^.  138o  is  the  cross  eUchh, 
as  respects  the  outer  lines  of  its  form  ; when  it  is  voided,  as  shown  by  the 
Fig.  139G.  luiier  lines,  the  ground  or  field  is  seen  on  which  it  lies.  J'ig.  1396  is  the 
cross  of  the  Russian  Greek  Church.  ^ 

Cross.  In  Gothic  architecture,  an  erection  of  various  kinds,  which  mav  bo  classed  as 
follows those  used  for  marking  boundaries,  those  which  were  memorials" of  remarkable 
events,  mohumental  or  sepulchral,  as  that  at  Waltham,  and  others  of  that  nature  ; for 
preaching,  as  the  ancient  St.  Paul’s  Cross ; and  market  crosses,  as  at  Winchester, 
Leighton  Buzzard,  etc. 

Cro^s-bandet).  a term  applied  to  handrailing,  which  is  said  to  be  cross-banded  when  a 
veneer  is  laid  upon  its  upper  side,  with  the  grain  of  the  wood  crossing  that  of  the  rail, 
and  the  extension  of  the  veneer  in  the  direction  of  its  fibres  is  less  than  the  breadth  of 
the  rail. 

Cross  Beam.  A large  beam  going  from  wall  to  wall,  or  a girder  that  holds  the  sides  of 
the  house  together. 

Crossettes.  (Fr.)  The  same  as  ancones.  In  architectural  construction  the  term  is 
appFedto.the  small  projecting  pieces  arch  stones,  which  bang  upon 

the  adjacent  stones. 

Cross  Garnets.  Hinges  having  a long  strap  fixed  close  to  the  aperture,  and  also  a cross 
part  on  the  other  side  of  the  knuckle,  which  is  fastened  to  the  joint.  See  Garnet. 
Cross-grained  Stuff.  Wood  which  has  its  fibres  in  a contrary  direction  to  the  surface, 
and  which  consequently  cannot  be  perfectly  smoothed  by  the  operation  of  the  plane, 
without  turning  either  the  plane  or  the  stulf.  This  defect  arises  from  a twisted  dis- 
position of  fibres  while.in  the  act  of  growing. 

Cross  Springers.  The  ribs  in  the  Pointed  stylo  that  spring  from  the  diagonals  of  the 
pillars  or  piers. 

Cross  Vaueting.  That  formed  by  the  intersection  of  two  or  more  simple  vaults.  When 
each  of  the  simple  vaults  rises  from  the  same  level  to  equal  heights,  the  cross  vaulting 
is  denominated  agroin)  but  when  one  of  the  simple  vaults  is  below  the  other,  the  inter- 
section is  called  an  arch  of  that  particular  species  wdiich  expresses  both  the  simple 
arches.  For  example,  if  one  cylinder  pierce  another  of  greater  altitude,  tlie  arch  so 
formed  is  termed  a cylindro-cylindric  arch ; and  if  a portion  of  a cylinder  pierce  a 
sphere  of  greater  altitude  than  the  cylinder,  the  arch  is  called  a sphero-cylindric  arch,, 
and  thus  for  any  species  of  arch  whatever,  the  part  of  the  qualifying  word  which  eiuls 
in  o denotes  the  simple  vault  having  the  greater  altitude;  and  the  succeeding  word  the 
other  of  less  altitude. 

Crow.  A bar  of  iron  used  in  bricklaying,  masonry,  and  quarrying,  and  serving  usually 
as  a lever  in  its  employment. 

Crowde,  Croude,  or  Croft.  The  old  term  for  the  crypt  of  a church. 

Crow'N.  (Lat.  Corona.)  The  uppermost  member  of  any  part.  Thus,  the  upper  portion 
of  a cornice,  including  the  corona  and  the  members  above  it,  is  so  called. 

Crown  of  an  Arch.  The  most  elevated  line  or  point  that  can  be  assumed  in  its  surface ; 
it  is  also  called  the  extrado.s. 

Crown  or  Joggee  Post.  The  same  as  a king  post,  being  the  truss  post  that  sustains 
the  tiebeam  and  rafters  of  a roof. 

Crown  Glass.  A common  sort  of  window  glass  cut  from  a sheet  blown  into  a disk  form 
having  a bull’s  eye  in  the  centre  of  it. 

Crowning.  The  part  that  terminates  upwards  any  piece  of  architecture,  as  a cornice, 
pediment,  etc. 

Crypt.  (Gr.  Kpvirru,  I hide.)  The  under  or  hidden  part  of  a building.  It  is  used  a 1. so 
to  signify  that  part  of  the  ancient  churches  and  abbeys  below  the  floor,  appropriat<-d 
to  monumental  purposes,  and  sometimes  formed  into  chapels.  There  are  only  four 
apsidal  crypts  in  England ; Winchester,  1079;  Worcester,  1084;  Gloucester,  1089;  and 
Canterbury,  1096.  In  all  these  the  side  aisles  run  completely  round  the  apse. 

Crowds.  . , r i . 

Cbypto-Porticus.  In  ancient  architecture  a concealed  portico,  also  one. that  for  cooluess 
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is  enclosed  on  every  side.  Some  of  them  were  sunk  some  way  into  the  ground.  It  also 
is  a term  applied  to  subterranean  or  dark  passages  and  galleries  in  the  Roman  villas, 
often  used  as  cool  sitting  rooms. 

Cube.  (Gr.  Kvfios,  a die.)  A solid  bounded  by  six  square  sides.  It  is  also,  from  its  six 
sides,  called  hexahedron. 

Cubic  feet  (as  the  quantity  necessary  to  be  allowed  for  health  under  varying  circum- 
stances). From  60  to  100  feet  superficial  is  recommended  for  each  bed.  It  is  stated 
that  a healthy  man  respires  about  twenty  times  in  a minute,  and  inhales  in  that  period 
about  700  cubic  inches  of  air.  Fresh  air  contains  rather  more  than  23  per  cent,  of 
oxygen,  and  about  1 ^ per  cent,  of  carbonic  acid ; by  the  process  of  respiration  the 
oxygen  is  reduced,  in  round  numbers,  to  1 1 per  cent.,  and  the  carbonic  acid  is  increased 
to  rather  more  than  8 per  cent.  Now,  3^  per  cent,  of  this  gas  renders  air  unfit  to  sup- 
port life  ; so  that  a man,  in  respiring  700  cubic  inches  in  a minute,  vitiates  about  1630 
cubic  inches,  without  taking  into  account  the  eftect  produced  by  the  exhalation  from  the 
skin. 


Cubic  Feet. 

Fever  Hospital,  Islington,  allows  | 

Camp  at  Aldershot  ....  1500  ,, 

General  Hospital,  Bristol  . . . 1090  „ 

Lariboisi^re  Hospital  at  Paris  1700  to  1860  „ 

Vincennes  Hospital  . . 1200  to  1334  „ 

Borough  Hospital,  Birkenhead  . . 1430  „ 

Soldiers’  Hospital,  Netley  1315,  1406, 1800  „ 

Herbert  Hospital,  Woolwich  . . 1400  „ 

Eecently  prescribed  for  Military  Hos- 
pitals by  the  English  Barrack  and 
Hospital  Commissioners — iu  Great 
Britain  ......  1209  „ 

Ditto,  in  hot  climates  . . . 1500  „ 

Ditto,  in  -wooden  hospitals,  tents,  and 
in  permanent  barracks  . 400  to  600  „ 

Minimum  allowance  for  health  in  a 

sitting-room SOOprindiv. 

A Meeting  of  Medical  Oflficers  had 
decided  was  sufficient  in  dwelling 

houses 300  „ 

London  Hospital,  smallest  allowed  . 800  per  bed. 
Westminster  Hospital.  . . . 1100  „ 

University  College  Hospital  . . 1100  „ 

Middlesex  Hospital . ....  1100  „ 

St.  Bartholomew’s  Hospital  . . 1377  ,, 

London  Hospital 1700  „ 

Guy’s  Ho-pital  . . . 1300  to  2000  „ 

King’s  College  Hospital  . 1800  to  2068  ,, 

Workhouse  hospitals  in  London,  for 

ordinary  sick 850  „ 

Ditto,  special  or  offensive  cases . . 1200  „ 

Ditto,  ordinai’y  wards  for  the  infirm, 

&c.  .......  500  „ 

Ward  space,  as  near  as  may  be  to  2000  „ 

■with  144  square  feet  of  floor, 
present  requirements : — 

Vagrant  wards,  cells,  ordinary, 

36  feet  of  fl^oor  space,  and  . . 360  „ 


Cubic  Feet. 

Cells,  for  a woman  with  children, 

54  feet  ditto  ....  540  per  bed. 
Ordinary  dormitories,  36  ditto  . 360  „ 

Sick  wards,  60  ditto  . . . 600  „ 

Lying-in,  Offensive,  or  Infectious 
wards,  80  ditto  . . . . 960  „ 

Dormito  ies ; wall  space  for  each  bed, 
in  addition  to  that  occupied  by  doors 
or  fire-places : — 

inmates  in  health  ; adults  4 feet 
women  with  infants  . . 5 „ 


children  i 

Children  •)  beds 


Sick ; ordinary,  itch,  and  venereal  6 
Ditto,  lying-in,  offensive,  fever 
and  small-pox  cases  . . 8 


»» 


In  registered  Lodging  Houses  of  Lon- 
don, Dublin,  &c.  . . 240  to  300  „ 

In  modern  Gaols  . . 900  to  1000  „ 

Surrey  County  Prison,  each  ceU  . 819  ,, 

Knutsford  House  of  Correction,  ditto  910  ,, 

Manchester  City  Prison,  ditto  . . 844  „ 

Lunatic  Asylums  in  Scotland,  gal- 
leries   600  „ 

Ditto,  single  rooms  ....  1000  „ 

Ditto,  in  some  crowded  asylums  2 in  900  „ 

Ditto,  Devon,  bedrooms  . . . 470  „ 

Ditto,  Commissioners  recommended  . 550  „ 

Ditto,  Lanark 800  „ 

Ditto,  private  in  Scotland . 200  to  3u0  „ 

Cow  Sheds,  Holborn  Board  of  Health  1 1000 
The  Cattle  Plague  broke  out  in  Sheds 
allowing  but  .....  450  „ 


It  has  been  lately  calculated  that  the  average 
space  allowed  to  each  person  in  London  is  1220 
square  feet,  while  in  Paris  it  is  only  500  ditto. 


CuBicuLUM.  (Lat.)  A chamber.  A distinction  is  made  by  Pliny  between  the  cuhiculum 
and  the  dormitorium.  The  name  was  also  applied  to  the  royal  pavilion  or  tent  which 
was  built  in  the  circus  or  amphitheatre  for  the  reception  of  the  emperors. 

Cubit.  A linear  measure,  in  ancient  architecture,  equal  to  the  length  of  the  arm  from 
the  elbow  to  the  extremity  of  the  middle  finger,  usually  considered  about  eighteen 
English  inches.  The  geometrical  cubit  of  Vitruvius  was  equal  to  six  ordinary  cubits. 
Mr.  Perring,  in  1843,  calculated  the  Egyptian  cubit  at  1'713  English  feet,  divided  into 
four  palms  each  of  seven  digits.  The  cubit,  in  the  survey,  etc.,  of  the  Holy  Land, 
was  assumed  (1876)  at  21  inches.  See  Measure. 

Cue  de  Four.  (Fr.)  A low  vault  spherically  formed  on  a circular  or  oval  plan.  An 
oven-shaped  vault. 

Cuoien.  In  ancient  Roman  architecture,  the  ridge-piece  of  the  roof. 

Culvert.  An  arched  channel  of  masonry  or  brickwork  built  beneath  the  bed  of  a canal 
for  the  purpose  of  conducting  water  under  it.  If  the  water  to  be  conveyed  has  nearly 
the  same  level  as  the  canal,  the  culvert  is  built  in  the  form  of  an  inverted  siphon,  and 
acts  on  the  principle  of  a water-pipe.  The  word  also  signifies  any  arched  channel  for 
water  under  ground. 

Culver-tail.  The  same  as  Dove-tail. 

CuNEUS.  (Lat.)  That  part  of  the  Roman  theatre  where  the  spectators  sat. 

Cupboard.  A receptacle  whether  a recess  in  a wall  or  otherwise,  and  fitted  with 
shelves,  for  small  articles.  See  Closet. 
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Cupola.  (It.  from  Cupo,  hollow.)  A term,  prcpcrly  spciiking,  which  is  confined  to  tlie 
or  ceiling  part  of  a dome.  See  JJomk. 

Curb  for  Brick  Steps.  A timber  nosing,  generally  of  oak,  used  not  only  to  prevent  tlio 
steps  from  wearing,  but  also  from  being  dislocated  or  put  out  of  their  places.  ’When 
the  steps  are  made  to  return,  the  curb  also  returns,  but  when  they  profile  against  a 
wall,  the  ends  of  the  curb  or  nosing  pieces  house  at  each  end  into  the'wall. 

Curb  Plate.  A circular  continued  plate,  either  scarfed  together  or  made  in  two  or  more 
thicknesses.  The  wall  plate  of  a circularly  or  elliptically  ribbed  dome  is  calle<l  a curb- 
'plcitc,  as  likewise  the  horizontal  rib  at  the  top,  on  which  the  verticiil  ribs  terminate. 
The  plate  of  a skylight,  or  a circular  frame  for  a well,  is  also  called  a curb-plate.  The 
name  is  moreover  given  to  a piece  of  timber  supported  in  a curb  roof  by  the  upper  ends 
of  the  lower  rafters  for  receiving  the  feet  of  the  upper  rafters,  which  are  thence  called 
curb-rafters. 

Curb  Roof.  One  formed  of  four  contiguous  planes  externally  inclined  to  each  other,  tlie 
ridge  being  in  the  line  of  concourse  of  the  tw'o  middle  p'anes  and  the  highest  of  the 
three  lines  of  concourse.  A roof  of  this  construction  is  frequently  termed  a Mansard 
roof,  from  the  name  of  its  supposed  inventor.  Its  principal  advantage  over  other  roof- 
ing arises  from  its  giving  more  space  in  the  garrets,  which  become  attics. 

Curb  Stone.  The  stone  in  the  foot-paving  of  a street,  which  divides  it  from  the  carriage- 
paving, above  which  they  are,  or  ought  to  be,  raised. 

Curia.  (Gr.)  A Roman  council  house.  The  city  and  empire  contained  many  curije. 
The  curia  mtinicipalis,  or  domus  curialis,  seems  to  have,  in  destination,  resembled  our 
Guildhall.  The  curia  dominicalis  w^as  a sort  of  manor  house. 

Curling  Stuff.  That  which  is  affected  from  the  winding  or  coiling  of  the  fibres  round 
the  boughs  of  the  tree  where  they  begin  to  shoot  out  of  the  trunk.  The  double  iron 
plane  is  the  best  for  working  it. 

Current.  The  necessary  slope  of  a piece  of  ground  or  pavement  for  carrying  off  the 
water  from  its  surface. 

Cursor.  (Lat.)  The  point  of  a beam  compass  that  slides  backwards  and  forwards.  Also 
the  part  of  a proportional  compass  by  wliich  the  points  are  set  to  any  given  ratio. 

Curtail  Step.  The  first  or  bottom  step  by  which  stairs  are  ascended,  ending  at  the 
furthest  point  from  the  w^all,  in  which  it  is  placed  in  a scroll ; perhaps  taking  its  name 
from  th«  step  curling  round  like  a cur’s  tail. 

Curvature.  See  Radius  of  Curvature. 

Curve.  (Lat.  Curvus.)  A line  that  may  be  cut  by  a straight  lino  in  more  points  than 
one. 

Curvilinear.  Formed  of  curved  or  flowing  lines.  Thus  a curvilinear  roof  is  one  erecteil 
on  a curved  plan,  circular,  elliptical,  or  otherwise.  Tracery  in  the  later  Mediaeval  styles 
is  so  called. 

Cushion  of  an  Ionic  capital.  See  Coussinet. 

Cushion  Capital.  A capital  used  in  Romanesque  and 
early  Mediaeval  architecture,  resembling  a cushion  pressed 
down  by  a weight.  It  is  also  a cap  consisting  of  a cube 
rounded  off  at  its  low'er  angles,  largely  used  in  the  Nor- 
man period  of  architecture.  Fig.  1397. 

Cushion  Rafter.  See  Principal  Brace. 

Cusp.  (Lat.  Cuspis.)  One  of  the  pendents  of  a pointed  arch, 
or  of  the  arched  head  of  a compartment  of  such  an  arch, 
or  one  of  the  several  pendents  forming  what  may  be 
termed  a polyfoil.  Two  cusps  form  a trefoil,  three  a 
quatrefoil,  and  so  on.  _ . - 

Custom  House.  A custom  house  is  an  establishment  for 
receiving  the  duties,  or,  as  they  are  called,  customs, 
levied  on  merchandise  imported  into  a country,  as 
well  as  of  regulating  the  bounty  or  drawback  on  goods 

exported.  According,  therefore,  to  the  impoitance  ancl 

wealth  of  a city  the  building  to  receive  it  is  of  considerable  consequence.  The  first 
JotrthaUm^dLtdy  pre^^ts  itself  is,  .hjt  it  sl.ould  be  w.th  sp,o.us 

^rehouses  for  holding  the  merchandise  which  “r.ve  , an  1 in  ^ 
were,  impounded  till  the  duties  are  paid;  and  next,  ‘bat  there  mist  be  pimnle^^ 
ample  accommodation  for  the  officers  who  are  to  supervise  the 

^ent  Security  against  fire  must  be  strictly  attmled 

places  for  examining  and  stowing  the  goods  should  theretore  be 

stone,  and  should,  moreover,  be  as  much  as  possiLlo  on  the  giound  lloo*. 


Fig.  1397 
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r for  the  public  and  heads  of  the  establishment  may  be  over  them  on  the  first. 
Both  of  these  are,  of  course,  to  be  regulated  in  size  by  the  extent  of  trade  in  the  place 
The  general  character  should  be  that  of  simplicity  ; decoration  is  unsuited,  and  should 
be  very  sparingly  employed.  The  species  of  composition  most  suitable  seems  to  be 
„ pointed  out  in  arcades  and  arched  openings.  The  site  should  be  as  near  as  maybe  to  the 
river  or  port,  so  that  the  merchandise  may  be  landed  and  housed  with  as  little  labour 
as  possible.  The  Custom  house  at  Dublin,  designed  by  James  Gandon,  is  a good 
work. 

The  following  is  a general  view  of  the  apartments  and  oflHces  of  the  London  Custom 
House.  The  long  room,  which  is  the  principal  public  room  for  the  entries,  &c.,  is 
185  feet  long  and  66  feet  wide.  This,  as  well  as  the  rooms  next  enumerated,  are  on 
the  first  or  principal  floor,  auz.  a pay  office  for  duties,  treasury,  bench  officers’  or  com- 
missioners’ rooms,  secretary’s  room,  rooms  for  the  inspector-general,  surveyor  of  ship- 
ping, registrar  of  shipping,  surveyor  of  acts  of  navigation,  strong  rooms,  comptrollers, 
outward  and  inward,  surveyor  of  works ; Trinity  light  office,  bond  office,  board  room, 
chairman’s  room,  committee-room  and  plantation  clerk’s  office.  On  the  ground  floor 
. are  the  following  offices : for  minute  clerks,  clerk  of  papers,  petitions,  messengers, 
landing  surveyors,  wood  farm  office,  tide  waiters,  tide  surveyors,  inspectors  of  river, 

= gaugers,  landing  waiters,  coast  waiters,  coast  office  “ long  ” room,  coast  bond  office,  coffee 
office,  housekeeper,  searchers,  merchants’  and  brokers’  room,  comptrolling  searchers, 

, appointors  of  the  weighers,  and  office  for  the  plantation  department.  Besides  these 
apartments  there  are  warehouses  for  the  merchandise. 

The  above  long  list  will  give  a notion  of  what  would  be  wanted  on  a smaller  scale ; 
but  on  such  matters  the  special  instructions  on  each  case  must  be  the  guide  to  the 
architect  in  making  his  design.  Many  of  the  above  offices  would,  of  course,  be  un- 
necessary in  a small  port,  neither  would  the  dimensions  be  so  large  as  the  examples 
quoted.  The  staircases,  corridors,  and  halls  must  be  spacious  in  all  cases,  the  building 
being  one  for  the  service  of  the  public. 

Cut.  In  inland  navigation,  the  same  as  canal,  arm,  or  branch. 

Cut  Brackets.  Those  moulded  on  the  edge. 

Cut  Roof.  One  that  is  truncated.  That  is,  one  that  appears  as  if  the  part  above  the 
collar  beams  was  cut  away;  a good  example  is  that  over  the  chapel  at  Greenwich 
Hospital. 

Cut  Splat.  The  term  for  the  oblique  cutting  of  the  corners  of  bricks  in  walling ; as  to 
r reveals  of  doors,  and  other  openings. 

Cut  Standards.  The  upright  side  pieces,  or  cheeks,  supporting  the  ends  of  the  shelves 
placed  above  a dresser  table,  or  to  a bookcase.  Tlie  front  edge  is  usually  cut  into  a 
V curved  outline. 

Cut  Stone.  Hewn  stone,  or  that  which  is  brought  into  shape  by  the  mallet  and 
chisel. 

Cut  String  Stairs.  Stairs  which  have  the  outer  string  cut  to  the  profile  of  the  steps. 
The  nosings  are  mitred  and  returned;  and  the  riser  is  mitred  to  the  stiing.  “Close 
string  stairs  ” are  where  the  steps  and  risers  are  housed  into  the  strings.  See  String 
Board. 

Cutters.  The  finest  marl  or  malm  bricks,  chiefly  used  for  arches  of  openings,  quoins, 
&c.,  and  which  from  their  evenness  of  texture  allow  of  being  cut. 

Cutting  Plane.  A plane  dividing  or  cutting  a solid  into  two  parts  in  any  direction. 
Cyclografh.  (Gr.  KvkAos  and  rpa<pw.)  In  practical  geometry,  an  instrument  for  describ- 
ing the  arc  of  a circle  to  any  chord  and  versed  sine,  but  chiefly  used  in  flat  segments, 
or  those  whose  curvatures  approach  to  straight  lines. 

Cycloid.  (Gr.  Kvk\o€iSt}s.)  A figure  described  by  rolling  a circle  upon  a plane  along 
a straight  edge,  until  the  point  on  the  circle  which  touches  the  straight  edge  return 
again  to  it  after  a revolution.  The  point  traces  the  curve  called  the  cycloid  or 
trochoid. 

Cyclopean  Masonry.  Works  constructed  of  large  rude  stones  arranged  without  mortar 
are  called  by  this  name  ; also  Megalithic,  and  Pelasgic.  It  is  considered  there  were 
four  distinct  periods,  illustrating  the  changes  from  the  rude  constructions  to  more 
refined  masonry.  1.  Vast  misshapen  masses  piled  one  upon  another  without  order, 
the  interstices  filled  up  with  pebbles  and  small  stones.  2.  Polygonal  hewn  blocks  cut 
to  fit  each  other ; some  interstices  filled  in  with  pebbles.  3.  Courses  of  stone  trape- 
zoidal in  appearance,  but  broken,  as  two  courses  equal  in  height  to  one  adjoining ; 
joints  not  always  vertical,  and  the  stones  of  irregular  size.  4.  Continuous  coursed 
trapezoidal  arrangement,  the  beds  continued  horizontally  throughout,  but  the  joints 
rarely  vertical. 

‘Cylinder.  (Gr.  KvXivZpov.)  A solid  whose  base  is  a circle,  and  whose  curved  surface  is 
everywhere  at  an  equal  distance  from  the  axis  or  line  supposed  to  pass  through  its 
middle.  Its  formation  may  be  conceived  to  be  generated  by  the  revolution  of  a rectangu- 
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’ lar  parallelogram  about  one  of  its  sides.  Tlie  cone,  sphere,  and  cylinder  have  a remark- 
able  relation  to  each  other,  first  discovered  by  Archimedes,  namely,  that  the  cone  is  one 
third  the  cylinder  having  the  same  base  and  altitude;  and  the  inscribed  sphere  two 
. thirds  of  the  cylinder ; or  the  cone,  sphere,  and  cylinder  are  to  each  other  as  the  numbers 
1,  2,  3.  It  is  termed  a right  cylinder  when  the  axis  is  at  right  angles  to  the  base  but  if 
at  an  oblique  angle  the  cylinder  is  said  to  be  oblique. 

Table  of  the  areas  of  cylinders  from  9 to  15  inches  diameter: 


Diameter  of 
Cylinder, 

Area  of 
Cylinder. 

Diameter  of 
Cylinder. 

Area  of 
Cylinder, 

Diameter  of 
Cylinder. 

Area  or 
Cylinder. 

Inches. 

Square  Inches. 

Indies. 

Square  Inches. 

Inches. 

Square  Inches. 

9 

• G3-58 

11^ 

103-81 

13i 

143  02 

10 

78-0 

12 

113-07 

U 

153-96 

10^ 

86-56 

12A 

122-65 

m 

165-01 

11 

95  01 

13 

132-66 

15 

176-62 

Note. — The  areq,s  of  cylinders  are  as  the  squares  of  their  diameters. 

Cylindrical  Celling  or  Vaulting.  Vulgarly  called  a waggon-head  and  cradle.  One  in 
the  shape  of  the  segment  of  a cylinder.  This  form  appears  to  have  been  first  used  by 
the  Romans.  It  admits  of  being  pierced  by  lunettes  for  the  admission  of  light,  which 

, form  cylindro-cylindric  arches,  and  is  usually  formed  into  panels  or  coffers. 

.Cylindrical  Work.  Any  kind  of  work  which  partakes  of  the  shape  of  a cylinder,  of 
whatever  material  it  be  formed. 

Cylindroid.  a solid  which  differs  from  a cylinder  in  having  ellipses  instead  of  circles 
for  its  ends  or  bases. 

Cyma.  (Gr.  Kvjxa,  a wave.)  A moulding  taking  its  name  from  its  contour  resembling 
that  of  a wave,  being  hollow  in  its  upper  part  and  swelling  below.  Of  this  moulding 

c there  are  two  sorts,  the  cyma  recta thus,  just  described,  and  the  cyma  rever.sa 
thus,  wherein  the  upper  part  swells,  whilst  the  lower  is  hollow.  Ry  workmen,  each  is 
called  an  ogee. 

Cymatium.  (Gr.)  The  name  commonly  applied  to  the  upper  moulding  of  a cornice  or 
capping. 

Cymbia.  The  same  as  Fillet. 

pYPRESS.  (Lat.  Cupressus.)^  The  wood  of  the  cypress  was  valued  for  its  hardness  and 
durability  by  the  ancient  architects. 

Cyzicenus.  In  ancient  architecture,  a large  hall  decorated  with  sculpture.  See  Glypto- 

TUECA.  ' ■ ■ , 


Dabbing,  Daubing,  or  Pitching.  Working  the  face  of  a stone  after  it  has  been  broached 
and  draughted,  with  a pick-shaped  tool  or  the  patent  axe,  so  as  to  form  a series  of  minuto 

Dado!^’  The  die,  or  that  part  of  the  pedestal  of  a column  between  the  base  and  the 
! cornice.  It  is  of  a cubic  form,  whence  the  name  of  die.  Large  rooms  are  «ome  imes 
' decorated  with  a base,  dado,  and  cornice,  representing  a pedestal,  and  the  term  dado  is 

^ often  applied  to  the  whole.  See  Base.  ^ , • j r » fL- 

Daghoba  or  Dagoba.  The  Eastern  topes  or  tumuli  mostly  cdntained  relics,  ^orship 
! of  these  objects  being  one  of  the  principal  characteristics  of  Budhism. 

! designated  Lgobas,  of  which  the  word  “ pagoda  ’ appears  to  be  a • 

1 hist  temple,  the  dagoba  is  a structure  which  occupies  the  place  of  an  altar  ‘ ^ 

' church.  It  consists  of  a low  circular  basement  or  drum  surmounted  by  a hemispherieal 
: or  elliptical  dome  that  supports  a square  block  ;„ilk  and 

Dairy.  An  apartment  in  a house,  or  a separate  building,  for  p Vy,  small 

, the  manufacture  of  it  into  butter,  cheese,  or  other  datry  ‘ 

scale,  tvhere  the  milk  is  only  used  for  butter,  the  ‘ X t,™' 

; of  the  dwelling,  or  form  one  of  the  offices  connecte  ^ fifty-five  degrees  of 

i Kre”heu!  ^itt'^f^ttrenlilluo^^^^  iflimJId  cont^liu 

'■  a m^L°o"m.  iTu^nti^-tom^nValiry''^^^^^^  for  scalding  the  utensUa 
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If  cheese  he  to  be  made,  a room  is  required  for  the  cheese-press,  and  another  for  drying 
and  storing  the  cheeses. 

Dais.  (Fr.)  The  platform  or  raised  floor  at  the  upper  end  of  a dining-hall,  where  the 
high  table  stood ; also  the  seat  with  a canopy  over  it,  for  the  chief  guests  who  sat  at 
the  high  table. 

Dam.  See  Coffer  Dam. 

Damp  Course.  In  order  to  prevent  the  damp  rising  up  the  walls  from  the  soil  on  which 
a house  is  built,  a course  of  some  impermeable  material  is  laid  on  the  foundation 
walls  a short  distance  (about  a foot)  above  the  level  of  the  outside  soil.  This  damp 
course,  as  it  is  called,  is  formed  of  a layer  of  powdered  charcoal  mixed  with  pitch  or 
resin  and  powdered  pitcoal ; or  of  two  courses  of  slates  set  in  cement ; of  asphalte ; 
or  of  the  stoneware  hollow  tile  manufactured  for  this  purpose. 

Dampness.  A moisture  generally  attendant  on  buildings  finished  hastily  on  account  of 
the  materials  not  being  dry ; or  the  walls  not  being  made  of  good  well-burnt  bricks  ; or 
with  bad  mortar;  or  the  joints  not  flushed  up,  and  allowing  wet  to  come  through. 

Dancette.  The  chevron,  or  zigzag  moulding,  in  Norman  architecture.  See  1381. 

Day  or  Bay.  In  Gothic  architecture,  the  compartment  in  windows  formed  by  the  tran- 
soms or  horizontal  pieces  and  mullions  or  vertical  pieces. 

Dead  Shore.  A piece  of  timber  worked  up  in  brickwork  to  support  a superincumbent 
mass  until  the  brickwork  which  is  to  carry  it  has  set  or  become  hard. 

Deafening  Sound-boarding.  The  pugging  used  to  prevent  the  passage  of  sound  through 
wooden  partitions.  See  Boarding. 

Deal.  (Sax.  Delan,  to  divide.)  Properly  the  small  thickness  of  timber  into  which  a piece 
of  any  sort  is  cut  up ; but  the  term  is  now,  thouorh  improperly,  restricted  in  its  signifi- 
cation to  the  wood  of  the  fir  tree  cut  up  into  thicknesses  in  the  countries  whence  deals 
are  imported,  viz.  Christiania,  Dantzic,  &c.  Their  usual  thickness  is  three  inches,  and 
their  width  nine.  They  are  purchased  by  the  hundred,  which  contains  120  deals,  bo 
tlieir  thickness  what  it  may,  reduced  by  calculation  to  a standard  thickness  of  one  inch 
and  a half  and  to  a length  of  twelve  feet.  Whole  deal  is  that  which  is  one  inch  and  a 
quarter  thick,  and  slit  deal  is  half  that  thickness.  Clean  deal  refers  to  picked  ot 
selected  deal,  which  is  always  used  for  stair  treads  for  good  work.  See  Board. 

Decagon.  (Gr.  Ae/co,  ten,  and  rwuia,  an  angle.)  A geometrical  figure  having  ten  sides 
and  ten  angles.  If  the  sides  and  angles  are  all  equal,  the  figure  is  a regular  decagon, 
and  capable  of  being  inscribed  in  a circle. 

Deca STYLE.  See  Colonnade. 

Decimal.  (Lat.)  A term  applied  to  a system  of  arithmetic  in  which  the  scale  of  numbers 
proceeds  by  tens. 


Decimal  Equivalents  of  Inches,  Feet,  and  Yards  ; and  of  a Shilling. 


Fractions  of  an  Inch. 

Decimals  of 
an  Inch. 

Decimals  of 
a Foot. 

Inches. 

Decimals  of 
a Foot. 

Decimals  of 
a Yard. 
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, 
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12 
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3 
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4 
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15 

16 

, 
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5 
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5 or  5 
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6 
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9 

12 
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7 
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1 1 

T6 

. 
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8 
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5 

8 
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9 
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•2500 

7 

T5 

•5833 

•04860 

10 

•8383 
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n 

To 

. 

•5625 

•04688 

11 

•9166 

*3055 

1 
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•04166 

12 

1 0000 
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7 
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•4166 
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16 

•03472 

Decimals  of  a 

Shilling. 

3 
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a. 
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d 

3, 

3 

12 

1 

3 
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1 

1 

•0416 
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7 
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5 

IR 

. 
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•02604 

li 
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7 

4 
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2 
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8 
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3 
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2i 

3 
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9 
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2 

12 

. . 
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H 
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94 
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1 
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i 
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10 
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1 
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12 

• 
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•4166 
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11 
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Dkcimal  Pauts  of  a PorxD. 


d. 

Decimal. 

d. 

Decimal. 

d. 

Decimal. 

j. 

d. 

Docimul.  j 

i 

•00208 

6 

•02500 
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10 

0 
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1 
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6^ 
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11 

0 
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n 
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7 
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12 

0 
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2 
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13 

0 
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n 
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8 
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14 

0 
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3 
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9 

•03750 
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16 

0 
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4 
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17 
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18 

0 
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0 
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•04375 
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19 

0 
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11 
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20 

0 

1 0000 

Pbcorated  Period.  A'term  applied  to  the  Medieval  architecture  in  England  prevailing 
during  the  reigns  of  the  three  first  Edwards,  wherein  the  decorative  features  grew  out 
of,  or  became  embodied  in,  and  formed  part  of,  the  construction.  It  succeeded  to  the 
Early  English  period. 

Decoration.  _ The  combination  of  ornamental  objects  which  the  desire  for  varying  a form 
or  forms  brings  together  in  many  ways  for  embellishing  those  subjects  which  arc  the 
objects  of  art. 

Dedication  Cro.ss.  See  Cross,  fig.  1392. 

Deliqui.®.  (Lat.)  A term  used  by  Vitruvius  to  designate  the  rafters  which  formed  the 
ridge  of  the  roof  and  threw  the  water  on  each  side. 

Density.  (Lat.  Densus,  thick.)  A term  used  in  physics  to  denote  the  quantity  of  matter 
which  a body  contains  under  a given  or  determinate  surface ; for  example,  a cubic  foot. 
The  quantity  of  matter  in  a body  is  called  its  mass,  and  is  measured  by  the  weight  of 
the  body,  to  which  it  is  always  proportional ; hence  the  density  of  a body  is  great  in 
proportion  as  its  weight  is  great  and  its  volume  small ; or  the  density  of  bodies  is 
directly  as  their  masses,  and  inversely  as  their  volumes. 

Dentils  or  Dentels.  (Lat.  Dentes,  teeth.)  The  small  square  blocks  or  projections  in  the 
bed  mouldings  of  cornices  in  the  Ionic,  Corinthian,  Composite,  and  occasionally  Doric 
orders  ; their  breadth  should  be  half  their  height;  and,  as  Vitruvius  teaches,  the  inter- 
val (Metochk)  between  them  tw'O  thirds  of  their  breadth.  In  the  Grecian  orders  they 
are  not  used  under  modillions. 

Deodorisation  and  Disinfection.  The  Snmmory  of  the  “ IIa.<^tings  Prize  Essay,  I860,” 
on  these  subjects,  states  that : — I.  Eor  the  sick  room,  free  ventilation,  when  it  can  bo 
secured,  together  with  an  even  temperature,  is  all  that  can  be  required.  II.  For  rapiil 
deodorisation  and  disinfection,  chlorine  is  the  most  effective  agent  known.  III.  For 
steady  and  continuous  effect,  ozone  is  the  be.st  agent  known.  IV^.  In  the  absence  of 
ozone,  iodine  exposed  in  the  solid  form  to  the  air,  is  the  best.  V.  For  that  of  fluid  and 
semi-fluid  substances  undergoing  decomposition,  iodine  is  the  best.  VI.  For  the 
deodorisation  and  disinfection  of  solid  bodies  that  cannot  be  destroyed,  a mixture  of 
powdered  chloride  of  zinc  or  powdered  sulphate  of  zinc,  M'ith  sawdust,  is  the  best. 
After  this,  a mixture  of  carbolic  acid  and  sawdust,  ranks  next  in  order;  and  following 
on  that,  wood  ashes.  VII.  For  that  of  infected  articles  of  clothing,  etc.,  exposure  to 
heat  at  212°  Fahr.  is  the  only  true  method.  And,  VIII.  For  the  deodorisation  and 
disinfection  of  substances  that  may  be  destroyed,  heat  to  destruction  is  the  true  method. 

Carbolic  acid,  Condy’s  fluid,  Burnett’s  fluid,  and  Charcoal  are  among  the  materials 
manufactured  for  this  purpose. 

Derby  or  Darby.  A two-handed  float  used  in  pla.sterers’  work. 

Description  of  a Building.  The  same  as  Specification. 

Descriptive  Geometry.  That  which  consists  in  the  application  of  geometnciil  rules  to 
the  representation  of  the  figures,  and  the  various  relations  of  the  forms  of  bodies, 
according  to  certain  conventional  forms.  It  differs  from  perspective,  on  account  ot  the 
representation  being  made  in  such  a manner  that  the  exact  distance  between  thedinerent 
points  of  the  body  represented  can  always  be  found,  and  consequently  all  the  mat  le- 
matical  relations  resulting  from  the  form  and  position  of  the  body  may  be  deiluced  fnnn 

the  representation.  . ,•  i 1 

Design.  (Lat.  Designo.)  The  idea  formed  in  the  mind  of  an  artist  on  any  particular  suh- 
ject,  which  he  transfers  by  some  medium,  for  the  purpose  of  making  it  known  tootliefr. 
Every  work  of  design  is  to  be  considered  either  in  relation  to  the  art  that  prr^uced  it, 
to  the  nature  of  its  adaptation  to  the  end  sought,  or  to  the  nature  of  the  end  it  is  des- 
tined to  serve;  hence  its  beauty  is  dependent  on  the  wisdom  or  excellence  displa}cd  in 
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the  design,  on  the  fitness  or  propriety  of  the  adaptation,  and  upon  the  utility  for  the  I 
end.  See  Composition.  i 

Dktails.  a term  usually  applied  to  tlie  drawings  on  a large  scale  for  the  use  of  builders,  tj 
and  generally  called  working  drawings.  I 

Dktermining  Line.  In  the  conic  sections,  a line  parallel  to  the  base  of  the  cone  ; in  the  I 
hyperbola  this  line  is  within  the  base  ; in  the  parabolic  sections  it  forms  a tangent  to  L 
the  base,  in  the  elliptic  it  falls  without  it.  In  the  intersecting  line  of  a circle,  the 
determining  line  will  never  meet  the  plan  of  the  base  to  which  it  is  parallel. 

Diaconicum.  a place  contiguous  to  the  ancient  churches,  wherein  were  preserved  the 
sacred  vestments,  vessels,  relics,  and  ornaments  of  the  altar.  In  modern  language,  the 
sacristy.  The  sacristy  is  now  also  called  the  vestry. 

Diagonal.  (Gr.  Aia,  through,  and  Tuma,  angle.)  A straight  line  drawn  through  a figure 
joining  two  opposite  angles.  The  term  in  geometry,  is  used  in  speaking  of  four-sided 
figures,  but  it  is  nevertheless  properly  applied  with  reference  to  all  polygons  wliereof 
the  number  of  sides  is  not  less  than  four.  The  term  diameter  is  used  by  Euclid  in  the 
same  sense  ; but  modern  geometers  use  the  term  diameter  only  in  speaking  of  curve 
lines,  and  diagonal  when  speaking  of  angular  figures. 

Diagonal  Scale.  A compound  scale  formed  by  vertical  and  horizontal  subdivisions  with 
diagonals  drawn  across  them,  whereby  very  small  parts  can  be  measured  oif  by  means  * 
of  equidistant  parallels  crossing  others  of  the  same  kind. 

Diagram.  (Gr.  Aia7pajUjua,  from  Aia,  through,  and  I write.)  The  figure  or  scheme  t 

for  the  illustration  of  a mathematical  or  other  proposition.  J 

Diameter.  (Gr.  Aia,  through,  and  Merpoi',  a measure.)  A straight  line  passing  through  | 
the  centre  of  a geometrical  figure,  as  that  of  a circle,  ellipse,  or  hyperbola.  The  term 
is  architecturally  used  to  express  the  measure  across  the  lower  part  uf  the  shaft  of  a 
column,  and  is  usually  divided  into  sixty  parts  called  minutes,  which  form  the  scale  for 
the  measurement  of  all  the  parts  of  an  order.  See  Diagonal.  . , 

Diamicton.  The  Roman  method  of  building  a wall,  with  ivaular  ashlar  work  on  the  , 
outsides  and  filled  in  with  rubble  between.  It  is  similar  to  Emplocton,  but  without  the  j 
diatoni  or  binding  stones  which  go  through  the  thickness  of  the  walls,  showing  on  both  ' 
sidps.  See  Masonry. 

Diamond  Pavement.  One  disposed  in  squares  arranged  diagonally. 

Diaper  Work.  The  face  of 
stone  worked  into  squares 
or  lozenges,  with  a leaf 
therein  ; as  OA'er  arches  and 
between  bands.  It  is  gene- 
rally done  only  in  interior 
work  for  decorating  a plain 
surface.  The  illustration 
{Jig.  1398)  is  from  Can- 
terbury Cathedral,  and  of 
the  Perpendicular  period. 

Diastyle.  (Gr.Aia  and  StwAoj, 
a column.)  That  distance  be- 
tween columns  which  con- 
sists of  three  diameters,  or, 
according  to  some,  of  four 
diameters.  The  term  is 
sometimes  used  adjectively, 
to  signify  that  the  building 
is  arranged  with  those  inter- 
vals between  the  columns. 

Diatoni.  (Gr.  Ata  and  Topos, 
an  extension.)  In  Greek 
architecture,  the  stones  of  a Fig.  1308.  Diaper  work  in  stone. 

wall  wrought  on  two  faces, 

which,  from  stretching  beyond  the  stones  above  and  below  them,  that  is,  going  through 
the  wall,  made  a good  bond  or  tie  to  the  work. 

Diazoma.  (Gr.  Aia  through,  and  Zw/xa,  a cincture.)  In  ancient  architecture,  the  landing.s 
or  resting  places  which,  at  different  heights,  encircled  the  amphitheatre  like  so  many 
bands  or  cinctures,  whence  the  name. 

Dicasterium.  (Gr.  At/crj,  justice.)  In  ancient  architecture,  the  name  of  a tribunal  or  hall 
of  justice. 

Dictyotheton.  (Gr.  Aiktvov,  a net,  and  Ti6r]fxi,  I place.)  In  ancient  architecture,  masonry 
worked  in  courses,  like  the  meshes  of  a net.  Also  open  lattice-work,  for  admitting 
light  and  air. 
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Didoron.  (Gr.)  See  Rrick. 

Die  of  a Pkokstal.  That  part  included  between  the  base  an(l  the  cornice  See  Dado 

Digging.  In  soft  ground,  one  man  with  a spa-ie  will  throw  up,  per  hour  a cubic  yard’ of 
twenty-seven  feet.  If  a mattock  must  be  used,  the  same  quantity  will  require  two  men 
and  in  a strong  gravel,  three.  It  will  require  three  men  to  wheel  thirty  cubic  vanls  of 
gravel  in  a day  to  the  distance  of  twenty  yards.  ^ 

Diglypii.  (Gr.  Ais,  twice,  and  r\v<pu>,  1 carve.)  A projecting  face  or  femur,  with  two 
panels  or  channels  called  glyphs,  sunk  thereon.  See  Tuiglyph. 

Dii  apidation.  The  state  of  neglect  into  which  a building  has  been  permitted  to  fall 

Dimension.  (Lat.  Dimetior.)  In  geometry  is  e?ther  length,  breadth,  or  thickness.  Thus 
a line  has  one  dimension,  as  of  length ; a superficies  has  two,  length  and  breadth  • a 
solid  has  three  dimensions,  length,  breadth,  and  thickness.  ’ 

Diminished  Arch.  One  lower  or  less  than  a semicircle,  called  by  the  French  vonte 
siirhaissee.  See  Surbased  Arch. 

Diminished  Bar  of  a Sash.  One  thinner  on  the  edge  towards  the  room  than  on  that 
towards  the  glass  of  the  window. 

Diminished  Column.  A column  whereof  the  upper  diameter  is  less  than  the  lower. 

Diminishing  Rule.  A board  cut  with  a concave  edge,  so  as  to  ascertain  the  swell  of  a 
column,  and  to  try  its  curvature. 

Diminishing  Scale.  A scale  of  gradation  used  in  finding  the  different  points  for  drawing 
the  spiral  curve  of  the  Ionic  A'olute,  by  describing  the  arc  of  a circle  through  every  three 
jtreceding  points,  the  extreme  point  of  the  last  arc  being  one  of  the  next  three.  E;ich 
yioint  through  which  t!ie  curve  passes  is  regulated  so  as  to  be  in  a line  drawn  to  the 
centre  of  the  volute  and  the  lines  at  equal  angles  with  each  other. 

Di.minution  of  a Column.  The  continued  contraction  of  the  diameter  of  the  column  as 
it  rises.  Most  of  the  modern  authors  make  tlie  diminution  to  commence  from  one-third 
the  height  of  the  column;  but  in  all  the  ancient  examples  the  diminution  commences 
from  the  bottom  of  the  shaft.  See  Entasis.  In  Gothic  architecture  neither  sm'cH  nor 
diminution  is  used,  all  the  horizontal  sections  being  similar  and  equal. 

Dining  or  Dinner  Room.  Generally  one  of  the  largest  rooms  in  a dwelling-house.  In 
large  buildings  it  extends  to  forty  or  fifty  feet  in  length,  and  the  breadth  is  from  half 
to  three-fourths  the  length.  In  middle-sized  houses,  dining-rooms  run  from  twenty-four 
down  to  eighteen  feet  in  length  by  eighteen  to  sixteen  feet  in  width,  and  thirteen  or 
fourteen  feet  in  height. 

Diocletian  Window.  Usually  called  a Venetian  Window. 

Dipteral.  (Gr.  AtTrepos,  double-winged.)  In  ancient  architecture,  a temple  having  a 
double  range  of  columns  on  each  of  its  flanks.  See  Temple. 

Direct  Radial.  In  perspective,  a right  line  from  the  eye  perpendicular  to  the  picture. 

Directing  Line.  In  perspective,  the  line  in  which  an  original  plane  would  cut  the 
directing  plane. 

Directing  Plane.  In  perspective,  a plane  passing  through  the  point  of  sight,  or  the  eye, 
parallel  to  the  picture. 

Directing  Point.  In  perspect've,  that  in  whivh  any  original  line  produced  cuts  the 
directing  plane. 

Director  of  an  Original  Line.  In  perspective,  the  straight  line  passing  through  the 
directing  point  and  the  eye  of  a spectator.  ^ ... 

Director  of  the  Eye.  In  perspective,  the  intersection  of  the  plane  with  the  directing 
plane  perpendicular  to  the  original  plane  and  that  of  the  picture,  and  hence  also  per- 
pendicular to  the  directing  and  vanishing  planes,  since  each  of  the  two  latter  is  paralhl 
to  each  of  tlie  two  former.  ...  j.  i , 

Directrix.  In  geometry,  the  name  given  to  a certain  straight  line  perpendicular  to  the 
axis  of  a conic  section.  One  of  the  properties  of  these  curves  is  that  the  distance  ol  any 
point  of  the  curve  from  the  directrix  is  to  the  distance  of  the  same  point  from  the  focu.s 
in  a constant  ratio.  The  name  is  sometimes  applied  generally  to  any  straight  or  curved 

line  required  for  the  description  of  any  curve.  . p i 

DischaKGe.  (Fr.  Dccharger.)  The  relief  given  to  a beam,  or  any  other  piece  of  timber, 
too  much  loaded  by  an  incumbent  weight  of  building.  hen  the  relief  is  given,  the 
weight  is  said  to  be  discharged.  , i .1  u it 

Discharging  Arch.  An  arch  built  over  a wood  lintel,  where  >y  10  e<  ? I-  , 
is  taken  off.  The  chords  of  discharging  arches  are  not  much  longer  1 e 1 

being  the  segments  of  very  large  circles.  A temporary  arch  is 

and  Removed  on  completing  the  building.  Somctinics  the  arches  are  built  u itlioiit  any 
lintel  under  them. 

Dishing  Out.  The  same  as  Cradling.  . . 

Bcspluviatoiu.  (Lnt.)  In  ancient  architecture,  a place  ti-om 

away  in  two  channels.  According  to  Vitruvius,  a mvudum  <h.phnwt«m  «.is.in  OIH, 
court  exposed  to  the  rain. 
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Disposttion.  (Lat.)  One  of  the  essentials  of  architecture.  It  is  the  arrangement  of  the 
whole  design  by  means  of  ichnography  (plan),  orthography  (section  and  elevation),  and 
scenography  (perspective  view).  It  differs  from  distribution,  which  signifies  the  par- 
ticular arrangements  of  the  internal  parts  of  a building. 

Distance  of  the  Eye.  In  perspective,  the  distance  of  the  eye  from  the  picture  in  a line 
perpendicular  to  the  plan  thereof. 

Distance,  Point  of.  In  perspective,  the  distance  of  the  picture  transferred  upon  the 
vanishing  line  from  the  centie,  or  from  the  point  where  the  principal  ray  meets  it ; and 
thus  it  is  generally  understood  to  be  on  the  vanishing  line  of  the  horizon. 

Distance  of  a Vanishing  Line.  The  length  of  a perpendicular  falling  from  the  eye  per- 
pendicular to  the  vanishing  plane. 

Distemper.  (Fr.  Detemper.)  In  house  la’nting,  whiting  mixed  with  size  and  w'ater, 
with  which  ceilings  are  generally  done;  plastered  walls  when  not  painted  or  papered 
are  also  so  coA'ered,  and  are  called  coloured  when  a tint  is  used  in  it. 

Distribution.  (Lat.)  The  arrangement  of  the  various  apartments  of  a building. 

Dodecagon.  (Gr.  AwSe/ca  and  Vccvia,  an  angle.)  A regular  polygon  of  twelve  equal  sides. 

Dodecahedron,  (Gr.  AudeKa  and  'E8pa,  a seat.)  One  of  the  five  platonic  bodies,  or 
regular  solids,  its  surface  being  composed  of  twelve  equal  and  regular  pentagons. 

Dodecastyle.  a colonnade  or  portico  consisting  of  twelve  columns. 

Dog-legged  Stairs.  Such  as  are  solid  between  the  upptr  flights,  or  such  as  have  no 
well-hole,  and  in  which  the  rail  and  balu.sters  of  both  progressive  and  retrogressive 
flight  fall  in  the  same  vertical  plane.  The  steps  are  fixed  to  strings,  newels,  and  car- 
riages ; and  the  ends  of  the  steps  in  the  inferior  kind  only  terminate  on  the  side  of  the 
string  without  any  housing. 

Dog-tooth  Ornament.  This  ornament  (fg.  1399  is  a common  representation  of  it),  so 
greatly  used  in  First  Pointed  or  Early  English 
work,  appears  in  the  abacus  of  one  of  the  capitals 
in  the  cloister  at  Monreale,  in  Sicily,  1182-94; 
and  it  is  noted  by  J,  G,  Wigley  as  occurring  in  the 
jambs  of  the  little  church  of  the  Ccenaculum  at 
Jerusalem,  now  known  as  the  mosque  of  the  tomb 
of  David,  erected  early  in  the  fourteenth  century. 

He  assigns  the  origin  of  the  ornament,  as  well  as 
of  the  “ ball  flower,”  to  the  Holy  Land,  the  types  being  obtained  from  the  cyclamen  or 
gazelle’s  horn,  and  the  red  anemone.  The  use  of  it  in  Western  architecture,  1090  1187, 
curiously  corresponds  with  the  period  of  the  first  Ciusades. 

Dolmen.  The  French  name  for  a Cromlech. 

Dome.  (Lat.  Domus.)  The  spherical,  or  otherwise  formed,  convex  roof  over  a circular 
or  polygonal  building.  A surbastd  or  diminished  dome  is  one  that  is  segmental  on  its 
vertical  section,  a surmounted  dome  is  one  that  is  higher  than  the  radius  of  its  bass. 
There  is  great  variety  in  the  forms  of  domes,  both  in  plan  and  section.  In  the  former, 
they  are  circular  and  polygonal ; in  the  latter,  we  find  them  semicircular,  semi-elliptical, 
segmental,  pointed,  sometimes  in  curves  of  contrary  flexure,  bell-shaped,  &c.  The 
oldest  dome  on  record  is  that  of  the  Pantheon  at  Rome,  which  was  erected  under 
Augustus,  and  is  still  perfect.  Below  is  a list  of  the  principal  domes. 


Place. 

Lutheran  Church  at  Warsaw 
Pantheon  at  Rome  (ancient)  . 

British  Museum,  London  (iron) 

St.  Peter’s  at  Rome 
Duomo,  or  Sta.  Maria  del  Fiore,  at  Floren 
Gol  Goomuz,  Beejapore  . 

Sta.  Francesca,  Naples  . 

Baths  of  Caracalla  (ancient)  . 

Sta.  Sophia  at  Constantinople 
S.  Carlo  Borrrmeo,  Milan 
Mosque  of  Snleimanieh,  Constantinople 
Church  at  Darmstadt  . 

St.  Paul’s,  London  • 

Capitol  at  Washington  (iron) 

Hall  of  Liberation  at  Kehlheira 
S.  Isaac  at  S.  Petersburg  (iron) 

Chapel  of  the  Medici  at  Florence 
Church  of  the  Invalides  at  Paris 
Po.ssagno,  Churc  h . 

Halle  aux  Bibs  at  Paris  (iron) 
Baptistery  at  Florence  . 

Cathedral  at  Gran  . . 


Feet  Diam. 
(?)  200 
142| 
140 
139 
e 134^ 

124 

124 

112 

106| 

105 

104 

102 

100 

100 

96 

96 

94 

92 

91 

90 

83f 

82 


Place. 

Minerva  Medica  at  Rome  (ancient) 

St.  George,  Salonica  .... 
Mosque  of  Ahmedith  at  Constantinople 
Jumma  Musjeed.  Be  japore 
Ispahan,  Mesjid  Shah 
Madre  di  Dio,  at  Turin  . 

Santa  Maria  della  Salute,  Venice 
S.  Lorenzo,  Milan 
St.  Gbnbvibve  at  Paris  (Pantheon) 
Supei’ga,  Turin 

Madonna  di  Campagna  at  Verona 
Mosque  of  Hassan  at  Cairo 
St.  Gereon  at  Cologne 
Uuomo  at  Siena 
Santa  Maria  deUa  Grazie,  Milan 
Val  de  Grace  at  Paris 
Radcliffe  Library,  O.xford 
San  Vitale  at  Ravenna  . 

II  Red'ontore.  Venice 
Museum  of  the  Vatican  at  Rome 
San  Marco,  Venice  . 


Feet  Diarc. 
. 81i 

. 80 
80 
75 

. 75 

74 
70 
70 

. 69 

. 64 

. 64 

, 63 

. 60 
57 
57 

. 55 

. 52 

. 50J 

50 

. .^O 

. 45 


Domus  Conversorum.  The  day-room  and  dormitory  of  the  conversi  of  a Cistercian  mo- 
nastery. They  performed  all  the  agrarian,  artificers’,  and  menial  work  incidental  to  the 
cultivation  of  the  land,  and  the  clothing  and  daily  service  of  the  whole  community, 
taking  part  only  occasionally  in  the  daily  service  of  the  Church. 
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U..XJOX  (Fr.)  Tl,e  massive  tower  within  nneient  cattles  t.,  which  the  BarnHm  n,i,-ht 

flcMeleiSr  - -u‘ 

Dook.  (Scotch.)  The  same  as  Wooden  Brick. 

I)ooc.  (Sax.  Do  •,  Gr.  @vpa.)  The  gate  or  entrance  of  a house  or  other  building  or  of  an 
apartment  ,n  a house.  It  must  be  proportioned  to  the  situation  and  use  for  Xh  it  is 
...tended  Thus,  for  an  ordinary  dwellmg-house.  a door  should  not  be  less  than  ^ren  Z 
eight  feet  high,  and  three  to  four  feet  broad  ; but  to  churches  and  public  buildiX  the 
entrance  doors  should  be  much  wider,  to  allow  of  a multitude  passing  out.  So  in  stole  I v 
mansions,  the  doors  must  be  from  s.x  to  twelve  feet  in  width,  and  of  proportional 

Door  hRAME  or  Case.  The  wooden-frame  enclosirif’'  a door 

Dooe  Plaxu.  The  plane  between  the  door  proper^  and  the  larger  opening  within  which 
it  may  be  placed.  It  is  often  richly  ornamented. 

Door  Stop.  The  slip  of  wood  against  which  a door  shuts  in  its  frame  .See  Rebate 

Doorway.  The  framework  of  an  opening  for  a door,  the  shape  of  which  is  determined  bv 
the  style  of  architecture  of  the  building.  The  Greek  doorway  was  always  square-headed 
and  generally  less  in  width  at  top  than  at  bottom.  The  Roman  and  the  Romanesque 
doorways  are  sometimes  round-arched  ; the  Mediaeval  ones  are  pointed  in  shape. 

Doric  Order.  The  first  of  the  orders  used  in  Grecian  architecture,  and  the  second  as 
used  in  Roman  and  Italian  architecture.  Its  c;ipital  is  composed  of  straiMit  lines  and 
mouldings.  In  the  frieze  is  used  the  triglyph,  with  mutules  in  the  cornme  and  corre- 
spending  to  them. 

Dormant  Tree  or  Summer.  The  lintel  of  a door,  window  beam,  &c.  A beam  tenoned 
into  a_  girder  to  support  the  ends  of  joists  on  both  sides  of  it.  Summer,  in  some  loca- 
lities, is  the  common  term  for  a girder.  See  Bressum.mer. 

Dormer.  A window  placed  on  the  inclined  plane  of  the  roof  of  a house,  the  frame  being 
placed  vertically  on  the  rafters.  ’ ^ 

Dormitory.  (Dat.  Dormio,  I sleep.)  A large  sleeping-room,  capable  of  containing  many 
beds.  A range  of  cells  for  sleeping  in. 

Doron.  The  Greek  for  a palm.  See  Brick. 

Dossel.  See  Reredos. 

Double  Cone  MouldinCx.  A moulding  used  in  the 
arches  of  the  Norman  period.  {Fig.  1400.) 

Double  Curvature.  The  curvature  of  a curve, 
whereof  no  part  can  be  brought  into  a plane, 
such  as  the  cylindro-cylindric  curve,  &c. 

Double  Floor.  One  constructed  of  binding  and 
bridging  joists. 

Double-hung  .Sashes.  A window  opening  with  two  sashes,  one  for  lifting  up,  the 
other  for  drawing  down,  fitted  into  the  sash  frame  of  a window  opening. 

Double  Vaults.  Two  vaults  of  brick  or  stone  carrit  d up  separately  with  a cavity  between 
them. 

Doubles.  A sized  slate  used  in  roofing. 

Doubling.  A term  used  in  Scotland  to  denote  eaves’  boards. 

Doucine.  The  French  term  for  the  cyma  recta. 

Dove-house,  or  Dove-cot.  A building  for  keeping  tame  pigeons,  the  only  essential  dif- 
ference between  which  and  a common  poultry  house  is  that  the  entrance  for  the  birds 
must  be  placed  at  a considerable  height  from  the  ground,  because  of  the  flight  of  pigeons 
being  so  much  higher  than  other  birds. 

Dove-tail.  A joint,  so  called  from  its  being  formed  spreading  like  a pigeon’s  tail,  used  by 
carpenters  and  joiners  in  connecting  two  pieces  of  wood,  by  letting  one  into  the  other. 
It  is  the  strongest  method  of  joining  masses,  because  the  tenon  or  piece  of  wood 
widens  as  it  extends,  so  that  it  cannot  be  drawm  out,  because  fhe  tongue  is  lamer 
than  the  cavity  through  which  it  would  have  to  be  drawn.  The  Irench  call  this 
method  queue  dhironde,  or  swallow’s  tail. 

Dove-tail  Moulding.  An  ornament  formed  of  running  bands,  as  Example  fig-  188. 
It  is  sometimes  called  a triangular  fret.  ^ 

Dowel.  A pin  of  wood  or  iron  used  at  the  edges  of  boards  in  laying  floors  to  avoid  the 
appearance  of  the  nails  on  the  surface.  Floors  thus  laid  are  ca  led  dowelkd  fioors. 
The  drums  of  columns  were  steadied  by  the  insertion  of  dowels  of  wo(M,  cube  in 
shape,  as  found  in  the  remains  of  Greek  and  hxgyptian  architecture.  Slate  owe  s 
are  now  often  used  in  preference  to  iron,  on  account  of  the  latter  material  tending 

split  the  stone  with  rust.  , 

Drag.  (Verb.)  A term  applied  to  anything  bearing  down  or  rubbing  on  another. . 1 hus. 
a door  is  said  to  drag  wlien  its  hinges  become  so  loosened  that  the  low'cr  edge  rubs  upon 
the  floor. 


Fig.  1400. 
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Rkaoging.  The  operation  of  completing  the  surface  of  soft,  stone  hy  means  of  an  instru- 
ment called  a drag,  uhich  is  a thin  plate  of  steel  with  fine  teeth  on  one  edge,  moved 
backwards  and  forwards  by  the  workman. 

Dragon  Beam  or  Piece.  In  carpeutr}%  a short  beam  or  piece  of  timber  lying  diagonally 
with  the  w'all-plates  at  the  angles  of  a roof  for  receiving  the  heel  or  foot  of  the  hip 
rafter.  It  is  fixed  at  right  angles  witli  another  piece  called  the  avgh  tic,  which  is  sup- 
ported by  each  returning  wall  plate,  on  which  it  is  cocked  down.  It  may  be  a corruption 
of  “ dragging.” 

Drain.  A subterraneous  or  other  channel  for  w^aste  water. 

Draught  or  Drawing.  The  representation  of  a building  on  paper,  explanatory  of  the 
various  parts  of  the  interior  and  exterior,  by  means  of  plans,  elevations,  and  sections, 
drawn  to  a scale,  by  which  all  the  parts  are  exhibited  in  the  same  proportion  as  the 
parts  of  the  edifice  intended  to  be  represented.  Working  drawings  show  the  parts  in 
detail,  or  serve  as  directions  to  the  artificers. 

Draught.  In  masonry,  a part  of  the  surface  of  the  stone,  hewn  to  the  breadth  of  the 
chisel  on  the  margin  of  the  stone  according  to  the  curved  or  straight  line  to  which  the 
surface  is  to  be  brought.  When  the  draughts  are  framed  round  the  different  sides  of  the 
stone,  the  intermediate  part  is  wrought  to  the  surface  by  applying  a straight  edge  or 
templet.  In  very  large  stones,  when  the  substance  needs  much  reduction,  it  is  usual  to 
make  several  intermediate  parallel  draughts,  and  thus  the  intermediate  parts  may  bo 
hewn  down  nearly  by  the  eye,  without  much  application  of  the  straight  edge  or 
templet. 

In  carpentry,  when  a tenon  is  to  be  secured  in  a mortise  by  a.  pin,  and  the  hole  in  the 
tenon  is  made  nearer  the  shoulder  than  to  the  cheeks  of  the  mortise,  the  insertion  of  the 
pin  draws  the  shoulder  of  the  tenon  close  to  the  cheeks  of  the  mortise,  and  it  is  said  to 
liave  a draught.  See  Draw  Bore  Pins. 

1»raught  Compasses.  Those  with  moveai'le  points. 

Draw  Bore.  (Verb.)  The  pinning  a mortise  and  tenon,  by  piercing  the  hole  through 
the  tenon  nearer  to  the  shoulder  than  the  holes  through  the  cheeks  from  the  abutmei.t 
in  which  the  shoulder  is  to  come  in  contact. 

Draw  Bore  Pins.  Pieces  of  steel  in  the  shape  of  a frustrum  of  a cone,  rather  taper, 
and  inserted  in  handles  with  the  greatest  diameter  next  to  the  handle,  for  driving 
through  the  draw  bores  of  a mortise  and  tenon  in  order  to  bring  the  shoulder  of  the  rail 
close  home  to  the  abutment  on  the  edge  of  the  style.  When  this  is  effected,  the  draw 
bore  pins,  when  more  than  one  are  used,  are  taken  out  singly,  and  the  holes  immediately 
filled  up  with  u’ooden  pegs. 

Drawpridge.  One  made  with  long  and  lieavy  levers  to  be  raised  or  let  down,  at 
pleasure. 

Drawing.  See  Draught. 

Dramung  Knife.  An  edge  tool  used  to  make  an  incision  on  the  surface  of  wooil 
along  which  the  saw  is  to  follow.  It  prevents  the  teeth  of  the  saw  tearing  the 
surface. 

Drawing  Room,  perhaps  more  properly  Withdrawing  Room.  The  apartment  to  which 
the  company  withdraw  after  dinner. 

Dressed.  A term  in  masonry  which  expresses  the  operation  a stone  has  undergone  before 
building  it  in  the  wall,  whether  by  the  hammer  only  or  by  the  mallet  and  chisel,  and 
then  rubbing  the  face  smooth.  In  Scotland  the  term  is  used  to  signify  hammer  dressing 
only. 

Dresser.  A long  table  placed  against  a wall  in  a kitchen,  usually  with  drawers,  and 
having  shelves  over  it  for  plates,  stopped  by  a Cut  Standard.  At  the  edges  of  the 
shelves  hooks  are  driven  to  carry  jugs  and  cups.  Under  the  drawers  is  a shelf  raised 
a few  indies  above  the  fioor,  and  called  a pot  board,  for  holding  pots  used  in  cooking. 

Dressing  Room.  A room  generally  adjoining  to  and  communicating  with  the  sleeping 
room,  used,  as  the  name  implies,  for  dressing  in.  It  should  have  a separate  door  to 
open  on  the  lobby  or  passage  of  communication. 

Dressings.  All  kinds  of  mouldings  beyond  the  naked  walls  or  ceilings  are  called  by  the 
general  name  of  dressings.  In  joinery  it  is  a term  applied  to  the  architraves  or  other 
appendages  of  apertures. 

Drift.  (Sax.  Dpiyan.)  The  horizontal  force  which  an  arch  exerts  with  a tendency  to 
overset  the  piers  from  which  it  springs. 

Drip.  See  Corona. 

Dripstone.  The  moulding  in  Gothic  architecture  placed  over  an  opening  to  throw  off 
water.  It  is  also  called  a weather  moulding,  or  mere  properly  hood  moidd ; and  label 
when  it  is  returned  square. 

Dripping  Eaves.  The  lower  edges  of  a roof  from  which  the  rain  drips  or  drops  to  the 
ground. 

Droog.  a Sanscrit  term  for  a hill  fort,  a term  used  in  Hindostan. 
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Drop  or  Outvsk  Ancir.  A pointed  arch  of  less  height  than  that  formed  by  an  equilateral 
triangle,  similar  to  Fig.  1401.  ^ 

Drops.  (Sax.  Dpofpan.)  The  frusta  of  cones  in  the  Doric 
Order,  used  under  the  triglyphs  in  the  architrave  below 
the  tania.  They  are  also  employed  in  the  under  part  of 
the  mutuli  or  modillions  of  the  order.  In  the  Greek 
examples  they  are  sometimes  curved  a little  inwards  on 
the  profile,  and  were  called  Gutter. 

Droved  Ashlar.  A term  used  in  Scotland  for  chiselled  or 
random-tooled  ashlar.  It  is  the  most  inferior  kind  of 
hewn  work  in  building.  What  is  in  that  country  called 
broached  work  is  sometimes  done  without  being  droved  ; 
but  in  good  broached  work  the  face  of  the  stone  should  be 
previously  droved,  and  then  broached. 

Droved  and  Broached.  A term  used  in  Scotland  to  signify 
work  that  has  been  roughed  and  then  tooled  clean. 

Droved  and  Striped.  Work  that  is  first  droved  and  then 
striped.  The  stripes  are  shallow  grooves  done  with  a half 
or  three-quarter  inch  chisel,  about  an  eighth  of  an  inch  deep,  having  the  droved  inter- 
stices prominent.  This  and  the  two  preceding  sorts  of  work  are  not  much  used  in  the 
southern  part  of  England. 

Drtjidical  Architecture.  The  Celtic  erections  were  formerly  .‘•o  called. 

Drum.  (Dan.  Tromme.)  The  upright  part  under  or  above  a cupola.  The  same  term 
is  sometimes  applied  to  the  solid  part  or  vase  of  the  Corinthian  and  Composite 
capitals  ; as  well  as  to  the  block  of  stone  composing  part  of  tlie  shaft  of  a column. 

Druxt.  Timber  having  decayed  spots  or  streaks  of  a whitish  colour  in  it. 

Dry  Rot.  A disease  of  timber  which  destroys  the  cohesion  of  its  parts;  it  is  usually 
ascribed  to  the  attacks  of  fungi,  such  as  the  Pvlt/porns  destructor  SiXid.  Merulius  lacrymans, 
whose  spawn  appears  upon  the  surface  overspreading  it  like  a tough  thick  skin  of 
white  leather;  and  there  is  no  doubt  of  its  being  often  connected  with  the  appearance  of 
such  fungi.  Dry  rot  is,  how'ever,  in  some  cases  to  be  identified  with  the  pre.sence  of 
fungi  of  a more  simple  kind  than  those  just  mentioned,  such  as  those  of  the  genus 
Sporotrichum. 

DunniNG  OUT.  A term  used  by  plasterers  to  signify  the  bringing  of  an  uneven  surface  in 
a wall  to  a plane,  by  pieces  of  tile,  slate,  or  the  like,  before  it  is  plastered  over. 

Duchesses.  A sized  slate  used  in  roofing. 

Dwang.  a term  used  in  Scotland  to  denote  the  short  pieces  of  timber  employed  in  strut- 
ting a floor. 

Dw'arf  Wainscoting.  Such  as  does  not  reach  the  whole  height  of  a room,  being  usually 
three,  four,  five,  or  six  feet  high.  Sometimes  called  a Dado. 

Dwarf  Walls.  Low  walls  of  less  height  than  the  story  of  a building;  sometimes  the 
joists  of  a ground  floor  rest  upon  dwarf  walls.  The  enclosures  of  courts  are  frequently 
"formed  by  them  with  a railing  of  iron  on  the  top;  and  indeed  any  low  wall  used  as 
a fence  is  a dwarf  wall.  See  Fender. 

Dw'elling  House.  See  House.  ^ 

Dynamics.  (Gr.  Auiojuis,  force  or  power.)  As  generally  understood,  the  science  which 
treats  on  the  motion  of  bodies,  because  it  is  only  known  to  us  by  the  motion  it  proiluces 
in  the  body  on  vdiich  it  acts.  It  is  however  usually  restricted  to  those  circumstanci^ 
of  motion  in  which  the  moving  bodies  are  at  liberty  to  obey  the  impulses  communicjited 
to  them  ; the  opposite  cases,  or  those  in  which  the  bodies,  whether  by  c.'cternal  circum- 
stances or  by  their  connection  with  one  another,  are  not  at  liberty  to  obey  the  impulses 
given,  being  within  the  science  of  mechanics. 


AGLE.  See  HilTIAIOI.  ^ ^ -If  r „ I 

;arly  English  Period.  The  name  given  to  the  first,  or  Lancet  period  of  medi^^val 

architecture  in  England.  It  succeeded  that  of  the  Korman  towards  the  end  of  the 
twelfth  century.  The  accompanying  illustration,  fig.  1402,  is  a fine  example  of  the 
work  of  that  period. 

Iars.  The  same  as  Crossettes.  , r i • iin,, 

Arth  Closet.  A convenience  for  the  use  of  tlie  occupants  of  a house,  n lieu  of  a Mater 
closet  lately  suggested  by  Rev.  H.  Moule,  of  Dorchester.  Though  adaptable  to  e\cry 
Sng  it  is  mS^  to  a country  habitation.  Two  tubs  are  requ.ml,  one 

beinffthe  store  for  dry  common  garden  mould;  the  other,  the  receptacle  for  the  deposit.s, 
orr'elch  o"  placed  half  a spadeful  of  the  -uld 

smell  arising.  When  the  tub  is  full,  it  may  either  be  set  aside  foi  “ho''t  'i  mu 
fortnight  to  dry,  when  the  mould  is  then  fit  to  be  re-used,  or  emphned  foi  garden 
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purposes.  Liquid  sewage  will  require  to  be  disposed  of  separately,  as  it  saturates  a 
large  quantity  of  earth. 

Mauth  Tabi.e,  or  Gkound  Tabi-f, 
and  Grass  Tabi.k.  The  pliii'h 
of  a wall  (usually  in  Goth.ic  work), 
or  lowest  course  of  pr'-jeciing 
stones  immediately  above  the 
ground.  See  Foot-stall, 

Faster,  or  Holy,  Sepulchre.  A 
n*cess  for  the  reception  of  the 
holy  elements  consecrated  on 
the  Coena  Domini  or  Maunday 
'I'hursday,  till  higli  mass  on 
Kaster-day,  The  few  examples 
in  England  remaining  are  gene- 
rally shallow,  under  an  arch  of 
obtuse  or  broad  ogee  form,  rising 
about  three  feet  from  the  slab, 
and  are  placed  on  the  north  side 
of  the  church. 

Eaves.  (Probably  Fr,  Eaux.)  The 
lowest  edges  of  the  inclined  sides 
of  a roof  which  project  beyond 
the  face  of  the  walls,  so  as  to 
throw  the  water  off  therefrom, 
that  being  their  office. 

Eaves’  Board,  Eaves’  IjAth,  Eaves’ 

Catch.  See  Arris  Fillet. 

Ebony.  The  wood  of  a natural 
order  of  shrubby  or  arborescent 
exogens,  chiefly  inhabiting  the 
tropics.  Some  species  are  re- 
markable for  the  hardness  and 
blackness  of  their  wood,  which  is 
principally  used  for  furniture. 

Eccentricity.  The  difference  of 

centre  from  another  circle.  The  distance  between  the  foci  of  an  ellipse. 

Echea.  (Gr.  Hxew,  I sound.)  In  ancient  architecture,  sonorous  vessels  of  metal  or  earth, 
in  the  form  of  a bell,  used  in  the  construction  of  theatres  for  the  purpose  of  reverberat- 
ing the  sound  of  the  performer’s  voice.  They  were  distributed  between  the  seats,  and 
are  described  in  the  fifth  book  of  Vitruvius,  who  states  that  Mummius  introductnl  them 
in  Eome,  after  the  taking  of  Corinth,  where  he  found  this  expedient  used  in  the  theatre. 

Echinus.  (Gr.  Ex'fos.)  The  same  as  the  ovolo  or  quarter  round,  though  the  moulding 
is  only  properly  so  called  when  carved  with  eggs  and  anchors.  (See  Anchor.)  It 
is  the  shell  or  husk  of  the  chesnut,  though  the  ornament  does  not  seem  to  bear  much 
resemblance  to  it. 

Ecphora.  (Gr.  E/c,  out,  <f>(pco,  I bear.)  A word  used  by  Vitruvius  (lib.  iii.  cap.  3.)  to 
signify  the  projecture  of  a member  or  moulding  of  a column,  that  is,  the  distance  of  its 
extremity  from  the  naked  of  the  column,  cr,  according  to  others,  from  the  axis. 

Ectype.  (Gr.  Ektvttoj/.)  An  object  in  relievo,  orembos>ed. 

Edge.  (Sax.  ee^e.)  The  intersection  of  two  planes  or  surfaces  of  a solid,  wliich  therefore 
is  either  straight  or  curved  according  to  the  direction  of  the  surfaces.  See  Arris.  It 
is  also  that  side  of  a rectangular  prismatic  body  which  contains  the  length  and  thick 
ness;  but  in  this  sense  of  the  term,  the  body  to  which  it  applies  is  generally  under 
stood  to  be  very  thin  ; thus  we  say  “the  edge  of  a door,”  “the  edge  of  a board,”  meaning 
the  narrow  side.  The  edge  of  a tool  is  the  meeting  of  the  surfaces  wdien  ground  to  a 
very  acute  angle. 

Edoe  Tools.  Those  which  clip  or  shave  in  the  operation  of  working. 

Edging.  In  carpentry,  the  reducing  of  the  edges  of  ribs  or  rafters,  whether  externally  or 
internally,  so  as  to  range  in  a plane  or  in  any  curved  surface  required.  Backing  is  a 
particular  use  of  edging,  and  only  applies  to  the  outer  edges  of  ribs  or  rafters ; but 
edging  or  ranging  is  a general  term,  and  applies  either  to  the  backing  or  internal  sur 
face.  See  Backing. 

Edifice.  (Lat.  Hildificium.)  A word  synonymous  with  fabric,  building,  erection  ; the 
word  is,  however,  more  usually  employed  to  denote  architectural  erections  distinguished 
for  grandeur,  dignity,  and  importance. 

Effect.  (Lat.  Efficio.)  That  quality  in  works  of  art  whose  nature  is  to  give  particular 
efficacy  to  other  qualities,  so  as  to  bring  tlmn  out  and  attract  the  eye  of  the  spectator. 


Fig.  1402.  West  Front  and  Towers  of 
Ripon  Cathedral,  1215-55. 
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Eon  AND  Tongdr.  Ornaments  used  in  the  echinus,  supposed  hv  Ou->trr>m^r„  a n • 
to  have  had  their  origin  in  the  head  of  Jsis.  and,  a,  lie  imal?,  ^ 
collar  or  neckl.^e  of  tl.e  mundane  egg  an, I the  tongue  of  the'  ier  a-nt  of  imnn"i  din’ 
h«Velf""st''F;™r  »-»  -"l-le  ohjito,  thoee  ornaluV,: 

EoypTiAtt  AncHiTECTunn.  In  analysing  the  architecture  of  Egypt,  three  point,  off,.r 
themselves  for  cons, deration ; cotistraction,  form,  and  decoraLn.  If  soli. I v l!e  n 
- ment,  no  nation  has  equalled  the  Egyptian.  Uniformity  of  plan  characterises  ,dl  tir 
works ; they  never  denated  from  the  straight  line  and  square.  The  decora  1 
of  he  buddings  were  chiefly  incise, , or  p,ainted  on  plaster.  The  pyramids  ten, pics 

Vct^'etfrnar’  “ ^ ^oonicil  to 

Egyptian  Hall.  See  (Ecus. 

Ih..K„T,tnsroM  (Gr.  E\a,or.  oil.)  In  ancient  arcldteeture,  an  apartment  in  the  bath, 
Avherein,  after  leaving/  the  bath,  the  bathers  anointed  themselves 
EiasT.c  CunVE.  In  mechanics,  the  flgnre  assumed  by  an  elastic'  Imdv,  one  end  of  w hicli 
IS  fixed  horizontally  m ayertical  plane,  and  the  olhor  loaded  with'a  weight  which  hv 
Its  gravity,  tends  to  bend  it.  ^ » J 

Elasticity.  (Gr.  EWti,,  a spring,  from  K\avuu,,  I draw.)  In  pliysics,  that  property  pos- 
sessed by  certain  bodies  of  recovering  their  form  and  dimensions  after  the  external 
force  which  has  dilated  or  compressed  them  is  withdrawn.  It  is  only  perfect  when 
the  body  recovers  exactly  its  primitive  form  after  the  force  to  which  it  has  been  sub- 
jected has  been  reinoved,  and  that  in  the  same  time  as  was  required  for  the  force  to 
produce  the  alteration.  This  is  however  a quality  not  strictly  found  in  nature 
Ei.bow.  The  upright  side  which  flanks  any  panelled  work,  as  in  windoAvs  be'low  the 
shutters,  &c. 

Elevation.  (Lat.  EleA-atio.)  A geometrical  projection  drawn  on  a plane  perpendicular 
to  the  horizon. 

Elizabethan  Architecture.  The  namegiA'en  to  the  mixed  or  debased,  yet  picturesque, 
style  of  architecture  prevailing  during  the  reign  of  queen  Elizabeth  of  England,  caused 
by  the  partial  introduction  of  Italian  art  and  its  mixture  with  mediieval  details,  with 
the  requirements  of  greater  civilization,  leading  to  the  purer  examples  displayed  by 
Inigo  Jones. 

Ellipse  or  Ellipsis.  (Gr.  EAAeafnv,  defect.)  One  of  the  conic  sections  produced  by 
cutting  a cone  entirely  through  the  curved  surface,  neither  parallel  to  the  base,  nor 
making  a subcontrary  section  ; so  that  the  ellipsis,  like  the  circle,  is  a curve  that  returns 
into  itself  and  completely  encloses  a space. 

Ellipsograph.  An  instrument  for  describing  an  ellipsis  by  continued  motion. 

Ellipsoid.  See  Conoid. 

Elliptic  Arch.  A portion  of  the  curve  of  an  ellipsis  employed  as  an  arch. 

Elliptic  Compasses.  The  same  as  Ellipsograph. 

Elliptic  winding  Stairs.  Such  as  are  cased  in  and  wind  round  an  elliptic  newel. 

Elm.  (Lat.  Ulmns.)  A forest  tree  occasionally  used  in  building,  principally  for  weather- 
boarding  to  barns,  and  such-like  sheds. 

Embankment.  A term  signifying  any  large  mound  of  earth  on  the  sides  of  a passage  for 
water  or  other  purposes  ; also  for  protection  against  the  action  of  the  sea.  It  is  usually 
constructed  of  earth,  and,  when  necessary  to  resist  much  force,  cased  Avith  brick  or  stone. 
Embattled.  A wall  indented  with  notches  in  the  form  of  embrasures  on  the  top  of  a wall, 
parapet,  or  other  building.  It  is  sometimes  called  crenellated. 

Embattled  Aronade.  See  Aronade. 

Embattled-battled  Line.  A straight  line  bent  into  right  angles,  so  that  if  there  ho 
three  sets  of  parts,  one  set  may  be  parallel  to  those  of  the  other  two. 

Embattled  Buildings.  Those  with  embrasures  in  the  parapets,  resembling  a castle  or 
fortified  place. 

Embossing  or  Embossed  Work.  (Fr.  Bosse,  a protuberance.)  The  raising  or  forming 
in  relieA'o  any  sort  of  figure,  whether  performed  with  the  chisel  or  otherAvise.  It  is  a 
kind  of  sculpture,  in  which  the  figures  rise  from  the  plane  on  which  they  are  forimxl, 
and  as  they  are  more  or  less  prominent  they  are  said  to  be  in  alto,  mezzo,  or  hasm  rdieco. 
Embrasure.  An  opening  made  in  the  wall  or  parapet  of  a fortified  place;  it  is  also  called 
a crenel.  The  term  is  also  applied  to  an  enlargement  within  the  sides  of  a Avindow, 
in  which  sense  it  is  the  same  as  Splay. 

Emplecton.  (Gr.  EM^rAe/cw,  I entangle.)  Among  the  ancients,  a method  of  constructing 
walls,  in  Avhich,  according  to  VitruA'ius,  the  front  stones  Avere  wrought  fair  and  the 
interior  left  rough  and  filled  in  with  stones  of  Auirious  sizes. 

Encarpus.  (Gr.  Ev  and  Kapiros.')  The  festoons  on  a frieze,  consisting  of  fruit,  flower-i, 
leaves,  &c. 

Encaustic  Work.  An  ancient  mode  of  painting,  in  which  the  execution  w.os  accom- 
plished by  the  application  of  heat.  It  AA'ouId  appear  as  it  one  process  consisted  io 
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mixing  the  tints  in  hot  wax,  which  were  then  applied  on  the  wall ; and  another,  to  coal 
the  wall  with  wax  after  the  tint  had  been  given  to  the  wall,  rubbing  in  well  the  wax 
with  hot  cloths. 

Excaustic  Tiles.  Tiles  of  earthenware  used  as  paving.  They  are  coloured  and  glazed, 
and  formed  to  any  shapes  for  patterns. 

End  of  a Stone,  Brick,  &c.  The  two  parallel  sides  which  form  the  vertical  joints. 

Endkcagon.  (Gr.  Ev5£/co,  eleven,  and  r«na,  an  angle.)  A plain  geometrical  figure  bounded 
by  eleven  sides. 

Engaged  Columns.  Those  attached  to  walls,  by  which  a portion  of  them  is  concealed. 
They  neA'er  stand  less  than  half  their  diameter  out  of  the  wall  to  which  they  are  attached. 

English  Bond.  In  brickwork,  the  laying  one  course  of  bricks  all  headers,  and  the  next 
course  all  stretchers,  when  for  a one-brick  wall. 

Ensemble.  (Fr.)  A term  denoting  the  masses  and  details  considered  with  relation  to 
each  other. 

Entablature.  (Fr.  Entablement.)  In  Greek,  Roman,  and  Italian  architecture;  the 
whole  of  the  parts  of  an  order  above  a column.  The 
assemblage  is  divided  into  three  parts : the  architrave, 
which  rests  immediately  on  the  column  ; the  frieze, 
next  over  the  architrave,  being  the  middle  member  ; 
and  the  cornice,  which  is  the  uppermost  part.  All 
three  vary  according  to  the  different  Orders.  The 
entablature  has  sometimes  been  used  as  an  archivolt, 
as  in  the  specimen  here  given,  from  a building  by  the 
elder  Dance,  who  fullow'ed  the  example  of  Wren  and 
other  eminent  professors.  This  use  of  it  has  been 
highly  reprobated  as  a false  principle  of  construc- 
tion, as  it  conveys  a false  idea  of  the  real  use  of  the 
entablature;  see  fig.  14U3.  In  the  early  Rennais- 
sance  architecture,  the  arch  sprang  from  the  capital 
of  the  column. 

Entail  or  Entayle.  The  more  delicate  and  elaborate 
portions  of  carved  mediieval  decoration. 

Entasis.  (Gr.  ’E.uraais.')  A delicate  and  almost  imper- 
ceptible swelling  of  the  shaft  of  a column,  to  be  found 
in  almost  all  the  Grecian  examples.  It  seems  to  have 
been  adopted  to  prevent  the  crude  appearance  which 
the  frusta  of  cones  would  have  presented.  This  re- 
finement is  alluded  to  in  the  second  chapter  of  the 
third  book  of  Vitruvius,  and  was  first  in  modern 
times  observed  in  execution  in  1814  by  Mr.  Allason. 

It  has  been  adopted  in  the  lines  of  a spire. 

Enter.  (Verb.)  In  carpentry  and  joinery,  the  act  of  inserting  the  end  of  a tenon  in  the 
mouth  of  a mortise  previous  to  its  being  driven  home  to  the  shoulder. 

Entehclose.  a passage  between  two  rooms. 

Entresol.  (Fr.)  A low  story  over  another  one,  both  coming  within  a story  equal  in 
height  to  both.  See  Mezzanine. 

Envelope.  (Verb.)  The  covering  of  a portion  of  the  surface  of  a solid  with  a thin  sub- 
stance or  wrapper,  which  in  all  points  or  parts  comes  in  contact  with  the  surface  of  such 
surface.  To  develop  the  surface  of  a solid  is  to  find  the  envelopes  that  will  cover  its 
different  parts. 

Eopyla.  (Gr.)  A church  with  an  apsis  at  the  eastern  end. 

Eothola.  (G-r  ) A church  with  an  apsis  at  the  western  end. 

Ephebeium.  (Gr.)  A building,  in  ancient  architecture,  for  the  exercise  and  wrestling  of 
the  youth. 

Epicranitis.  (Gr.)  A name  given  by  the  Greeks  to  the  tiles  forming  the  cyma  or  upper 
member  of  the  cornice  of  their  temples. 

Epicycloid.  (Gr.  EttikvkXos,  and  EtSos,  form.)  In  geometry,  a curve  line  generated  by  the 
revolution  of  a point  in  the  circumference  of  a circle,  which  rolls  on  the  circumference 
of  another  circle,  either  externally  or  internally. 

Episcenium.  (Gr.  Eth,  upon,  '^Krivr\,  a scene.)  In  ancient  architecture,  the  upper  order  of 
the  scene  in  a theatre. 

Epistylium.  (Gr.  Etti,  upon,  2tu\os,  column.)  The  same  as  Architrave. 

Epitithedes.  (Gr.  Em,  upon,  TiOrjfu,  I place.)  The  crown  or  upper  mouldings  of  an 
entablature. 

Equiangular.  Having  equal  angles. 

Equidistant.  At  equal  distances. 

Equilateral.  Having  equal  sides. 


Fig.  1403.  Cliurch  of  St.  Leomircl, 
Shoreditch. 
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EariLATEUAL  Akch.  An  arch  formed  of  two  segments  of  circles  whose  centres  are  at  the 
spring  of  the  arch  on  each  side,  and  if  united  with  the  point 
of  intersection  or  apex  of  the  arch  form  an  equilateral 
triangle,  as  shown  in  Jig.  1404. 

EQUiLiBRroM.  In  mechan’cs,  an  equality  of  forces  in  opposite 
directions,  so  as  mutually  to  balance  each  other.  For  the 
arch  of  equilibrium,  see  Catenary  Curve. 

Eremacausis.  Slow  combustion,  which  takes  place  in  timber, 
ami  is  the  cause  of  its  decay. 

Eroastult'M.  In  ancient  architecture,  a name  given  by  the 
Romans  to  a prison  or  house  of  correction,  where  slaves,  by 
the  sole  authority  of  their  masters,  were  confined  for  their 
offences  and  subjected  to  liard  hibour.  By  the  Greeks  these 
buildings  were  called  sophronistcria. 

Escape.  That  part  of  the  shaft  of  a column  where  it  springs 
out  of  the  base  moulding.  It  is  also  called  the  apojphyge, 
and  in  French,  conge. 

Escutcheon.  A shield  for  armorial  bearings,  a mode  of  deco- 
ration extensively  used  in  Gothic  architecture.  It  is  also  a plate  for  protecting  the 
keyhole  of  a door  ; or  one  to  which  tlie  handle  of  a door  is  attached. 

Estimate.  The  computed  cost  of  works  before  they  are  commenced. 

Estrade.  An  even  or  level  space ; a public  road. 

Etruscan  Buildings.  The  inhabitants  of  Etruria,  a country  of  Italy,  and  now  called 
Tuscany,  are  supposed  to  have  been  a colony  from  Greece.  Great  solidity  of  con- 
struction is  the  prominent  feature,  enormous  blocks  of  stone  forming  the  high  walls 
of  fortified  places.  Their  other  works  are  tombs,  in  which  are  found  works  of  art  of 
high  merit,  especially  the  Abases  of  red  ware  with  black  figures  and  ornamentation. 

Edrithmy.  (Gr.  EupvO/xLa,  justness  of  proportion.)  The  regular,  just,  and  symmetricil 
measures  resulting  from  harmony  in  the  proportions  of  a building  or  order.  Vitruvius 
makes  it  one  of  his  six  essentials. 

Eustyle.  (Gr.  Eu,  well,  and  2tuAos,  column.)  See  Colonnade. 

Evaporation.  (Lat.)  The  conA’^ersion  of  substances  into  \mpour,  during  which  process 
a considerable  quantity  of  sensible  heat  passes  into  the  latent  or  insensible  state. 
The  circumstances  Avhich  principally  infiuence  the  process  of  evaporation,  are  extent  of 


surface,  and  the  state  of  the  air  in  respect  of  temperature,  dryness,  stillness,  and  density. 

Evolute.  (Lat.  Ea"o1a'0.)  In  the  theory  of  curve  lines,  is  a curve  from  Avhich  any  given 
curve  may  be  supposed  to  bo  formed  by  the  evolution  or  unlapping  of  a thread  trom  a 
surface  having  the  same  curv'ature  as  the  first  curve.  The  curve  thus  generated  is 
called  the  involute  curve. 

Excavation.  (Lat.)  The  digging  out  or  hollowing  the  ground  for  the  foundations  of  a 
wall  or  of  a building,  or  of  a floor  below  the  level  of  the  ground. 

Exchange.  A place  of  meeting  and  resort  for  the  merchants  ot  a city  to  transact  the 
affairs  relating  to  their  trading.  There  is  every  reason  to  believe  that  the  ancient 
basilica  served  at  the  same  time  for  the  accommodation  of  the  officers  of  the  law  and  for 
the  assembling  of  the  merchants.  All  modern  cities  with  any  pretension  to  commerce 
have  some  place  appropriated  to  the  recep  ion  ut  the  merchant,  to  which  at  a certain 
hour  he  resorts.  ISometimes  it  is  a place  surrounded  Avith  porticoes  and  planted  Avith 
trees.  Often  it  is  a building,  including  several  porticoes,  surrounded  by  offices  for  the 
bankers  and  money-changers,  which  latter  use  has  given  among  us  the  name  of  exchange 

to  the  building.  , „ , i u i ... 

The  exchange  is,  perhaps,  next  in  importance  to  the  town  hall,  and  should  be  co  - 
mensurate  in  appearance  and  accommodation  with  the  wealth  and  consequence  o o 
city : it  should,  moreover,  if  possible,  be  placed  in  the  most  central  pirt. 

The  Exchange  at  Amsterdam  seems  for  a long  time  to  have  prevailed  as  the  model 
for  all  others.  ^It  was  commenced  in  1608,  and  finished  in  1613,  and  its  architect  was 
Cornelius  Bankers  de  Ry.  It  is  about  271  feet  long,  and  about  15-  , , • 

The  Bourse  at  Paris  has  always  been  considered  an  adm.rable 

Brongniart,  and  completed  ty  Labarre  at  a much  protracted  Pf 
on  the  plan  is  a parallelogram  of  212  feet  by  126  feet.  It 
unbroken  peristyle  of  sixty-six  Corinthian  columns, 

attic.  The  peristyle  forms  a covered  gallery,  to  which  the  .^he 

steps  extending  the  whole  width  of  the  western  front.  n e conveniently 

gram  is  the  Lite,  or  great  hall,  116  feet  long  and  76  jiroad 

contains  2,000  persons.  At  its  eastern  end  is  a circu  there 

A’euience  of  the  agens  de  change : these  only  are  admit  e 
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is  ii  communication  from  their  hall  of  business.  On  the  right  are  rooms  for  the  com- 
mittee and  syndicate  of  the  agens  de  change,  for  the  courtiers  de  commeice,  and  a hall 
of  meeting  for  the  laiter.  From  the  gallery,  as  on  the  ground  floor,  a corridor  extends 
round  the  Salle,  communicating  'witn  the  Chamber  of  Commerce,  the  Court  of  Bank- 
ruptcy, and  other  public  offices.  The  cost  of  this  elegant  building  was  about  326,000/. 

The  Royal  Exchange  in  London  was  erected  from  the  design  of  the  late  Sir  Willianx 
Tile,  and  opened  October  1844,  at  a total  co^t  of  about  150,000/.  It  is  308  feet  long, 
and. 119  feet  wide  at  the  west  end,  but  175  feet  at  the  ea^t  end.  Tlie  central  area, 
which  is  uncovered  as  above  noticed,  is  ill  feet  by  53  feet,  and  with  the  arcades  (21 
feet  wide)  surrounding  it,  170  Jeet  by  112  feet.  This  was  originally  left  uncover- d,  but 
a fine  glazed  roof  was  put  over  it  in  1886  by  Charles  Barry.  The  subscribers’  room  of 
Lloyd’s  is  100  feet  loi  g by  48  feet  wide;  the  commercial  room  on  the  north  side  is 
86  feet  long  and  40  fett  wi  .e.  The  ambulatory  was  highly  painted  and  decorated  in 
encaustic  by  Fred.  Sang. 

The  Stock  Exchange  was  rebuilt  in  1854  by  Thomas  Allason,  jun  , but  in  1885-7  it 
was  enlarged  to  about  double  the  size,  with  numerous  additions,  bv  John  J.  C de.  It 
is  somewhat  in  the  form  of  a Greek  cross,  having  a dome  of  timber  with  skylights, 
39  feet  in  diameter.  It  will  hold  about  1,200  members,  but  it  is  seldom  all  are  present. 
F reproof  strong  rooms  with  lockers  are  provided  for  the  custody  of  securities. 
Besides  the  “ house  ” or  large  reading  and  refreshment  rooms,  there  are  offices  for 
brokers  in  the  houses  communicating. 

The  Coal  Exchange  was  rebuilt  in  1849,  by  the  late  Mr.  J.  B.  Running,  City  archi- 
tect. It  consists  of  offices  on  several  floors  around  a c ntral  hall  60  feet  diameter,  and 
74  feet  high  to  the  top  of  the  dome ; it  is  formed  principally  of  iron,  and  is  decorated 
with  representations  c.f  nature  found  in  the  coal  measures,  &c. 

The  Exchange  Buildings  at  Liverpool,  formerly  one  of  its  grandest  buildings,  erected 
in  1801,  by  Mr.  Foster,  sen.,  has  been  lately  rebuilt  by  Mr.  Thos.  H.  Wyatt,  otLondon, 
on  a much  larger  scale.  The  area  of  the  Corn  Exchange  there  is  100  feet  by  98  feet, 
divided  into  three  aisles  by  two  rows  of  iron  columns,  the  centre  having  curved  iron 
ribs  supporting  the  roof.  There  are  170  stands  for  the  merchants.  The  architect  was 
Mr.  J.  A.  Picton,  and  it  was  erected  1851-53,  at  a cost  of  1 1,000/. 

Corn  exchanges,  or  corn  markets  as  they  are  usually  called,  are  now  to  be  seen  in 
every  important  town.  In  1856,  when  that  at  Coventry  w'as  built,  it  was  stated  to  be 
“ the  largest  hall  of  the  sort,”  being  110  feet  long,  55  feet  wide,  and  46  feet  high; 
across  the  galleries  it  was  about  74  feet  wide.  The  Corn  Exchange,  in  Mark  Lane,  is 
the  greatest  corn  market  in  the  world.  Though  the  first  site  had  been  increased  in 
area,  additional  space  was  acquired,  and  in  1878  a new  exchange  whs  in  course  of  con- 
struction from  the  designs  of  the  architect,  the  late  Edward  I’Anson.  It  is  about  100 
feet  wide ; the  front  part  is  40  feet  deep,  and  in  rear  is  a nave  of  60  feet  with  aisles 
on  three  sides  of  20  feet  each,  the  centre  having  a semicircular  roof  of  iron,  the  aisles 
arched  in  iron. 

Exhrdra.  (Gr.  E|,  out  of,  and  'ESpa,  a chair.)  In  ancient  architecture,  a small  room  in 
the  baths  and  other  buildings  appropriated  for  conversations.  See  Apsis. 

Exostra.  (Gr.)  In  ancient  architecture,  a machine  for  representing  the  interior  part  of 
a building  as  connected  with  the  scene  in  a theatre. 

Expansion.  One  of  the  ordinary  effects  of  heat,  wdiich  enlarges  the  bulk  of  all  matter. 
Though  the  expansion  of  solids  is  by  increase  of  temperature  comparatively  small,  it 
may  be  rendered  sensible  by  carefully  measuring  the  dimensions  of  any  substance  when 
cold  and  again  when  heated.  Thus  an  iron  bar  fitted  to  a gauge,  showing  its  length 
and  breadth,  wdll  when  heated  no  longer  pass  through  the  apertures.  The  metals  are 
most  expansible  by  heat  and  cold.  The  following  exhib  ts  the  change  which  some  of 
them  undergo  when  heated  from  the  freezing  to  the  boilini  point  of  water : — 


E.xpansion  in  linear  Temperature, 
dimension.  32°  212° 

A 

Expansion  in  linear 
dimension. 

Temperature. 
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— 
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Slate 

•00104 

— 

— 

— 

(Rankine,  Manual  of  Civil  Eng.,  1864). 


Extension.  (Lat.)  One  of  the  g neral  properties  of  matter,  being  the  quantity  of  space 
which  a body  occupies,  iis  extremities  in  every  direction  limiting  or  circumscribing  the 
matter  of  that  body.  It  is  the  magnitude,  size,  or  bulk  of  a body. 

External  or  Exterior.  A term  of  relation  applied  to  wdiatever  is  on  the  surface  or 
outside  of  a body,  as  opposed  to  internal  or  interior.  Ex  iernal  Wall,  see  Wall. 
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P:\trados.  The  exterior  curve  of  iin  arch.  The  t.'rm  is  generally  used  to  denote  the 
upper  curve  of  the  votissoirs  or  stones.  See  Intrados. 

Etk.  a general  term  signifying  the  centre  of  any  part : thus  the  ei/e  of  a pediment  is  a 
circular  window  in  its  centre.  The  eye  of  a dome  is  the  horizontal  aperture  on  its 
summit.  The  eye  of  a volute  is  the  circle  at  the  centre,  from  whose  circumference  the 
spiral  line  commences.  See  Bull’s  Eyk. 

Eye}{ROW.  a name  sometimes  given  to  the  fillet. 


I 


F 


Farric.  (Lat.)  A general  term  applied  to  a large  and  important  huilding. 

Fa(,-ade.  (Fr.)  The  face  or  front  of  any  building  towards  a street,  court,  garden,  or  other 
place;  a term,  however,  more  commonly  used  to  signify  the  principal  front. 

Face  Mould.  The  name  applied  by  workmen  to  the  pattern  for  marking  the  plank  or 
board  out  of  which  ornamental  hand-railings  are  to  be  cut  for  stiirs  or  other  works. 

Face  of  a Stone.  The  surface  intended  for  the  front  or  outward  side  of  the  w'ork.  Tim 
back  is  usually  left  rough.  Stones  should  be  faced  in  the  opposite  direction  of  their 
splitting  grain. 

Facettes.  (Fr.)  Flat  projections  between  the  flutes  of  columns. 

Facia  or  Fascta.  (Lat.)  A flat  member  of  an  order  or  of  a building,  like  a flat 
band  or  broad  fillet.  The  architrave,  when  subdivided  for  instance,  has  three  bauds 
called  fascieB,  whereof  the  lower  is  called  the  first  fascia,  the  middle  one  the  seconil, 
and  the  upper  one  the  third. 

Facino.  That  part  in  the  w^ork  of  a building  seen  by  a spectator  ; but  the  term  is  usually 
employed  to  signify  a better  sort  of  material,  which  masks  the  inferior  one  used 
internally. 

Factabi.ino.  The  same  as  Coping. 

P’aldstool.  a moveable  reading  desk  provided  with  a kneeling  shelf  at  the  foot  thereof. 

Fall  of  Land.  A measure  used  in  Scotland,  equal  to  36  square  yards. 

Falling  Moulds.  The  two  moulds  applied  to  the  vertical  .'-iiles  of  the  railpiece,  one  to 
the  convex,  the  other  to  the  concave  side,  in  order  vo  form  the  back  and  under  surface 
of  the  rail  and  finish  the  squaring. 

False  Attic.  An  attic  without  pilasters,  casements,  or  balust"ades,  used  for  crowning  a 
building,  as  at  the  gates  of  St.  Denis  and  of  St.  Martin,  at  Paris. 

False  Bearing.  See  Bearing  Wall. 

False  Roof.  That  part  between  the  ceiling  of  the  upper  floor  and  the  covering  of  the  roof. 

Fan  Tracery  or  Vaulting.  A system  of  vaulting  used  in  the  I’erpendicular  period,  in 
which  the  ribs  spring  from  slender  shafts  or  corbels  at  the  side,  and  then  diverge  and 


spread  themselves  over  the  vaulting,  presenting  an  appearance 
work  of  a fan.  This  fan  sometimes  also  .springs  from  a pendent 
ing  the  other  fan  work,  as  in  fg.  140>3.  See  I rkdent. 


similar  to  the  frame- 
in  the  vaulting  meet- 
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Fang.  The  narrow  part  of  the  cultii  g iron  of  any  tool  wliicli  passes  into  the  stock. 

Fanum.  (Lat.)  A place  consecrated  to  religion,  including  the  building  and  ground 
belonging  to  it.  Those  temples  erected  to  the  memory  of  distinguished  persons  were 
called  fana  by  the  ancients. 

Faurakia.  See  Granary. 

Fascia.  See  Facia. 

Fastigium.  (Lat.)  See  Pkdiment. 

Fathom.  (Sax.)  A measure  of  six  feet,  taken  from  the  extent  of  both  arms  when 
stretched  out  in  a right  line.  It  is  chiefly  used  in  measuring  the  depth  of  water, 
quarries,  wells,  or  pits. 

Fkathep.  EDGED.  A term  applied  to  any  thin  body  whose  section  is  trapezoidal ; that  is, 
thicker  on  one  edge  than  on  the  otlier.  See  Board  ; Coping. 

Featherings.  The  cusps,  plain  or  decorated,  at  the  ends  of  a foil  in  tracery. 

Feeder.  A cut  or  channel  by  which  a stream  or  supply  of  water  is  brought  into  a canal. 
Sometimes  the  supply  itself  of  the  water  is  so  called. 

Feeding  House  or  Shed.  A farm-building  for  stalling  and  fattening  neat  cattle.  It 
should  be  in  a dry  warm  situation,  capable  of  free  ventilation,  and  supplied  with  proper 
conveniences  for  food  and  water. 

Feet  Grain.  That  position  of  splitting  timber  which  is  cloven  towards  the  centre  of  the 
tree,  or  transversely  to  the  annular  rings  or  plates.  The  transverse  position,  or  rather 
that  which  is  in  the  direction  of  the  annular  plates,  is  called  the  quarter  grain. 

Felting.  The  act  of  splitting  timber  by  the  felt  gmin. 

Femur.  See  Triglyph. 

Fence.  (Lat.  Defensio.)  Any  sort  of  construction  for  the  purpose  of  enclosing  land,  as  a 
bank  of  earth,  a ditch,  hedge,  wall,  railing,  paling,  &c. 

Fender.  A dwarf  wall  in  the  basement  of  a house,  built  up  to  carry  the  front  hearth  of 
a fireplace. 

Fender  Piles.  Those  driven  to  protect  work,  either  on  land  or  in  water,  from  the  con 
cussion  of  a moving  body. 

Fenestration.  A design  in  which  the  windows  are  arranged  to  form  the  principal 
feature. 

Festoon.  (Fr.)  A sculptured  representation  of ‘flowers,  drapery,  ard  foliage,  looped  or 
• suspended  at  intervals  on  walls.  The  festoon  was  much  used  on  friezes,  altars,  tablets, 
also  over  or  under  niches,  as  well  as  in  many  other  situations. 

Figure.  In  a general  sense  the  terminating  extremes  or  surface  of  a body.  No  body 
can  exist  without  figure,  cr  it  would  be  infinite,  and  all  space  solid  matter.  Figure,  in 
geometry,  is  any  plane  surface  comprehended  within  a certain  line  or  lines. 

Fillet.  (Fr.  Filet.)  A narrow  flat  band,  listel,  or  annulet,  used  for  the  separation  of 
one  moulding  from  another,  and  to  give  breadth  and  firmness  to  the  upper  edge  of  a 
crowning  moulding,  as  in  a cornice.  The  small  bands  between  the  flutes  of  a column 
are  called  fillets.  See  Annulet,  Band,  and  Facette. 

Fillet.  In  carpentry  or  joinery,  is  any  small  timber  scantling  equal  to  or  less  than 
battens.  Fillets  are  used  for  supporting  the  ends  of  boards  by  nailing  them  to  joists  or 
quarters,  &c.,  as  in  sound  hoarding,  and  in  supporting  the  ends  of  shelves. 

Fii-let  Gutter.  A sloping  gutter,  witli  a learboard  and  fillet  thereon,  to  divert  the 
w^ater. 

Filling  in  Pieces.  In  carpentry,  short  timbers,  less  than  the  full  length,  fitted  against 
the  hips  of  roofs,  groins,  braces  of  partitions,  which  interrupt  the  whole  length. 

Fine  Set.  When  the  sole  of  a plane  iron  only  projects  sufficiently  to  take  off  a very  thin 
shaving  cf  w'ood. 

Fine  Stuef.  Plaster  used  in  common  ceilings  and  walls  for  the  reception  of  paper  oi 
colour.  It  is  composed  of  lime  slaked  and  sifted  through  a fine  sieve,  then  mixed  with 
a due  quantity  of  hair  and  fine  sand. 

I’lNiAL.  In  Gothic  architecture,  the  top  or  finishing  of  a pinnacle  or  gable,  as  it  is  now 
gener.illy  understood ; but  in  ancient  documents  the  term  was  used  to  denote  an  entire 
pinnacle.  The  carved  tops  of  bench  ends  are  also  called  finials. 

I'lNisHiNG.  A term  frequently  applied  to  the  termination  of  a building;  but  more  espe- 
cially to  the  interior  in  the  plasterer’s  work  for  the  last  coat,  and  often  to  the  joiner’s 
work,  as  the  architraves,  bases,  surbases,  &c. 

Fir.  a forest  tree,  extensively  used  in  building,  both  for  beams  and  for  deals. 

Fir  Poles.  Small  trunks  of  fir  trees,  from  ten  to  sixteen  feet  long,  used  in  rustic  build- 
ings and  outhouses. 

Fir  in  Bond.  A technical  expression  to  denote  lintels,  bond  timbers,  wall  plates,  and 
all  timbers  built  in  walls.-  See  Bond. 

Fir  framed.  Rough  timber  framed,  but  which  has  not  undergone  the  action  of  planing. 

I'dii  WROUGHT.  That  planed  on  the  edges  and  sides. 

Fir  WROUGHT  and  fra.med.  That  which  is  both  plane  ! and  framed. 

Fir  wrought,  framed,  and  redated.  That  which  is  planed,  framed,  and  rebated. 
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fm  WROUGHT,  FRAMED,  RKHATEi),  AM)  HEADED.  Tlio  samc  as  the  Drecoilinf^  article  with 
tlio  addition  of  beading.  ® 

Fir  no  Labour.  Rough  timber  employed  in  walls,  without  planing  or  framing. 

Fire-puacb.  See  Chimney. 

Fire-stone.  That  which  resists  the  action  of  the  fire.  A species  of  it  is  used  in  joiner-, 
for  rubbing  away  the  ridges  made  by  the  cutting-edge  of  the  plane. 

Firmer  Tool.  A chisel  used  by  joiners  with  a mallet,  by  which  the  sides  of  moi-ti.ses 
are  formed. 

Firring.  See  Furring. 

First  Coat.  In  plastering,  the  laying  the  plaster  on  the  laths,  or  the  rendering,  as  it  is 
called,  on  brickwork,  when  only  two  coats  are  used.  'When  three  are  used,  it  is  called 
pricking-up  when  upon  laths,  and  roughing-in  when  upon  bricks. 

First  Floor.  Generally  the  floor  over  the  ground  floor.  Where  there  is  a basement  to  a 
building  as  in  a country  mansion,  the  floor  over  is  often  called  the  “ principal  floor.” 

Fish.  (Verb.)  To  secure  a piece  of  wood  by  fastening  another  piece  above  or  below  it. 
and  sometimes  both  to  strengthen  it. 

Fished  Beam.  A long  beam  formed  of  two  short  beams  placed  end  to  end,  and  covered  by 
a long  piece  of  wood  placed  over  and  under  the  joint,  the  whole  being  secured  together  by 
bolts.  Sometimes  these  latter  pieces  are  indented  to  the  beams  as  a lurther  security. 
Scarfing  is  a somewhat  similar  operation. 

Fistuca.  (Lat.)  A pile-driving  instrument  with  two  handles  raised  by  pulleys,  and 
guided  in  its  descent  to  fall  on  the  head  of  a pile  so  as  to  drive  it  into  the  ground,  being 
what  is  by  the  workmen  called  (but  improperly  so)  a monkey. 

Fixture.  A term  applied  to  all  articles  of  a personal  nature  affixed  to  land.  This  annex- 
ation must  be  by  the  article  being  let  into  or  united  w-ith  the  land,  or  with  some  sub- 
stance previously  connected  therewith. 

Flags.  Thin  stones  used  for  paving,  from  one  and  a half  to  three  inches  thick,  and  of 
various  lengths  and  breadths,  according  to  the  nature  of  the  quarry.  See  Landi.ng. 

Fj.ake  White.  In  painting,  lead  corroded  by  the  pressing  of  grapes,  or  a ceruse  prepared 
by  the  acid  of  grapes.  It  is  of  Italian  manufacture,  and  for  the  purity  of  its  yvhito  far 
surpasses  the  white  lead  of  this  country. 

Fi.amboyant  Period.  The  term  applied  to  a period  of  mediieval  architecture  in  France, 
in  yviiieh  the  mullions  and  tracery  terminate  in  waved  lines  of  contrary  flexure  in  flame- 
like forms.  Examples  of  it  occur  about  the  beginning  of  the  loth  century,  and  con- 
tinue down  to  the  middle  of  the  16th,  being  coincident  nearly  with  the  latter  part  of 
the  period  of  our  Ornamental  English,  and  the  whole  period  of  the  Florid  English,  cr 
Tudor,  style. 

Flange.  A projection  round  the  edge  of  a pipe  or  other  article  of  metal,  to  admit  of  its 
being  fastened  to  a similar  projection  by  screws,  rivets,  or  bolts.  The  |_-shaped  pieces 
of  wrought  iron,  used  in  girder  work,  are  also  called  “flanges,”  and  are  employed  for 
securing  iron  plates  at  right  angles  to  each  other,  and  for  suspending  one  piece  of  work 
to  another. 

Flank.  (Fr.  Flanc.)  That  part  of  a return  body  which  joins  the  front.  In  town  houses 
the  party-walls  are  the  flank  walls.  Same  as  End. 

Flashing.  (Probably  from  Fr.  Flaque,  a splash.)  Pieces  of  lead  or  other  metil  let  into 
the  joints  of  brickwork  so  as  to  lap  over  the  metal  of  gutters,  or  along  the  slating  ot  a 
roof,  and  thus  prevent  the  rain  getting  access  behind  the  latter,  and  so  injuring  the 
interior  works.  ^ ... 

Flat.  That  part  of  the  covering  of  a building  laid  horizontal,  or  sufficiently  slopnyg  to 
throw  off  the  water,  and  finished  with  lead  or  other  material,  perhaps  to  be  yvalked  upon. 

Flatting.  In  house  painting,  a mode  of  painting  in  oil,  in  which  the  surface  is  lolt,  '''hen 
finished,  without  any  gloss.  The  material  or  paint  is  prepared  with  a mixture  of  oil 
of  turpentine,  which  secures  the  colours,  and  when  used  in  the  finishing,  leatos  the  punt 
quite  dead.  The  process  is  of  use  yvhere  it  is  desirable  that  the  surface  paintoil  should 
retain  the  colour.  It  is  only  used  for  inside  work  and  in  the  best  apartments.  ^ ut  oi 
and  poppy  oil  may  be  used  for  the  purpose,  both  of  which  are  good  media  tor  the 

Flemish' Bond.  In  brickw-ork.  the  laying  of  each  course  of  bricks  as  headers  and  stretchers, 

one  course  breaking  joint  with  that  oA'er  and  under  it. 

Flemish  Bricks.  A species  of  bricks  used  for  paving,  whereof  seventy-t«o  wi  pa\e  a 
square  yard  ; they  were  originally  imported  from  Flanders,  are  of  a yellowish  colour, 

and  harder  than  common  bricks.  c 

Fleur-de-lis.  An  ornament  like  a lily,  and  often  used  as  a finial , it  is  a ai 

FLExfrLT4^.’°(LHt.  Flecto.)  That  property  of  bodies  which  admits  of  their  ^ 

is  opposed  to  stiffness  on  the  one  liand,  and  brittleness  on  the  other; 
such  L resist  bemding,  and  brittle  todies  those  which  cannot  be  bent  without  a d-sriq. 
lion  of  their  pa  its. 
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Fj.exl'RE.  The  bending  or  curve  of  a line  or  surface.  Tlie  point  of  contrary  flexure  is 
that  point  of  a curve  where  the  curvature  alters  from  convex  to  concave,  or  the  ivver>e, 
as  respects  the  first  direction  of  the  curve. 

Flight  of  Steps.  In  a staircase  is  the  series  of  steps  from  one  landing  place  to  another. 
Thus,  the  same  staircase  between  one  floor  and  another  may  consist  of  more  than  one 
flight  of  steps  ; the  flight  being  reckoned  from  landing  to  landing.  See  Floor. 

Flint.  A material  used  in  building  walls  where  chalk  abounds.  Common  flints  are 
nearly  pure  silica.  They  usually  occur  in  irregular  nodules  in  chalk.  Their  origin  is 
still  an  unsolved  geological  problem. 

Float.  In  plastering,  a long  rule  with  a straight  edge,  by  which  the  work  is  reduced  to 
a plane  surface. 

Floated  Lath  and  Plaster.  Plastering  of  three  coats,  whereof  the  first  is  'pricJcing-wp, 
the  second,  floating  or  floated  work ; and  the  last,  of  tine  stuff. 

Floated  Work.  Plastering  rendered  perfectly  plane  by  means  of  a Float. 

Floating  Screeds.  Strips  of  plaster  previously  set  out  on  the  work,  at  convenient  inter- 
vals, for  the  range  of  the  floating-rule  or  float. 

Floor.  (Sax.  Flope.)  The  pavement  or  boarded  lower  horizontal  surface  of  an  apartment. 
It  is  constructed  of  earth,  brick,  stone,  wood,  or  other  materials.  Carpenters  include  in 

• the  term  the  framed  timber  work  on  which  the  boarding  is  laid,  as  well  as  the  boarils 
themselves.  In  carpentry,  it  denotes  the  timbers  which  support  the  boarding,  called 
also  naked  flooring  and  carcass  flooring. 

The  term  floor  is,  moreover,  applied  to  the  stories  of  a building,  as  basement  floor, 
ground  floor,  &c.  When  there  is  no  sunk  story,  the  ground  story  becomes  the  basement 
floor,  and  the  next  floor  the  principal  floor,  containing  the  principal  rooms ; in  many 
country  houses  they  are  on  the  ground  floor,  but  in  those  of  the  town  mostly  on  the 
one  piir  floor.  The  expressions,  one  pair,  two  pair,  &c.,  imply  a story  above  the  first 
flight  of  stairs  from  the  ground,  and  so  on. 

Floor.  Folding  or  Folded.  One  in  which  the  floor  boards  are  so  laid  that  their  joints 
do  not  appear  continuous  throughout  the  whole  length  of  the  floor,  but  in  bays  or  folds 
of  three,  four,  five,  or  more  boards  each. 

Floor.  Straight  Joint.  That  in  which  the  floor  boards  are  so  laid  that  their  joints  or 
edges  form  a continued  line  throughout  the  direction  of  their  length;  in  opposition  to 
folding  floor,  wherein  the  joints  end  m folds. 

Floor  Cloth.  Stout  canvas  covered  with  coarse  oil  paint,  and  then  printed  with  a pattern, 
more  or  less  elaborate.  It  should  be  thoroughly  dry  before  being  used,  else  it  soon 
wears  out.  Kamptulicon,  a preparation  of  caoutchouc  and  ground  cork  ; and  Linoleum, 
produced  from  oxydised  linseed  oil  mixed  with  ground  cork,  and  rolled  on  to  strong 
canvas,  are  late  and  good  substitutes  for  the  common  floor  cloth.  Corticine,  and  Cork 
Crtr/jei!  are  other  similar  materials ; w\\\{q  Boulinikon,  or  buffalo  hide  floor-cloth,  is  a 
late  candidate  for  jmblic  favour. 

Floor  Joists.  The  joists  supporting  the  boards  of  the  floor  ; but  when  the  floor  consists 
of  binding  joists,  wJiich  are  secured  into  the  girders,  and  bridging  joists,  the  bridgings 
are  never  called  floor  joists. 

Fi-oriated.  Carved  in  imitation  of  flow'ers  or  leaves,  either  conventional  or  natural,  and 
generally  applied  to  decorated  capitals,  corbels,  and  bosses. 

Florid  period  of  English  mediaeval  architecture  is  the  same  as  the  Perpendicular 
PERIOD,  and  is  also  called  the  Tud  >r  style. 

Flue.  The  long  open  tube  of  a chimney  from  the  fire-place  to  the  top  of  the  shaft,  for 
voidance  of  the  smoke.  See  Chimney. 

Fluing.  The  same  as  Splayed. 

Flush.  (Lit.  Fluxus.)  A term  used  by  workmen  to  signify  a continuity  of  surface  in  two 
bodies  joined  together.  Thus,  in  joinery,  the  style,  rails,  and  muntins  are  usually  made 
flush  ; that  is,  the  wood  of  one  piece  on  one  side  of  the  joint  does  not  project  or  recede 
from  that  on  the  other. 

Flush.  In  masonry  or  brick-work,  the  aptitude  of  two  brittle  bodies  to  splinter  at  the 
joints  where  the  stones  or  bricks  come  in  contact  when  contiguous  in  a wall. 

Flush.  (Verb.)  A term  to  denote  the  complete  bedding  of  masonry  or  brick-work,  in 
the  mortar  or  cement  used  for  the  connection  of  the  stones  or  bricks,  so  as  to  leave  no 
vacant  space  where  the  stones  or  bricks  do  not  nicely  fit  in  their  places. 

Flush  bolt.  A bolt  of  iron  or  brass  let  into  the  woodwork  so  that  it  does  not  project 
beyond  the  face  of  it.  The  bolt  has  to  be  worked  by  the  thumb  or  a finger. 

Flut'-s  or  Flutings.  Upright  channels  on  the  shafts  of  columns,  usually  ending  hemi- 
spherieally  at  top  and  bottom.  Their  plan  or  horizontal  section  is  sometimes  circular 
or  segmental,  and  sometimes,  as  in  the  Grecian  examples,  elliptical.  The  Doric  column 
has  twenty  round  its  circumference  ; the  Ionic.  Corinthian,  and  Composite  have  twenty- 
four.  The  Tuscan  column  is  never  fluted.  Flutes  are  occasionally  See  Cable. 

Flyers.  Steps  in  a flight  of  stairs  that  are  parallel  to  each  other.  See  Winder. 
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Fi.vrNa  Buttrkss.  A buttress  in  the  form  of  nn  arch,  springing  from  a solid  mass  of 
masonry,  and  abutting  against  the  springing  of  another  arch  which  rises  from  the  upper 
points  of  abutment  of  the  first.  It  is  employed  in  most  of  the  cathedrals,  and  its  office 
is  to  act  as  a counterpoise  against  the  vaulting  of  the  nave.  If  flying  buttresses  were 
built  solid  from  the  ground,  it  is  obvious  tliat  they  would  interfere  with  the  vista  alon  ^ 
the  aisles  of  the  church  ; hence  the  project  of  continuing  a resistance  by  means  of  arches’ 
Their  stability  depends  on  the  resistance  afforded  by  the  weight  of  the  vertical  buttress, 
whence  they  spring.  See  Arc-boutant  and  Buttress. 

Focus.  In  geometry  and  the  conic  sections,  a point  on  the  concave  side  of  a cun-e,  to 
which  the  rays  are  reflected  from  all  points  of  such  curve.  - 

Fodder  or  Fother.  A weight  among  the  plumbers  of  London  of  19t  cwt. 

F(Enilia.  (Lat.)  See  Granary. 

Foil.  The  small  arcs  in  the  tracery  of  Gothic  windows  or  panelling.  See  Cusp. 

Folded  Floor.  See  Floor. 

Folding  Diiors  Such  as  are  made  to  meet  each  other  from  the  opposite  jambs  to  which 
they  are  hung;  and  when  they  ore  rebated  together,  their  edges  meet  folding  over  each 
other,  with  a bead  at  the  joint,  to  give  the  appearance  of  one  entire  door. 

Folding  Joint.  A joint  made  like  a rule-joint  or  the  joint  of  a hinge. 

Foliage.  A sculptured  group  of  the  leaves  of  plants  and  flowers,  so  arranged  as  to  form 
architectural  ornaments,  as  in  friezes,  panels,  &c.,  and  in  the  capitals  of  the  Corinthian 
and  Composite  orders. 

Foliation.  The  use  of  small  arcs  or  foils  in  forming  tracery. 

Font.  A vessel,  generally  of  stone  or  metal,  for  containing  the  water  of  baptism  in  the 
Christian  Church.  The  body  of  the  font  is  usually  a large  block  of  stone  hollowed  out, 
and  supported  by  a short  column,  single  or  clustered,  and  elevated  on  abase  ; sometimes 
two  or  three  steps  lead  to  the  platform  on  which  the  font  may  be  fixed.  Ancient 
examples  occur  where  they  are  made  of  metal.  Some  of  the  early  fonts  are  extremely 
beautiful,  and  wrought  with  great  richness  of  decoration.  The  singular  inscription 
frequently  found  on  the  w^alls  of  baptisteries  occurs  also  occasionally  on  ancient  fonts  : 
NITON  ANOMHMATA  MH  MONAN  OTIN,  which,  reading  equally  well  both  ways,  admo- 
nishes the  reader  to  cleanse  himself  from  sin,  not  less  than  to  use  the  outward  ceremony 
of  baptism. 

Foot.  (Germ.  Fuss.)  A measure  of  length,  but  used  also  in  a sense  which  expresses  sur- 
face and  solidity.  Thus  we  say,  a foot  superficial  and  a foot  cube.  As  this  term  is  used 
in  almost  all  languages  as  a linear  measure,  it  has  doubtless  been  derived  from  the 
length  of  the  human  foot.  It  seems  in  all  other  countries,  as  in  England,  to  be  divided 
into  twelve  equal  parts,  or  inches.  See  Measures. 

The  English  standard  foot  (31  Edw.  1.)  is  =12  lineal  English  inches  = 36  barley- 
corns =16  digits  = 4 palms  = 3 hands  = 5^  nails  = 1^  spans  =1-5151  Gunter’s  links  = 
•938306  ft.  of  France  = -3047  met.  of  France.  The  foot  is  divided  by  geometricians  into 
10  digits,  and  each  digit  into  10  lines,  &c.  The  French,  as  the  English,  divide  the  foot 
into  12  inches,  and  the  inch  into  12  lines.  The  foot  square  or  superficial  is  a foot  each 
way,  and  contains,  therefore,  12  x 12=144  superficial  inches  = 2-295684  square  links. 
The  glazier’s  foot  in  Scotland  = 64  square  Scolcli  inches.  The  Scotch  foot  is  to  the 
English  foot  as  1 066  to  1-000,  being  in  fact  the  French  foot. 

The  length  of  the  foot  varies  in  different  countries.  The  Paris  royal  foot  exceeds 
that  of  England  by  9^  lines.  The  ancient  Roman  foot  of  the  Capitol  consisted  of  4 
palms  = 11,^  English  inches.  The  Khinland  or  Leyden  foot,  used  by  the  northern 
nations  of  Europe,  is  to  the  Roman  foot  as  950  to  1000.  The  following  table  exhibits 
the  length  of  the  foot  in  the  principal  places  of  the  Continent,  the  English  foot  being 
divided  into  1000  parts,  or  12  inches  : — 


r 


London 
Amsterdam  - 
Antwerp 
Bologna 
Bremen 
Cologne 
Copenhagen  - 
Dantzig 

Dort  - - - 

Frankfort-on-the-Maine 

Lorrain 

Mantua 


Parts. 


Ft. 


1000  0 

94-2  0 

946  0 

1-204  1 

964  f 

954  0 

965  0 

944  0 

1184  1 

948  0 

958  0 

1 569  1 


4 N 


In.  Lines. 


12  0 
11  2 
11  3 
2 4 
11  6 
11  4 
11  6 
1 1 3 
2 2 
11  1 
11  5 
6 8 
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Tarts.  j 

1 Ft. 

In. 

i 

Lines,  j 

Mechlin 

919 

0 

1 1 

0 

Middleburgh 

991 

0 

11 

9 

Paris  royal  foot,  according  to  Greaves  - 

1068 

1 

0 

9-7 

according  to  Bernard  - - - 

1066 

1 

0 

9-4 

according  to  Graham,  from  the  mea- 

sure  of  half  the  toise  of  the  Chatelet,  the  toise 

being  six  Paris  feet  ------ 

1065-416 

according  to  Mounier  - - - 

1065-351 

— from  tlie  two  last  - . . 

1065-4 

1 

0 

9-4 

Prague 

1026 

1 

0 

3 

Rhinland  or  Leyden 

1033 

1 

0 

4 

Riga  - - * 

1831 

1 

9 

9 

Rome 

967 

0 

11 

6 

Strasbourg 

920 

0 

11 

0 

Spanish 

1001 

1 

0 

0 

Toledo 

899 

0 

10 

7 

Turin  --------- 

1062 

1 

0 

7 

Venice  --------- 

1162 

1 

1 

9 

Greek 

1007 

1 

0 

1 

Old  Roman,  according  to  Greaves  - - - - 

967 

0 

11 

6 

from  the  monument 

of  Statilius 

972 

0 

11 

7 

Mr,  Knper  {Philos.  Trans,  vol.  15.),  from  various  authorities,  determines  the  mean  of 
the  Roman  foot  to  be  nearly  968  parts  of  the  London  foot;  and  he  considers  that  befor«» 
the  reign  of  Titus  the  Roman  foot  exceeded  of  the  London  foot,  and  afterwards, 
in  the  reigns  of  Severus  and  Diocletian,  it  fell  short  of  965.  Cagnazzi,  from  examina 
tion  of  the  monuments  of  antiquity  in  Herculaneum  and  Pompeii,  determines  the  Roman 
foot  at  '29624  metre,  which,  the  metre  being  3'2808992  English  feet,  would  make  the 
old  Roman  foot  of  the  English  foot. 


List  of  feet  of  all  C(  untries  as  drawn  up  by  Dr.  Thomas  Young  from  Hutton,  Cavallo; 
Howard,  Vega,  and  others: — 


English  Feet. 

English  Feet. 

Altdortf  foot  • 

•775 

Hutton. 

Copenhagen  foot 

1-049 

H. 

f ■{)27 

H. 

Cracow  foot 

1-169 

H.  V, 

Amsterdam  foot 

- \ 930 

Cavallo. 

Cracow  greater  ell 

- 

2-0-24 

V. 

. 1 -931 

Howard. 

Cracow  smaller  ell 

1-8,55 

V. 

Amsterdam  ell 

- •>•233 

C. 

Dantzic  foot  - 

-9-23 

H. 

Ancona  foot  - 

- 1-282 

H. 

Dauphin6  foot 

- , 

1-119 

H. 

Antwerp  foot  - 

•940 

H. 

Delft  foot 

-.547 

H. 

Aquileia  foot  - 

- 1T28 

H. 

Denmark  foot  - 

1-047 

H. 

Arles  foot 

•888 

H. 

Dijon  foot 

- 

1-030 

H. 

Augsburg  foot 
Avignon  = Arles. 

•972 

11. 

Dordrecht  foot 

•771 

H. 

Dresden  foot  - 

•929 

Wolfe. 

Barcelona  foot 

•992 

H. 

Dresden  ell  = 2 feet 

- 

1-857 

V. 

Basle  foot 

•944 

H. 

Ferrara  foot  - 

- 

1-317 

H. 

Bavarian  foot  - 

•968 

Beigel. 

Florence  foot  - 

•995 

H. 

Bergamo  foot  • - 

Berlin  foot 

- 1-431 

•.492 

H. 

H. 

Florence  braccio 

j T9001 
1 T910[ 

Cavallo. 

Berne  foot 

•962 

Howe. 

Franche  Comt6  foot 

- • 

1-172 

H. 

Besancjon  foot  - 

- 1-015 

H. 

Frankfort  = Hamburgh 

- 

- 

H. 

f 1-244 

H. 

(-812 

H. 

Bologna  foot  - 

■ i 1-250 

Cavallo. 

Genoa  palm  - 

- 

- 

) -809 ) 

Cavallo. 

Bourg  en  Bresse  foot 

- 1 -030 

H. 

-1-817  } 

Brabant  ell.  in  Germany  - 

- 2-268 

Vega. 

Genoa  canna  - 

- 

- 

7-300 

C. 

Bremen  foot  - 

•955 

H. 

Geneva  foot  - 

- 

- 

1-919 

H. 

Brescia  foot 

- 1-560 

H. 

Grenoble  = Dauphin6. 

Brescian  braccio 

- 2-092 

C. 

Haarlem  foot  - 

- 

•937 

If 

Breslau  foot  - 

- 1125 

H. 

Halle  foot 

- 

- 

•977 

H. 

Bruges  foot  - ■ - 

•749 

H. 

Hamburgh  foot 

- 

- 

•933 

H. 

j *902 

H. 

Heidelberg  foc;t 

- 

•903 

H. 

Brussels  foot  - 

■ 1 -954 

V. 

Inspruck  foot  - 

- 

1-101 

H. 

Brussels,  greater  ell 

- 2-278 

V. 

Leghorn  foot  - 

- 

•9.92 

H. 

Brussels,  lesser  ell  - 

- 2-245 

V. 

Leipzig  foot  - 

- 

1-034 

H. 

Castilian  vara  - 

- 2-746 

C. 

Leipzig  ell 

- 

- 

1 833 

H. 

Chambery  foot 

- 1-107 

H. 

Leyden  foot  - 

- 

- 

1-023 

H. 

China  mathematical  foot 

- 1127 

H. 

Liege  foot 

- 

- 

•944 

H. 

China  imperial  foot 

( T051 
■ 1 1*050 

H. 

V. 

Lisbon  foot 
Lucca  braccio  - 

- 

•952 

T958 

H. 

U. 

Chinese  li  - • - 

- 606-000 

C. 

1 Lyons  = Dauphinc. 

Cologne  foot  - 
CoustantinOf  le 

•903 
( 2-195 
■ 1 1-165 

H. 

H, 

t 

Madrid  foot 
1 Madrid  vara  - 

- 

( -915 
1 -918 
3-263 

H. 

How. 

C, 
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^^aestriclIt  foot 

Ma!ta  palm  - . . . 

Mantua  brasso 

Mantuan  braccio= Brescia 

Marseilles  foot  . . . 

Mechlin  foot  - - . . 

Mentz  foot  . . . . 

Milan  decimal  foot  - . . 

Milan  aliprand  foot - 

Milanese  braccio 

Modena  foot  - - . . 

Monaco  foot  - - . . 

Montpellier  pan 

Moravian  foot  - - - . 

Moravian  ell  - 

Moscow  foot  - - - - 

Munich  foot  - - . . 

Naples  palm  - - - . 

Naples  canna  - - - . 

Nuremburg  town  foot  - 

Nuremburg  country  foot 
Nurembu  g artillery  foot 
Nuremburg  ell  . . . 

Padua  foot  .... 
Palermo  foot  .... 
Paris  foot  . . . . 

Paris  metre  .... 
Parma  foot  . . . . 

Parmesan  braccio  - 

Pavia  foot  .... 
Placentia = Parma  - 

Prague  foot  .... 

Prague  ell  - - - - 

Proveuce= Marseilles. 

Rhinland  foot .... 

Riga= Hamburgh . 

Roman  palm  .... 
Roman  foot  .... 
Roman  deto,  1-1  fith  foot 
Roman  oncia,  1-1 2th  foot 
Roman  palmo  .... 
Roman  palmo  di  architettura 
Roman  canna  di  architettura  - 
Roman  staiolo .... 
Roman  canna  dei  mercanti  (8 
palms) 


English  Feet. 


•916 

H. 

•915 

H. 

1-521 

H. 

- 

C. 

•814 

H. 

•753 

H. 

•988 

H. 

•855 

H. 

l-4‘26 

H. 

1-725 

C. 

2-081 

H. 

•771 

H. 

•777 

H. 

•971 

V. 

2-594 

V. 

•928 

H. 

•947 

H. 

( -861 

H. 

1 -859 

C. 

6-908 

C. 

( -996 

H. 

t-997 

T. 

•907 

H. 

•961 

V. 

2-166 

V. 

1-406 

H. 

•747 

H. 

1-066 

H. 

3-2808992 

1-869 

H. 

2-242 

C. 

1-540 

H. 

. 

C. 

i -987 

H. 

1 -972 

V. 

1-948 

V. 

( 1-023 

H. 

1 1-030 

Eytelwein, 

•733 

H. 

•966 

Folkes. 

•0604 

P. 

•0805 

F. 

•2515 

F. 

•7.325 

F. 

7-325 

F. 

4-212 

F. 

} G 5365  F. 


Roman  braccio  dei  mercanti  (4  , 2-7876  *p*^^^* 

\ 2-856  c! 

Roman  braccio  di  tessitor  di  i „ , 

tela  - . . . , \ 2-0868  F. 


Roman  braccio  di  architettura  2-561  C. 

Rouen = Paris  - - . . . ir 


Russian  arschine  . . . i 2-3625  C. 

r,  12-3333  Phil  Mair 

Russian  verechokf  1-1 6th  arsch.)  -1.158 

Russian  foot = to  the  English. 

Savoy  = Chambery  ...  - H. 

Seville = Barcelona  ...  . u’ 


Seville  vara  . 

Siena  foot 
Stellin  foot 

Stockholm  foot 

Strasbourg  town  foot 
Strasbourg  country  foot  - 
Toledo = Madi  id 
Trent  foot 

Trieste  ell  for  woollens  - 
Trieste  ell  for  silk  - 

Turin  foot 
Turin  ras 
Turin  trabuco  - 
Tyrol  foot 
Tyrol  ell  - 
Valladolid  foot 

Venice  foot 

Venice  braccio  of  silk 
Venice  ell 

^'enice  braccio  of  cloth  - 
Verona  foot  - 

Vicenza  foot  - 

Vienna  foot 

Vienna  ell  - - - 

Vienna  post  mile  . 

Vienne  in  Dauphind  foot 
Ulm  foot .... 
Urbino  foot 
Utrecht  foot  - 
Warsaw  foot  . . . 

Wesel= Dordrecht  - 

Zurich  foot 


- 2-760  C. 

- 1-23!)  H. 

- 1-224  H. 

n-073  H. 

I -974  Celsias. 
•956  H. 

•967  H. 

H. 

- 1-201  H. 

- 2-220  H. 

- 2-107  H. 

J 1-676  H. 

■ i 1-681  C. 

- 1-958  C. 

- 10-085  C. 

- 1-096  V. 

- 2-639  V. 

•908  H. 
f 1-137  H. 

- n-140  How. 
(1167  C. 

- 2-108  C. 

- 2-089  V. 

- 2-250  (’. 

- 1-117  11. 

- 1-1-36  H. 

I 1-036  H. 

■ I 1-037  How. 

- • 2-557  V. 

- 24-888  V. 

- 1-058  H. 

-826  H. 

- 1162  H. 

-741  H. 

- 1-169  H. 

H. 

( -979  H. 
t -984  Phil.  Mag. 


Foot  of  the  Eye  Director.  In  perspective,  that  point  in  the  directing  line  made  by  a 
vertical  plane  passing  through  the  eye  and  the  centre  of  the  picture. 

Foot  of  a vertical  Line.  In  perspective,  that  point  in  the  intersecting  line  which  is  made 
by  a vertical  plane  passing  through  the  eye  and  the  centre  of  the  picture. 

Foot  Pace  or  Half  Pace  That  part  of  a staircase  whereon,  after  the  flight  of  a few 
steps,  a broad  place  is  arrived  at,  on  which  two  or  three  paces  may  be  taken  before 
coming  to  another  step.  If  it  occur  at  the  angle  turns  of  the  stairs,  it  is  called  a 
quarter  pace. 

Footing  Deam.  The  name  given,  in  some  of  the  provinces,  to  the  tie-beam  of  a 
roof. 

Footings  of  a Wall,  The  projecting  courses  at  the  base  of  a wall  to  spread  it,  and  thus 
give  security  to  the  wall. 

Foot-stall.  The  base  or  plinth  of  a building.  See  Earth  Table. 

Force.  In  mechanics,  the  course  of  motion  in  a body  when  it  begins  to  move,  or  when  it 
changes  its  direction  from  the  course  in  which  it  was  previously  moving.  While  a body 
remains  in  the  same  state,  whether  of  rest  or  of  uniform  and  rectilinear  motion,  the 
cause  of  its  so  remaining  is  in  the  nature  of  the  body,  which  principle  has  received  the 
name  of  inertia. 

Forcer.  In  mechanics,  a solid  piston  applied  to  pumps  for  the  purpose  of  producing  a 
constant  stream,  or  of  raising  water  to  a greater  height  than  it  can  be  raised  by  the. 
pressure  of  the  atmosphere. 

Fore  Front.  The  principal  or  entrance  front  of  a^  building. 

Fore  Plane.  In  carpentry  and  joinery,  the  first  plane  used  after  the  saw  or  axe. 

Foreshorten.  In  perspective,  the  diminution  which  the  representation  of  the  side  or 
part  of  a body  has,  in  one  of  its  dimensions,  compared  with  the  other,  occasioned  by 
the  obliquity  of  the  corresponding  side  or  part  of  the  original  body  to  the  plane  of 
prejection. 


4 N 2 


1284 


GLOSSARY 


Form.  Tlie  external  appearance  or  disposition  of  the  surfaces  of  a body,  in  which  sense 
it  is  synonymous  with  Figure. 

Fobmeret,  The  arch  rib,  which  in  Gothic  groining  lies  next  the  wall,  and  is  consequently 
less  than  the  other  ribs  which  divide  the  vaulting. 

Forum.  (Lat.)  In  ancient  architei  ture,  a public  market ; also  a place  where  the  common 
courts  were  held,  and  law  pleadings  carried  on.  The  fora  of  the  Romans  were  large 
open  squares  surrounded  by  porticoes,  parts  whereof  answered  fur  market-places,  other 
parts  for  public  meetings  of  the  inhabitants,  and  other  parts  for  courts  of  justice  ; the  I 
forum  was  also  occasionally  used  for  shows  of  gladiators.  There  were  in  Rome  seven- 
teen ; of  these  fourteen  were  for  the  sale  of  goods,  provisions,  and  merchandise,  and 
called  Fora  Venalia  ; the  other  three  were  for  civil  and  judicial  proceedings,  and  called 
Fora  Civilia  et  J^idicialia.  Of  the  latter  sort  was  the  forum  of  Trajan,  of  which  the  i 
Trajan  column  formed  the  principal  ornament. 

FopNDATiON.  The  ground  prepared  for  the  footings  of  a wall  to  be  placed  thereon.  The 
concrete  and  footings  of  a wall  are  sometimes  called  the  “ foundations.” 

Foundry.  A building  in  which  various  metals  are  cast  into  moulds  or  shapes. 

Fountain.  (Lat.  Fons.)  Any  natural  or  artificial  apparatus  by  means  whereof  water 
springs  up.  In  natural  fountains  the  ascensional  effect  is  produced  by  the  hydrostatic 
pressure  of  the  water  itself ; in  artificial  fountains,  by  the  same  sort  of  pressure,  or 
by  that  of  compressed  air,  and  sometimes  by  machinery. 

Fox  TAIL  Wedging.  A method  of  fixing  a tenon  in  a mortise  by  splitting  the  end  of  the 
tenon  and  inserting  a projecting  wedge,  then  entering  the  tenon  into  the  mortise,  and 
driving  it  home.  The  bottom  of  the  mortise  resists  the  wedge,  and  forces  it  farther  into 
the  tenon,  which  will  expand  in  width,  so  as  not  only  to  fill  the  cavity  at  the  bottom, 
but  be  firmly  compressed  by  the  sides  of  the  mortise. 

Frame  and  Framing.  (Sax.  Fpamman,  to  form.)  The  rough  timber  work  of  a house, 
including  floors,  roofs,  partitions,  ceilings,  and  beams.  Gtmerally,  any  pieces  of  wood 
fitted  together  with  mortises  and  tenons  are  said  to  be  framed,  as  doors,  sashes,  &c. 

Franking.  A term  used  by  the  mak*-rs  of  window-sashes,  and  applied  to  the  mode  of 
forming  the  joint  where  the  cross-pieces  of  the  frame  intersect  each  other,  no  more  wood 
being  cut  away  than  is  sufficient  to  show  a mitre. 

Freeing  Beads.  The  beads  formed  on  the  elbows  of  the  boxings  of  a window,  to  allow 
of  the  shutters  rising  high  enough  to  come  on  to  the  bead  of  the  window  sill. 

Free  Stone.  It  is  an  old  term  that  has  no  very  distinctive  meaning,  but  one  which  is 
commonly  employed  when  speaking  of  any  stone,  whether  it  be  a sandstone  or  a lime- 
stone, that  is  capable  of  being  easily  tooleJ,  quite  irrespective  of  its  chemical  compo- 
sition, such  as  Portland  stone,  Bath  stone,  Yorkshire  stone,  some  Scotch  stone.  &c. 

French  Casements.  Windows  turning  upon  two  vertical  edges  attached  to  the  jambs, 
and,  when  shut,  lap  together  like  folding  doors  upon  the  other  two  parallel  edges, 
and  are  fastened  by  means  of  a long  bolt  called  an  Espagnolette  bolt,  extending  their 
whole  height.  French  casements  are  made  in  the  form  of  the  old  English  window, 
the  two  meeting  styles,  which  lap  together,  forming  a munnion  about  four  inches  in 
breadth.  The  lower  part  only  of  the  window  is  moveable,  the  upper  being  fixed,  and 
having  a corresponding  munnion ; the  lower  rail  of  the  fixed  part  and  the  upper  rail 
of  the  moveable  part  forming  a transom.  The  upper  part  is  now  sometimes  made  to 
open  on  centre  pivots  at  the  sides,  to  allow  of  ventilation  to  the  apartments  whilst  the 
casement  is  closed. 

Fresco  Painting.  (It.  Fresco,  fresh.)  A system  of  wall  or  ceiling  decoration  in  which  a 
painting  is  executed  by  incorporating  the  colours  on  the  plaster  before  it  is  dry,  by 
which  it  becomes  very  permanent. 

Frette  or  Fret.  A species  of  ornament  consisting  of  one  or  more  small  fillets  meeting 


Fig.  1406. 


in  vertical  and  horizontal  directions.  (See  jig.  1406.)  The  sections  of  the  channels 
between  the  fillets  is  rectangular. 

Fret-work.  Ornamental  decoration  raised  in  protuberances. 

Friction.  (Lat.  Frico,  I rub.)  The  resistance  produced  by  the  rubbing  of  the  surfaces 
of  Lwo  solid  bodies  against  each  other.  ' 

Frieze,  Freeze  or  Frize.  (Ital.  Fregio,  adorned.)  That  member  in  the  entablature  of 
an  order  between  the  architrave  and  cornice.  It  is  alw^ays  plain  in  the  Tuscan;  orna- 
mented with  triglyphs  and  sculpture  in  the  Doric  (See  Metopa);  in  the  modern  or 
Italian  Ionic  it  is  often  swelled,  in  which  case  it  is  said  to  he  pulvinated  or  cushioned, ; 
and  in  the  Corinthian  and  Composite  it  is  variously  decorated  with  figures  and  foliage. 


Fig.  1407. 


glossary. 

128.5 

according  to  the  taste  of  the  architect.  The  illusf 

Parthenon  at  Athens,  pro-  '»ustr,.t.on  ,s  f.om  tl,e  western  end  of  th. 

senting  a portion  of  the  

Panatheiac  frieze.  It  is  one 
of  the  fine  specimens  of 
Grecian  art  of  the  Elgin 
collection  in  the  British 
Museum.  {Fig.  1407.) 

Frieze  of  the  Capitai..  The 
same  as  the  Hypotrache- 

LIUM. 

Frieze  Panel.  The  upper 
panel  of  a six-panelled  door. 

Frieze  Rail.  The  upper  rail 
but  one  of  a six-panelled 
door. 

Frigidarium.  In  ancient  ar- 
chitecture, the  apartment  in 
which  the  cold  bath  was 
placed.  The  word  is  some- 
times used  to  denote  the 
cold  bath  itself. 

Front.  (Lat.  Frons.)  Any  side  or  face  of  a building,  but  more  commonly  used  to  denote 
the  entrance  side. 

Frontal.  The  cloth  hung  in  front  of  the  altar,  also  called  antependiwn. 

Frontispiece.  (Lat.  Frons  and  Inspicio.)  The  face  or  fore-front  of  a house,  but  the 
term  is  more  usually  applied  to  the  decorated  entrance  of  a building. 

Fronton.  The  French  term  for  a pediment. 

Frosted.  A species  of  rustic-work,  imitative  of  ice,  formed  by  irregular  drops  of  water. 
Frowey  Timber.  Such  as  works  freely  to  the  plane  without  tearing,  whose  grain  there^ 
fore  is  in  the  same  direction. 

Frustum,  (Lat.)  In  geometry,  the  part  of  a solid  next  the  base,  formed  by  cutting  ofl 
the  top,  or  it  is  the  part  of  any  solid,  as  a cone,  a pyramid,  &c.,  between  two  planes, 
which  may  be  either  parallel  or  inclined  to  each  other. 

Fulcrum.  (Lat.)  In  mechanics,  the  fixed  point  about  which  a lever  moves. 

Funnel.  (Lat.  Infundibulum.)  That  part  of  a chimney  contained  between  the  fire-place 
and  the  summit  of  the  shaft.  See  Chimney. 

Furniture.  (Fr.  Fournir,  to  furnish.)  The  visible  brass  work  of  locks,  knobs  to  doors, 
window-shutters,  and  the  like. 

Furring.  (Fr.  Fourrer,  to  thrust  in.)  The  fixing  of  thin  scantlings  or  laths  upon  the 
edges  of  any  number  of  timbers  in  a range,  when  such  timbers  are  out  of  the  surface 
they  were  intended  to  form,  either  from  their  gravity,  or  in  consequence  of  an  original 
deficiency  of  the  timbers  in  their  depth.  Thus  the  timbers  of  a floor,  though  level  at 
first,  oftentimes  require  to  be  furred  ; the  same  operation  is  frequently  necessary  in  the 
reparation  of  old  roofs,  and  the  same  work  is  required  sometimes  in  new  as  well  as  old 
floors. 

Furrings  or  Firrings.  Pieces  of  wood  used  to  bring  a surface  to  a level  with  others. 
Fusarole.  (It.)  A member  whose  section  is  that  of  a semicircle  carved  into  beads.  It 
is  generally  placed  under  the  echinus,  or  quarter  round  of  columns  in  the  Boric,  Ionic, 
and  Corinthian  orders. 

Fust.  (Fr.  Flit.)  An  old  term  for  the  shaft  of  a column  or  trunk  of  a pilaster.  It  is 
also  a term  used  in  Devonshire,  and,  perhaps,  in  some  other  counties,  to  signify  the 
ridge  of  a house. 


Gable.  (Brit.  Gavel.)  The  vertical  triangular  piece  of  wall  at  the  end  of  a roof,  from 
the  level  of  the  eaves  to  the  summit 

Gablet.  A small  gable,  or  gable-shaped  decoration,  as  intro  luced  on  buttresses,  &c. 

Gage.  See  Gauge. 

Gain.  In  carpentry,  the  bevelled  shoulder  of  a binding  joist,  for  the  purpo^e  of  giving 
additional  resistance  to  the  tenon  below. 

Galilee.  A porch  usually  built  near  the  west  end  of  abbey  churches.  The  galilees  of 
Durham  and  Ely  are  found  in  the  situation  here  described.  The  last  mentioned  is  still 
used  as  the  principal  entrance  to  the  church.  The  porch,  south-west  of  the  great 
transept,  at  Lincoln  Cathedral  is  also  sometimes  called  a ^lilee.  The  word  has  lieen 
frequently  used,  but  improperly,  to  designate  the  nave  of  a church.  Many  conjectures 
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have  been  made  on  the  origin  of  this  term,  but  the  most  commonly  received  op.nion, 
founded  on  a passage  in  the  writings  of  St.  Gervase  of  Canterbury,  is,  that  when 
a female  applied  to  see  a monk,  she  was  directed  to  the  porch  of  the  church,  and 
answered  in  the  words  of  Scripture,  “ He  goeth  before  you  into  Galilee,  there  shall 
you  see  him.” 

Gat.leuy.  (Fr.  allee  couverte.)  The  name  given  to  one  of  the  structures  called  Celtic 
and  Megalithic,  and  formed  of  upright  stones  covered  with  flat  ones. 

Gallery.  (Fr.  Galerie.)  An  apartment  of  a house,  for  different  purposes.  A common 
passage  to  several  rooms  in  any  upper  story  is  called  a gallery.  A long  room  for  the 
reception  of  pictures  is  called  a picture  gallery.  A platform  on  piers,  or  projecting 
from  the  wall  of  a church  and  open  in  front  to  the  central  space  is  also  called  a gallery. 
The  Whispering  Gallery  at  St.  Paul’s  is  another  example  of  the  various  uses  of  the 
word.  The  whole  or  a portion  of  the  uppermost  story  of  a theatre  is  likewise  called  a 
gallery. 

Gallet.  See  Garretino. 

Gaol.  A prison,  or  place  of  legal  confinement. 

Garden  Sheds.  Erections  for  containing  garden  implements,  fiower-pots,  hot-bed  frames, 
and  glass  sashes,  &c. ; also  for  working  in  during  bad  weather.  They  are  best  placed 
on  the  back  wall  of  the  greenhouse,  and  thus  hold  the  furnaces,  fuel,  and  other  articles. 

Gargotjille,  or  Gurgoyle.  The  carved  representations  of  men,  monsters,  &c.,  on  the 
exterior  of  a church,  and  especially  at  the  angles  of  the  tower,  serving  as  waterspouts, 
being  connected  with  the  gutters  for  the  discharge  of  the  water  from  the  roof. 

Garlands,  (Fr.)  Ornaments  of  flowers,  fruit,  and  leaves  anciently  used  at  the  gates  of 
temples  where  feasts  or  solemn  rejoicings  were  held. 

Garnets,  Cross  A species  of  hinge  used  in  the  most  common  works,  formed  in  the 
shape  of  the  letter  X turned  thus  , the  verticJil  part  being  fastened  to  the  style  or  jamb 
of  the  doorcase,  and  the  horizontal  part  to  the  door  or  shutter. 

Garret.  The  upper  story  of  a house  taken  either  partially  or  wholly  from  the  space 
within  the  roof.  It  is  also  an  epithet  applied  to  rotten  wood. 

Garreting,  or  Galleting.  Inserting  small  splinters  or  chips  of  stone  or  flint,  called 
gallets,  in  the  mortar  joints  of  rubble  work,  after  the  walls  are  built. 

Gate.  (Sax.  Deac).  A large  door,  generally  framed  of  wood.  The  width  of  gates 
should  be  from  eight  and  a half  to  nine  feet,  and  the  height  from  five  to  eight  feet.  The 
materials  of  gates  should  be  well  seasoned  previous  to  use,  otherwise  they  will  be  soon 
injured  by  the  sun  and  wind.  The  parts  should  be  also  very  correctly  put  together. 
For  durability,  oak  is  the  best ; but  some  of  the  lighter  woods,  as  deal,  willow,  and 
alder,  are,  on  account  of  their  lightness,  occasionally  used.  These,  however,  are  more 
for  field-bar  gates  than  close  gates. 

Gateway.  A passage  or  opening  formed  through  an  enclosure  wall  or  fence.  It  is  also 
given  to  a building  placed  at  the  entrance  of  a property,  and  through  which  access  is 
obtained,  and  guarded  by  a gate,  or  formerly  by  a portcullis  drawbridge. 

Gathering  of  the  Wings.  See  Chimney. 

Gauge,  or  Gage.  In  carpentry  or  joiner}^  an  instrument  for  drawing  one  or  more  lines 
on  any  side  of  a piece  of  stuff  parallel  to  one  of  the  arrisses  of  that  side.  Of  this  tool 
there  are  four  sorts ; the  common  gauge  and  the  flooring  gauge  (which  are  both  applied 
to  the  drawing  of  a line  parallel  to  an  arris),  the  internal  gauge,  and  the  mortise  and 
tenon  gauge. 

This  term  is  also  used  to  signify  the  length  of  a slate  or  tile  below  the  lap ; 
also  the  measure  to  which  any  substance  is  confined. 

Gauged  Arch.  One  having  the  bricks  or  stones  formed  radiating  to  a centre.  The  bricks 
have  to  be  cut,  and,  in  very  good  work,  they  are  also  rubbed,  to  get  a fine  joint. 

Gauged  Stuff.  In  plasterer’s  work,  stuff  composed  of  three  parts  of  lime  putty  and  one 
part  of  plaster  of  Paris,  to  set  quicker.  In  bricklayer’s  work,  it  is  the  same  proportion 
of  mortar  and  Roman  or  Portland  cement,  used  for  filletings  and  in  setting  chimney- 
pots. 

Gavel.  The  same  as  Gable. 

Gemmels.  a mediaeval  term  for  hinges.  See  Gimbals. 

Generating  Curve.  See  Evolute. 

Generating  Line  or  Plane.  In  Geometry,  a line  or  plane  which  moves  according  to  a 
given  law,  either  round  one  of  its  extremities  as  a fixed  point  or  axis,  or  parallel  to 
itself,  in  order  to  generate  a plane  figure,  or  solid,  formed  by  the  space  it  has  gone 
over. 

Genesis.  (Gr.)  In  geometry,  the  formation  of  a line,  plane,  or  solid,  by  the  motion  of  a 
point,  line,  or  plane.  See  Generating  Line. 

Geometric  Proportion.  A building  designed  by  geometrical  figures,  as  the  square,  the 
triangle,  &c. 

Geometrical.  That  which  has  a relation  to  geometry. 
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Geometkical  Decorated.  The  period  of  mediaeval  architecture  in  vliioh  the  Irac-rv  and 
other  ornamenUtion  consisted  entirely  of  distinct  geometrical  forn.s  and  iu  which  tlie 
principle  of  vertically  and  unity  by  a subordination  of  parts  u as  fully  developed 

Geometrical  Staircase.  That  in  which  the  flight  of  stone  stairs  is  supporteil  by  tlie 
wall  at  only  one  end  of  the  steps 

Geometry.  (Gr.  Ttj,  the  earth,  and  MeTpw.  I measure.)  That  science  which  treats  of  the 
objects  of  figured  space.  Its  etymology  implies  the  object  of  measuring  land.  The 
invention  of  the  science  has  been  referred  to  a very  remote  period:  by  some,  to  the 
Babylonians  and  Chaldeans  ; by  others  to  the  Egyptians,  who  are  said  to  have  used  it 
for  determining  the  boundaries  of  their  several  lands  after  the  inundations  of  the  Nile. 
Cassiodorus  says  that  the  Egyptians  either  derived  the  art  from  the  Babylonians,  or 
invented  it  after  it  was  known  to  them  It  is  supposed  that  Thales,  who  died  648  li.c., 
and  Pythagoras  of  Samos,  wlio  flourished  about  620  n.c.,  introduced  it  from  Egypt  into 
Greece.  Whatever  the  origin,  however,  of  the  term,  the  occasions  on  which  it  is  neces- 
sary to  compare  things  with  one  another  in  respect  of  their  forms  and  magnitudes  are 
so  numerous  in  every  stage  of  society,  that  a geometry  more  or  less  perfect  must  have 
existed  from  the  first  periods  of  civilisation. 

Geometry,  descriptive.  The  art  of  representing  a definite  body  upon  two  planes  at 
right  angles  with  each  other,  by  lines  falling  perpendicularly  to  the  planes  from  all  the 
points  of  concourse  of  every  two  contiguous  sides  of  the  body,  and  from  all  points  of  its 
contour,  and,  vice  versa,  from  a given  representation  to  ascertain  the  parts  of  the 
original  objects. 

Geometry,  practical.  The  method  of  working  problems  in  geometry. 

Ghaut.  A Hindoo  term  for  a landing  place,  steps  on  the  banks  of  a river,  a pass 
between  mountains,  and  the  mountains  themselves,  especially  the  eastern  and  western 
ranges,  which  cut  off  from  the  upper  or  table  land  the  narrow  strips  of  lotv  coast  that 
intervene  between  them  and  the  sea. 

Giblea  Cheque,  Giblet  Cheek  or  Check.  A term  used  by  Scotch  masons  to  denote  the 
cutting  away  of  the  right  angle  formed  by  the  front  and  returns  of  the  aperture  of  a 
stone  door-case,  in  the  form  of  a rebate  or  reveal,  so  as  to  make  the  outer  side  of  the 
door  or  closure  flush  with  the  face  of  the  wall. 

Gilding.  The  practice  of  laying  gold  leaf  on  any  surface. 

Gimbals,  Gimbols,  or  Gimbles.  (Lat.  Gemellus.)  A piece  of  mechanism  consisting  of 
two  brass  hoops  or  rings  which  move  within  one  another,  each  perpendicularly  to  its 
plane,  about  two  axes  at  right  angles  to  each  other.  A body  suspended  in  this  manner, 
having  a free  motion  in  two  directions  at  right  angles,  assumes  a constantly  vertical 
position.  See  Gemmels. 

Gimlet,  or  perhaps  more  properly  Gimblet.  (Fr.  Guimbelet.)  A piece  of  steel  of  a 
semi-cylindrical  form,  hollow  on  one  side,  having  a cross  handle  at  one  end  and  a worm 
or  screw  at  the  other.  Its  use  is  to  boro  a hole  in  a piece  of  wood.  The  screw  draws 
the  instrument  into  the  wood  when  turned  by  the  handle,  and  the  excavated  part,  form- 
ing a sharp  angle  with  the  exterior,  cuts  the  fibres  across,  and  contains  the  core  of  the 
wood  cut  out.  It  is  used  for  boring  holes  larger  than  is  effected  by  the  bradawl. 

Girder.  (Sax.  Hyptan,  to  enclose.)  The  principal  beam  in  a floor,  for  supporting  the 
binding  or  other  joists,  whereby  the  bearing  or  length  is  lessened.  Perhaps  so  called 
because  the  ends  of  the  joists  are  enclosed  by  it.  An  iron  or  timber  girder  carries 
a wall  or  assists  to  carry  a floor.  See  Bressumer. 

Girdle.  A circular  band  or  fillet  surrounding  a part  of  a column. 

Girt.  The  length  of  the  circumference  of  an  object,  whether  rectilinear  or  curvilinear,  on 
its  horizontal  section.  In  timber  measuring,  according  to  some,  it  is  taken  at  one -fourth 
of  the  circumference  of  the  tree,  and  is  so  taken  for  the  side  of  a square  equal  in  area  to 
the  section  of  the  tree  cut  through,  where  the  perimeter  is  taken  iu  order  to  obtain  the 


girt. 


Glass.  (Germ.)  A transparent,  impermeable,  and  brittle  substance,  of  which  there  are 
different  sorts  used  in  building.  The  “ Times  " paper  of  February  6th,  and  others  in  May, 
1875,  stated  that  a Frenchman  had  discovered  that  glass  heated  to  redness,  and  then 
cooled  or  annealed  in  oil,  greatly  increased  its  toughness,  while  its  transparency  rem hi nc^ 
the  same.  Thus  a plate  of  glass  supported  at  the  ends  would  resist  a ^ 

two  feet,  but  when  treated  as  above  it  would  resist  the  same  weight  falling  six  or  eight 
feet.  See  Crown  Glass,  Sheet  Glass,  Plate  Glass.  a 

Glass  Painting.  A decoration  frequently  used  in  buildings.  It  is  the  me  ^ 

on  glass  in  such  a manner  as  to  produce  the  effect  of  the  K 

pared  by  an  artist  for  it.  _A  French  pain^^^^^  'u  i:'. 


WeverTracti^dbo 

A!;^::,”an  ^^0=^ rployment  is  that  of  fitting  and  fixing  gh,ss. 


See 
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Glue.  (From  the  Lat.  Gluten.)  A tenacious  viscid  matter  made  of  the  skins  and  hoofs  of 
animals,  for  cementing  two  bodies  together.  Glue  is  bought  in  cakes,  and  is  better  the 
older  the  skin  of  the  animal  from  which  it  is  made.  That  which  swells  without  dis- 
solving when  steeped  in  water  is  the  best.  To  prepare  glue  it  should  be  broken  into 
small  fragments  and  then  steeped  in  water  about  twelve  hours.  It  should  be  then 
heated  in  a leaden  or  copper  vessel  till  the  who'e  is  dissolved,  stirring  it  frequently 
with  a stick.  After  this  it  is  put  into  a wooden  vessel  and  remains  for  use.  A water- 
tight joint  in  wood  can  be  obtained  by  grinding  glue  and  white  lead  in  equal  propor- 
tions, boiled  in  linseed  oil,  so  as  to  make  the  liquid  r»f  a w'hitish  colour,  and  strong  but 
not  thick.  It  is  also  useful  for  external  work.  “ Marine  glue  ” is  a very  strong  liquid 
matter,  the  material  often  giving  way  before  the  joint. 

Glyph.  (Gr.  rAu</>&j,  I carve.)  A sunken  channel,  the  term  being  usually  employed  in 
reference  to  a vertical  one.  From  their  number,  those  in  the  frieze  of  the  Doric  oi*der 
are  called  triglyphs. 

Gltptotheca.  (Gr.  T\v(pu},  and  0r?/c7j,  deposit,)  A building  or  room  for  the  preservation 
of  works  of  sculpture.  See  Cyzicenus. 

Gnbi.ss.  a species  of  granite  wdiich,  from  excess  of  mica,  is  generally  of  a lamellar  or  slaty 
texture.  It  is  a term  used  by  the  miners  of  Germany. 

Gnomon.  (Gr.  Tvwfxwv.)  An  instrument  for  measuring  shadows,  and  thereby  determining 
the  sun’s  height.  In  dialling,  it  is  the  style  of  the  dial,  and  its  shadow  marks  the  hour. 
It  is  placed  so  that  its  straight  edge  is  parallel  to  the  axis  of  the  earth’s  rotation.  In 
geometry,  a gnomon  is  that  part  of  a parallelogram  which  remains  when  one  of  the 
parallelograms  about  its  diagonal  is  removed ; or  the  portion  of  the  parallelogram  com- 
posed of  the  two  complements  and  one  of  the  parallelograms  about  the  diagonal.  The 
term  is  found  in  Euclid,  but  is  now  rarely  used. 

Gobuets.  Blocks  of  stone;  and  also  squared  blocks  of  stone. 

Goccioeatoio.  (It.)  The  same  as  Corona. 

Godown.  The  Bengalese  term  for  a warehouse  or  cellar. 

Gouroon,  or  Gadroon.  An  ornamented  moulding,  consisting  of  headings  or  cablings. 

Gola,  or  Gula.  (It.)  The  same  as  Cyma. 

Goniometer.  (Gr.  Fayia,  an  angle,  and  Merpo),  I measure.)  An  instrument  for  measuring 
solid  angles. 

Gopura.  The  Indian  name  for  a gate-tower  in  the  wall  enclosing  the  space  of  ground  in 
which  are  the  cell  and  porch  forming  a temple  in  the  south  of  Hindostan.  In  elevation 
it  is  pyramidal  like  a pagoda  ; but  instead  of  being  square  like  the  temple  in  plan,  the 
gopura  is  merely  a fylon,  sometimes  130  feet  wide  by  100  feet  deep,  pierced  in  the  mid- 
dle of  the  longer  sides  by  a gatew'ay  which  occupies  a seventh  or  even  a fourth  of  the 
width  of  the  tower.  The  pile  is  covered  by  a crested  roof,  resembling  a boat  with  the 
keel  uppermost.  Among  the  finest  examples  are  those  at  Seringam,  at  Combaconum,  and 
at  Chillambaram,  dating  about  990-1004. 

Gorge.  The  same  as  Cavetto.  The  gorgerin  is  a diminutive  of  the  term. 

Gorgoneia.  (Gr.)  Key-stones  carved  with  Gorgons’  heads. 

Gothic  Arciutecture.  The  name  given  about  the  end  of  the  seventeenth  century  to  the 
Pointed  architecture  of  the  medisev'al  period,  and  now  called  MedItEvae  Architecture. 

Goufing  Foundations.  A Scotch  term,  signifying  a mode  of  securing  unsound  walls  by 
driving  wedges  or  pins  under  their  footings. 

Gouge.  A chisel  whose  section  is  of  a semicircular  form. 

Gbadetti.  (It.)  The  same  as  Annulets. 

Gradient.  Good  lists  are  given  in  Builder^  1863,  p.  818  ; and  xvii.  p.  214. 

Grascostasis.  a hall  or  portico  adjoining  the  Roman  comitia,  in  which  foreign  ambas- 
sadors waited  before  entering  the  senate,  and  also  whilst  waiting  the  answer  that  was 
to  be  given  to  them. 

Grain.  The  line  of  direction  in  which  some  materials  can  be  split  transversely. 

Graining.  The  imitation  of  the  grains  or  texture  of  certain  ornamental  woods,  by  means 
of  paint  worked  over  by  a comb  and  other  implements  required  to  represent  the  various 
sorts.  It  is  also  called  “ combing.” 

Granary.  (Lat.  Granum.)  A building  for  storing  corn,  especially  that  intended  to  be 
kept  for  a considerable  time.  Vitruvius  calls  those  buildings  intended  for  the  preserva- 
tion of  grain  granaria,  those  for  hay  fosnilia,  and  those  for  straw  farraria.  The  term 
horreum  was  used  by  the  Romans  for  denoting  buildings  not  only  for  the  preservation 
of  corn,  but  for  various  other  effects. 

Grand.  A term  used  in  the  fine  arts,  generally  to  express  that  quality  by  which  the 
highest  degree  of  majesty  and  dignity  is  imparted  to  a work  of  art.  Its  source  is,  in 
form,  freed  from  ordinary  and  common  bounds,  and  to  be  properly  appreciated  requires 
an  investigation  of  the  different  qualities  by  which  great  and  extraordinary  objects 
produce  impressions  on  the  mind. 

Grange.  A farm-yard  or  farmery,  consisting  of  a farm-house  and  a court  of  offices  for 
the  different  animals  and  implements  used  in  farming,  as  also  of  barns,  feeding  houses, 
poultry  houses,  &c. 
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Granite.  This  word  is  apparently  a corruption  of  the  Latin  wor<l  gcravirrs  used  l.v 
Pliny  to  denote  a particular  species  of  stone.  Tournefort.  in  the  account  of  l.is  roga/r 
to  the  Levant  m 1699.  is  tlie  first  of  modern  writers  who  uses  the  name.  The  const it'nent 
parts  of  true  granite  are  concretions  of  felspar,  quartz,  and  mica,  intimately  ioined 
together,  but  without  any  basis  or  ground.  They  are  variable  in  quantity  Granites 


vary  in  colour,  as  the  whire,  red,  pink,  blue,  &c. 
Grass  Table.  See  Earth  Table. 


See  Gneiss. 


Graticulation.  The  division  of  a design  or  draught  into  squares,  for  the  purpose  of 
reducing  it  to  smaller  dimensions. 

Gravel.  A term  applied  to  a well-known  materitil  of  small  stones,  varying  in  size  from 
a pea  to  a walnut,  or  something  larger.  It  is  often  intermixed  with  other  substances, 
as  sand,  clay,  loam,  flints,  pebbles,  iron  ore,  &c.  It  is  used  for  roads  and  for  concrete.’ 

Grave-stone.  A flat  stone  placed  over  the  grave  of  a deceased  person,  on  wliich  the 
name,  dates,  &c.,  are  engraved. 

Gravity.  See  Specific  Gravity. 

Grecian  Architecture.  The  refined  works  of  the  ancient  Greek.s,  as  exhibited  in  the 
buildings  at  Athens  and  numerous  other  cities  of  Greece,  Asia  Minor,  Sicily,  &c.  The 
chief  principle  of  construction  v/as  the  entablature  and  columns. 

Giieco-Roman  Style.  The  style  of  architecture  adopted  by  many  architects  in  England 
at  the  end  of  the  last  century,  in  which  the  severity  of  the  ancient  Greek  style  is  modi- 
fied by  the  richness  and  elaborate  details  of  that  of  the  Roman,  together  with  the  intro- 
duction of  features  such  as  the  arch,  adapted  to  the  requirements  of  the  style  and  of  the 
present  era. 

Gree,  Grees,  Grese,  or  Grtse.  An  old  word,  signifying  a step,  steps,  or  degrees. 

Greek  Cross.  See  Cross, 1387. 

Greek  Masonry.  The  manner  of  bonding  walls  among  the  Grecians.  See  Ma.sonry. 

Greenhouse.  A building  for  sheltering  in  pots  plants  which  are  too  tender  to  endure  the 
open  air  the  greater  part  of  the  year.  It  is  constructed  with  a roof  and  one  or  more 
sides  of  glass,  and  being  erected  for  luxury  should  not  be  far  away  from  the 
dwelling-house,  so  that  the  greatest  enjoyment  may  be  had  from  it.  At  tlie  same  time 
it  should,  if  possible,  be  near  the  flower  garden,  as  being  of  similar  character  in  use.  The 
length  and  breadth  can  only  be  determined  by  the  wealth  and  objects  of  the  proprietor. 
The  best  aspects  are  south  and  south-east,  but  any  aspect  may,  in  case  of  necessity,  be 
taken,  if  the  roof  be  entirely  of  glass,  and  plenty  of  artificial  heat  be  supplied.  In  those 
greenhouses,  however,  which  face  the  north,  the  tender  plants  do  not  in  winter  succeed 
so  well,  and  a greater  quantity  of  artificial  heat  must  then  be  supplied,  and  the  plants 
should,  in  such  case,  be  chiefly  evergreens,  and  others  that  come  into  flower  in  the  summer 
season,  and  grow  and  flower  but  little  during  the  winter.  The  plants  in  greenhouses 
are  kept  in  pots  or  boxes  on  stages  or  shelves,  so  as  to  be  near  and  follow  the  slope  of 
the  roof,  and  thus  made  more  susceptible  of  the  action  of  the  sun’s  rays  immediately  on 
passing  through  the  glass. 

An  orangery,  from  being  constructed  with  a ceiled  roof,  differs  from  a greenhouse ; it 
is.  moreover,  chiefly  devoted  to  plants  producing  their  shoots  and  flowers  in  the  summer 
season,  and  in  the  open  air ; the  use  of  the  orangery  being  merely  to  preserve  them 
during  the  winter.  The  structure  is  more  properly  called  a conservatory,  though  this 
term  is  now  applied  to  buildings  with  glass  roofs,  wherein  the  plants  are  not  kept  in 
pots,  but  planted  in  the  free  soil,  and  wherein  some  are  so  reared  as  to  grow  and  flower 
in  the  winter  months. 

Grey  Stocks.  Bricks  of  the  third  quality  of  the  best  or  malm  bricks.  ^ ^ 

Grinding.  The  act  of  taking  off  the  redundant  parts  of  a body,  and  forming  it  to  its 
destined  surface.  _ • • • u • i 

Grindstone.  A cylindrical  stone,  mounted  on  a spindle  through  its  axis,  with  a winch- 
handle  for  turning  it,  to  grind  edge-tools. 

Grit  Stone.  One  of  various  degrees  of  hardness  ; mostly  of  a grey,  sometimes  of  a yellow- 
ish colour.  It  is  composed  of  a siliceous  and  micaceous  sand,  closely  compacted  by 
an  argillaceous  cement.  It  gives  some  sparks  with  steel,  is  indissoluble,  or  nearly  so,  in 
acids,  and  vitrifiable  in  a strong  fire.  It  is  used  for  millstones  more  than  for  building. 

Groin.  (Sax.  Gpoptn,  to  grow.)  The  line  formed  by  the  intersection  of  two  arches, 
which  cross  each  other  at  any  angle.  See  Cross  Vaulting. 

Groined  Ceiling.  One  formed  by  three  or  more  curved  surfaces,  so  that  every  two  may 
form  a groin,  all  the  groins  terminating  at  one  extremity  in  a common  point. 

Groined  Vattlting.  A vault  wEich  is  formed  by  groins  springing  ru-irf 

and  intersecting.  The  varieties  are  described  in  Book  II.  Chap.  1,  p.  388  , an  . p. 

GROOVE.^^(Sax.  np.apan,  to  dig.)  A sunken  rectangular  channel.  It 

to  connect  two  pieces  of  wood  together,  the  piece  not  grooved  having  on  its  edge  a 
projection  or  tongue,  whose  section  corresponds  to  and  fits  the  groo\e. 
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GnoTP.SQUE.  (Fr.)  A term  applied  to  capricious  ornaments  Avhicli,  as  a wliole,  liaA’c  no 
type  in  nature,  consisting  of  figures,  animals,  leaves,  fiowers,  fruits,  and  the  like,  all 
connected  together. 

Ground  Floor.  The  floor  of  a building  level,  or  nearly  so,  with  the  surface  of  the  chief 
thoroughfare  or  the  land  around  it.  It  is  not  always  the  lowest  floor,  the  basement 
being  frequently  beneath  it,  A floor, -if  on  such  a level,  as  in  some  country  mansions, 
becomes  a ground  floor,  though  generally  called  a basement. 

Ground  Glass.  The  white  effect  given  to  glass  by  grinding  it  with  emery  powder,  and 
thus  obscuring  it,  so  that  it  cannot  be  seen  through. 

Ground  Joists.  Those  which  rest  upon  sleepers  laid  upon  the  ground,  or  on  bricks,  prop 
stones,  or  dwarf  walls ; they  are  only  used  in  basement  and  ground  floors. 

Ground  Line.  In  perspective,  the  intersection  of  the  picture  with  the  ground  plane.  See 
Ground  Plane. 

Ground  Niche.  One  whose  base  or  seat  is  on  a level  with  the  ground  floor. 

Ground  Plan.  The  plan  of  the  story  of  a house  level  with  the  surface  of  the  ground,  or 
near  to  it. 

Ground  Plane.  In  perspective,  the  situation  of  the  original  plane  in  the  supposed  level 
of  our  horizon.  It  differs  from  the  horizontal  plane,  which  is  said  of  any  plane  parallel 
to  the  horizon  ; whereas  the  ground  plane  is  a tangent  plane  to  the  surface  of  the  earth, 
and  is  supposed  to  contain  the  objects  to  be  represented.  The  term  ground  plane  is  used 
in  a more  confined  sense  than  that  of  original  plane,  which  may  be  any  plane,  whether 
horizontal  or  inclined. 

Ground  Plate  or  Ground  Sill.  The  lowest  horizontal  timber  on  which  the  exterior 
walls  of  a building  are  erected.  It  chiefly  occurs  in  timber  buildings,  or  in  buildings 
whose  outside  walls  are  formed  of  brick  panels  with  timber  framings. 

Ground  Plot.  The  plan  of  the  walls  of  a building  where  they  first  commence  above  the 
foundation,  though  more  properly  it  is  the  piece  of  ground  selected  to  receive  the 
building.  For  dwellings,  its  chief  requisites  are  a healthy  situation,  a convenient  supply 
of  water,  good  drainage,  a pleasant  aspect,  &c.  If  for  trade  or  manufacture,  it  should 
be  conveniently  placed  for  receiving  the  raw  material,  and  for  exporting  the  articles 
manufactured. 

Grounds.  In  joinery,  certain  pieces  of  wood  attached  to  a wall,  to  which  the  finishings  are 
fastened.  Their  surface  is  flush  with  the  plastering.  Narrow  grounds  are  those  whereto 
the  bases  and  siu’bases  of  rooms  are  fastened.  Grounds  are  used  over  apertures,  as  well 
for  securing  the  architraves  as  for  strengthening  the  plaster.  That  the  plaster  may  be 
kept  firm,  should  the  wood  shrink,  a groove  is  siimetimes  run  on  the  edge  of  the  ground 
next  to  the  plaster,  or  the  edge  of  the  ground  is  rebated  on  the  side  next  to  the  wall,  so 
that  in  the  act  of  plastering  the  stulf  is  received  into  the  groove  or  rebate,  which  pre- 
vents it  from  shifting  when  it  becomes  dry.  Wide  grounds  are  framed. 

Grouped  Columns  or  Pilasters.  A term  used  to  denote  three  or  more  columns  placed 
upon  the  same  pedestal.  When  two  only  are  placed  together  they  are  said  to  be  coupled. 

Grout.  (Sax.  H/pur.)  A semi-liquid  mortar,  composed  of  quicklime  and  fine  sand, 
poured  into  the  joints  of  masonry,  and  those  of  large  masses  of  brickwork  at  every 
four  coiu’ses  or  so,  in  order  to  fill  up  the  joints  well,  which  process  is  called  grouting. 
It  is  not  required  when  the  joints  are  properly  flushed  up. 

Growing  Shore.  See  Dead  Shore. 

Gudgeon.  The  axle  of  a wheel,  on  which  it  turns  and  is  supjiorted.  To  diminish  friction 
gudgeons  are  made  as  small  as  possible  in  diameter,  consistent  with  their  weight.  They 
are  often  made  of  cast  iron,  on  account  of  its  cheapness,  but  wrought  iron  of  the  same 
dimensions  is  stronger,  and  will  support  a greater  load. 

Guilloche.  (Fr.)  An  ornament  in  the  form  of  two  or  more  bands  or  strings  twisting 
over  each  other,  so  as  to  repeat  the  same  figure,  in  a continued  series,  by  the  spiral 
I'eiurning  of  the  bands.  The  term  is  applied,  but  improperly  so,  to  a Fret. 

Gula,  or  Gola,  or  Gueule.  (It.)  Synonymous  with  Cymatium. 

Gunter’s  Chain,  One  used  for  measuring  land,  and  taking  its  name  from  its  reputed 
inventor.  It  is  66  feet,  or  4 poles,  long,  and  divided  into  100  links,  each  whereof  is 
joined  to  the  adjacent  one  by  three  rings  ; the  length  of  each  link,  including  the  adja- 
cent rings,  is  therefore  7‘92  inches.  The  advantage  of  the  measure  is  in  the  faedity  it 
affords  to  numerical  calculation.  Thus  the  English  acre,  containing  4,840  yards,  and 
Gunter’s  chain  being  22  yards  long,  it  follows  that  a square  chain  is  exactly  the  tt-nfh 
part  of  an  acre,  consequently  the  contents  of  a field  being  cast  up  in  .‘•quare  links,  it  is 
only  necessary  to  divide  by  100,000,  or  to  cut  off  the  last  five  figures,  to  obtain  the  con- 
tents expressed  in  acres. 

Gtrgoyle.  See  Gargoyle. 

Gutt.3?.  See  Drops. 

Gutter  and  Guttering.  A canal  to  the  roofs  of  houses,  to  receive  and  carry  uflf  rain- 
water. Gutters  are  made  of  metal  or  of  tiles,  wLich  are  either  plain  or  concave  ; these 
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Hst  are  called  gutter  t.les,  and  so  adapted  to  eacl.  other  as  to  be  laid  uith  gre;.t  ease 
Ihe  Romans  had  gutters  of  terra-cotta  along  the  roofs  of  their  l.ousos,  and  the  rai„: 
water  from  them  ran  out  througli  the  heatls  of  animals  and  other  devices  placed  in  the 
angles  and  in  convenient  parts.  Zinc  is  often  usid  for  gutters,  hut  should  only  bo  fixed 
to  temporary  erections  An  Anuis  Gcrrait  is  formed  of  wood.  The  chaiiiielson  each 
Side  or  in  the  middle  of  a roadway  to  carry  off  water,  are  called  nutters 
GvMtiAsiuM.  (Gr.  reura,r.ey,  from  r.f^yos,  naked.)  Originally  a space  measured  out  and 
covered  with  sand  for  the  e.xercisc  of  athletic  games,  the  gymnasia  in  the  end  became 
spacious  buildings,  or  institutions,  for  the  mental  as  ivell  as  corporeal  instraction  of 
youth,  ahey  were  first  erected  at  Lacedamion,  whence  they  spread  through  the  rest  of 
Greece,iiito  Italy,  riiey  did  not  consist  of  single  edifices,  but  comprised  several  biiildiiics 
and  porticoes  for  study  and  discourse,  for  baths,  anointing  rooms,  paliestras  in  which 
the  exercises  took  place,  and  for  other  purposes.  It  is  also  a building  for  tlie  practice 
of  physical  games,  and  instruction  in  gymnastic  exercises  ; and  in  Russia  and  Germ  my 
It  is  the  school  below  the  academy  or  university,  where  the  scholar  receives  a superior 
euucation  and  learns  its  application  in  life. 

Gyn^ceum.  (Gr.  TwaK^iou.)  In  ancient  architecture,  that  portion  of  the  Grecian  house 
set  apart  for  the  occnpatioii  of  the  female  part  of  the  family 
Gypsum.  (Probably  from  Frj,  earth,  and  Ei/foi,  I concoct.)  Crystals  of  native  sulphate 
of  hme.  Being  subjected  to  a moderate  heat  to  expel  the  water  of  crystallisation,  it 
forms  plaster  of  Paris,  and  when  water  is  applied  to  it,  it  immediately  assumes  a solid 
form.  Of  the  numerous  species,  alabaster  is,  perhaps,  the  most  abundant. 


II 

Habitable  Rooms.  These  are  required  by  the  Metropolis  Local  Management  Act,  185o, 
c.  120,  to  be  not  less  than  7 feet  high.  When  placed  in  the  roof  they  must  bo  of  that 
height  at  least,  throughout  not  less  than  one  half  of  the  area  of  such  room.  AVhen  under- 
ground, tliey  must  be  of  that  height  at  least,  1 foot  of  which  must  be  above  the  surface 
of  the  footway  of  the  street.  They  must  have,  for  their  entire  frontage,  an  open  area 
from  6 inches  below  the  level  of  the  floor  to  the  surface  of  the  footway  and  3 fee-t  wide 
in  every  part;  they  must  be  effectually  drained;  have  a flre-place  with  a proper  chim- 
ney or  flue ; and  an  external  glazed  window  of  at  least  9 superficial  feet  in  area,  clear 
of  the  frame,  and  made  to  open  in  an  approved  manner.  There  must  be  appurtenant  to 
such  room  or  cellar  a water-closet  or  privy,  and  an  ashpit  furnished  with  proper  doors 
and  coverings. 

Hack.  In  briekmaking,  the  row  in  which  crude  bricks  are  laid  to  dry  after  being 
moulded,  and  before  being  placed  in  the  clamps  or  kilns  to  be  burnt. 

Hacking.  In  walling,  denotes  the  interruption  of  a course  of  stones,  by  the  introduction 
of  another  on  a different  level,  for  want  of  stones  to  complete  the  thickness.  Thu.s 
making  two  courses  at  the  end  of  a wall  of  the  same  height  as  one  at  the  other.  The 
last  stone  laid  is  often  notched  to  receive  the  first  stone  of  the  other  where  tlie  two 
heights  commence.  Hacking  is  never  permitted  in  good  work.  The  term  is  used  more 
in  Scotland  than  in  England.  Taking  down  old  plastering  from  a wall  or  coiling,  is 
called  “hacking  off.” 

Hacking-out  Knife.  An  implement  used  in  cutting  old  putty  out  of  the  rebates  of  a 
bar  of  a light,  before  inserting  a new  pane  of  glass.  As  this  operation  injures  the  bars, 
a liquid  preparation  is  now  often  used  for  softening  the  putty. 

Hagioscope.  (Gr.  ayms,  holy,  and  aKoirhs,  mark.)  An  aperture  made  in  the  interior 
walls  or  partitions  of  a church,  generally  in  the  sides  of  the  chancel  arch,  to  enable  per- 
sons in  the  aisles,  or  side  chapels,  to  see  the  elevation  of  the  host.  They  are  techni- 
cally called  squints,  and  sometimes  elevation  apertures ; and  now  written  Agios  opc^ 

Half-pace.  See  Foot  Pace. 

Half  Round.  A semicircular  moulding  wEich  may  be  a bead  or  torus. 

Half-timber  Building.  A structure  formed  of  studding,  with  sills,  lintels,  struts,  and 
braces,  sometimes  filled  in  with  brickwork,  and  plastered  over  on  both  sides.  Cottage.s 
were  usually  lathed  and  plastered  on  the  outside  only,  the  upright  timber  work  showing 
on  the  inside.  The  outside  woodwork  was  sometimes  painted  black. 

Hall.  (Sax.  Hal.)  A name  applied  indifferently  to  the  first  large  apartment  on  entering 
a house,  to  the  public  room  of  a corporate  body,  a court  of  justice,  or  to  a manor  house. 

Vitruvius  mentions  three  sorts  of  halls  ; the  Tetrastyle,  which  has  fo^  columns  sup- 
porting the  ceiling  ; the  Corinthian,  wRich  htis  columns  all  round,  and  is  vaultod  ; and 
the  Egyptian,  which  has  a peristyle  of  Corinthian  columns,  bearing  a second  oi-der  with 
a ceiling.  These  were  called  aci.  In  magnificent  edifices,  where  the  hall  is  larger  and 
loftier  than  ordinary,  and  is  placed  in  the  middle  of  the  house,  it  is  called  a saloon  ; 
and  a royal  apartment  consists  of  a hall  or  chamber  of  guards,  a chainocr,  an  ante- 
chamber, a cabinet  chamber,  and  a gallery. 
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Halving.  A method  of  joining  timbers  by  letting  them  into  each  other.  It  is  preferable 
to  mortising,  even  where  the  timbers  do  not  pass  each  other,  as  they  are  less  liable  to 
be  displaced  by  shrinking. 

Ham.  (Sax.)  Properly  a house  or  dwelling  place  ; also  a street  or  village,  whence  it  has 
become  the  final  syllable  to  many  of  our  towns,  as  NottingAn^n,  Bucking^uw,  &c. ; hence, 
too,  hamlet,  the  diminutive  of  ham,  is  a small  street  or  village. 

Hammer  Beam.  A beam  acting  as  a tie  at  the  feet  of  a pair  of  principal  rafters,  but  not 
extending  so  as  to  connect  the  opposite  sides.  Hammer  beams  are  used  chiefly  in  roofs 
constructed  after  the  Gothic  style,  the  end  which  hangs  over  being  frequently  supported 
by  a concave  rib  springing  from  the  wall,  as  a tangent  from  a curve,  and  in  its  turn 
supporting  another  rib,  forming  an  arch.  The  ends  of  hammer  beams  are  often  decorated 
with  beads  and  other  devices.  The  finest  example  of  such  a roof  is  at  Westminster  Hall. 

Hance.  The  small  arch  which  often  joins  a straight  lintel  to  a jamb.  Hence  the  term 
Hance  arch. 

Hand-rail  of  a Stair.  A rail  raised  upon  slender  posts,  called  balusters,  to  prevent  per- 
sons falling  down  the  well  hole,  as  also  to  assist  them  in  ascending  and  descending. 

Handspike.  A lever  for  raising  a weight,  usually  of  wood,  and  applied  to  the  holes  in  a 
capstan  head. 

Hang  over.  (Verb.)  A term  used  to  denote  the  condition  of  a wall  when  the  top  pro- 
jects beyond  the  bottom. 

Hangings.  Linings  for  rooms  of  arras,  tapestry,  paper,  or  the  like.  Paper  hangings  were 
introduced  early  in  the  seventeenth  century. 

Hanging  Stile  of  a Door.  That  to  which  the  hinges  are  attached. 

Hardware.  Ironmongery  is  so  called. 

Harmonic  Proportion.  That  which,  in  a series  of  quantities,  any  three  adjoining  terms 
being  taken,  the  difference  between  the  first  and  second  is  to  the  difference  between  the 
second  and  third,  as  the  first  is  to  the  third. 

Harmus.  (Gr.  ’Apnos.)  In  ancient  architecture,  a tile  used  for  covering  the  joint  between 
two  common  tiles. 

Harness  Room.  A room  wherein  harness  is  deposited.  It  is  absolutely  requisite  that  it 
be  dry  and  kept  clean.  Its  situation  should  be  near  the  stable  it  is  destined  to  serve. 

Hasp.  The  fastening  to  a common  casement.  See  Snacket  and  Staple. 

Hassack.  The  provincial  name  for  Kentish  rag  stone. 

Hatchet.  (Fr.  Hachette.)  A small  axe  used  by  joiners  for  reducing  the  edges  of  boards. 

Haunches  of  an  Arch.  The  parts  between  the  crown  and  the  springing. 

Hawk.  A small  quadrangular  tool  with  a handle,  used  by  a plasterer,  on  wliich  the  stuff 
required  by  him  is  served,  for  his  proceeding  with  the  work  in  progress.  He  has  always 
a boy  attendant  on  him,  by  whom  he  is  supplied  with  the  material.  The  boy  in  ques- 
tion is  called  a Hawk  hoy. 

Head.  See  Aperture. 

Head  and  Foot  Stones.  The  upright  stones  placed  to  the  grave  of  a deceased  person, 
and  on  which  the  name,  dates,  &c.,  can  be  engraved. 

Header.  In  masonry  and  brickwork,  the  stone  extending  over  the  thickness  of  a wall. 
Hence  the  term  Heading  c mrse. 

Heading  Joint.  In  joinery,  the  joint  of  two  or  more  boards  at  right  angles  to  the  fibres, 
or  in  handrailing  at  right  angles  to  the  back  ; this  is  so  disposed  with  a view  of  con- 
tinuing the  length  of  the  board  when  too  short.  In  good  work  the  heading  joints  are 
ploughed  and  tongued,  and  in  dadoes  are,  moreover,  connected  with  glue. 

Headway  of  Stairs.  The  clear  distance,  measured  perpendicularly,  from  a given  landing- 
place  or  stair  to  the  ceiling  above,  whether  of  the  stairs  or  landing. 

Heart  Bond.  In  masonry,  that  in  which  two  stones  of  a wall  forming  its  breadth,  have 
one  stone  of  the  whole  breadth  placed  over  them.  See  Bond. 

Hearth.  See  Chimney.  See  Slab. 

Heather  Roof.  A covering  used  in  Scotland,  by  some  considered  superior  to  straw. 

Hecatompedon.  , (Gr.)  A temple  one  hundred  feet  in  front.  A term  applied  to  th® 
Parthenon.  F'tg.  1458,  99  and  100. 

Mr.  Penrose’s  measurement  gives  the  length  of  top  of  upper  step  as  10P341  English 
feet=  100  Attic  feet.  Length  of  the  same  228' 141  English  feet. 

Heek.  The  same  as  Rack. 

Heel.  A term  used  by  workmen  to  denote  a cyma  reversa. 

Heel  of  a Rafter.  The  end  or  foot  that  rests  on  the  wall  plate. 

Height.  The  perpendicular  distance  of  the  most  remote  part  of  a body  from  the  plane  on 
which  it  rests. 

Height  of  an  Arch.  A line  drawn  from  the  middle  of  the  chord  or  spun  to  the 
intrados.  It  is  also  called  the  versed  sine. 

Helical  Line  of  a Handrail,  The  spiral  line  twisting  round  the  cylinder,  representing 
the  form  of  the  handrail  before  it  is  moulded. 
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Hkuocaminl’s.  (Gr.  *HAtos,  the  sun,  {uul  Kafuvos,  a furnace.)  A chamber  in  the  Roman 
houses  which  depended  on  the  rays  of  the  sun  for  warming  it. 

II kliosckne.  An  outside  blind  invented  of  late  years,  formed  like  the  louvres  of  a venti- 
lator, which  keeps  out  the  rays  of  the  sun,  ensures  ventilation,  and  permits  a clear 
view  from  the  inside  of  the  room  to  the  window  of  which  it  is  applied. 

Hklix.  (Gr.  "HAjI,  a kind  of  ivy  whose  stalk  curls.)  A small  volute  or  twist  under 
the  abacus  of  the  Corinthian  capital,  in  which  there  are,  in  every  perfect  capital, 
sixteen,  called  also  uHUcb;  viz.,  two  at  each  angle,  and  two  meeting  under  the  middle 
of  the  abacus,  branching  out  of  the  caulicoli  or  stalks,  which  rise  from  between  tlie 
leaves. 

Hem.  The  spiral  projecting  part  of  the  Ionic  capital. 

Hemicycle.  a semicircle ; the  term  is  used  architecturally  to  denote  vaults  of  the  cradle 
form,  and  arches  or  sweeps  of  vaults,  constituting  a semicircle. 

Hemisphere.  In  geometry,  the  half  of  a globe  or  sphere,  when  divided  by  a plane  pass- 
ing through  its  centre. 

Hemitriglyph.  a half  triglyph. 

Heptagon.  (Gr.)  A geometrical  figure  of  seven  sides  and  angles. 

Hermitage.  A small  hut  or  dwelling  in  an  unfreqnented  place,  occupied  by  a hermit. 

Imitation  buildings  in  a park,  as  a resting  place,  are  so  called. 

Herring  Bone  Work.  In  paving,  a disposition  of  bricks  or  s-tones  laid 
diagonally  (see  diagram  in  the  margin),  each  length  receiving  the  end  of  the 
adjoining  brick  or  stone.  In  walling,  courses  of  stone  or  bricks  laid  angularly ' 
in  the  face  of  a wall,  in  a similar  manner.  Sometimes  there  is  a horizontal 
course  of  stones  or  bricks  laid  between  each  angular  course.  See  Ashlar. 

Hewn  Stone.  That  which  is  reduced  to  a given  form  by  the  use  of  the  mallet  and 
chisel. 

Hexagon.  ('E^  and  Fcovia,  angle.)  In  geometry,  a plain  figure  bounded  by  six  straight 
lines,  which,  when  equal,  constitute  the  figure  a regular  hexagon. 

Hexahedron  or  Cube.  (Gr  ‘Ef  six,  and  ‘ESpa,  seat.)  One  of  the  five  regular  solids,  so 
called  from  its  having  six  faces  or  seats. 

Hkxastyle.  (Gr.  *E|  and  ^ 

2ruAoy,  column.)  That 
species  of  temple  or  build- 
ing having  six  columns  in 
front.  {Fiff.  1408.)  See 
Colonnade. 

Hick -JOINT  Pointing.  That 
species  of  pointing  in 
which,  after  the  joints  are 
raked  out,  a portion  of  su- 
perior mortar  is  inserted 
between  the  courses,  and 
made  perfectly  smooth  with 
the  surface.  See  Pointing. 

Hieroglyphics.  (Tepos,  sa- 
cred, and  r\v(p(i},  I en- 
grave.) Sculpture  or  pic- 
ture-writing, which  has 

beSg'lst''LTm“onlyTund  on  sacred  tuildings.  TI.ey  consist  in  the  ex^ 
a series  of  ideas  by  representations  of  visible  objects.  The  • of  three 

particularly  applied  J a species  of  writing  used  by  the  t^^^^ 

different  varieties  of  characters:  — !.  The  hieroglyphic,  pioper  y s ' .j-  ^ 

representation  of  the  object  conveys  the  idea  of  the  objec  i se  . . , . ^ rpj^  ^ 

chLacters  reuresent  ideas  by  images  of  visible  objects  used  as  sjnibols. 

in  which  the  sign  does  not  represent  an  object  but  a 

sound. 

Hindoo  Architecture.  See  Indian  Architecture. 

Hinges  (from  Hang.)  The  metal  joints  upon  which  ^ny  jody  t 

shutters,  &c.  There  are  many  species  of  them,  as  j of  i,ip  roof, 

Hip.  a piece  of  timber  placed  between  every  two  adjacent  incl 
for  the  purpose  of  receiving  what  are  called  the  jack  ratters. 

Hip  Knob^  A finial,  placed  at  the  end  of  the  ridge  ^ ^fodant. 

against  which  abuts  the  barge  board  of  a gab  ® ^ ^ j • others  it 

Hip  Mould.  A term  used  by  some  workmen  to  denote  P>  ^ 

is  used  to  signify  the  form  or  pattern  by  ri.cs  immediately 

Hip  or  Hipped  Roof.  A roof  whose  return  at  the  end  ot  a buiRi.ng  r.. 


Fig.  1408.  Teuiple  of  Tlieseus  at  Atliens. 
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from  the  wall  plate  with  the  same  inclination  as  the  adjacent  sides.  The  back  of  a hip 
is  the  angle  made  on  its  upper  edge,  to  range  with  the  two  sides  or  planes  of  the  roof, 
between  which  it  is  placed.  Th.Q  jack  rafters  are  those  short  rafters  which  are  shorter 
than  the  full-sized  ones  to  fill  in  against  the  hips. 

Hip  or  Corner  Tiles  are  tliose  used  at  the  hips  of  roofs  ; they  are  ten  inches  long,  and  of 
appropriate  breadth  and  thickness,  and  bent  on  a mould  before  burning. 

Hippodrome.  (Gr.  'Ittttos,  a horse,  and  Apo/xos,  a course.)  In  ancient  architecture  a 
place  appropriated  by  the  Greeks  to  equestrian  exercises,  and  one  in  which  the  prizes 
were  contended  for.  The  most  celebrated  of  these  was  at  Olympia.  It  was  four  stadia 
(each  625  feet)  long,  and  one  stadium  in  breadth. 

Hoard.  (Sax.  Ho,io,  to  keep.)  A timber  enclosure  round  a building,  in  the  course  of 
erection  or  under  repair. 

Hod.  a utensil  employed  by  labourers  for  carrying  mortar  or  bricks. 

lIoaoiNG.  That  curve  upwards  or  convexity  which  is  given  to  the  middle  of  a long  line, 
as  the  ridge  of  a roof,  to  prevent  it  appearing  to  have  sunk  in  that  part  of  it.  It  is 
carrying  out  the  scamilli  impares  recommended  by  Vitruvius  for  the  same  purpose. 

Holdfast.  A long  nail,  with  a flat  short  head  for  securing  objects  to  a wall. 

Hollow.  A concave  moulding,  whose  section  is  about  the  quadrant  of  a circle;  called, 
sometimes,  by  the  workmen  a casement. 

Hollow  Newel.  An  opening  in  the  middle  of  a staircase.  The  term  is  used  in  contra- 
distinction to  solid  newel,  into  which  the  ends  of  the  steps  are  built.  In  the  hollow 
newel,  or  well  hole,  the  steps  are  only  supported  at  one  end  by  the  surrounding  wall  of 
the  staircase,  the  ends  next  the  hollow  being  unsupported. 

Hollow  Quoins.  Piers  of  brick  or  stone  made  behind  the  lock  gates  of  canals. 

Hollow  Wall.  One  built  in  two  thicknesses  leaving  a cavity  between  them,  for  the 
purpose  of  preventing  rain  being  drifted  through  the  brickwork  into  the  apartment,  or 
for  preserving  a uniform  temperature  therein.  They  are  tied  together  at  intervals 
by  iron  ties,  square  slate,  &c.  A lining  of  slate  in  the  cavity  has  lately  been  added. 

IIoMESTALL  and  Homestead.  A mansion,  or  seat  in  the  country. 

Homologous.  In  geometry,  the  corresponding  sides  of  similar  figures.  The  areas  and 
solid  contents  of  such  figures  are  likewise  homologous. 

Hood  Mould.  The  projecting  moulding  forming  a drip  to  protect  the  other  mouldings 
to  a door  or  window.  See  Label. 

Hook.  (Sax.  Hoee.)  A bent  piece  of  iron,  used  to  fasten  bodies  together,  or  whereon  to 
hang  any  article.  They  are  of  various  kinds. 

Hook  Pin.  The  same  as  Draw-bore  Pin. 

Horizontal  Cornice.  The  level  part  of  the  cornice  of  a pediment  under  the  two  inclined 
cornices. 

Horizontal  Line.  In  perspective,  the  vanishing  line  of  planes  parallel  to  the  horizon. 

Horizontal  Plane.  A plane  passing  through  the  eye  parallel  to  the  horizon,  and  pro- 
ducing the  vanishing  line  of  all  level  planes.  , 

Horizontal  Projection.  The  projection  made  on  a plane  parallel  to  the  horizon.  This 
may  be  understood  perspectively,  or  orthographically,  according  as  the  projecting  rays 
are  directed  to  a given  point,  or  perpendicular  to  a given  point. 

Horn.  A name  sometimes  given  to  the  Ionic  volute. 

Horreum.  See  Granary. 

Horse  Block.  A square  frame  of  strong  boards,  used  by  excavators  to  elevate  the  ends 
of  their  wheeling  planks. 

Horse  Run.  A contrivance  for  drawing  up  loaded  wheelbarrows  of  soil  from  the  deep 
cuttings  of  foundations,  canals,  docks,  &c.,  by  the  help  of  a horse,  which  goes  back- 
wards and  forwards  instead  of  round,  as  in  a horse-gin. 

Horseshoe  Arch.  An  arch  which,  being  higher  than  a semicircle,  the  radius  is  continued 
down  on  to  the  capital.  It  is  chiefly  used  in  Saracenic  architecture. 

Hospital.  A building  erected  for  the  care  of  sick  persons.  It  is  also  given  to  one  for 
infirm  persons,  as  Greenwich  Hospital,  but  that  is  properly  an  infirmary. 

Hostel  or  Hotel.  (Fr.  Hotel.)  This  word  is  used  to  denote  a large  inn,  or  place  of 
public  entertainment;  but  on  the  Continent  it  is  applied  to  a large  house,  either  of  a 
private  or  public  nature.  One  of  the  most  interesting  of  the  former  class  in  Paris,  is 
that  of  the  ce’ebrated  Hotel  de  Cluny  t^  fig.  1409),  now  containing  a museum  of  mediaeval 
antiquities.  It  was  erected  at  the  end  of  the  15th  century,  the  works  being  resumed  in 
1490,  after  some  interruption,  by  Jacques  d’Amboise,  Abbe  of  Cluny.  (See  page  239.) 

Hot  House.  A general  term  for  the  glass  buildings  used  in  gardening,  and  including 
stoves,  greenhouses,  orangeries,  and  conservatories.  Pits  and  frames  are  mere  garden 
structures,  with  glass  roofs,  the  sides  and  ends  being  of  brick,  stone,  or  wood,  but  sc 
low  as  to  prevent  entrance  into  them  ; they  cannot  therefore  be  considered  as  hot- 
houses. 

House.  (Germ.  Haus  .'  A human  habitation  or  place  of  abode  of  a family.  Among  the 
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nations  of  the  east  anti  of  the  ^uth,  houses  are  flat  on  the  top,  to  whieh  ascent  is  ncneral 
on  the  outside.  As  we  proceed  northward,  a declivity  of  the  roof  becon.es  IquH  rio 
throw  off  the  ram  and  snow  wh, cl.  are  of  greater  continuance  in  higher  ?a^udc^ 

Amongst  the  ancient  Greeks,  Roman.,,  and  Jews,  the  houses  usually  enclosed  .a  ouad; 
rangular  area  or  court,  mi  .1  quau 

open  to  the  sky.  This 
part  of  the  house  was 
by  the  Romans  called 
the  itnpluvium  or  cav<s- 
dium,  and  was  provided 
with  channels  to  carry 
off  the  waters  into  the 
sewers.  Both  the  Ro- 
man and  Greek  house 
is  described  by  Vitru- 
vius, to  whose  work  we 
must  refer  the  reader 
for  further  information 
on  these  heads.  The 
word  house  is  used  in 
various  ways ; as  in 
the  phrase,  “a  religious 
house,”  either  the  build- 
ings of  a monastery,  or 
the  community  of  per- 
sons inhabiting  them 
may  be  designated.  In 
the  middle  ages,  when 
a family  retired  to  the 
lodge  connected  with 
the  mansion,  or  to  their 
country  seat,  it  was 
called  “ keeping  their 
secret  house.”  Every 
gradation  of  building 
for  habitation,  from  the 
cottage  to  the  palace,  is 
embraced  by  the  word 
house,  so  that  to  give  a 
full  account  of  the  re- 
quisites of  each  would 
occupy  more  space  than 
can  be  devoted  to  the 
subject  in  this  place. 

Housing.  The  space  taken 


Fig.  1409.  Hotel  de  Cluny,  Paris. 


out  of  one  solid  for  the  insertion  of  the  extremity  of  another,  for  the  purpose  of  connect- 
ing them.  Thus  the  string  board  of  a stair  is  most  frequency  notched  out  for  the 
reception  of  the  steps. 

Hovel.  An  open  shed  for  sheltering  cattle,  for  protecting  produce  or  materials  of  different 
kinds  from  the  weather,  or  for  performing  various  country  operations  during  heavy 
rains,  falls  of  snow,  or  severe  frosts. 

Hovelling.  A mode  of  preventing  chimneys  from  smoking,  by  carrying  up  two  sides 
higher  than  those  less  liable  to  receive  strong  currents  of  air ; or  apertures  are  left  on 
all  the  sides,  so  that  when  the  wind  blows  over  the  top,  the  smoke  may  escape  belo\y. 

Hue.  In  painting,  any  degree  of  strength  of  colour,  from  its  deepest  to  its  weakest  tint. 

Hundred  of  Lime.  A denomination  of  measure  which,  in  some  places,  is  equal  to  thirty- 
five,  in  others  to  twenty-five,  heaped  bushels  or  bags,  the  latter  being  the  quantity 
about  London,  that  is,  one  hundred  pecks.  The  hundred  is  also  used  for  numbering, 
thus  deals  are  sold  by  the  long  hundred,  or  six  score.  Pales  and  laths  are  sold  at  five 
score  to  the  hundred  if  five  feet  long,  and  six  score  if  only  three  feet  long.  Y\\Qhundrtd 
weight  is  112  lbs.  avoirdupois;  the  long  hundred  weight  is  120  lbs.  ; so  that  the  former 
is  to  the  latter  as  -93333  to  1. 

Hung,  dourle  and  single.  A term  applied  to  sashes  ; the  first  when  both  the  upper 
and  lower  sash  are  balanced  by  weights,  for  raising  and  depressing ; and  the  last  when 
only  one,  usually  the  lower  one,  is  balanced  over  the  pulleys. 

Hurricane.  A violent  storm  of  wind,  calculated  at  a velocity  of  from  80  to  100  miles 
per  hour  ; and  to  exercise  a force  of  from  31 A to  49  lbs.  per  superficial  toot.  In  places 
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where  buildings  are  subject  to  destructive  hurricanes,  the  pre(,d,utions  to  be  observed 
have  been  described  in  the  Papers,  &c.,  of  the  Corps  of  Royal  Engineers,  new  series, 
1851,  vol.  i.  The  whole  of  the  roof  should  be  fixed  down  to  the  wall-plate,  and  the 
wall-plate  to  the  wall;  the  wall  being  made  strong  enough  to  resist  the  powerful  cur- 
rent of  air  rushing  against  it.  Where  buildings  are  of  wood,  the  framework  should  be 
tied  into  the  ground,  or  into  stone  piers  fixed  in  the  ground.  During  the  hurricane  at 
Darbadoes,  on  the  11th  August,  1831,  buildings  having  substantial  partitions  at  short 
intervals,  withstood  the  blast,  whilst  others  without  them  were  blown  down.  Inside 
buttresses  would  answer  the  purpose.  Shutters  should  be  made  to  open  on  pivots  at  top 
and  bottom.  Joists  used  in  galleries  and  verandahs,  when  let  into  the  wall,  tend  to  upset 
it.  All  brickwork  should  be  English  bond  well  grouted  throughout,  the  bricks  having 
first  been  well  saturated  with  water,  and  the  mortar  made  of  four  parts  of  sand  care- 
fully selected,  mixed  with  one  of  coral  lime  ; this  mixture  sets  very  strong.  In  the 
hurricane  mentioned,  a small  building  arched  like  a gunpowder  magazine  was  uninjured  ; 
.and  a hospital  building,  well'  tied  with  iron,  also  withstood  the  storm.  Roofs  when 
reconstructed  had  diagonal  bracing  inserted  to  stiffen  the  rafters  ; parapet  walls  were 
found  to  protect  roofs.  Flat  roofs,  such  as  those  used  in  the  Mauritius,  are  perhaps 
the  best  to  use. 

Hut.  a small  cottage  or  hovel,  generally  constructed  of  earthy  materials. 

Hydraulics.  (Gr.  'TSewp  and  kvKos,  a pipe.)  That  branch  of  natural  philosophy  which 
treats  of  the  motion  of  liquids,  the  laws  by  which  they  are  regulated,  and  the  effects 
which  they  produce.  By  some  authors  the  term  hydrodynamics  is  used  to  express  the 
science  of  the  motion  of  fluids  generally,  whilst  the  term  hydraulics  is  more  particularly 
applied  to  the  art  of  conducting,  raising,  and  confining  water,  and  to  the  construction 
and  performance  of  waterworks. 

Hydrostatics.  (Gr.  'TSwp  and  Sraco,  I stand.)  The  science  which  explains  the  properties 
of  the  equilibrium  and  pressure  of  liquids.  It  is  the  application  of  statics  to  the  pe- 
culiar constitution  of  water,  or  other  bodies,  existing  in  the  perfectly  liquid  form.  The 
following  is  the  fundamental  law  whereon  the  whole  doctrine  of  the  equilibrium  and 
pressure  of  liquids  is  founded  : -when  a liquid  mass  is  in  equilibrium  under  the  action 
of  forces  of  any  kind,  every  molecule  of  the  mass  sustains  an  equal  pressure  in  all 
directions. 

Hyp^thral.  (Gr.  'Ttto,  under,  and  Aidr^p,  the  air.)  A building  or  temple  open  to  the 
air.  The  temples  of  this  class  are  arranged  by  Vitruvius  under  the  seventh  order, 
which  had  ten  columns  on  each  front,  and  surrounded  by  a double  portico  as  in  dipteral 
temples.  The  cell  was  open,  whence  the  name,  but  it  generally  had  round  it  a portico 
of  two  ranges  of  columns,  one  above  the.  other.  See  Temple.  ? 

Hyperbola.  (Gr.  ‘Tirep,  over,  and  BaAAw,  I throw.)  One  of  the  conic  sections,  being 
that  made  by  a plane  cutting  the  opposite  side  of  the  cone  produced  above  the  vertex, 
or  by  a plane  which  makes  a greater  angle  with  the  base  than  the  opposite  side  of  the 
cone  makes.  > 

Hyperbolic  Conoid,  or  Hyperboloid.  A solid  formed  by  the  revolution  of  an  hyper- 
bola about  its  axis.  See  Conoid.  i . 

Hyperbolic  Cylindroid.  A solid  formed  by  the  revolution  of  an  hyperbola  about  its 
conjugate  axis  or  line  through  the  centre,  perpendicular  to  the  transverse  axis. 

Hyperthyrum.  (Gr.  ‘Trep  and  ®vpa,  a door.)  The  lintel  of  the  aperture  of  a doorway. 

Hypocaustum.  (Gr.  'Ttto,  und^r,  and  Kaica,  I burn.)  In  ancient  architecture,  a vaulted 
apartment,  from  which  the  heat  of  the  fire  was  distributed  to  the  rooms  above  by  mean.s 
of  earthen  tubes.  This  contrivance,  first  used  in  baths,  was  afterwards  adopted  in 
private  houses,  and  is  supposed  to  have  diffused  an  agreeable  and  equal  temperature 
throughout  the  different  rooms. 

IlYPOGAiuM.  (Gr.)  A term  applied  among  the  ancients  to  those  parts  of  a building 
which  were  below  the  level  of  the  ground. 

Hypopodium.  a footstool  used  in  the  ancient  baths. 

Hyposcenium.  In  ancient  architecture,  the  front  wall  of  the  theatre,  facing  the  orchestra 
from  the  stage.  ..  v '■ 

Hypostyle.  (Gr.)  Work  supported  by  columns  ; a covered  colonnade,  or  a pillared  hall. 

Hypotrachelium.  (Gr.  ‘Ttto,  under,  and  Tpax7?Xov,  the  neck.)  The  slenderest  part  of 
the  shaft  of  a column,  being  that  immediately  below  the  neck  of  a capital. 

I 

Ice  House.  A subterranean  depot  for  preserving  ice  during  the  winter.  The  most  im- 
portant advice  that  can  be  given  to  the  builder  of  an  ice  house  is,  that  it  be  so  thoroughly 
capable  of  drainage,  from  the  lowest  point  of  its  floor,  as  to  permit  no  water  ever  to 
collect  upon  it;  this  accomplished,  no  difficulty  will,  with  common  precaution,  prevent 
the  preservation  of  the  ice.  The  aspect  of  such  a building  should  be  towards  the  south- 


GLOSSARY.' 


1297 


east,  that  the  morning  sun  may  expel  the  damp  air  which  is  more  prejudicial  than 
warmth.  If  possible  it  should  be  placed  on  a declivity  for  the  facility  of  drainage.  At 
the  end  of  the  drain  which  is  to  carry  away  the  water  arising  from  the  melted  ice,  a 
perfect  air  trap  should  be  placed,  to  prevent  all  communication  between  the  external* 
and  internal  air,  from  which  trap  the  water  should  be  carried  off  without  the  possibility 
of  obstruction.  With  respect  to  the  dimensions  and  form  of  the  ice  house,  the  former 
may  bo  of  a medium  diameter,  from  fifteen  to  twenty  feet ; a moderate  size  would  bo 
from  eight  to  fifteen  feet.  The  best  form  is  the  frustum  of  an  inverted  cone,  ten  to  twenfy 
feet  deep,  bricked  round,  and  with  double  walls,  a cavity  of  four  inches  being  K tV 
between  them.  The  ice  is  sustained  on  a grated  tloor,  through  which  the  w.ater  is  rapidly 
carried  off  by  the  drainage  first  mentioned.  The  ice  is  best  collected  during  the  severest 
part  of  the  frost,  and  should  be  pounded  as  laid  in  the  ice  house,  besides  being  well 
rammed  down  as  it  is  put  in.  Snow  however,  hard  rammed,  will  answer  when  ice  can- 
not be  obtained.  The  entrance  may  be  at  the  top  by  double  flaps  well  covered  over 
with  straw  ; or  near  the  top  at  the  side  by  a lobby  with  a door  at  each  end,  and  filled 
with  trusses  of  straw  to  keep  out  the  air. 

ICHNOGRAPHY.  (Gr.  lyvos,  a model,  and  rpaepw,  I draw.)  The  representation  of  the 
giound  plot  of  a building.  In  perspective,  it  is  its  representation,  intersected  by  an 
horizontal  plane  at  its  base  or  groundfloor. 

Icosahedron.  (Gr.  Ei/coo-i,  twenty,  and  'Edpa,  seat.)  One  of  the  five  regular  or  platonic 
bodies,  bounded  by  twenty  equilateral  and  equal  triangles.  It  may  be  regarded  as  con- 
sisting of  twenty  equal  and  similar  triangular  pyramids,  whoso  vertices  all  meet  in  the* 
same  point;  and  hence  the  content  of  one  of  these  pyramids,  multiplied  by  twenty,  gives 
the  whole  content  of  the  icosahedron. 

Image.  In  perspective,  the  scenographic  or  perspective  representation  of  an  object. 

Imrow.  (Verb.)  To  arch  over  or  to  vault. 

Imrricated  Tracery.  A pattern  formed  like  the  tiles  on  a roof. 

Impages.  a term  used  by  Vitruvius  (lib.  iv.  c.  6.),  which  has  usually  been  considered  aa 
meaning  the  rails  of  a door. 

Imperial.  (Fr.)  A species  of  dome,  whose  profile  is  pointed  towards*  the  top,  and  -widens 
towards  the  base,  thus  forming  a curve  of  contrary  flexure.  ' •>  ■ *', 

Imperials.  A sized  slate  used  in  roofing. 

Impetus.  (Lar.)  In  mechanics,  the  same  with  momentum  or  force. 

Impluvium.  (Lat.)  In  ancient  architecture,  the  uncovered  court  of  a house.  In  tlie 
summer  time  it  was  the  practice  to  stretch  an  awning  over  it.  The  term  is  also  applied 
to  the  sinking  in  the  floor  to  receive  the  water. 

Impost.  (Lat.  Impono,  I lay  on.)  The  capital  of  a pier  or  pilaster  which  receives  an  arch. 
It  varies  in  the  different  orders  ; sometimes  the  whole  of  the  entablature  serves  as  the 
impost  to  an  arch.  The  term  is  applicable  to  any  supporting  piece.  An  impost  is  said 
to  be  mutilated  when  its  projection  is  diminished,  so  that  it  does  not  exceed  that  of  the 
adjoining  pilaster  which  it  accompanies. 

Inhond  Jambstone.  A bondstone  laid  in  the  joint  of  an  aperture. 

Incertum.  (Lat.)  A term  used  by  Vitruvius  to  designate  a mode  of  building  which  con- 
sisted of  small  rough  stones  and  mortar,  and  whose  face  exhibited  irregularly  formed 
masonry,  not  laid  in  horizontal  courses.  See  Masonry. 

Inch.  A measure  of  length,  being  the  twelfth  part  of  a foot,  and  is  usually  subdivided 
into  eighths  and  sixteenths.  See  Foot. 

Incised  Slab.  A memorial  to  a deceased  person,  sometimes  plainly  lettered,  and  occa- 
sionally ornamented  with  brasses;  they  usually  formed  the  pavement  of  ancient 
churches.  See  Mural  Slab. 

Inclination.  (Lat.)  The  approach  of  one  line,  which  if  continued  will  meet  another  or 
the  same  of  two  planes. 

Inclined  Plane.  One  of  the  five  simple  mechanical  powers,  whose  theory  is  deduce  1 
from  the  decomposition  of  forces. 

Incrustation.  (Lat.)  Anything,  such  as  mosaic,  scagliola,  &c.,  applied  by  some  con- 
necting medium  to  another  body. 

Indefinite.  (Lat.)  Anything  which  has  only  one  extreme,  whence  it  may  be  produced 

■ infinitely  as  it  is  produced  from  such  extreme. 

Indented.  (Lat.)  Toothed  together,  that  is,  with  a projection  fitted  to  a r^ess. 

Indian  Architecture.  The  Buddhist  and  Mahometan  buildings  of  Iliiulostan  a^ro 
comprised  under  this  title.  Eock-cut  temples,  temples,  pillars,  monumental  tombs, 
halls,  tanks,  &c.,  show  the  energy  and  skill  of  these  people,  many  of  the  works  being 
profusely  covered  with  sculpture  and  carvings,  the  earlier  works  chiefly  having  reference 

y to  their  religion.  , , , , , . - 

|Induration.  (Lat.)  A term  applied  to  the  firmer  consistence  which  a body  acquires  fn.rn 

various  causes.  , . , , , i i 

[Inertia.  (Lat.  Iners.)  A term  applied  to  that  law  of  the  material  world  which  is  know  n 
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to  predicate  that  all  bodies  are  absolutely  passive  or  indifferent  to  a state  of  rest  or 
motion,  and  would  continue  in  those  states  unless  disturbed  by  the  action  of  some 
extrinsic  force.  Inertia  is  one  of  the  inherent  properties  of  matter. 

Infinite.  (Lat.  Infinitus,  boundless.)  In  geometry,  that  which  is  greater  than  any 
assignable  magnitude ; and  as  no  such  quantities  exist  in  nature,  the  idea  of  an  infinite 
quantity  can  only,  and  that  most  imperfectly,  exist  in  the  mind  by  excluding  all  notions 
of  boundary  or  space. 

Infirmary.  A public  building  for  the  reception  of  infirm  persons  ; but  the  term  is  more 
generally  used  to  denote  a sick  ward  attached  to  some  public  establishment. 

Inlaid  Work.  Work  in  which  the  surface  of  a material  is  cut  away  to  allow  of  the 
substitution  of  metal,  stone,  cement,  wood,  ivory,  tortoiseshell,  mother-of-pearl,  or 
other  substance,  with  a flush  surface.  Such  is  Buhl  Work,  Marquetry,  &c.  Mosaic 
Work  in  stone  is  also  inlaid  work.  The  inlaying  of  metal  on  metal  is  called 
damascening.  Veneering  is  also  a species  of  inlaying. 

Inner  Plate.  The  wall  plate,  in  a double-plated  roof,  which  lies  nearest  the  centre  of 
the  rouf;  the  side  of  the  other  wall  plate,  called  the  outer  "plate,  being  nearer  the  outer 
surface  of  the  wall. 

Inner  Square.  The  edges  forming  the  internal  right  angle  of  the  instrument  called  a 
square. 

Inserted  Column.  One  that  is  engaged  in  a wall. 

Instruments,  Mathematical.  Those  used  for  describing  mathematical  diagrams  and 
drawings  of  every  description,  when  the  figures  or  elementary  parts  of  them  are  com- 
posed of  straight  lines,  circles,  or  portions  of  them.  The  indispensable  instruments  for 
such  operations  are  a drawing  pen,  a pair  of  plain  compasses,  commonly  called  dividers^ 
a pair  of  drawing  compasses,  a port  crayon  and  pencil  foot,  a pair  of  how,  of  triangular, 
and  of  proportional  compasses,  a protractor  in  the  form  of  a semicircle  or  rectangle, 
and  graduated  on  the  edges,  a plain  scale,  and  a parallel  rule. 

Insular,  or  Insulated  Building.  Such  as  stands  entirely  detached  from  any  other. 

Insulated  Column.  One  detached  from  a wall,  so  that  the  whole  of  its  surface  may  be 
seen. 

Intaglio.  (It.)  Sculpture  in  which  the  subject  is  hollowed  out,  as  for  a seal,  so  tliat 
the  impression  from  it  would  present  the  appearance  of  a bas-relief. 

Intavolata.  The  same  as  Cyma. 

Intercepted  Axis.  In  conic  sections,  that  part  of  the  diameter  of  a curve  comprehended 
between  the  vertex  and  the  ordinate.  It  is  also  called  the  abscissa,  and  forms  an  arch 
of  a peculiar  kind. 

I^TERCOLUMNIATION.  (Lat.  Inter,  between , and  Columna,  a column.)  The  distance  between 
two  columns  measured  at  the  lower  part  of  their  shafts.  It  is  one  of  the  mostimporLint 
elements  in  architecture,  and  on  it  depends  the  effect  of  the  columns  themselves,  their 
pleasing  proportion,  and  the  harmony  of  an  edifice.  Intercolumn iations  are  of  five 
species,  pycnostylos,  systylos,  diastylos,  arwostylos,  and  eustylos,  which  see. 

Interdentels.  The  space  between  two  dentels.  From  a comparison  of  various  examples 
it  seems  that  the  Greeks  placed  their  dentels  wider  apart  than  the  Romans.  In  the 
temple  of  Bacchus  atTeos,  the  interdentel  is  two-thirds  the  breadth  of  the  dentel,  and  iu 
that  of  Minerva  Polias  at  Priene,  the  interdentel  is  nearly  three-fourths.  In  the  temple 
of  Jupiter  Sbitor  at  Rome,  the  interdentels  are  equal  to  half  the  breadth  of  the  deutel. 

Interduce.  The  same  as  Intertie. 

Interior  Angle.  An  angle  formed  within  any  figure  by  two  straight  lined  parts  of  the 
perimeter  or  boundary  of  the  figure,  the  exterior  angle  being  that  which  is  formed  in 
producing  a side  of  the  perimeter  of  the  figure.  The  term  is  also  applied  to  the  two 
angles  formed  by  two  parallel  lines,  when  cut  on  each  side  of  the  intersecting  line. 

Interior  and  Opposite  Angles.  An  expression  applied  to  the  two  angles  formed  by  a 
line  cutting  two  parallels.  . 

Interlacing  Arches.  Semicircular  aches  as  in  an  arcade,  the  mouldings  of  which 
intersect  each  other,  as  frequently  seen  in  Norman  architecture.  Milner  supposed 
the  Pointed  style  to  have  had  its  origin  from  them. 

Internal  Angle.  See  Interior  Angle. 

Interties.  Short  pieces  of  timber  used  in  roofing  to  bind  upright  posts  together,  in 
roofs,  in  partitions,  in  lath  and  plaster  work,  and  in  walls  with  timber  framework. 

Intonaco.  (It.)  The  terra  often  applied  to  the  whole  coating  of  plastering  upon  a 
wall  or  ceiling  ; but  properly  it  means  the  finishing  coat  only. 

Intrados.  The  interior  and  lower  line  or  curve  of  an  arch.  The  exterior  or  upper  curve 
is  called  the  extrados.  See  Arch. 

Invention.  (Lat.  Invenio,  I find.)  In  the  fine  arts,  the  choice  and  production  of  such 
objects  as  are  proper  to  enter  into  the  composition  of  a work  of  art.  “Strictly  speak- 
ing,” says  Sir  Joshua  Reynolds,  “invention  is  little  more  than  a new  combination  of 
those  images  which  have  been  previously  gathered  and  deposited  in  the  memory: 


GLOSSARY. 


12ii9 


nothipa  CM  come-  of  nothing ; he  who  has  laid  up  no  materials  can  procluco  no  com- 
binations  Ihongl,  there  be  nothing  new  under  the  sun.  yet  novelty  in  art  w ill  be  uL 

. cm”  fever  oil  tol^s are  exhausted,  a circumstance  that 

Invekted  A.ECH.  An  arch  turned  with  its  back  and  keystone  downwards.  It  is  used  in 
foundations,  to  distnbu  e the  weight  of  particular  points  over  the  whole  extent  of  the 
2 oundation,  and  hence  its  employment  is  frequently  of  the  first  importance  in  constriio- 
tive  arcnitecture.  Such  an  arch  has  been  used  in  some  of  the  English  cathedrals  to 
form  a buttress  between  the  piers  of  the  central  tower  when  they  appeared  to  bo  uiviuL^ 
way  from  the  weight  a DO  VO.  j 

Involute.  See  E volute. 

Inward  Angle.  The  re-entrant  angle  of  a solid.  See  Interior  Angle. 

Ionic  Order.  The  second  of  those  employed  by  the  Greeks,  and  the  third  used  by  tlie 
Komans  and  in  Italian  architecture.  The  capital  is  known  by  the  volutes.  Deiitels 
are  used  in  the  cornice.  The  proto-ionic  is  considered  to  be  found  in  the  capital  of  the 
columns  at  Persepolis.  The  Anthemion  is  an  ornament  peculiar  to  this  order. 

Iron.  One  of  the  chief  metals.  The  metallic  products  of  the  iron  manufacture  are  of 
three  kinds:  malleable  or  wrought  iron,  being  pure  or  nearly  pure  iron  ; cast  iron;  and 
being  certain  compounds  of  iron  with  carbon.  In  all  cases  cast  iron  is  best  for 
exterior,  and  wrought  iron  for  interior  purposes— as  the  former  is  not  acted  upon  so 
greatly  by  atmospheric  influences. 

Ironed-in.  Ashlar  work,  when  acted  upon  by  water,  is  sometimes  set  in  hydraulic 
cement,  the  joints  being  filled  and  rubbed  up  so  as  to  make  the  stuff  curl  out,  which  is 
then  to  be  neatly  struck  off  and  ironed-in  to  secure  a good  water-tight  joint. 

Ironmongery.  The  articles  in  iron  and  other  ware,  required  by  the  builder  during  the 
execution  of  his  works ; such  as  bolts,  locks,  and  other  fastenings,  hinges,  nails,  spikes, 
screws,  and  such-like. 

Irregular  Figure.  One  whose  sides,  and  consequently  angles,  are  unequal  to  each  other. 

Isagon.  (Gr.  IfToy,  equal,  and  Toovia,  an  angle.)  A figure  with  equal  angles. 

Isle  or  Ile.  The  old  way  of  writing  aisle  or  aile. 

IsoDOMUM.  (Gr.)  One  of  the  methods  of  building  walls  practised  by  the  Greeks.  It  was 
executed  in  courses  of  equal  thickness,  and  with  stones  of  equal  lengths.  The  other 
method  was  called  pseudisodomum,  in  which  the  heights,  thicl:nesses,'and  lengths  of 
the  stone  were  different.  There  was  yet  another  mode  called  Emplecton. 

Isometrical  Projection.  A systerii  of  drawing  objects  similarly  to  a bird’s-eye  view, 
excepting  that  parallel  lines  are  not  made  to  radiate  to  vanishing  points  as  in  that  and 
in  the  usual  perspective.  It  was  matured  about  1823  by  Professor  Parish,  whoexplaine<l 
it  in  the  Transactions  of  the  Cambridge  Philosophical  Society,  vol.  1.  The  figures 
590 / and  590^  are  drawn  by  this  method  of  representation. 

Isosceles  Triangle.  One  in  which  two  of  the  sides  are  of  equal  length 

Italian  Architecture.  That  adaptation  of  ancient  Eomau  architecture  which  com- 
menced at  the  period  of  the  Kenaissance  of  Art  in  Italy. 


Jack  Arch.  One  whose  thickness  is  only  of  one  brick. 

Jack  Plane.  A plane  about  eighteen  inches  long,  used  in  taking  off  the  rough  surface 
left  by  the  saw  or  that  of  the  axe,  and  for  taking  off  large  protuberant  parts,  to  prepare 
the  stuff  for  the  trying  plane. 

Jack  Kaftee.  See  Hip  Eoof.  _ 

Jack  Eibs.  Those  in  a groin,  or  in  a polygonally-domed  ceiling,  that  are  fixed  upon  tlie 
hips. 

Jack  Timber.  Any  one  interrupted  in  its  length,  or  cut  short.  n j 

Jamb  Linings.  The  two  vertical  linings  of  a doorway  which  are  usually  of  wood. 

Jamb  Posts.  Those  introduced  on  the  side  of  a door,  to  which  the  jamb  linings  are  fixed. 

They  are  particularly  used  v/hen  partitions  are  of  wood.  .mi-  „ cLino 

Jamb  StoneI  In  stone  walls,  those  which  are  employed  in 

apertures,  in  which  every  alternate  stone  should  go  entirely  through  the  thickness  of  the 

Jambs.’  (Er.)  The  sides  of  an  aperture  which  connect  the  two  sides  of  a wall.  See 

JxiTCr^'hTend  of  a roof  not  hipped  down  to  the  level  of  the  opposite  adjoining 


walls,  the  gable  being  carried  higher  than  the  level  of  those  walls. 

JETTY.  The  projecting  part  of  a building,  as  an  upper  a op  jjjg  Scrinturca 

Jewish  or  hLrew  Architecture.  Very  little  beyond  the  referenc  s n 
. is  known  of  the  works  of  these  ancient  people.  The  excavations  lately  made  at 
Salem  have  not  led  to  any  discoveries  of  value  relating  theieto. 
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Jib  Door.  A door  bo  constructed  as  to  have  the  same  continuity  of  surface  "with  that  of 

^ the  partition  or  wall  in  which  it  stands.  Its  use  is  to  preserve  an  unbroken  surface  in 

" an  apartment  where  one  door  only  is  wanted  nearer  to  one  end  of  a room  than  another, 
and  generally  for  the  purpose  of  preserving  uniformity. 

JiBLET  Cheek.  See  Giblet  Check. 

Joggle.  The  joint  of  two  bodies  so  constructed  as  to  prevent  them  sliding  past  each 
other,  by  the  application  of  a force  in  a direction  perpendicular  to  the  two  pressures  by 
wdiich  they  are  held  together.  Thus  the  struts  of  a roof  are  joggled  into  the  truss  posts 
and  into  the  rafters.  AVhen  confined  by  mortise  and  tenon,  the  pressure  which  keeps 
them  together  is  that  of  the  rafter  and  the  reaction  of  the  truss-post.  The  term  is  also 
used  in  masonry  to  signify  the  indentation  made  in  one  stone  to  receive  the  projection 
in  another,  so  as  to  prevent  all  sliding  on  the  joints.  This  may  be  also  accomplished 
by  means  of  independent  pieces  of  material  let  into  the  adjacent  stones.  See  Crame; 
Dowel. 

Joggle  Piece.  The  truss  post  in  a roof  when  formed  to  receive  a brace  or  strut  with  a 
joggle. 

JoiKER.  The  artisan  who  joins  wood  by  glue,  framing,  or  nails,  for  the  finishings  of  a 
building. 

Joinery.  The  practice  of  framing  or  joining  wood  for  the  internal  and  external  finishings 
of  houses  ; thus  the  covering  and  lining  of  rough  walls,  the  covering  of  rough  timbers, 
the  manufacture  of  doors,  shutters,  sashes,  stairs,  and  the  like  are  classed  under  this 


head. 

Joint.  The  surface  of  separation  between  two  bodies  brought  into  contact  and  held 
firmly  together,  either  by  some  cementing  medium,  or  by  the  weight  of  one  body  lying  L 
on  another.  A joint,  however,  is  not  merely  the  contact  of  two  surfaces,  though  the  | 
nearer  they  approach  the  more  perfect  the  joint.  In  masonry,  the  distances  of  the  , i 
planes  intended  to  form  the  joint  is  comparatively  considerable,  because  of  the  coarse-  ! 

■ ness  of  the  particles  which  enter  into  the  composition  of  the  cement.  || 

Jointer.  In  joinery  is  the  largest  plane  used  by  the  joiner  in  straightening  the  face  of 
the  edge  of  the  stuff  to  be  prepared.  In  bricklaying,  it  is  a crooked  piece  of  iron  forni- 
ing  two  curves  of  contrary  flexure  by  its  edges  on  each  side,  and  is  used  for  drawing, 
by  the  aid  of  the  jointing  rule,  the  coursing  and  vertical  joints  of  the  work.  . . i 

Jointing  Rule.  A straight  edge  used  by  bricklayers  for  the  regulation  of  the  direction  ; 

and  course  of  the  jointer  in  the  horizontal  and  vertical  joints  of  brickwork. 

Joist.  (Fr.  Joindre.)  The  timber  whereto  the  boards  of  a floor  or  the  laths  for  a 
ceiling  are  nailed.  Joists  rest  on  the  walls  or  on  girders;  sometimes  on  both.  When,  ; 
only  one  tier  of  joists  is  used,  the  assemblage  is  called  smgle-Jlooring ; when  two,  ' 
double-jlooring,  .i 

JuBE.  (Fr.)  The  rood  loft  or  screen  at  the  entrance  to  the  choirs  of  French  cathedrals. 

In  England  it  is  usually  called  the  chancel  screen.  It  is  also  the  stand  (often  ending, 
upwards  in  an  eagle  with  expanded  wings)  on  which  the  Gospel  is  placed  to  be  read,  | 
receiving  its  name  from  the  words  “ Jube  Domne  benedicere,”  used  by  the  deacon  when  || 
the  missal  is  presented  to  him  by  the  officiating  priest  at  mass,  previous  to  the  reading  i 
of  the  Gospel.  See  Choir  Screen  and  Rood  Loft.  j 

JuFFERS.  An  obsolete  term  for  pieces  of  timber  four  or  five  inches  square.  ' 

Jump.  An  abrupt  rise  in  a level  course  of  brickwork  or  masonry  to  accommodate  the  f 
work  to  the  inequality  of  the  ground.  Also  in  quarrying,  one  among  the  various  l| 
names  given  to  the  dislocations  of  the  strata  in  quarries.  * 

Jumper.  A long  iron  chisel  used  by  masons  and  miners. 


K 

Kamptulicon.  An  elastic  covering  for  floors.  See  Floorcloth. 

Keblah,  or  Kibleh,  The  point  in  a mosque  designating  the  direction  of  the  temple  of 
the  Mahometans  at  Mecca. 

Keel.  The  fillet,  raised  edge,  or  sharp  arris,  formed  on  roll  mouldings,  by  which  the 
heaviness  of  the  large  ones  was  relieved,  and  diversity  gained  without  loss  of  mass. 

Keep,  or  Keep  Tower.  A term  almost  synonymous  with  donjon.  See  Castle. 

Kerb.  See  Kirb. 

Kerf.  The  way  made  by  a saw  through  a piece  of  timber,  by  displacibg  the  wood  with 
the  teeth  of  the  saw. 

Kernel,  or  Kernelle.  See  Crenelle. 

'Key.  (Sax.  Csege.)  An  instrument  for  driving  back  the  bolt  of  a lock.  key  of  a 
floor  is  the  board  last  laid  down.  In  joinery  generally,  a key  is  a piece  of  wood  let  into 
the  back  of  another  in  the  contrary  direction  of  the  grain,  to  preserve  the  last  from 
W'arping. 

Key  Stone.  The  highest  or  central  stone  of  an  arch.  See  Arch.  In  Gothic  vaulting, 
see  Pendent  and  Boss. 
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joists,  they  are  called  rin,«,VF>«  Ptojoctiag  agmnst  the  sides  of  (he 

Kilk  a building  for  the  accumulation  and  retention  of  heat  in  order  to  dry  or  hum 
certain  materials  deposited  within  them.  ^ 

King  Post.  The  centre  post  in  a trussed  roof.  See  Crown  Post 

Kmu  Plate  Eoof,  and  Stone.  See  Cuub  Plate  ; Cuun  Roof  ; and  Cruu  Stone 

cToke^  aL  cuSed  om  0®'°  «f  a house  therein  the  operations  of 

Knee.  A part  of  the  back  of  a handrailing,  of  a convex  form,  being  the  reverse  of  a 
rauip,  which  IS  also  the  back  of  a handrail,  but  is  concave.  The  term  knee  is  also 
given  to  any  small  piece  of  timber  of  a bent  or  angular  form. 

Knee  Piece,  or  Knee  Rafter.  An  angular  piece  of  timber,  to  which  other  pieces  in  the 
root  are  tasteneci.  * 

Knobbltno.  Knocking  oft  the  rough  protuberances  of  hard  rock  stone  at  the  quarry  It 
• IS  called  also  skiffling.  ^ 

Knocker  A movable  sort  of  hammer,  more  or  less  of  an  ornamental  character  hinued 
to  the  face  of  a door  or  gate  by  which  attendance  is  claimed  to  the  demands  of  those 
requiringr  admittance.  The  hiob  which  is  struck  upon  is  sometimes  called  a door-nail 

Knot,  or  Knob.  A bunch  of  leaves  or  flowers,  as  the  bosses  at  the  ends  of  a label  • at  the 
intersection  of  ribs  ; and  in  capitals.  ' 

Knotting.  The  preliminary  process  in  painting,  to  prevent  the  knots  appearing,  by  cover- 
ing them  with  a coat  composed  cf  red  read,  then  white  lead  and  oil,  and  las^tly,  a coat 
of  gold  size.  Sometimes  leaf  silver  is  used.  Also  a knotting  size. 

Knuckle.  The  joint  of  a cylindrical  form,  with  a pin  as  an  axis,  by  which  the  straps  of 
a hinge  are  fastened  together.  ^ 

Knulling,  _A  moulding  nearly  flat,  and  similar  in  character  to  a bead  and  reel  orna- 
ment. It  is  chiefly  used  in  cabinetwork. 

Koss.  A measure  of  length  used  in  India,  which  varies  in  different  provinces  ; generally 
about  two  miles.  ^ 

Kurb  Stone.  See  Curb  Stone. 


L 

Label.  In  Gothic  architecture,  the  drip  or  hood  moulding  over  an  aperture  when  it  is 
returned  square. 

Labour.  (Lat.)  A terra  in  masonry  employed  to  denote  the  value  of  a piece  of  work  in 
consideration  of  the  time  bestowed  upon  it. 

Labyrinth.  (Gr.  AaSvpivOos.)  Literally  a place,  usually  subterraneous,  full  of  inextri- 
cable windings.  The  four  celebrated  labyrinths  of  antiquity  were  the  Cretan,  Egyptian, 
Lemnian,  and  Italian.  The  first  has  the  reputation  of  being  the  w'ork  of  Daedalus  to 
secure  the  Minotaur;  the  second  is  said  to  have  been  constructed  under  the  command  of 
Psammeticus,  king  of  Egypt ; the  third  was  on  the  island  of  Lemnos,  and  was  sup- 
ported by  columns  of  great  beauty ; the  fourth  is  reported  to  have  been  designed  by 
Porsenna,  king  of  Etruria,  as  a tomb  for  himself  and  his  successors. 

Labyrinth  Fret.  A fret,  with  many  turnings,  in  the  form  of  a labyrinth.  See  Fret. 

Laconicum.  (Lat.)  One  of  the  apartments  in  the  ancient  baths,  so  called  from  its  having 
been  first  used  in  Laconia. 

Lacquer.  A yellow  varnish,  consisting  of  a solution  of  shell-lac  in  alcohol,  coloured  by 
gamboge,  saffron,  annotto,  or  other  yellow,  orange,  or  red  colouring  matters.  The  use 
of  lacquer  is  chiefly  for  varnishing  brass,  and  some  other  metals,  in  order  to  give  them 
a golden  colour  and  preserve  their  lustre. 

Lactartum.  (Lat.)  Strictly  a dairy-house.  In  ancient  architecture,  it  was  a place  in 
the  Roman  herb  market,  indicated  by  a column,  called  the  Columna  Lactaria,  where 
foundlings  were  fed  and  nourished. 

Lacunar.  (Lat.)  The  ceiling  or  under  surface  of  the  member  of  an  order.  Also  the 
under  side  of  the  larmier  or  corona  of  a cornice.  The  under  side  also  of  that  part  of 
the  architrave  between  the  capitals  of  columns.  The  ceiling  of  any  part  in  archi- 
tecture recedes  the  name  of  lacunar  only  when  it  consists  of  compartments  sunk  or 
hollowed,  without  spaces  or  bands,  between  the  panels ; if  it  is  with  bands,  it  is  called 
laquear. 

Lady.  A sized  slate  used  in  roofing.  ^ . u • 

Lady  Chapel.  The  name  given  to  a chapel  dedicated  to  the  virgin,  generally,  in 
ancient  cathedrals,  placed  behind  the  high  altar. 
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Lagging,  or  Laggins.  The  planks  laid  on  the  ribs  forming  the  centreing  of  an  arch,  to  , 
carry  the  stone  or  brickwork. 

Lancet  Arch.  One  whose  head  is  shaped  like  the  point  of 
a lancet,  and  generally  applied  to  long  narrow  windows. 

Fig.UlO.  ^ ^ • 

Landing.  The  terminating  floor  of  a flight  of  stairs,  either 
above  or  below  it. 

Lantern.  (Fr.  Lanterne.)  A structure  either  square,  circular, 
elliptical,  or  polygonal,  on  the  top  of  a dome.  It  is  also  the 
upright  windows  placed  over  the  ceiling  of  an  apartment, 
to  give  light.  The  internally  polygonal  tower  over  the  in- 
tersection of  the  nave  with  the  transepts  of  a church,  as  at 
Ely  Cathedral ; St.  Helen’s,  York,  &c.,  is  also  so  called. 

Lap.  The  part  of  one  body  which  lies  on  and  covers  another. 

Laquear.  See  Lacunar. 

Lararium.  (Lat.)  In  ancient  architecture,  the  apartment  in 
which  the  lares  or  household  gods  were  deposited.  It 
frequently  contained  also  statues  of  the  proprietor's  Fig.  1410.  Lancet  Arch, 
ancestors. 

Larder.  The  place  in  which  undressed  meat  is  kept  for  the  use  of  a family. 

Larmier.  (Fr.)  The  same  as  Corona. 

L4t,  or  Lath.  The  Sanscrit  term  for  a pillar. 

Latch.  The  catch  by  which  a door  is  held  fast. 

Latent  Heat.  That  which  is  insensible  to  the  thermometer,  upon  which  the  liquid  and 
aeriform  states  of  bodies  depend,  and  w'hich  becomes  sensible  during  the  conversion  of 
vapours  into  liquids  and  of  liquids  into  solids. 

Lateral  Strength.  The  resistance  which  a body  will  afford  at  right  angles  to  its  grain. 

Lateral  Thrust.  The  weight,  or  rather  pressure,  of  materials  sideways,  as  in  an  arch. 

Lath.  (Sax.  Laetta.)  A thin  piece  of  wood  used  in  slating,  tiling,  and  plastering. 
For  the  latter,  there  are  two  sorts,  double  and’ single,  the  former  being  about  throe- 
eighths  of  an  inch  thick,  and  the  latter  barely  a quarter  of  an  inch.  Laths  for  slates 
and  for  pnntiles  are  pieces  of  fir,  about  three  inches  by  one  inch  thick,  to  which  the 
former  are  nailed,  and  on  to  which  the  latter  are  hung. 

Lath  Brick.  A species  made  in  some  paits  of  England.  They  are  twenty-two  inches 
long  and  six  inches  broad. 

Lath  floated  and  set  fair.  Three-coat  plasterers’ work ; the  first  is  called  pricking 
up  ; the  second  floating ; the  third,  or  finishing,  done  with  fine  stuff,  is  the  setting  coat. 

Lath  laid  and  set.  Two-coat  pla'sterers’  work,  except  that  the  first  is  called  laying, 
and  is  executed  without  scratching,  unless  with  a broom.  When  used  on  walls,  this 
sort  of  work  is  generally  coloured  ; when  on  ceilings,  it  is  whited. 

Lath  plastered,  set,  and  coloured.  The  same  as  lath  laid,  set,  and  coloured. 

Lath  pricked  up,  floated,  and  set  for  Paper.  The  same  as  lath  floated  and  set  fair. 

I-ATTiCE.  (Fr.  Lattis.)  A reticulated  window,  made  of  laths  of  wood,  strips  of  iron,  or 
other  materials,  and  only  used  where  air,  rather  than  light,  is  to  be  admitted,  as  in 
cellars  and  dairies. 

Laundry.  It  should  be  spacious  and  well  supplied  with  every  convenience  for  washing, 
drying,  mangling,  and  ironing  the  linen  of  a family  or  of  an  establishment.  Horses,  or 
frames  of  wood,  should  be  provided  for  hanging  the  linen  upon  to  dry,  which  should 
be  suspended  to  the  timbers  of  the  ceiling  by  pulleys,  by  which  they  may  be  raised 
and  lowered,  unless  a drying  closet  heated  by  a stove  or  hot  water  be  provided;  this 
is  fitted  up  with  horses  running  on  iron  rails  backwards  and  forwards. 

L-watory.  (Lat.)  Besides  the  reference  to  the  monks’  lavatories,  as  noticed  s.v. 
Cloister,  this  term  is  now  employed  to  designate  a closet  or  small  room  fitted  up 
with  basins  and  other  apparatus  for  washing  hands ; it  sometimes  includes  urinals  and 
water-closets,  or  communicates  with  another  room  fitted  up  w'ith  them. 

Law  Courts.  See  Court  of  Justice. 

Layer.  In  brickwork  and  masonry,  it  is  synonymous  with  Course. 

Layer  Boarding.  The  same  as  Gutter  Boarding;  the  boards  being  fixed  to  the 
bearers  to  carry  the  leadwork  of  a gutter  to  a roof. 

Laying.  In  postering,  the  first  coat  on  lath  of  two-coat  work,  the  surface  whereof  is 
roughed  by  sweeping  with  a broom.  The  difference  between  laying  and  rendering  being, 
that  the  latter  is  the  first  coat  upon  brick. 

Lazarhouse,  or  Lazaretto.  (Ital.)  A hospital  for  the  reception  of  the  poor  and  those 
afflicted  with  contagious  diseases.  There  are  many  in  the  southern  states  of  Europe 
for  the  performance  of  quarantine,  into  which  those  only  are  admitted  who  arrive  from 
countries  infected  by  the  plague,  or  suspected  of  being  so.  An  account  of  the  principal 
lazarettos  of  Europe  was  published  by  the  celebrated  Howard.  - 
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Lead.  LSax.  La‘b.)  The  heaviest  metil  next  to  gold,  plutlun,  and  mercur\-  beinir  eleven 

times  heavier  than  its  own  bulk  of  water. 

Leaf.  One  side  of  a door,  upright  slab  of  stone,  &c. 

Leanto.  a building  whose  rafters  pitch  against  or  lean  on  to  another  building  or  wall. 

Leak  Loard.  Ihe  plank  lastened  on  the  feet  of  the  rafters  to  carry  the  side  piece  of  the 
lead  of  a gutter  under  the  bottom  rows  of  the  slating  or  tiling. 

Leaves.  (Sax.  Lteap.)  Ornaments  imitated  from  natural  letives,  whereof  the  ancients 
used  two  sorts,  natural  and  imaginary.  The  former  were  those  of  the  laurel,  lulm, 
acanthus,  and  olive;  but  they  took  great  liberties  in  the  representations  of  all  of  them. 

Lectern.  Hie  reading  desk  placed  in  the  choir  of  mediieval  churches.  It  was  made  in 
the  shape  of  a pillar,  with  a slab  for  the  book,  and  was  usually  of  brass,  sometimes 
elaborately  carved.  ^ It  was  superseded  by  the  reading  desk  after  the  Reformation. 

Lectorium.  The  ancient  name  lor  the  place  where  the  epistle  was  read  in  a church  ; 
hence  lectern  and  lettern  for  the  desk  itself.  The  lectorium  in  the  German  churches  is 
now  of  rare  occurrence,  but  one  is  to  be  seen  in  IVIeissen  Cathedral. 

Lecture  Hall.  A building  erected  for  the  special  purpose  of  affording  good  accommoda- 
tion for  a lecturer  and  his  audience.  It  is  sometimes  a large  room  cembined  with 
others;  thus,  in  a village  or  small  town,  a building  containing  a lecture  hall  alx>ut  fi  ty 
feet  by  thirty  feet,  might  have  a reading  room  about  twenty  feet  by  eighteen  feet,  a 
class-room,  with  a vestibule  and  the  usual  necessaries. 

L'^dge.  a surface  serving  to  support  a body  either  in  motion  or  at  rest.  Ledges  of  doors 
are  the  narrow  surf  ices  wTought  upon  the  jambs  and  sofites  parallel  to  the  wall  to  stop 
the  door,  so  that  when  it  is  shut  the  ledges  coincide  wdth  the  surface  of  the  door.  A 
ledge,  therefore,  is  one  of  the  sides  of  a rebate,  each  rebate  being  formed  of  two  sidt-s. 
In  temporary  work  the  ledges  of  doors  are  formed  by  fillets,  likewise  called  a stop. 
Also  the  horizontal  planks  in  common  doors,  to  which  thevertiftil  planks  are  nailed. 

Ledgement.  The  development  of  a surface,  or  the  surface  of  a body  stretched  out  on  a 
plane,  so  that  the  dimensions  of  the  different  sides  may  be  easily  ascerUined. 

A string  course  or  horizontal  moulding.  Ledgement  table  is  applied  to  any  of  the  pro- 
jections of  a plinth  in  Gothic  architecture,  except  the  lowest  ov  earth  table. 

Ledgers.  In  scaffolding  for  brick  buildings  are  horizontal  pieces  of  timber  parallel  to 
the  walls.  They  are  fastened  to  the  statidards,  or  upright  poles,  by  cords,  t<j  suppjrt 
the  put-logs,  which  lie  at  right  angles  to  and  on  the  w'alls  as  they  are  brought  up,  and 
receive  the  boards  for  working  on. 

Legs  of  an  Hyperbola.  The  two  parts  on  each  side  the  vertex. 

Legs  of  a Triangle.  The  sides  which  inclose  the  base. 

Length.  (Sax.  Lenj.)  The  greatest  extension  of  a body.  In  a right  prism  the  length 
is  the  distance  between  the  ends ; in  a right  pyramid  or  cone,  the  length  is  the  dithinco 
betw'een  the  vertex  and  the  base. 

Lesche.  (Gr.)  A public  building  among  the  Greeks,  consisting  of  open  courts  with  por- 
ticoes, the  W’alls  covered  with  paintings.  It  was  used  principally  as  a lounging  phu'e. 
The  nearest  modern  approach  to  it  appears  to  be  the  Euhmeshalle,  or  mercantile 
exchange,  at  Munich.  Ancient  writers  state  that  these  public  meeting-places  were  so 
much  in  request  that  there  were  no  less  than  360  in  Athens  alone. 

Lettern,  or  Lectern.  A desk  in  a church  from  which  the  lessons  are  read.  Sco  A ndm 
in  the  ancient  church.  An  eagle  with  wings  displayed,  that  bird  being  symbolical  of 
S.  John  the  Evangelist  and  his  Gospel,  was  often  used  as  a book  board  in  the  Middle 
Ages  ; and  is  also  seen  in  the  cathedrals  and  in  some  large  churches  in  England. 


Leucomb.  See  Lookum.  m * 

Level.  (Sax.  Loepel)  Aline  or  surface  which  inclines  to  neither  side.  The  term  i.s 
used  substantively  to  denote  an  instrument  which  shows  the  direction  of  a straight  lino 
parallel  to  the  plane  of  the  horizon.  The  plane  of  the  sensible  horizon  is  indicated  in 
two  ways:  by  the  direction  of  the  plummet,  or  plumb  line,  to  which  it  is  perpen- 
dicular ; and  by  the  surface  of  a fluid  at  rest.  Accordingly,  levels^  are  formed  either 
by  means  of  the  plumb  line,  or  by  the  agency  of  a fluid  applied  in  some  particular 
manner.  They  all  depend,  however,  upon  the  same  principle,  namely,  the  action  ot 

‘'"'S"e^X®Xrtlevcl  consists  of  a long  rule,  straight  on  its  lower  dgo,  alstut  ten  or 
twelve  feet  in  length,  with  an  upright  fixed  to  its  f 8®’ 

the  middle  of  the  length,  having  its  sides  in  the 

and  a straight  line  drawn  on  one  of  its  sides  perpendicular  to  the  *>^'8  ‘ 

rule.  The  vmmn’s  level  is  formed  of  three  pieces  of  wood,  ‘ 

isosceles  triangle,  having  a plummet  suspended  from  the  vertex  over  a mark  in  the 

“TlmTr't  or  act  of  finding  a line  parallel  to  the  X” 

tions,  in  order  to  determine  the  height  of  one  place  with  respect  to  another,  for  Inj  g 
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« grouml?  even,  regulating  descents,  draining  morasses,  conducting  waters  for  the  irriga- 
tion of  land,  etc. 

In  the  practice  of  levelling,  it  is  evident  that  the  level  line,  ^ o 

carried  on  by  means  of  a spirit  level  or  other  instrument  used  for 
i the  purpose,  is  a tangent  to  the  earth  : it  is  therefore  necessary  to 
make  an  allowance  for  the  ditference  between  the  true  level  B 0 and 
<-  the  apparent  level  B D.  This  ditference  is,  of  course,  equal  to  the 
, excess  £)  0 of  the  secant  of  the  arch  of  distance  above  the  radius  of 
the  earth.  Hence,  from  station  to  station,  accordingly,  allowance 
..must  be  made.  The  subjoined  Table  exhibits  the  corrections  or 
c values  of  the  length  C D. 


Distance 
or  BC. 

Diff.  of  Lev. 
or  CD. 

Distance 
or  BC. 

Diff.  of  Lev.  1 
or  CD. 

Distance 
or  BC. 

Diff.  of  Lev. 
or  CD. 

Distance 
or  BC. 

Diff.  of  Lev. 
or  CD. 

Yards. 

Inches. 

Yai-ds. 

Inches. 

Miles. 

Feet. 

In. 

Miles. 

Feet.  In. 

100 

0-026 

900 

2-081 

i 

0 

0^ 

6 

23  11 

200 

0-123 

1000 

2-670 

0 

2 

7 

32  6 

300 

0-231 

1100 

3-110 

4 

0 

8 

42  6 

400 

0-411 

1200 

3-701 

1 

0 

8 

9 

53  9 

600 

0-643 

1300 

4-344 

2 

2 

8 

10 

66  4 

600 

0-926 

1400 

6-038 

3 

6 

0 

11 

80  3 

700 

1-260 

1600 

6-784 

4 

10 

7 

12 

95  7 

800 

1-646 

1600 

6-580 

5 

16 

7 

13 

112  2 

Lever.  In  mechanics  an  inflexible  rod,  moveable  about  a fulcrum,  or  prop,  and  having 
forces  applied  to  two  or  more  points  in  it.  The  lever  is  one  of  the  mechanical  powers, 
and  being  the  simplest  of  them  all,  was  the  first  attempted  to  be  explained. 

Lever  Boards.  A set  of  boards  so  fastened  that  they  may  be  turned  at  any  angle  to 
admit  more  or  less  light,  or  to  lap  upon  each  other  so  as  to  exclude  all  air  or  light 
through  apertures.  See  Louvre  Boards. 

Lewis,  or  Lewisson.  An  instrument  used  by  builders  to  raise  stones  of  more  than  ordi- 
nary weight  to  the  upper  part  of  a building.  It  was  revived  by  a French  artisan  in 
the  reign  of  Lcuis  XIV.,  and  is  now  generally  employed.  It  operates  by  the  pieces 
forming  its  dovetail  end  being  held  in  their  corresponding  places  in  a hole  sunk  in  the 
j stone,  by  a middle  straight  piece,  kept  in  its  situation  by  a pin  passing  through  it  and 
, the  dovetail  pieces  at  top,  and  the  combination  of  the  whole  is  effected  with  a large 
ring,  which  is  attached  to  the  rope  or  chain,  and  the  stone  lifted  to  its  place. 

Lias.  A provincial  name  adopted  by  geologists  for  an  argillaceous  limestone,  which, 
together  with  its  associated  bed,  is  characterised  by  peculiar  fossils. 

Library.  An  edifice  or  apartment  for  the  reception  of  a collection  of  books.  The  most 
^ ancient  and  celebrated  library  in  existence  is  that  of  the  Vatican  : in  the  latter  respect, 
as  well  on  account  of  its  size  as  of  the  number  of  valuable  manuscripts  it  contains.  It 
occupies  in  the  suite  of  its  apartments  one  of  the  sides  of  the  Vatican  900  feet  in 
length.  In  the  architecture  or  arrangement  there  is  nothing  particularly  to  admire, 
^ and  indeed  it  was  not  originally  intended  for  the  purpose  to  which  it  has  been 
appropriated. 

The  Medicean  library  at  Florence,  the  work  of  Michael  Angelo,  has  grand  proportions, 
but  the  details  are  as  capricious  as  that  great  man  could  possibly  have  invented.  The 
library  of  St.  Mark  at  Venice  has  already  been  described  in  the  First  Book.  Sansavino 
had  to  encounter  many  difficulties  in  respect  of  its  site  and  connection  with  other 
buildings,  but  Palladio  considered  the  success  of  its  design  to  have  been  so  great  as  to 
have  made  it  worthy  of  any  age. 

Although  a public  library  would  seem  to  require  a grave  and  simple  style  of  treat- 
ment, it  is,  nevertheless,  properly  susceptible  of  much  richness,  if  the  funds  admit,  and 
it  comports  with  the  surrounding  buildings  to  use  much  decoration.  Security  against 
. fire  is  the  first  important  consideration  in  its  construction  ; and  the  next  is  to  ensure 
the  perfect  quiet  necessary  for  study.  There  can  scarcely  be  too  much  light,  because 
there  are  always  modes  of  excluding  the  excess  in  the  brightest  days  of  summer.  The 
light  should  not  be  placed  high  up  for  the  purpose  of  obtaining  more  room  for  the 
presses  which  are  to  receive  the  books,  because  even  a greater  space  may  be  obtained, 
as  in  the  magnificent  library  at  Trinity  College,  Cambridge,  by  Wren,  by  making  the 
presses  stand  against  the  piers  at  right  angles  with  the  longitudinal  walls,  and  placing 
the  windows  between  them.  Moreover,  the  presses,  when  placed  longitudinally  against 
the  walls,  the  windows  being  above,  have  the  titles  of  the  books  they  contain. in- 
distinct, from  being  too  much  in  shadow.  The  library  just  mentioned  is  in  every 
respect  one  of  the  finest  works  of  Sir  Christopher  Wren ; it  is  190  feet  long,  40  feet 
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' ^ ide,  and  38  feet  high  floored  with  marble,  and  decomted  with  pilasters  and  an  enta- 
blature ot  the  Corinthian  order  This  library  is  adduced  as  a perfect  model  of 
the  mode  of  distribution,  which  might  bo  carried  in  principle  to  any  exteut  If 
the  readers  be  very  numerous,  a separate  reading-room  becomes  a necessary  addition 
which  should  be  placed  as  centrally  as  may  be  to  the  whole  mass  of  buiUliiig  so  thai 
the  labour  of  the  attendants  may  be  lessened,  and  the  readers  at  the  same  time  more 
readily  served  with  the  books  wanted.  The  best  mode  of  warming  the  apartments  is 
by  hut  water  in  pipes  carried  round  the  apartments,  or  pumped  up  through  the  floor 
Efficient  means  of  affording  ventilation  to  the  room  or  rooms  is  also  necessiry. 

At  Paris  the  Biblioth^que  Nationale  is,  though  of  immense  extent,  little  more  than 
a warehouse  for  holding  the  books.  The  library  of  St.  Genevieve,  in  the  s<ime  city  is 
a well-conceived  and  well-designed  building,  and  particularly  suited  to  its  destination 
This  ornamental  ediflee  was  designed  by  M.  Labrouste  in  1843. 

Perhaps  one  of  the  most  absurd  distributions  of  plan  for  the  buildings  under 
consideration  is  to  bo  seen  in  the  Radcliffe  Library,  at  Oxford.  It  is  circular  on 
the  plan,  and  hence  vast  loss  of  room  is  experienced,  but  nevertheless  it  is  a noble 
building. 

In  London  the  only  library  of  any  size  to  which  reference  can  be  made  is  that  of  the 
British  Museum.  With  so  many  clubs  and  institutions,  each  possessing  its  own  librarv, 
it  may  probably  be  many  years  before  an  edifice,  similar  to  the  Free  Library  and 
Museum  at  Liverpool,  is  erected  in  London ; especially  as  the  parishes  have  not  yet 
had  sufficient  courage  to  tax  themselves  for  the  establishment  of  free  libraries,  which 
the  Act  of  Parliament  has  for  some  years  past  enabled  them  to  do.  The  king’s 
library  at  the  British  Museum  is  situated  in  the  east  wing,  and  was  erected,  182o-l8, 
by  Sir  R.  Smirke,  R.A.  The  chief  room  is  300  feet  long,  40  feet  wide,  and  30  feet 
high.  Little  was  done  for  the  accommodation  of  the  readers,  largely  increasing  in 
numbers,  until  1857,  when  the  new  reading-room  was  opened,  affording  desks  for  three 
hundred  readers,  which  are  very  often  fully  occupied,  who  have  free  access  to  about 
20,000  volumes  ranged  around  it.  The  room  is  140  feet  diameter  and  106  feet  high, 
having  a central  light  of  40  feet  diameter  in  the  dome,  with  tall  side  lights  in  the 
springing  of  the  dome.  It  was  designed  by  Mr.  Sydney  Smirke,  R.A.  The  arrange- 
ments for  economising  the  space  around  it  for  holding  the  annual  acce.'.sioii  of  new 
books  in  narrow  and  well-lighted  corridors,  are  admirably  managed.  The  BuitJer 
journal,  xv.  p.  229,  and  the  Building  journal,  iii.  157,  449-55,  contain  full 

details  of  these  fine  additions  to  the  national  establishment. 

Tlie  library  attached  to  the  London  University,  Gower  Street,  designed  by  Professor 
T.  L.  Donaldson,  is  91  feet  long  by  21  feet  6 inches  wide,  45  feet  through  the  recesses, 
and  45  feet  high  in  the  centre.  It  is  a good  example  of  such  a room,  planned  as  a 
nave  and  aisles,  with  cases  projecting  from  the  outer  walls  up  to  the  piers.  The 
library  erected  by  the  Corporation  of  the  City  of  London,  and  attached  to  the  Guild- 
hall, is  98  feet  by  65  feet,  and  museum,  with  reading  room  54  feet  by  20  feet,  is  a 
well-designed  edifice,  by  Sir  Horace  Jones,  the  City  architect. 

Liernk  Rib.  A short  rib  in  vaulting. 

Lift,  or  Hoist.  A machine  introduced  into  warehouses,  to  raise  goods  from  the  lower 
to  the  higher  floors  of  the  building,  and  worked  either  by  manual  or  by  hydraulic 
power.  Lately  it  has  been  placed  in  large  houses  and  in  hotels,  for  the  purpose  of 
raising  fuel,  luggage,  &c.,  to  each  floor;  in  some  instances  the  platform  has  been 
formed  into  a room  for  the  accommodation  of  persons  while  being  hoisted  to  an  upper, 
or  lowered  to  an  under  floor,  without  the  fatigue  of  "walking  up  and  down  long  flights 
of  steps.  For  lifting  stones,  see  Lewis. 

Light,  Diffusion  of.  Light  passing  into  a room  through  obscured  glass  or  a blind,  by 
means  of  which  the  intensity  of  the  light  is  broken.  If  the  glass  be  placed  flush  with 
the  outside  of  the  wall,  the  obscured  side  being  placed  outside,  the  effect  is  very  great 
in  diffusing  light. 

Light,  Obstruction  of.  The  raising  a building  opposite  a neighbours  windows, 
whereby  he  is  deprived  of  a certain  amount  of  light.  It  used  to  be  held  that  iill  per- 
sons building  on  old  foundations  in  the  City  of  London  could  carry  their  buildings  to 
any  height  they  pleased  ; that  the  intervention  of  a street  or  public  way  justifies  the 
raising  of  a building  to  any  extent;  that  a building  may  bo  raised  providing  the  raid- 
ing is  not  to  a height  beyond  a line  drawn  at  an  angle  of  45  degrees  from  the  w indow 
opening  or  openings,  the  light  of  which  is  affected  by  the  raising  of  an  adjoining  build- 
ing; that  skylights  or  horizontal  roof  lights  are  not  subject  to  the  same  law  as  ordinary 
vertical  windows  ; but  these  are  all  fallacious  notions.  ^ How’ever  distant  the  ob.'^truc- 
tion,  or  however  brought  about,  if  an  ancient  light  which  has  existed  twenty  je.irs  is 
injuriously  affected  by  reason  of  the  works  of  an  adjoining  owner,  there  is  a cause  or 
action. 
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Light,  Reflected.  Light  thrown  by  means  of  a light  and  polished  surface  into  the  win- 
dows opposite  to  it.  This  may  be  effected  in  some  degree  by  limewhiting  the  wall ; 
also  by  building  it  of  white  glazed  bricks ; also  by  white  tiles  being  affixed  to  the  wall. 
“ Reflectors " are  also  provided  for  this  purpose,  made  of  a white  metal,  fixed  in  a 
frame  and  covered  with  glass,  which  is  suspended  and  fixed  at  an  angle  which  will 
throw  the  light  to  the  point  required. 

Lighthouse.  A lofty  building,  on  the  top  whereof  artificial  lights  are  placed  to  guide 
ships  at  sea.  The  lighthouse  dates  from  the  earliest  period,  and  appears  to  have 
consisted  of  a tower  of  masonry,  sometimes  of  a circular  form,  but  usually  square,  and 
consisting  of  various  apartments,  as  the  establishment  was  greater  or  less,  wherein  was 
a raised  altar  upon  which  the  beacon  was  established.  Fire-towers  or  lighthouses  were 
oammon  on  the  shores  of  the  Mediterranean,  the  Archipelago,  the  Bosphorus,  and  Red 
Sea.  Among  the  most  celebrated  of  these  was  the  Pharos  of  Alexandria.  It  was 
accounted  one  of  the  seven  wonders  of  the  world. 

In  England,  the  Eddystone  lighthouse,  by  the  celebrated  Smeaton,  was  not  only 
an  object  of  beauty,  but  of  that  soundness  of  con- 
struction which  is  the  most  essential  requisite 
in  works  of  this  kind.  The  general  form  is  seen 
in  fig.  1411.  This  is  a fine  illustration  of  fitness 
producing  beauty.  The  resistance  it  afforded 
against  the  waves  arose  from  the  beautiful  curved 
line  which  leads  them  up  it  instead  of  being 
broken  against  it.  Indeed,  in  stormy  weather, 
the  waves  actually  rolled  up  the  side,  and  fell  in 
a contrary  curve  over  the  top  of  the  lighthouse. 

The  beds  of  the  masonry  were  so  laid  and  dove- 
tailed and  joggled  as  to  become  a part  of  the 
rock  on  which  it  was  erected,  between  June  12, 

1757,  and  October  16,  1759.  A narrative  of  the 
work  was  published  by  Mr.  Smeaton.  This 
elegant  structure  was  pulled  down  and  a new  light- 
house built  between  August  19,  1879,  and  June  1, 

1881,  when  the  first  and  last  stones  were  laid.  The 
old  lighthouse  was  re-erected  on  land.  ^ 

The  most  architectural  of  modern  lighthouses  is 
that  of  Corduan  on  the  coast  of  France,  w'hich  stands 
on  a large  rock,  or  rather  on  a low  island,  about 
three  miles  from  land,  at  the  entrance  of  the  river 
Garonne.  Founded  about  the  year  1584,  in  the  reign 
of  Henry  II.  king  of  France,  it  was  carried  on  under 
the  reigns  of  three  successive  monarchs,  arriving 
at  its  completion  in  1610,  in  the  reign  of  Henry  IV. 

It  stands  upon  a platform  of  solid  masonry,  and  is 
surrounded  by  a parapet  about  145  feet  in  diameter, 
which  is  equal  to  the  height.  The  lightkeepers’ 
apartments  and  store  rooms  are  not  in  the  main 


Fig.  1411. 

tower,  but  form  a detached  range  of  buildings  on  the  great  platform,  the  interior 
of  the  tower  itself  being  finished  in  a style  of  magnificence  too  splendid  for  the  use 
of  common  persons.  Over  the  fuel  cellar,  which  is  formed  in  the  solid  masonry  of 
the  platform,  is  the  great  hall,  twenty-two  feet  square,  twenty  feet  high,  with  an  arched 
ceiling.  On  this  floor  are  two  wardrobes  and  other  conveniences.  Above  the  last-men- 
tioned room  is  the  king’s  room,  twenty-one  feet  square  and  twenty  high,  with  an  ellip- 
tical ceiling.  There  are  on  this  floor  a vestibule,  two  wardrobes,  and  other  con- 
veniences. On  the  third  floor  is  placed  the  chapel,  for  a priest  who  occasionally  says 
mass  is  attached  to  the  establishment,  and  this  is  twenty-one  feet  in  diameter,  domed, 
and  forty  feet  high,  and  lighted  b}^  eight  windows.  There  is  an  eye  in  the  dome 
through  which  is  seen  the  ornamental  roof  of  the  room  above,  and  that  is  fourteen  feet 
diameter  and  twenty-seven  feet  high.  This  is  used  by  the  lightkeepers  as  a watch 
room.  Over  it  rises  an  apartment,  which  is  immediately  under  the  light  room,  used  for 
holding  sufficient  fuel  for  one  night’s  consumption,  and  capable  itself  of  being  converted 
into  a place  for  the  exhibition  of  a light  in  case  of  repairs  being  required  to  any  extent 
in  the  main  light  room,  which,  as  we  have  said,  is  immediately  over  it,  and  is  sur- 
rounded by  a balcony  and  circular  stone  parapet.  The  height  from  the  floor  to  the  top 
of  the  cupola  of  the  original  lantern  or  light  room  was  17  feet,  and  being  unglazed,  the 
smoke  was  carried  out  on  either  side  in  the  direction  of  the  wind.  The  roof,  moreover, 
formed  a kind  of  chimney  in  the  form  of  a spire,  terminating  with  a ball.  The  height 
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of  tho  light  room,  which  was  entirely  of  stone,  was  thirty-one  feet  from  the  light  roo.n 
floor  to  the  ball  on  the  top  of  the  spire.  The  fuel  first  used  for  the  light  was  .mk,  alter 
which  pit  coal  was  introduced  ; but  in  modern  times  lamps  and  reflectors  have  succeetled 
the  last,  and  the  light  is  now  seen  at  a proper  distance. 

The  attempt  to  make  lighthouses  resemble  columns  is  intolerable;  they  should 
possess,  according  to  the  different  situations,  a character  peculiar  to  themselves  • lu  n.-e 
the  application  of  a column  for  the  purpose  is  the  worst  of  abuses.  The  North  Foreland 
lighthouse,  whose  plan  is  polygonal,  would  be  a good  example  had  the  details  been  pro- 
perly attended  to  in  the  design.  ^ 

Ligktixg.  The  quantity  of  daylight  admitted  by  windows  and  skylights  into  an  apart- 
ment. The  superficial  area  of  light  may  be  equal  to  one-half  the  area  of  one  wall  of 
the  room,  if  the  room  is  lighted  on  one  side  only,  and  does  not  exceed  more  than  one 
and  one-halftimes  its  height  in  depth.  A room  more  than  twice  its  height  in  depth 
Ic.  in  distance  back  from  the  side  from  which  it  receives  the  light,  cannot  be  erticientlv 
lighted  from  one  side  only.  The  aspect  of  a window  makes  very  considerable  difference 
in  the  amount  of  light,  as  also  the  presence  of  buildings  or  trees  in  the  vicinity  It 
should  be  remembered  that  the  higher  the  top  of  the  window  is  in  the  room  the’bett.-r 
will  be  the  light  at  the  back  of  the  room.  A line  at  an  angle  with  the  wall  of  G(>= 
from  the  top  of  the  window  to  the  floor  will  cut  off  all  the  depth  than  can  be  froolv 
lighted.  The  quantity  of  light  admitted  by  a skylight  is  considered  to  he  equal  to 
about  thirty  times  that  by  a window  —thus,  if  one  foot  square  of  vertical  light  placwl 
centrally  be  sufficient  for  100  cubic  feet  of  room,  one  foot  of  horizontid  light  will  suffice 
for  upwards  of  3,000  cubic  feet,  as  proved  by  the  Pantheon  at  Romo;  see  seef.  2747. 

Lightning  Conductor.  A metal  rod  fixed  to  the  highest  part  of  a building,  carridl 
down  the  face  of  it,  and  into  the  earth,  for  the  purpose  of  attracting  the  fork  of  light- 
ning, and  carrying  it  away  from  the  other  metal-work  of  the  structure.  Newall  sup- 
plies copper  rope  of  |,  and  f inch  diameter,  with  copper  points  and  fittings.  A con- 
ductor requires  fixing  with  proper  isolators  and  attachments,  to  pi  event  the  interruption 
of  the  electric  current.  Hart  and  Son  supply  a sort  of  wire  chain  under  Spratt’s  patent. 

Lights.  A term  sometimes  used  to  denote  the  openings  whether  of  doors,  gates,  or  win- 
dows, or  unenclosed  places,  and  through  which  air  and  light  have  passage. 

LtKE  Arcs.  In  the  projection  of  the  sphere,  the  parts  of  lesser  circles  containing  an 
equal  number  of  degrees  with  the  corresponding  arcs  of  greater  circles. 

Like  Figures.  In  geometry,  such  as  have  their  angles  equal,  and  the  sides  about  the 
equal  angles  proportional. 

Like  Solids.  Those  which  are  contained  under  like  planes. 

Lime.  (Germ.  Leim,  glue.)  A most  useful  earth,  obtained  by  exposing  chalk,  and  other 
kinds  of  limestones  or  carbonates  of  lime,  to  a red  heat,  an  operation  gonerilly  con- 
ducted in  kilns  constructed  for  the  purpose,  by  which  tlie  carbonic  acid  is  expelled, 
and  lime,  more  or  less  pure,  according  to  the  original  quality  of  the  limestone,  remains, 
in  which  state  it  is  called  quicklime. 

Limekiln.  One  for  the  purpose  of  burning  lime.  They  are  constructed  in  a variety  of 
ways,  to  sav'e  expense,  or  to  answer  to  the  particular  nature  of  the  fuel. 

Limestone.  A generic  term  for  those  varieties  of  stone  containing  carbonate  of  lime, 
which  are  neither  crystallised  nor  earthy,  the  former  being  calcareous  spar,  the  latti  r 
chalk.  When  burned  they  yield  quicklime. 

Line.  (Lat.  Linea.)  In  geometry,  a magnitude  having  only  one  dimension,  and  defim*.l 
by  Euclid  to  be  that  which  has  length  without  breadth.  The  term  is  also  usi^l  to 
denotea  measure  of  length  used  formerly  in  France,  namely,  the  twelfth  part  of  an  iuch, 

or  ^ of  a foot.  ...  . . • i 

Line  of  Direction.  In  mechanics,  the  line  in  which  motion  is  communicated.  ^ 

Line  of  Station.  The  intersection  of  a plane  passing  though  the  eye,  perpendicular  to 
the  picture,  and  to  the  geometrical  or  primary  plane  with  the  plane  itself. 

Line,  Geometrical.  In  perspective,  any  straight  line  in  the  geometrical  or  primary  mo. 

Link,  Horizontal.  A line  parallel  to  the  horizon.  In  perspective  it  is  the  vanishing 

line  of  horizontal  planes.  . , , . . ■, 

Line,  Vertical.  The  intersection  of  a vertical  plane  with  the  picture  passing  along  tho 

station  line.  . 

Line,  Visual.  A ray  of  light  reflected  from  the  object  to  the  eve.  , 

Lines  of  Light  and  Shade.  Those  in  which  the  light  and  shiule  of 

rated.  Thus,  on  <a  curved  surface,  it  is  the  line  determined  by  a bingent  to  the  surface 

in  the  direction  of  the  rays  of  light.  i Tbn<j  tho 

Lining.  Tho  covering  of  the  surface  of  any  body  with  another 
lining  of  a wall  is  a wooden  boarding,  whose  edges  are  either 
tongued.  Lining  is  distinguished  from  casing,  the  first  being  J "f 
of  a building,  whilst  the  latter  is  the  covering  of  the  exterior  f ^ ,3 

Lining  out  S?uff.  (Participle.)  The  drawing  lines  on  a piece  of  board  or  plank  so 

to  cut  it  into  thinner  pieces. 
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Lixings  of  Boxings.  The  pieces  of  framework  of  a window  into  which  the  window 
shutters  are  folded  back. 

Linings  of  a Door.  Those  of  the  sides  of  apertures  of  doors  called  the  jambs  or  jamb- 
linings,  that  which  covers  the  top  or  head  being  the  soffite. 

Lintel.  (Span.)  A horizontal  piece  of  timber  or  stone  over  a door,  window,  or  other 
opening  to  discharge  the  superincumbent  weight.  If  a wall  be  very  thick,  more  than 
one  lintel  piece  will  be  required,  unless  scantling  of  sufficient  width  be  found.  In  some 
old  books  on  carpentry,  lintels  are  classed  under  wall  plates,  but  the  word  is  now  never 
used  in  this  sense,  unless  the  joisting  or  tie  beams  rest  upon  it,  in  which  case  it  is  both 
a lintel  and  a wall  plate. 

lasT,  or  Listel.  The  same  as  Fillet. 

Listed  Boards.  Such  as  are  reduced  in  their  width  by  taking  off  the  sap  from  the 
sides.  They  are  also  explained  as  boards,  sorted  and  matched,  so  as  to  make  the  floor 
appear  all  of  one  colour. 

Listing.  (Participle.)  Cutting  the  sap  wood  out  from  both  edges  of  a board. 

Loam.  A soil  in  which  clay  prevails.  It  is  called  heavy  or  light  as  the  clay  may  be  more 
or  less  abundant. 

Lobby.  (Germ.  Laube.)  An  enclosed  space  surrounding  or  communicating  with  one  or 
more  apartments,  such  as  the  boxes  of  a theatre,  for  instance.  By  it  also  is  understood 
a small  hall  or  waiting  room,  or  the  entrance  into  a principal  apartment  where  there 
is  a considerable  space  between  it  and  a poitico  or  vestibule;  but  the  dimensions, 
especially  as  regards  the  width,  will  not  allow  of  its  being  called  a vestibule  or  ante-room. 

Lock.  (Sax.  Loc.)  A well-known  instrument,  consisting  of  springs  and  bolts,  for  fasten- 
ing doors,  drawers,  chests,  &c.  A good  lock  is  a masterpiece  in  smithery,  requiring 
much  art  and  delicacy  to  contrive  and  vary  the  wards,  springs,  bolts,  and  other  parts 
whereof  it  is  composed,  so  as  to  adjust  them  to  the  places  where  they  are  serviceable, 
and  to  the  various  purposes  of  their  use.  The  structure  of  locks  is  so  varied,  and  the 
number  of  inventions  of  their  different  sorts  so  extended,  that  we  cannot  attempt  to 
enumerate  them. 

Those  placed  on  outer  doors  are  called  stock-locks,  those  on  chamber  doors  spring 
locks,  and  rim  locks,  and  such  as  are  hidden  in  the  thickness  of  the  doors  to  which  they 
are  applied,  mortise  locks.  T\\q  padlock  is  too  well-known  to  need  description  here. 

Lockrail.  The  middle  horizontal  rail  of 
a door. 

Locutory.  An  apartment  in  a monastery 
in  which  the  monks  were  allowed  to  con- 
verse when  silence  was  enjoined  else- 
where. 

Lodge.  A small  house,  situated  in  a park 
or  domain,  subordinate  to  the  mansion. 

Also  the  cottage  placed  at  the  gate 
leading  to  the  mansion. 

Loft.  An  upper  platform,  as  in  Scotland. 

It  has  been  applied  to  the  gallery  in  a 
church.  In  modern  usage  it  is  limited 
to  the  place  immediately  under  the 
rafters,  as  cockloft  in  a house,  hay -loft 
in  a stable,  &c.  See  Solar. 

Logan.  See  Rocking  Stone, 

Logarithms.  Artificial  numbers  used  to 
facilitate  arithmetical  calculations. 

Loggia.  (It.)  In  its  strict  meaning  a 
lodge;  but  usually  signifying  a gallery 
open  to  the  air,  and  used  for  shelter,  or 
from  which  to  obtain  a prospect. 

Log-house.  A hut  constructed  of  the 
trunks  of  trees. 

Logistic  Spiral.  One  whose  radii  are  in 
continued  proportion,  and  in  which  the  ^ 
radii  are  at  equal  angles ; or,  in  other 
words,  a spiral  line  whose  radii  every- 
where make  equal  angles  with  the 
tangents. 

Lombard  Architecture.  The  class  of 

Romanesque  architecture  which  prevailed  in  the  Northern  parts  of  Italy. 

Long  and  Short  Work.  A rough  sort  of  building,  consisting  of  quoin  stones  placed  flat 
and  upright  alternately.  Many  writers  consider  such  masonry  as  a mark  of  the  work 
of  the  11th  century,  or  previous  to  it,  and  call  it  Saxon  work.  See  fig,  1412. 


rig.  1412.  Tower  of  Earl's  Barton  Church. 
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Loxoimetr'y. 


U A term  used  to  denote  the  operation  of  trigonometry  for  measuring  lengths 

whether  accessible  or  inaccessible.  o b » 

Lookum,  or  Leucomb.  A word  used  for  the  projection  on  the  upper  floor  of  a warehouse 
or  mill,  to  cover  a wheel  and  fall,  or  a crane,  and  has  a trap-floor  to  it.  It  may  i.ro- 
bably,  bo  derived  from  the  French  term  lucarne.  * 

Loop.  (Fr.)  A small  narrow  window.  A loophole  is  a term  applied  to  the  vertical 
series  of  doors  in  a warehouse,  through  which  the  goods  in  craning  are  delivered 
Loophole.  A narrow  aperture  formed  in  walls,  and  sometimes  in  the  merlon  of  a battle- 
ment, through  which  the  defenders  discharged  tlieir  bows  or  firearms.  See  lUi  isTit\ui\ 
Lotus.  A plant  of  the  water-lily  speci.  s much  used  in  the  architectural  ornaments  of 
the  early  nations,  and  especially  in  the  capitals  of  Egyptian  columns.  See  tig.  .0 1. 
Louvke.  a turret  or  lantern  over  a hall  or  other  apartment  with  openings  for  ventila- 
tion and  to  allow  the  escape  of  smoko  or  steam. 

Louvre,  Luffer,  or  Lever  Boarding.  (Fr.  Louvre.)  Boarding,  with  intervals  between 
the  boards,  nailed  horizontally  in  an  inclined  direction,  on  the  sides  of  buildings  or 
lanterns,  so  as  to  admit  a free  current  of  air,  and  at  the  same  time  to  exclude  the  rain. 
They  are  used  for  air-drying  lofts.  Each  set,  if  required,  is  made  to  open  and  shut 
by  the  action  of  a lever. 

Low  Side  Window.  A small  opening  like  a window,  usually  placed  in  the  south  chancel 
wall,  and  lower  than  the  other  windows,  for  what  purpose  is  not  strictly  known.  It  lias 
been  called  a Lychnoscope. 

Lozenge.  A quadrilateral  figure  of  four  equal  sides,  with  oblique  angles. 

Lozenge  Moulding.  An  ornament  used  in  Norman  architecture,  presenting  the  appear- 
ance of  diamond-shaped  lozenges  laid  in  the  hollow  of  the  moulding. 

Lucarne.  The  same  as  Dormer. 

Lumber.  Timber  sawn  ready  for  use.  It  is  a term  used  chiefly  in  America. 

Lune  or  Lunula.  The  space  between  two  equal  arcs  of  a circle. 

Lunette.  (Fr.)  A cylindrie,  cylindroidic,  or  spherical  aperture  in  a ceiling.  As  an 
- example  of  the  term,  we  may  refer  to  the  upper  lights  in  tlie  nave  of  St.  Paul’s 
Cathedral. 

Luthern.  The  same  as  Dorme’r. 

Lvch-Gtate,  or  Corpse-Gate  (from  the  Anglo-Saxon  Lcich,  a dead  body).  A gate  at  the 
entrance  of  a churchyard,  where  the  coffin  was  set  down  for  a few  minutes  before  burial. 
It  is  generally  of  wood,  and  often  thatched.  Lych-gates  are  not  of  frequent  occurrence 
in  England.  In  Wales  many  of  them  may  be  seen. 

Lychnoscope.  See  Low  Side  Window. 

Lying  Panels.  Those  wherein  the  fibres  of  the  wood,  or  the  grain  of  it,  lie  in  a hori- 
zontal direction. 

Lysis.  (Gr.)  A plinth  or  step  above  the  cornice  of  the  podium  of  ancient  temples,  which 
' surrounded  or  embraced  the  stylobate ; an  example  of  it  may  be  seen  in  the  temple 
of  Fortuna  Virilis  at  Rome. 

M Roof.  A roof  formed  by  the  junction  of  two  common  roofs  with  a valley  between 

them.  The  letter  ^ inverted  represents  this  species  of  covering. 

Machicolations.  (Fr.  Machicoulis.)  In  castellated  architecture  are,  according  to  Grose, 
the  projections,  supported  by  brackets  or  corbels,  through  which  melted  le;id  and  stones 
were  dropped  on  the  heads  of  assailants.  They  were  not  probably,  however,  projecting 
works,  but  sometimes  were  considered  as  the  series  of  square  holes  in  the  vaultings  of 
the  portals  used  for  the  same  purpose. 

Machine.  (Gr.  Maxavrj.)  In  a general  sense,  anything  which  serves  to  increase  or  regii- 
. late  the  effect  of  a given  force.  Machines  are  simple  or  compound.  The  former  are  the 
, simple  mechanical  powers,  six  in  number ; viz.  the  lever,  the  wheel  and  axle,  t he  pulley, 
the  wedge,  the  screw,  and  the  funicular  machine.  The  latter  are  formed  by  the  combi- 
nation of  two  or  more  simple  machines,  and  are  classed  according  to  the  forces  by 
which  they  are  put  in  motion,  as  hydraulic  machines,  pneumatic  machines,  elc  tnc 
machines,  &c.,  or  the  purposes  they  are  intended  to  serve,  as  military  machines, 

architectural  machines,  &c.  n j i 

Maenhir,  or  Menhir.  A long  upright  stone  in  Celtic  works,  called  by  the  >orraan 

writers  and  by  country  people  . . i • i 

Magnesian  Limestone.  An  extensive  series  of  beds  lying  in  geological  j 

diately  above  the  coal  measures  ; so  called  because  the  limestone,  which  is  the  princq  al 
member  of  the  series,  contains  magnesia. 


memoer  oi  me  series,  eeuiamo  Tt  w.m 

Magnitude.  (Lat.)  A term  by  which  size,  extent,  or 

originally  applied  to  the  space  occupied  by  any  figure  , or,  in  0^  ip„„th  bre-idtli  ami 

to  objects  stri^ctly  termed  geometrical,  and  of  three 

thickness,  but  it  has  gradually  become  enlarged  in  its  signification,  so  as  to  be  gneu 


1310 


GLOSSARY. 


every  kind  of  quantity  that  admits  of  mensuration,  or  of  which  greater  or  less  can  be 
predicated ; in  which  sense  it  was  used  by  Euclid. 

Mahogany.  A wood  used  for  doors,  window-sashes,  and  ornamental  work,  especially  cabinet 
work.  The  Jamaica  mahogany  is  the  hardest  and  most  beautiful,  and  is  distinguished 
from  that  of  Honduras  by  the  chalky  appearance  of  its  fibres.  The  latter  has  very 
little  flower. 

]\[ain  Couple.  See  Couple. 

Malleability.  (Lat.  Malleus,  a hammer.)  The  property  of  being  susceptible  of  extension 
under  the  blows  of  a hammer.  It  is  a characteristic  of  some  of  the  metals,  most  particu- 
larly in  gold.  Common  gold-leaf  is  not  more  than  a two-hundred-thousandth  part  of  an 
inch  in  thickness.  Five  grains  may  be  beaten  out  so  as  to  cover  a surface  of  more  than 
tw^o  hundred  and  seventy  square  inches. 

Malleable  Iron.  The  same  as  pure  Wrought  Iron,  being  iron  that  can  be  worked  by 
the  hammer  and  tongs.  The  name  has  also  lately  been  given  to  a soft  quality  of  iron 
more  easily  worked  for  ornamental  purposes. 

MALiJiT.  (Lat.)  A large  kind  of  w^ooden  hammer  much  used  by  artificers  who  work 
with  a chisel,  as  masons,  stonecutters,  carpenters,  joiners,  &c. 

Maltha.  (Gr.)  A native  bitumen  used  by  the  ancients  for  plastering  the  walls  of  their 
dwellings,  &c.  An  artificial  kind  was  made  of  pitch,  w'ax,  plaster,  and  grease;  another 
sort  was  composed  of  lime  slaked  with  wine,  and  incorporated  with  melted  pitch  and 
fresh  figs. 

Manger.  The  trough  in  the  stall  of  a stable  wherein  is  placed  the  corn  or  other  short 
food  given  to  live  stock,  and  more  especially  to  horses. 

Manhole.  An  opening  formed  over  a sewer,  or  by  the  side  of  it,  large  enough  to  admit  a 
man  to  enter  to  do  repairs,  &c.,  when  requisite.  It  is  also  formed  on  the  top  of  large  boilers, 
to  give  access  to  clean  out  the  interior;  and  also  over  a cesspool  for  the  same  purpose. 
A manhole  has  usually  a close-fitting  cover,  well  set  to  prevent  the  escape  of  steam,  foul 
air,  &c. 

Mansard  Roof.  (So  called  from  the  name  of  its  supposed  inventor,  the  French  archi- 
tect, Frauqois  Mansart.)  The  same  as  Curb  Roof. 

Mansion.  A large  house ; a term  more  usually  applied  to  one  in  the  country.  The 
origin  of  the  word  and  its  application  is  supposed  to  be  derived  from  the  mansiones,  or 
stationary  camps  of  the  Roman  soldiers. 

Mantapa.  The  Hindoo  term  for  the  porch  attached  to  most  vimanas  or  temples  beyond 
the  antarala.  It  is  a square  building,  having  a door  on  each  of  its  four  sides  ; the  roof 
is  generally  pyramidal.  If  there  should  be  two  porches,  the  outer  one  is  called  the 
maha  mantapa. 

Mantel  Piece.  The  horizontal  decoration  in  stone  or  marble  in  front  of  the  mantel 
tree,  and  supported  by  the  jambs  or  boxings  of  a chimney-piece. 

Mantel  Shelf.  The  slab  lying  on  the  mantel  piece,  and  secured  at  the  back  into  the 
plastering  of  the  wall. 

Mantel  Tree.  The  wood  lintel  or  brick  arch  to  the  openings  of  a fire-place. 

Marble.  (Gr.  Mapjua^pu,  to  gleam,  to  sparkle.)  A term  limited  by  mineralogists  and 
geologists  to  the  several  varieties  of  carbonate  of  lime,  having  more  or  less  of  a granu- 
lar and  crystalline  texture.  Among  sculptors,  the  word  is  used  to  denote  several 
compact  or  granular  kinds  of  stone  susceptible  of  a very  fine  polish;  the  varieties  of  it 
are  very  numerous.  Ancient  Marbles: — The  most  valuable  sort,  and  the  grandest 
quarry  of  the  Greek  white  marbles,  was  the  Perdelican,  obtained  from  mount  Penteles, 
in  Attica.  It  was  used  in  the  Parthenon  and  other  buildings  in  Athens,  and  was  in 
great  repute  with  the  sculptors.  This  marble  is  overlaid  in  the  quarries  with  large 
figured  red  and  green  Ciyollino.  The  base  rock  of  the  Acropolis  at  Athens,  a mass  of 
richly  coloured  marble — rose,  reds,  browns  and  greys — was  discarded  by  the  Greeks. 
The  Parian  was  obtained  from  the  island  of  Paros.  Mount  Marpesus  yielded  the  best, 
which  was  called  Marjpessian ; it  was  also  termed  Lychneus,  because  of  its  use  for 
candelabra,  and  Lygdineum,  from  the  promontory  of  Lygdos.  It  consists  almost  en- 
tirely of  carbonate  of  lime;  and  Dr.  Clarke  states  it  has  lasted  better  than  the 
Pentelican,  which  has  veins  of  extraneous  substances  intersecting  the  quarries,  and 
w'hich  appear,  more  or  less,  in  all  works  executed  in  this  sort  of  marble.  The 
Parian  has  a waxy  appearance  when  polished,  and  hardens  by  exposure  to  the 
air;  the  statues  of  the  Venus  di  Medici,  the  Diana  Venatrix,  the  collossal  Minerva 
Pallas  of  Velletri,  and  the  Capitoline  Juno,  were  carved  in  this  material,  and  the 
tomb  of  Mausolus  was  built  of  it,  the  remains  of  which  are  now  in  the  British 
Museum. 

Other  white  marbles  were  of  mount  Hymettus,  in  Attica,  of  Thasus  and  Lesbos,  in 
great  repute;  of  Lunar,  in  Etruria,  of  a white  even  whiter  than  that  of  Paros;  the 
Phcllen se,  ivom.  mount  Phellens ; the  Coraliticum,  ioMTi'l  near  the  river  Coralios  in 
Phrygia,  which  was  also  termed  Saiignrium,  from  another  name  of  the  same  river ; 
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Cyztcum,  from  Cyzicus  in  Asia  l^hnov,  one  of  the  throe  marbles  of  ^vhich  the  temple  at 
Rphesus  was  to  be  built ; also  called  Proconnesian  marble 

CTwrmte  was  another  sort  of  marble,  which  resembled  ivory  in  its  colour.  Tho 
Phengitcs  of  Capadocia  was  white  with  yellow  spots. 

The  black  marbles  were  : Tanarus  highly  esteemed  ; one  from  the  island  of  Lesbos  • 
Lyhicum  ov  humidian,  called  also  Luculleum-,  Chiutn,  from  Mount  Pelinous.  in  the 
island  of  Ohio,  of  a transparent  chequered  black  colour;  Ohsidia, mm,  from  Ethiopia* 
Synnadicum,  or  Marmor  Phrygium,  from  near  Synnas,  in  Phrygia,  having  small  circles 
in  Its  black  ground ; Afrkano,  from  the  island  of  Scio,  so  called  from  its  dark  colour 
by  Pliny,  who  was  wrong. 

The  rose  Africano,  from  Porta  Santa,  in  the  island  of  Scio,  a grand  qnarrv  vieldimr 
SIX  or  more  different  kinds  (Brindley) ; the  old  quarries  of  liosso  antico  were  discovered 
at  Laconia  ; quantities  were  obtained  from  Egypt. 

Taygetura  supplied  the  grcc7i  porphyry,  or  serpentine,  of  the  Italians.  Cary»fu.o,  in 
Eubsea,  gave  the  green  Cipollino,  one  of  the  marbles  most  appreciated  by  the  Roman.s  of 
which  in  Rome  alone  oOO  columns  still  remain;  it  was  a mingled  dark  green  ; Memphites 
and  Ophites,^  resembling  the  skin  of  a serpent,  and  from  tho  city  in  Egypt,  near  where  it 
was  found ; it  is  the  Serpentino  antico  of  the  Italians ; Lacoincum,  from  Mount  Taygetes, 
the  well-known  Verd  'antique  of  the  antiquaries  ; the  green  Tiberian  and  Augustan 
marbles  were  obtained  from  Egypt. 

Yellow  marble  was  found  at  Corinth;  the  Rhodian  marble  was  marked  with  spots 
resembling  gold  ; that  of  Melos  was  excavated  in  Mount  Acynthus. 

Atracium,  from  Mount  Atrax,  in  Thessaly,  was  a mixture  of  white,  green,  blue,  and 
black. 

Ttie  Romans  seem  to  have  introduced  coloured  marbles  in  monumental  works  after 
their  conquest  of  Egypt,  whence  they  derived  their  first  ideas  of  monolith  column^!. 
Their  early  building.®  contained  few  varieties  of  coloured  marbles,  the  number  in- 
creasing as  the  colonies  matured.  The  monoliths  in  St.  Peter’s  and  St.  Sebastian  were 
cut  from  the  quarry  of  Porta  Santa,  in  the  island  of  Scio,  as  was  also  the  basin,  15  feet 
diameter  and  4 feet  thick,  discovered  by  Mr  J.  T.  Wood,  at  Ephesus.  The  ancient 
quarry  in  Tunis  supplied  the  Giallo  anHco,  and  varieties  of  rose  and  orange  Breccias ; 
this  marble  was  reserved  for  Rome,  where  172  columns  of  it  are  still  extant.  Most  of 
the  pavement  in  the  Basilica  Julia,  and  the  columns  in  St.  John  Lateran,  the  Pantheon, 
the  Arch  of  Titus,  are  of  this  marble ; as  well  as  the  wall-lining,  half  an  inch  thick, 
in  the  palaces  of  the  Caesars. 

The  first  paper  read  by  Mr.  Brindley  names  forty-six  of  the  principal  quarries  of 
various  countries  worked  in  the  time  of  the  Romans ; the  second  one  refers  to  the  stones 
and  marbles  found  in  Egypt.  Transactions  of  the  Royal  Institute  of  British  Ai-chi- 
tects,  1887-88  and  1888-89.  The  building  and  decorative  stones  of  Egypt,  including 
limestone,  sandstone,  granite,  porphyry,  opus  Alexandrinum.  verde  Augustus,  Oriental 
alabaster,  Breccia  verde,  gem  stones,  &c.,  are  described  by  Mr.  Brindley,  1887,  Nov.  21. 
See  Porphyry  and  Syenite. 

The  Numidian  marble  of  the  Romans,  obtained  from  North  Africa,  is  coloured  marble 
of  various  shades  and  tints,  but  does  not  include  white  marbles  or  shades  of  white, 
of  which  there  are  numerous  quarries  in  North  Africa.  Marmor  Bicmidicum  appears 
to  be  a misnomer,  for  the  only  known  quarry  in  the  ancient  province  of  Numidia  is  at 
Filfilla,  near  Philippoville.  The  only  5 et  discovered  quarries  are  those  at  Chemtou  in 
Tunisia  (Siraittu  Culonia  in  Africa  Provincia  of  the  Romans),and  at  Kleber  in  Algeria, 
north-east  of  Oran  (in  the  ancient  kingd  >m  of  Mauretania).  The  former  quarries  are 
much  in  the  condition  in  which  they  were  left  by  the  Romans.  The  quarries  at  Kleber 
cover  an  area  of  over  1,500  acres.  Breccias,  from  dark  brown  to  blood  red  ; Gialh  antico 
of  different  hues,  designated  as  Canarino,  Avorio,  and  Pavonazzo-,  Cipollino  rosso,  and 
more  than  one  quality  of  white  marble.  Specimens  of  some  of  these  are  now  to  bo 
seen  in  the  new  mausoleum  rmm  of  the  British  Museum.  Great  and  beautiful 
varieties  are  to  be  seen  in  the  prayer  chamber  of  the  great  mosque  at  Kairouan.  and 
other  mosques  (Alex.  Graham,  in  Proceedings  Royal  Institute  of  British  Architects, 
1886-87).  . „ , r . • 

A useful  list  of  ancient  and  modern  marbles,  with  references  to  works  of  art,  is  con- 
tained in  the  work  by  the  Count  de  Clarac.  and  translated  m the  Civil  Engineer,  cjc.. 
Journal  for  1839,  pages  367,  434,  and  452.  It  also  gives  numerous  references  to 

maTulTof  Algeria,  Mexico,  and  California,  are  of  the  same  nature  as  tho 

%molfevery“m^^^^  district  of  the  world  produces  this 

and  most  valuable  is  from  Italy.  The  material  is  brough  o .in  even  . • 

with  free-stene,  afterwards  with  pumice-stone,  and  lastly  with  emery  ol  sc  e . c , 
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but  white  marble  is  finished  with  calcined  tin.  The  Italians  polish  with  lead  and  emery. 
The  sawing  of  marble,  preparatory  to  polishing,  is  by  a saw  of  soft  iron,  with  a con- 
tinued supply  of  the  sharpest  sand  and  water.  The  Belgian  marble  chimneypieces, 
toilet-table  top-!,,  and  such  like  articles,  are  finished  with  a liquid  which  gives  a polished 
appearance  ; but  it  is  not  lasting. 

The  varieties  of  marble  used  in  modern  times  are  very  numerous,  and  a classi- 
fication of  them  would  occupy  a larger  space  than  can  be  here  given.  Except  the  finest 
specimens  of  white  marble,  they  are  mostly  opaque.  Some  extremely  fine  specimens 
of  white  marble  are  to  be  seen  in  the  Borghese  Palace  at  Rome,  which,  on  being  sus- 
pended by  the  centre  on  a hard  body,  bend  very  considerably.  It  is  found  that  statuary 
marble  exposed  to  the  sun  acquires,  in  time,  this  property,  thus  indicating  a less  degree 
of  adhesion  of  its  parts  than  it  naturally  possessed.  Two  books  have  been  written  on 
the  subject : Marble  and  Marble  Workers,  by  Arthur  Lee,  and  Marble  Decoration,  by 
G.  H.  Blagrove,  both  dated  1888. 

Margin.  That  part  of  the  upper  side  of  a course  of  slates  which  appears  uncovered  by 
the  next  superior  course. 

Marigold  Window.  The  name  given  to  a circular  window  in  which  radiating  mullions 
prevail.  See  Catherine-wheel  Window  ; Rose  Window. 

Market  Cross.  A cross  set  up  in  a market-place.  The  primitive  form  was  a long  shaft 
with  a cross  stone,  set  upon  a number  of  steps.  Subsequently  it  was  constructed  in  an 
elaborate  manner  ; and  later,  a sort  of  arched  structure  was  erected  around  the  central 
pillar.  In  Scotland  many  were  finished  with  a crowning  work. 

Marmoratum  Opus.  (Lat.)  A fine  stuff  used  by  the  ancients,  formed  of  calcined  gypsum 
with  pulverised  stone,  or  for  finest  work  with  pounded  marble,  well  beaten  together, 
and  rubbed  to  a fine  marble-like  surface,  examples  of  which  still  exist  at  Girgenti, 
formerly  Agrigen^um. 

Marquetry.  (It.  Intarsiatura.  Er.  Marquetrie.)  Inlaid  work,  consisting  of  thin  plates 
of  ivory,  or  of  various  coloured  woods,  glued  on  to  a ground,  usually  of  oak  or  fir 
well  dried  and  seasoned,  which,  to  prevent  casting  and  warping,  is  composed  of 
several  thicknesses.  It  was  used  by  the  early  Italian  builders  in  cabinet  work,  and 
represented  by  its  means  figures  and  landscapes.  See  Buhl  Work  ; Inlaid  Work; 
Parquetry. 

Mason.  An  artificer  who  practises  the  science  of  cutting  and  setting  stones  in  building 
walls.  Formerly  the  workman  who  worked  the  stone  was  called  a free-stone  mason, 
hence  the  term  freemason ; while  the  man  that  set  the  stone  w’as  called  a rough 
mason. 

The  term  “ master  mason  ” was  during  the  mediaeval  period  equivalent  to  the  more 
modern  term  “ architect.”  He  designed  and  carried  out  the  monastic,  cathedral,  or 
regal  buildings.  Later,  the  designer  taking  the  name  of  surveyor,  the  master  mason 
became  the  head  of  his  trade. 

Masonry.  (Fr.)  The  science  of  combining  and  joining  stcnes  for  the  formation  of  walls 
and  other  parts  in  constructing 
buildings.  When  applied  in  the 
construction  of  domes,  groins,  and 
circular  arches,  it  is  difficult  and 
complicated,  and  is  dependent  on  a 
thorough  knowledge  of  descriptive 
geometry. 

Among  the  ancients,  several  sorts 
of  masonry  were  in  use,  which  are 
described  by  Vitruvius  as  follows, 
in  the  eighth  chapter  of  his  second 
book  ; — “ The  different  species  of 
walls,”  he  observes,  “are  the  reti- 
culatum  (net-like)  1413  A),  a 
method  now  in  general  use,  and  the 
incertum  (B),  which  is  the  ancient 
mode.  The  reticulatum  is  very 
beautiful,  but  liable  to  split,  from 
the  beds  of  the  stones  being  un- 
stable, and  its  deficiency  in  respect 
of  bond.  The  incertum,  on  the  con- 
trary, course  over  course,  and  the 
whole  bonded  together,  does  not  present  so  beautiful  an  appearance,  though  stronger 
than  the  reticulatum.  Both  species  should  bo  built  of  the  smallest  sized  stones, 
that  the  walls,  by  sucking  up  and  attaching  themselves  to  the  mortar,  may  last  the 
longer:  for  as  the  stones  are  of  a soft  and  porous  nature,  they  absorb,  in  dry- 
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mg,  the  moisture  of  the  mortar ; and  this,  if  used  plentifully,  will  consequently  exorcise 
a greater  cementing  power;  because  from  their  containing  a large  portiou  of  moisture 
the  wall  will  not,  of  course,  dry  so  soon  as  otherwise;  and  as  soon  as  the  moisture  is 
absorbed  by  the  pores  of  the  stones  from  the  mortar,  the  lime,  losing  its  power  lea-es 
the  sand,  so  that  the  stones  no  longer  adhere  to  it,  and  in  a short  time  the  work  becomes 
unsound.  We  may  see  this  in  several  monuments  about  the  city  (Romo)  which  have 
been  built  of  marble,  or  of  stones  squared  externally,  that  is,  on  one  face,  but  filled  up 
with  rubble  run  with  mortar.  Time  in  these  has  taken  up  the  moisture  of  the  mortar 
and  destroyed  its  efficacy  by  the  porosity  of  tha  surface  ou  which  it  acted.  All  cohesion’ 
is  thus  ruined,  and  the  walls  fall  to  decay.  He  who  is  desirous  that  this  may  not  hap- 
pen to  his  work  should  build  his  two-face  walls  two  feet  thick,  either  of  red  stone,  or  of 
bricks,  or  of  common  flint,  binding  them  together  with  iron  cramps  run  with  lead  and 
duly  preserving  the  middle  space  or  cavity.  The  materials  in  this  case  not  being 
thrown  in  at  random,  but  the  work  well  brought  up  on  the  beds,  the  upright  joints  pro- 
perly arranged,  and  the  face -walls,  moreover,  regularly  tied  together,  they  are  not  liable 
to  bulge,  nor  be  otherwise  disfigured.  In  these  respects  one  cannot  refrain  from 
admiring  the  walls  of  the  Greeks.  They  make  no  use  of  soft  stone  in  their  buildings; 
when,  however,  they  do  not  employ  squared  stones,  they  use  either  flint  or  hard  stone’ 
and,  as  though  building  with  brick,  they  cross  or  break  the  upright  joints,  and  thus 
produce  the  most  durable  w'ork.  There  are  two  sorts  of  this  species  of  work,  one  called 
isodomum  (CC),  the  other  ‘pseudisodomum  (DD).  The  first  is  so  called,  because  in  it 
all  the  courses  are  of  an  equal  height ; the  latter  received  its  name  from  the  unequal 
heights  of  the  courses.  Both  these  methods  make  sound  work ; flrst,  because  the  stones 
are  hard  and  solid,  and  therefore  unable  to  absorb  the  moisture  of  the  mortar,  which 
is  thus  preserved  to  the  longest  period  ; secondly,  because  the  beds  being  smooth  and 
level,  the  mortar  does  not  escape ; and  the  wall,  moreover,  bonded  throughout  its  whole 
thickness,  becomes  eternal.  There  is  still  another  method,  which  is  called 
(emplectou)  (E),  in  use  even  among  our  country  workmen.  In  this  species  the  faces 
are  wrought.  The  other  stones  are,  without  working,  deposited  in  the  cavity  between 
the  two  faces,  and  bedded  in  mortar  as  the  wall  is  carried  up.  But  the  workmen,  for 
the  sake,  of  despatch,  carry  up  these  casing  walls,  and  then  tumble  in  the  rubble  between 
them,  so  that  there  are  thus  three  distinct  thicknesses,  namely,  the  two  sides  or  facings, 
and  the  filling  in.  The  Greeks,  however,  pursue  a different  course,  laying  the  stones 
flat,  and  breaking  the  vertical  joints  ; neither  do  they  All  in  the  middle  at  random,  but, 
by  means  ot  bond  stones,  make  the  wall  solid,  and  of  one  thickness  or  piece.  They, 
moreover,  cross  the  wall  from  one  face  to  the  other,  with  bond  stones  of  a single  piece, 
which  they  call  diarovoi  {diatom)  (F),  tending  greatly  to  strengthen  the  work.”  (G)  is 
supposed  to  show  the  solid  masonry  of  a wall  properly  bonded  in  the  courses. 

Mass.  (Germ.  Masse.)  The  quantity  of  matter  whereof  any  body  is  composed.  The 
mass  of  a body  is  directly  as  the  product  of  its  volume  into  its  density.  Multiplied  into 
the  constant  force  of  gravity,  the  mass  constitutes  the  weight ; hence  the  mass  of  a body 
is  properly  estimated  by  its  weight. 

Mastic.  (Gr.  Mao-Ti/cTj,  a species  of  gum.)  A cement  employed  for  plastering  outside 
walls.  It  is  used  with  a considerable  portion  of  linseed  oil,  and  sets  hard  in  a few  days. 
From  this  latter  circumstance,  and  from  its  being  fit  for  the  reception  of  paint  in  a very 
short  period,  it  is  extremely  useful  in  works  where  expedition  is  necessary,  but  it  must 
be  constantly  painted;  when  the  oil  has  dried  out,  it  has  proved  to  be  worthless. 
Asphalte  mixed  with  coal  tar  or  limestone,  ready  for  use  in  paving,  is  termed  “mastic. 

Mateeials.  Things  composed  of  matter,  or  possessing  its  fundaniental  properties. 

Mathematics.  (Gr.  Ma0rj(ns,  learning.)  The  science  which  investigates  the  consequences 
logically  deducible  from  any  given  or  admitted  relations  between  magnitude  or  numbers. 
It  has  usually  been  divided  into  two  parts,  pure  and  viixed.  The  first  is  that  ih  which 
geometric.nl  magnitude  or  numbers  are  the  subjects  of  investigation  ; the  last  t a m 
which  the  deductions  so  made  are  from  relations  obtained  by  observation  and  experiment 
from  the  phenomena  of  material  nature.  This  is  sometimes  called  j^hysics,  or  Pj} '’•^1 
science.  Mathematics,  as  respects  what  is  necessary  for  the  architect,  comprises  Ahith- 

MAUsoLi™.  A term  used  to  denote  a sepulchral  build, ng,  and  so  called 

celebrated  one  erected  to  the  memory  of  Mausolus,  king  of  Cana,  y ‘ esteemed 

alaiut  353  b.c.  From  its  extraordinary  magnificence,  it  teas  m "'f  "’j;;; 

the  seventh  wonder  of  the  world.  Many  statues  and  other  por  mn 

MrAK^'^'l^^tl  “matics,  that  quantity  which  has  an 

others,  formed  according  to  any  assigned  law  of  successaqn.  m,  quantities 

ofseveral  quantities  is  merely  the  found  by  dividing  t proportional  is 

by  their  number.  X geometrical  mean  between  two  that  U 

the  middle  term  of  a duplicate  ratio,  or  continued  proportion  of  three  terms  , 

4 P 
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that  the  first  given  term  is  to  the  quantity  sought  as  that  quantity  is  to  the  other  givew 
term.  In  arithmetic,  it  is  the  square  root  of  the  product  of  the  two  given  terms.  The 
harmonical  mean  is  a number  such  that,  the  first  and  third  terms  being  given,  the  first 
is  to  the  third  as  the  difference  of  the  first  and  second  is  to  the  difference  of  the  second 
and  third. 

Measure.  (Lat.  Mensura.)  In  geometry,  strictly  a magnitude  or  quantity  taken  as  a 
unit,  by  which  other  magnitudes  or  qiiantities  are  measured.  It  is  defined  by  Euclid  as 
that  which,  by  repetition,  becomes  equal  to  the  quantity  measured.  Thus,  in  arithmetic, 
the  mmsure  of  a number  is  some  other  number  which  divides  it  without  a remainder, 
though,  perhaps,  such  a definition  rather  intimates  the  notion  of  aliquot  parts.  But  that 
meaning  on  which  this  article  is  submitted  is  the  unit  or  standard  hy  which  extension  is 
to  be  measured.  We  have  measures  of  length,  of  superficies,  and  of  volume  or  capacity. 
But  the  two  latter  are  always  deducible  from  the  former ; whence  it  is  only  necessary 
to  establish  one  unit,  namely,  a standard  of  length.  The  choice  of  such  a standard, 
definite  and  invariable,  though  beset  with  many  and  great  difficulties,  modern  science 
has  accomplished.  The  rude  measures  of  our  ancestors,  such  as  the  foot,  the  cubit,  the 
span,  the fathom,  the  barhycorn,  the  hai/s  breadth,  are  not  now  to  be  mentioned  in  matters 
of  science,  much  more  precise  standards  having  been  found,  and  not  susceptible  of  casual 
variation.  Nature  affords  two  or  three  elements,  which,  with  the  aid  of  science,  may  be 
made  subservient  to  the  acquisition  of  the  knowledge  required.  The  earth  being  a solid 
of  revolution,  its  form  and  magnitude  may  be  assumed  to  remain  the  same  in  all  ages. 
It  this  be  so,  the  distance  between  the  pole  and  the  equator  may  be  taken  as  an 
invariable  quantity ; and  any  part,  say  a degree,  which  is  a ninetieth  part  of  it,  will  be 
constant,  and  furnish  an  unalterable  standard  of  measure.  So,  again,  the  force  of  gravity 
at  the  earth’s  surface  being  constant  at  any  given  place,  and  nearly  the  same  at  places 
under  the  same  parallel  of  latitude,  and  at  the  same  height  above  the  level  of  the  sea,  the 
length  of  a pendulum  making  the  same  number  of  oscillations  in  a day  is  constant  at  the 
same  place,  and  may  be  determined  on  any  assumed  scale.  Thus  we  have  two  elements, 
the  length  of  a degree  of  the  meridian,  and  the  length  ot  a pendulum  beating  seconds, 
which  nature  furnishes  for  the  basis  of  a system  of  measures.  Others  have  been 
suggested,  such  as  the  height  through  which  a heavy  body  falls  in  a second  of  time, 
determined,  like  the  length  of  the  pendulum,  by  the  force  of  gravity,  or  the  perpendicular 
height  through  which  a barometer  must  be  raised  till  the  mercurial  column  sinks  a 
determinate  part ; for  instance,  one- thirtieth  of  its  own  length  ; but  these  are  not  so 
capable  of  accurately  determining  the  standard  as  the  terrestrial  degree,  or  the  length  of 
the  pendulum. 

In  the  English  system  of  linear  measures,  the  unit  has  been  for  many  years  the  yard, 
which  is  subdivided  into  3 feet,  and  each  of  those  feet  into  12  inches.  Of  the  yard,  the 
multiples  are,  the  pole  or  perch,  the  furlong,  and  the  mile  ; 5^  yards  being  1 pole,  40  poles 
being  1 furlong,  and  8 furlongs  1 mile.  The  pole  and  furlong,  however,  are  now  much 
disused,  distance  being  usually  measured  in  miles  and  yards.  The  English  pace  is 
Ig  yards  = 5 feet.  See  Perch  and  Milk. 

Under  the  word  Foot  will  be  found  the  length  of  that  measure  in  the  principal  places 
of  Europe. 

The  following  table  exhibits  the  relations  of  the  different  denominations  mentioned: — 


Inches. 

Feet. 

Yards. 

Poles. 

Furlongs. 

Miles. 

1 

0083 

0 028 

0-00505 

0-00012626 

0-0000157828 

12 

1- 

0-333 

0-00060 

0-00151515 

0-00018939 

36 

3- 

1* 

0-1818 

0-004545 

0-00056818 

198 

16-.5 

5-5 

1* 

0-025 

0-003125 

7920 

660- 

220- 

'40- 

1- 

0-125 

63360 

5280- 

1760- 

320- 

8- 

1- 

The  measures  of  superficies  are  the  square  yard,  foot,  inch,  &c.,  as  under  : — 


144  square  inches  are  equal  to  - 

- 

- 1 square  foot. 

9 square  feet  - 

- 

- 1 square  yard. 

2|  square  yards 

- 

- 1 square  pace. 

10-89  square  paces 

- 

- 1 square  pole. 

40  square  poles 

- 

- 1 square  rood. 

4 square  roods  - - - 

- 

- 1 square  acre. 

In  which  it  will  be  seen  that  the  multiples  of  the  yard  are  the  pole,  rood,  and  acre. 
Very  large  surfaces,  as  of  countries,  are  expressed  in  square  miles.  See  Mile. 
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The  rehitions  of  square  measure  are  given  in  the  following  table  ; — 


Square  Feet. 

Square  Yards. 

Square  Poles. 

Square  Roods. 

Square  Acres. 

1- 

9- 

272  25 
10890- 
43560- 

0-1111 

1- 

30  25 
1210- 
4840- 

0-00367309 

0- 0330579 

1- 
40- 

160- 

0000091827 
0000826448 
0 025 

1- 

4- 

0-000022957 

0-000206612 

0-00625 

0- 25 

1- 

The  measures  of  solids  are  cubic  yards,  feet,  and  inches,  1728  cubic  inches  being  equal 
to  a cubic  foot,  and  27  cubic  feet  to  one  cubic  yard.  By  the  act  of  1824,  the  standard 
measure  for  all  sorts  of  liquids,  corn,  and  other  dry  goods,  is  declared  to  be  the  Imperial 
gallon.  According  to  the  act  in  question,  the  imperial  standard  gallon  contains  ten 
pounds  avoirdupois  of  distilled  water,  weighed  in  air  at  the  temperature  of  62°  Fahren- 
heit’s thermometer,  the  barometer  being  at  30  inches.  The  pound  avoirdupois  contains 
7000  troy  grains,  and  it  is  declared  that  a cubic  inch  of  distilled  water  (temperature  62°, 
barometer  30  inches)  weighs  252-458  grains.  Hence  the  imperial  gallon  contains 
277-274  cubic  inches.  The  gallon  is  subdivided  into  quarts  and  pints,  2 pints  being  one 
quart,  and  4 quarts  one  gallon.  Its  multiples  are  the  peck,  which  is  2 gallons,  the 
bushel,  which  is  4 pecks,  and  the  quarter,  which  is  8 bushels.  The  relations  of  measures 
of  volume  are  given  in  the  subjoined  table: — 


Pints. 

Quarts. 

Gallons. 

Pecks. 

Bushels. 

Quarters. 

1 

0-5 

0-195 

0-0625  ' 

0 015625 

0 001953125 

2 

1- 

0-25 

0-125 

003125 

0 00390625 

8 

4- 

1- 

0-5 

0-1-25 

0-015625 

16 

8- 

2- 

1- 

0-25 

0-03125 

64 

32- 

8- 

4- 

1- 

0 125 

512 

256- 

64- 

32- 

8- 

1- 

The  old  wine  gallon  contained  231  cubic  inches,  the  old  corn  gallon  268'8  cubic  inches, 
and  the  old  ale  gallon  282  cubic  inches. 

Subjoined  are  a few  of  the  principal  ancient  measures  of  France:  — 

1 toise,  French  = 6 French  feet  = 6-394665  English  feet. 

1 foot,  do.  =12  French  inches  = 1278936  English  inches. 

1 inch,  do.  = 12  French  lines  = 1 06578  English  inches. 

1 line,  do.  = 6 French  points  = 0’0888 15  English  inches. 

1 point,  do.  = = 0 0148025  English  inches. 

According  to  General  Roy,  an  English  fathom  : a French  toise  : : 1000  : 106575. 

In  the  new  French  system  the  metre,  which  is  the  unit  of  linear  measure,  is  the  ten- 
millionth  part  of  the  quadrant  of  the  meridian  = 3-2808992  English  feet  (but  lately 
ascertained  by  Capt.  Henry  Kater,  to  be  more  correctly  3-280916  English  feet);  and,  as 
its  multiples  and  subdivisions  are  decimally  arranged  and  named  by  prefixing  Greek 
numerals,  the  following  table  exhibits  each : — 


Denomination. 
Myriametre 
Kilometre 
Hectometre 
Decametre 
Metre  (the  unit) 
Decimetre 
Centimetre 
Millimetre 


- 10000  metres 

- 1000 

100 

10 

1 

0-1 
0-01 
0 001 


English  Feet. 

: 32808-991667 
: 3280-8992 
= 328-08992 

32-808992 
3-2808992 
0-32808992 
0-032808992 
0-0032808992 


The  metre,  therefore,  is  equal  to  39-37079  English  inches.  surface 

The  unit  of  superficial  measure,  in  the  French  system,  is  the  are  w hich  is  a surfm  e 
of  10  metres  each  way,  or  100  square  metres.  The  centiare  is  1 metre  squ  r . 

Denomination.  ^ ^ 

Hectare  - - . IQOOO  square  metres  = 1 1960  33 

. "iN  inn  = llOoua.} 

Are  (the  unit)  - - 100  ^ M9603326 

Centiare  - - ' _ . 

The  are,  therefore,  is  equal  to  1070-4297  English  square  feet. 

4 P 2 
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The  unit  of  measures  of  capacity,  in  the  French  system,  is  the  litre,  a ressel  containing 
a cube  of  a tenth  part  of  the  metre,  and  equivalent  to  0*22009668  British  imperial  gallon. 
Its  multiples  and  subdivisions  are  as  follow: — 


Denomination. 

Kilolitre  - - - - 1000  litres: 

Hectolitre  - 100 

Decalitre  - - - - 10 

Litre  (the  unit)  or  Cubic  Decimetre  - 1 ■ 

Decilitre  - - - - 0*1  ^ 


Eng.  Imp.  Gallons. 

220  0966767 
= 22*009668 
= 2*2009668 

: 0*22009668 

= 0022009668 


The  unit  of  solid  measure,  or  the  stere,  is  equal  to  3531 658  English  cubic  feet ; therefore. 


Denomination. 
Decastere 
Stere  (the  unit) 
Decistere  - 


English  Cubic  Feet. 

- 10  steres  = 353*1658 

- 1 = 35-31658 

- 0-1  = 3*531658 


There  is  much  uncertainty  respecting  the  ancient  measures ; the  tables  before 
printed  being  the  usually  received  notions  are  continued,  but  subjoined  are  some  of  the 
dimensions  given  in  Dr.  W.  Smith’s  Dictionary  of  Antiquities  : — 


Scripture  Long  Measure. 
(See  Cubit.) 


1 digit 
4 digits 

3 palms 

2 spans 

4 cubits 
H fathom 
1^  reed 

1 0 poles 


\ palm 
1 span 
: 1 cubit 
: 1 fathom  - 
1 reed  (E'/ekiers) 
: 1 pole  (Arabian) 


1 sccenus,  or  measuring  line 


English 
Feet  Inches. 

0- 912 
3*648 

10  944 
9*888 
3-552 

11  328 
7*104 

1- 104i 


0 

0 

0 

1 

7 

10 

14 

145 


Hebrew  and  Chaldean 
Measures,  as  drawn 
up  by  F.  E.  Conder, 
C.E.,  1875. 

Barleycorns.  Eng.  in. 
= 2 = 0-6666 
= 8 = 2-6666 
— 40  or  Artificers’ 
cuLit=  13*3333 
= 48  or  Land  cu- 
bit = 16* 

= 52  or  Sacred 
cubit  = 17*3333 


Grecian  Long  Measure. 
(See  Hecatompedon.) 


Paces 
of  5 ft. 


English 


1 dactylns,  or  digit 
4 dactyli  = 

2^  palesta  or  2 


l^lichas  or  1| 
l^orthodoron 


1 ^ spithame 
li  pous 
li  pygme 
1|  pygon 
4 pecus 

100  orgya,  or  paces 
8 stadia,  &c. 


1 doron,  dochme,  or  palesta  = 

1 lichas 

1 orthodoron  - 
1 spithame 
1 pous,  or  foot  - 
1 pygme,  or  cubit 
1 pygons 

1 pecus,  or  larger  cubit 
1 orgye,  or  pace 
:1  stadium,  aulns,  or  furlong=100 
: 1 million,  or  Roman  mile  = 805 


Ft. 

0 

0 

0 

0 

0 


In. 

0*7554 
3 0218 
7*5546 
8*3101 
9*0656 
0 0875 
1*5984 

3- 109 
6-1312 
0-525 

4- 5 
0 


Smith’s  Diet. 


Ft. 


= 1 


= 1 


= 1 


6 

= 606 
= 4854 


Inches. 

•75843 
3-03375 
6 0675 
8*3428 
9-10125 
0-135 
1 65187 
3*16875 
6*2025 
0 81 
90) 
0-00 


Roman  Long  Measure. 


6 Bcrupula 
8 scrupula 
duellura 
1 8 scrupulas 
digitus 

3 uncise 

4 palmse 

1^  pes,  or  foot 
1^  palmipes  or  l^ft.  = 
1|  cubit  or  2^  feet  : 


2 

2 

25 

8 

1000 


gradus  or  5 feet 

passus 

passus 

stadia 

passus 


1 sicilicum. 

: 1 duellum. 

1 semniaria. 

: 1 digitus  transversus 
: 1 uncise,  or  inch 
1 palma  minor 
1 pes,  or  foot 
1 palmipes 
1 cubit 
1 gradus 
1 passus 
1 decempeda 
1 stadium 
1 milliare,  or  mile 
1 mille  passuum 


English 
Paces.  Ft. 


In. 


= 0 
= 0 
= 0 
= 0 
= 0 
= 0 
= 0 
= 0 
= 1 
= 120 
= 967 


0*725 
0-967 
2 901 
11-604 
2-505 
5-406 
5-01 
10-02 
8-04 
4*5 
0 


Smith’s  Diet. 
Ft.  Inches. 


*7281 

*9708 

2-9124 

11-6496 

2-562 

5-4744 

5*124 

10*248 

8-496 


The  Palnius  major 
8*7372 


= 4854 
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Mkchanical  Carpentry.  That  branch  of  carpentry  which  relates  to  the  disposition  of 
the  timbers  of  a building  in  respect  of  their  relative  strength  and  the  strainrto  whi.-h 
they  are  subjected. 

DIechanical  Powers.  See  Machine. 

Mechanics.  (Gr.  MTjxarr?,  machine.)  That  science  in  natural  philosophy  treatinc  of 
forces  and  powers,  and  their  action  on  bodies,  either  directly  or  by  the  intervention  of 
machinery.  The  theory  of  mechanics  is  founded  on  an  axiom  or  principle,  called  the 
law  of  inertia,  namely,  that  a body  must  remain  for  ever  in  a state  of  rest  or  in  a sbite 
of  uniform  or  rectilineal  motion,  if  undisturbed  by  the  action  of  an  eternal  cause 
Theoretical  mechanics  consists,  therefore,  of  two  parts which  treats  of  the 
equilibrium  offerees;  dynamics,  or  the  science  of  accelerating  or  retarding  forces 
and  the  actions  they  produce.  When  the  bodies  under  consideration  are  in  a fluid 
state,  these  equilibria  become  respectively  hydrostatics  and  hydrodunamus. 

Medallion.  A square,  or  more  properly,  a*"  circular,  tablet,*  on  which  are  embossed 
figures,  busts,  and  the  like. 

Medleval  Architecture.  The  architecture  of  England  and  the  Continent  during  the 
Middle  Ages.  It  is  also  chiefly  called  Gothic  and  Pointed. 

Megalithic.  a term  which  has  lately  been  applied  to  those  works  usually  called  Celtic 
and  Druidical. 

Mehrab.  a niche  in  a mosque  of  the  Mahomedans  which  marks  the  direction  of  the 
Kebla  or  temple  at  Mecca,  to  which  their  religion  directs  them  to  bow  their  face  in 
praying. 

Member.  (Lat.)  Any  part  of  an  edifice ; or  any  moulding  in  a collection  of  mouldings, 
as  of  those  in  a cornice,  capital,  base,  &e. 

Menagerie.  (Fr.)  A building  for  the  housing  and  preservation  of  rare  and  foreign 
animals.  The  ancient  Romans  of  opulence  usually  had  private  menageries,  a sort  of 
small  park  attached  to  their  villa,  and  in  them  various  kinds  of  animals  were  placed. 

Menhir.  See  Maenhir. 

Mensa.  The  slab,  top,  or  table  of  the  altar  of  the  Roman  Catholic  Church. 

Mensuration.  (Lat.)  The  science  which  teaches  the  method  of  estimating  the  magni- 
tudes of  lines,  superficies,  and  bodies. 

Meridian  Line.  A line  traced  on  thesurfaceof  the  earth  coinciding  with  the  intersecti'H 
of  the  meridian  of  the  place  with  the  sensible  horizon.  It  is  therefore  a line  which  lies 
due  north  and  south.  In  Italy  these  lines  have  been  laid  in  large  churches,  as  at  Santi 
Maria  del  Fiore  at  Florence,  the  Puomo  at  Bologna,  &c.  They  are  traced  on  brass  rods 
let  into  the  pavement  of  the  church,  and  marked  with  the  signs,  and  otherwise  graduated. 
A hole  in  the  roof  permits  the  sun’s  rays  to  fall  on  them  at  his  culmination,  thus  marking 
noon  as  well  as  its  height  each  day  in  the  heavens. 

Merlon.  The  plain  parts  of  an  embattled  parapet,  between  the  creneUes  or  embrasures. 

Meros.  (Gr.)  The  plane  face  between  the  channels  in  a triglyph.  See  Triqlyph. 

Mesaul.e.  (Gr.)  Described  by  Vitruvius  as  itinera  or  passages  ; they  were,  however, 
smaller  courts.  Apollonius  Rhodius,  in  describing  the  reception  of  the  Argonauts  at 
the  palace  of  Aretes,  conducts  them  first  into  the  vestibule,  then  through  the  folding 
gates  into  the  mesaula,  which  had  thalami  here  and  there,  and  a portico  {aiQoma)  on  every 
side. 

Meta.  (Lat.)  A mark  or  goal  in  the  Roman  circus  to  which  the  chariots,  &c.,  ran. 

Metal.  (Gr.  MeroAXop.)  A firm,  heavy,  and  hard  substance,  opaque,  fusible  by  fire,  and 
concreting  again  when  cold  into  a solid  body  such  as  it  was  before  ; generally  malleable 
under  the  hammer,  and  of  a bright  glossy  and  glittering  substance  where  newly  cut  or 
broken.  The  metals  conduct  electricity  and  heat,  and  have  not  been  resolved  into  other 
forms  of  matter,  so  that  they  are  regarded  as  simple  or  elemencary  substances.  They 
also  reflect,  when  polished,  both  light  and  heat.  Modern  chemists  have  carried  the 
number  of  metals  to  over  forty-two,  only  seven  whereof  were  known  to  the  ancient^i ; 
namely, — 1.  Gold,  whose  symbol  is  thus  marked  O J 2.  Silver,  }> ; 3.  Iro7i,  d ; 4.  Cop- 
per, 2 ; 5.  Mercury,  ^ ; 6.  Lead,  ^ ; 7.  Tin,  11.  ^ i i 

Metatome.  (Gr.  Mera,  and  Tejui'ui,  I cut.)  The  space  or  interval  between  Im’O  denteK 

Metoche.  (Probably  from  Mer^X".  I divide.)  In  ancient  architecture  a term  uswl  by 
Vitruvius  to  denote  the  interval  or  space  between  the  dentels  of  the  Ionic,  or  tr'gb'pl'** 
of  the  Boric  order.  Baldus  observes  that  in  an  ancient  Mb.  copy  of  that  autlior,  the 
word  metatome  is  used  instead  of  metoche.  This  made  Daviler  suspect  that  ho  cunimo.i 
text  of  Vitruvius  is  corrupt,  and  that  the  word  should  not  be  metoche  but  metatonu, 

between,  and  O..,  a hole.)  The  square  tlm  ^ 

the  triglyphs  of  the  Doric  order:  it  is  left  either  plain  or  decorated  acconling  ti  t o 
taste  of  the  architect.  In  very  aneient  examples  of  this  or. ler 

open  Firs  I4U  and  1415  represent  two  sculptures  irom  the  1 arthcnoii  at  .Uhtns. 

Metre.  The  French  unit  of  length  (see  Measure),  from  whence  is  derived  th-  ir  me  a 
system  now  followed  by  many  other  nations. 
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Mexican  Architecture.  The  building’s  of  the  ancient  people  inhabiting  Mexico  and 
Yucatan  in  America — Teocalli  or  pyramids,  with  walls  of  ruined  cities,  various  carvings 


Fig.  1414. 


Fig.  1416. 


on  the  face  of  the  stones,  and  sculpture  of  hideous  shape,  comprise  nearly  all  that  is  as 
yet  known  of  their  works. 

Mezzanine.  (Ital.  Mezzano,  middle.)  A story  of  small  height  introduced  between  two 
higher  ones.  See  Entresol. 

Mezzo  Kelievo.  See  Efxikvo. 

Middle  Post.  In  a roof,  the  same  as  King  Post. 

Middle  Quarters  of  Columns.  A name  given  to  the  four  quarters  of  a column  divided 
by  horizontal  sections,  forming  angles  of  forty-five  degrees  on  the  plan. 

Middle  Rail.  The  rail  of  a door,  on  or  in  which  the  lock  is  usually  fixed. 

Mile.  (Lat.  Mille  passuum,  a thousand  paces.)  A measure  of  length  in  England  equal 
to  1,760  3^ards.  The  Roman  pace  was  5 feet;  and  a Roman  foot  being  equal  to  11 -6*2 
modern  inches,  it  follows  that  the  ancient  Roman  mile  was  equivalent  to  1,614  English 
yards,  or  very  nearly  eleven-twelfths  of  an  English  statute  mile.  The  measure  of  the 
English  mile  is  incidentally  defined  by  an  Act  of  Parliament  passed  in  the  35th  of 
Elizabeth,  restricting  persons  from  erecting  new  buildings  within  three  miles  of 
London,  in  which  Act  the  mile  is  declared  to  be  8 furlongs  of  40  perches  each,  and  each 
perch  equal  to  16|  feet. 

Milk  Room.  See  Dairy. 

Millstone  Grit.  A coarse  grained  quartzo.se  sandstone.  It  is  extracted  from  the  group 
of  strata  which  occur  between  the  mountain  limestone  and  the  superincumbent  coal 
formations. 

Minaret.  (Arab.  Menarah,  a lantern.)  A slender  lofty  turret,  rising  by  different 
stages  or  stories,  surrounded  by  one  or  more  projecting  balconies,  common  in 
Mohammedan  countries,  being  used  by  the  priests  for  summoning  (from  the  balconies) 
the  people  to  prayers  at  stated  periods  of  the  day.  They  are  also  called  alkoranes. 

Mlndra.  The  name  for  the  cella  containing  the  statue  of  a Hindoo  temple,  from  whence 
rises  the  sikr  or  spire  ; the  'pronaos  is  the  munduf,  and  the  portico  is  in  front,  which 
is  the  chaori  or  pillared  hall. 

Minion.  An  iron  ore,  which  mixed  with  a proper  quantity  of  lime  makes  an  excellent 
water  cement. 

Minster.  A church  to  which  an  ecclesiastical  fraternity  has  been  or  is  attached.  The 
name  has  been  also  used  freely  to  distinguish  collegiate  or  conventual  churches  from 
parish  churches. 

Minute.  (Lat.)  See  Module. 

Mischia.  See  Scagliola. 

Miserere.  A hinged  seat  attached  on  an  horizontal  axis  to  a stall  in  a church  or 
cathedral.  It  was  so  contrived  that  if,  during  the  performance  of  religious  ceremonies, 
the  occupier  of  it  slept,  he  would  fall  on  (perchance)  the  floor.  Hence  the  name.  The 
corbel  under  the  seat,  which  formed  the  resting  place,  is  usually  carved  with  foliage,  or 
with  figures  sometimes  of  a ludicrous  design.  The  earliest  examples  are  in  Exeter 
Cathedral,  dating  1240-66. 

Mitchel.  a name  given  by  workmen  to  Purbeck  stones  of  twenty-four  inches  by  fifteen 
when  squared  for  building. 

Miter,  sometimes  written  Mitre.  See  Bevel. 

Miter  Box.  See  Box  koe  MriEJi 
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Mitre  Arch.  A French  name  for  a pediment  arch  similar  U>  fin  liifi  i 

E.;”a  - - •l^'-r.y  NoLT'Jo*  T 

Mixed  Angle.  An  angle  of  which  one  side  is  a curve 
and  the  other  a straight  line. 

Mixed  Figure.  One  composed  of  straight  lines  and 
curves,  being  neither  entirely  the  sector  nor  the  seg- 
ment of  a circle,  nor  the  sector  nor  segment  of  jin 
ellipsis,  nor  a parabola,  nor  an  hyperbola. 

Moat.  A wide  ditch  surrounding  a house,  castle,  or 
town,  and  always  full  of  water,  or  capable  of  being 
filled  when  requisite. 

Model.  (Lat.)  An  original  or  pattern  proposed  for 
anyone  to  copy  or  imitate.  Thus  St.  Paul’s  may  be, 
though  not  strictly  so,  said  to  be  built  after  the  model 
of  St.  Peter’s  at  Rome. 

The  word  is  also  used  to  signify  an  artificial  pattern 
made  of  wood,  stone,  plaster,  or  other  material,  with 
all  its  parts  and  proportions,  for  the  satisfaction  of  the 
proprietor,  or  for  the  guide  of  the  artificers  in  the  exe- 
cution of  any  great  work.  In  designing  large  build- 
ings a good  method  of  proceeding  is  to  make  a model,  at  Baruack  Church 

and  not  to  trust  entirely  to  drawings. 

Modillion.  (Fr.)  A projection  under  the  corona  of  the  richer  orders  resembling  a 
bracket.  In  the  Grecian  Ionic  there  are  no  modillions,  and  they  are  seldom  found  in 
the  Roman  Ionic.  Those  in  the  frontispiece  of  Nero  at  Rome  consist  of  two  plain  faces 
separated  by  a small  cyma  roversa,  and  crowned  with  an  ovolo  and  bead.  In  the  frieze 
of  the  fourth  order  of  the  Coliseum,  the.  modillions  are  cut  in  the  form  of  a cyma 
reversa. 

Modular  Proportion.  That  which  is  regulated  by  a module.  See  Module. 
Modulation.  (Lat.)  The  proportion  of  the  different  parts  of  an  order. 

Module.  (Lat.)  A measure  which  may  be  taken  at  pleasure  to  regulate  the  proportions 
of  an  order,  or  the  disposition  of  the  whole  building.  The  diameter  or  semi-diameter  of 
the  column  at  the  bottom  of  the  shaft  has  usually  been  selected  by  architects  as  their 
module ; and  this  they  subdivide  into  parts  or  minutes.  Vignola  has  divided  his  module, 
which  is  a semi-diameter,  into  12  parts  for  the  Tuscan  and  Doric,  and  into  18  for  the 

^ other  orders.  The  module  of  Palladio,  Cambrai,  Desgodetz,  Le  Clerc,  and  others,  is 
divided  into  30  parts  or  minutes  in  all  the  orders.  Some  have  divided  the  whole  height 
of  the  column  into  20  parts  for  the  Doric,  22^  for  the  Ionic,  25  for  the  Corintliian,  &c., 
one  whereof  is  taken  for  the  module  by  which  the  other  parts  are  to  be  regulated. 

Vitruvius  having  lessened  his  module  in  the  Doric  order,  which  in  the  other  orders  is 
the  diameter  of  the  lower  part  of  the  column,  and  having  reduced  the  great  module  to  a 
mean  one,  which  is  a semi-diameter,  Perrault  reduces  the  module  to  a third  part  for  a 
similar  reason,  namely  that  of  determining  the  different  measurements  without  a frac- 
tion. Thus,  in  the  Doric  order,  besides  that  the  heiglit  of  the  base,  as  in  the  other 
orders,  is  determined  by  one  of  these  mean  modules,  that  same  module  furnishes  the 
height  of  the  capital,  architrave,  triglyphs,  and  metopae.  But  the  smaller  module  ob- 
tained from  a third  of  the  diameter  of  the  lower  part  of  the  column  has  uses  considerably 
more  extensive,  inasmuch  as  by  it  the  heights  of  pedestals,  of  columns,  and  entablatures 
in  all  the  orders  may  be  obtained  without  a fraction. 

Modulus  of  Elasticity.  A term  in  relation  to  elastic  bodies,  which  expresses  the  weight 
of  themselves  continued,  which  would  draw  them  to  a certain  length  without  destroying 
their  elastic  power. 

Mole.  (Sax.)  A pier  of  stone  for  the  shelter  of  ships  from  the  action  of  the  waves. 
Amongst  the  Romans  the  term  was  applied,  as  in  the  case  of  the  mole  of  Hadrian 
(now  the  castle  of  St.  Angelo  at  Rome),  to  a kind  of  circular  mausoleum. 

Momentum.  (Lat.)  The  impetus,  force,  or  quantity  of  motion  in  a moving  body.  The 
word  is  sometimes  used  simply  for  the  motion  itself. 

Monastery,  A house  for  the  reception  of  religious  devotees,  but  more  properly  ap[iliod  m 
one  for  the  habitation  of  monks. 

Monial.  An  old  way  of  writing  Mullion,  and  still  used  by  some  writers. 

Monkey.  In  piling  operations.  See  Fistuca. 

Monochrome.  A system  of  decoration  of  one  colour  only.  , , i <•  , 

Monolith.  (Gr.  Mofos  one,  At0os,  a stone.)  A monument,  obelis ',  or  co  umn  o 
single  stone.  Such  works  are^found  in  many  parts^  of  the  wor  d.  In  «nd 

India  temples  have  been  formed  out  of  the  rock  or  of  single  blocks  of  stone.  Many 

. circles  of  stones,  as  at  Abury  and  elsewhere,  consist  of  monolilhs. 
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Monopteral.  (Gr.)  A speeies  of  temple  of  a round  form,  which  had  neitlier  walls  nof  i 
cella,  but  only  a cupola  sustained  by  columns.  See  Temple. 

Monotriglyph.  (Gr.)  A term  applied  to  an  intercolumniation  in  which  only  one  tri-  ; 
glyph  and  two  metopae  are  introduced. 

Monstr^ce.  a transparent  pyx  for  processions  of  the  Church,  or  when  the  Host  is 
exhibited;  a casket  for  the  exhibition  of  the  Sacrament. 

Montant.  The  intermediate  style  in  a piece  of  framing,  which  is  tenoned  into  the  rails. 

It  is  also  called  a muntin. 

Monument.  (Lat.  Moneo.)  An  edifice  of  importance  in  the  history  of  art,  and  which  li 

was  raised  to  perpetuate  the  memory  of  some  eminent  person,  or  to  serve  as  a durable  f 

token  of  some  extraordinary  event.  See  Mausoleum.  The  pyramids  may  also  come 
under  this  class,  although  they  were  tombs.  The  word  monument  is  too  generally  ap- 
plied to  mere  tombs. 

Moorstone.  a species  of  granite  found  in  Cornwall  and  some  other  parts  of  England,  j 

and  very  serviceable  in  the  coarser  parts  of  a building.  Its  colours  are  chiefly  black  and  j 

white,  and  it  is  very  coarse.  In  some  parts  of  Ireland  immense  beds  of  it  are  found.  i 

Moresque  Architecture.  The  style  of  building  peculiar  to  the  Moors  and  Arabs.  It  is 
also  called  Saracenic. 

The  word  Moresque  is  also  applied  to  a kind  of  painting  in  that  style  used  by  the  j 
Moors.  It  consists  in  many  grotesque  pieces  and  compartments,  promiscuously,  to  ap- 
pearance, put  together,  but  without  any  perfect  figure  of  man  or  animal.  The  "style  is 
sometimes  called  Arabesque. 

Mortar.  The  material  used  to  bind  stone,  bricks,  &c.,  together ; it  is  compounded  of 
burnt  limestone  and  sand.  Hydraulic  mortar  is  made  of  hydraulic  lime  and  sand. 

Mortice,  or  Mortise.  (Fr.  Mortoise,  probably  from  the  Latin  Mordeo,  to  bite.)  In  car- 
pentry and  joinery,  a recessed  cutting  within  the  surface  of  a piece  of  timber,  to  receive 
a projecting  piece  called  a tenon  left  on  the  end  of  another  piece  of  timber,  in  order  to 
fix  the  two  together  at  a given  angle.  The  sides  of  the  mortice  are  generally  four 
planes  at  right  angles  to  each  other  and  to  the  surf  ice,  whence  the  excavation  is  made. 

Mortice  Lock.  A lock  made  so  as  to  fit  into  a mortice  cut  in  the  lock  rail  of  a door  to  : 

receive  it.  It  is  thus  shut  out  from  sight. 

Mosaic.  (It.  Mosaico.)  A mode  of  representing  objects  by  the  inlaying  of  small  cubes  ■ 

of  glass,  stone,  marble,  shells,  wood,  &c.  It  was  a species  of  work  much  in  repute  ‘ 

among  the  ancients,  as  may  be  gathered  from  the  numerous  remains  of  it.  It  is  sup- 
posed to  have  originated  in  the  east,  and  to  have  been  brought  from  Phoenicia  to  Greece, 
and  thence  carried  to  Rome.  The  term  Mosaic  work  is  distinguished  from  marquetry 
and  parquetry  by  being  only  applied  properly  to  works  of  stone,  metal,  or  glass.  The 
art  continues  to  be  practised  in  Italy  at  the  present  day  with  great  success. 

Mosque.  (Turk.  Moschet.)  A Mohammedan  temple  or  place  of  worship.  The  earlie.st 
Arabian  mo.sques  were  decorated  with  ranges  of  a vast  number  of  columns,  often  be- 
longing originally  to  other  buildings.  Those  of  the  Turks,  on  the  other  hand,  are  more 
distinguished  for  the  size  and  elevation  of  their  principal  cupolas.  Each  mosque  is 
provided  with  a minaret,  and  commonly  with  a fountain  of  water,  with  numerous 
basins  for  ablutions. 

Mould.  A term  used  to  signify  a pattern  or  contour  by  which  any  work  is  to  be  wrought. 

The  glazier's  moulds  are  of  two  sorts,  one  of  which  is  used  for  casting  the  lead  into  long 
rods  or  cames,  fit  for  drawing  through  the  vice  in  which  the  grooves  are  formed.  This 
they  sometimes  call  the  ingot  moidd.  The  other  is  for  moulding  the  small  pieces  of 
lead,  a line  thick  and  two  lines  broad,  which  are  fastened  to  the  iron  bars  of  casements. 

The  mason's  mould,  also  called  caliber,  is  a piece  of  hard  wood  or  iron,  hollowed  on 
the  edge,  answering  to  the  contours  of  the  mouldings  or  cornices  to  be  formed.  The 
ends  or  heading  joints  being  formed  as  in  a cornice  by  means  of  the  mould,  the  inter- 
mediate parts  are  wrought  down  by  straight  edges,  or  circular  templets,  as  the  work  is 
straight  or  circular  on  the  plan.  When  the  intended  surface  is  required  to  be  very 
exact,  a reverse  mould  is  used,  in  order  to  prove  the  work,  by  applying  the  mould  in  a 
transverse  direction  of  the  arrises. 

Mould.  The  prepared  form  on  which  plumbers  cast  their  sheets  of  lead ; it  is  simply 
called  a table.  They  have  others  for  casting  pipes  without  soldering. 

Mould  Stone.  One  of  the  stones  of  a moulded  jamb. 

Mouldings.  The  ornamental  contours  or  forms  applied  to  the  edges  of  the  projecting  or 
receding  members  of  an  order.  Grecian  mouldings  are  formed  by  some  conic  section,  as 
a portion  of  an  ellipse  or  hyperbola.  The  Roman  mouldings  are  formed  by  arcs  of 
circles,  the  same  moulding  having  the  same  curvature  throughout.  The  mouldings 
used  in  Pointed  architecture  are  chiefly  formed  by  portions  of  circles. 

Mullion,  Munnion,  or  Monial.  In  Pointed  architecture,  the  vertical  post  or  bar  which 
divides  a window  into  two  or  more  lights. 

Multifoil.  An  arch  with  such  numerous  foliations  that  it  is  thought  unnecessary  par- 
ticularly to  specify  the  number. 
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Municipal  Ahchitectuhp  The  term  applied  to  buildings  erected  for  civil  and  nmnicin  d 
purges,  such  as  town  halls  gu.ld  ha  Is,  &c.  No  particular  style  is  inferr  ™ 
buddings  partook  of  tile  style  preva.  ing  at  the  time  of  their  eiiction,  and  in  ll  e pre^ 
sent  day  it  depends  on  the  decision  of  the  persons  for  whom  the  edified  is  designld 
Muniment  Room.  A strong,  properly  fire-proof,  apartment  in  public  or  private  buildings 
M— . iment.^'  ’ 

Muntin.  See  Montant. 

Mural.  (Lat ) Belonging  to  a wall.  Thus,  an  upright  monumental  slab  attached  to  a 

wall  IS  called  ^ mural  monument-,  sometimes  a m%wal  slab  or  (ablet  ■ an  arch  inserted 
into  or  attached  to  a wall  is  called  a mural  arch ; and  columns  placed’ within  or  i cainst 
a wall  are  called  vmral  columns.  ° 

Museum.  (Gr.  Movaeioy.)  A museum  is  a building  destined  to  the  reception  of  natural 
literary,  or  scientific  curiosities,  and  for  that  of  the  works  of  learned  men  and  artists! 
The  term  was  first  applied  to  that  part  of  the  palace  at  Alexandria  appropriated  solely 
tothepurpo.-ie  of  affording  an  asylum  for  learned  men;  it  contained  buildings  and 
poves  of  considerable  magnificence,  and  a temple  wherein  was  a golden  coffin  contain- 
ing the  body  of  Alexander.  Men  of  learning  were  here  lodged  and  accommodated 
with  large  halls  for  literary  conversations,  and  porticoes  and  shady  walks,  where 
supplied  with  every  necessary,  they  devoted  themselves  entirely  to  study.  The 
establishment  is  supposed  to  have  been  founded  by  Ptolemy  Philadelpluis,  who  hero 
placed  his  library.  It  was  divided  into  colleges  or  companies  of  professors  of  the 
several  sciences,  and  to  each  of  such  professors  was  allotted  a suitable  revenue. 

_ Museums,  in  the  modern  sense  of  the  word,  began  to  be  established  about  the 
sixteenth  century,  when  collections  were  formed  by  most  of  the  learned  men  who 
studied  natural  history.  On  a small  scale,  they  are  becoming  more  common  in  the 
principal  towns  of  this  country.  Where  economy  requiies  it,  and  the  collection  in 
each  department  be  not  too  larue,  the  whole  may  be  properly  and  conveniently 
comprised  within  one  building.  In  respect  of  security  against  fire,  and  quietness  of 
the  situation,  the  same  precautions  will  be  necessary  as  have  been  indicated  for 
libraries,  and  must  always  be  observed. 

In  the  composition  of  museums,  decoration  must  not  be  exuberant.  It  must  be  kept 
in  the  interior  so  far  subordinate  as  not  to  interfere  with  the  objects  to  bo  exhibited, 
which  are  the  principal  features  of  the  place.  With  this  caution  we  do  not  preclude 
the  requisite  degree  of  richness  which  the  architecture  itself  requires.  Great  skill  is 
necessary  in  introducing  the  light  properly  on  the  objects,  inasmuch  as  the  mode  of 
properly  lighting  up  objects  of  Natural  History  is  very  different  indeed  from  that 
which  is  required  for  Pictures,  and  this,  again,  from  what  Sculpture  requires. 
Specimens  illustrating  Natural  History,  Sculpture,  Vases,  and  the  like,  should  have 
high  lights,  Algarotti  states  that  the  museum  which  Pubens  built  for  himse  f 
at  Antwerp  was  circular,  with  a single  light  in  the  roof.  The  museum  at  Scarborough, 
designed  by  Mr.  R.  H.  Sharp,  is  32  feet  in  diameter  inside,  with  a skylight  of  9 feet. 
It  has  also  seven  windows  round  the  low'er  portion  of  the  ro  im.  There  are  subjects, 
nevertheless,  in  all  these  classes  (in  mineralogy,  for  example),  for  which  strong  side 
lights  are  essential  to  an  advantageous  exhibition  of  them.  In  such  cases  small 
recesses  may  be  practised  for  the  purpose.  At  the  Hotel  des  Monnaies,  at  Paris,  the 
presses  which  contain  the  collection  of  Mineralogy  form  a circle  which  encloses  a small 
lecture  theatre,  and  thus  become  doubly  serviceable.  The  student  is  thus  made  aware 
how  room  is  to  be  gained  when  the  area  of  a site  is  restricted.  The  collection  ot 
Sculpture  is  not  so  well  lighted  as  are  the  models  and  other  objects,  Paintings 
excepted,  in  the  Vieux  Louvre,  which  are  exhibited  to  perfection. 

Where  the  same  museum  is  to  contain  several  classes  of  objects,  the  suites  of  rooms 
for  the  different  departments  should  be  accessible  from  some  central  one  common  to  all ; 
this  may  be  circular  or  polygonal,  as  may  best  suit  the  arrangement  and  means  ; and, 
if  possible  from  the  site,  the  building  should  not  consist  of  more  than  one  story  above 
the  ground ; on  no  account  of  more  than  two. 

For  the  objects  it  contains  we  question  whether  the  British  Museum  is  surpassed, 
as  a whole,  in  Europe;  and  those  of  the  Vatican,  of  the  Uffizj  at  Plorence,  of  Portici, 
and  of  Paris,  are  none  of  them  of  sufficient  architectural  importance  to  detain  the 
reader  by  description ; neither  would  they,  if  so  described,  be  useful  to  the  student  as 
models.  At  Munich  the  Glyptotheca  for  sculpture,  and  the  Pmacotheca  for  pictures, 
by  the  Baron  von  Klenze,  are  in  some  respects  well  suited  to  the  exhibition  of  the 
objects  deposited  in  them,  better,  indeed,  than  is  the  mu^-eum  at  Berlin.  s specimens 
of  architecture  they  have  been  highly  praised  and  as  severely  censured. 

Sir  John  Soane’s  Museum,  in  Lincoln’s  Inn  Fields,  should  be  visited  by  any  «niateur 
contemplating  the  formation  of  a collection  of  works  of  art,  to  un 
may  be  got  into  a small  space,  with  well-lighted,  warmed,  and  ventilated  apartment^,. 
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The  Museum  of  Economic  Geology,  in  Jermyn  Street,  was  designed  1837-48,  by  the 
late  Sir  James  Pennethorne.  It  is  well  adapted  for  the  special  purpose.  The  hall  or 
museum  is  95  feet  long,  55  feet  wide,  and  32  feet  high  to  the  springing  of  the  iron  roof, 
and  42  feet  9 inches  to  its  crown.  It  is  also  a good  sp<-cimen  of  well-selected 
Anston  stone,  and  cost  about  30,000^.  The  Pitzwilliam  Museum,  at  Cambridge,  was 
, commenced  in  1837  by  George  Basevi,  and  partially  completed  after  his  death  in  1845 
by  C.  R.  Cockerell,  R.A. ; but  it  has  since  received  several  additions  and  alterations 
for  the  increased  collections.  The  South  Kensington  Museum,  as  it  is  called,  com- 
bining works  of  art  and  manufacture  of  modern  date,  has  many  portions  to  be  highly 
commended.  The  Art  Museums  at  Dublin,  Edinburgh,  in  the  castle  at  Nottingham, 
Manchester,  and  numerous  other  towns,  afford  examples  for  the  future  designer  of 
such  useful  edifices  for  general  purposes.  The  Natural  History  Museum  at  South 
Kensington,  designed  1873-81  by  Mr.  Alfred  Waterhouse,  R.A.,  affords  one  of  the 
latest  examples  of  a building  for  a special  purpose.  It  is  probably  the  largest  modern 
building  in  which  terra-cotta  has  been  exclusively  used  for  external  and  iuternai  sur- 
faces, including  architectural  and  decorative  features,  except  ceilings  and  floors.  It  is 
670  feet  long  and  290  feet  deep. 

The  public  museum  and  library  erected  at  Havre,  by  M.  L.  Fortune  Brunet 
Debaines,  about  1848,  is  exceedingly  meritorious.  It  consists  of  a central  hall  for 
sculpture ; on  either  side,  and  separated  from  it  by  an  open  arcade,  by  means  of 
which  the  hall  is  lig  ited,  is  a gallery  and  museum,  the  floor  of  which  is  six  or  eight 
feet  above  the  floor  of  the  hall,  so  as  to  afford  rooms  for  attendants,  &c.,  beneath. 
Access  to  these  galleries  is  had  fi’om  the  hall  by  a flight  of  steps  on  each  side  of  the 
entrance  in  front.  A long  flight  of  steps  from  the  centre  of  the  back  of  the  hall,  with 
other  flights  right  and  left,  conduct  to  a picture  gallery  over  the  hall,  and  to  a library, 
Containing  20,000  volumes,  over  the  side  galleries.  It  is  a square  of  about  100  feet, 
not  including  the  principal  staircase.  The  building,  without  the  fittings,  cost  about 
40,000^.  It  is  of  stone. 

Mushuebeeyeh.  The  Arabic  term  for  a projecting  balcony  enclosed  with  lattice  work,  in 
which  the  occupiers  of  a house  can  sit  without  being  seen  from  the  street  and  enjoy 
the  air. 

Musjid.  The  Arabic  for  a mosque;  the  jumma  musjid  is  the  chief  mosque  of  a 
city. 

Mutilated  Cornice  and  Pediment.  One  that  is  broken  or  discontinued.  Such  works 
were  much  used  during  the  worst  period  of  the  Renaissance,  and  may  still  be  seen 
occasionally  introduced  in  modern  buildings 

Mutilation.  (Lat.)  The  defacing  or  cutting  away  of  any  regular  body.  The  word  is 
applied  to  statues  and  buildings  where  any  part  is  wanting. 

Mutule.  (Lat.)  A projecting  ornament  of  the  Doric  cornice,  which  occupies  the  place 
of  the  modillion  in  the  other  orders,  and  is  supposed  to  represent  the  ends  of  rafters. 
The  mutule  has  always  been  assumed  as  an  imitation  of  the  end  of  a wooden  rafter ; 

. lienee,  say  the  advocates  for  a timber  type,  they  are  properly  represented  with  a decli- 
nation towards  the  front  of  the  coronas. 


N 

Nail.  (Sax.  Nsegel.)  A small  metal  spike  for  fastening  one  piece  of  timber  to  another. 
The  sorts  of  nails  are  very  numerous.  Those  of  most  common  use  in  building  are 
known  by  the  names  of  ten-penny,  twenty -penny , and  two-shilling  nails.  Bose  nails  are 
drawn  square  in  the  shank.  Brads  are  long  and  slender  nails  without  heads,  used  for 
thin  deal  work  to  avoid  splitting.  Tacks,  the  smallest  sort  of  which  serve  to  fasten 
linen  or  paper  to  wood;  the  middling  for  medium  work;  the  larger  size  are  much  used 
by  upholsterers.  Cut  nails,  or  nails  cut  by  machinery  instead  of  being  wrought  by 
hand  as  formerly,  are  now  much  used,  especially  for  securing  flooring  boards  to  the 
timbers.  See  Adhesion. 

Nail-head  Moulding.  One  used  in  Norman  buildings,  and  so  called  from  being  formed 
by  a seines  of  projections  resembling  the  heads  of  nails  or  square  knobs. 

Naked.  A term  applied  either  to  a column  or  wall  to  denote  the  face  or  plain  surface 
from  which  the  projections  rise. 

Naked  Flooring.  The  assemblage  of  timbers  for  the  floor  of  a building,  whereof  there 
are  three  sorts,  viz.,  single  flooring,  double  flooring,  and  double-framed  flooring. 

Naked  of  a Wall.  The  remote  face  whence  the  projections  take  their  rise.  It  is  gene- 
rally a plain  surface,  and  when  the  plan  is  circular  the  naked  is  the  surface  of  a cylinder 
with  its  axis  perpendicular  to  the  horizon. 

Naos.  (Gr.)  See  Cell, 
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Nabthex.  An  inclosed  space  in  the  ancient  basilica  when  used  as  a Christian  .hureh  • and 
also  of  an  ante-temple  or  vestibule  outside  the  church  • it  is  thus  uko,]  ^ 

with  porM  and  yprtfco  Some  modern  chnrches  have’ a nartLx  with  n 1™,, 
so  as  to  form  a kind  of  large  porch  the  whole  width  of  the  building,  or  of  the  navi  o^v 
NarOHAl,  Bro  oF  aStone  The  surface  from  which  the  lamium  were  scpamted.  1^1 
ninsonry  .t  is  important  to  its  dura  , on  that  t ie  laminae  should  be  placid  periumdicular 
to  the  face  of  the  work,  and  paralle  to  the  horizon,  inasmuch  as  the  connejting  su  ! 
stauceof  these  laminm  ,s  more  friable  than  the  lamiiiie  themselves,  and  therefore  apt  to 
scale  off  in  large  flakes,  and  thus  in  luce  a rapid  decay  of  the  work  ^ 

Naumachia  (Gr.  from  Naas,  a ship,  and  Maxn,  a battle.)  In  ancient  architecture  a 
place  for  the  show  of  mock  sea  engagements,  little  different  from  tlie  circus  and  amnhi 
theatre,  since  this  species  of  exhibition  was  often  displayed  in  those  buildimrs  One 
was  erected  at  Milan  under  the  orders  of  Napoleon  I. 

Nave.  (Gr.  Naos.)  The  body  of  a church  reaching  from  the  rail  or  partition  of  the  choir 
to  the  principal  entrance.  See  Chuech.  By 
far  the  mest  important  feature  of  Romanesque 
architecture  is  the  greater  elevation  obtained  for 
the  interior  of  churches  beyond  the  mere  walls 
of  previous  times.  This  resulted  in  the  triple 
range  of  Pier  ar?h,  dividing  the  nave  from  the 
aisles,  as  1 mjig.  1417  ; the  Triforium,  contain- 
ing sometimes  a gallery  over  the  aisles,  as  2 ; and 
the  Clerestory,  or  row  of  windows  admitting 
light  to  the  n9ve,  as  3.  The  string  courses  are 
unbroken,  and  give  the  appearance  of  the  build- 
ing being  divided  into  layers  or  stages ; the 
arches  also  do  not  harmonise,  and  the  whole 
presents  the  characteristics  of  the  horizontality 
of  ancient  types.  The  first  stage  of  transition  to  the  verticality  of  Pointed  architecture 


Fig.  1417.  Roman.  Fig.  1418.  Norman. 


r 

1' 

1 

Fig.  1419. 


Fig.  1420. 


Fig.  1421. 


Fig.  1 422. 


was  the  use  of  shafts  of  small  diameter  running  up  in  front  of  the  piers  anddividing  the 


triforium  and  clerestory  into  compartments,  as  in  Jiff.  1418.  The  style  advanc^,  as  is 
shown  in  ^<7.  1419,  being  an  example  (f  the  treatment  of  a bay  of  a nave  or  choir  in  the 
Early  English  or  Lancet  period;/^.  1420  in  that  of  the  Geometrical  Decorated  1 E2I 
in  that  of  the  Flowing  or  Late  Decorated ; and  Jiff.  1422  in  that  of  the  earlier  j»art  of 
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the  Rectilinear  or  Perpendicular  period.  In  the  later  portion  may  be  noticed  the  flatten 
ing  of  the  arches,  the  four-centred  arch  being  that  most  frequently  used.  The  ogee  arch 
{fig.  1427)  was  also  much  used  at  the  same  period.  The  above  representations  {figs. 
1424  to  1427)  of  a bay  of  a nave  or  choir,  exhibit  the  additions  of  a Perpendicular 
clerestory  on  a lower  portion  of  earlier  character  ; and  the  extinction  of  the  triforium 
as  a gallery,  it  being  transformed  into  a wall  decorated  with  panels.  The  priory  church 

• at  Bath  has  not  a triforium,  but  a lofty  clerestory,  like  fig.  1426;  while  the  choir  at 
Bristol  has  neither  triforium  nor  clerestory. 

Nkbui  e Moulding.  (Lat.  Nebula.)  An  ornament  in  Norman  architecture,  whose  edge 
forms  an  undulating  or  wavy  line,  and  introduced  in  corbel  tables  and  archi  volts.  Fig.  1 382. 

Neck  of  a Capital.  The  space,  in  the  Doric  order,  between  the  astragal  on  the  shaft 
and  the  annulet  of  the  capital.  Some  of  the  Grecian  Ionic  capitals  are  with  necks 
below  them,  as  in  the  examples  of  Minerva  Polias  and  Erechtheus,  at  Athens.  But  the 
Ionic  order  has  rarely  a neck  to  the  capital. 

Needle.  A horizontal  piece  of  timber  serving  as  a temporary  support  to  some  super- 
incumbent weight,,  as  a pier  of  brickwork,  and  resting  upon  posts  or  shores,  while  the 
lower  part  of  a wall,  pier,  or  building  is  being  underpinned  or  repaired. 

Nervukes.  a name  given  by  French  architects  to  the  ribs  bounding  the  sides  of  a 
groined  compartment  of  a vaulted  roof,  as  distinguished  from  the  ribs  which  diagonally 
cross  the  compartment. 

Net  Measure.  That  in  which  no  allowance  is  made  for  finishing,  and  in  the  work  of 
artificers,  when  no  allowance  is  made  for  the  waste  of  materials. 

Neutral  Axis.  That  plane  in  a beam  in  which  theoretically  the  tensile  and  compressive 
forces  terminate,  and  in  which  the  stress  is  therefore  nothing. 

Newel.  The  upright  cylinder  or  pillar,  round  which,  in  a winding  staircase,  the  steps 
turn,  and  are  supported  from  the  bottom  to  the  top.  In  stairs,  geometrical  for  instance, 
where  the  steps  are  'pinned  into  the  wall,  and  there  is  no  central  pillar,  the  staircase  is 
said  to  have  an  open  newel. 

Niche.  (Fr.  probably  from  Neoercto,  a nest.)  A cavity  or  hollow  place  in  the  thickness 
of  a wall  for  the  reception  of  a statue,  vase,  &c. 

Nidged  Ashlar.  A species  of  ashlar  used  in  Aberdeen.  It  is  brought  to  the  square  by 
means  of  a cavil  or  hammer  with  a sharp  point,  which  reduces  the  roughness  of  the 
stone  to  a degree  of  smoothness  according  to  the  time  employed.  When  stone  is  so 
hard  as  to  resist  the  chisel  and  mallet,  the  method  described  is  the  only  way  in  which 
it  can  be  dressed. 

Nog.  The  same  as  a Wood  Brick. 

Nogging.  a species  of  brickwork  carried  up  in  panels  between  quarters  or  studs,  and  in 
which  manner  partitions  called  “ brick-nog  partitions”  are  made. 

Nogging-piece.  a horizontal  board  laid  in  brick-nogging,  and  nailed  to  the  quarters  for 
strengthening  the  brickwork.  Tliey  are  disposed  at  equal  altitudes  in  the  brickwork. 

Nonagon.  (Gr.)  A geometrical  figure  having  nine  sides  and  nine  angles. 

Normal  Line.  In  geometry,  one  which  stands  at  right  angles  to  another  line. 

Norman  Architecture.  This  term  comprises  the  architecture  of  the  Normans  as  seen 
in  Sicily  and  adjoining  countries;  and  is  applied  to  the  round  arch  style  which  was 
carried  out  chiefiy  in  Normandy,  and  thence  taken  over  into  England  soon  after 
Edward  the  Confessor’s  time,  and  more  prominently  in  the  reign  of  William  I.  It  is  a 
variation  of  Romanesque  architecture.  See  1417  and  1418. 

Nosing  of  a Step.  The  projecting  part  of  the  tread-board  or  cover  which  stands  before 
the  riser.  The  nosing  is  generally  rounded,  so  as  to  have  a semicircular  section;  and 
in  the  better  sort  of  staircases  a fillet  and  hollow  is  placed  under  the  nosing. 

Notation.  In  the  early  periods  of  the  Roman  notation,  four  was  written  IIII.,  this  has 
been  changed  into  IV. ; nine  was  w’ritten  VIIII.,  now  IX. ; forty  was  written  XXXX., 
now  XL.  Five  hundred  was  originally  written  Iq.,  now  D. ; a thousand  CIq.,  now  M. 
The  number  Iq  = 500,  is  increased  in  value  ten  times  for  every  3 annexed.  Thus  I33  = 
5,000;  1333  = 50,000,  and  so  on.  The  number  CI3  = 1,000  is  increased  in  value  Un 
times  for  every  0 and  3 prefixed  or  annexed  to  it.  Thus  CCI33  = 10,000,  &c.  This 
notation  is  not  now  in  use,  but  will  be  found  in  works  of  the  17th  century. 

Notation,  Architectural.  The  method  adopted  of  placing  signs  to  figures  when  mark- 
ing dimensions  on  drawings.  Thus,  in  lieu  of  writingyee^,  inches,  and  parts  of  an  inch, 
certain  dashes  are  used,  ' for  feet, ''  for  inches,  and  for  parts  ; or  ° for  feet, ' for  inches, 
and  ” for  parts.  There  is  no  settled  method  for  using  these  marks. 

Notch-board.  A board  which  is  grooved  or  notched  for  the  reception  and  support  of  the 
ends  of  steps  in  a staircase. 

Notching.  A hollow  cut  from  one  of  the  faces  of  a piece  of  timber,  generally  made 
rectangular  in  section. 

Nucleus.  (Lat.)  In  ancient  architecture,  the  internal  part  of  a fioor,  which  consisted  of 
a strong  cement,  over  which  the  pavement  was  laid  with  mortar. 

Nugger,  or  Nagar.  The  Sanscrit  name  for  a city  ; as  Ahtnednugger,  properly  Ahmad- 
nagar,  the  city  of  Ahmad. 
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Nuraghe.  The  name  of  a species  of  very  ancient  structure  in  Sardinia,  resembling  and 
used  for  a similar  purpose  as  the  cromlechs  or  dolmens.  They  are  supposed  by  some 
writers  to  be  the  work  of  the  ancient  Phoenicians. 

NyMPH.*:DM.  (Or.)  A name  used  by  the  ancients  to  denote  a picturesque  grotto  in  a 
rocky  or  woody  place,  supposed  to  be  dedicated  to,  and  frequented  by,  the  nymphs.  The 
Romans  often  made  artificial  nymphie  in  their  gardens.  In  Attici,  the  remains  of  a 
nymphaeum  are  still  to  be  seen  "decorated  -with  inscriptions  and  bassi-rilicvi,  from  the 
rude  workmanship  of  which  it  may  be  presumed  that  the  grotto  is  of  very  ancient  date. 


Oak.  (Sax.  Ac,  AEc.)  A forest  tree,  whose  timber  is,  from  its  strength,  haninefs,  and 
durability,  the  most  useful  of  all  in  building. 

Obelisk.  (Probably  from  d$e\hs,  a spit,  brooch,  or  spindle,  or  a long  javelin.)  A lofty 
pillar  of  a rectangular  form,  diminishing  towards  the  top,  those  of  Egypt  often 
having  inscriptions  and  hieroglyphics.  The  upper  part  finishes  generally  with  a low- 
pyramid,  called  a,  pyramidion.  The  proportion  of  the  thickiuss  to  the  height  is  nearly 
the  same  in  all  obelisks  ; that  is,  between  one  ninth  and  one  tenth,  and  their  thickness 
ar  top  is  never  less  than  half,  nor  greater  than  three  fourths,  of  tliat  at  bottom.  '1  he 
following  table  exhibits  a list  of  the  principal  obelisks;  and  with  the  dimensions  must 
be  taken  with  some  reservation.  Builder,  1877,  xxxv.,  1U76.  gives  a plate  of  eleven. 


Situation,  &c.,  of  the  Obelisk. 


Two,  mentioned  by  Diodorus  Siculus 

Tw'o,  of  Nuncoreus,  son  of  Sesostris,  according  to  Herodotus,  Diodorus 

Siculus,  and  Pliny  - 

Two,  attributed  by  Pliny  to  Smerres  and  Eraphius  - 
Of  Nectanabis,  erected  near  the  tomb  of  Arsinbe  by  Ptolemy  Phila- 

delphus  

Attributed  to  Sothis,  mentioned  by  Pliny 

Karnak ; Thebes  : two  in  the  ruins,  raised  on  a block 

„ „ two  in  the  ruins,  raised  on  a block  ... 

Rome  : Piazza  del  Laterano  ; taken  to  Alexandria  by  Constantine, 
and  to  Rome  by  Constantins,  where  it  was  placed  in  the  Circus 
Maximus ; broken  in  three  pieces,  repaired  and  raised,  1588,  by 

Fontana.  Weighs  445  tons  ; the  longest 

Rome  : Piazza  del  Popolo  ; Seti  and  his  son  Rameses  II. ; brought 
from  Heliopolis  by  Augustus,  b.c.  10,  and  placed  in  Circus  Maxi- 
mus ; raised  1589  by  Fontana  - - - 

Rome  : Piazza  di  Monte  Citorio ; Psainmeticus  II.,  B.c.  594-588  ; 
brought  from  Heliopolis  by  Augustus  to  act  as  a gnomon ; re- 
moved 1792  .* 

Rome  : Piazza  of  St.  Peter  ; Manephthah  ; from  HeliopoLs,  B.c.  1400, 
by  Caius  Caligula  ; erected  about  1590  (plain)  - - - 

Rome  : Piazza  Navona  ; cut  for  Domitian  ; placed  in  Circus  Carac.a  la 
or  Maximus ; raised  1G51  by  Bernini ; also  called  Pamphi  ian 
obelisk  - - - - - - - 

Rome  : Piazza  Sta  Maria  Maggiore ; cut  by  Claudius  ; .ormerly  in 
front  of  the  mausoleum  of  Augustus  ; (made  about  b.c.  2000  /) ; 

raised  1587  by  Fontana  (plain) 

Rome  : Quirinal  Hill ; also  cut  by  Claudius,  and  set  up  by  Augustus, 
as  its  fellow ; raised  1786  by  Antinori  (plain)  * ’ ' ' * 

Rome  : Trinity  de’  Monti ; brought  by  Hadrian ; set  up  1789  - - 

„ in  front  of  the  Pantheon  ; from  Circus  Maximus  ; set  up  1711 

„ Villa  Mattel,  on  the  Ccelian  - - x’tt  * 

„ on  the  Pincian  (called  the  Anrelian)  ; raised  for  1 lus  'I'-  ' 

„ Piazza  della  Minerva;  by  Pharaoh  Hophra,  B<-.  „8S-().) ; 

raised  on  an  elephant  1667  by  Bernini 

„ Villa  Medici  .---r----' 

„ the  Barberini 

„ from  Thebes : by  Thothmes  III.  or  IV.  - ‘ 

Heliopolis : only  one  now  remains  cut  of  three  pairs;  it  is  the  oldest, 
by  Osirtesen,  about  3000  B.C.  - • - - , ' ' v.i 

London  : Thothmes  III.,  B.c.  1600;  it  was  originally  on  » block  ot 
granite  5-2  feet  high,  on  three  steps  6 ft.  6 in.,  pieds  de  , re 
moved  B.c.  23  to  Alexandria;  removed  1878  to  London,  and  raised 
for  E.  Wilson,  by  John  Dixon,  C.E. ; called  Cleopatra  s ^eedle 
Arles  : fomid  buried  there  in  1389,  and  raised  1675  - - * | 

Paris  : from  Luxor ; removed  and  raised  1831-36  by  Lebas  - - 

Luxor:  still  there  - 

Constantinople  : in  the  At-Meidan ; moved  by  Emperor  Iheodosius  - 

„ smaller  one,  according  to  Gy llius  - - * ' 

Axum,  Abyssinia,  about  - - - . • ' * ' * 

Gardens  of  Sallust : according  to  Mercati  - - - ' 

Bijije,  near  Meednet-el-Fayoum,  in  Egypt : Qsirtesen  I. , unequal  J 

sides  - 

Alexandria,  Thothmes-Rameses  - - 


Height. 

1 

Thickmss. 

At  top. 

B.-!o\v. 

Eng.  Fo^i. 

Lag  r-ett 

Eng.  Fi-et. 

158-2 

7-9 

11-8 

121-8 

6-6 

10-5 

106-0 

5-9 

9-8 

105-5 

5-3 

9-2 

63-3 

4-5 

6-1 

72-8  &i  90-0 

6-0 

7-5 

6.3-3  A 70-0 

4-5 

6-1 

105-0 

— 

“ 

105-5 

6-2 

9-0  4:  9 8A 

78-2 

4-6 

7-4 

71-9 

4-9 

7-9 

82-4 

5-8 

9-4 

54-9 

2-9 

1 

i 4-5 

48-3 

3-9 

4-3 

47 



— 

43-6 

— 

— 

20-1 

2-1 

2-4 

26-4 

2-2 

2-7 

29-9 

— 

— 

17-6 

2-0 

3-6 

16-1 

1-9 

2-4 

30-0 

3-2 

3-9 

67-1 

51 

8-1 

6«-5i 

4 0 A-  5-0 

7-5  i 7-lOi 

50-1 

4-5 

7 4 

76-6 

— 

— 

79-1 

5-3 

8-0 

,59-7  & 60V 

4-5 

7 2 

34-2 

3-9 

6-9 

60-0 

— 

— 

48-3 

2-9 

4 3 

42-9 

2-6 

4-2 

43-0 

4 9 

ti-.a 

41  6 

4-9 

' 5-10  A 2-5 

67-2  \ 69*1 

— 

1 - 
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OBLiauE  Angle.  One  that  is  greater  or  less  than  a right  angle. 

Oblique-angled  Triangle.  One  that  has  no  right  angle. 

Oblique  Arches.  Such  as  cross  an  opening  obliquely  to  the  front  face  of  them. 

Oblique  Line.  One  which  stands,  in  respect  to  another,  at  a greater  angle  than  ninety 
degrees. 

Oblong.  A rectangle  of  unequal  dimensions. 

Observatory.  (Fr.)  A building  for  the  reception  of  instruments  and  other  matters  for 
observing  the  heavenly  bodies.  The  observatory  at  Paris,  from  the  designs  of  Perrault, 
is  a noble  building,  but,  we  believe,  is  universally  admitted  to  be  very  ill  suited  to  the 
purposes  for  which  it  was  built.  A regular  observatory  is  one  where  instruments  are 
fixed  in  the  meridian,  whereby,  with  the  assistance  of  astronomical  clocks,  the  right 


Fig.  1428. 


ascensions  and  declinations  of  the  heavenly  bodies  are  determined,  and  thus  motion, 
time,  and  space  are  converted  into  measures  of  each  other.  On  the  observations  and  ' 
determinations  made  in  such  establishments  they  are  therefore,  to  maritime  states,  of 
vital  importance,  and  ought  to  be  liberally  endowed  by  their  governments.  As  the  j 
subject  will  be  better  understood  by  a plan,  we  subjoin,  'wvfig.  1428,  a plan  and  elevation  ! 
of  the  observatory  at  Edinburgh.  The  general  form  of  the  plan,  as  will  bo  therein  j 
seen,  is  a Greek  cross,  62  feet  long,  terminated  at  its  feet  by  projecting  hexastyle  porti-  i 
coes,  which  are  28  feet  in  front,  and  surmounted  by  pediments.  The  intersecting  limbs  ! 
of  the  cross  at  their  intersection  are  covered  by  a dome  13  feet  diameter,  which  traverses  | 
round  horizontally,  and  under  its  centre  a pier  of  solid  masonry  is  brought  up  of  a 
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heavenly  boclies  made  out  of  the  meridiail  In  the  eHstern  foot  of  u™ 

Stone  piers  for  the  reception  of  the  transit  in.stmmpnf  • ^ • . \ . V 'V® 


stone  piers  tor  the  reception  of  the  transit  instrument ; c is  the  stone  pier  to  Xch  he 
transit  cliKk  is  attached ; and  d is  a stone  piece  on  wliich  an  artificial  horizon  m,.v  ho 
placed,  when  observations  are  taken  by  reflection : this  is  covered  hv  a floor  boaM 
when  not  in  use,  being  just  under  the  evel  of  the  floor ; u u are  the  slits  or  chases  r m 
ning  through  the  walls  and  roof,  but  closeable  by  means  of  shutters  when  the  observ  . 
tion  IS  completed.  On  the  western  side  (e  e)  are  chases  as  i n the  tmnsit  room  ; / „ largo 
stone  pier  for  tile  reception  of  a mural  circle ; y the  clock  pier ; 4 the  pier  for  an  artil 
cial  horizon  as  before  ; t is  the  conical  pier  above  mentioned,  over  which  the  moveable 
dome  IS  placed,  havingan  opening  (/)  ,,i  the  elevation  for  the  purpose  of  observation  • k 
IS  the  observers  room  ; and  m the  front  entrance.  ’ 

It  is  to  be  especially  observed  that  the  piers  for  the  reception  of  the  instruments 
must  not  be  in  any  way  connected  with  the  walls  of  the  building ; they  should  stand  on 
the  firmest  possible  foundation,  which,  if  at  all  doubtful,  must  be  formed  with  concreK- 
and  the  piers  should,  if  possible,  be  out  of  a single  block  of  stone  ; but  if  that  cannot  be 
obtained,  the  beds  must  be  kept  extremely  thin  ; partial  settlement  being  ruinous  to  the 
nicety  of  the  instruments  as  well  as  to  the  observers  business.  The  observation 
applies  also  to  the  clock  piers,  all  vibration  and  settlement  being  injurious  also  to  them 
A dry  situation  should  be  chosen  for  the  site,  for,  except  in  the  computing  rooms,  no 
fire  heat  can  be  allowed  ; and  it  is  important  that  the  brass  whereof  the  instruments  are 
made  should  not  be  corroded  by  the  action  of  moisture.  In  large  public  observatories 
there  should  be  the  readiest  access  from  one  part  to  another,  and  rooms  for  a library 
and  computers  independent  of  the  chief  astronomer’s  room.  The  Orwell  Park  observa- 
tory, as  described  by  its  architect.  Mr.  Mac  vicar  Anderson,  is  published  in  the  Sessional 
papers  of  the  Royal  Institute  of  British  Architects,  Nov.  16,  1874.  The  observatory  at 
Warsaw  by  Pietro  Aigner  is  said  to  be  one  of  the  finest  in  Europe;  that  at  Armagh  is 
very  good.  A descriptive  account  of  public  and  private  observatories  in  England  is  given 
in  the  Pictorial  Handbook  of  London,  8vo.,  London,  1851,  published  by  J.  Weale. 

Obtusk.  (Lat.)  Anything  that  is  blunt. 

Obtuse-angled  Triangle.  One  which  has  an  obtuse  angle. 

Obtuse  Arch.  See  Drop  Arch. 

Obtuse  Section  of  a Cone.  Among  the  ancient  geometricians  a name  given  to  the 
hyperbola. 

Octagon.  (Gr. ’Oktw  and  r«na,  angle.)  A.  figure  having  eight  equal  sides  and  eight 
equal  angles. 

Octahedron.  (Gr.)  One  of  the  five  regular  bodies  bounded  by  eight  equal  and  equi- 
lateral triangles. 

OcTASTYLE.  (Gr.  ’Oktw  and  StuAos.)  That  species  of  temple  or  building  having  eight 
columns  in  front.  See  Colonnade. 

Odeum.  (Gr.)  Among  the  Greeks,  a species  of  theatre  wherein  the  poets  and  musicians 
rehearsed  their  compositions  previous  to  the  public  production  of  them. 

Oecus.  See  Hall. 

Offices.  The  apartments  wherein  the  domestics  discharge  the  several  duties  attacheil  to 
the  service  of  a house  ; as  kitchens,  pantries,  brewhouses,  and  the  like. 

Offset.  The  horizontal  projection  from  the  faces  of  the  different 
parts  of  a wall  where  it  increases  in  thickness. 

Ogee.  A moulding,  the  same  as  the  Cyma  reversa. 

Ogee  Arch.  A pointed  arch,  the  sides  of  which  are  each  formed 
with  a double  curve.  (Seeyi^/.  1 429.)  It  frequently  appears  in 
the  Decorated  period  of  Gothic  architecture,  and  occasionally  in 
that  of  the  Perpendicular ; chiefly  in  small  ornamental  work, 
as  shrines  and  canopies  ; its  inflected  curves  weaken  it  too  much 
for  supporting  great  weights.  In  some  late  work,  this  arch  is 
also  made  to  curve  forward. 

Ogive.  A term  used  by  French  architects  to  denote  the  Gothic 
arch,  with  its  ribs  and  cross  springers,  &c.  The  word  is  used 
by  them  to  denote  the  pointed  arch. 

OiLLETS,  or  Oyletts.  Small  openings  or  eyelet  holes  seen  in  medi- 
aeval military  buildings,  through  which  missiles  could  be  dis- 
charged without  exposing  the  soldier.  „ , \ n 

One  pair  of  Stairs.  An  expression  signifying  the  first  story  or  floor  above  tliat  fli>or 
leA”el  with,  or  raised  only  by  a few  steps,  above  the  ground,  which  latter  is  t.ience  cai  e* 
the  ground  floor. 

Onyx  Marble.  See  Marble. 


rig.  1421). 


1328 


GLOSSARY. 


Op>b.  (Gr.  Otttj.)  The  Leds  of  the  beams  of  a floor  or  roof  as  in  a Grecian  temple,  the 
space  between  which  are  called  the  Metope, 

Open  NE’v^"EL  Staius.  See  Newel. 

Opening.  (Sax.)  That  part  of  the  walls  of  a building  which  is  unfilled,  for  admitting 
light,  ingress,  egress,  &c.  See  Aperture.  _ i 

Opisthodomus.  (Gr.)  The  same  as  the  Roman  jposticum,  being  the  enclosed  space  in  d 

the  rear  of  the  cell  of  a temple.  i 

Opposite  Angles.  Those  formed  by  two  straight  lines  crossing  each  other,  but  not  two  ^ 
adjacent  angles. 

Opposite  Cones.  Those  to  which  a straight  line  can  be  applied  on  the  surfaces  of  both  I 
cones. 

Opposite  Sections.  The  sections  made  by  a plane  cutting  two  opposite  cones. 

Optic  Pyramid.  In  perspective,  that  formed  by  the  optic  rays  to  every  point  of  an  object. 

Optic  Rays.  Those  which  diverge  from  the  eye  to  every  part  of  an  original  object. 

Orangery.  A gallery  or  building  in  a garden  or  parterre  opposite  to  the  south.  See 
Greenhouse.  The  most  magnificent  orangery  in  Europe  is  that  of  Versailles,  which 
is  of  the  Tuscan  order,  and  with  wings. 

Oratory.  (Lat.)  A small  apartment  in  a house,  furnished  with  a small  altar,  crucifix, 

&c.,  for  private  devotion.  The  ancient  oratories  were  small  chapels  attached  to  monas- 
teries, in  which  the  monks  offered  up  their  prayers.  Towards  the  sixth  and  seventh 
centuries  the  oratory  was  a small  church,  built  frequently  in  a burial-place,  without 
either  baptistery  or  attached  priest,  the  service  being  performed  by  one  occasionally  sent 
for  that  purpose  by  the  bishop.  ' 

Orb.  (Lat.  Orbis.)  A knot  or  foliage  of  flowers  placed  at  the  intersection  of  the  ribs  of 
a Gothic  ceiling  or  vault  to  conceal  the  mitres  of  the  ribs.  See  Boss.  ' 

Orchestra,  (Gr.  Gpxfojuai.)  In  ancient  architecture,  the  place  in  the  theatre  where  the 
chorus  danced.  In  modern  theatres  it  is  the  enclosed  part  of  a theatre,  or  of  a music 
room,  wherein  the  instrumental  and  vocal  performers  are  seated. 

Order.  (Lat.)  In  Grecian,  Roman,  and  Italian  architecture,  an  assemblage  of  parts, 
consisting  of  a base,  shaft,  capital,  architrave,  frieze,  and  cornice,  whose  several  services 
requiring  some  distinction  in  strength,  have  been  contrived  in  five  several  species — Tus- 
can, Doric,  Ionic,  Corinthian,  and  Composite ; each  of  these  has  its  ornaments,  as  well 
as  its  general  fabric,  proportioned  to  its  strength  and  use.  These  are  the  five  orders  of 
architecture,  the  proper  understanding  and  application  of  which  constitute  the  foundation 
of  all  excellence  in  the  art. 

Ordinate.  In  geometry  and  conics,  a line  drawn  fr-om  any  point  of  the  circumference  of 
an  ellipsis  or  other  conie  section  perpendicular  to,  and  across  the  axis,  to  the  other  side. 

Ordonnance.  (Fr.  from  the  Lat.)  The  perfect  arrangement  and  composition  of  any  ar- 
chitectural work.  It  applies  to  no  particular  class,  but  the  term  is  general  to  all  species 
in  which  there  has  existed  anything  like  conventional  law. 

Organical  Description  of  a Curve.  The  method  of  describing  one  upon  a plane  by 
continued  motion. 

Oriel,  or  Oriel  Window.  (Etym.  uncertain.)  A large  bay  or  recessed  window  in  a hall, 
chapel,  or  other  apartment.  It  ordinarily  projects  from  the  outer  face  of  the  wall 
either  in  a semi-octagonal  or  diagonal  plan,  and  is  of  varied  kinds  and  sizes.  In  largo 
halls  its  usual  height  is  from  the  floor  to  Ihe  ceiling  internally,  and  it  rises  from  the 
ground  to  the  parapet  on  the  outside  ; sometimes  it  consists  only  of  one  smaller  window 
supported  by  corbels,  or  by  masonry  projecting  gradually  from  the  wall  to  the  sill  of 
the  window.  A bow  window  projects  circularly,  and  was  formerly  called  a compass  or 
embowed  window ; whilst  the  projection  of  the  oriel  is  made  up  of  angles  and  straight 
lines  forming  generally  the  half  of  a hexagon,  octagon,  or  decagon,  and  was  better 
known  by  the  name  of  bay  window,  shot  window,  or  outcast  window,  a distinction,  how- 
ever, not  generally  observed. 

Orientation.  (Lat.  Oriens.)  The  deviation  of  a church  from  due  east,  it  being  supposed 
that  the  chancel  points  to  that  part  of  the  east  in  wdiich  the  sun  rises  on  the  day  of  the 
patron  saint..  This  point,  however,  has  not  been  fully  investigated. 

Original  Line,  Plane,  or  Point.  In  perspective,  a line,  plane,  or  point  referred  to  the 
object  itself. 

Orle.  (Ital.)  A fillet  under  the  ovolo  or  quarter  round  of  a capital.  When  the  fillet  is 
at  the  top  or  bottom  of  the  shaft  of  a column  it  is  called  a cincture.  Palladio  uses  the 
word  orle  to  express  the  plinth  of  the  bases  of  the  columns  and  pedestal. 

Ornament.  The  smaller  and  detailed  part  of  the  work,  not  essential  to  it,  but  serving  to 
enrich  it ; it  is  generally  founded  upon  some  imitation  of  the  works  of  nature. 

Ornamented  Engt.ish  Architecture.  That  phase  of  mediaeval  architecture  in  England 
which  is  generally  called  the  Decorated  period  ; it  was  comprised  chiefiy  in  the  reigns 
of  the  three  first  Edwards. 
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Orthooraphy.  (Gr.  OpOo,,  right,  and  rpac/>co,  I dosoribo.)  The  elevation  of  a building  Mhnw- 
ing  all  the  parts  in  tlieir  proper  proportions  ; it  is  either  external  or  internal.  The  fir^t 
IS  the  representation  of  the  external  part  or  front  of  a building  showing  the  face  of  the 
principal  wall,  with  its  apertures,  roof  of  the  building,  projections,  decorations  and  all 
other  matters  as  seen  by  the  eye  of  the  spectator,  placed  at  an  infinite  di^blnee  from  it 
The  second,  commonly  called  the  section  of  a building,  shows  it  us  if  the  external  wall 
were  removed  and  separated  from  it. 

In  geometry,  orthography  is  the  art  of  representing  tlio  plan  or  side  of  any  object,  and 
of  the  elevation  also  of  the  principal  parts ; the  art  is  so  denominated  from  its  et  vniologv 
because  it  determines  things  by  perpendicular  right  lines  falling  on  tne  geoinetru-al  plan’ 
or  because  aU  the  horizontal  lines  are  straight  and  parallel,  and  not,  as  in  por>pecaivu’ 
oblique.  ’ 

Okthostyi,e.  a columnar  arrangement,  the  columns  being  placed  in  a straight  line. 

Osculating  Circle.  That,  the  radius  of  whose  curve,  at  any  particular  point  of  anotlu  r 
curve,  is  of  the  same  length  as  that  of  the  curve  in  question  at  that  particular  point. 
Hence  it  is  the  kissing  circle,  and  that  so  closely  that  there  is  no  difference  in  the  cur- 
vature of  the  two  curves  at  that  particular  point. 

OuNDY,  or  Undy  Moulding.  A moulding  with  a wavelike  outline.  Fee  fg.  1.383. 

Out  and  In  Bond.  A Scotch  term  for  alternate  header  and  stretcher  in  quoins,  and  in 
window  and  doorjambs. 

Outer  Doors.  Those  common  to  both  the  exterior  and  interior  sides  of  a building. 

Outer  Plate.  See  Inner  Plate. 

Outline.  The  line  which  bounds  the  contour  of  any  object. 

Out  of  Winding.  A term  used  by  artificers  to  signify  that  the  surface  of  a liody  is  that 
of  a perfect  plane  ; thus  when  two  straight  edges  in  every  direction  are  in  the  same  piano 
they  are  said  to  be  out  of  winding. 

Out  to  Out.  An  expression  used  of  any  dimension  when  measured  to  the  utmost  bounds 
of  a body  or  figure. 

Outward  Angle.  The  external  or  salient  angle  of  any  figure. 

Ova.  (Lat.)  Ornaments  in  the  shape  of  an  egg,  into  which  the  echinus  or  ovolo  is 
often  carved. 

Oval.  A geometrical  figure,  whose  boundary  is  a curve  line  returning  into  itself;  it 
includes  the  ellipsis  or  mathematical  oval,  and  all  figures  resembling  it,  though  with 
diffe  rent  properties. 

Overhang.  See  Batter. 

OvERisTORY.  The  clear-  or  clerestory  of  a building. 

OvoLO.  (Ital.)  A cunvex  moulding  whose  lower  extremity  recedes  from  a perpendicular 
line  drawn  from  the  upper  extremity. 

Oxidation.  The  corrosion  of  iron  by  the  atmosphere.  Paint  is  one  of  the  best  prosen'u- 
tives,  renewed  as  necessary.  Lime-whiting  is  another ; and  lately  it  has  been  urgid 
to  pickle  the  wrought  iron  in  dilute  sulphuric  acid,  so  as  to  remove  the  scaly  oxide 
before  painting. 


Pace  A portion  of  a floor  slightly  raised  above  the  general  level:  ^ dais.  It  is  also 
applied  to  a landing  in  a staircase ; its  prefix,  half  ov  quarter,  determines  the  size  of  ir. 
See  also  Measure. 

• Packing.  Small  stones  imbedded  in  mortar,  used  to  fill  up  the  interstices  between  the 
larger  stones  in  rubble  work. 

Paddle.  A small  sluice,  similar  to  that  whereby  water  is  let  into  or  out  of  a (wnal  look. 
Pagoda.  A name  given  to  the  tall  pyramidal  structure  of  several  stones,  forming  one  of 
y the  peculiar  features  of  Chinese  architecture.  It  is  said  to  be  derived  from  the  UindcKj 
» word  dagoba. 

Painted  Glass.  Glass  painted  with  ornaments  or  pictorial  representations,  and  then  put 
into  a kiln  and  the  paint  burnt  in.  See  Stained  Glass,  with  which  it  is  sometimes  um-<1 
in  painted  windows.  . . - , 

Painter.  An  artificer  who  combines  the  knowledge  of  colours  and  the  application  o em 
to  decorative  purposes.  , j . ,• 

'Painter’s  Work.  The  work  of  painting,  with  different  coats  of  oil  colour  an  urpen  me, 
the  parts  of  a building  usually  so  treated. 

Pair.  As  one-pair,  two-pair,  &c.,  story.  See  Floor,  and  One-pair.  i 

Palace.  (Lat.  Palatium.)  In  this  country,  a name  given  to  the  / 

queen,  a prince,  and  a bishop.  On  the  Continent,  it  is  a term  in 
I almost  all  large  dwellings  of  the  higher  nobility  and  government  . 

denominated.  A palace  is  properly  an  edifice  destined  not  only  for  .®  . j;  ._ 

, sovereign  or  prince,  but  for  the  reception  also  of  persons  who  have  the  pnvileg  p 
i 4 Ci 
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private  audience.  It  being  impossible  for  the  'whole  of  the  parties  to  be  present  together, 
there  must  be,  besides  the  apartments  which  are  occupied  by  the  sovereign  and  his 
or  her  family,  ample  room  and  accommodation  for  the  attendants  in  waiting  of  every 
degree,  and  the  consequent  accessories.  A palace  should  be  disposed  with  porticoes, 
vestibules,  galleries,  halls  of  waiting  suited  to  every  season,  wherein  those  to  be  admitted 
may  wait  with  convenience  and  comfort  till  their  turn  of  admission  arrives.  It  is 
evident  that,  from  the  nature  of  such  an  edifice,  much  magnificence  should  be  displayed 
in  it.  The  site  on  which  a palace  is  to  be  seated  must  be  open  and  free  in  every  respect, 
so  that  a large  expanse  of  gardens  should  be  attached  to  it  for  the  use  of  the  public  as 
w'ell  as  the  sovereign,  in  which  respect  the  palaces  of  the  Tuileries  and  Versailles  are 
unparalleled.  All  should  have  a royal  bearing,  parsimony  being  inadmissible  in  works 
of  this  nature. 

The  palaces  of  the  Escurial,  Versailles,  and  the  Tuileries  are,  though  extremely 
spacious  and  imposing,  but  ill-disposed  and  imperfect  examples  of  a palace.  Perhaps 
the  most  perfect  in  Europe  is  that  at  Caserta,  near  Naples,  commenced  in  1752,  which 
is  described  by  Milizia  as  follows  : — “ The  plan  of  this  palace  is  a vast  rectangle,  731 
feet  long  from  east  to  west,  569  from  north  to  south,  and  106  feet  in  height.  The  interior 
is  divided  into  four  courts,  162  feet  by  244.  The  depth  of  building  that  surrounds  these 
courts,  in  which  are  the  apartments,  passages,  &c.,  is  80  feet,  including  the  thickness  of 
the  walls,  which  are  in  some  instances  15  feet.  The  two  principal  fa9ades  have  five 
stories  besides  that  below  the  ground,  and  each  contains  thirty-seven  windows.  There 
are  three  entrances,  one  in  the  centre,  and  the  others  at  equal  distances  between  it  and 
the  extreme  angles,  where,  as  well  as  in  the  centre,  the  building  breaks  forward  a little, 
is  carried  up  to  the  height  of  60  feet,  and  formed  into  pavilions  by  columns  42  feet  high. 
Thus  the  whole  height  of  the  building  is  102  feet  from  the  foundation  to  the  top  of  the 
pavilion,  at  the  angles  162  feet,  and  in  the  centre  190  feet.  The  basement,  which  is 
rusticated,  comprises  the  lower  offices,  the  ground  floor,  and  its  mezzanine.  Above  is 
placed  an  Ionic  order  of  columns  and  pilasters,  which  contains  the  two  ranges  of  state 
apartments  ; the  lower  windows  are  ornamented  with  pediments ; in  the  frieze  are 
introduced  the  windows  of  the  upper  mezzanine.  The  centre  entrance  leads  to  a superb 
portico,  w’hich  traverses  the  building  from  north  to  south,  and  is  sufficiently  spacious 
to  allow  carriages  to  pass  under  from  either  faqade  to  the  centre  of  the  building,  where 
is  a large  octangular  vestibule,  which  unites  the  arms  of  the  cross  produced  by  dividing 
the  plan  into  four  courts  : two  sides  of  the  octagon  are  open  to  the  portico,  four  to  the 
four  courts,  one  to  the  grand  staircase,  and  the  eighth  is  occupied  by  a statue  of  Hercules 
crowned  by  Virtue. 

“ The  grand  staircase,  which  is  on  the  right,  is  lighted  by  twenty-four  windows,  and 
decorated  in  a beautiful  style.  At  the  first  landing  it  is  divided  into  two  flights ; the 
hundred  steps  of  which  it  is  composed  are  18  feet  long,  and  each  of  one  piece  of  marble ; 
it  is  lighted  also  from  the  top  by  adouble  skylight.  The  upper  vestibule  is  also  octangular, 
and  surrounded  by  twenty-four  columns  of  yellow  marble  18  feet  high.  Four  doors  lead 
fx'om  thence  to  the  apartments ; the  one  opposite  the  landing  to  the  chapel,  that  to  the 
right  to  the  apartments  of  the  king,  which  comprehend  the  south-west  angle  of  the  build- 
ing, overlooking  the  sea  and  the  plains  of  Naples  and  Capua.  To  the  left  are  the  apart- 
ments of  the  queen,  occupying  the  north-west  angle,  the  remainder  of  these  floors  being 
occupied  by  the  princes.  The  chambers  throughout  are  vaulted,  and  admirably  arranged ; 
the  apartments  of  the  king  and  queen  are  separated  by  a gallery  138  feet  long,  42  wide, 
and  62  high.  The  palace  contains  a small  elegant  theatre,  on  a circular  plan,  divided 
into  nine  compartments,  with  four  tiers  of  boxes.  The  chapel  is  rectangular  iu  its  plan, 
with  the  end  terminated  semicircularly,  and  decorated  with  isolated  Corinthian  columns 
on  pedestals,  with  an  entablature,  in  which  the  cornice  is  not  omitted.  The  marbles  and 
sculptures  throughout  are  of  the  richest  kind ; the  apartments  generally  well  arranged 
and  distributed,  of  magnificent  dimensions,  and  of  various  forms.  The  whole  is  a rare 
as^erablage  of  vastness,  regularity,  symmetry,  richness,  ease,  and  elegance.  The  multi- 
plicity of  windows  may  certainly  be  a little  at  variance  with  propriety. 

“ But  the  most  wonderful  part  of  this  grand  work  has  not  as  yet  been  described. 
There  are  ranges  of  aqueducts  of  a great  height,  and  of  sufficient  length  to  unite  the  two 
Tifati  mountains  near  the  Furche  Caudine.  The  waters  on  the  mountain  are  collected 
inio  a canal  for  the  purpose  of  supplying  these  acqueducts,  and  conducted  to  various 
lakes  and  fountains  of  every  description.  To  the  embellishments,”  adds  Milizia,  “ of 
this  royal  residence  are  added  a convenience  and  solidity  that  throw  into  shade  all  that 
has  been  done  before  or  since.”  The  plans,  &c.  of  this  palace  are  given  in  Durand’s 
VaraVlele  des  Edifices,  and  also  in  the  work  by  Vanvitelli,  its  architect. 

The  palace  at  Whitehall  projected  by  Inigo  Jones,  and  published  in  Kent’s  Designs 
(see  fig.  207,  supra),  consisted  of  six  courts,  with  greater  beauties  of  composition  ; and 
had  the  edifice,  of  which  the  “ banqueting-house  ” is  not  the  hundredth  part,  been 
carried  to  completion,  it  would  have  eclipsed  the  one  at  Caserta,  which  contains  the 
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Many  useful  remarks  on  this  subject  will  be  obtained  in  perusinff  Brewer’s  ZVtcr/n/.Vv. 
and  Historical  Account  ^ the  various  Palaces  and  Public  Building^/EnqlUh  and  Fonlau 
4to.,  London,  1821  We  regret  that  in  this  country  no  model  of  a pal^^e  can  be  offe^l 
for  the  student.  Windsor  Castle,  with  all  its  beauties,  which  consist,  however  more  in 
site  and  scenery  than  in  the  disposition  of  a palace,  is  not  to  be  commended  ; St  JamoVs 
Palace  is  said  to  be  planned  with  many  advantages  for  holding  courts,  but  the  exterior 
IS  far  nom  what  a palace  should  be. 

Palestra.  (Gr.  riaAoiw,  I wrestle.)  A part  of  the  Grecian  gymnasium,  particularly 
appropriated  to  wrestling  and  other  gymnastic  exercises;  it  was  someiimes  used  to 
denote  the  whole  building.  It  contained  baths  which  were  open  for  the  use  of  the 
public.  According  to  the  authority  of  Vitruvius  no  paltestra  existed  in  Rome. 

Pale.  A small  pointed  stake  or  piece  of  wood,  used  for  making  landmarks,  and  enclosures 
placed  vertically.  ’ 

Pale  Fencing,  or  Pale  Fence.  That  constructed  with  pales. 

Palisade.  A fence  of  pales  or  stakes  driven  into  the  ground,  set  up  for  an  enclosure,  or 
for  the  protection  of  property. 

Palladian  School  of  Architecture.  A manner  of  designing,  taking  its  name  from  its 
introducer,  the  celebrated  architect  Andrea  Palladio.  It  is  a sort  of  medium  between 
that  vigorous  severity  which  some  exclusive  minds  abuse  in  the  endeavour  to  imitate 
the  Classic  style,  and  the  licentious  anarchy  of  those  who  refuse  to  recognise  rules, 
which  rules  allow  of  exceptions.  In  the  conception  and  execution  of  the  edifices  by 
Palladio  there  is  always  a clear  intuition,  a simple  method,  a sufficiently  perceptible 
accord  between  need  and  pleasure,  and  such  harmony  in  this  accord  that  it  would  be 
difficult  to  say  which  gave  the  law  to  the  other.  His  manner  otfeis  to  all  countries  a 
model  easy  of  imitation.  The  talent  of  the  author  of  it  is  doubtless  the  principle 
whence  this  facility  emanates,  but  this  facility  of  adapting  itself  to  everytliing  and 
being  adopted  by  all,  is  what  distinguishes  his  talet't  and  generalises  its  influence.  In 
fact,  it  may  be  said  with  truth,  that  Palladio  has  become  the  most  universally  followed 
master  in  all  Europe,  and  in  some  sort  the  chief  of  the  modern  scIiojI  in  civil  build- 
ings. This  school  has  been  reproduced  in  England  with  the  greatest  success,  as  in  the 
case  of  Inigo  Jones  and  others.  Quatremere  de  Quincy,  Diet.  Arch.  See  also  Gwill’s 
criticism  in  Book  I. 

Palm,  a measure  of  length.  See  Measure  (Ancient),  and  Foot. 

Pampre,  (Fr.)  An  ornament  composed  of  vine  leaves  and  bunches  of  grapes  wherewith 
the  hollow  of  the  circumvolutions  of  twisted  columns  are  sometimes  decorated. 

Pan.  A square  of  framing  in  half-timbered  houses,  the  uprights  being  filled  in  with 
work.  It  is  called  post  and  pan,  or  post  and  petrail  work,  in  the  north  of  England. 

Pancarpi.  (Gr.)  Garlands  and  festoons  of  fruit,  flowers,  and  leaves,  for  the  ornament 
of  altars,  doors,  vestibules,  &c.  ^ u-  u u 

Pane.  A term  applied  to  the  side  of  any  object,  as  a square,  octagon,  &c.,  which  would 
be  said  to  have  four,  eight,  &c.,  sides. 

Panel.  (From  the  low  Latin  panellum.)  A board  whose  edges  are  inserted  into  the 
groove  of  a thicker  surrounding  frame,  as  in  a door. 

A panel  in  masonry  is  one  of  the  faces  ot  a hewn  stone.  i 

Panier.  (Fr.)  An  upright  corbel  fixed  against  a pilaster  and  under  a beam  to  break 
the  angle  so  formed. 

Pantameter.  a graduated  bevel. 

Pantile.  The  curved  tile  used  for  roofing.  ^ i • j .* 

Pantograph.  An  instrument  for  copying,  diminishing,  or  enlarging  drawings.  , 
Paper.  A substance  made  by  the  maceraiion  of  linen  rags  in  wawr  and  spreading  hem 
^ cViootR  • nn  thi.s  the  drawl ncs  of  the  architect  are  usually 


by  hand  or  machinery  into  thin  sheets  ; on  this  the  drawings  of 
made;  its  usual  sizes,  as  made  by  Whatman,  being: 

Demy 


20  inches  by  15  inches. 


Medium  - - - - 

Royal  . - - - 

Super-royal  - - - 

Imperial  - - - - 

Colombier 

Atlas  - - - " 

Double  Elephant 
Antiquarian  - - - 

Extra  Antiquarian  - 
Emperor  - - - ■ 

Imperial  90  and  140  Ihs. 


- 22-A  — 

. 24*  — 

- 27  — 

- 30  — 

- 34  — 

- 33  — 

- 40  — 

- 53  — 

- 56  — 

- 68  — 


17A 

19 

19 

22 

23 

27 

27 

31 

38 

48 
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“ Cartridge  ” is  a stronger  sort  for  working  drawings.  For  rough  sketching,  a thin 
paper,  the  “ lining  paper”  of  the  paperhangers,  is  mucli  used,  and  is  obtained  in  a roll 
of  twelve  yards  in  length.  Continuous  cartoon  paper  is  3 ft.  4 in.,  4 ft.,  and  5 ft. 
wide.  Tinted  papers  can  also  be  so  obtained.  For  mapping  or  such  work  a strong 
continuous  paper  is  made,  and  ready  mounted  on  hoUand  for  extra  strength.  See 
TiiACiNG  Paper. 

Paperhangings.  The  paper  prepared,  either  plain  or  with  a pattern  printed  upon  it,  for 
covering  the  walls  ot  rooms.  The  varieties  are  very  numerous.  The  better  sort  are 
still  printed  from  wood-blocks,  but  the  inferior  kind  are  printed  by  machinery. 

Papyrus  Capital.  A species  of  capital  seen  in  some  of  the  temples  of  Egypt.  See 
fig.  59. 

Parabola.  (Gr.  Uapa,  through,  and  BaWco,  1 throw.)  In  geometry,  a curved  line  formed 
by  the  common  intersection  of  a conic  surface,  and  a plane  cutting  it  parallel  to  another 
plane  touching  the  conic  surface. 

Parabolic  Assymptote.  In  geometry,  a line  continually  approaching  the  curve,  but 
which,  though  infinitely  produced,  will  never  meet  it. 

Parabolic  Curve.  The  curved  boundary  of  a parabola,  and  terminating  its  area,  except 
at  the  double  ordinate. 

Parabolic  Spinal,  or  Helicoid.  A curve  arising  from  the  supposition  of  the  axis  of  the 
common  parabola  bent  into  the  periphery  of  a circle,  the  ordinates  being  portions  of  the 
radii  next  the  circumference. 

Paraboloid.  See  Conoid. 

Parallel.  (Gr.  UapaWriKos.)  In  geometry,  a term  applied  to  lines,  surfaces,  &c.,  that 
are  in  every  part  equidistant  from  each  other. 

Parallel  Coping.  See  Coping. 

Parallelogram.  (Gr.)  Any  four-sided  rectilineal  figure,  whose  opposite  sides  are 
parallel. 

Parallelopiped.  In  geometry,  one  of  the  regular  bodies  or  solids  comprehended  under 
six  faces,  each  parallel  to  its  opposite  face,  and  all  the  faces  parallelograms. 

Parameter.  (Gr.  Uapa,  through,  and  Merpw,  I mea^ure.)  In  conic  sections  a constant 
right  lino  in  each  of  the  three  sections,  called  also  latus  rectum. 

Parapet.  (Ital.  Parapetto,  breast  high.)  A small  wall  of  any  material  for  protection  on 
the  sides  of  bridges,  quajs,  or  high  buildings. 

Pabascenium.  Another  name  for  the  'postbcenium  in  the  ancient  theatre. 

Parastat^.  See  Ant.®. 

Parclose.  The  screen  which  separates  chapels  (especially  at  the  east  end  of  the 
aisles)  from  the  body  of  the  church.  They  are  usually  of  wood,  but  are  also  sometimes 
of  stone. 

Parget.  A name  given  to  the  rough  plaster  used  for  lining  chimney  flues,  and  formed  of 
lime  and  cow’s  dung. 

Parge  Wurk;  Pargetting.  A particular  sort  of  plaster  work,  having  patterns  and 
ornaments  raised  upon  it  or  indented  ; much  used  in  interior  decorations,  and  often  on 
the  exterior  of  halt-timber  houses,  during  the  Elizabethan  period. 

Parker’s  Cement,  also  called  Roman  Cement  in  1796.  It  is.  manufactured  princi- 
pally from  nodules  found  in  the  Isle  of  Sheppey  and  at  Harwich,  being  septaria 
from  the  London  clay.  When  burnt,  it  is  ground  into  powder,  and  mixed  with 
sand,  and  water  being  applied  to  it,  it  sets  fast  and  very  hard,  and  is  impervious  to 
water. 

Parlour.  (Fr.)  A room  for  conversation,  which  in  the  old  monasteries  adjoined  the 
buttery  and  pantry  at  the  lower  end  of  the  hall.  At  the  present  day  it  is  used  to 
denote  the  room  in  a house  where  visitors  are  commonly  received,  and  often  serves  us 
a dining-room. 

Parados.  (Gr.)  The  grand  entrance  of  the  scene  of  an  ancient  theatre  that  conducted 
on  to  the  stage  and  orchestra. 

Parpeyn.  See  Perpeyn-Wall. 

Parquetry.  Inlaid  work,  made  of  thin  plates  or  veneers  of  hard  coloured  woods,  and 
secured  to  a framing  of  deal,  well-dried  and  seasoned,  to  form  the  flooring  of  an  apart- 
ment. They  are  arranged  in  patterns.  Of  late  years  solid,  and  thick,  parquetry  has 
been  introduced.  The  floor  may  be  left  plain,  but  is  more  frequently  polished.  There 
is  also  a thin  substance,  about  |ths  of  an  inch  thick,  which  is  secured  to  the  old  floor 
by  a patent  cement,  or  by  brads.  The  old  method  of  covering  a floor  by  a carpet,  which 
collects  the  dust  and  covers  the  furniture  with  it  when  swept,  is  now  abandoned  in 
many  houses,  and  parquetry  substituted,  with  rugs,  or  square  carpets,  or  Indian 
matting,  so  as  to  be  easily  removable  for  cleansing  A “ parquetry  border  ” has  also 
taken  the  place  of  the  common,  but  still  useful,  stained  and  varnished  border,  around 
a square  carpet.  See  Marquetry. 

Parsonage  House.  A building,  usually  near  the  church,  occupied  by  the  incumbent  of 
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the  living ; in  former  times  this  sort  of  building  ^vas  oRen  cmbattle<l  and  „n  i 

had  various  appendaps  in^eluding  sometimes  a small  chapel  or  oratory  ’ 

Parting  Bead.  The  beaded  slip  inserted  at  the  centre  of  th«  r u 

window,  to  keep  the  two  sashes  in  their  places  when  being  raised 


red. 


Partition.  (Lat.)  A wall  of  stone,  brick  or  timber  diviHinn.'^.,  r 

When  a partition  has  no  support  from  belorr,  it  should  not  bo  suCeJ  loTa?  on  ,ho 
floor  w,th  any  cons, derable  weight,  and  in  such  oasos  it  should  hare  aV»«  formed 
Within  it,  m which  case  it  is  called  a trussed  partition  See  Truss 
Pautj  Wall  Such  as  is  formed  between  buildings  to  separate  them  from  each  other 
and  prevent  the  spreading  of  fire.  Every  wall  used  or  built  in  order  to  be  nsVa,  a 
senaration  of  anv  buildmo-  from  nnir  rafVia,.  ......i.  • . . »» JiH  a 


separation  of  any  building  from  any  other  building,  with  a view  to  the  s.-ime  being 
occupied  by  different  persons.  The  regulations  prescribed  for  them  form  a largo 
portion  of  the  Metropolitan  Buildings  Act,  and  of  local  Acts  passed  for  similar 


purposes. 

Pauty  Fence  Wall.  A wall  separating  the  open  ground  in  one  occupation  from  that  in 
another ; each  owner  having  a right  up  to  the  centre  of  such  wall. 

Party  Structure.  This  term  includes  party  walls,  and  also  partitions,  arches  floors 
and  other  structures  separating  buildings,  stories,  or  rooms  which  belong  to  different 
owners,  or  which  are  approached  by  distinct  staircases  or  separate  entrances  from 
without. 

Parvise.  a porch,  portico,  or  large  entrance  to  a church.  It  seems  also  to  have 
signified  a room  over  the  church  porch,  where  schools  used  to  be  held. 

Parvise  Turret.  The  small  tower  which  encloses  the  staircase  to  the  parvise. 

Passage.  The  avenue  leading  to  the  various  divisions  and  apartments  of  a building. 
When  there  is  only  one  series  of  rooms  in  breadth,  the  passage  must  run  along  one 
side  of  the  building,  and  may  be  lighted  by  apertures  through  the  exterior  walls.  If 
there  be  more  than  one  room  in  breadth,  it  must  run  in  the  middle,  and  be  lighted  from 
above  or  at  one  or  both  ends. 

Patera.  (Lat.)  A vessel  used  in  the  Roman  sacrifices,  wherein  the  blood  of  the  victims 
was  received.  It  was  generally  shallow,  flat,  a-nd  circular.  Its  represen bition  has  been 
introduced  as  an  ornament  in  friezes  and  fasciiu,  accompanied  with  festoons  of  flowers 
or  husks,  and  other  accessories. 

Paternosters.  A species  of  ornament  in  the  shape  of  beads,  either  round  or  oval,  used 
in  baguettes,  astragals,  &c. 

Pavement.  (Lat.  Pavimentum.)  A path  or  road  laid  or  beaten  in  with  stones  or  other 
materials.  According  to  the  information  of  Isidorus,  the  first  people  who  paved  their 
streets  with  stones  were  the  Carthaginians.  Appius  Claudius,  the  founder  of  the 
Appian  Way,  appears  to  have  introduced  the  practice  into  Romo,  after  which  the 
Roman  roads  were  universally  paved,  remains  of  them  having  been  found  in  every  part 
of  the  empire. 

In  the  interior  of  the  Roman  houses,  the  pavement  was  often  laid  upon  timber 
framing  ; and  the  assemblages  so  constructed  wore  called  contignata  pavimenta.  The 
pavement  called  coassatio  was  made  of  oaken  planks  of  the  quercus  asculus,  which  was 
least  liable  to  warp.  The  Roman  pavements  were  also  frequently  of  mosaic  work,  that 
is,  of  square  pieces  of  terra  cotta  or  stone,  called  tesserae,  in  various  patterns  and  figures, 
many  of  which  remain  in  Britain  to  the  present  day. 

The  various  sorts  of  paving  are  as  follows : — 1.  Pebble  paving,  of  stones  collected 
from  the  sea-beach,  mostly  obtained  from  Guernsey  or  Jersey.  _ This  is  very  dur.ible  if 
well  laid.  The  stones  vary  in  size,  but  those  from  six  to  nine  inches  deep  are  the 
best,  those  of  three  inches  in  depth  are  called  holders  or  bowlers,  and  are  used  tor  paving 
courtyards  and  those  places  wherever  heavy  weights  do  not  pass.  2.  Rag  paving:  in- 
ferior to  the  last,  and  usually  from  the  vicinity  of  Maidstone,  in  Kent,  whence  it  bears 
the  name  of  Kentish  rag-stone.  It  is  sometimes  squared,  and  then  used  for  paiing 
coach  tracks  and  footways.  3.  Purbeck  pitchers,  which  are  squared  stones,  usid  in  foot- 
ways, brought  from  the  island  of  Purbeck.  They  are  useful  in  courtyards ; the  pieces 

running  about  five  inches  thick,  and  from  six  to  ten  inches  square.  4.  paung, 

by  some  called  Scotch  paving,  of  a clear  close  stone,  called  blue^  wynn.  ^ is  is  now, 
however,  quite  out  of  use.  5.  Granite,  of  the  material  which  its  name  impor^.  o. 
Guernsey  paving,  which,  for  street  work,  is  the  best  in  use.  It  is  ^ 'f)«r 

hammers,  and  squared  to  any  required  dimensions,  of  aprismoidal  ^ 

base  downwards.  It  is  commonly  bedded  in  small  gravel.  7.  Bwr  pa  r 
footways,  of  which  the  blue  sort  is  the  best,  is  obtained  in  pretty  argo  siir  a e , 
two  inches  and  a half  thick.  8.  Yorkshire  pavtvg:  a very  go(x 

able  of  very  large  dimensions.  9.  Ryegate,  or  fire-stone  paving,  usof  ^ 

ovens,  and  other  places  subject  to  great  heat,  by  which  this  stone,  if  ^ not 

affected.  10.  Newcastle  flags,  useful  for  the  paving  of  offices.  hey  run  ^ ^ 

a half  to  two  inches  thick,  and  about  two  feet  square,  and  bear  consi 


1334- 


GLOSSARY.' 


to  the  Yorkshire.  11.  Portland  paving  mo,y  be  had  from  the  island  of  Portland,  of 
almost  any  required  dimensions.  The  squares  are  sometimes  ornamented  by  cutting 
away  their  angles,  and  inserting  small  black  marble  squares,  set  diagonally.  12. 
Sweedland  paving  \ a black  slate,  dug  in  Leicestershire,  useful  for  paving  halls  or  for 
particoloured  paving.  13.  Marble  paving,  of  as  many  sorts  almost  as  there  are 
species  of  marble.  It  is  sometimes  inlaid  after  the  manner  of  mosaic  work.  14.  tlat 
brick  gaving,  executed  with  bricks  laid  flat  in  sand,  mortar,  or  grout,  when  liquid 
lime  is  poured  into  the  joints.  15.  Brick-on-edge  paving,  executed  in  the  manner  of 
the  last,  except  that  the  bricks  are  laid  on  edge.  16.  Herr mg-bone  paving bricks 
laid  diagonally  to  each  other.  See  Herring-bone  Work.  17.  Bricks  laid  endwise  in 
sand,  mortar,  or  grout.  18.  Paving  bricks  are  made  especially  for  the  purpose,  and 
are  better  than  stocks.  19.  Ten-inch  tile  paving.  20.  Foot  tile  paving.  21.  Clinker 
paving.  22.  Diamond  tile  paving.  23.  Colotired  and  tessellated  or  mosaic  pave- 
ments, now  form  a large  trade. 

The  pavements  of  churches  are  often  in  patterns  of  several  colours,  of  which, to  show 
the  great  variety  that  may  be  obtained  from  a few  colours,  M.  Truchet  {Mem.  Acad. 
Fran.)  has  proved  that  two  square  stones,  divided  diagonally  into  two  colours,  may  be 
joined  together  chequerwise  in  sixty-four  different  ways. 

Pavilion.  (Ital.  Padiglione.)  A turret  or  small  building,  generally  insulated  and  com- 
prised under  a single  roof.  The  term  is  also  applied  to  the  projecting  parts  in  the  front 
,of  a building.  They  are  usually  higher  than  the  rest  of  the  building. 

Pavilion  Roof.  A roof  sloping  or  hipped  equally  on  all  sides. 

Paving  Slabs.  Experiments  made  by  George  Rennie  upon  slabs  12  inches  long,  2^  inches 
wide,  and  1 inch  thick,  laid  flat  on  bearings  10  inches  apart,  the  weight  being  sus- 
pended from  the  middle  of  each,  gave  the  following  results : 


I.  Green  Moor  and  Yorkshire  Blue  Stone  sustained  - 
II.  Ditto  ditto  White  Stone 

HI.  Caithness  (Scotch)  Stone  - - . - - 

IV.  Valentia  (Irish)  Stone  - _ _ - - 

V.  Bangor  Slate  (Welsh)  . , _ - _ 


cwts.  qrs.  lbs. 

2 3 27 

3 0 
7 2 
7 3 

17  0 


23 

17 

3 

12 


Buchanan  tried  specimens  of  stones,  the  weights  being  piled  on  ; — 

Hailes,  "I 

Craigleith,  I 3 feet  long,  9 inches  broad,  and  3 inches  deep  - 
Arbroath,  J 

Caithness  3 „ 8f  „ 2|  „ 

(a  very  hard  specimen.) 

pECKY.  Timber  in  which  the  first  symptoms  of  decay  appear.  An  American  term. 
Pedestal.  (Compound,  apparently,  of  Ilous,  a foot,  and  StuAos,  a column.)  The  lowest 
division  in  an  order  of  columns,  called  also  in  Greek,  stylobate  and  stereobate.  It  con- 
sists of  three  principal  parts : the  die,  the  cornice,  and  the  base. 

Pediment.  The  triangular  crowning  part  of  a portico,  which  terminates  vertically  the 


Breaking  Weight, 
lbs. 

f 794 
-<  1,148 
Li,848 
- 3,291 


eloping  parts  of  the  roof.  See  Temple.  It  is  sometimes  placed  over  an  opening  as  part 
of  the  decoration  of  the  dressings ; it  should  never  be  used  under  cover.  In  Gothic 
architecture  this  triangular  piece  is  much  higher  in  proportion  to  its  width,  and  is 
denominated  a Gable.  The  illustration  {fig.  1430)  exhibits  the  centre  portion  of  the 
sculpture  in  the  pediment  of  the  temple  at  Egina,  which  is  among  the  earliest  examples 
of  Grecian  art.  See^^.  1457,  which  shows  the  elevation  of  the  temple. 
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Pet>imext  Arch.  See  Mitrk  Arch. 

pELASGic  Euilhino.  Walls  of  cities  and  houses  forme<l  of 

than  piled  together,  without  the  connecting  medium  of  mortar^  or  "‘7* 

called  Cyclopean  building.  ^ >“  '‘‘-o 

PEL1.ET  Motjeding.  A flat  band  on  which  are  cir- 
culur  flat  disks  forming  an  ornament,  used  in  Nor- 
man architecture.  See  fig.  1431. 

Pendent.  (Lat.)  An  ornament  suspended  from 
the  summit  of  Gothic  vaulting,  very  often  elabo- 
rately decorated.  The  mode  in  which  stone 
pendents  are  constructed  will  be  immediatrly 
understood  by  a consideration  of  the  annexed  figure  (fia  143“?^  Tbn 
used  very  frequently  to  timber-framed  roofs,  as  in  that  of  ^ ^ 

Crosby  Hall,  which  has  a series  of  pendents  along  the  centre 
of  it.  Pendents  are  also  attached  to  the  ends  of  the  hammer 
beams  in  Gothic  timber  roofs. 

Pendentive.  The  entire  body  of  a vault  suspended  out  of  the 
perpendicular  of  the  walls,  and  bearing  against  the  arch 
boutants,  or  supporters.  It  is  defined  by  Daviler  to  be  the 
portion  of  a vault  between  the  arches  of  a dome,  commonly 
enriched  with  sculpture.  Felibien  defines  it  as  the  plane  of 
the  vault  contained  between  the  double  arches,  the  forming  pig.  1432. 

arches,  and  the  ogives. 

Pendentive  Bracketing,  or  Cave  Bracketing.  That  springing  from  the  rectangular 
walls  of  an  apartment  upwards  to  the  ceiling,  and  forming  the  horizontal  part  of  the 
ceiling  into  a circle  cr  ellipsis. 

Pendentive  Cradling.  The  timber  work  for  sustaining  the  lath  and  plaster  in  vaulted 
ceilings. 

Penetrale.  (Lat.)  The  most  sacred  part  of  the  temple,  which  generally  contained  an 
altar  to  Jupiter  Hercseus,  which  appellation,  according  to  Festus,  was  derived  from 
kpxos,  an  enclosure,  and  supposed  him  the  protector  of  its  sanctity. 

Penetralia.  (Lat.)  Small  chapels  dedicated  to  the  Penates,  in  the  innermost  part  of  the 
Roman  houses.  In  these  it  was  the  custom  to  deposit  what  the  family  considered  most 
valuable. 

Penitentiary.  In  monastic  establishments  was  a small  square  building,  in  which  a 
penitent  confined  himself.  The  term  was  also  applied  to  that  part  of  a church  to  which 
penitents  were  admitted  during  divine  service.  The  word,  as  used  in  the  present 
time,  implies  a place  for  the  reception  of  criminals  whose  crimes  are  not  so  heinous  j.« 
to  deserve  punishment  beyond  that  of  solitary  confinement  and  hard  labour,  and  where 
means  are  used  to  reclaim  as  much  as  possible  those  who  have  become  subject  to  the 
laws  by  transgressing  them. 

Penstock.  A small  paddle,  working  up  and  down  vertically  in  a grooved  frame,  for  pen- 
ning back  water. 

Pentacle.  a figure  whose  basis  is  a double  triangle ; it  is  not  unfrequent  in  early  orna- 
mental art. 

Pentadoron.  (Gr.)  A species  of  brick  used  in  ancient  architecture,  which  was  five  palms  long. 

Pentagon.  (Gr.  Utyre,  five,  and  Twpia,  an  angle.)  In  geometry,  a figure  of  five  sides 
and  five  angles.  When  the  five  sides  are  equal,  the  angles  are  so  too,  and  the  figure  is 
called  a regular  pentagon. 

Pentagraph.  See  Pantograph. 

Pentalpha.  a figure  formed  by  a continuous  line,  making  a five-pointed  star,  not  un- 
frequent in  mediaeval  decoration  and  window  tracery.  Seefg.  1293. 

Pentastyle.  a portico  or  colonnade  having  five  columns  in  front. 

Pent-house.  A sbed  having  a lean-to  roof. 

Peppercorn  Rent.  A rent  for  land,  being  one  of  the  smallest  possible  value.  A rose 
is  sometimes  named  ; also  a flag  or  banner.  A farm  in  St.  Saviour’s  Southwark,  was 
let  at  the  price  of  17  lbs.  of  pepper  at  2s.  per  pound.  Also  an  acre  of  land  at  Laml^i.i 
“ for  2s.  for  the  price  of  one  pound  of  pepper  by  the  year  beyond  all  rents  resolute. 

Perch.  A measure  for  brickwork  used  in  Ireland  in  piece  of  the  Rod  in  Lngland.  Jt 
is  21  feet  in  length,  by  1 foot  high,  and  1 foot  thick.  It  equals  loj  cube  feet  One 
thousand  bricks,  a quarter  cart  of  sand,  and  one  and  a quarter  hogshead  of 
serve  for  four  and  a half  perches.  It  is  also  there  used  for  masonry,  as  \»ell  us  in  some 

counties  in  England.  . . . /.oilAd 

Periacti.  (Gr.  nepidyeip,  to  revolve.)  The  revolving  scenes  in  an  ancient  theatre,  ca 

by  the  Romans  sce/ice  versatzles.  

Peribolus.  (Gr.)  The  wall  bounding  an  enclosure.  It  has  -7,n,i<»ntlT^ornamented 
enclosure  itself,  more  particularly  around  a temple.  It  was  frequ  y 
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with  statues,  altars,  and  monuments,  and  sometimes  had  smaller  temples  or  a grove. 
The  peribolus  of  the  temple  of  Jupiter  Oljmpius,  at  Athens,  was  four  stadia  in  cir- 
cumference. 

Pkkiukome.  (Gr.  Ilep/,  about,  ^pofios,  a course.)  The  space,  in  ancient  architecture, 
between  the  columns  of  a temple  and  the  walls  enclosing  the  cell. 

Peuimeter.  (Gr.)  The  boundary  of  a figure. 

Periphery.  (Gr.  Tlepuppeco,  I surround.)  The  circumference  of  a circle,  ellipsis,  para- 
bola, or  other  regular  curvilinear  figure. 

Peripteral.  (Gr.)  A building  encompassed  by  columns.  See  Temple. 

Periptery.  (Gr.)  The  range  of  insulated  columns  round  the  cell  of  a temple., 

Peristylium.  (Gr.)  Ih  Greek  and  Roman  buildings,  a court,  square  or  cloister,  which 

- sometimes  had  a colonnade  on  three  sides  only,  and  therefore  in  that  case  improperly 
60  called.  Some  peristylia  had  a colonnade  on  each  of  the  four  sides ; that  on  the 
south  being  sometimes  higher  than  the  rest,  in  which  case  it  was  called  a Rhodian 
'peristylium.  The  range  of  columns  itself  was  called  t\\Q  peristyle.  See  Colonnade. 

Pkrithyrides.  The  same  as  Ancones. 

Peritrochium.  (Gr.)  A term  in  mechanics  applied  to  a wheel  or  circle  concentric  with 
the  base  of  a cylinder,  and  together  with  it  moveable  about  an  axis. 

Pkrpen  Ashlar.  A provincial  term,  being  probably  a corruption  of  perpendicular,  as 
the  stone  in  the  form  of  4,  6,  8,  or  10  inches  thick,  in  10,  12,  or  14  inch  courses,  and 
from  30  inches  to  54  inches  long,  is  placed  on  edge,  and  must  of  course  be  set  very 
plumb  or  perpendicular;  the  edge  or  bed  also  must  be  truly  square  with  the  upright  face. 

Perpendicular.  In  geometry,  a term  applied  to  a right  line  falling  directly  on  another 
line,  so  as  to  make  equal  angles 
on  each  side,  called  also  a normal 
line.  The  same  definition  will 
hold  of  planes  standing  the  one 
on  the  other.  A perpendicular 
to  a curve  is  a right  line  cutting 
the  curve  in  a point  where  another 
right  line  to  which  it  is  perpen- 
dicular makes  a tangent  wdth  the 
curve. 

Perpendicular  Period.  The  last 
period  into  which  the  Gothic  style 
in  England  has  been  divided. 

Its  name  is  derived  from  the  pre- 
dominance of  vertical  or  recti- 
linear lines.  Fig.  1433  is  a fine 
example  of  the  style. 

Perpend  Stone,  or  Perpender. 

A long  stone  reaching  through 
the  thickness  of  the  w'all,  so  as 
to  be  visible  on  both  sides,  and 
therefore  wrought  and  smoothed 
at  the  ends. 

Perpeyn  w'all.  a kind  of  pier  or 
buttress  projecting  from  a wall. 

Perron.  (Fr.)  A staircase,  lying 
open  or  outside  the  building; 
or  more  properly  the  steps  in  the 
front  of  a building  which  lead 
into  the  first  story,  when  it  is 
raised  a little  above  the  level  of 
the  ground. 

Persian  or  Persepclitan  Archi- 
tecture. The  ancient  style  presents  many  features  similar  to  the  Assyrian  remains  ; 
they  are  chiefly  seen  at  the  ruins  at  Persepolis.  The  modern  buildings  much  resemble 
those  of  other  Mahommedan  countries. 

Persians.  See  Atlantes. 

Perspective.  (Lat.  Perspicio.)  The  science  which  teaches  the  art  of  representing  objects 
on  a definite  surface,  so  as  from  a certain  position  to  affect  the  eye  in  the  same  manner  as 
would  the  objects  themselves.  See  Bird’s-eye  Perspective;  Isometrical  Projection. 

Pest  House.  A lazaretto  or  infirmary  where  persons,  goods,  &c.,  infected  with  the  plague 
or  other  contagious  disease,  or  suspected  so  to  be,  are  lodged  to  prevent  communication 
with  others,  and  the  consequent  spread  of  the  contagion, 

-Peulvan.  See  Maenhir  stone.  . . 
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Pkw.  (Fr.  Piou.)  An  enclosed  seat  in  a church. 

Reformation  in  England. 

PUALANO*^  (Gr.)  A ii«no  applied  by  Vitruvius  to  a species  of  wooden  rollers  used  to 
transport  heavy  masses  from  one  spot  to  another. 

Pharos.  (Gr.  from  a light,  and  Opaw,  I see.)  See  LiGimiorsK 

^'“plmas'lnts'  or  place  for  the  purpose  of  breeding,  roiring,  and  keeping 

Phonics  The  doctrine  of  sounds  vvhich  has  not  yet  been  .so  reduced  in  its  application  *o 
architecture  as  to  justify  more  than  Its  definition.  See  Acoustics. 

Photo-Lithography.  a process  of  reproducing  line  engraving.s  and  drawings  either 
copied,  enlarged,  or  reduced,  not  exceedingone-sixth,  and  in  some  cases  one-tenth  of  the 
expense  by  other  processes.  ’ 

Photometer.  (Gr.)  An  instrument  for  measuring  the  different  intensities  of  light 

Piazza.  (Ital.)  A square  open  space  surrounded  by  buildings.  The  term  is 'very 
frequently  and  very  ignorantly  used  to  denote  a walk  under  an  arcade 

Picture  Gallery.  A room  or  rooms  for  the  exhibition  of  pictures,  drawings  and  en- 
gravings, and  designed  to  suit  either  the  wealth  of  the  nation  or  the  means  of  ’a  private 
person.  ^ 

The  arrangement  of  the  collection  has  to  be  first  decided  by  the  proprietor  or 
curator  of  the  gallery.  Thus : Whether  in  one  or  more  rooms— Miscellaneously- 
Grouped  according  to  the  class  of  objects— Divided  according  to  the  different  schiils 
of  painting— The  largest  size  of  any  picture  to  enter  the  collection— The  admission  of 
water-colour  pictures,  chalk  drawings,  and  of  prints— The  arrangements  as  to  the 
admission  of  the  public — The  amount  and  nature  of  accommodation  for  student.s,  an  I 
any  other  rooms  required  for  the  keeper,  for  the  cleaner,  packing,  and  other  similar 
occupations.  The  miscellaneous  arrangement  of  a collection  is  certainly  the  nio.^t 
common,  as  well  as  the  most  gratifying  to  the  public.  The  amateur  and  artist  would 
prefer  the  division  of  pictures  by  schools,  which  obtains  on  the  Continent,  particularly 
in  Germany.  The  Munich  Gallery  affords  information  as  to  the  proportion  of  space 
which  was  allotted  to  each  of  the  groups  into  which  the  collection  is  divided. 

In  the  Pinaoothecaat  Munich  the  paintings  are  grouped  acconling  to  schools,  perhaps 
more  perfectly  effected  than  at  Berlin,  and  a corridor  runs  the  whole  length,  420  feet, 
of  the  building.  The  large  pictures  are  placed  in  very  large  rooms,  42  ft.  wide  and 
31  feet  6 inches  high  to  the  cornice.  Some  of  the  large  rooms  are  93  feet  long.  The 
smaller  pictures  are  placed  in  lesser  rooms,  formed  on  the  other  side  of  the  larger  ont-s, 
and  with  a side  light  from  the  north,  ^vh\ch  is  admitted  to  be  the  best  light  for  all 
pictures  and  for  painting-rooms.  The  museum  and  picture  gallery  at  Berlin,  by  Herr 
Schinkel,  is  formed  on  three  sides  of  a central  vestibule;  all  the  rooms  are  39  feet 
9 ins.  wide  and  2(5  feet  high,  with  a flat  ceiling,  and  the  light  throughout  is  admitted  by 
Common  windows  down  to  the  dado  on  the  side.  Screens  about  16  feet  high  by  20  feet 
long  divide  the  galleries  into  rooms  about  30  feet  by  18  feet,  for  grouping  the  paintings. 

Ihe  number  of  lineal  feet  of  wall  in  the  great  picture  galleries  is  as  follows:  — 
Munich,  1600;  Louvre,  1300;  Berlin,  1116  ; London  (on  the  principal  floor),  670.  but 
of  late  years  increased  to  more  than  double  that  quantity ; and  Dresden,  which  as 
much  exceeds  the  extent  of  Munich  or  of  Berlin  as  did  these  thit  of  London. 

It  has  been  urged  by  the  Messrs.  Papworth,  in  their  work  on  Mmeums,  Lihrar'es, 
and  Picture  Galleries,  8vo.  London,  1853,  that  a skylight  to  a room,  with  divisions  or 
presses  projecting  from  the  wall,  is  the  most  economical  mode  of  arranging  a building 
to  receive  an  unformed  collection  of  works  of  art.  They  also  direct  the  picture  gallery 
to  be  on  the  first  floor  ; the  ground  floor  being  devoted  to  objects  of  art,  not  in  relief. 

Galleries  for  oil  paintings,  large  or  of  a moderate  size,  must  be  lighted  from  above. 
But  when  they  are  of  the  small  cabinet  size,  a side  light,  being  a suitable  siile  light 
is  well  adapted  to  their  display.  In  the  first  case,  the  lights  were  formerly  placnl 
in  square  or  polygonal  tambours,  whose  sashes  were  vertical  or  slightly  inclined  inw:ird>, 
their  forms  following  the  plan  of  the  rooms;  as  at  the  Dulwdch  Gallery,  by  Sir  .lohii 
Soane,  E.A.  Of  late  years,  for  large  rooms,  a long  skylight  having  obsi  ur^l  gla>H  m 
it  has  been  preferred,  with  a coved  ceiling  under  to  prevent  shadows  tailing  on  the 
pictures.  This  is  occasionally  hidden  by  a flat  skylight  having  ground  or  oh.scurcl 
glass,  the  upper  skylight  having  clear  glass,  but  the  necessary  framework  causes  m, mo 
shadows.  It  will  be  in  the  memory  of  many  how  miserably  lighted,  ur  ex  i iing 
the  pictures,  is  the  long  gallery  of  the  Louvre  at  Pans,  which  of  i 

some  dormer  windows  formed  to  admit  more  light.  The  walls  s on  ( ® ’ ' . ' ‘ 

throughout  for  fli-eility  in  hanging  the  pictures.  Many  galleries  fail  ot  “ 
being  over-lighted.  A roof  all  glass  would  be  as  bad  for  the  pic  urcs  as  [ 

The  glare  of  light,  as  it  is  termed,  would  be  too  great.  .ifT..pU 

The  Fitz william  Museum  at  Carnbridge,  a library,  picture,  and  statue  ‘ ^ 

an  example  of  the  mode  of  lighting  for  pictures,  as  also  the  c c<  o i i 
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seen  by  a low  side  light  obtained  from  one  side  only.  This  is  also  to  be  found  at  the 
galleries  in  Dublin ; in  both  cases  not  with  the  happiest  results. 

Professor  Magnus,  of  Berlin,  proposed  a gallery  for  small  paintings,  to  be  lighted 
by  windows  on  both  sides,  and  not  opposite  one  another,  reaching  nearly  to  the 
ceiling,  and  about  5 feet  from  the  floor,  each  about  a fourth  of  the  breadth  of  the 
room.  Between  these  were  to  be  placed  screens  at  an  angle  of  62  degrees  with  the 

wall.  As  the  pictures  required  to  be  removed  5 or  6 feet  from  the  wall,  the  useless 

space  served  for  doorways  from  one  compartment  to  another.  The  professor  proposed 
a circular  building  for  such  an  arrangement,  perhaps  somewhat  similar  to  that  described 
under  Museums,  but  where  the  inner  space  was  formed  by  a double  circular  staircase, 
to  lead  to  several  stories,  and  where  the  upper  room  might  have  the  advantage  of  a 
skylight. 

A principle  of  lighting  a picture  gallery,  namely,  that  the  window  or  source  of  light 
by  which  a picture  is  seen,  and  the  picture  itself,  ought  not  both  to  come  within  the 

range  of  vision  at  the  same  time,  was  exemplified  in  the  gallery  built  cir.  1825  by  Sir 

Benjamin  West.  P.R.A.,  expressly  for  the  purpose  of  exhibiting  his  paintings.  Another 
on  the  same  principle  was  designed  at  Clapham,  by  the  late  Mr.  J.  B.  Papworth,  and 
with  an  equally  successful  result.  It  consists  in  forming  a side  light  opposite  to  the 
picture  wall  and  above  the  ceiling;  thus  all  the  light  is  thrown  upon  the  painting,  and 
the  source  of  the  light  is  quite  invisible  to  the  spectator.  This  system  is  perhaps  becter 
adapted  for  a private  than  for  a public  gallery,  on  account  of  the  difficulty  attending 
the  construction  of  the  roof. 

The  peculiar  arrangements  of  the  small  picture  gallery  in  Sir  John  Soane’s  museum 
should  be  seen  and  studied.  The  grand  gallery  at  the  National  Gallery,  by  the 
late  Sir  James  Pennethorne  (a  perspective  view  of  which  is  given  in  the  Builder  for 
1861);  the  new  galleries  for  the  same  national  structure,  erected  1875-76,  from  the 
designs  of  E.  M.  Barry,  R.A.,  with  the  new  entrance  and  suite  of  galleries  beyond, 
erected  1886-87,  from  the  designs  of  John  Taylor,  principal  surveyor  of  H.M.  Works 
and  Public  Buildings ; the  Art  courts  and  the  picture  galleries  at  the  South  Kensing'ou 
Museum;  the  picture  galleries  erected  for  the  Exhibition  of  Industry,  1862  ; the  exhi- 
bition rooms  of  the  Royal  Academy  at  Burlington  House,  may  all  be  referred  to  for  the 
latest  improvements. 

Piece-work.  Work  done  and  paid  for  by  measure  of  quantity,  i.e.  so  much  for  the  piece 
or  job ; in  contradistinction  to  work  done  and  paid  for  by  the  measure  of  time,  i.e.  by 
day  work. 

PiEUROiT.  (Fr.)  A pier  or  small  pillar,  partly  hid  within  a wall.  It  differs  from  a 
pilaster  in  having  neither  base  nor  capital. 

PiEND.  An  arris;  a salient  angle;  a hip.  It  is  a northern  appellation. 

PiEND  Check.  The  rebate  formed  on  ihe  piend  or  angle  at  the  bottom  of  the  riser  of  a 
stone  step  of  a stair,  to  catch  upon  the  angle  formed  at  the  top  of  the  under  step. 

Pier.  (Fr.)  A solid  between  the  doors  or  windows  of  a building.  The  square  or  other 
formed  mass  or  post  to  which  a gate  is  hung.  Also  the  solid  support  from  which  an 
arch  springs.  In  a bridge,  the  pier  next  the  shore  is  usually  called  an  abutment  pier. 

Pier  Arch.  An  arch  springing  from  a pier,  as  large  shafts  are  usually  termed  in 
mediaeval  architecture.  See  figs.  1417  to  1427. 

Pierced  Stone,  Tolmen  or  hoeed  stone.  One  of  the  consecrated  stones  of  the  Celtic  people 

Pilaster.  (Fr.)  A sort  of  square  column,  sometimes  insulated,  but  more  commonly  en- 
gaged in  a wall,  and  projecting  only  a fourth  or  fifth  of  its  thickness.  See  Anta. 

Pile.  (Lat.)  A large  timber  driven  into  the  earth,  upon  whose  head  is  laid  the  founda- 
tion of  a building  in  marshy  and  loose  soils.  Amsterdam  and  some  other  cities  are 
built  wholly  upon  piles.  The  stoppage  of  Dagenham  Breach  was  effected  by  piles 
mortised  into  one  another  by  dovetail  joints.  They  are  best  and  most  firmly  driven  by 
repeated  strokes ; and  for  the  saving  of  time,  a pile  engine  is  generally  used,  in  appear- 
ance and  effect  very  much  like  a guillotine ; this  raises  the  hammer  to  a certain  height, 
which,  pressing  the  clasps  or  monkey  that  carry  it  up,  suddenly  drops  down  on  the  pile 
to  be  d.’riven. 

Pillar.  (Fr.  Pilier.)  A column  of  irregular  form,  always  disengaged,  and  always  de- 
viating from  the  proportion  of  the  orders,  whence  the  distinction  between  a column 
and  a pillar.  In  any  other  sense  it  is  improperly  used. 

Pin.  In  carpentry,  a cylindrical  piece  of  wood  driven  to  connect  pieces  of  framing  together. 
It  is  also  called  a trenail. 

PiNACOTHECA.  (Gr.)  An  edifice.  foT  the  preservation  of  pictures.  A picture  gallery. 

Pinnacle.  (Low  Lat.  Pinuaculum.)  A summit  or  apex.  In  mediaeval  architecture,  the 
crown  of  a buttress  or  vertical  abutment,  more  or  less  ornamental,  terminating  in  a 
cone  or  pyramid.  It  was  intended  to  assure  the  stability  of  a vertical  abutment  by  its 
weight;  it  arrests  the  sliding  of  the  coping  stones  of  gables;  it  serves  as  an  attach- 
ment to  the  balustrade ; and  also,  by  a well-composed  outline,  it  helps  to  give  to  build- 
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i ings  a particular  elegance. 


Pinnacles  ehouUl  have  a bold  and  aspiring  ontlino,  and 


should  receive  the  parapets  and  copings  against  their  plinths  (as  fig.  lit  16),  and  not  as 
often  done,  against  their  shafts.  Good  examples  are  to  he  see.,  al  St.  Xicbolas,  Um.l 
Yarinouth;  Magdalen  College,  Oxford  ; and  St.  Sepulchres,  Loudon.  A llip  knob  to 
a gable  is  a sort  of  pinnacle. 

PmNKV  Al^so  called  “green  beds”  of  the  Chilmark  quarry;  they  are  situate  below  the 
tro  !gh  beds.  They  are  small  but  very  durable. 

Pinning  UP.  In  underpining,  the  driving  the  wedges  under  the  upper  work  so  ns  to 
bring  it  fully  to  bear  upon  the  work  below.  The  term  pinning  is  used  to  denote  the 
fastening  of  tiles  with  pins  of  iron  or  of  heart  of  oak  in  roofs. 

Pipe.  A conveyance  for  water  or  soil  from  any  part  of  a building,  usually  of  lead  or  iron 
When  for  the  supply  of  water  to  a building  it  is  called  a service  pipe  ; when  for  carrying 
off  water,  a waste  pipe-,  and  when  for  carrying  off  soil,  a soil  pipe\  and  those  which 
carry  away  the  rain  from  a building  are  called  rain-water  pipes.  When  a cistern  or 
reservoir  is  supplied  in  such  a way  that  those  who  labour  to  fill  it  should  be  made 
aware  that  it  is  full,  the  pipe  which  discharges  the  overflow  is  called  a warning  pij)e. 
Also  for  the  conveyance  of  gas,  when  it  is  usually  of  iron,  or  of  a softish  white  metal.' 
called  composition.  A pipe  through  which  the  voice  is  sent  to  communicate  with  a 
distant  apartment,  is  called  a “ speaking  tube.” 

PiPE._  The  following  rule  has  been  given  to  ascertain  the  strength  requisite  to  bo  given  to 
a pipe  of  the  metals  named.  Let  <?  = internal  diameter;  ^ = thickness  of  metariiotli  in 
inches;  4 = head  of  water  in  feet  required  to  burst  the  pipe;  c = constant,  wrought  iron, 


200;  cast  iron,  73 ; copper,  87 ; brass,  83 ; and  lead  10. 


Then  c-,  = h : 
a 


1 . 
and  — = t. 
c 


In 


practice,  the  thickness  of  cast-iron  water  pipes  is  taken  as  = f^diameter.  Hurst,  Sur- 
veyors' Hand  Book.  ^ 

Piscina.  (Lat.)  Among  the  Romans  this  term  was  applied  to  a fish-pond ; to  a shallow 
reservoir  for  practising  swimming;  and  to  a place  for  watering  horses  and  washing 
clothes.  The  piscina  in  ecclesiastical  architecture  was  a shallow  bowl  for  water, 
generally  in  a niche  in  the  south  wall  of  the  chancel,  wherein  the  priest  laved  his  hands 
before  the  performance  of  the  sacred  rites,  and  for  rinsing  the  chalice  at  the  time  of 
the  celebration  of  the  mass.  A hole  at  the  bottom  allowed  for  the  esi  ape  of  the  water, 
so  as  not  to  be  reused.  The  variety  of  their  form  is  great ; some  are  quite  plain,  others 
very  richly  decorated ; and  they  often  occur  in  pairs. 

Pise.  A species  of  walling,  of  latter  years  used  in  the  south  of  France,  made  of  stiff 
earth  or  clay  rammed  in  between  moulds  as  it  is  carried  up.  This  method  of  walling 
was,  however,  in  very  early  use.  {Plin.  lib.  xxxiv,  chap.  14.) 

Pit.  a place  from  ■w'hence  chalk,  gravel,  and  such  like  are  obtained.  See  Quarry. 

Pit  of  a Theatre.  Formerly  the  part  on  tlie  ground-floor  between  the  lower  range  of 
boxes  and  the  stage  ; but  it  is  now  much  reduced  for  the  stalls  and  reserved  pit  seats. 

Pitch.  See  Tar. 

Pitch.  A term  generally  applied  to  the  vertical  angles  formed  by  the  inclined  sides  of  a 
roof.  Hoofing. 

Pitch  of  an  Arch.  The  versed  sine,  or  height  from  the  springing  line  up  to  the  under- 
side of  it. 

Pitching  Piece.  See  Apron  Piece,  which  is  at  the  bottom,  as  the  pitching  piece  is  at 
the  top,  of  a flight  of  steps,  to  carry  the  rough  strings. 

Pivot.  (Fr.)  The  sharpened  point  upon  which  a wheel  whose  axis  is  perpendicular  or 
inclined  performs  its  revolutions. 

Place  Bricks.  The  commonest  sort  of  bricks,  being  those  near  the  outside  of  the  clamp 
and  therefore  not  much  burnt. 

Plafond  or  Platfond.  (Fr.)  The  ceiling  of  a room,  whether  flat  or  arched;  also  the 
underside  of  the  projection  of  the  larmier  of  the  cornice  ; generally  any  sofite. 

Plain  or  Plane  Angle.  One  contained  under  two  lines  and  surfaces,  so  called  to  dis- 
tinguish it  from  a solid  angle.  , 

Plain  Tiles,  properly  Plane  Tiles.  Those  whoso  surfaces  are  planes  They  are  used 
for  roofing  purposes ; forming  copings,  tiles  in  cement  flats,  etc.  See  E.\THhR-TiLiNn. 

Plan.  (Fr.)  The  representation  of  the  horizontal  section  of  a building,  showing  its 
distribution,  the  form  and  extent  of  its  various  parts.  In  the  plans  made  by  the  arc  i- 
tect,  it  is  customary  to  distinguish  the  massive  parts,  such  as  walls,  by  a ar  co  o 
so  as  to  separate  them  from  the  voids  or  open  spaces.  In  a geometrical  an,  "w  <■ 
that  above  mentioned,  the  parts  are  represented  in  their  natunu  proper  ions.  \ 

is  drawn  according  to  the  rules  of  perspective. 

Planceer  The  same  as  the  sofite  or  under-snrface  of  the  corona;  the  word  is,  hovcver, 
very  often  used  generally  to  mean  any  sofite.  See  Plafond.  , ^ of 

Plan!  (Lat.  Planus.)  A tool  used  by  artificers  that  work  in  wood  for  the  purp  . 
producing  thereon  a flat  even  surface.  There  are  various  sorts  o p anes. 
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Plank.  In  geometry,  a surface  that  coincides  in  every  direction  M'ith  a straight  line. 

Plane,  geometrical.  In  perspective,  a plane  parallel  to  the  horizon,  whereon  the  object 
to  be  delineated  is  supposed  to  be  placed.  It  is  usually  at  right  angles  with  the  per- 
spective plane. 

Plane,  horizontal.  In  perspective,  a plane  passing  through  the  spectator’s  eye,  parallel  to 
the  horizon,  and  cutting  the  perspective  plane  in  a straight  line,  called  the  horizontal  line. 

Plane,  inclined.  One  that  makes  an  oblique  angle  with  a horizontal  plane. 

Plane,  objective.  Any  plane,  face,  or  side  of  an  original  object  to  be  delineated  on  the 
p^rspective  plane. 

Plane,  perspective.  That  interposed  between  the  original  objects  and  the  eye  of  the 
spectator,  and  whereon  the  objects  are  to  be  delineated. 

Plane  Trigonometry.  That  branch  of  mathematics  whose  object  is  the  investigation 
and  calculation  of  the  sides  and  angles  of  plane  triangles.  It  is  of  the  greatest  impor- 
tance to  the  architect. 

Planimetry.  That  branch  of  geometry  which  treats  of  lines  and  surfaces  only,  without 
reference  to  their  height  or  depth. 

Plank.  (Fr.)  A name  given  generally  to  all  timber,  except  fir,  which  is  less  than  four 
inches  thick  and  thicker  than  one  inch  and  a half.  See  Board. 

Plank  Roof.  A roof,  the  trusses  of  which  are  formed  principally  of  planks  cut  to  a 
curved  shape,  as  in  de  Lorme’s  system;  or  bent  to  the  shape  required,  as  in  Emy’s 
system. 

Planted.  When  a moulding  is  wrought  on  a separate  piece  of  stuff,  and  is  fastened  in 
its  place,  as  around  a panel,  it  is  said  to  be  planted  (on  the  stuff). 

Plaster.  Lime  properly  prepared  for  the  plasterer. 

Plasterers’  Work.  The  laying  of  ceilings ; the  finishing  to  walls  to  give  a fair  face  ; 
the  making  and  fixing  of  ornamental  work ; .and  cementing  to  walls. 

Plaster  of  Paris.  A preparation  of  gypsum,  originally  procured  in  the  vicinity  of  Mont 
Martre,  near  Paris.  The  plaster  stone,  or  alabaster,  is,  however,  found  in  many  parts  of 
England,  as  at  Chelaston  near  Derby,  and  Beacon  Hill  near  Newark.  The  former  pits 
yield  about  800  tons  a year.  It  is  ground  and  frequently  used  for  manure,  or  rather  as 
a stimulant  for  grass.  It  is  calcined  into  the  plaster  used  by  the  modeller,  plasterer, 
&c.  When  diluted  with  water  into  a thin  paste,  plaster  of  Paris  sets  rapidly,  and  at 
the  instant  of  setting,  its  bulk  is  increased.  Mr.  Boyle  found  by  experiment  that  a 
glass  vessel  filled  with  this  paste,  and  close  stopped,  bursts  while  the  mixture  sets,  a 
quantity  of  water  sometimes  issuing  through  the  cracks  ; hence  this  material  becomes 
valuable  for  filling  cavities,  &c.,  when  other  earths  would  shrink.  The  gypsum  is  pre- 
paied  either  by  burning  or  boiling,  and  loses  from  four  to  six  cwt.  in  a ton.  After 
burning,  it  is  ground  into  powder  in  a mill. 

Plat  or  Plot.  A late  mediaeval  term  for  a design  or  drawing. 

Platband.  Any  flat  and  square  moulding  whose  projection  is  much  less  than  its  height, 
such  are  the  fasciae  of  an  architrave,  the  list  between  flutings,  &c.  The  platband  of 
a door  or  window  is  the  lintel,  when  it  is  made  square  and  not  much  arched. 

Plate.  A general  term  applied  to  those  horizontal  pieces  of  timber  lying  mostly  on  walls 
for  the  reception  of  another  assemblage  of  timbers.  Thus,  a wall  plate  is  laid  round  the 
walls  of  a building  to  receive  the  timbering  of  a floor  and  roof  ; a gutter  plate  under  the 
gutter  of  a building,  &c. 

Plate  Glass.  Glass  cast  in  sheets  or  plates,  and  polished, 
quality  and  colour  to  both  “crown”  and  “sheet”  glass. 

The  best  kind  may  be  tested  by  its  perfecl  freedom  from 
colour,  blemishes,  specks,  and  strige  of  every  sort.  It  is 
not  subject  to  dampness  or  “ sweating.”  That  which  is 
tinged  is  of  inferior  quality,  and  cannot  be  used  where  it 
' is  intended  to  exhibit  coloured  articles  behind  it.  The 
usual  thickness  is  one  quarter  of  an  inch.  The  better 
sort  of  plate  glass  is  used  for  looking-glasses,  and  is. 
charged  a higher  price  than  for  glazing  purposes.  There 
is  also  an  inferior  sort  of  plate  glass,  called  “patent 
plate,”  which  consists  of  blown  glass  of  an  extra  thickness, 
which  is  then  opened  and  polished.  For  large  sizes  the 
price  is  about  the  same  as  plate  glass. 

Plate  Rack.  A fixture  over  the  sink  in  a scullery  for  the 
reception  of  dinner  plates  and  dishes  after  washing. 

Plate  Tracery.  The  earliest  form  of  tracery,  used  at  the 
commencement  of  the  Early  English  period  of  mediaeval 
architecture,  as  Fig.  1434 ; it  consists  of  the  openings 
being  formed  or  cut  in  the  stonework,  and  showing  no 
projecting  mouldings. 

Platform,  An  assemblage  of  timbers  for  carrying  a flat  covering  of  a liouse,  or  the 


Plate  glass  is  superior  in 


Fig.  1434, 
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j|L  flat  covering  itself.  A terrace  or  open  walk  at  the  top  of  a building.  The  raised  dais  on 
which  the  altar  stands,  and  also  that  on  which  the  font  sbinds 
# Plinth.  (Gr  n\iv0os,  a brick.)  The  lower  square  member  of  a base  of  a column  or 
i4V  pedestal.  In  a wall  the  term  'plinth  is  applied  to  two  or  more  rows  of  bricks  at  the 
base  of  it,  which  project  from  the  face. 

^ Plotting.  The  art  of  laying  down  on  paper  the  angles  and  lines  of  a plot  of  land 
by  any  instrument  used  in  surveying. 

Plough.  A joiner’s  grooving  plane. 

Plough  and  Tongued.  This  is  a continued  mortise  and  tenon  along  the  edges  of  two 
boards,  the  one  having  a groove  cut  in  it,  and  the  other  formed  into  a projection  ; such 
work  is  used  to  linings  and  floors.  Sometimes  both  edges  are  grooved,  an<l  a thin 
piece  of  wood  or  of  hoop  iron  let  into  both,  while  being  fixed  up  or  laid.  See  Heading 
Joint. 

Plug.  A piece  of  timber  driven  perpendicularly  into  a wall  with  the  projecting  part 
sawn  away,  so  as  to  be  flush  with  the  face. 

. Plug  and  Feather,  or  Key  and  Feathkr.  A name  given  to  a method  of  dividing  hard 
stones  by  means  of  a long  tapering  wedge  called  the  key,  and  wedge-shaped  pieces  of 
iron  feathers,  which  are  driven  into  holes  previously  drilled  iuto  the  rock  for  the 
purpose,  and  thus  forcibly  split  it. 

Plumbing.  (Lat.  Plumbus. ) The  art  of  casting  and  working  in  lead  and  using  it  in  building. 
Plumb  Rule,  Plumb  Line,  or  Plummet.  An  instrument  used  by  masons,  carpenters, 
&c.,  to  draw  perpendiculars  or  verticals,  for  ascertaining  whether  their  work  be  upright, 
horizontal,  and  so  on.  The  instrument  is  little  more  than  a piece  of  lead  or  plummet 
at  the  end  of  a string,  sometimes  descending  along  a wooden  or  metal  ruler  raised 
perpendicularly  on  another,  and  then  it  is  called  a level.  See  Level. 

Plumber.  The  artificer  who  works  in  lead  and  zinc.  The  fittings  for  water-closets, 
cisterns,  pumps,  gutters,  &c.,  come  under  his  care. 

Pocket.  The  space  in  the  pulley  style  of  a sashed  window.  It  is  also  a space  closed  up, 
or  nearly  so,  formed  out  of  a larger  space.  Pockets  are  often  found  in  the  flues  of  old 
houses,  and  form  one  of  the  great  causes  of  fires,  by  accumulating  the  soot,  which  at  last 
heats  and  ignites  adjoining  woodwork. 

Podium.  (Lat.)  A continued  pedestal.  A projection  which  surrounded  the  arena  of  the 
ancient  amphitheatre.  See  Amphitheatre. 

Point.  (Lat.  Punctum.)  In  geometry,  according  to  Euclid,  that  which  has  neither  length, 
breadth,  nor  thickness. 

Point,  accidental.  In  perspective,  a term  used  by  the  old  wviters  on  the  science  to 
signify  the  vanishing  point. 

Point  of  Distance.  In  perspective,  the  distance  of  the  picture  transferred  upon  the  vanish- 
ing line  from  the  centre,  or  from  the  point  where  the  principal  ray  meets  it,  whence 
it  is  generally  understood  to  be  on  the  vanishing  line  of  the  horizon.  See  Dlstance. 
Point,  objective.  A point  on  a geometrical  plane  whose  representation  is  required  on 
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hexagons,  those  of  seven  heptagons,  and  so  on.  The  subjoined  is  a table  of  the  arf'as 
and  perpendiculars  of  polygons,  the  side  being  = 1. ; and  of  the  lengths  of  sides  of  poly- 
gons to  Radius  1.  See  also  par.  1219. 


Number  of 
Sit’es. 

Names  of  Polygons. 

Area. 

Perpendiculars. 

Circumscribed. 

Inscribed. 

3 

Trigon 

Tetragon 

. 

•433013 

•2886751 

3-4641 

1-7321 

4 

- 

DOOOO-00 

•5000000 

2-0000 

1-4142 

5 

Pentagon 

- 

1-720477 

•6881910 

1-4530 

1-1756 

6 

Hexagon 

- 

2-598076 

•8660254 

1-1548 

1-0000 

7 

H eptagon 

- 

3-633912 

1-0382617 

0-9630 

0-8677 

8 

Octagon 

- - 

4-82S427 

1-2071068 

0-8284 

0-7654 

9 

Enneagon 

- 

6T81824 

1-3737387 

0-7278 

0 6840 

10 

Decagon 

- 

7-694209 

1-5388418 

0-6498 

0-6180 

11 

Endecagon 

- 

9-365640 

1-7028437 

0-5872 

0-5634 

12 

Dodecagon 

- 

11-196152 

1-8660254 

0 5358 

0-5176 

Rrom  the  above,  to  find  the  area  of  a regular  polygon,  multiply  one  of  the  sides  of  the 
polygon  by  the  perpendicular  from  the  centre  on  that  side,  and  multiply  half  the  pro- 
duct by  the  number  of  sides  ; or,  multiply  the  square  of  the  given  side  of  the  polygon 
by  the  number  opposite  to  its  name  under  the  word  Area. 

Polygram.  (Gr.)  A figure  consisting  of  many  lines. 

Poly H.’ED RON.  (Gr.)  A solid  contained  under  many  sides  or  planes.  If  the  sides  of  a 
polyhgedron  be  regular  polygons,  all  similar  and  equal,  it  becomes  a regular  body,  and 
may  be  inscribed  in  a sphere,  that  is,  a sphere  may  be  drawn  round  it,  so  that  its  sur- 
face shall  touch  all  the  solid  angles  of  the  body. 

PoLYSTYLE.  (Gr.  rioXos  and  StuAos.)  Of  many  columns.  See  Colonnade. 

PoMEL.  (Lat.  Pomum.)  A globular  protuberance  terminating  a pinnacle,  &c. 

Poplar.  (Lat.  Populus.)  A tree  sometimes  used  for  rafters  in  common  buildings. 

Poppy  Heads,  or  Poppies.  The  termination  of  the  ends  of  open  seats,  often  carved  as 
heads,  foliage,  &c. 

Porch.  (Fr.)  An  exterior  appendage  to  a building,  forming  a covered  approach  to  one 
of  its  principal  doorways. 

Porphyry.  (Gr.)  A very  hard  stone,  partaking  of  the  nature  of  granite.  It  is  not  so 
fine  as  many  of  the  ordinary  marbles,  but  far  exceeds  them  in  hardness,  and  will  take  a 
very  fine  polish.  It  is 'generally  of  a high  purple,  which  varies,  however,  from  claret 
colour  to  violet.  Its  variations  are  rarely  disposed  in  grains.  The  purple  porphyry 
was  obtained  by  the  Romans  in  Egypt,  the  quarries  of  which  were  only  discovered, 
between  the  River  Nile  and  the  Red  Sea,  about  1885-87,  by  Burton,  Schweinfurth,  and 
lastly  by  Brindley.  Columns  of  it  wrought  1900  years  since  still  retain  the  freshness 
of  colour.  It  had  been  obtained  of  very  large  sizes,  for  tombs,  &c.  It  must  not  be 
confounded  with  the  Syenite  of  Egypt. 

The  red-lead  coloured  porphyry,  which  abounds  in  Minorca,  is  variegated  with  black 
white,  and  green,  and  is  a beautiful  and  valuable  material.  The  pale  and  red  porphyry 
variegated  with  black,  white  and  green  is  found  in  Arabia  Petraea  and  Upper  Egypt,  and 
in  separate  nodules  in  Germany,  England,  and  Ireland.  The  sorts  best  known  are  what  the 
Italians  call  the  porfido  rosso  (red),  which  is  of  a deep  red  with  oblong  white  spots ; the  lat- 
ter are  oi  f eld  s^a^'A,  which  resembles  schorl.  There  are  two  varieties  of  black  porphyry, 
the  porfido  nero,  or  black  porphyry,  and  that  called  the  serpentino  nero  antico.  The  first 
has  a ground  entirely  black,  sp  >tted  with  oblong  white  spots  like  the  red  porphyry; 

* the  other  has  also  a black  ground,  with  great  white  spots,  oblong,  or  rather  in  the  form 
of  a parallelopipedon,  nearly  resembling  in  colour  what  the  French  call  serpentin  vert 
antique.  The  brown  porphyry  has  a brown  ground  with  large  oblong  greenish  spots. 
There  are  several  sorts  of  green  porphyry,  which  the  Italians  princiiially  distinguish 
by  the  names  of  serpentino  antico  verde,  found  in  great  abundance  and  in  large  blocks 
in  the  neighbourhood  of  the  ancient  Ostia,  of  a green  ground  with  oblong  spots  of  a 
lighter  shade  of  the  same  colour  ; and  the  porfido  verde,  which  is  of  a ground  of  very 
dark  green,  almost  approaching  to  black,  with  lighter  shades  of  a fine  grass  green. 

Portal.  (Lat.  Porta.)  The  arch  over  a door  or  gate  ; the  framework  of  the  gate  ; the 
lesser  gate,  when  there  are  two  of  different  dimensions  at  one  entrance.  The  Fr.  portail 
is  given  to  the  entrance  facade  of  a building.  This  term  was  formerly  applied  to  a 
small  square  corner  in  a room  separated  from  the  rest  of  the  apartment  by  wainscoting. 

Portcullis.  (Fr.)  A strong  grated  framing  of  timber,  resembling  a harrow,  the  vertical 
pieces  whereof  were  pointed  with  iron  at  the  bottom,  for  the  purpose  of  striking  into  the 
ground  when  it  was  dropped,  and  also  to  break  and  destroy  that  upon  which  it  fell.  It 
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was  made  to  slide  up  and  down  in  a groove  of  solid  stone-work  within  the  arvh  of  the 
portals  of  old  castles.  It  was  introduced  into  the  early  Norman  ca.>>tli-8. 

Portico.  (Lat.  Porticus.)  See  Colonnaur. 

Portland  Cement.  A quick-setting  cement  made  from  limestone  and  clav.  It  is 
calcined  at  a very  great  heat ; will  take  a larger  quantity  of  sand  than  Roman 
cement;  and  is  much  lighter  in  colour,  rendering  it  more  agreeable  for  decorative 
purposes. 

Portland  Stone.  A dull  white  species  of  stone  brought  from  the  island  of  Portland. 
It  stands  the  action  of  the  Loudon  atmosphere  better  than  any  other  stone. 

P()RruGUESE  Architecture.  See  Spanish  Architecture. 

Position.  In  geometry,  the  situation  of  one  thing  in  regard  to  another.  Spe.iking 
architecturally,  it  is  the  situation  of  a building  in  respect  of  the  four  cai-dinal  points 
of  the  horizon. 

Post.  (Fr.)  An  upright  piece  of  timber  set  in  the  earth.  Any  piece  of  timber  whose 
office  is  to  support  or  sustain  in  a vertical  direction,  as  the  kuig  and  q^ieen  posta  in  a 

* roof,  is  so  called. 

Post  and  Paling.  A close  wooden  fence  constructed  with  posts  fixed  in  the  ground  and 
; pales  nailed  between  them.  This  kind  of  fence  is  sometimes  called  and  railing, 

■ though  this  latter  is  rather  a kind  of  open  wooden  fence,  used  for  the  protection  of 
young  quickset  hedges,  consisting  of  posts  and  rails,  &c. 

Postern.  A side  door  or  gate  usually  employed  in  castellated  architecture. 

Posticum.  (Lat.)  See  Cell. 

Postscenium  or  Parascenium.  (Lat.)  In  ancient  architecture,  the  back  part  of  the 
theatre,  where  the  machinery  was  deposited,  and  where  the  actors  retired  to  robe 
themselves. 

Pot  Metal.  See  Stained  Glass. 

Poultry  House.  A building  for  the  shelter  and  rearing  of  poultry,  of  which,  perhaps,  the 
finest  example  is  that  at  Winnington  in  Cheshire.  The  Iront  is  one  hundred  and  forty 
feet  in  length,  with  a pavilion  at  each  end,  united  to  the  centre  by  a colonnade  of  small 
cast-iron  pillars,  supporting  a slated  roof,  which  shelters  a paved  w’alk.  In  the  centre 
of  the  front  are  four  strong  columns,  and  as  many  pilasters,  supporting  a slated  roof, 
with  an  iron  gate  betw'een  them,  from  which  a large  semicircular  court  is  entered,  with 
a colonnade  round  it,  and  places  for  the  poultry.  On  one  side  of  the  gate  is  a small 
parlour,  and  at  the  other  end  of  the  colonnade  a kitchen. 

Power.  In  mechanics,  a force  which,  applied  to  a machine,  tends  to  produce  motion.  If 
it  actually  produce  it,  it  is  called  a moving  power,  if  not,  it  is  called  a sustaining  power. 
The  term  is  also  used  in  respect  of  the  six  simple  machines,  viz.  the  lever,  the  balance, 
the  screw,  the  axis  in  peritrochio,  the  wedge,  and  the  pulley,  which  are  called  the  mecha- 
nical powers. 

PoYNTELL.  A pavement  consisting  of  small  lozenge-shaped  tiles,  or  square  tiles  laid 
diagonally. 

PoZZUOLANA.  See  Puzzuolana. 

PRAiciNCTio  (Lat.)  or  Balteus.  A wide  seat,  or  rather  step,  round  the  audience  part  of 
the  ancient  theatres  and  amphitheatres.  It  was  termed  5ia(cofta  by  the  Greeks. 

Preaching  Cross.  A cross  erected  in  the  highway,  at  which  the  monks  and  others 
preached  to  the  public. 

Preceptory.  a manor  or  estate  of  the  Knights  Templars,  on  which  a church  was  erected 
for  religious  service,  and  a convenient  house  for  habitation,  and  generally  placed  under 
one  of  the  more  eminent  members  of  the  fraternity,  called  praceptores  templi,  U)  lun  e 

' care  of  the  lands  and  rents  of  the  place.  The  preceptories  were  nothing  more  than  cells 
to  the  Temple,  or  principal  house  of  the  knights  in  London.  ^ ^ • • .1 

Presbytery.  That  part  of  the  church  reserved  for  the  officiating  priests,  comprising  1 10 
choir  and  other  eastern  parts  of  the  edifice. 

• Pricking  UP  Coat.  The  first  coat  of  plaster  in  three-coat  work  on  lathing. 

I Prick  Post.  The  same  as  a Queen  Post  of  a roof.  Also  the  posts  in  a wooden  building 
I placed  between  the  principal  posts  at  the  corners.  Also  the  posts  framed  into  the 
I breastsummer,  between  the  principal  posts,  for  strengthening  the  carcass  ^ 
f Prime.  (Lat.)  A figure  in  geometry  that  cannot  be  divided  into  any  other  figures  more 
simple  than  itself,  as  a triangle  in  plane  figures,  and  a p-raniid  in  • , 

A prime  number  is  one  that  cannot  bo  divided  by  I oround  for 

? Priming.  In  painter’s  work,  the  fii-st  colouring  ot  the  work,  which  forms  a ground  for 

the  succeeding 

• - • +iw,  to  suDDort  tlie  timbers  of  a ukiI. 


Principal  Brace. 


a state  of  compression,  assisting,  with  the  principals,  to 
Principal  Point.  In  perspective,  a point  in  the  perspectne  p a p irf.-iscctiou  of 

fall  drawn  from  the  eye  perpendicular  to  that  plane.  ‘ ’ 

the  horizontal  and  vertical  planes,  or  i\\ei  pomt  of  sight  ov  oj  y . 
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PiuNCiPAL  Rafter.  One  whose  size  is  larger  than  that  of  a common  rafter,  and  is  framed 
in  such  a manner,  as  in  a truss,  as  to  bear  the  principal  weight  of  the  latter. 

Principal  Ray.  In  perspective,  the  line  passing  from  the  eye  to  the  principal  point  on 
the  perspective  plane. 

Priory.  A monastery,  the  head  of  which  was  called  a prior  or  prioress. 

Prism.  (Gr.  Upurfia.)  In  geometry  an  oblong  or  solid  body  contained  under  more  than 
four  planes,  whose  bases  are  equal,  parallel,  and  similarly  situate. 

pRiSMOiD.  A solid  figure,  having  for  its  two  ends  any  dissimilar  parallel  plane  figure 
of  the  same  number  of  sides,  and  all  the  upright  sides  of  the  solid  trapezoids.  If 
the  ends  of  the  prismoid  be  bounded  by  dissimilar  curves,  it  is  sometimes  called  a 
cylindroid. 

Prison.  A building  erected  for  the  confinement,  or  safe  custody,  of  those  who  have  trans- 
gressed the  laws  of  their  country,  until,  in  due  course  of  time,  they  are  discharged. 

In  considerable  cities  and  towns,  humanity,  and  indeed  justice,  demands  that  tlie 
same  building  which  confines  the  convicted  felon  should  not  enclose  the  debtor  and 
the  untried  prisoner,  as  well  as  him  whose  offence  is  not  of  an  aggravated  nature.  In 
small  towns,  where  there  may  be  only  one,  perhaps  small,  prison,  the  separation  of  the 
prisoners  is  more  difficult  to  accomplish.  The  separation  of  the  sex  is  indispensable. 
For  whatever  class  of  prisoners  a building  is  erected,  salubrity  and  ventilation  are  as 
essential  as  the  security  of  those  confined.  It  is  now  unnecessary  to  reprint  the  whole 
of  the  requisites  which  the  celebrated  Howard  specified  for  prisons : modern  rules 
have  necessitated  great  alterations  since  his  time. 

Prison  discipline  is  a problem  the  wisest  of  our  legislators  have  not  yet  been  able 
to  solve.  When  Pentonville  Prison  was  erected  it  was  thought  that  complete  separa- 
tion, by  its  severity,  would  lessen  crime.  The  result,  however,  has  scarcely  justified 
the  belief.  The  Government  have  had  ample  opportunity  of  forming  an  opinion  upon 
the  merits  of  the  separate  system,  consequently  about  1851  some  relaxation  was  made, 
and  about  ten  per  cent,  were  placed  in  association.  The  City  authorities  adopted  a 
middle  course,  and  they  have  the  means  of  confining  the  vicious  in  separate  cells  ; 
and  have  sufficient  number  of  workrooms  for  classified  association. 

One  of  the  prisons  erected  for  the  metropolis  is  the  Model  or  Pentonville  Prison 
in  the  Caledonian  Road,  erected  1840-42  by  Major  R.  Jebb  for  1,000  prisoners, 
and  to  which  additions  have  been  made.  A Beport  was  published  at  the  time 
giving  all  the  details  of  the  cells,  which  are  13  feet  by  7 feet  by  9 feet  high,  and 
intended  for  solitary  confinement.  Another,  the  new  City  Prison,  in  the  Camden  Road, 
erected  1849-52,  by  the  City  architect,  Mr.  J.  B.  Sunning,  has  418  cells.  It  is 
constructed  on  the  radiating  principle,  having  four  wings  diverging  from  the  centre, 
with  two  others  in  front  of  the  former.  Each  is  twelve  cells  in  length,  or  about 
100  feet  long,  and  three  stoiies  high.  The  corridors  are  16  feet  wide,  and  are  open  up 
to  the  arched  ceiling,  with  galleries  leading  to  the  upper  cells.  One  of  the  latest 
prisons  ei’ected  is  that  at  Edinburgh.  It  is  described  in  the  British  Architect  for 
October  14,  1887,  p.  291. 

Problem  (Gr.)  In  geometry,  a proposition  in  which  some  operation  or  construction  is 
required,  as  to  divide  a line,  to  make  an  angle,  to  draw  a circle  through  three  points 
not  in  a right  line,  &c.  A problem  consists  of  three  parts  : the  proposition,  which 
states  what  is  required  to  be  done ; the  resolution  or  solution,  wherein  are  rehearsed 
the  step  or  steps  by  which  it  is  done;  and  the  demonstration,  wherein  it  is  shown 
that  by  doing  the  several  things  prescribed  in  the  resolution  the  thing  required  is 
obtained. 

Prodomus.  In  ancient  architecture,  the  portico  before  the  entrance  to  the  cell  of  a 
temple.  See  Cell. 

Producing.  In  geometry,  the  continuing  a right  line  to  any  required  length. 

Profile.  The  vertical  section  of  a body.  It  is  principally  used  in  its  architectural  sense 
to  signify  the  contour  of  architectural  members,  as  of  bases,  cornices,  &c.  The  profile 
of  an  order  is  in  fact  the  outline  of  the  whole  and  its  parts,  the  drawing  whereof  is 
technically  called  profiling  the  order. 

Proiection.  The  art  of  representing  a body  on  a plane  by  drawing  straight  lines  through 
a given  point,  or  parallel  from  the  contour  and  from  the  intermediate  lines  of  the  body, 
if  any,  so  as  to  cut  the  plane.  When  the  projection  is  made  by  drawing  straight  lines 
from  a point,  it  is  called  o,  perspective  representation',  but  if  formed  by  parallel  lines,  it 
is  called  an  orthographical  representation. 

Projecture.  An  out-jetting  or  prominence  beyond  the  naked  of  a wall,  column,  &c.  By 

‘ the  Greeks  projectures  were  called  encpopai,  by  the  Italians  sporti,  by  the  French  saillies ; 
our  workmen  called  them  sailings  over. 

Prolate.  (Lat.)  An  epithet  applied  to  a spheroid  when  generated  by  the  revolution  of 
a semi-ellipsis  about  its  longer  diameter. 


glossary. 


13t6 


Phoxaos,  See  Cell. 


Pkop.  a support,  or  that  on  wliioli  anything  rests.  Sco  R^vrp  5,,., 

Proportion.  The  just  magnitude  of  each  part  and  of  . ^hork. 

suitable  to  the  end  in  view  See  IUumo.vc,  Ind  oLMKT.n'rruoemm  Iv  ’ “ “ 
Proportional  Compasses.  See  Compasses  ’ 

Propyl^um.  (Gr.  npo,  before,  and  n.;A77,’ a portaM  Anv  i , 

t>>e  ontr«  totcr" 


court 


Proscenium.  (Gr.)  That  part  in  the  ancient  theatro 

"" The  Ko„nu,;::ii:rs:;f™r',i:o 


in  which  tlie  columns  stand  in 


pulpitu77i. 

Prostyle.  (Gr.  ITpo,  and  StuXo?,  a column.)  A portico 
advance  of  the  building  to  which  they  belong. 

Prothesis,  Table  of.  See  Credence. 

Prothyris.  (Gr.)  A word  used  in  ancient  architecture  to  KiVnIfv  o i 
thwart  rafter,  as  likewise  a quoin  or  course  of  a wall.  See  ConLle 
Prothyrum.  (Gr.)  A porch  at  the  outer  door  cf  a house  • a portal.  ’ 

^''plotting?'''  Pi-otractus.)  An  instrument  for  laying  down  an  angle  in  drawing  or 

PsEUDISODOMUM.  See  IsODOMUM. 

PSEUDODIPTERAL  or  False  Dipteral.  A disposition  in  the  temples  of  antiquity  wherein 
there  were  eight  columns  in  front  and  only  one  range  round  the  cell.  It  is  called  filse 
or  imperfect,  because  the  cell  only  occupying  the  width  of  four  columns,  the  sides  from 
the  columns  to  the  walls  of  the  cell  have  no  columns  therein,  thouf^h  the  front  and  rear 
present  a column  in  the  middle  of  the  void.  See  Temple.  ° 

PsEupopERiPTERAL  or  Imperfect  Peripteral.  A disposition  in  the  ancient  temi.h  «^  in 
which  the  columns  on  the  sides  were  engaged  in  the  wall,  and  wherein  there  was  no 
portico  except  to  the  fa9ade  in  front;  such  are  the  Maison  Carree  at  Xismes,  aiid^he 
temple  of  Fortuna  Virilis  at  Rome. 

Ptera.  In  Grecian  architecture,  is  the  colonnade  which  surrounded  the  cell  of  the  temple, 
the  monopteros  temple  being  the  only  species  which  had  columns  without  a wall  behind 
them.  The  peripteral  had  one  tier  of  columns  round  the  cell,  the  dipteral  two,  and  the 
pseudo  or  false  dipteral,  invented  by  Hermogenes,  was  that  in  wXiich  the  ptera  was 
single,  but  occupied  the  same  space  on  the  sides  of  the  cell  as  the  dipteral,  though  one 
of  the  tiers  of  columns  was  left  out.  Thus,  by  metaphor,  the  columns  were  called  the 
wings  of  the  temple.  See  Temple. 

Pteroma.  (Gr.  UTepov,  a wing.)  The  space  between  the  wall  of  the  cell  of  a temple  and 
the  columns  of  the  peristyle,  called  also  a7nbulatio. 

Public  Building.  Every  building  used  as  a church,  chapel,  or  other  place  of  public 
worship ; also  every  building  used  for  purposes  of  public  instruction ; also  as  a 
college,  public  hall,  hospital,  theatre,  public  concert  room,  public  ball  room,  public 
lecture  room,  public  exhibition  room,  or  any  other  public  purposes.  Metropolitan 
Building  Act,  1885. 

Puddling.  The  filling  behind  a wall,  filling  up  a cavity,  or  banking  up  with  clay 
tempered  with  wuter,  and  carefully  rammed  down  with  the  repeated  strokes  of  beaters 
or  beetles,  in  order  to  make  it  solid.  See  Claying. 

Pugging.  A coarse  kind  of  mortar  laid  upon  rough  boarding  placed  between  j’oists,  to 
prevent  the  transmission  of  sound  from  the  apartment  above  to  that  below. 

Pug-mill.  A stone,  or  a pair  of  large  circular  stones,  in  a vertical  position,  worked  by 
machinery  to  roll  round  as  a wheel  and  also  in  and  round  an  iron  pan,  for  the  purpose 
of  grinding  up  clay  for  brickmaking,  and  also  the  lime  and  bricks  in  making  mortar. 
Pug-piling.  The  same  as  dovetailed  piling,  or  pile  planking.  ^ 

Pulley.  (Fr.)  One  of  the  five  mechanical  powers,  consisting  of  a wheel  or  rundle, 
having  a channel  around  it  and  turning  on  an  axis,  serving,  by  means  of  a rope  which 
moves  in  its  channel,  for  the  raising  of  weights. 

Pulley  Mortise.  The  same  as  Chase  Mortise. 

Pulpit.  (Ital.  Pulpito.)  An  elevated  place,  an  enclosed  stage  or  platform  for  a preacher 
in  a church.  The  ancient  a77ibo  served  the  same  purpose. 

PuLpnuM.  (Lat.)  See  Proscenium. 

Pulvinaria.  (Lat.)  Cushions  in  the  ancient  temples  whereon  the  statues  of  the  gods 
were  sometimes  laid. 

Pulvinata.  (Lat.)  A pillow ; as  applied  to  the  volute  of  the  Ionic  order. 

Pulvinated.  See  Frieze. 

Pump.  A machine  for  raising  water;  there  are  many  varieties  of  them. 

Puncheon.  (Fr.  Poin9on.)  A name  common  to  iron  instruments  used  in  dinerent  trades 
for  cutting,  inciding,  or  piercing  a body.  In  carpentry,  it  is  a piece  of  timl'cr  placed 
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upright  between  two  posts  whose  hearing  is  too  great,  serving,  together  with  them,  to  f t 
sustain  some  heavy  weight.  The  term  is  also  applied  to  a piece  of  timber  raised  upright  ■.  ' 
under  the  ridge  of  a building,  and  in  which  are  jointed  the  small  timbers.  Also  to  the 
arbor  or  principal  part  of  a machine  on  which  it  turns  vertically,  as  that  of  a crane. 

PuuBECK.  Stone.  A species  of  stone  obtained  from  the  island  of  Purbeck  in  Dorsetshire, 
of  a very  hard  texture,  and  used  for  paving.  See  Pavement. 

PuRFLED.  (Fr.  Pourfiler.)  Ornamented  work  in  stone,  or  other  material,  representing  1 
embroidery,  drapery,  or  lace  work. 

Purlin.  A horizontal  piece  of  timber  lying  generally  on  the  principal  rafters  of  a roof  to 
lessen  the  bearings  of  the  common  rafters.  Locally  called  side  timbers,  and  side  wavers.  i|i 

PuTEAL.  The  marginal  stone  of  a well.  The  celebrated  one  of  Scribonius  Li  bo  was  I 
erected  by  order  of  the  senate  to  mark  the  spot  where  a thunderbolt  had  fallen  near  the  il 
st.ituesof  Marsyas  and  Janus  by  the  Comitia. 

Putlog.  See  Ledger. 

Putty.  A sort  of  paste  consisting  of  whiting,  with  or  without  a small  portion  of  white  • 
lead,  and  linseed  oil,  beaten  together  until  it  assumes  a kind  of  tough  consistency  like 
dough.  In  this  state  it  is  used  by  glaziers  for  fixing  in  the  squares  of  glass  to  sash  a 
windows,  etc.,  and  also  by  house-painters  to  stop  up  holes  and  cavities  in  woodwork  ' 
before  painting. 

PuzzuoLANA.  A grey-coloured  earth  deriving  its  name  from  Puzzuoli,  whence  it  was 
originally  brought.  It  is  a volcanic  matter  found  in  many  other  parts  of  Italy,  and 
generally  in  the  neighbourhood  of  volcanoes  active  or  extinct,  from  w'hich  it  has  been 
thrown  out  in  the  form  of  ashes.  It  immediately  hardens  wdien  mixed  with  one-third  i 
of  its  weight  of  lime  and  water,  forming  an  admirable  water  cement. 

Pycnostyle.  (Gr.  riLi/fvos,  close,  2tuAos,  column.)  See  Colonnade. 

Pylon.  The  mass  of  building  on  either  side  of  the  entrance  to  an  Egyptian  temple.  It 
is  pyramidal  in  form  and  sometimes  as  much  as  100  feet  in  length  and  32  feet  in  width. 

Pyramid.  (Gr.  Ilup,  fire.)  A solid  standing  on  a square,  triangular,  or  polygonal  basis,  ; 
and  terminating  at  top  in  a point;  or  a body  whose  base  is  a regular  rectilinear  figure  . 
and  whose  sides  are  plain  triangles,  their  several  verticles  meeting  together  in  one  i 
point.  It  is  defined  by  Euclid  as  a solid  figure  consisting  of  several  triangles  whose 
bases  are  all  in  the  same  plane  and  have  one  common  vertex. 

The  principal  properties  of  pyramids  are  as  follow: — 1.  All  pyramids  and  cones  ' 
standing  on  the  same  base  f.nd  having  the  same  altitude  are  equal.  2.  A triangular 
pyramid  is  the  third  part  of  a prism,  standing  on  the  same  base  and  of  the  same  altitude.  I 
3.  Hence,  since  every  multangular  may  be  divided  into  triangulars,  every  pyramid  is 
the  third  part  of  a prism  standing  on  the  same  base  and  of  the  same  altitude.  4.  If  a , 
pyramid  be  cut  by  a plane  parallel  to  its  base,  the  sections  will  be  similar  to  the  base.  ' 

6.  All  pyramids,  prisms,  cylinders,  etc.,  are  in  a ratio  compounded  of  their  bases  and  ! 
altitudes  ; the  bases  therefore  being  equal  they  are  in  proportion  to  their  altitudes,  and  ^ 
the  altitudes  being  equal,  they  are  in  proportion  to  their  bases.  6.  Similar  pyramids,  i 
prisms,  cylinders,  cones,  etc.,  are  in  a triplicate  ratio  of  their  homologous  sides. 

7.  Equal  pyramids,  etc.,  reciprocate  their  bases  and  altitudes,  i.e.  the  altitude  of  one  is 
to  that  of  the  other,  as  the  base  of  the  one  is  to  the  base  of  the  other.  8.  A sphere  is 
equal  to  a pyramid  whose  base  is  equal  to  the  surface,  and  its  height  to  the  radius 
of  the  sphere.  See  Frustum. 

The  name  of  the  structure  erected  over  a tomb,  as  commonly  seen  in  Egypt. 

Pyramidion.  The  small  flat  pyramid  which  terminates  the  top  of  an  obelisk. 

Q 

Quadra.  (Ital.)  A square  border  or  frame  round  a basso-relievo,  panel,  etc. ; the  term  is 
not  strictly  applicable  to  any  circular  border.  The  term  is  also  applied  to  the  bands  or 
fillets  of  the  Ionic  base  on  each  side  of  the  scotia ; and  also  to  the  plinth  or  lower  mem- 
ber of  the  podium. 

Quadrangle.  Any  figure  with  four  angles  and  four  sides.  This  term  is  in  architecture 
in  England  applied  to  the  inner  square  or  rectangular  court  of  a building,  as  in  the 
college  courts  of  Oxford,  etc. 

Quadrant.  (Lat.)  The  quarter  of  a circle,  or  an  arc  of  it  containing  ninety  degrees 
within  its  enclosed  angle. 

Quadrature.  (Lat.)  The  determination  of  the  area  of  a figure  in  a square,  or  even  any 
other  rectilinear  form. 

Quadrel.  An  artificial  stone  perfectly  square,  whence  its  name,  much  used  formerly  by 
the  Italian  architects.  Quadrel s were  made  of  a chalky  or  whitish  and  pliable  earth, 
and  dried  in  the  shade  for  at  least  two  years. 

Quadrifores.  (Lat.)  In  ancient  architecture,  folding  doors  whose  height  was  divided  into 
two  parts.  When  they  opened  in  one  height,  they  were  termed /ores  valvatw  or  valvm. 

Quadrilateral.  In  geometry,  a figure  whose  perimeter  consists  of  four  right  lines  mak- 
ing four  angles,  whence  it  is  also  called  a quadrangular  figure. 
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Quauukl,  vulgarly  called  Quakry.  (Fr.  Carre.)  A square  or  lozenge-slmpod  t.i.co  of 
glass  used  in  lead  casements.  oil 

Quarry.  (Irish,  Carrig.)  A place  vlienco  marbles,  stones,  or  slates  are  procured 

Quarrying.  The  operation  of  extracting  the  produce  of  a quarry  is  one  which  reouire.s 
much  practical  knowledge  to  render  it  beneficial  to  its  owner;  but  in  respect  of  tlie 
details  they  are  not  required  to  bo  noticed  in  this  work.  ^ 

Quarter  Grain.  See  Felt  Grain. 

Quarter  Pace.  See  Foot  Pace. 

Quarter  Partition.  One  consisting  of  quarters,  or  upright  pieces  of  timber  receivint^ 
the  lath  and  plaster  work.  ” 

Quarter  Round.  The  same  as  Ovolo  and  Echinus,  being  a moulding  whoso  profile  is  the 
quadrant  of  a circle.  ^ 

Quarters.  Small  vertical  timber  posts,  rarely  exceeding  four  by  three  incho-s  use<l  to 
form  a partition  instead  of  walls  for  the  separation  or  boundary  of  apartments.  They 
are  placed,  or  ought  to  be,  about  twelve  inches  apart,  and  are  usually  lathed  and 
plastered  in  the  internal  apartments,  but  if  used  for  external  purposes  are  commonly 
boarded.  A series  of  such  posts  is  called  Quartering. 

Quartz.  (Germ.)  A mineral  production  better  known  by  the  name  of  rock  crysbil.  It 

includes  a variety  of  stones  with  which  we  have  nothing  here  to  do,  and  the  only  motive 
for  mentioning  it  is  its  occurrence  in  the  granites,  wherein  it  is  immediately  recognised, 
from  its  glass-like  appearance. 


Quatrefoil.  (Fr.  Quatrefeiiille.)  A modern  term  denoting  a form  disposed  in  four 
segments  of  circles,  and  so  called  from  its  imagined  resemblance  to  an  expanded  flower 
of  four  petals.  It  is  only  found  in  the  windows,  panels,  etc.,  of  Gothic  architecture. 

Quay.  (Fr.)  A bank  formed  towards  the  sea  or  on  the  side  of  a river  for  free  passage, 
or  for  the  purpose  of  unloading  merchandise. 

Queen-post.  A suspending  post  where  there  are  two  in  a trussed  roof. 

Queen.  A size  slate  used  in  roofing. 

Quicklime.  Lime  in  lump  or  in  powder,  ready  for  water  to  bo  added  to  it.  See  Lime. 

Quirk.  A piece  taken  out  of  any  regular  ground-plot  or  floor ; thus,  if  the  ground  plan  were 
square  or  oblong,  and  a piece  were  taken  out  of  the  corner,  such  piece  is  called  a quirk. 
See  Re-entering  angle. 

Quirk  Moulding.  One  whose  sharp  and  sudden  return  from  its  extreme  projection  to  the 
re-entrant  angle  seems  rather  to  partake  of  a straight  line  on  the  profile  than  of  the 
curve.  Of  this  class  are  a great  number  of  the  ancient  Greek  mouldings. 

Quoins.  (Fr.  Coin.)  A term  applied  to  any  external  angle  but  more  especially  applied 
to  the  angular  courses  of  stone  raised  from  the  naked  of  the  wall  at  the  corner  of  a 
building,  and  called  rustic  quoins.  See  Rustic  Quoins. 


R 

Rarbet.  See  Rebate. 

Rack.  The  case,  enclosed  by  bars,  over  the  manger  in  a stable,  wherein  the  hay  is  placed 
for  the  horses. 

Rad  and  Dab,  A substitute  for  brick  nogging  in  partitions,  consisting  of  coh  or  a mix- 
ture of  clay  and  chopped  straw  filled  in  between  laths  of  split  oak  or  hazel.  It  is  ahso 
called  wattle  and  dab. 

Radial  Curves.  In  geometry,  those  of  the  spiral  kind  whose  ordinates  all  terminate  in 
the  centre  of  the  including  circle,  and  appear  like  so  many  radii  of  such  circle 
Radius.  In  geometry,  the  semidiameter  of  a circle,  or  a right  lino  drawn  irom  the  centre 
to  the  circumference.  ^ . . 

Radius  of  Curvature.  The  radius  of  the  oscillatory  circle  at  any  point  in  a curve.  > ee 

OsCULATORY  CiRCLE.  ...  , , 

Raffle  Leaf.  A leaf  in  ornamental  foliage  formed  of  small  indentations  at  the  edge. 
The  acanthus  leaf  is  so  called. 

Rafters.  (Quasi,  Roof-trees.)  The  inclined  timbers  of  a roof,  whose  edges  are  in  the  same 

plane  which  is  parallel  to  the  covering.  , 

Rag  Slate.  A slate  obtained  from  Wales,  and  sold  by  tlio  ton,  winch  will  cover  about 

one  square  and  a half  of  roofing.  i i . 

Rail.  (Ger.  Riegel.)  A term  applied  in  various  ways,  but  more  part.cularlv  to  fhoso 
pieces  of  timber  or  wood  lying  horizontally,  whether  between  the  panels  of 
or  of  doors,  or  under  or  over  the  compartments  of  balustrades,  &c.  ; to  pieces,  in  I r.imi^  f,, 
tliat  lie  from  post  to  post  in  fences;  in  short,  to  all  pieces  lying  in  a liorizont.il  dncL- 
\ tion  which  separate  one  compartment  from  another. 

' Rainfall  To  calculate  the  quantity  of  water  that  will  accumulate  over  a given  area, 
5 multiply  the  inches  of  rainfall  by  2,323,200,  which  will  equal  the  cube  fiet 

f mile.  If  by  IH,  it  will  equal  millions  of  gallons  per  acre,  If  bv  3,030,  it  vnll  .qu.il 

I cube  feet  per  acre.  [Mo^eawortk.) 
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Kain-water  Pipe.  One  usually  placed  against  the  exterior  of  a house  to  carry  off  the 
rain-water  from  the  roof. 

Kaising  Piece.  One  which  lies  under  a beam  and  over  the  posts  or  puncheons.  The  term 
is  chiefly  used  in  respect  of  buildings  constructed  of  timber  framework. 

Raising  Weights.  See  Lewis. 

Rake.  A slope  or  inclination,  as  of  a roof. 

JtAKiNG.  A term  applied  to  any  member  whose  arisses  lie  inclined  to  the  horizon. 

ItAMP.  (Pr.)  In  handrails,  a concavity  on  the  upper  side  formed  over  risers,  or  over  a 
half  or  quarter  pace,  by  a sudden  rise  of  the  steps  above,  which  frequently  occasions  a 
knee  above  the  ramp.  The  term  is  also  applied  to  any  concave  form,  as  in  coping,  &c., 
where  a higher  is  to  be  joined  by  a continued  line  to  a lower  body. 

Rampant  Arch.  One  whose  abutments  or  springings  are  not  on  the  same  level. 

Rance.  a prop  or  shore  ; a term  used  in  Scotland.  ^ B 

Random  Tooling.  In  Scotland  called  droving,  is  a mode  of  hewing  the  face  of  a stone  |R| 
either  as  preparatory  to  some  other  process,  or  as  a finishing  operation.  A chisel  two  to®? 
four  inches  broad  at  the  cutting  edge,  is  advanced  along  the  stone  at  about  ^ inch  per  ■ 
stroke,  the  result  being  a series  of  indentations  on  the  surface  of  the  whole  stone- - 
The  excellence  of  the  work  depends  upon  the  regularity  of  these  flutings  and  the  absence 
of  ridges  between  the  draughts. 

Range,  or  Ranging.  (Fr.)  A term  applied  to  the  edges  of  a number  of  bodies  when 
standing  in  a given  plane.  Thus,  if  the  edges  of  the  ribs  of  a groin  were  placed  in  a 
cylindric  surface,  they  would  be  said  to  range.  It  is  also  used  in  respect  of  a work  that 
runs  straight  without  breaking  into  angles. 

Rank  Set.  When  the  sole  of  a plane  iron  projects  greatly  below  the  plane. 

Ray,  Principal.  In  perspective,  the  perpendicular  distance  between  tlie  eye  and  the 
perspective  plane. 

Rayonnant.  (Fr.  Radiating.)  A term  applied  in  France  to  a period  in  Gothic  archi- 
tecture, wherein  the  mullions  and  tracery  terminate  in  forms  founded  on  the  divergence 
of  rays  from  certain  centres.  It  prevailed  from  the  latter  end  of  the  thirteenth  until  near 
the  end  of  the  fourteenth  century. 

Rebate.  (Fr.  Rebattre.)  A channel  or  small  recess  cut  in  a piece  of  wood,  longitudinally, 
to  receive  the  edge  of  a body,  or  the  ends  of  a number  of  bodies  that  are  to  be  secured  to 
it.  The  depth  of  the  channel  is  equal  to  the  thickness  of  the  body  ; so  that  when  the 
end  cf  the  latter  is  let  into  the  rebate,  it  is  in  the  same  face  with  the  outside  of  the 
piece.  See  Door-stop. 

Rebate  Plane.  One  used  for  sinking  rebates. 

Recess.  (Lat.  Recedo.)  A cavity  left  in  a wall,  sometimes  for  use,  as  to  receive  a side- 
board, bed,  &c.,  or  to  add  to  the  quantity  of  floor  room,  and  sometimes  for  ornament,  as 
when  formed  into  a niche,  &c. 

Reciprocals.  A term  in  mathematics,  mostly  applied  to  the  fraction  made  by  inverting 
another  fraction  ; thus  | is  the  reciprocal  of  | and  y of  p. 

Rectangle.  In  geometry,  a figure  wFose  angles  are  all  right  angles.  Solids  are  called 
rectangular  with  respect  to  their  position,  as  a cone,  cylinder,  &c.,  when  perpendicular  to 
tlie  plane  of  the  horizon.  A parabola  was  anciently  called  a rectangular  section  of  a cone. 

Rectification.  In  geometry,  the  finding  of  a right  line  that  shall  be  equal  to  a given 
curve,  or  simply  finding  the  length  of  a curve. 

Rectilinear.  A figure  whose  boundaries  are  right  lines. . 

Rectilinear  Period.  A name  giv’^en  by  some  writers  to  the  Perpendicular  period  of 
mediaeval  architecture  in  England,  from  the  predominance  of  rectangular  or  straight  lines. 

Reduct.  A quirk  or  small  piece  taken  out  of  a larger  to  make  it  more  uniform  and  regular. 

Reduction  of  a figure,  design,  or  draught.  The  copying  it  on  a smaller  scale  than  the 
original,  preserving  the  same  form  and  proportions.  For  this  purpose  a pair  of  propor- 
tional compasses  are  generally  used,  by  which  the  labour  is  much  lessened. 

Reed  Moulding.  A moulding  formed  by  three  or  more  beads  worked  side  by  side. 

Re-entering  angle.  An  angle  returned  (A),  in  contradistinc-  — i - — 

tion  to  a square  or  solid  angle  (B),  by  the  former  of  which  1 

much  space  is  often  lost  in  small  houses,  it  being  sometimes  I 

adopted  from  its  picturesque  qualities.  See  Quirk.  I 

Refectory.  (Lat.)  A room  for  taking  refreshments.  See  Abbey. 

Reflector.  A polished  surface  so  placed  at  an  angle  that  it  will  reflect  light  towards 
any  required  position.  See  Light,  Reflected. 

Reflex.  The  light  reflected  from  a surface  in  light  to  one  in  shade. 

Refuge.  The  name  given  to  a building  prepared  for  the  reception  of  destitute  people, 
where  they  are  boarded  and  clothed  and  hai-e  to  work,  or  if  young  are  taught  some 
trade,  such  as  the  “Boys’  Refuge  Farm  School  and  Country  Home,”  at  Bisley,  near  Woking, 
in  Surrey. 

Reglet.  (Fr.)  A flat  narrow  moulding,  used  chiefly  to  separate  the  parts  or  members  of 
compartments  or  panels  from  each  other,  or  to  form  knoLi,  frets,  and  other  ornaments. 
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Kegula.  (Lat.)  A band  below  the  ta?nia  in  the  Dorir  arpl,ltr.,^.n 


Regulau  Architecture.  Thaf.  wlnV>i  . t 


wuifi^y  wiLn  ot/o.  UA  uiuereut  colours, 

Keins  of  a Vault.  The  sides  or  walls  that  sustain  the  arch. 


T)  /Tl  \ T)  m • A . LUC  J»«UU>UI  tl  OUUUiniJ, 

Relievo  (It.)  or  Relief.  The  projecture  from  its  ground  of  any  architectural  ornament 
Among  sculptors  there  are  three  degrees  of  relievo  ; namely,  alto  relievo,  when  the  figure 
stands  quite  out  from  its  ground;  7)iczzo  review,  when  one  half  of  the  figure  project‘d  • 
and  basso  relievo,  when  the  figures  are  raised  from  the  ground  in  a small  degree. 

Relieving  Arch.  See  Discharging  Arch.  ^ 

Render.  To  plaster  on  walls,  slates  or  tiles,  without  the  intervention  of  laths. 

Renaissance  Architecture.  The  name  gh'en  to  the  style  which  studied  to  revive  the 
forms  and  ornaments  of  Roman  art  and  partly  of  the  Grecian.  It  was  commenced  under 
the  best  efforts  of  the  artists  of  the  sixteenth  and  seventeenth  centuries.  The  style  is 
called  “ Cinque  Cento  ” in  Italy  ; and  the  “ Revival  ” or  “ Elizabethan  ” in  Great  Rritain. 

Rendering.  The  act  of  laying  the  first  coat  of  plaster  on  brickwork. 

Replum.  (Lat.)  In  ancient  architecture,  the  panel  of  a framed  door.  See  Impages. 

Reredos.  a screen  placed  behind  an  altar  in  mediaeval  architecture,  and  decorated 
with  niches,  statues,  paintings,  or  other  work,  in  accordance  with  the  period  of  the  stylo 
employed.  See  Altar  Screen. 

Reservoir.  (Fr.)  An  artificial  pond,  basin,  or  cistern  for  the  collection  and  supply  of  water. 

Resistance.  That  power  which,  acting  in  opposition  to  another,  tends  to  destroy  or 
diminish  its  effect.  There  are  several  sorts  of  resistance,  arising  from  the  various  uafures 
and  properties  of  the  resisting  bodies,  as  the  resistance  of  solids,  fluids,  air,  &c. 

The  following  is  a synopsis  of  the  most  important  results  that  have  been  draM'n  by 
different  writers  on  the  subject,  both  practical  and  theoretical : 

1.  The  resistance  of  a beam  or  bar  to  a fracture  by  a force  acting  laterally  is  as  the 
; solid  made  by  a section  of  the  beam  in  the  place  where  the  force  is  applied,  into  the 

distance  of  its  centre  of  gravity  from  the  point  or  line  where  the  breach  will  end. 

2.  In  square  beams  the  lateral  strengths  are  as  the  cubes  of  their  breadths  and  depths. 

I 3.  In  cylindric  beams,  the  resistances  of  strengths  are  as  the  cubes  of  the  diameters. 

4.  In  rectangular  beams  the  lateral  strengths  are  conjointly  as  the  breadths  and 
: squares  of  the  depths. 

5.  The  lateral  resistances  of  any  beams  whose  sections  are  similar  figures  and  alike 
. placed  are  as  the  cubes  of  the  like  dimensions  of  those  figures. 

6.  The  lateral  strength  of  a beam,  with  its  narrower  face  upwards,  is  to  its  strength  with 
the  broader  face  upwards,  as  the  breadth  of  the  broader  face  to  the  breadth  of  the  narrower. 

7.  The  lateral  strengths  of  prismatic  beams,  of  the  same  materials,  are  as  the  areas 
» of  the  sections  and  the  distance  of  their  centre  of  gravity  directly,  aud  as  their  lengths 

and  weights  reciprocally. 

8.  When  the  beam  is  fixed  at  both  ends,  the  same  property  has  place,  except  that 
in  this  case  we  must  consider  the  beam  as  only  half  the  length  of  the  former. 

9.  Cylinders  and  square  prisms  have  their  lateral  strengths  proportional  to  the  cubes 
of  their  diameters  or  depths  directly,  and  their  lengths  and  weights  inversely. 

10.  Similar  prisms  and  cylinders  have  their  strength  inversely  proportional  to  their 
linear  dimensions. 

The  relative  resistance  of  wood  and  other  bodies  is  shown  in  the  following  table: 


Proportional 

Eesistance. 


Proportional 

Kcsi^tuioc. 


Box,  yew,  plum-tree,  oak  - 
Elm,  ash  - - - - 

Walnut,  thorn  - 
Red  fir,  holly,  elder,  plane,  crab- 


tree,  apple-tree 
Beech,  cherry-tree,  hazel  • 


11 

U 

n 


.1  * Alder,  ash,  birch,  white  fir,  willow 

8i  Iron 

7 1 Brass 

Bone  - - - - - 

7 Lead 

6*  Fine  freestone  - - - - 


6 

107 

50 

22 


6i 
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inch  of  different  substances, 
lbs. 

Fir 

- 8 

Cedar  - 

- 5 

Ivory  - 

- 16 

Bone  - 

- 5 

Rope  - 

- 20 

transepts,  or  choir. 

They  are 

from  the  experiments  of  Professor  Robinson: — 

lbs.  lbs. 

Gold  when  cast  - - 20  Razor  steel  - - - 15 

Silver  - - - - 40  Oak  and  beech  in  the 

Cast  iron  - - 40  to  60  direction  of  their  fibres 

Wrought  iron  - 60  to  90  from  - - - 8 to  17 

Soft  steel  - - - 12  Willow-  - - - 12 

Responds,  Half-piers  at  the  east  or  west  end  of  the  nave, 
sometimes  formed  in  the  shape  of  corbels. 

Ressavlt.  (Fr.)  The  recess  or  projection  of  a member  from  or  before  another,  so  as 
to  be  out  of  the  line  or  range  with  it. 

Retabee.  a shelf,  temporary  or  otherwise,  between  the  altar  and  the  east  wall.  A 
series  of  receding  shelves  or  retables,  behind  and  separate  from  the  altar,  is  thought 
conv'enient  for  placing  thereon  vases  of  flowers  and  candlesticks. 

Retaining  Wall.  Such  as  is  built  to  retain  a bank  of  earth  from  sliding  down.  It  is 
is  also  called  a revetment,  or  revetement,  wall.  The  term  is  usually  restricted  to  a 
wall  built  to  retain  an  artificial  bank.  One  erected  to  sustain  the  force  of  solid  ground 
is  called  a breast  wall. 

Reticulated.  Like  the  meshes  of  a net.  The  reticulatum  opus  of  the  ancients  is 
described  under  the  article  Masonry. 

Return.  The  continuation  of  a moulding,  projection,  &c.,  in  an  opposite  direction.  A 
side  or  part  which  falls  away  from  the  front  of  a straight  work. 

Return  Bead.  See  Be.\d  and  Double  Quirk. 

Reveal.  (Lat.  Revello.)  The  vertical  side  of  an  aperture  between  the  front  of  the  wall 
and  of  the  window,  or  door,  frame. 

Revolution.  In  geometry,  the  motion  of  a point  or  line  about  a centre.  Thus,  a right- 
angled  triangle,  revolving  round  one  of  its  legs  as  an  axis,  generates  a cone  in  its 
revolution. 

Rhenish  Architecture,  The  species  of  Romanesque  practised  in  the  Rhine  countries, 
differing  only  in  subordinate  fea- 
tures from  that  of  other  parts  of 
Germany.  Fig.  1436. 

Rhomboid.  (Gr.)  A quadrilateral 
figure  whose  opposite  sides  and 
angles  are  equal. 

Rhombus.  (Gr.)  A quadrilateral 
figure,  whose  sides  are  all  equal, 
and  whose  opposite  angles  are 
respectively  equal,  two  being 
obtuse  and  two  acute. 

Rib.  (Sax.)  An  arch-formed  piece 
of  timber  for  supporting  the  lath 
and  plaster  work  of  a vault. 

Ribbing.  An  assemblage  of  ribs 
for  a vault  or  coved  ceiling. 

Ridge.  (Sax.)  The  highest  part 
of  a roof.  The  term  is  more 
particularly  applied  to  the  piece 
of  timber  against  which  the 
upper  ends  of  the  rafters  pitch. 

Ridge  Tile.  A convex  tile  made 
for  covering  the  ridge  of  a roof. 

Slate  ridging  and  terra  cotta 
ridging  are  often  employed. 

Right  Angle,  One  containing 
ninety  degrees.  A ready  mode 
of  obtaining  a right  angle  in  set- 
ting out  buildings  and  for  other 
purposes,  is : make  the  vertical 
line  equal  to  six  divisions,  the 
baseline  equal  to  eightsimilar  di- 
visions, then  the  distance  between 
each  point  should  be  equal  to  ten  such  divisions,  to  make  the  angle  to  be  obtained 
right  angle. 


Fig.  1436.  Church  at  Andernach, 
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Right  Circi.e.  A circle  drawn  at  right  angles  with  the  plane  of  projection. 

Right  Line.  A line  perfectly  straight. 

JtiSER.  The  upright  face  of  a step,  from  tread  to  tread. 

Rising  Hinge.  A hinge  so  formed  as  to  raise  the  door  as  it  opens,  that  it  may  pass  over  a 
carpet  or  mat;  and  thus  having  an  inclination  causing  the  door  to  close  of  itself.  S-a 
S.\Dm.E. 

Rivet.  Riveting.  A small  bolt  of  metal  forged  with  a head.  YTien  required  f.>r  uso 
in  joining  plates  together,  or  a plate  with  an  angle  iron  as  in  a girder,  the  Udt  is  ma  le 
red  hot,  placed  into  the  holes  prepared  for  it,  and  maintained  there  by  one  person, 
whilst  another  hammers  at  the  opposite  end  until  its  superabundant  length  has  bo«  n 
driven  flat  against  the  plate.  Such  work  is  called  rivchd.  See  A.ngi.e  Iron. 

Ro.vd  Rolung  machine.  Two  steam  locomotives,  invented  respectively  by  Lemoino  and 
Hallaison,  the  latter  having  been  approved  as  the  better  of  the  two,  have  been  lately 
employed  in  Paris  to  crusli  and  consolidate  the  broken  granite  laid  on  the  roadways  in 
that  city.  This  machine  has  two  rollers,  the  engine  being  placed  between,  and  the 
boiler  on  one  of  them.  With  fuel  and  water,  the  -weight  of  the  Rallaison  steam  roller 
is  13^  tons  with  springs  ; and  an  iron  framework  loj  tons.  Its  strength  is  10  horse- 
power, and  its  consumption  of  coal  about  16  lb.  per  horse.  It  does  its  work  in  half  the 
time  and  at  half  the  cost  that  would  be  required  were  the  work  done  by  rollers  drawn 
by  horses,  besides  that  it  is  performed  more,  rapidly  and  completely.  Over  the  Pont 
Royal,  the  roadway  was  covered  with  granite  at  ten  o’clock  in  the  evening,  the  rolling  con- 
tinued all  night,  and  the  roadway  opened  for  traffic  in  the  morning. 

Roadway.  In  relation  to  any  road,  pissage,  cr  way,  the  word  shall  mean  the  whole 
space  open  for  traffic,  whether  carriage  traffic  an  I foot  traffic,  or  foot  traffic  only. 
Metropolis  Management  and  Ruilding  Acts  Amendment  Act,  1878.  Street. 

Rocking  Stone,  or  Logan.  A large  rough  stone  so  placed  on  a small  part  of  its  bed  that 
it  can  be  moved  to  and  fro  with  a slight  force.  It  is  classed  in  the  Celtic  period. 

Rococo.  A debased  variety  of  the  Louis  XV.  style  of  ornament.  It  is  also  applied  to 
anything  bad  or  tasteless  in  decoration. 

Rod.  A measure  of  length  equal  to  16^  feet.  A square  rod  is  the  usual  measure  of 
brickwork,  and  is  equal  to  272^  square  feet,  and  in  London  is  calculated  at  1^  bricks  ia 


thickness. 

Roe  Stone  or  Oolite.  A kind  of  limestone,  found  under  chalk  in  various  parts  of  England. 

Roll.  A piece  of  wood  prepared  for  the  plumber  to  turn  the  lead  over  it,  where  the  sheets 
join,  so  as  to  protect  the  flat  roof  or  edge  from  the  admission  of  water. 

Roll  Moulding.  A moulding  in  the  shape  of  a cylinder.  It  occurs  chiefly  in  the 
Early  English  and  Decorated  periods  of  Gothic  architecture.  When  it  has  a slight 
edge  at  one  part,  it  is  a scroll  or  edge  moulding,  or  a ressant  lorymer.  When  there  is  a 
fillet,  it  is  a roll  and moulding  ; this  is  seen  in  the  Decorated  period.  See  Keel. 

Rolls  or  Rolleus.  Among  workmen  are  plain  cylinders  of  wood,  seven  or  eight  inches 
diameter  and  three  or  four  feet  long,  used  for  the  purpose  of  moving  large  stones, 
beams,  and  other  heavy  weights.  They  are  placed  successively  under  the  fore  part  of 
the  masses  to  be  removed,  and  at  the  same  time  are  pushed  forward  by  levers  applieil 
behind.  When  blocks  of  marble,  or  other  very  heavy  weights,  are  to  be  moved,  they 
use  what  are  called  endless  rolls.  Those,  to  give  them  the  greater  force  ami  prevent 
their  bursting,  are  made  of  wood  joined  together  by  cross-quarters,  double  the  length 
and  thickness  of  the  common  rollers,  and  girt  with  iron  hoops  at  each  end.  At  a foot 
from  the  ends  are  two  mortises  pierced  through  and  through,  into  which  are  put  the 
ends  of  long  levers,  which  the  workmen  draw  by  ropes  fastened  to  t!ie  ends,  still 
changing  the  mortise  as  the  roll  has  made  a quarter  of  a turn. 

Roman  Architecture.  The  style  adopted  by  the  ancient  Romans  from  that  of  the 
Greeks.  It  was  based  upon  the.  principle  of  the  round  arch.  ^ ^ n i 

Roman  Cement.  The  common  name  for  Parker’s  cement.  It  is  now  very  often  called 
“ brown  cement,”  to  distinguish  it  from  Portland  or  “ white  cement. 

Roman  Order.  The  same  as  Composite  Order.  t>  f 

Romanesque  Architecture.  The  style  which  was  based  upon  a Roman  form,  and  mIiiJi 
led  on  to  the  Pointed  or  medimval  styles.  There  are  many  varieties  of  Romanesque,  as 
Lombard,  Rhenish,  French,  and  English  Norman,  &c.,each  having  its  own  independent 

Vc.)  A cross,  crucifix,  or  figure  of  Christ  on  fhe  cross  placod  in  a cliurc-h. 
The  holy  rood  was  one,  generally  as  large  as  life,  elevated  at  A ' 

and  chir,  and  facing  to  the  western  entrance  of  ^^lleTi  w “ 

gallery  on  w^iehth_e  rood  ^ 


commonly  placed  over  the  chancel  screen  in  parish  churo  ahvavs 

stood  over  the  intersection  of  the  nave  -with  the  transep  s. 
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Rood.  A measure  equal  to  36  square  yards,  by  -which  rubble  masonry  is  valued  in  Scot-  I ^ 
land.  Rubble  walls  at  and  below  18  inches  thick  are  reduced  to  one  foot ; and  above  | 

18  inches  thick,  to  2 feet.  It  is  also  a measure  of  land.  See  Measure.  ’ 

Roof.  The  covering  to  a building.  , 

Roofing.  The  assemblage  of  timbers,  and  covering  of  a roof  whose  pitch  in  this  climate,  || 
for  different  coverings,  is  shown  in  the  following  table  : — (See  table  20406.)  r 

Species  of  Covering.  Inclination  to  the  Horizon.  Height  of  Eoof  in  Part  of  the  Span.  ii 


Copper  or  lead 

- 

3° 

50 

- 

one  forty-eighth. 

Large  slates 

- 

22 

0 

- 

one-fifth. 

Common  slates 

- 

26 

33 

- 

one-quarter. 

Stone  slates 

- 

29 

41 

- 

two-sevenths. 

Plain  tiles 

- 

29 

41 

- 

- two-sevenths. 

Pan  tiles 

. 

24 

0 

- 

two-ninths. 

Thatch 

- 

45 

0 

- 

one-half. 

Room.  ("Sax.  Rum.)  An  interior  space  or  division  of  a house,  separated  from  the  ♦! 
remainder  of  it  by  walls  or  partitions,  and  entered  by  a doorway.  Habitable  Room. 

Rose  or  Rosette.  An  ornament  of  frequent  use  in  architectural  decorations.  The  u 

centre  of  the  face  of  the  abacus  in  the  Corinthian  capital  is  decorated  with  what  is  a 

called  a rose. 

Rose  Window.  A circular  window  with  compartments  of  tracery  not  branching  from  a i 
centre.  The  illustration  (Jiff.  1437)  is  an  outline  from  Lincoln  Cathedral,  Other 
examples  may  be  seen  at  St.  Ouen  at 
Rouen,  and  at  Beauvais  in  the  south 
transept.  See  Book  III.,  Chap.  III., 

Sect.  14. 

Rostrum.  (Lat.)  Literally,  the  beak  of 
a bird  ; also  the  beak  or  fore-part  of  a 
ship.  The  elevated  platform  in  the 
Borum  of  ancient  Rome,  whence  the 
orators  addressed  the  people,  so  called 
from  its  basement  being  decorated  with 
the  prows  of  ships.  The  term  is  now 
used  generally  to  signify  a platform  or 
elevated  spot  from  which  a speaker 
addresses  his  audience. 

Rot.  See  Dry  Rot. 

Rotunda  or  Rotondo.  (Ital.)  A building 
circular  on  the  interior  and  exterior, 
such  as  the  Pantheon  at  Rome.  See 
Circular  Buildings. 

Rough-cast.  A species  of  plastering  used 
on  external  walls, consisting  of  a mixture 
of  lime,  small  shells  or  pebbles,  occa- 
sionally fragments  of  glass  and  similar 
materials.  This  is  usually  applied  to  cottages. 

Round  Church  or  Building.  See  Circular  Buildings. 

Rubbing  or  Polishing.  Erasing  the  tool  marks  (after  boastinff  or  scahhling)  on  the  face 
of  a stone,  by  the  agency  of  a piece  of  Yorkshire,  or  grit,  stone,  used  as  a rubber,  first 
with  sand  and  water,  and  then  with  water  only,  by  which  a smooth  surface  is  obtained, 
rendering  the  stone  less  liable  to  be  affected  by  the  atmosphere. 

Rubble  Work.  Walls  built  of  rag  or  rubble  stones,  in  coursed  or  uncoursed  work.  In 
the  former,  the  stones  are  roughly  dressed,  and  laid  in  courses  of  equal  height ; in  the 
latter  they  are  used  as  they  occur,  small  and  large  stones  together  as  they  may  fit  in. 

This  last  is  more  applicable  to  Gothic  than  to  Italian  architecture.  See  Masonry. 

Rudenture.  (Lat.  Rudis,  a rope.)  The  same  as  Cabling. 

Ruderation.  (Lat.  Ruderatio.)  A method  of  laying  pavements,  mentioned  by  Vitru- 
vius, and  according  to  some,  of  building  walls  with  rough  pebbles  and  mortar.  The 
mortar  called  statumen  by  Vitruvius  was  made  of  lime  and  sand. 

Rule.  An  instrument  for  measuring  short  lengths.  Of  rules  there  are  various  sorts,  each 
adapted  to  the  class  of  artificers  for  whose  use  they  are  made.  Thus,  there  are  stone- 
cutters’ rules,  masons’  rules,  carpenters’  rules,  sliding  rules,  parallel  rules,  &c.  The 
sliding  rule  is,  however,  of  more  general  use,  as  it  solves  by  inspection  a number  of 
questions  from  the  change  of  the  position  of  the  slider,  and  therefore  of  much  importance 
to  the  less  educated  artisan. 

Rural  Architecture.  A style  of  architecture  suited  for  country  places,  and  not  strictly 
conforming  to  any  rules  but  that,  perhaps,  of  the  picturesque. 


Fig.  U37. 
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Eussiak  Architectitri?.  The  ancient  bnildmps  are  designed  after  the  Pvzantine  scliool 
of  art ; the  modern  ones  after  the  Gorman,  French,  and  lUiliau  nuiiUrs* 

Bdssian  Cross  of  the  Greek  Churcli.  See  Cross, 

Rustic  Order.  A species  of  work  where  the  faces  of  tlio  stones  are  hatched  or  piek.-d 
with  the  point  of  a hammer.  * 

Rustic  Quoins  or  Coins.  The  stones  placed  on  the  external  angles  of  a builJinjr  pn.iect- 
ing  beyond  the  naked  of  the  wall.  The  edges  are  bevelled,  or  more  or  les.s  moul  led  or 
the  margins  recessed  in  a plane  parallel  to  the  face  or  plane  of  the  wall. 

Rustic  Work.  A mode  of  building  masonry  wherein  the  faces  of  the  stones  are  left 
rough,  the  sides  only  being  wrought  smooth  where  the  union  of  the  stones  takes  place 
It  was  a inethod  much  practised  at  an  early  period,  and  re-introduced  by  Rrunclb.^-hi' 
at  the  revival  of  the  arts.  The  most  common  sorts  of  rustic  work  are  Xha' frosted,  whi»-h 
has  the  margins  of  the  stones  reduced  to  a plane  parallel  to  that  of  the  wiill,  the 
intermediate  parts  having  an  irregular  surface ; vermiculated  rustic  work,  wherein  the 
intermediate^  parts  present  the  appearance  of  having  been  worm-eaten;  chamfend 
rustic  work,  in  which  the  face  of  the  stones  being  smootlied  and  made  parillcl  to  the 
surface  of  the  wall,  and  the  angles  bevelled  to  an  angle  of  one  liundre<l  and  ihirtv-tivo 
degrees,  with  the  face  of  the  stone,  where  they  are  set  in  the  wall,  the  bevel  of  the  two 
adjacent  stones  forms  an  internal  right  angle. 

Rvbat.  The  Scottish  term  for  a Reveal. 


Sacellum.  (Lat.)  In  ancient  Roman  architecture,  a small  inclosed  space  without  a roof. 
Small  sacella,  too,  were  used  among  the  Egyptians,  atbiched  frequently  to  the  l.irgcr 
temples.  In  old  church  architecture,  the  term  signifies  a monumental  chapel  within  a 
church,  also  a small  chapel  in  a village. 

Sacrarium.  (Lat.)  A small  sacred  apartment  in  a Roman  house,  devoted  to  a particular 
deity  ; also  the  cello,  penetrale  or  adytum  of  a temple.  The  name  is  now  given  to  the 
place  in  a chancel  enclosed  by  the  altar  rails;  also  called  “Sanctuary.” 

Sacristy.  A vestry  attached  to  a church,  in  which  the  vestments,  plate,  and  other 
furniture  used  in  divine  wor.ship  are  kept.  It  was  anciently  called  Diaconicum. 

Saddle.  A thin  board  of  wood,  placed  on  the  floor  in  the  opening  of  a doorw.ay,  tho 
width  of  the  jambs.  The  door  being  made  to  shut  upon  this  piece  of  wood  passes  clear 
over  the  carpet,  and  does  not  therefore  require  rising  hinges,  used  for  achieving  tho 
same  object. 

Saddle-backed  Coping.  See  Coping. 

Saddle-back  Roof.  A tow'er  having  a top  in  the  form  of  a common  roof-gable.  This 
form  appears  on  a few  old  English  towers  (as  at  Brookthorpe  Church,  Northampton- 
shire, cir.  1260),  and  in  many  Continental  churches. 

Sag  or  Sagging.  The  bending  of  a body  by  its  own  weight  when  resting  inclined  or 
horizontally  on  its  ends. 

Sagitta.  (Lat.  an  arrow.)  A name  sometimes  applied  to  the  keystone  of  an  arch.  Jn 
geometry,  it  is  often  employed  to  signify  the  abscissa  of  a curve  ; and  in  trigonometry 
it  is  the  versed  sine  of  an  arc,  which,  as  it  were,  stands  like  a dart  upon  the  chord. 

Sail  over.  See  Projecture. 

Saint.  See  Symbols  of  Saints. 

Saliant  (Fr.)  A term  used  in  respect  of  a projection  of  any  part  or  member. 

Sally.  ' A projecture.  The  end  of  a piece  of  timber  cut  with  an  interior  angle  formed 
by  two  planes  across  the  fibres.  Thus  the  feet  of  common  mfters,  .and  tl,e  inchmd 
pieces  which  support  the  flying  steps  of  a wooden  stair,  are  frequently  cut , as  are,  like- 
wise, the  lower  ends  of  all  inclined  timbers  which  rest  upon  plates  or 
‘ Salon  or  Saloon.  (Fr.)  A lofty  and  spacious  apartment,  frequently  vaulted  at  top, 
and  usually  comprehending  the  height  of  two  floors  with  two 

place  is  commonly  in  the  middle  of  a building,  when  it  is  sometimes  lit  from  top , 
or  at  the  head  of  a gallery,  etc.  In  palaces  it  is  the  state  room. 

' st^c^rB^LrCori  sSi\^r1ctTont"hfea^^^^^^^^^  oTZ\.ve  for  the  reception  of  the 

^ bell  that  gives  notice  of  the  Sanctus  being  commenced,  and  also  to  warn  the  iieople  of 

the  chaucol,  containing  .he  communion  biblc. 

SAmroE^  MtlsnSf’  taken  for  preserv^^^ 

uTdfr  ^hVflr  r‘t  i'o %ry  wei.  wash,  in  fresh 
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water,  and  it  is  doubted  by  some  practitioners  whether  it  can  ever  be  freed  from  particles 
of  salt,  which  would  prevent  the  plaster  or  cement  drying. 

Sandstone.  In  mineralogy,  a stone  principally  composed  of  grains,  or  particles  of  sand,  , 
either  united  with  other  mineral  substances  or  adhering  without  any  vis'ble  cement. 

The  grains  or  particles  of  sandstone  are  generally  quartz,  sometimes  intermixed  with  i 
feldspar  or  particles  of  slate.  When  lime  is  the  cementing  matter  the  stone  is  called 
calcareous  sandstone.  The  cementing  matter  is  not  unfrequently  oxide  of  iron  inter- 
mixed with  alumine.  The  particles  of  sand  in  these  stones  are  of  various  sizes,  some 
being  so  small  as  to  be  scarcely  visible. 

Sap.  The  juice  or  pith  of  trees  that  rises  from  the  earth  and  ascends  into  the  arms, 
branches,  and  leaves,  to  feed  and  nourish  them.  Also  that  part  of  the  stem  or  wood  of 
the  body  of  a tree  that  is  soft,  white,  etc.  The  term  is  used  also  as  a verb,  to  denote 
the  undermining  a wall  by  digging  a trench  under  it. 

Saracenic  Architecture.  See  Moresque  Architecture.  I 

Sarcophagus.  (2ct^|,  flesh,  and  (payw,  to  eat.)  A tomb  or  coffin  made  of  one  stone.  Prom 
Pliny  it  appears  to  have  been  originally  applied  as  the  name  of  a stone  found  in  the 
Troad,  wdiich,  from  its  powerful  caustic  qualities,  was  selected  for  the  construction  of 
tombs.  Prom  its  frequent  application  to  this  purpose  the  name  became  at  length  used 
for  the  tomb  itself.  Sarcophagi  were  made  of  stone,  marble,  alabaster,  porphyry,  etc. 

The  Greeks  sometimes  made  them  of  hard  wood,  a.s  oak,  cedar,  or  cypress,  which  resisted 
moisture  ; sometimes  of  terra  cotta,  and  oven  of  metal.  The  form  was  usually  a long 
square,  the  angle  being  rounded.  The  lid  varied  both  in  shape  and  ornament.  Those 
of  the  primitive  Christians  often  enclosed  several  corpses,  and  were  ornamented  with 
several  sets  of  bassi  relievi.  Those  of  higher  antiquity  were  frequently  sculptured  with 
great  taste  and  beauty  of  design,  the  figures  being  those  of  the  deceased,  or  parties  con- 
nected with  them,  allegorical  or  mythological.  The  Egyptian  sarcophagi  are  sculp- 
tured with  hieroglyphics.  Those  of  the  Greeks  and  Romans  sometimes  represent  Sleep 
and  Death  with  their  legs  crossed,  one  hand  supporting  the  head  and  the  other  holding 
an  inverted  torch ; sometimes  Mercury  is  represented  conducting  the  Souls,  and  Charon 
ferrying  them  over  in  his  barque.  Occasionally  groups  of  bacchanals  andbacchic  scenes 
are  found  upon  them. 

Sarking.  Thin  boards  for  lining,  etc.  Boarding  for  slating  is  so  called  in  Scotland. 

Sash.  (Pr.  Chassis,  a frame  ; more  probably  the  Dutch  Sas,  a gate.)  A frame  for 
holding  the  glass  of  windows,  and  so  formed  as  to  be  raised  and  depressed  by  means  of 
pulleys.  Sashes  are  single  or  double  hung  ; the  casement  is  hung  with  hinges. 

Sash  Prame.  The  frame  in  which  the  sashes  are  fitted  for  the  convenience  of  sliding  up 
and  down.  See  Casement. 

Sash  lines.  The  rope  by  which  a sash  is  suspended  in  its  frame.  They  are  often  madf 
of  common  cord,  which  soon  untwists  and  breaks  ; the  “imperial  patent  flax  sash  lines” 
are  made  in  four  qualities.  The  sash  lines  made  of  jute  have  neither  strength  nor 
durability.  The  modern  brass  chains  are  liable  to  break  with  sudden  jerks. 

Saw.  (Dutch,  Sawe.)  A tool  made  of  a thin  plate  of  steel,  formed  on  the  edge  into 
regular  teeth  for  cutting  wood,  stone,  etc.  Saws  are  of  various  kinds. 

Saw-pit.  A pit  excavated  for  sawing  timber.  The  sawing  is  performed  by  two  persons 
called  sawyers,  one  standing  above  and  the  otlier  below.  Much  of  the  labour,  however, 
is  saved  by  the  use  of  a saw-mill,  or  machine  moving  a circular  saw,  which  by  its 
revolutions  and  keeping  the  timber  close  up,  performs  the  work  quicker  and  better  than 
can  be  done  by  the  labour  just  described.  ,,, 

Saxon  Architecture.  The  term  used  to  designate  the  early  architecture  used  in  England  | 
before  the  introduction  of  the  Romanesque  or  Norman.  The  long  and  short  work  is  | 
considered  the  mode  of  building  of  that  period.  See.//^  1412.  | 

ScABELLUM.  (Lat.)  A species  of  pedestal  anciently  used  to  support  busts  or  statues.  It  ii; 

was  high  in  proportion  to  its  breadth,  ending  in  a kind  of  sheath,  or  in  the  manner  of  a ^ 

baluster.  ^ I 

Scaffold.  (Pr.  Echaufaud.)  An  assemblage  of  planks  or  boards  sustained  by  pieces  of  J 

wood  called  'putlogs  or  putlocks  placed  on  others  called  Ledgers,  wffiich  are  made  fast  s! 

to  vertical  poles  called  standards,  by  means  of  which  workmen  carry  up  a building  of 
brick,  or  plasterers  complete  their  work  in  the  interior  of  houses.  Stone-faced  build- 
ings  have  an  inner  and  outer  series  of  standards  and  ledgers,  so  that  the  w'ork  shall  not 
be  injured.  Pramed  scaffolding  is  much  used  in  large  works,  which  is  formed  of  square 
timbers,  and  on  these  a tram  is  placed  for  a moveable  platform,  or  a steam  crane. 
Suspended  scaffolds  are  useful  in  repairing  or  painting  a front.  They  are  formed  of  a 
sort  of  open  trough  for  the  workmen  to  stand  in,  wdio  raise  and  lower  it  by  means  of 
ropes  attached  to  pulleys  fixed  at  the  end  of  beams  secured  out  of  upper  windo-ws  or  to 
the  roof. 

ScAGLioLA.  (Ital.)  A species  of  plaster  or  stucco  invented  at  Carpi,  in  the  .state  of 
Modena,  by  Guido  Sassi,  between  IGOO  and  1649.  It  is  sometimes  called  mischia,  from 
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the  mixture  of  colours  introduced  in  it.  It  w,is  not,  however,  till  the  middle  of  tho 
eighteenth  century  that  the  art  of  making  scagliola  was  brought  to  i..  rlVrtion  It  is 
used  to  decorate  the  walls  of  a staircase,  and  for  columns  and  pilasters  to  n room 
When  well  done  it  resembles  marbles  of  great  beauty,  and  to  great  perfection  and  tho 
best  can  be  obtained  at  a less  cost  than  the  real  marble.  ’ 

ScALB.  (Sax.)  A line  divided  into  a certain  number  of  equ.al  parts,  usuallv  on  wood 
ivory,  or  metal,  for  laying  down  dimensions  in  mathematical  and  arehitectura! 
drawing.  There  are  various  sorts  of  scales;  as,  the  j)'ane  scale,  Gunters  scale 
diagonal  scale,  &c.  ’ 

Scalene  Triangle.  {'2,Ko.\r]vos,  oblique.)  In  geometry,  one  whose  sides  are  all  unequ.al. 

Scale  Paper.  Paper  having  woven  in  it  divisions  at  certain  distances  ; or  it  is  so  pre- 
pjired  by  printing  the  divisions  upon  it.  It  can  be  used  for  writing,  squaring  dimen- 
sions, or  even  for  drawing  in  proportionate  parts,  or  axial  lines,  a system  of  desif»nin<>- 
used  by  Bramante  and  other  early  Italian  artists.  “ ^ 

ScALLAGE  or  ScALLENQE.  A term  used  in  Herefordshire  and  the  west  of  England  for  a 
lychgate. 

Scalpturatum,  Opus.  According  to  Pliny  it  resembled  inlaid  work,  the  p.attern  being 
chiselled  out  of  the  solid  ground,  and  filled  up  with  thin  leaves  of  coloured  marble. 
A beautiful  example  was  found  at  Pompeii ; it  was  first  introduced  into  Italy  after  the 
beginning  of  the  third  Punic  war,  b.c.  147-103. 

ScAMiLLi  iMPARES.  A term  used  by  Vitruvius,  which  has  puzzled  all  the  commentators 
until  the  investigations  of  Mr.  Penrose,  when  he  found  that  the  horizontal  lines  of  tho 
Parthenon  were  inclined  almost  imperceptibly  from  the  ends  to  the  centre.  These 
slight  risings  are  held  to  explain  the  term.  See  Hogging.  The  term  was  formerly 
supposed  to  mean  a small  plinth  below  the  bases  of  the  Ionic  and  Corinthian 
columns. 

ScANDULiE.  (Lat)  In  early  buildings  of  the  Romans,  shingles  or  flat  pieces  of  wood 
used  for  covering  instead  of  tiles.  According  to  Cornelius  Nepos,  this  was  the  only 
covering  used  in  Rome  till  the  war  with  Pyrrhus  in  the  470th  year  of  the  city. 

ScANTLE.  A gauge  for  regulating  the  proper  length  of  slates. 

Scantling.  (Fr.)  The  dimensions  of  a piece  of  timber  in  breadth  and  thickness.  It  is 
also  a term  used  to  denote  a piece  of  timber,  as  of  quartering  in  a partition,  when  under 
five  inches  square,  or  the  rafter,  purlin,  or  pole  plate  of  a roof.  In  masonry,  scantling 
is  the  length,  breadth,  and  thickness  of  a stone. 

Scape  or  Scapus.  (Grr.)  The  shaft  of  a column ; also  the  little  hollow,  above  or  below, 
which  connects  the  shaft  with  the  base,  or  with  the  fillet  under  the  astragal. 

ScAPLiNG  or  ScABBLiNG.  A method  of  tooling  the  face  of  a stone. 

Scarfing.  The  joining  of  two  pieces  of  timber  transversely  together,  so  that  the  two 
appear  but  one.  Large  timbers  are  likewise  bolted  together. 

Scene.  (Gr,  Strictly  an  alley  or  rural  portico  for  shade  or  shelter,  wherein, 

according  to  Cassiodorus,  theatrical  pieces  were  first  represented.  When  first  applied  to 


represents  the  action.  According 
in  the  middle  by  a great  door,  called  the  royal  door,  because  decorated  as  tho  gate  of  a 
palace.  At  the  sides  were  smaller  doors,  called  ho.sp it al ia,  hecnwso  representing  tho 
entrances  to  habitations  destined  for  strangers,  which  the  Greeks  commonly  placed  on 
the  two  sides  of  their  houses. 

ScENOGRAPHY.  (Gr.)  The  method  of  representing  solkls  ill  porspec'i ve. 

Schedule  of  Prices.  A document  forming  part  of  a contract,  and  intended  to  be  use.l 
for  ascerta-'ning  (after  execution)  the  sum  to  be  paid  for  works  performed,  whetlur  by 
measurement  or  by  daywork.  Where  a “ bill  of  quantities  ” has  not  been  prepared,  or 
where  the  extent  of  wmrk  cannot  be  exactly  settled  beforehand,  a schedule  is  usually 
adopted.  For  certain  works  a schedule  is  fully  priced  out,  and  tenders  invital  at  a 
percentage  above  or  below  such  prices,  either  over  the  whole,  or  on  or  o eaci  jar 
cular  trade.  /.  • i 

Scheme  or  Skene  Arch.  One  which  is  a segment  of  a circle.  ^ 

ScHENE.  (Gr.)  The  representation  of  any  design  or  geometrical  figure  b}  lines  so  us  t > 

a re™.,  after  U,e 

how  it  may  be  done  some  other  way,  or  girmg  some  advice  or  precaution  1 
mistakes,  or  adding  some  particular  use  or  application  tliereot. 

School  of  Art.  See  College  and  Museum.  odnmtinn  and  rnli- 

School.  A Mding  for  ele™ 


minary  to  university  institutions.  In  j „ pursue  a course  of 

absentees  are  fined.  The  schools  are  so  arranged  that  S 

training  which  will  most  fit  him  for  his  future  career.  There  are  Llemeuta.y  sctioots . 
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next  the  Burgher  schools,  at  which  cliildren  of  the  lower  middle  classes  are  educated  ; 
the  Realschulen,  consisting  of  three  kinds  of  instruction  ; the  Practical  school,  in  which 
scientific  subjects  are  taught;  then  the  Gymnasium,  which  forms  a stepping-stone  to 
the  University  or  the  Polytechnic  school,  to  qualify  for  any  business  or  profession. 

Sciaqrapht  or  Sciography.  (Gr.  2/cia,  a shadow,  and  rpacpw,  1 describe.)  The  doctrine 
of  projecting  shadows  as  they  fall  in  nature. 

ScoNc^oN.  (Fr.  Ecoin9on.)  The  portion  of  the  side  of  an  aperture,  from  the  back  of 
the  jamb  or  reveal,  to  the  interior  of  the  wall. 

Scotia.  (Gr.  ^Koria,  darkness.)  The  hollow  moulding  in  the  base  of  a column  between 
the  fillets  of  the  tori.  It  receives  the  name  from  being  so  much  in  shadow.  The  scotia 
was,  from  its  resemblance  to  a pulley,  called  also  rpoxi^os.  It  is  most  frequently 
formed  by  the  junction  of  arcs  of  different  radii,  but  it  ought  rather  to  be  profiled  as  a 
portion  of  an  ellipsis. 

Scratch  Work.  (It.  Sgraffiata.)  A coloured  plaster  being  laid  on  the  face  of  the  build- 
ing, it  is  covered  with  a white  one,  which  being  scratched  through  to  any  design  with  an 
iron  bodkin,  the  coloured  work  appears  through  and  makes  the  contrast.  It  is  an  Italian 
method  of  decorating  a plain  surfiice,  and  is  now  being  much  carried  out  in  England. 

ScRKED.  In  plastering  or  cementing  largo  spaces,  a ledge  of  about  4 inches  and  of  the 
proper  thickness  is  carefully  formed,  every  4,  5,  or  6 feet  apart,  to  form  a gauge  for  the 
remainder  of  the  work,  which  is  then  applied  in  the  panel,  a long  fioat  being  worked 
over  it,  forcing  off  the  superfluous  plaster,  and  a clear  and  even  face  is  obtained. 

Screen.  (Lat.  Excerno.)  An  instrument  used  in  making  mortar,  consisting  of  three 
wooden  ledges  joined  to  a rectangular  frame  at  the  bottom,  the  upper  p.art  of  which 
frame  is  filled  with  wire-work  for  sifting  the  sand  or  lime.  This  term  is  used  in  eccle- 
siastical architecture  to  denote  a partition  of  wood,  stone,  or  metal,  usually  so  placed 
in  a church  as  to  shut  out  an  aisle  from  the  choir,  a private  chapel  from  a transept,  the 
nave  from  the  choir,  the  high  altar  from  the  east  end  of  the  building,  or  an  altar  tomb 
from  a public  passage  of  the  church.  In  the  form  and  ornamental  detail  of  screens,  the 
ancient  artists  appear  to  have  almost  exhausted  fancy,  ingenuity,  and  taste. 

Screw.  (Dutch,  Scroeve.)  One  of  the  six  mechanical  powers,  chiefly  used  in  pressing  or 
squeezing  bodies  close,  though  sometimes  also  in  raising  weights,  as  a screw-jack. 

Scribing.  Fitting  the  edge  of  a board  to  a surface  not  accurately  plane,  as  the  skirting 
of  a room  to  a floor.  In  joinery,  it  is  the  fitting  one  piece  to  another,  so  that  their  fibres 
may  be  perpendicular  to  each  other,  the  two  edges  being  cut  to  an  angle  to  join. 

Scroll.  A convolved  or  spiral  ornament  variously  introduced. 

Also  the  volutes  of  the  Ionic  and  Corinthian  capital.  The 
subjoined  woodcut  is  called  a Vitruvian  scroll. 

Scullery.  The  apartment  for  washing  up  dishes  and  utensils 
wherein  the  scullion  works. 

Sculpture.  (Lat.  Sculpo,  to  carve.)  The  art  of  imitating  forms  by  chiselling  and  work- 
ing away  solid  substances.  It  is  also  used  to  denote  the  carved  work  itself.  Properly, 
the  word  includes  works  in  clay,  wax,  wood,  metal,  and  stone;  but  it  is  generally  re- 
stricted to  those  of  the  last  material,  the  terms  modelling,  casting,  and  carving  being 
applied  to  the  others.  See  Frieze,  Pediment,  and  Metope. 

Sealing.  The  fixing  a piece  of  wood  or  iron  on  a wall  with  plaster,  mortar,  cement,  lead 
or  other  binding,  for  staples,  hinges,  joints,  &c. 

Seasoned  Timber.  Timber  that  has  undergone  a proper  process  of  air  or  hot  air  drying 
so  as  to  render  it  fit  to  be  used  in  building. 

Secant.  (Lat.)  A line  that  cuts  another.  In  trigonometry,  the  secant  is  a line  drawn 
to  the  centre  from  some  point  in  the  tangent,  which  consequently  cuts  the  circle. 

Secos.  (Gr.)  See  Adytum. 

Section  of  a Building.  A geometrical  representation  of  it  as  divided  or  separated  into 
two  parts  by  a vertical  plane,  to  show  and  explain  the  construction  of  the  interior.  The 
section  not  only  includes  the  parts  that  are  separated,  but  also  the  elevation  of  the 
receding  parts,  and  ought  to  be  so  taken  as  to  show  the  greatest  number  of  parts,  and 
those  of  the  most  difficult  construction.  Of  every  building  at  least  two  sections  should 
be  made  at  right  angles  to  one  another,  and  parallel  to  the  sides.  A section  of  the 
flues  should  also  be  made,  in  order  to  avoid  placing  timbers  near  them. 

Section  of  a Solid.  The  plane  of  separation  divuding  one  part  from  the  other.  It  is 
understood  to  be  always  a plane  surface. 

Sector.  An  instrument  for  measuring  or  laying  off  angles,  and  dividing  lines  and  circles 
into  equal  parts. 

Sector  of  a Circle.  The  space  comprehended  between  two  radii  and  the  arc  terminated 
by  them. 

Sedilia.  (Lat.)  Seats  recessed  in  the  south  wall  of  the  sanctuary  of  a church,  and 
formerly  provided  for  the  clergy  in  the  sacrifice  of  the  mass,  during  that  part  of  the 
office  in  which  the  “Gloria”  and  “ Credo”  are  sung.  They  are  now  also  provided  in 
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Serpentine.  See  Porphyry. 

Sesquialterae.  In  the  proportion  of  one  and  a half. 

Sesspooe.  See  Cesspooe. 

Sett.  In  piling,  a piece  placed  temporarily  on  the 
head  of  a pile  wliich  cannot  be  reached  by  the  monkey 
or  weight  from  some  intervening  matter. 

Setting.  Ihe  hardening  of  mortars  and  cements. 

The  term  is  also  used  in  masonry  for  fixing  stones 
in  wal's  or  vaults,  in  which  the  greatest  care  should  1430. 

be  taken  that  the  stones  rest  firmly  on  their  beds,  and  that  their  faces  be  ranged  in  the 
proper  surface  of  the  work. 

Setting-out  Eod.  One  used  by  joiners  for  setting-out  frames,  as  of  windows,  doors,  &c. 

Settlements.  Those  parts  in  which  failures  by  sinking  in  a building  liave  occurred. 

Sett-off.  The  projecting  part  between  the  upper  and  lower  portion  of  a wall  uliere  it 
diminishes  in  thickness. 

Severy.  a compartment  or  division  of  scaffolding.  It  is  also  a separate  portion  or  divi- 
sion of  a building  corresponding  with  the  modern  term  compartment,  being  as  it  were 
severed  or  divided. 

Sewer.  A large  drain  or  conduit  for  carrying  off  soil  or  water  from  any  place. 

Sexagesimae.  The  division  of  a line,  first  into  sixty  parts,  then  each  of  these  again  into 
sixty,  and  so  on,  as  long  as  division  can  be  made.  It  is  principally  used  in  dividing  the 
circumference  of  a circle. 

Sgraffito  (Ttal.)  See  Scratch  Work. 

Shadows  and  Shadowing.  In  drawing,  the  art  of  correctly  casting  the  shades  of  objects 
and  representing  their  degrees  of  shade. 

Shaft.  The  cylindrical  part,  or  rather  body,  of  a column,  between  the  base  and  the 
capital.  It  is,  properly,  the  frustum  of  ix  conoid,  and  is  also  called  the, trunk,  or 
body  of  the  column.  The  term  is  also  applied  to  the  pier  supporting  arclies  in  medijeval 
architecture,  as  in  the  nave  of  a church. 

Shaft  of  a Chimney.  See  Chimney. 

Shaft  of  a King  Post.  The  part  between  i\\e  joggles. 

Shake.  A fissure  or  rent  in  timber  by  its  being  dried  too  suddenlv,  or  exposed  to  too 
great  heat.  Any  timber,  when  naturally  full  of  slits  or  clefts,  is  .‘<aid  to  to  bo  sJuiky. 

Shambee.  The  old  name  for  a place  for  slaughtering  cattle,  now  called  abattoir. 

Shank.  (Sax.)  The  space  between  two  channels  of  the  Doric  tnglyph,  sometimes  called 
the  leg  of  the  triglyph.  The  Homans  called  the  shank,  ./cRiwr.  , 

Shearing.  The  action  of  cutting  short  off,  as  a pair  of  scissors  acts  upon  paper.  It  is 
applied  to  a plate  of  metal  acting  upon  a bolt  or  rivet.  i.  ♦ 

ShkZ  Glass.  Glass  blown  into  a wlndi  is  slit  on  one  sido,  nn.l  openod  out  Hat. 

A superior  sort  of  slieet  glass  is  “ flattened”  bji  a rubbing  wbiUt  it  is  in  tlio  aiiiicalmi, 

kiln,  and  hence  its  name,  , . . . , , n i .a  1 

Sheet  Lead.  Lead  cast  into  a sheet,  in  contradistinction  to  lead  rolled  out  ^ ; 

Sheef.  (Sax.)  A board  fixed  against  a wall,  the  upper  side  brpicct^ 

whatever  may  be  placed  upon  it.  A shelf  is  usually  supported  by  brackets,  or  pieced 

at  the  end,  called  stavdards.  See  Sunk  Shelf.  rornwall 

Shief.  Slate  broken  into  small  pieces,  as  employed  for  mending  roads  in  Corn\»u  . 
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Shingles.  (Germ.  Schinclel.)  Loose  stones  sifted  from  gravel  for  making  concrete.  Also 
the  small  slab  of  oak  bark  or  split  pieces  of  wood,  used  instead  of  tiles  in  former  times, 
and  still  usually  so  employed  in  the  backwoods  of  America  and  other  countries.  They 
are  about  eight  to  twelve  inches  long,  and  about  four  inches  broad,  thicker  on  one  edge 
than  the  other.  The  process  of  making  a roof  of  this  kind  is  called  shingling. 

Shoe.  The  inclined  piece  at  the  bottom  of  a rain-water  pipe  for  turning  the  course  of  the 
water,  and  discharging  it  from  the  wall  of  a building. 

Shooting.  'Planing  the  edge  of  a board  straight,  and  out  of  winding. 

Shooting  Boards.  Two  boards  joined  together,  with  their  sides  lapped  upon  each  other, 
so  as  to  form  a rebate  for  making  short  joints. 

Shore,  or  Shoah.  (Sax.)  A prop  or  oblique  timber  acting  as  a brace  on  the  side  of  a 
building,  the  upper  end  resting  against  that  part  of  the  wall  upon  which  the  floor  is 
supported,  and  both  ends  received  by  plates  or  beams.  A dead  shore  is  an  upright 
piece  built  up  in  a wall  that  has  been  cut  or  broken. through  for  the  purpose  of  making 
some  alterations  in  the  building.  The  terms  “ needle,”  “tossle,”  “joggle,”  and  “ stud  ” 
are  used  among  workmen  to  denote  the  piece  of  wood  inserted  in  a wall  above  the  head 
of  a raking  shore.  A “waling”  is  a piece  of  timber  placed  horizontally  against  the 
side  of  a trench  and  strutted  across  it ; a “ setting”  is  a rectangu’ar  frame  holding  all 
four  sides  of  an  excavation.  “ Cleadings  ” used  with  “ settings  ” strve  the  same  pur- 
pose as  “ poling  boards  ” in  connection  with  walings. 

Shoulder  of  a Tenon.  The  plane  transverse  to  the  length  of  a piece  of  timber  from  which 
the  tenon  projects.  It  should  be  at  right  angles  to  the  length,  though  it  does  not 
always  lie  in  the  plane  as  here  defined,  but  sometimes  in  different  planes. 

Shouldering.  In  slating,  a fillet  of  haired  lime  laid  upon  the  upper  edge  of  the  smaller 
and  thicker  kinds  of  slates,  to  raise  them  and  prevent  their  being  open  at  the  lap  ; it 
also  makes  the  joint  weathertight.  Sometimes  the  whole  surface  under  the  heads  of 
any  sized  slates  is  so  done,  to  prevent  the  slates  cracking  when  stepped  on. 

Shread  Head.  The  same  as  Jerkin  Head. 

Shreddings  or  Furrings.  In  old  buildings,  short  slight  pieces  of  timber  fixed  as  bearers 
below  the  roof,  forming  a straight  line  with  the  upper  side  of  the  rafters.  Tilting  fillet. 

Shrine,  (Sax.  Scpin.)  A desk  or  cabinet ; a case  or  box,  particularly  one  in  which  sacred 
things  are  deposited  : hence  applied  to  a reliquary  and  to  the  tomb  of  a canonised  per- 
son. The  altar  is  sometimes  called  a shrine. 

Sii sinking.  The  contraction  of  a piece  of  timber  in  its  breadth  by  drying.  The  length 
does  not  change.  Hence  in  unseasoned  timber  mitred  together,  such  as  the  architraves 
of  doors  and  windows,  the  mitres  are  always  close  on  the  outside  and  open  to  the  door, 
forming  a wedge-like  hollow  on  each  side  of  the  frame.  Narrow  boards  called  battens 
are  used  in  floors,  as  the  shrinking,  if  any,  is  less. 

Shutters.  The  framed  boards  which  shut  up  the  aperture  of  a window,  or  of  a light. 

Side  Posts.  Truss  posts  placed  in  pairs,  disposed  at  tlie  same  distance  from  the  middle 
of  the  truss.  Their  use  is  not  only  to  support  the  principal  rafters,  &c.,  but  to  suspend 
the  tie  beam  below  In  extended  roofs  two  or  three  pair  of  side  posts  are  used. 

Side  Timbers  or  Side  Wavers.  The  same  as  purlins,  the  first  term  being  used  in 
Somersetshire  and  the  last  in  Lincolnshire. 

Silicate  Cotton  or  Slag  Wool.  A pure  mineral  fibre  made  from  blast  furnace  slag. 
It  is  white  and  like  spun  glass.  It  is  extremely  light,  a cube  foot  weighs  only  from 
16  to  18  lbs.,  and  one  ton  covers  about  1800  to  2,400  square  feet  one  inch  thick.  It 
is  a good  non-conductor  of  heat  and  sound. 

Sill.  See  Gill  and  Aperture. 

Silt.  The  muddy  deposit  of  standing  water. 

Sima.  See  Cyma. 

Similar  Figures.  Those  whose  several  angles  are  respectively  equal,  and  the  sides  about 
the  equal  angles  proportional. 

Sine.  A right  line  drawn  from  one  end  of  an  arch  perpendicular  upon  the  diameter,  or  it 
is  half  the  chord  of  twice  the  arch.  The  sine  of  the  complement  of  an  arch  is  the 
sine  of  what  the  arch  wants  of  ninety  degrees.  The  versed  sine  is  that  part  of  the 
diameter  comprehended  between  the  arc  and  the  sine. 

Single  Frame,  Single  Joist,  and  Naked,  Floor.  One  with  only  one  tier  of  joists. 

Single  Hung.  An  arrangement  in  a pair  of  window  sashes,  in  which  one  only  is  movable. 

Single  Measure.  A term  applied  to  a door  that  is  square  on  both  sides.  Double 
measxLre  is  when  the  door  is  moulded  on  both  sides.  When  doors  are  moulded  on  one 
side,  and  are  square  on  the  other,  they  are  accounted  measure  and  a half. 

Single  Span  Church.  A church  having  a very  wide  nave.  Such  is  the  church  of  the 
Dominicans  at  Ghent,  1240-75,  with  a nave  of  53  feet  between  the  piers  slightly  pro- 
jecting from  the  wall,  covered  by  a wooden  vaulting  on  curves  of  60  feet  radius.  (See 
par.  657.)  The  reader  is  referred  to  the  journal,  for  1867,  pp.  661,  687,  700 

716,  for  many  notices  of  such  structures. 


GLOSSARY. 


13o9 


Site.  (Lat.  Situs.)  The  situation  of  a building  ; the  ph)t  of  ground  on  which  it  stands. 

Skew.  The  sloping  top  of  a buttress  where  it  slants  oft’  into  a wall^or  the  coping  of  a gabb-! 

Skew  Rack.  Ju  a straight  or  curved  arcli,  that  part  of  it  ^^luch  recedes  beyond  the 
springing  from  the  vertical  line  of  the  opening. 

Skew  Corbel.  See  Summer  Stone. 

.Skiffling.  See  Knobbung. 

t Skirting  or  Skirting  Board.  The  narrow  board  placed  round  the  margin  of  .a  floor 
[ which.^wliere  there  is  a dado,  forms  a plinth  for  its  base  ; otherwise,  it  i.s  a j'linth  for 
t the  room  itself.  Skirting  is  either  scribed  close  to  the  floor  or  let  into  it  by  a groove; 

I in  the  former  case  a fillet  is  put  at  the  back  of  the  skirting  to  keep  it  firm, 

f Skirts.  Several  superficies  in  a plane,  which  would  cover  a body  when  turned  up  or 
■ down  without  overlapping. 

Skirts  of  a Roof.  The  projection  of  the  eaves. 

: Skreen.  See  Screen. 

' Skylight.  A frame  consisting  of  one  or  more  inclined  planes  of  glass,  placed  in  a roof  to 
light  passages  or  rooms  below.  See  Lantern  light  ; Lighting. 

Si-AB.  An  outside  plank  or  board  sawed  from  the  sides  of  a timber  tree,  and  frequently 
of  very  unequal  thickness.  The  word  is  also  used  to  express  a thin  piece  of  marble, 
consisting  of  right  angles  and  plane  surfaces. 

Si.AB.  front  hearth  oi  a fireplace.  The  Metropolitan  Buildings  Act,  1855,  requires 

that  “ There  shall  be  laid,  level  with  the  floor  of  every  story,  before  the  opening  of 
every  chimney,  a slab  of  stone,  slate,  or  other  incombustible  substance,  at  the  least  twelve 
inches  longer  than  the  width  of  such  opening,  and  at  the  least  eighteen  inches  wide  in 
front  of  the  breast  thereof; — That  on  every  floor,  except  the  lowest  floor,  such  slab  shall 
be  laid  wholly  upon  stone  or  iron  bearers,  or  upon  brick  trimmers ; but  on  the  lowest 
floor  it  may  be  bedded  on  the  solid  ground: — and  That  the  hearth  or  slab  of  every 
chimney  shall  be  bedded  wholly  on  brick,  stone,  or  other  incombustible  substance,  and 
shall  be  solid  for  a thickness  of  seven  inches  at  the  least  bene;ith  the  upper  surface  of 
such  hearth  or  slab.”  Such  precautions  are  too  frequently  neglected  in  country  houses, 
to  their  ultimate  destruction  by  fire.  No  timbers  should  be  placed  under  the  hcarihs 
on  any  account.  See  Timbers. 

Sl 


a few  other 

RING. 


red,  and  green  in  colour. 

Slatkiis’  Work.  Laying  slates  on  roofs  ; forming  water  cisterns ; and  : 
matters  connected  therewith,  constitute  this  artificer’s  work.  See  Shouldk 
Sleepers.  Horizontal  timbers  disposed  in  a building  next  to  the  ground  transvcrioly 
under  walls,  ground  joists,  or  the  boarding  of  a floor.  When  used  on  pile.^^  they  are 
laid  upon  them,  and  planked  over  to  support  the  superincumbent  walls.  Undergrouml 
ioists  either  lie  upon  the  solid  earth,  or  are  supported  at  various  parts_  bprops  of 
brickwork  or  stones.  When  in  the  former  position,  having  no  rows  of  timber  btlow, 
these  ground  joists  are  themselves  called  sleepers.  Old  writers  on_  practical  arclii- 
tecture  call  those  rafters  lying  in  the  valley  of  a roof,  sleepers  ; but  in  this  sense  the 

word  is  now  obsolete.  . t e 

Sliding  Rule.  One  constructed  with  logarithmic  lines,  so  that  by  means  of  another 
scale  sliding  on  it,  various  arithmetical  operations  are  performed  merely  by  inspection. 

Slit  Deal.  Pitch.  Of  a Road,  see  Gradient. 


into  one  ^.P  on  .ass,  and  for.ing 

them  into  any  desired  shape.  The  Foundry  degree  of  smooth- 

is  7^  inches  long,  3 inches  broad,  and  2j  inches  in  breadth. 

Snacket.  a provincial  term^  for  the  hasp  of  ^ caserne  ^ mouldings. 

Snipe’s  Bill  Plane.  One  with  a l!  mortiiin-  and  worked  with  a mallet. 

Socket  Chisel.  A strong  tool  used  by  ^'J^pen  . horizontal  dimension. 

Socle  or  Zocle.  (It.)  A square  member  o Boeln  is  sometimes  coiitinu.  tl 


Sluice. 


mter  of  .a 


C'LT, 


nor  coniu-e. 
siirfiico  of  a vault  or  an  h.  A 


SoFFiTA,  Soffit,  or  Sofite.  (Ital.)  . between  columns;  the  utuhr 

. term  denoting  the  under  horizontal  lace  of  tlie  ..lUim 

surface  of  the  corona  of  a ^ j jenote  the  deposit  in  a ces>p  <-l 

Soil.  The  same  as  ground  and  e.utli . it  is  aiso 
from  a w’ater-closet  or  privy. 
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Soils.  A provincial  term,  chiefly,  however,  used  in  the  north,  signifying  the  principal 
rafters  of  a roof. 

Solar,  or  Sollar.  A mediseval  term  for  an  upper  chamber  : a loft. 

SoLDKR.  A soft  metallic  composition  used  in  joining  together  or  soldering  metals.  See 
Brazing  and  Welding. 

Solid.  (Lat.)  In  geometry,  a body  which  has  length,  breadth,  and  thickness  : that  is,  it 
is  terminated  or  contained  under  one  or  more  plane  surfaces  as  a surface  is  under  one  or 
more  lines.  Regular  solids  are  such  as  are  terminated  by  equal  and  similar  planes,  so 
that  the  apex  of  their  solid  angles  may  be  inscribed  in  a sphere.  * 

Solid  Angles.  An  angle  formed  by  three  or  more  angles  in  a point,  and  of  which  the 
sum  of  all  the  plane  angles  is  less  than  three  hundred  and  sixty  degree^  otherwise  they 
would  constitute  the  plane  of  a circle  and  not  of  a solid. 

Solid  Shoot.  See  Water-Shoot. 

SoMMERiNG.  See  Summering. 

SoRTANT  Angle.  The  same  as  Salient  Angle. 

Sound-board.  The  canopy  or  type  fixed  over  a pulpit,  to  reverberate  the  voice  of  the  speaker. 

Sound-boarding.  In  floors,  consists  of  short  boards  placed  transversely  between  the  joists, 
and  supported  by  fillets  fixed  to  the  sides  of  the  latter  for  holding  pugging,  which  is  any 
substance  that  will  prevent  the  transmission  of  sound  from  one  story  to  another,  such 
as  a mixture  of  mortar  and  chopped  straw,  or  sawdust.  The  narrower  the  sound-boards  the 
better;  the  fillets  on  which  they  rest  may  be  three-quarters  of  an  inch  thick  and  about 
an  inch  wdde,  nailed  to  the  joists  at  intervals  of  a foot.  It  has  been  suggested  to  put 
an  india-rubber  washer  of  about  the  same  width  as  the  joist,  between  the  ceiling  joist 
and  the  joist,  having  a thickness  of  half  an  inch  when  properly  screwed  up,  to  effect  the 
same  object.  See  Boarding  for  Pugging. 

Souse,  (Fr.)  or  Source.  A support  or  under  prop. 

Spalls.  Stone  broken  up  into  shapeless  lumps.  “ Spawled  masonry  ” in  Ireland,  consists 
of  these  lumps,  about  6 to  14  inches,  worked  up  in  a wall,  the  joints  of  each  stone 
matching  those  of  the  others  around  it ; the  faces  of  the  stones  are  usually  rough  dressed 
with  the  hammer.  It  is  the  “uncoursed  rubble  work”  of  England.  See  Spawled. 

Span.  An  imaginary  line  across  the  opening  of  an  arch  or  roof,  by  which  its  extent  is 
measured.  The  wddth  of  a vault  or  arch  between  the  springing. 

Span  Church.  See  Single  Span  Church. 

Span  Roof.  One  consisting  of  two  inclined  sides,  in  contradistinction  to  a shed  or  lenn-fo 
roof.  It  may  be  wdth  simple  rafters,  with  or  without  a collar  beam,  or  when  of  increased 
span  it  may  be  trussed,  the  term  only  applying  to  the  external  part. 

Spandrel.  The  irregular  triangular  space  between  the  outer  curve  or  extrados  of  an 
arch,  a horizontal  lino  from  its  apex,  and  a perpendicular  line  from  its  springing. 
In  mediseval  architecture  they  are  often  filled  with  figures,  medallions,  shields,  as  at 
York  cathedral,  or  diaper  work  as  at  Westminster  Abbey.  In  the  Italian  style,  they 
are  often  filled  with  figures,  or  compositions  relating  to  the  purposes  for  which  the 
building  is  erected. 

Spandrel  Bracketing.  A cradling  of  brackets  fixed  between  one  or  more  curves,  each 
in  a vertical  plane,  and  in  the  circumference  of  a circle  whose  plane  is  horizontal. 

Spanish  Architecture.  The  styles  adopted  were  those  introduced  by  the  ancient  Romans, 
the  Moors,  by  French  and  German  mediaeval  practitioners,  and  by  the  Italian  masters 
brought  into  the  country  by  the  monarchs  and  others. 

Spar-piece.  A name  given  in  some  places  to  the  collar  beam  of  a roof. 

Spars.  The  common  rafters  of  a roof  for  the  support  of  the  tiling  or  slating. 

Spawled.  A block  of  stone  after  the  chips  or  spawds  have  been  knocked  off.  See  Spalls. 

Specification.  A description  at  length  of  the  materials  and  workmanship  to  be  used  and 
employed  in  the  erection  of  any  building. 

Specific  Gravity.  A gravity  or  weight  of  every  solid  or  fluid  compared  with  the  weight 
of  the  same  magnitude  of  rain  water,  which  is  chosen  as  the  standard  of  comparison, 
on  account  of  its  being  subject  to  less  variation  in  different  circumstances  of  time, 
place,  &c.,  than  any  other  solid  or  fluid.  By  a fortunate  coincidence,  at  least  to  the 
English  philosopher,  it  happens  that  a cubic  foot  of  rain  water  weighs  1,000  ounces 
avoirdupois  ; consequently,  assuming  this  as  the  specific  gravity  of  rain  water,  and 
comparing  all  other  bodies  with  this,  the  same  numbers  that  express  the  specific 
gravity  of  bodies  will  at  the  same  time  express  the  weight  of  a cubic  foot  of  each  in 
avoirdupois  ounces,  which  affords  great  facility  to  numerical  computations.  Hence 
are  readily  deduced  the  following  laws  of  the  specific  gravity  of  bodies  : — 

1.  In  bodies  of  equal  magnitudes  the  specific  gravities  are  directly  as  the  weights  or 
as  their  densities.  2.  In  bodies  of  the  same  specific  gravities  the  weights  will  be  as  the 
magnitudes.  3.  In  bodies  of  equal  weiglits  the  specific  gravities  are  inversely  as  the 
magnitudes.  4.  The  weights  of  different  bodies  are  to  each  other  in  the  compound 
ratio  of  their  magnitudQS  and  specific  gravities. 
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bodies  whu*  are  too  irregular  to  admit  of  the  common  rules  of  men^urHron°'‘OT^^^^^ 
kuovving  the  speciBo  gravity  and  magnitude,  we  may  find  the  weight  of  bX»l',J,'.. 
too  ponderous  to  be  submitted  to  the  action  of  the  lilanee  or  stS  yi“^:  ' ‘ Z 
magnitude  and  weight  being  given,  we  may  ascertain  their  specific  gravi'tier 

Si'Ecns.  (Lat.)  In  ancient  architecture,  the  canal  in  which  the  water  flowed  in  aoiie- 
diicts  ratsed  above  the  surface  of  the  ground,  and  constructed  of  hewn  stoned  or  bS 
It  was  covered  with  a vault  to  preserve  the  water  from  the  sun,  and  from  being  mU^' 
with  ram  water  The  specus  was  sometimes  covered  with  flat  stones,  laid  horironmllV 
as  in  the  Aqua  Martia,  part  of  the  Aqua  Claudia,  and  the  aqueduct  of  Segovia  &me- 
times  the  same  arcade  earned  several  of  these  canals  one  above  the  other  ' 

Speroni.  See  Anterides. 

SpHaERiSTERTOM.  A building  for  the  exercise  of  the  ball ; a tennis  court  The  ancier  ts 
generally  placed  sphaeristeria  among  the  apartments  of  their  baths  and  nvmnasia 
They  were  also  placed  m large  villas,  as  in  those  of  Pliny  the  younger. 

Sphere.  (Gr.  2<^»atpu.)  A solid,  whose  surface  is  at  every  point  equally  distant  from  a 
certain  point  within  the  solid,  which  point  is  called  the  centre  of  the  sphere  Every 
sphere  is  equal  to  two-thirds  of  its  circumscribing  cylinder,  that  is,  it  is  equal  to  a 
cylinder  whose  ends  are  circles,  equal  to  a great  circle  of  the  sphere,  and  whose  height 
is  equal  to  the  diameter  of  the  same.  ° 

Sphericai.  Bracketing.  That  so  formed  that  the  surface  of  the  plastering  which  it  is 
to  receive  forms  a spherical  surface. 

Spheroid.  See  Conoid. 

Spheroidal  Bracketing.  That  formed  to  receive  the  plastering  of  a spheroid. 

Spina.  See  Circus. 

Spiral.  A curve  which  makes  one  or  more  revolutions  round  a fixed  point,  and  does  not 
return  to  itself.  See  Volute. 

Spire.  (Gr.  Siraipa,  a twisting.)  In  ancient  architecture,  the  base  of  a column,  and  some- 
times the  astragal  or  torus.  The  termination  of  the  tower  of  a church,  generally  dimi- 
nishing, and  either  pyramidally  or  conically.  See  Steeple. 

A spire  which  is  octagonal,  the  sides  facing  the  cardinal  points  being  continued  to 
the  eaves  which  project  over  the  lower  work,  and  the  diagonal  faces  being  intercepted 
at  the  bottom  by  semipyramidal  projections  whose  edges  are  carried  from  the  angles 
of  the  tower  upwards,  terminating  in  points  on  the  corresponding  oblique  faces  of  the 
spire,  is  called  a broach  (Fr.  Broche,  a spit). 

The  following  table  gives  the  heights  of  many  of  the  chief  Towers  and  Spires,  but  it 
is  liable  to  correction,  for  it  is  very  difficult  to  obtain  accurate  dimensions  of  any  struc- 
ture or  parts  of  one. 


Strasburg  - 

Salisbury 

St.  Paul’s,  London 

Milan  . - - 

Amiens 

Coventry 

Norwich 

Louth  - - - 

Chichester  was 


feet. 

- 468 

- 400  or  4t)4 
343,  365,  356  or  404 

- 400 

- 422 

- 320 

- 309  or  313 

- 294 


Grantham 
Lichfiehl  - 
Wakefield 
Boston  - 
Lincoln  - 
Canterbury 
Gloucester 
Westminster 


271  I Ely  and  Duiham 


feet. 

274 

252 

217 

268 

262 

229 

225 

22) 

215 


Splay.  A slanting  or  bevelling  in  the  sides  of  an  opening  to  a wall  for  a window  or  door, 
so  that  the  outside  profile  of  the  window  is  larger  than  that  of  tJie  inside ; it  is  done  for 
the  purpose  of  facilitating  the  admission  of  light.  It  is  a term  applied  to  whatever 
has  one  side  making  an  oblique  angle  ^vith  the  other : thus,  the  heading  joists  of  a 
boarded  floor  are  frequently  splayed  in  their  thickness.  The  word  fuing  is  sometimes 
applied  to  an  aperture,  in  the  same  sense  as  splayed.  . , , 

Spring  Bevel  of  a Rail.  The  angle  made  by  the  top  of  the  plank,  with  a vertical  piano 
touching  the  ends  of  the  rail  piece,  which  terminates  tlie  concave  side. 

Springed  or  Sprung.  In  boarding  a roof,  the  setting  the  boards  toother  with  bevel 
joints,  for  the  purpose  of  keeping  out  the  rain.  See  Boardi.vo  for  Slati.no. 
Springer.  The  impost  or  place  where  the  vertical  support  to  an  arch  termina  es,  and  tlie 
curve  of  the  arch  begins;  the  term  is  sometimes  used  for  the  of  a gr.>,no<l  roof. 
Springing  Course.  The  horizontal  course  of  stones,  from  which  an  arch  springs  or  rises  ; 

or  that  row  of  stones  upon  which  the  first  arch  stones  are  laid. 

Sphdds  and  Rings  A method  adopted  in  Ireland  of  securing  tlie  posto  of  n door,  in  a 
basement  Itoiy!'  by  a of  iron  into  which  the  post  is  placed,  wnth  a projection  or 
" spud  for  insertion  into  a corresponding  bole  in  the  sill  or  step. 

4 S 
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Spttr.  Civrred  timberwork  at  the  doorway  of  old  houses,  to  support  a projecting  upper 
story;  some  fine  examples  of  the  fourteenth  century  exist  in  York  and  other  old 
towns. 

Square.  (Lat.  Quadra.)  A figure  of  four  equal  sides,  and  as  many  equal  angles.  An  area 
of  such  form  surrounded  by  houses,  and  ornamented  in  the  centre  with  a lawn,  shrubs, 
trees,  &c.  In  joinery,  a work  is  said  to  be  square  framed,  or  framed  square,  when  the 
framing  has  all  the  angles  of  its  styles,  rails,  and  muntins  square  without  being  moulded. 
The  word  is  also  applied  to  an  instrument  for  setting  out  angles  square,  See  Car- 
penter’s Square.  It  is  also  a measure  used  in  building,  of  100  superficial  feet. 

Square  Shoot.  A wooden  trough  for  discharging  water  from  a building. 

Square  Staff.  A piece  of  wood  placed  at  the  external  angle  of  a projection  in  a room, 
to  secure  the  angle,  which  if  of  plaster  would  be  liable  to  be  broken,  and  at  the  same 
time  to  allow  a good  finish  for  the  papering. 

Squaring  a handrall.  The  method  of  cutting  a plank  to  the  form  of  a rail  for  a stair- 
case, so  that  all  the  v'crtical  sections  may  be  right  angles. 

Squaring  a piece  of  stuff.  The  act  of  trying  it  by  the  square,  to  make  the  angles 
right  angles. 

Squinch.  a small  arch,  or  set  of  arches,  formed  across  an  angle,  as  in  a tower,  to  form  a 
base  for  an  octagon  construction  above  it. 

Squint.  See  IIagioscope. 

Stable.  Lat.)  A building  for  the  accommodation  of  horses. 

Stack  of  Chimneys.  See  Chimney. 

Stadium.  (Gr.)  In  ancient  architecture,  an  open  space  wherein  the  athletge  or  wrestlers 
exercised  running,  and  in  which  they  contested  the  prizes.  It  signifies  also  the  place 
itself  where  the  public  games  were  celebrated,  which  often  formed  a part  of  the  gymnasia. 
The  word  also  denotes  a measure  of  length  among  the  Grecians,  of  125  paces. 

Staff  Bead.  See  Angle-Bead  ; Square  Staff. 

Stage.  A floor  or  story.  In  a theatre,  the  floor  on  which  the  performers  act.  The 
stage  of  a buttress  is,  in  ecclesiastical  architecture,  the  part  between  one  splayed  projec- 
tion and  the  next. 

Stained  Gj:ass.  Glass  stained  throughout  its  thickness  during  its  manufacture  is  known 
as  “pot  metal”  glass.  White  glass  is  sometimes  coloured  on  the  surface  only,  whence  it 
is  called  “flashed”  glass.  Both  sorts  are  used  for  decorating  windows  in  patterns,  as 
in  churches.  See  Painted  Glass. 

Staircase.  That  part  or  subdivision  in  a building  containing  the  stairs,  which  enable 
persons  to  ascend  or  descend  from  one  floor  to  another. 

Stairs,  (Sax,  Scaesep,  to  step.)  Stones,  or  other  material  forming  steps,  ranged  one 
above  and  beyond  another,  by  which  a person  can  ascend  a height.  A series  of  steps  or 
stiiirs  for  ascending  from  the  lower  to  the  upper  part  of  a building,  when  enclosed,  is 
called  a staircase. 

Stalk.  (Sax.)  An  ornament  in  the  Corinthian  capital,  which  is  sometimes  fluted,  and 
resembles  the  stalk  of  a plant ; from  it  spring  the  volutes  and  helices. 

Stall.  (Sax.)  A place  or  division  in  a stable  wherein  one  horse  is  placed  forfeeding  and 
sleeping.  According  to  their  number  in  a stable  it  is  called  a one-stall,  two-stall,  &c., 
stable.  This  word  is  also  used  to  denote  the  elevated  seats  in  the  choir  or  chancel  of  a 
church  appropriated  to  ecclesiastics.  The  precentor’s  stall  is  the  first  return  stall  on 
the  left  on  entering  the  choir.  The  dean’s  stall  is  the  first  return  stall  on  the  right. 

Stanchion.  (Fr.  Estau9on.)  A prop  or  support.  The  upright  iron  bars  of  a window  or 
open  screen.  Also  a Puncheon. 

Standards.  The  upright  pieces  in  a plate  rack ; or  above  a dresser  to  support  the 
shelving.  When  the  edges  of  standards  are  cut  into  mouldings,  according  to  the 
widths  of  the  shelves,  and  across  the  fibres  of  the  wood,  they  are  called  cut  standards. 

Staple.  A small  piece  of  iron  pointed  at  each  end,  and  bent  round,  so  that  the  two  ends 
may  be  parallel  to  each  other,  and  of  equal  lengths,  to  be  driven  into  wood  or  into  a wail, 
thus  forming  a loop  for  fastening  a hasp  or  bolt. 

Star  Moulding.  One  of  the  usual  decorations  of  a 
surface  in  Norman  architecture.  Fig.  1440. 

Starlings  or  Sterlings,  sometimes  called  Stilts. 

An  assemblage  of  pdes  driven  round  the  piers  of  a 
bridge  to  give  it  support. 

Statics.  See  Mechanics.  Fig.  1440. 

Statuary  Marble.  The  pure  white  marble,  such  as 

is  obtained  from  Carrara,  and  used  by  sculptors  and  carvers  for  their  best  works. 

Statumen.  a mortar  of  lime  and  sand  used  by  the  Romans  for  pavements,  as  stated  l^y 
Vitruvius,  vii.  1.  See  Ruderation. 

Staves.  Small  upright  cylinders,  sometimes  called  rounds,  for  forming  a rack  to  contain 
the  hay  in  a stable  for  the  supply  of  it  to  the  horse. 
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Stay.  the  office  of  a brace,  to  prevent  tl,e  sv.en-?ng  of  tl.e  piece  to 

Ihe  term  is  general,  and  applies  to  all  materials.^  ^ 


which  it  is  applied. 


Steel 


those  properties  depending  essentially  on  l^e  p^^f^hTn  wi','?  ,re1r 
now,  h^ever  generally  meludes  many  varieties  of  materials,  which  can  bT  no  more 
tempered  or  hardened  than  many  qualities  of  wrought  iron.  The  only  diBhr“uco 
between  cast  iron  and  steel  was  the  proportion  of  carbon  ; pure  iron  cLtain^l  ,m 
carbon.  The  steel  generally  used  for  girder-work  and  plates  contained  iwrliaps  per 
cent,  of  carbon,  and  directly  it  got  to  1 and  I J per  cent,  it  became  cast  irln.  It  I’s'lo 
cheaply  made,  for  great  masses,  by  abstracting  carbon  from  cast  iron.  The  nrocesa 
for  converting  iron  into  steel  was  known  to  the  ancients  ^ 

Steening.  The  brickwork  laid  dry  (that  is,  without  mortar),  for  forming  tlio  cylin- 
drical  shaft  of  a well  or  cesspool,  to  prevent  the  irruption  of  the  surrfnmdin-  soil 

SfEEPLE.  (Sax.  Stepel.)  A lofty  erection  attached  to  a church,  chiefly  intencfed  to  con- 
tain Its  bells.  The  word  is  a general  term,  and  applies  to  every  appendage  of  this 
nature,  whether  tower  or  spre,  or  a combination  of  the  two. 

•Step.  A block  of  any  material,  and  of  such  a height  as  is  within  a moderate  lift  of  a 
person’s  foot,  say,  seven  inches  at  most.  A series  of  steps  foim  stairs. 

Stereobata.  See  Pedestal. 

Sereographic  Projection.  That  projection  of  the  sphere  wherein  the  eye  is  supposed 
to  be  placed  on  the  surface. 

Stereography.  (Gr.  Srepeoy,  solid,  and  rpa<pu,  I describe.)  That  branch  of  solid  geo- 
metry which  demonstrates  the  properties  and  shows  the  construction  of  all  regularly 
defined  solids  ; it  explains  the  methods  for  constructing  the  surfaces  on  planes,  so  as  to 
form  the  entire  body  itself,  or  to  cover  its  surface ; or,  when  the  solid  is  bounded  by 
plane  surfaces,  the  inclination  of  the  planes. 

Stereotomy.  The  science  of  catting  solids  to  suit  the  conditions  required  for  their  forms. 

Sticking.  The  operation  of  forming  mouldings  by  a plane,  in  contradistinction  to  form- 
ing them  by  hand.  When  done  they  are  said  to  be  stuck. 

Stile.  (Sax.)  The  vertical  part  of  a piece  of  framing  into  which,  in  joinery,  the  ends  of 
the  rails  are  fixed  by  mortises  and  tenons. 

Stillicidiom.  Dripping  eaves  to  Doric  buildings;  but  in  the  propylaeum  at  Eleusis,  the 
sima  or  upper  moulding  of  the  pediment  cornice,  is  continued  along  the  flanks,  and  a 
channel  hollowed  in  it  to  collect  the  rain  falling  on  to  the  roof. 

Still  Room.  A room  in  a large  mansion,  wherein  the  housekeeper  and  her  assi.stant 
prepare  tea  and  coffee  for  the  family  and  visitors,  and  make  preserves,  cakes,  and 
biscuits,  and  so  on.  It  was  formerly  the  work-room  of  the  lady  of  the  house  when 
engaged  in  making  household  cordials.  In  a smaller  class  of  residence,  this  room 
frequently  relieves  the  kitchen  of  all  the  lesser  cooking,  and  of  pastry  making.  It 
should  adjoin  the  store  and  housekeeper’s  rooms. 

Stilt.  See  Starling. 

(Stilted  Arch.  One  in  which  the  spring  of  the  arch  begins  not  immediately  fiom  the 
imposts,  but  from  a vertical  piece  of  masonry  or  brick- 
work resting  on  them,  so  as  to  give  to  the  arch  an 
appearance  of  being  on  stilts  {fy.  1441).  In  describing 
the  cave  temples  at  Elephanta,  Freeman,  History  of  Ar- 
chitecture, p.  56,  notes,  “ the  stilt  or  de  above  the  capital 
of  the  piers,  and  the  manner  in  which  it  spreads  into 
the  roof ; this  would  seem  to  be  the  rudest  and  most 
primitive  form  of  the  bracket  capital,  though  it  has  less 
projection,  and  extends  only  in  two  directions.”  And  in 
the  Addenda,  he  says  “for  this  very  expressive  word  stilt 
I am  under  an  obligation  to  a paper  by  Professor 
Orlebar.  It  expresses  a portion  of  masonry  above  the 
regular  coluBin,  which  is  constructively  part  of  tlie  pier,  but 
in  the  direction  assumes  the  form  either  of  a portion  of 
the  arch  or  of  a distinct  member.”  The  first  confirmed  use 
of  the  stilt  occurs  in  the  Arabian  buildings  at  Cairo, 


where  it  may  have  been  suggested  by  the  de  of  the  anterior  Egyptian  st}  le. 
further  savs.  “ stilted  arches  cannot  be  always  avoided  where  openings  of  dine 


Fig.  1441. 

In  p.  272  ho 

further  says,  “ stilted  arohSs- cannufbe  alway- 
Sr:r7Gif  fnt:c?an\Tchih'et:fre!a  term  oorrespondiuguith  the  I..in  peWir,,..  aud 

Stock.^' The  paTt'of  a tool  for  boring  wood  with  a crank 

breast  of  the  workman,  while  with  one  hand  he  holds  e ormg  j . ' j 

the  other  turns  the  crank;  the  steel  borers  arc  called  hits,  ana  the  vhole  m-^trumcni 

called  a stock  and  bit. 
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Stonk.  (Shx.)  a natural  indurated  substance  found  beneath  and  on  the  surface  of  the 
earth  in  aimost  every  part  of  the  world,  and  which  for  its  strength  and  durability  has 

. been  universally  employed  for  building  purposes. 

Stone  WAKE.  A prepared  clay,  burnt  and  glazed  to  prevent  water  soaking  through  it ; 
and  used  for  jars,  bottles,  drain  pipes,  &c. 

Stool.  The  name  given  to  the  bench  whereon  the  brick-moulder  moulds  his  bricks. 

StooTHino.  a provincial  term  which  signifies  the  battening  of  walls.  See  Toothing 

Stop-Cock.  a cock  used  in  plumbery  to  turn  off  the  supply  to  a reservoir  or  tank. 

Stopping.  Making  good  cracks  or  defects  in  plastering,  wood,  &c. 

Storv.  (Lat.  or  Sax.  Scop.)  One  of  the  vert  cal  divisions  of  a building;  a series  of 
apartments  on  the  same  level. 

Story  Posts.  Upright  timbers  disposed  in  the  story  of  a building  for  supporting  tl^e 
superincumbent  part  of  the  exterior  wall  through  the  medium  of  a beam  over  tlwru  ; 
they  are  chiefly  used  in  sheds  and  workshops,  and  should  have  either  a solid  wall 
below  or  stand  upon  a strong  wooden  sill  upon  inverted  arches,  or  upon  large  stones 
with  their  ends  let  into  sockets.  They  also  form  the  posts  at  the  ends  of  a trussed 
partition. 

Story  Rod  One  used  in  setting  up  a staircase,  equal  in  length  to  the  height  of  the 
story,  and  divided  into  as  many  parts  as  there  are  intended  to  be  steps  in  the  staircase, 
so  that  they  may  be  measured  and  distributed  with  accuracy. 

Stoup.  See  Piscina. 

Stove.  An  enclosed  fire  grate  for  the  purpose  of  obtaining  a large  amount  of  heat.  A 
chamber  prepared  specially  for  drying  articles  by  heated  air  is  often  called  a Stove. 

Stuaight  Arch.  A lintel  formed  of  separate  pieces  or  voussoirs  on  the  principle  of  the 
arch. 

Straight  Joint  Floor.  See  Floor. 

Strain.  (Sax.  SCpeng.)  The  force  exerted  on  any  material  tending  to  disarrange  or 
destroy  the  cohesion  of  its  component  parts. 

Straining  Piece  or  Strutting  Piece.  A beam  placed  between  two  opposite  beams  to  pre- 
vent their  near  approach,  as  rafters,  braces,  struts,  &c.  It  such  a piece  serves  also  the 
office  of  a sill,  it  is  called  a straining  sill. 

Strap.  (Dutch,  Stroppe.)  An  iron  plate  for  the  connection  of  two  or  more  timbers,  into 
which  it  is  screwed  by  bolts. 

Street.  A public  way  for^general  traffic.  The  Metropolitan  Board  of  Works,  under 
the  “ Metropolis  Local  Management  Act,  1885,”  sect.  202,  has  power  to  compel  notice  of 
laying  out  new  streets,  and  requires  a width  of  40  feet  at  least  for  carriage  traffic,  and 
20  feet  for  foot  traffic,  exclusive  of  gardens,  areas,  &c.  A street  shall  have  at  the 
least  two  entrances  of  the  full  width  of  such  street,  and  shall  be  open  from  the  ground 
upward.  A definition  of  the  word  “street”  is  given.  The  consent  of  the  Board  is 
required  by  sect.  75  of  the  Metropolis  Management  Act  Amendment  Act,  1862,  to 
those  erecting  buildings  or  structures  beyond  the  general  line  of  buildings  in  any 
street,  place,  or  row  ot  houses  within  50  feet.  Rules  are  also  given  for  measuring  the 
width,  the  curve  of  the  carriage  w'ay,  the  height  of  the  kerb  to  the  foot-paths,  and  the 
slope  of  the  footpath.  By  the  same  Act,  sects.  98  and  99,  further  legislation  is 
extended,  and  by  sect.  112  any  mews  is  included.  The  following  are  the  widths  of  a 
few  of  the  new  streets  : — Cannon  Street,  by  St.  Paul’s,  between  kerbs,  is  30  feet 
6 inches  ; that  of  Cheapside,  opposite  Bow'  Church,  is  31  feet;  that  of  Queen  Victoria 
Street,  1872-5,  is  80  feet;  that  of  Victoria  Street,  Westminster,  is  80  feet;  and  of 
Northumberland  Avenue,  1875-6,  is  80  feet. 

Stretched  out.  A term  applied  to  a surface  that  will  just  cover  a body  so  extended 
that  all  its  parts  are  in  a plane,  or  may  be  made  to  coincide  with  a plane. 

Stretcher.  A brick  or  stone  laid  with  its  longer  face  in  the  surface  of  the  wall. 

Stretching  Course.  In  walling,  a course  of  stones  or  bricks  laid  with  their  longer 
dimensions  in  a horizontal  line  parallel  to  the  face  of  the  wall ; it  is  exactly  the  con- 
trary of  a heading  course,  in  which  the  breadths  of  the  stones  or  bricks  are  laid  in  a 
straight  line  parallel  to  the  face  of  the  wall. 

STR1.E.  (Lat.)  The  lists  or  fillets  between  the  flutes  of  columns. 

Striated.  Chamfered  or  channeled. 

Strides.  The  channels  of  a fluted  column. 

Striking.  A term  used  to  denote  the  draught  of  lines  on  the  surface  of  a body;  the  term 
is  also  used  to  denote  the  drawing  of  lines  on  the  face  of  a piece  of  stuff  for  mortises 
and  cutting  the  shoulders  of  tenons.  Another  application  of  the  word  occurs  in  the 
practice  of  joinery,  to  denote  the  act  of  running  a moulding  with  a plane.  The  striking 
of  a centre  is  the  removal  of  the  timber  framing  upon  which  an  arch  is  built,  after  its 
completion. 

String  or  String  Piece.  That  part  of  a flight  of  stairs  which  forms  its  ceiling  or  sofite. 
See  Carriage. 
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String  Bukd.  In  wooden  stairs,  the  board  next  tlie  u-nM  ...i  • i 

of  the  steps;  its  face  follows  the  direeticn  of  the  wolI-lmL  m-J  tlie  ends 

curved,  it  is  frequently  formed  in  thicknesses  gliied  tocethcr'X'uirV 
got  out  of  the  solid,  like  a hnncl-mil.  See  Cut  S?u,n„®  ’ ^ „ 

Stmno  CornSE.  A projecting  horizonial  course  of  s'oiie,  oontimicd  nlong  the  face  of  „ 

Stuix.  (Lat.)  A channel  in  a fluted  column.  Fiutk 

Struck.  A term  used  to  denote  the  removal  of  any  temporary  support 

Strut.  See  Brace.  ^ i- 

Strutting  Beam  or  Piece,  also  Strut  Bram.  A term  used  by  old  writers  in  carpentry 
for  what  18  now  called  a strcnmnc  piece  or  collar  beam.  See  also  Bridging  and  Kky.  ’ 
Stucco.^  (Fr.  Stuc.)  A terin  indefinitely  applied  to  calcareous  cements  of  various 
descriptions.  Bough  stucco  is  that  finished  with  stucco  floated  and  bru.shed.  Bastard 
stucco  IS  three-coat  work  in  plastering:  1,  the  render  coat;  2,  floating,  as  to  truwelle<l 
stucco  ; and,  3,  finishing,  lime  with  a little  hair  and  a little  sand.  This  last  is 
termed  “ setting  when  used  with  fine  stuff  for  papering,  and  is  well  finished 
Studio.  An  apartment  especially  adapted  for  a pertou  to  write  or  work  in  It  is 
generally  presumed  to  be  for  art  purposes. 

Studs.  (Sax.)  The  quarters  or  posts  in  partitions.  See  Quarters. 

Stuff.  (Dutch.)  A general  term  for  the  wood  used  by  joiners. 

Stump  Tracery.  The  later  or  after  Gothic  of  Germany  has  tracery  in  which  the  rib.s  are 
made  to  pass  through  each  other,  and  are  then  abruptly  cut  off.  This  may  bo  called 
stump  traarif,  according  to  Professor  Willis. 

Style.  The  different  varieties  of  architecture.  See  Stile. 

Stylobata.  See  Pedestal. 

Subnormal.  The  d. stance  between  the  foot  of  the  ordinate  and  a perpendicular  to  the 
curve  (or  its  tangent)  upon  the  axis. 

Sub-plinth.  A second  and  lower  plinth  placed  under  the  principal  one  in  columns  and 
pedestals. 

Sub-principals.  The  same  as  auxiliary  rafters  or  principal  braces. 

Subway.'  An  underground  passage.  It  now  more  especially  refers  to  the  arched  vaults 
formed  under  a street  for  the  purpose  of  containing  the  sewer,  and  gas,  water  and  oth*-r 
pipes,  with  a bench  or  footway  for  access  to  the  former  or  lor  making  repairs  to  the 
latter.  The  subway  requires  a trap  with  ladder  for  access,  and  ventilating  shafts.  The 
Builder  ^ouvuqX,  xviii.  640,  illustrates  a subway  formed  in  Ix>ndon. 

SuDATio  and  Sudatorium.  (Lat.)  The  same  as  Caldarium.  See  Concamkr.vta  Scn.\Tio. 
Summer.  (Perhaps  from  Ital.  Soma.)  The  lintel  of  a door,  window,  etc.  A beam  tenoned 
into  a girder  to  support  the  ends  of  joists  on  both  sides  of  it.  It  is  frequently  usetl  a.s  a 
synonyme  for  a girder.  Also  a large  stone  laid  over  columns  and  pibvsters  in  the  com- 
mencement of  a cross  vault.  It  is,  moreover,  used  in  the  same  sense  as  Bressu.mmkr. 
Summer  Stone.  The  lowest  stone  at  the  end  of  a gable,  stepping  the  eaves  of  the  tiling 
or  slating.  The  fii>t  piece  of  the  tabling  is  worked  in  the  solid  of  the  summer  stone, 
and  so  becomes  an  abutment  and  support  for  the  rest.  It  is  also  called  wskew  corbel. 
Summer  Tree.  See  Dormant  Tree. 

Summering.  See  Beds  of  a Stone. 

Sun  Light.  A new  method  of  lighting  large  rooms  from  the  ceiling,  by  a number  of 
gas  jets  placed  under  a reflector,  with  tubes  through  the  ceiling  and  perhaps  TKif  for 
carrying  off  the  products  of  combustion  and  for  ventilation.  A valve  to  prevent  down 
draughts  is  introduced  near  the  top  of  the  tube. 

Sunk  Shelves.  Such  as  are  formed  with  a groove  in  their  upper  surface,  to  preienf 
plates,  dishes,  or  other  materials  sliding  off  when  p'aced  upright  ou  them,  as  in  a 
dresser.  , , 

Super- ALTAR.  A shelf  or  ledge  let  into  the  east  wall  just  over  the  altar  or  communion 
table,  on  which  are  placed  the  altar  cross,  albir  lights,  and  flower  \ases  not  a ow  >y 
law  on  the  table  itself. 

Sdpercilium.  (Lat.)  The  lintel  of  a door.  See  Antepagmenfa. 

Superintendance.  The  architect’s  duty  leing  to  see  that  ^ 

used,  and  of  the  workmanship  are  equal  to  those  specified,  and  tha  the  ^ 

erected  in  accordance  with  the  drawings  and  specifications,  his  visits  o le  u i g 
be  regulated  by  his  own  judgment,  the  extent  of  his  practice,  the  magnitude  ^ ' J 

the  distance  they  may  be  atay,  whetlier  a clerk  of  Uio  works  bo  ‘ 

the  reputation  of  the  builder,  and  lastly  the  expectations  o is  c leii  , i.  •vin"' 

titioner  will  soon  learn  which  are  the  best  occasions  for  visiting  the  work.,  afier  lu^  m, 
seen  to  the  setting  out,  to  the  drains,  foundations  the  footings 
Superstructure.  (Lat.)  Work  built  on  the  foundation  of  a budding.  The  ui>per  i .irU 

Support.  See  Points  of  Support.  . j m -i  nvnm 

Surbase.  The  series  of  mouldings  forming  a capping  to  ^ 

Surbased,  An  arch,  vault,  or  dome  of  less  bight  than  half  its  sp.i  . 
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Surmounted,  An  arch,  vault,  or  dome  rising  higher  than  a semicircle. 

Swallow-tail,  See  Dove-tail. 

Syenite.  A stone  which  consists  of  feldspar  and  hornblende,  of  various  colours,  as 
reddish,  dull  green,  &c.,  as  the  feldspar  or  hornblende  may  predominate.  It  obtained 
the  name  from  its  abundance  of  syene,  and  according  to  Pliny  was  at  first  named 
fyro'poicilos.  It  is,  in  fact,  a species  of  granite,  and  is  used  in  Pompey’s  Pillar  at 
Alexandria.  It  is  not  the  Egyptian  porphyry,  though  often  mistaken  for  it. 

SymroL.  An  attribute  or  sign  accompanying  a statue,  or  a picture  of  a personage,  in 
allusion  to  some  passage  in  the  life  of  the  person  represented,  and  hence  often  used  as 
a figurative  representation  of  the  figure  itself.  The  symbols  connected  with  the  inetaU 
are  delineated  herein  s.  v.  Metals.  From  the  constant  occurrence  of  symbols  in  the 
edifices  of  the  Middle  Ages  it  may  be  useful  to  insert  a list  of  them,  as  attached  to  the 
Apostles  and  Saints,  most  commonly  found.  The  Cross  has  been  received  as  a symbol 
of  Christianity,  and  the  crescent  of  Mahommedanism. 


HOLY  APOSTLES. 

St.  Peter. — Bears  a key,  or  two  keys  with  different 
wards. 

St,  A«d/-ew.— Leans  on  a cross,  so  called  from  him  ; 
called  by  heralds  the  “ saltire.” 

St.  John  Eoangelist.—With.  a chalice,  in  which  is  a 
winged  serpent.  When  this  symbol  is  used,  the 
eagle,  another  symbol  of  him,  is  never  given. 

St.  Bartholomew. — With  a flaying  knife. 

St.  James  the  Less. — A fuller’s  staff,  bearing  a small 
square  banner. 

St.  James  the  Greater. — A pilgrim's  staff,  hat,  and 
escalop  shell. 

St.  Thomas. — An  arrow,  or  with  a long  staff. 

St.  Si7non.—  L long  saw. 

St.  Ju  ie.—A  club. 

St.  Matthias.— A hatchet. 

St.  Philip.  —Leans  on  a spear ; or  has  a long  cross 
in  the  shape  of  a T. 

St.  Matthew. — A knife  or  dagger. 

St.  Mark. — A winged  lion. 

St.  Luke. — A bull. 

St.  John. — An  eagle. 

St.  Paul.— An  elevated  sword,  or  two  swords  in 
saltire. 

St.  John  Baptist.— An  Agnus  Dei. 

St.  Stephen.— With  stones  in  his  lap. 

saints. 

St.  Agatha. — Her  breast  torn  by  pincers. 

St.  Agnes.— A lamb  at  her  feet. 

St.  Aidan.—A  stag  crouching  at  his  feet. 

St.  Alphege. — His  chasuble  full  of  stones. 

St.  A nagradesma.—QoyQted.  with  leprosy. 

St.  Anne. — Teaching  the  Blessed  Virgin  to  read. 
Her  Anger  usually  pointing  to  the  words  Radix 
Jesse  Floruit. 

St.  Antony f Eremite. — Devil  appears  to  him  in  the 
shape  of  a goat. 

St.  Anthony  Accompanied  by  a pig. 

St.  Apollonia. — With  a tooth. 

St.  Barbara.— With  a tower  in  her  hands. 

St.  Blaise. — With  a woolcomb. 

St.  Boniface. — Hewing  down  an  oak. 

St.  Britius.— With  a child  in  his  arms. 

St.  Canute. — Lying  at  the  foot  of  the  altar. 

St.  Catharine. — With  a wheel  and  sword. 

St.  Cecilia.— With  an  organ. 

St.  Christopher. — A giant  carrying  the  infant  Sa- 
viour on  his  shoulder  across  a stream.  A monk, 
or  female  figure,  with  a lantern  on  the  farther 
side. 

St.  Clement. — ^With  an  anchor. 

St.  David. — Preaching  on  a hill. 

St.  Denis. — With  his  head  in  his  hands. 

St.  Dorothy.— ’Bq&ts  a nosegay  in  one  hand  and  a 
sword  in  the  other. 

St.  Dunstan. — Bears  a harp. 

St.  Edith.— Washing  a beggar’s  feet. 

St.  Edmund.— li'astened.  to  a tree  and  pierced  with 
arrows. 

St.  At/trard.— Bearing  In  his  hand  the  Gospel  of 
St.  John. 


St.  Ennuchus. — A dove  lighting  on  h's  head. 

St.  Etheldreda,  Abbess. — Asleep,  a young  tree  blos- 
soming over  her  bead. 

St.  Eustachius,  or  St.  Hubert. — A stag  appearing  to 
him,  with  a cross  between  its  horns. 

St.  Fabian.— Kneeling  at  the  block  with  a triple 
crown  at  his  side. 

St.  Faith. — With  a bundle  of  rods. 

St.  George. — With  the  Dragon. 

St.  Qet'trude,  Abbess. — With  a loaf. 

St.  Giles,  Abbot. — A hind  with  an  arrow  piercing 
her  neck,  standing  on  her  hind  legs,  and  resting 
her  feet  in  his  lap. 

St.  Gudula. — With  a lantern. 

St.  Hilary. — With  three  books. 

St.  Hippolytus. — Torn  by  wild  horses. 

St.  Hugh. — With  a lantern. 

St.  Januarius. — Lighting  a fire. 

St.  Joachim.— With  a staff,  and  two  doves  In  a 
basket. 

St.  Lawrence. — With  a gridiron. 

St.  Magnus. — Rastoring  sight  to  a blind  man. 

St.  Margaret. — Trampling  on  a dragon,  a crosier 
in  her  hands. 

St.  Martin. — Giving  half  his  cloak  to  a beggar. 

St.  Nicholas. — With  three  naked  children  in  a tub, 
in  the  end  whereof  rests  his  pastoral  staff. 

St.  Odilo,  Abbot. — With  two  gobl -ts. 

St.  Pancras. — Trampling  on  a Saracen,  a palm 
branch  in  his  right  hand. 

St.  Richard. — A chalice  at  his  feet. 

St.  Rosaly. — With  a rock  in  her  arms. 

St.  Sebastian.  — As  St.  Edmund,  but  without  a 
crown. 

St.  Surrounded  with  virgins  much  less  in 

size  than  herself. 

St.  Vincent. — On  the  rack. 

St.  Walhwga. — Oil  distilling  from  her  hand. 

St.  Waltheof.  — Kneeling  at  the  block,  the  sun 
rising. 

St.  Winifred,  Abbess.— With  her  head  in  her  arms. 
St.  Wulfstan. — Striking  his  pastoral  staff  on  a 
tomb. 

The  Blessed  Virgin  Is  usually  represente  1— 

1.  At  the  Annunciation,  with  an  almond  treo 
flourishing  in  a flower-pot. 

2.  At  her  Purification  with  a pair  of  turtle 
doves. 

3.  In  her  Agony,  with  a sword  piercing  her 
heart. 

4.  In  her  “ Repose  ” (death). 

6.  In  her  Assumption. 

6.  With  the  blessed  Saviour  in  her  lap. 

7.  In  her  Ecstasy,  kneeling  at  a faldstool,  which 
faces  the  Temple,  the  Holy  Dove  descending 
on  her. 

Martyrs  hold  palms ; Virgins,  lamps,  or.  If  also 
Martyrs,  lilies  and  roses ; Confessors,  lilies ; Pa- 
triarchs, wheels. 

Glories  round  heads  are  circular,  except  when 
living  prelates  eminent  for  holiness  are  repre- 
sented, when  they  are  square. 


IIusenheth,  F.  C.  Emblems  of  Saints.  2nd  edition,  12nv).  London  1860.  Twining,  L 
St/mbols  ani  Emblems  of  Early  and  Mediceval  Christian  Art.  93  plates,  4to.  Lond.  1852. 
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of  doors,  we  have  Ostium  autemtempli  Doraimis  est,  quia  nemo  venit  ad  Pat  rem  nisi 
per  ilium,  &c.  As  to  the  windows,  they  are  symbols  of  the  saints  and  spiritual  wor- 
shippers; ‘henestrse  templi  sunt  sancti  et  spirituales.’  To  come,  however,  to  recent 
symbolisms,  we  find  that  the  moderns  have  discovered  that  the  principal  entrance  of  a 
church  is  a symbol  of  our  entrance  into  physical  and  moral  life  ; that  the  tympanum  nr 
gable-hke  form,  over  the  great  western  porch  (whose  origin  is  the  Greek  pediment,  i>ut 
raised  to  conform  with  the  character  of  the  style),  is  a symbol  of  the  Holy  Trinity  ; the 
gi-eat  rose  window  at  the  western  end  of  a church  is,  from  its  circular  form,  accounted 
a symbol  of  Divine  Providence!  At  Amiens,  the  four  rose  windows  have  been  cr>n- 
sidered  symbolical  of  the  four  elements!  In  respect  of  the  towers,  that  on  the  left  is  said 
to  represent  the  ecclesiastical  and  spiritual  hierarchy,  and  that  to  the  right,  order,  that 
is,  the  civil  or  temporal  power!  and  generally,  where  four  liorizonhil  divisions  (x*cur, 
the  lower  one  is  symbolical  of  the  curl^,  the  next  upwards  of  the  dean  or  archdeacon,  the 
third  of  the  bishop,  and  the  fourth  of  the  archbishop.  Should  a fifth  horizontal  divi- 
sion occur,  the  primate  is  the  type.  So  in  the  right  hand  tower,  the  lowest  compart- 
ment represents  the  mayor,  and  in  succession  upwards  appear  a count,  a duke,  a king ; 
and  if  the  tower  be  covered  with  a spire,  no  less  than  an  emperor  appears.  One  is 
almost  surprised  that  there  is  no  symbol  to  represent  the  suisse  of  the  continental,  nor 
the  beadle  of  our  churches  in  this  country.  The  interior  of  a church,  according  to  the 
symbolists,  affords  some  further  curious  features  of  mysticism.  The  principal  entrance 
is  at  i\vefoot  of  the  Cross,  because,  by  the  use  of  the  feet  (i.e.  travelling)  the  Gospel 
was  preached  I What  is  called  canting  heraldry  surely  does  not  equal  this.  The  nave 
is  said  to  represent  the  body  of  the  faithful ! The  ceiling  over  the  altar  is  accountc<la 
symbol  of  heaven,  and  the  chapels  round  the  altar  are  said  to  represent  the  aureola  round 


ration  of  such  absurdity,  where  the  things  have  been  ingeniously  fitted  to  the  types, 
instead  of  the  converse.  There  is,  however,  one  other  point  connected  with  the  subject, 
which  has  been  recently  revived,  and  a few  words  must  be  expended  in  notice  of  it.” 
This  is  the  vesica  piscis. 

Symmetry,  (Gr.  2up,  with,  and  Merpa?,  I measure.)  A system  of  proportion  in  a builtl- 
ing,  from  which  results  from  one  part  the  measurement  of  all  the  rest.  It  also  conveys 
the  meaning  of  uniformity  as  regards  the  answering  of  one  part  to  another. 

Systylb.  (Gr.)  A colonnade  or  portico,  in  which  the  inter-columniation  is  equal  to 
two  diameters  of  the  column. 


Tabern.  A provincial  term  for  a cellar. 

Tabernacle.  (Lat.)  In  Catholic  churches,  the  name  given  to  a small  representation  of 
an  edifice  placed  on  the  altar  for  containing  consecrated  vessels,  &c. 

Table.  In  perspective,  the  same  as  the  plane  of  the  picture,  being  the  paper  or  canva.s  on 
o rlrawino-  i.s  made,  and  usuallv  nerpendicular  to  the  horizon.  In  the 


' Tabling.  - A term  used  by  the  Scotch  builders  to  denote  tne  coping  oi  uio  ...  j 


the  head  of  Christ ! But  it  is  scarcely  worth  while  to  waste  more  time  on  the  conside 


T 


common  houses. 
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Taulinum.  (liut.)  In  Roman  aroliitecture,  an  apartment  situated  in  the  narrow  part  of 
the  atrium,  as  is  supposed,  fronting  the  entrance.  Its  exact  position  is  not  now  known, 
and  indeed  the  situation  of  it  may,  under  circumstances,  have  varied ; its  true  place 
therefore  must  be  a matter  of  doubt. 

Tabulatum.  (Lat.)  A term  used  by  the  Romans  not  only  in  respect  to  the  floors,  wains- 
cottings,  ceilings,  &c.,  which  were  constructed  of  wood,  but  also  to  balconies  and  other 
projecting  parts,  which  latter  Vitruvius  calls  'projectiones. 

Tace.  The  name  in  Scotland  for  a Sally. 

Tacks.  Small  nails  used  for  various  purposes,  but  principally  for  stretching  cloth  upon  a 
board. 

T.ENIA.  (Gr.)  The  fillet  which  separates  the  Doric  frieze  from  the  architrave. 

Tail.  (Verb.)  A term  denoting  the  hold  of  any  bearing  piece  on  that  which  supports  it, 
as  where  the  end  of  a timber  lies  or  tails  upon  the  walls.  The  expression  is  similar  to 
what  in  joinery  is  called  housing,  with  this  difference,  that  housing  expresses  the  complete 
surrounding  of  the  cavity  of  the  piece  which  is  let  in. 

Tail  Ray.  See  Case  Ray. 

Tail  Trimmer.  One  next  the  wall,  into  which  the  ends  of  joists  are  fastened  in  order  to 
avoid  flues. 

Tailing.  That  part  of  a projecting  stone  or  brick  not  inserted  in  a wall. 

Tailloir.  (Fr.)  The  name  which  the  French  give  to  the  abacus. 

Talon.  (Fr.)  The  name  given  by  the  French  to  the  ogee. 

Tambour.  (Fr.  a drum.)  A term  denoting  the  naked  ground  on  which  the  leaves  of  the 
Corinthian  and  Composite  capitals  are  placed.  It  signifies  also  the  wall  of  a circular 
temple  surrounded  with  columns  ; and  further  the  circular  vertical  part  below  a cupola 
as  well  as  above  it. 

Tangent.  (Lat.  Tango.)  A line  drawn  perpendicular  to  the  extremity  of  the  diameter  of 
a circle,  and  therefore  touching  it  only  at  one  point.  In  trigonometr}',  it  is  a line  drawn 
perpendicularly  from  the  extremity  of  the  diameter,  at  one  end  of  the  arc,  and  bounded 
by  a straight  line  drawn  from  the  centre  through  the  other. 

Tank.  A receptacle,  generally  formed  under  ground,  for  liquids,  as  a water  tank,  liquid 
manure  tank,  &c. 

Tapering.  A term  expressive  of  the  gradual  approach,  as  they  rise,  of  the  sides  of  a body 
to  each  other,  so  that  if  continued  they  would  terminate  in  a point. 

Tar.  a product  of  the  valuable  family  of  the  coniferous  trees,  and  chiefly  from  the  species 
of  pine  known  as  the  Scotch  fir.  It  is  stored  up  in  the  roots,  from  which  it  is  extracted 
by  heat.  When  tar  is  subjected  to  heat  a volatile  spirit  is  distilled  from  it,  leaving  a 
black  solid  mass  which  is  termed  pitch.  Roth  have  the  property  of  resisting  moisture. 

Tarras.  a strong  cement,  useful  formerly  in  water- works. 

Tassal,  Tassel,  Torsel,  or  Tossel.  The  plate  of  timber  for  the  end  of  a beam  or  of  a 
joist  to  rest  on,  as  formerly  in  a chimney,  where  the  mantel  tree  rested  on  it  at  each 
end. 

Tavern.  A house  open  to  the  public  where  wine  is  sold. 

Taxis.  (Gr.)  A term  used  by  Vitruvius  to  signify  that  disposition  which  assigns  to 
every  part  of  a building  its  just  dimensions.  Modern  architects  have  called  \t  ordun- 
nance. 

Teaze  Tenon.  A tenon  on  the  top  of  a post,  with  a double  shoulder  and  tenon  from  each 
for  supporting  two  level  pieces  of  timber  at  right  angles  to  each  other. 

Tectorium  Opus.  (Lat.)  A name  in  ancient  architecture  given  to  a species  of  plastering 
used  on  the  walls  of  their  apartments. 

Telamones.  (Gr.  TAaco,  to  support.)  Figures  of  men  used  in  the  same  manner  as  Cary- 
atides. They  are  sometimes  called  atlantcs. 

Temenos.  (Gr.)  The  same  as  the  Latin  Templum.  See  Temple. 

Tempered.  An  epithet  applied  to  bricks  which  may  be  cut  and  reduced  with  ease  to  a 
required  form.  The  term  is  also  applied  to  mortar  and  cement,  which  has  been  \v'ell 
beaten  and  mixed  together. 

Tempia.  (Lat.)  Timbers  in  the  roof  of  the  Roman  temples,  which  rested  on  the  cantheru\ 
or  principal  rafters,  similar  to  the  purlins  in  a modern  roof. 

Template.  An  improper  orthography  for  Tempket. 

Temple.  (Lat.)  Generally  an  edifice  erected  for  the  public  exercise  of  religious  worship. 
Herein  is  described  the  different  species  of  temples  mentioned  by  Vitruvius,  in  Rook  3 of 
his  work. — A temple  is  said  to  be  in  antis  when  it  has  antse  or  pilasters  in  front  of  the 
walls,  which  enclose  the  cells,  witli  two  columns  between  the  antee.  See  Fig.  1442.  It 
was  crowned  with  a pediment,  and  was  not  dissimilar  to  the  prostylos  temple,  to  which 
we  shall  presently  come.  In  the  figure,  A is  the  cell,  a a the  antae.  and  if  in  front  of 
them  the  columns  bhbb  were  placed,  it  would  be  a prostyle  temple  ; C is  the  door  of  the 
cell,  and  R the  pronaos.  The  appearance  in  front  of  this  species  is  the  same  as  the 
amphiprostyle  temple,  which  is  given  in/y.  1443,  and  wherein  columns  are  also  placed 
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the  iintse.  It  will  be  immediately  seen  that  the  same  elevation  will  apply  {fig.  U4I) 


Fig.  1444. 


to  both  the  plans  just  given.  The  amphiprostyle  temple,  be  it  observed  {fig.  HI3),  hiw. 


columns  in  the- rear  as  well  as  in  the  front,  and  is  distinguished  by  that  fn  ni  the  pro- 
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fltylos  {fig.  1442),  wherein  the  columns  h b h b would  make  that  prostylos  which, 
but  for  them,  would  be  merely  a temple  in  antis.  The  a7npMprostylos  then  only 
differs  fro  n the  prostylos  by  having  columns  in  the  rear,  repeated  similarly  to  those  in 
tlie  front.  'The  fig.  1444  applies  on  double  the  scale  of  the  plans  to  both  figs.  1442  and 
1443,  and  is  a diastyle  tetrastyle  temple,  that  is,  one  whose  intercolumniations  (see 
Colonnade)  are  of  three  diameters,  and  the  number  of  whose  columns  is  four. 

A peripteral  temple  had  six  columns  in  front  and  rear,  and  eleven  on  the  flanks,  count- 
ing the  two  columns  on  the  angles  (see  fig.  1445),  and  these  were  so  placed  that  their 


I'ig.  1446. 


distance  from  the  wall  was  equal  to  an  intercolumniation  or  space  between  the  columns 
all  round,  and  thus  it  formed  a walk  around  the  cell.  In  fig.  1446  is  the  elevaJion  of 
the  species,  which  is  hexastyle  and  eustyle,  that  is,  with  six  columns  in  front,  whose 


intercolumniation  is  eustyle,  or  of  two  diameters  and  a quarter.  (Sec  Colonnade.) 
In  this  figure,  which  is  to  a double  scale  of  the  plan,  a aa  are  acroteria. 
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ThQ pseudo-dipteral  temple  was  couFtructod  with  eight  columns  in  front  and  rear 


Fig.  1449. 


and  with  fifteen  on  the  sides,  including  those  at  the  angles,  see/^.  1417.  The  walls  of 


the  pell  are  opposite  to  the  four  middle  columns  ot  the  front  and  of  the  rear.  Hence, 


from 


Fig.  1451 


le  walls 


to  the  front  of  the  lower  port  of  the  columns,  there  will  ho  an  interval 
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eq  lisl  to  two  intercolumniations  and  the  thickness  of  a column  all  round.  No  example 
existed  of  sucli  a temple  at  Rome  ; but  there  was  one  to  Diana,  built  by  Hermogenes 
of  Alabanda,  in  Magnesia,  and  that  of  Apollo  by  Menesthes.  The  dipteral  temple 
( 1448)  is  octastylos  like  the  former,  and  with  a pronaos  and  posticum,  but  all 

round  the  cell  are  two  ranks  of  columns;  such  was  the  temple  of  Diana  at  Ephesus, 
built  by  Ctesiphon.  The  elevation  {fig.  1449)  is  the  same  in  the  dipteral  and  pseudo- 
dipteral  temple,  and  in  the  figure  is  with  the  systyle  intercolumniation. 

The  hypoilhral  temple,  or  that  uncovered  in  the  centre,  is  decastylos  in  the  pronaos 
and  posticum;  it  is  in  other  respects  (see  fig.  1450)  similar  to  the  dipteral,  except 


Fig.  1452. 


that  in  the  inside  it  has  two  stories  of  columns  all  round,  at  some  distance  from  the 
walls,  after  the  manner  of  the  peristylia  of  porticoes  as  drawn  in  fig.  1451,  in  which 
one  half  is  the  elevation  and  the  other  half  the  presumed  section  of  such  a temple. 

The  peripteral  temple  hus  been  described,  but  there  is  still  another  connected  with 
that  species,  though  distinct,  and  that  is  the  pseudo-peripteral,  or  false  peripteral,  in 
which  there  is  no  passage  round  the  walls  of  the  cell,  but  an  appearance  of  surrounding 
c«jlumns  (see  fig.  1452). 

By  this  arrangement  more  room  was  given  to  the  space  of  the  cell.  The  elevation  of 
this  is  given  in  fig.  1453. 


vig.  145G. 


Vitruvius  thus  describes,  as  follows,  the  proportions  of  the  Tuscan  temple : — 

The  length  of  the  site  of  the  temple  intended  (see  fig.  1454.)  must  be  divided  into  six 
parts,  whence,  by  subtracting  one  part,  the  width  thereof  is  obtained.  The  length  is  then 
divided  into  two  parts,  of  which  the  furthest  is  assigned  to  the  cell,  that  next  the  front  to 
the  reception  of  the  columns. 

The  above  width  is  to  be  divided  into  ten  parts,  of  which  thre-^  to  the  right  and  three  to 
the  left  are  for  the  smaller  cells,  or  for  the  alse,  if  such  are  reqiu'red ; the  remaining  four 
are  to  be  given  to  the  central  part.  The  space  before  the  cells  in  the  pronaos  is  to  have 
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its  columns  so  urrangod  tlmt  those  at  iho  angles  are  to  correspond  wiih  the  ant.T)  of  the 
external  walls  ; the  two  central  ones  opposite  the  walls  between  the  antjo  and  the  niiddlc 

of  the  temple  are  to  bo  so  disposetl,  that  between  the 
antpe  and  the  above  columns,  and  in  that  direction 
uthers  may  be  placed. 

Iheir  thickness  below  is  to  bo  one-seventh  of  their 
height,  their  height  one-third  of  the  width  of  the 
temple,  and  their  thickness  at  top  is  to  be  ono-fourtli 
less  than  their  thickness  at  bottom.  Their  bases  are 
to  be  half  a diameter  in  height.  The  plinths,  which 
are  to  be  circular,  are  half  the  height  of  the  base, 
with  a torus  and  fillet  on  them  as  high  as  the  plinth. 
The  height  of  the  capital  is  to  be  half  a diameter, 
and  the  width  of  the  abacus  equal  to  the  hjwer  dia- 
meter of  the  column.  The  height  of  the  capital 
must  be  divided  into  three  parts,  whereof  one  is 
assigned  to  the  plinth  or  abacus,  another  to  t'ne 
echinus,  the  third  to  the  hypotrachelium,  with  its 
apophyge. 

Over  the  columns  coupled  beams  are  laid  of  such 
height  as  tlie  magnitude  of  the  work  may  require. 
Their  width  must  be  equal  to  that  of  the  hypo- 
trachelium at  the  fop  of  the  column,  and  they  are 
to  be  so  coupled  together  with  dovetailed  dowels  as 
to  leave  a .space  of  two  inches  bi  tween  them.  Above 
the  beams  and  walls  the  mutuli  project  one-fourth 
of  the  height  of  the  columns.  In  front  of  these  mem- 
bers are  fixed,  and  over  them,  the  tympanum  of  the 
pediment,  either  of  masonry  or  timber. 

Of  temples  there  are  two  species ; the  monopteral  {fig.  145o)  having  columns 

without  a cell,  and  the  peripteral  with  a cell  {fig.  14d6).  In  this  last  the  clear  dia- 
meter of  the  cell  wjthin  the  walls 's  to  be  equal  to  the  height  of  the  columns  above  the 


Fig.  14r4. 


Fig.  1455. 


Fig.  1456. 


rig*  \.‘\oo9  ^ ^ /»  f • 1 

pedestal.  Of  this  species  was  the  celebrated  temple  at  Tivoli  in 

n , dissentient  from  its  allowed  beauty  has  hitherto  been  recorded.  V ith  it  s.tu.ition  li... 
doubtless  much  to  do. 
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Having  thus  related  the  description  of  Roman  temples  as  known  to  Vitruvius,  we  give 
an  elevation  of  two  Grecian  temples  as  restored,  to  contrast  with  the  above  descriptions 
of  similar  works.  Fig.  1457  is  the  temple  of  Pallas,  or  of  Jupiter  Panhellenius  at 
^gina,  in  the  gulf  of  Athens.  The  ruins  were  explored  in  1811  by  Messrs.  Cockerell, 
Foster,  Haller  and  Lynck,  with  very  remarkable  success,  in  elucidation  of  every 
desired  architectural  detail,  and  of  the  then  unascertained  style  of  the  iEginetan  school  of 


sculpture,  constantly  mentioned  by  ancient  writers  as  of  the  first  merit  and  of  universal 
estimation.  The  temple  is  hexastyle  peripteral,  but  has  twelve  columns  only  in  the 
flanks.  The  top  step  measures  44  feet  10  inches  by  93  feet  1 inch  ; the  height  to  the 
point  of  the  pediment  is  35  feet.  The  pediments  and  acroteria  were  adorned  with  not  less 
than  thirty-four  Parian  statues  representing  the  two  Trojan  wars,  in  which  the  jHacidae 
W'ere  engaged  more  especially.  These  sculptures  are  now  at  Berlin,  but  casts  of  them, 
placed  in  models  of  the  pediments,  are  erected  in  the  British  Museum.  Fig.  1430  shows 
the  centre  group  of  one  of  the  pediments  to  a larger  scale.  The  date  of  this  work  is  sup- 
posed to  be  not  later  than  the  sixtli  century  b.c. 


Fig.  14S8.  The  Parthenon  at  Athens. 


Fig.  1458  is  a representation  of  the  west  front  of  the  temple  of  Minerva,  commonly 
called  the  Parthenon,  at  Athens.  It  is  an  example  of  the  rare  arrangement  of  the 
octartyle  peripteral,  the  sides  have  seventeen  columns.  The  top  step  measures  101‘336 
English  feet  by  228T5  feet ; the  height  to  the  apex  of  the  pediment  is  59‘27  feet.  A 
capital  of  one  of  the  columns  and  many  of  the  sculptures  of  the  pediments,  metopse,  and 
frieze  around  the  cella,  formed  a series  of  tlie  gems  of  Lord  Elgin’s  collection,  and  are 
now  in  the  British  Museum.  Ictinus  and  Callicrates  were  the  architects,  and  Phidias 
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the  director  of  the  sculpture,  intrusted  by  Pericles  with  its 


137.0 

erection.  It  is  (»uppose«l 


that  ten  or  fifteen  years  wore  so  occupied  and  tb  it  . i , 

Tkmplet.  a mould  used  iu  masonry  and  brickwork  for  the  Inrr^T  “-C- 

cut  the  work.  When  particular  uLtraev  L r^  u™ ml  a'lVl'i"’"" 
for  moulding  the  end  of  the  work,  and  ita  reverse  for  trying^  tlm  face  ^ Wh^rl’,  r 


to 


The  term  is  also  used  to  denotea  short  piece  of  timber  sometimes  bn'd  nnftn,.  „ i 
particularly  in  brick  buildings.  sometimes  laid  under  a girder, 

Tknia.  The  fillet  or  band  at  the  top  of  the  frieze  in  the  Doric  order. 

Ienant.  The  occupier  of  a house  and  holding  a lease  or  agreement  from  the  landlord  or 
other  person.  ‘Tenants  in  common  ” are  such  as  hold  by  several  and  di.stincttitl.-s 
but  by  unity  of  possession.  “ Joint  tenants  ” are  such  as  Imve  equal  rights  in  L iil  ; 
tenements  by  virtue  of  one  title.  ^ ® 

Tenon.  (Fr  Tenir.)  A projecting  rectangular  prism  formed  on  the  end  of  a piece  of 
^ timber  to  be  inserted  into  a mortise  of  the  same  form.  ^ ^ 

Tenon  Saw.  One  with  a brass  or  steel  back  for  cutting  tenons. 

Tension.  The  stretching  or  degree  of  stretching  to  which  a piece  of  timber  or  otlmr 
material  is  strained  by  drawing  it  in  the  direction  of  its  length. 

Teocalla.  The  house  of  God  or  temple  of  ancient  Mexico.  It  is  a pyramid  formed  in 
terraces  with  flat  tops,  and  always  surmountedby  a chamber  or  cell,  which  is  the  temple 
Itself,  where  the  ceremonies  were  exhibited  to  the  people.  One  at  Cholulu  is  1140 
feet  square,  and  177  feet  high,  having  four  stories.  The  teocalla  of  A'ucatvn  rises  at  an 
angle  of  about  45  degrees  to  the  level  of  the  platform  on  which  the  temple  stood  • an 
unbroken  flight  of  steps  leads  from  the  base  to  the  summit.  That  at  Palenque  is  the 
finest  yet  discovered.  ^ 

Tkpibarium.  (Lat.)  A name  given  to  one  of  the  apartments  of  a Roman  bath. 

Teram.  The  scroll  at  the  end  cf  a step. 

Tercento.  The  style  of  art  prevailing  in  Italy  during  what  is  usually  called  the 
fourteenth  century. 

Term  or  Terminal.  A sort  of  trunk,  pillar,  or  pedestal,  often  in  the  form  of  the  frii.siimi 
of  an  inverted  obelisk  with  the  bust  of  a man,  woman,  or  satyr  on  tlie  top.  See 
Vagina. 

Terminus.  The  popular  word  for  the  station  at  each  end  of  a railway. 

Terra-Cotta.  (It.)  Baked  earth.  In  the  time  of  Paiisanias  there  were  in  many  temples 
statues  of  the  deities  made  of  this  material.  Bassi-rilievi  of  terra-cotta  were  fre- 
quently employed  to  ornament  the  friezes  of  temples.  In  modern  times  it  has  also 
been  much  used  for  architectural  decoration,  being  modelled,  or  cast,  or  made  up  of 
pipe  or  potter  s clay  with  fine  sand  and  flint,  and  afterwards  fired  to  a stony  hardness, 
hardly  to  be  scratched  with  a steel  point.  The  manufacture  is  greatly  used  in  a 
variety  of  ways  for  ornamental  and  useful  purposes.  “ Many  early  protlucti-  ns,  even 
of  less  durability  than  those  now  made,  are  found  in  ruins  of  stone,  in  which  the  latter 
material  has  been  steadily  disintegrating  for  thousands  of  years,  but  leaving  the  terra 
cotta  as  perfect,  in  many  cases,  as  if  recently  produced.  In  faithfully  made  and  vitrified 
terra-cotta  we  have  the  great  and  lasting  triumph  of  man  over  natural  productions ; 
for  timber  will  rot;  stone,  even  granite,  will  disintegrate  ; iron  will  oxidise;  all  oih»-r 
metals  will  succumb  to  the  action  of  fire,  and  to  other  destroying  influences  of  the 
elements.  Properly  made  and  thoroughly  burned  terra-cotta  will  pass  through  cen- 
turies, and  be  the  last  to  yield  to  those  influences  to  which  all  natural  productions  must 
give  way.  In  all  architectural  employments  it  is  pract  cally  time-proof  and  indestruct- 
ible. Very  many  important  transactions  recorded  in  this  material  have  been  fi>und  in 
a good  state  of  preservation  in  the  ruins  of  Babylon.”  (Davis,  iu  Builder,  xlvii.  479-1 
Terrace.  An  area  raised  before  a building  above  the  level  of  the  ground  to  serve  as  a 
walk.  The  word  is  sometimes,  but  improperly,  used  to  denote  a balcony  or  gallery. 
Tesselated  Pavement.  A rich  pavement  of  mosaic  work  made  ot  small  st^uares  of 
marbles,  bricks,  tiles,  or  pebbles,  and  called  tessclce  or  tessera. 

Tessera.  (Gr.)  A cube  or  die.  This  name  was  applied  to  a composition  used  some 
years  ago  for  covering  flat  roofs,  but  now  abandoned. 

Testudo.  (Lat.)  A name  given  by  the  ancients  to  a light  surba.sed  vault  with  wliu-ii 
they  ceiled  the  grand  halls  in  baths  and  mansions.  Generally,  any  arched  roo  . 
Tetraduron.  (Gr  ) A spec’es  of  brick  four  palms  in  length.  See  Brick. 

Tetragon.  (Gr.)  A figure  which  has  four  sides  and  as  many  angles.  ^ 

Teiraspastos.  (Gr.  Terpa,  four,  and  STracrira;,  to  draw.)  A machine  working  with  four 
pullej's. 

Tetrastyle.  (Gr.  Terpa,  and  StuAos,  a column.)  See  Colonnade. 

Thatch.  The  covering  of  straw  or  reeds  used  on  the  roofs  of  cottages,  arn.s  m 
buildings  ; and  sometimes  the  coita(/c  orne  is  so  finished  fur  a picturesque  en*ci. 
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Tiikatue,  (Gr.  &fao/j.ai,  to  see.)  A place  appropriated  to  the  representation  of  dramatic  t 
spectacles. 

Theodolite.  An  instrument  used  in  surveying  for  taking  angles  in  vertical  or  horizontal 
planes. 

Theorem.  A proposition  which  is  the  subject  of  demonstration. 

Therm.®.  See  Bath. 

Thorough  Framing.  The  framing  of  doors  and  windows,  a term  almost  obsolete. 

Thorough  Lighted  Room.  A room  having  windows  on  opposite  sides. 

Threshold  of  a Door.  The  sill  of  the  door  frame. 

Throat.  See  Gorge  and  Chimney. 

1 HROUGH  or  Thorough  Stone.  A bond  stone;  a heading  stone  going  through  the  wall. 

Thrust.  The  force  exerted  by  any  body  or  system  of  bodies  against  another.  Thus  the 
thrust  of  an  arch  is  the  power  of  the  arch  stones  considered  as  a combination  of  wedges 
to  overturn  the  abutments  or  walls  from  which  the  arch  springs. 

Tie.  (Sax.  Tian,  to  bind.)  A timber-string,  chain,  or  iron  rod  connecting  two  bodies 
together,  which  have  a tendency  to  diverge  from  each  other,  such  as  tie-beams,  diagonal 
ties,  truss-posts,  etc.  Braces  may  act  either  as  ties  or  straining  pieces.  Straining 

' pieces  are  preferable  to  ties,  for  these  cannot  be  so  well  secured  at  the  joints  as 
straining  pieces.  See  Angle  Brace. 

I'lE  Beam.  The  beam  which  connects  the  bottom  of  a pair  of  principal  rafters,  and 
prevents  them  from  thrusting  out  the  wall.  Fig.  1459  is  an  illustration  of  a late 
mediaeval  example  of  a species  of  such  a roof. 


Tin  Rod.  The  iron  rod  securing  the  feet  of  the  principal  rafters  in  the  manner,  and  in 
lieu,  of  the  tie-beam. 

Tierce  Point.  The  vertex  of  an  equilateral  triangle.  Arches  or  vaults  of  the  third 
point,  which  are  called  by  the  Italians  di  terzo  acuto,  are  such  as  consist  of  two  arcs  of 
a circle  intersecting  at  the  top.  See  Pointed  Arch. 

Tigna.  The  lie  beam  of  an  ancient  timber  roof. 

Tji.e.  (Sax.  Ti^el.)  A thin  piece  or  plate  of  baked  clay  or  other  material  used  for  the 
external  covering  of  a roof.  A thicker  sort  serves  for  paving.  The  flat  tiles  are  called 
plain  tiles,  the  curved  ones  pan-tiles ; those  latter,  if  made  with  a double  curvature, 
are  called  Bridgewater  tiles. 


Fig.  14G0. 
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In  ancient  buildings  two' forms  of  tiles 
ws  to  receive  the  shower,  and  the  tegula 

penetrating  the  joints.  The  latter  vere  fiierat'd'inM the  min  from 
pieces  called  a7itejixcs,  which  were  also  repeated  *alom^  \ upriKht  ornam.-nUl 

tiles.  The  present  common  tiles  of  Italy^are  on  this^nr'  junction  of  the 

1460.  Similar  tiles  have  of  late  years  Len  mil i » M 

require  to  be  set  in  mortar  to  prevLt  wet  and  snnw  ? ’^“t  the  joints 

Tile  Creasing.  See  Creasing.  ^ mto  the  roof.  ^ 

Tiling.^  The  act  of  putting  tiles  on  to  roofs  of  buildings.  The 


called. 


^vork  itself  is  also 


the  wall,  and  prevent™  SL  from  eitob^' the  joint®  “^'sinip" 
TtMBnn._  _(Sax,T.mbpan.  to  build.)  Prop®erly  renl.^  ""  “IT’ 


Tiii.-<g  Fillet.  A chamfered  fillet  laid  under  slatinv 
irevent  waf-AT.  tering  the  joint 

cut  down,  as  is  suited  to  the  purposfs^T/SildW^  either  growinu^  „r 

employed  is  so  called,  as  one  of  tU  IMers  of  .a  fiJor,  roof"®!;!  “'""larly 

J.IAIBERS.  It  IS  advisable,  as  directed  bv  thp  I\Tpi-iTtr.Aiit ... "ii*  . 
timber  or  woodwork  be  placed  in  any Wall  or  chi, nn!y  breast',  ll3tlH„‘t”in"l'''  T 

' i,icWW"fro‘’mthrj:pp“  sWrfacro''ah7he;swf^s^^^^^  7 

inches  from  the  face  of  tJio  brickwork  or  stonework  abo'ur"niy'X,'™y  „r  m',e''wll” 

the  substance  of  such  brickwork  or  stonework  is  less  than  si  :„.i,  , .i  • , 

laee  of  such  brickwork  or  stonework  is  reXed  -and  fct  o j w^Ten  Sit ^ 

^ on  oneWide^  discharge  a barrow  or  waggon  load  of  anything  by  turning  it  on  end  or 

Tolmen,  or  Holed  Stone.  One  of  the  many  stones  attributed  to  the  Celtic  inhabit  int*. 
loMB.  (Or.  Tvfi^os.)  A grave  or  place  for  the  interment  of  a human  body,  inoludinR  also 
any  commemorative  monument  raised  over  such  a place.  The  word  embraci-s  overv 
mausoLum.  memonal,  from  the  meanest  grave  to  the  most  sumptuous 

Tongue.  See  Groove. 

Tools.  (Sax.)  Instruments  used  by  artificers  for  the  reduction  of  anv  material  to  its 
intended  f^orm,  and  with  which  they  are  assisted  in  fixing  and  ornameming  it. 

J ooTH.  The  iron  or  steel  poiut  in  a gauge  which  marks  the  stuff  in  its  passage,  or  dran-s 
a line  parallel  to  the  arris  of  the  piece  of  wood. 

Toothing.  A projecting  piece  of  material  which  is  to  be  received  into  an  adjoining  piece. 

A tongue  or  series  of  tongues.  See  Stoothing. 

Top  Beam.  The  same  as  Collar  Beam. 

Top  Rail.  The  uppermost  rail  of  a piece  of  framing  or  wainscoting,  as  its  name 
imports. 

Tope.  A Buddhist  monument  in  a temple  for  preser\'ing  relics.  Also  the  large  mouii.l 
enclosed  and  having  gateways,  as  the  celebrated  Sanchi  tope,  dating  about  CUO  n.c. 
Torsel.  The  same  as  Tassae. 

Torsion.  The  twisting  strain  on  any  material. 

Torus.  (Lat.)  A large  moulding  whose  section  is  semicircular,  used  in  the  bases  of 
columns.  The  only  difference  between  it  and  the  astragal  is  in  the  size,  the  astnigal 
being  much  smaller. 

Touch  Stone.  A smooth  black  stone  like  marble.  It  was  much  usfd  for  tombs  in  the 
16th  and  17th  centuries,  as  in  that  of  Henry  VII. 

Toaver.  (Sax.)  A lofty  building  of  several  stories,  round  or  polygonal.  See  Sthspi.r. 

Town  Hall.  (Fr.  Hotel  de  ville.  Ger.  Stadthaus  and  Rathhaus.)  A building  in  wlnW'li 
the  affairs  of  a town  are  transacted.  It  Avill  necessarily  vary  with  its  extent  and  opu- 
lence.  In  towns  of  small  extent  it  should  stand  in  the  market-place;  in  many  of  ilio 
towns  of  this  country  the  ground  floor  has  usually  columns  or  piers,  and  forms  the 
corn  market,  the  upper  floor  being  generally  sufficiently  .spacious  for  traii.sacting  iniiui- 
cipal  business.  Where  the  sessions  and  assizes,  as  in  cities,  are  lield  at  the  town  hall, 
it  is  necessary  to  provide  two  courts,  one  for  the  civil  and  the  other  for  the  criminal 
trials.  In  cities  where  much  municipal  business  occurs,  the  number  of  apartments 
must  of  course  be  increased  to  meet  the  exigencies  of  the  particular  case;  and,  if 
sible,  a large  hall  should  be  provided  for  the  meetings  of  the  corporation.  On  tlie 
ground  floor  of  the  first  class  of  town  halls,  courts,  porticoes,  or  arcades,  or  spacious 
staircases,  should  prepare  for  and  lead  to  the  large  apartments  and  court.*-,  of  law. 
Every  means  should  be  employed  in  providing  ample  egress  and  ingress  to  the  pci>ons 
assembling.  Fire-proof  muniment  rooms  should  be  provided  for  the  reconls  and 
accounts.  Court  of  Law. 

For  the  disposition  of  these  buildings  the  student  may  turn  with  profit  to  the 
examples  abroad  in  which,  generally,  apartments  are  provided  for  every  branch  ot  liio 
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government  of  the  city. 
Durand,  in  his  Parullele  des 
Edifices,  has  given  several 
examples.  We  have  chosen 
the  Belgian  examples,  as 
most  splendid,  to  remark 
upon ; but  it  is  not  to  be 
understood  that  fine  speci- 
mens are  only  to  be  found  in 
that  country.  France  and 
Germany  (see  Builder  for 
1866')  abound  with  such 
edifices,  and  a very  volumi- 
nous work  might  be  pro- 
duced on  the  subject. 

On  the  four  princi- 
pal hotels  de  ville,  that  of 
Bruges  is  the  earliest.  Its 


date  is  1377,  and  it  is  chiefly 
remarkable  for  the  original 
wooden  roof  to  the  great  hall. 
Tlie  Hotel  de  Ville  of  Brussels 
is,  as  an  edifice,  the  first  of  the 
class,  whether  considered  by  it- 
self, or  as  the  dominant  feature 
of  a place  surrounded  by  build- 
ings of  the  most  unique  and 
varied  appearance,  the  most  in- 
teresting that  we  recollect  any- 
where to  have  contemplated. 
It  appears  to  have  been  com- 
pleted in  1445.  Fig.  1460rt.  is 
a view  of  the  east  fa9ade.  An 
ancient  building  which  occupied 
this  site,  has  not  been  entirely 
removed  : for  in  the  northern 


Fig.  1460rt. 


HOTEL  DE  VILLE;  BKLSSELS. 


side  from  the  tower,  the  piers  of  the  loggia,  which  on  the  basement  extends  along  the 
front,  consi.st,  at  least  three  of  them,  of  columns  whose  date  is  evidently  a century  earlier, 
and  which  it  is  probable  were  left  when  the  main  front  of  the  building  was  carried  up. 
Indeed,  it  seems  highly  probable  that  when  the  architect  Jean  van  Ruysbroeck  undertook 
the  tower,  his  part  of  the  work,  the  hotel  was  in  existence  as  high  as  the  one-pair  floor. 
The  whole  of  the  tower  seems  rather  later  than  the  date  above  given,  which  accords  well 
enough  with  the  northern  wing.  The  authorities  we  have  looked  into  scarcely,  however, 
admit  us  to  doubt  its  correctness.  As  the  building  stands  executed,  taking  one  of  the 
bays  on  the  northern  side  as  a measuring  unit,  there  are  three  measuring  the  central  space 
for  the  tower,  ten  for  the  north  wing,  and  eleven  for  the  south  wing ; the  height,  to  the 
top  of  the  parapet,  nine ; to  the  ridge  of  the  roof,  thirteen  ; to  the  top  of  the  spire,  thirty- 
three.  The  tracery  on  the  spire  is  very  elegant,  and  is  pierced  throughout.  It  is  364  feet 
high,  and  crowned  with  a copper  gilt  colossal  statue  of  St.  Michael,  the  patron  of  the 
city,  18  feet  high,  which  is  so  well  balanced  upon  the  pivot  on  which  it  stands  that  it  is 
susceptd)le  of  motion  with  a very  gentle  wind.  The  interior  of  the  edifice  has  a quadrangular 
court,  with  two  modern  fountains,  statues  of  river  gods  with  reeds  and  vases,  as  usual  in 
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such  cases.  Besides  the  Grande  there  are  many  interestinr;  .apartments  son  e whereof 
possess  ceilings  of  great  beauty.  This  fine  mom.nient  is  perhaps  tlie  niost  a.lniirahle 
example  of  the  adaptation  ot  the  style  to  secular  architecture  that  can  he  quoted 

Smaller  in  plan,  but  more  beautiful  and  symmetrical,  is  the  hdtel  He  ville  of 
Louvain.  It  IS  the  most  perfect,  in  every  respect,  of  this  class  of  buildings  in  Lurone 
Nothing  can  surpass  ® ' t • 

the  richness  and  deli- 
cacy of  the  tracery 
upon  it.  Like  th.at  at 
Brussels,  it  consists  of 
three  stories,  but  has 
no  tower.  Commenced 
in  14-18,  it  was  not 
completed  till  by 

De  Layens.  It  stands 
on  a site  of  about  8.5 
feet  by  42  feet ; so  that 
it  derives  little  advan- 
tage from  its  absolute 
magnitude,  and  per- 
haps appears  less  than 
it  really  is,  from  the 
great  height  of  the 
roof,  which  is  pierced 
by  four  tiers  of  dor- 
mers or  lucarnes.  The 
angles  are  flanked  by 
turrets,  of  which  some 
notion  may  be  formed 
by  reference  to  Jig. 

]460b.  and  the  ridge 
of  the  roof  is  received 
at  each  end  by  another 
turret  corbelled  over 
from  the  gables.  The 
facade  towards  the 
Place  extends  rather 
more  than  the  height, 
and  is  pierced  with 
twenty-eight  windows 
and  two  doorways,  be- 
ing ten  openings  in 
each  story,  the  spaces 
between  the  windows 
being  decorated  with 
canopies,  and  groups 
of  small  figures  from 
the  Old  Testament, 
some  whereof  are 
rather  licentious.  This 
charming  edifice,  which 
in  its  delicate  rich 
tracery  had  suffered 
much  from  time  and 
the  elements,  has,  at 

the  joint  expense  of  the  j,otel  de  ville  ; loi-vai.v. 

town  and  government,  ' . rr  . i nro 

vindergone  a complete  renovation.  This  has,  stone  by  stone,  been  e tc  c(  v 
and  artistic  skill  by  M.  Goyers.  The  new  work  being  executed  m very  m.H  s * , 

however,  hardens  with  exposure  to  the  air.  it  has  been  saturate!  j 

In  form,  though  not  in  features,  tolaHy  different  from 
just  left,  is  that  at  Ghent,  never  ‘^ornplefed,  but  exhibiting,  i < 
the  design,  a choice  example  of  the  last  days  of  the  „.(,]!  the 

1481 ; in  it  are  all  those  indications  of  change  in  t ^ thestvle  isnowout.  f 

lines  of  the  foliage  and  tracery,  that  eventually  prove  . stGc  of  architecture  can  ever 

character  with  the  ha.bits  of  the  age,  from  vv  iic  i a on  . • • . effect,  though  in 

spring.  The  subdivision  of  tlic  building  as  to  bc.gbl  .s  ,nlo  t«o  slories  as  , f 

^ ^ 4 T 2 
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reality  there  are  more ; and  the  transoms,  which  abound  in  the  apertures,  seem  to  reign  ir 
in  accordance  with  the  horizontal  arrangement  of  lines  which  was  so  soon  to  supercede  o. 
the  flaming  curves  that  had  prevailed  fur  nearly  half  a century.  The  elegant  turret  or 
tribune  at  the  corner,  with  the  part  adjoining,  in  the  richest  flamboyant  Gothic,  is  by 

‘ Eustace  Polle^t,  1627-60;  the  other  fa9ade,  1600-20,  has  columns  of  three  different  ;■ 
orders  superposed. 

The  most  celebrated  of  town  halls  in  Europe  was  that  of  Amsterdam,  erected  during 
the  first  half  of  the  17th  century  by  Van  Campen.  The  design  is  given  in  Durand’s 
Farallele,  and  it  also  forms  the  subject  of  a volume,  in  folio,  published  in  Holland,  in 
1661-64r.  The  town  halls  at  Antwerp  and  at  Maestricht  may  be  also  referred  to,  but  i 
these  have  now  been  surpassed  by  modern  structures  ; amongst  them  may  be  mentioned  i 
the  town  hall  at  Berlin,  1881.  The  Hotel  de  Ville  at  Paris  was  commenced  1633,  and 
continued  from  1649  or  1659  on  the  designs  of  Domenico  Boccadoro,  called  by  the  j 
French  Dominique  de  Cortone,  in  what  is  now  termed  the  style  of  the  Kenaissance. 

The  additions  which  became  necessary  in  consequence  of  the  extended  business  of  j 
the  city  were  executed  in  the  same  style,  and  the  building  presented  one  of  the  finest  i 
and  most  picturesque  features  of  the  city,  until  1870-71,  when  it  was  destroyed  by  ( 
fire  ; its  reconstruction  was  carried  out  by  Theodore  Ballu.  } 

St.  George’s  Hall,  at  Liverpool,  with  the  town  halls  at  Leeds,  Halifax,  Man-  i 
Chester,  and  other  towns,  large  and  small,  are  modern  examples.  Such  a building, 
for  a mioderate-sized  market  town  (as  referred  to  previously),  might  require,  on  the 
ground  floor,  a wide  entrance  vestibule,  out  of  which  would  be  a room  for  the  police, 
with  four  or  five  cells  for  prisoners ; an  office  for  the  board  of  health,  witnesses’ 
room,  magistrates’  room,  with  a staircase  to  the  first  floor,  to  consist  of  a common 
hall,  at  one  end  of  which,  or  in  the  middle  of  one  side,  would  be  arranged  the  courts 
for  any  local  purposes,  as  a county  court  perhaps,  with  a retiring  room  for  its  chief. 
This  hall  would  require  a staircase  for  the  public,  entering  at  once  from  the  main 
thoroughfare.  Apartments  for  the  resident  policeman,  and  the  usual  conveniences, 
will  also  be  necessary. 

Tbabeation.  Another  term  for  Entablature. 

Trabs.  The  Latin  term  for  a wall-plate. 

Tracery.  In  Gothic  architecture,  the  intersection,  in  various  ways,  of  the  mullions 
in  the  head  of  a window,  the  subdivisions  of  groined  vaults,  &c.  See  Window 
Tracery. 

Trachelium.  (Lat.)  The  neck  or  space  immediately  below  the  capital  in  the  Eonian 
orders. 

Tracing  Cloth.  A fine  white  cloth,  prepared  in  a similar  way  to  paper  for  render- 
ing it  transparent.  Having  a very  greasy  surface  it  is  not  so  easy  to  work  upon  it; 
and  as  it  shrinks  much  if  wetted,  no  large  washes  of  colour  can  be  put  on  it ; even 
many  small  tints  are  detrimental  to  accuracy.  Lines  made  in  error  can  be  erased 
by  gently  using  a brush  damped  with  some  soapy  water.  The  cloth  renders  this 
paper  much  stronger  than  tracing  paper,  and  it  is  now  constantly  used  for  working 
drawings. 

Tracing  Paper.  A tissue  paper  made  transparent  by  a preparation  of  turpentine  and 
wax,  slightly  washed  over  it  and  then  allowed  to  dry.  Formerly  resin  and  oil  were 
used,  as  may  be  seen  in  the  old  sketch  books,  where  the  paper  has  turned  a dark  brown 
colour,  and  sometimes  sticks  to  the  leaves.  In  England  it  is  made  in  sizes  of  60  in.  by 
40in. ; 40  in.  by  30  in. ; and  30  in.  by  20  in.  The  last-named  size  is  also  made  of  a i 
thicker  paper.  The  following  are  the  sizes  of  modern  French-made  tracing  paper.  It 
is  also  made  40  in.  wide,  and  21^  yds.  in  length: — 


Romain 

Telli^re 

Couronne 

Serpente 

Ecu 


ins.  ins. 

ins. 

ins. 

16  by  12 

Carre 

- 

- 22 

by  17 

17  „ 13i 

Grand  raisin 

- 

- 24 

„ 18 

18  „ 14 

Jesus 

- 

- 30 

„ 22 

22  „ 14 

Colombier 

- 

- 30 

„ 23 

20  „ 16 

Grand  aigle 

- 

- 45 

27 

Besides  this,  J.  Poore  and  Co.  make  a ferro-prussiate  paper,  which  gives  white  lines 
on  a blue  ground,  and  supplied  in  rolls  thirty  and  forty  inches  wide,  of  thin,  thick,  and 
extra  thick  paper.  This  not  having  been  considered  a very  satisfactory  process,  a 
“ black-line  process,”  by  Bemrose  and  Sons,  of  Derby,  has  lately  been  brought  out 
(1888),  by  which  copies  of  the  original  drawings  can  be  produced;  they  can  also  be 
coloured  and  treated  as  ordinary  drawings.  It  is  called  “Perfection  Brand  Sensitized 
Paper”  (black-line  process). 

Tracings.  An  aniline  process  of  photographic  printing  was  patented  a few  years 
since  by  Mr.  Willis,  whereby  fac-simile  copies  of  tracings  are  obtained,  of  the  same 
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Bi7e  as  the  onginals,  however  largo  their  dimensions,  and  copies  can  be  siimdi,.!  * 
few  hours.  Deheate  tumng  as  well  as  the  black  outlines  >1.  fahl^V  ^ 

Ly  this  process  no  cost  is  incurred  for  drawing,  engraving,  or  lithogr.iphi.i.  llrauin^ 
on  thin  drawing  paper  and  on  parchment  can  also  bo  copied  by  thi?r,r.»ccs?  ^ 

TiiAMMFX.  An  instrument  for  describing  an  ellipsis  by  continued  motion 

Transkpt  (quasi  Transseptum).  The  transverse  portion  of  a cruciform  church  ; that  part 
which  IS  placed  between  and  extends  beyond  those  divisions  of  the  building  containin  ^ 
the  nave  and  choir.  It  is  one  of  the  arms  projecting  each  way  on  the  side  of  the  sleia 
of  the  cross. 

Transition.  A term  used  to  denote  the  passing  from  one  period  of  a style  to  another 
exhibiting  features  peculiar  to  both,  some  of  which  have  not  quite  been  given  up' 
and  some  of  which  were  beginning  to  be  introduced.  * ’ 

Transom.  A beam  or  beams  across  a window  to  divide  it  into  two  or  more  lights  in 
height.  A window  having  no  transom  was  formerly  called  a clear-story  window. 

Transtra.  (Lat.)  The  horizontal  timbers  in  the  roofs  of  ancient  Roman  buildings. 

Transverse.^  Lying  in  a cross  direction.  The  tramverse  strain  of  a piece  of  timU‘r  is 
that  sidewise,  by  which  it  is  more  easily  beut  or  broken  than  when  compressed  or  draw  n 
as  a tie  in  the  direction  of  its  length. 

Trap.  In  drainage  and  water  escape,  an  article  formed  in  any  material  to  prevent  the 
escape  of  foul  air ; such  as  a bell  trap,  syphon  trap,  D trap,  &c. 

Trapezium.  (Gr.)  In  geometry,  a quadrilateral  figure,  whose  opposite  sides  are  not  parallel. 

Trapezoid.  (Gr.)  A quadrilateral  figure  having  one  pair  of  opposite  sides  panillel. 

Traverse  A gallery  or  loft  of  communication  in  a church  or  other  largo  building 

Tread.  The  horizontal  part  of  the  step  of  a stair.  It  can  bo  greatly  protected  where 
there  is  much  traffic,  by  squares  of  hard  wood  inserted  grain  upwards  into  a light  cast- 
iron  frame,  which  is  then  secured  to  the  original  tread. 

Trefoil.  In  Gothic  architecture,  an  ornament  consisting  of  three  cusps  in  a circle. 

Trei.lice.  a reticulated  framing  made  of  thin  bars  of  wood;  it  is  used  as  a screen  to 
windows  where  air  is  required  for  the  apartment,  &c. 

Trenail.  A large  cylindrical  wooden  pin,  used  in  roof  work  and  framing. 

Tressel  or  Trussel.  Props  for  the  support  of  anything  the  under  surface  of  which  is 
horizontal.  Each  tressel  consists  of  three  or  four  legs  attached  to  a horizontal  part. 
When  the  tressels  are  high  the  legs  are  sometimes  braced.  Tressels  are  much  used  in 
building  for  the  support  of  scaffolding;  and  by  carpentersand  joiners  while  ripping  and 
cross-cutting  timber,  and  for  many  other  purposes. 

Triangle.  (Lat.)  A plane  rectilineal  figure  of  three  sides,  and  consequently  of  thn'o 
angles.  In  measuring,  all  rectilineal  figures  must  be  reduced  to  triangles,  and  in  con- 
structions for  carpentry  all  frames  of  more  than  three  sides  must  bo  reduced  to  triangles 
to  prevent  a revolution  round  the  angles. 

Triangular  Compasses.  Such  as  have  throe  legs  or  feet  by  which  any  triangle  or  any 
three  points  may  be  taken  off  at  once. 

Tribune.  See  Apsis. 

Triclinium.  (Lat.)  The  room  in  the  Roman  house  wherein  the  company  was  r^'ceivetl, 
and  seats  placed  for  their  accommodation.  It  was  raised  two  steps  from  the  peristyle, 
and  had  therein  a large  window,  which  looked  upon  the  garden.  I he  aspect  ot  wiutt  r 
triclinia  was  to  the  west,  and  of  summer  triclinia  to  the  east. 

Triforium.  (Lat.)  The  gallery  or  open  space  betw'een  the  vaulting  and  the  r^f  of  the 
aisles  of  a church,  generally  lighted  by  windows  in  the  external  wall  of  the  building,  and 
opening  to  the  nave,  choir,  or  transept  over  the  main  arches.  It  occurs  only  in  l.irge 
churches,  and  is  varied  in  the  arrangement  and  decoration  of  its  openings  in  each  .suc- 
ceeding period  of  architecture.  See  Jigs.  1417  to  1422.  There  is  no  trilonuiu  in  Ikilli 
abbey  church,  nor  to  the  choir  at  Bristol  cathedral.  , ta  • • 

Triglyph.  (Gr.  Tpeis,  and  T\v(br),  a channel.)  The  vertical  tablets  in  the  Done  friezo 
chamfered  on  the  two  vertical  edges,  and  having 
two  channels  in  the  middle,  which  are  double 
channels  to  those  at  the  angles.  In  the  Grecian 
Doric,  the  triglyph  is  placed  upon  the  angle;  but 
in  the  Roman,  the  triglyph  nearest  the  angle  is 
placed  centrally  over  the  column.  The  space  be- 
tween the  channels  was  called  a/mwr  and 
Fig.  1461  is  an  example  of  a triglyph  with  the 
metope  decoratedwith  a bull’s  skull  and  garlands, 
as  used  in  Italian  architecture,  by  Sir  William 

Chambers  and  others.  See  Shank.  i nLialnod  in  the  friezo 

Ditriglyph  is  the  arrangement  by  which  two  tr.glyplis  ate  obtamca  m the  irtcae 

- between  those  which  stand  over  the  columns. 

Tritriglyphs  is  where  there  are  three  so  placed. 


Fig.  HCl. 
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UiiiGONOMETUY.  (Gr.  Tfjets,  three,  Twno,  an  angle,  and  MeTpu,  I measure.)  The  science 
of  determining  the  unknown  parts  of  a triangle  from  certain  parts  that  are  given.  It 
is  either p/awe  or  spherical]  the  lirst  relates  to  triangles  composed  of  three  right  lines, 
and  the  second  to  triangles  formed  upon  the  surface  of  a sphere  by  three  circular  arcs. 
This  latter  is  of  less  importance  to  the  architect  than  the  former. 

Tuilateral.  (Lat.)  Having  three  sides. 

Trilitiion.  Two  upright  stones  linked  together  by  a third  on  the  top  like  a lintel ; many 
such  are  seen  at  Stonehenge. 

Trim.  (Verb.)  To  fit  to  anything ; thus,  to  trim  up,  is  to  fit  up. 

Trimmed.  A piece  of  workmanship  fitted  between  others  previously  executed,  which  is 

. then  said  to  be  trimmed  in  between  them.  Thus,  a partition  wall  is  said  to  be  trimmed 
up  between  the  floor  and  the  ceiling ; a post  between  two  beams ; a trimmer  between 

^ two  joists. 

Trimmed  out.  A term  applied  to  the  trimmers  of  stairs  when  brought  forward  to 
receive  the  rough  strings. 

Trimmer.  A small  beam,  into  wdiich  are  framed  the  ends  of  several  joists.  The  two 
joists,  into  wdiich  each  end  of  the  trimmer  is  framed,  are  called  trimming  joists.  This 
arrangement  takes  place  where  a well-hole  is  to  be  left  for  stairs,  or  to  avoid  bringing 
joists  near  chimneys,  etc. 

Trine  Dimensions.  Those  of  a solid,  including  length,  breadth,  and  thickness;  the  same 
as  threefold  dimensions. 

Tripod.  (Gr.  Tpeis,  and  Ilows,  a foot.)  A table  or  seat  with  three  legs.  In  architectural 
ornament  its  forms  are  extremely  varied,  many  of  those  of  the  ancients  are  remarkable 
for  their  elegance  and  beauty  of  form. 

TiiiPTYCH.  A picture  with  folding  doors,  the  inside  of  which  is  either  also  painted,  or 
else  decorated  with  diapers,  etc.  When  the  picture  has  only  one  door,  it  is  called  a 
diptych. 

Trisection.  The  division  of  anything  into  three  equal  parts. 

Triumphal  Arch.  A building  of  one  arch  erected  first  by  the 
Roman  people  in  memory  of  the  victor,  his  trophies  being  placed 
on  the  top.  Subsequently  they  became  enriched  and  loaded  with 
ornaments,  and  later  w'ere  penetrated  by  three  apertures,  a cen- 
tral and  two  smaller  ones.  The  arch  of  Trajan  at  Ancona,  and 
that  of  Titus  at  Rome,  have  one  arch  ; an  arch  at  Verona  has 
two  openings ; while  those  of  Constantine,  Septimius  Severus 
(_fig.  1162  as  restored)  and  others,  have  three.  There  are 
numerous  modern  examples,  such  as  the  arc  de  I’etoile  at  Paris  ; . . . 

the  arco  dalle  pace  at  Milan  ; the  marble  arch  at  London,  etc.  ^yen^^’as^estoTed'^ 

Trochilus.  (Gr.  Tpox'Aos,  a pulley.)  An  annular  moulding  whose 

section  is  concave,  like  the  edge  of  a pulley.  It  is  more  commonly  called  a scotia,  and 
its  place  is  between  the  two  tori  of  the  base  of  a column. 

Trochoid.  (Gr.  Tpoxos,  a wheel,  and  EiSos,  shape.)  A figure  described  by  rolling  a circle 
upon  a straight  line,  such  circle  having  a pin  or  fixed  point  in  its  circumference  upon  a 
fixed  plane,  in  or  parallel  to  the  plane  of  the  moving  circle.  It  is  also  called  a cycloid. 

Trophy.  (Gr.  Tpoiraioy.)  An  ornament  representing  the  trunk  of  a tree  charged  with 
various  spoils  of  war. 

Trough.  (Sax.  Tpoh.)  A vessel  in  the  form  of  a rectangular  prism,  open  on  the  top  for 
holding  water. 

Trough  Gutter.  A gutter  in  the  form  of  a trough,  placed  below  the  dripping  eaves  of 
a house,  in  order  to  convey  the  water  from  the  roof  to  the  vertical  trunk  or  pipe  by 
which  it  is  to  be  discharged.  It  is  only  used  in  common  buildings  and  outhouses. 

Truncated.  (Lat.  Trunco,  I cut  short.)  A term  employed  to  signify  that  the  upper  por- 
tion of  some  solid,  as  a cone,  pyramid,  sphere,  etc.  has  been  cut  off.  The  part  which 
remains  is  called  a frustum. 

Trunk.  That  part  of  a pilaster  which  is  contained  between  the  base  and  the  capital. 
Also  a vessel  open  at  each  end  for  the  discharge  of  water,  rain,  etc. 

Truss.  (Fr.  Trousse.)  A combination  of  timber  framing,  so  arranged  that  if  suspended 
at  tw'O  given  points,  and  charged  with  one  or  more  weights  in  certain  others,  no 
timber  would  press  transversely  upon  another  except  by  strains  exerting  equal  and 
opposite  forces. 

Truss  Partition.  One  containing  a truss  within  it,  generally  consisting  of  a quadrangu- 1 
lar  frame,  two  braces,  and  two  queen  posts,  with  a straining  post  between  them,  opposite^ 
to  the  top  of  the  braces. 

Truss  Roof.  A roof  formed  of  a tiebeam,  principal  rafters,  king  post  or  queen  post,  and 
other  necessary  timbers  to  carry  the  purlins  and  common  rafters,  etc.  ^ , 

Trussed  Beam.  One  in  which  the  combination  of  a truss  is  inserted  between  and  let 
into  the  two  pieces  whereof  it  is  composed. 
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Teussing  Piecm.  Those  timbers  in  a roof  that  aro  in  a state  of  compression 
Tey.  (Verb.)  To  plane  a piece  of  stuff  by  the  rule  and  saiiare  only 
Tube.  (Lat.)  A substance  perforated  longitudinally  ; generally  qiito  through  its  length 
Tuck  Pointing.  In  old  brickwork,  after  it  has  been  well  wash«l  and  the  mortar  r„k.  i 
out,  the  joints  are  filled  with  new  mortar ; the  face  of  the  work  is  then  colourc.1  v,  ll..w 
or  red,  as  desired.  Lines  to  mark  the  joints  are  made  by  putting  on  a ri. lire  of  limo 
putty  with  the  point  of  the  trowel  over  the  new  mortar,  and  cutting  it  straight  and  to 
the  required  width  by  means  of  a straight  edge  and  knife.  o 

Titdok  Style.  A name  given  to  the  late  portion  of  the  Perpendicular  Gothic  from 
the  line  of  sovereigns  in  England  who  reigned  during  its  prevalence.  The  arch  is  of 
a four-pointed  obtuse  shape. 

Tufa.  A mass  of  volcanic  earth,  consolidated,  n/o  is  a mass  of  agglomerated  sand 
without  volcanic  character.  Tufaceous,  mixed  with  tufo. 

Tumbled  in.  The  same  as  trimmed  in.  See  Trimmed. 

Tumulus.  A barrow  or  artificial  earth  mound.  Among  the  Celtic  works  the  former  was 
sepulchral,  and  the  latter  perhaps  erected  for  beacons  or  for  a memorial  purpose 
Tunnel.  (Fr.)  A subterranean  channel  for  carrying  a stream  of  water  under  a road 
hill,  etc.,  or  through  which  a road  or  railway  is  run.  ’ 

Tun  of  Water.  See  Water,  Weight  of. 

Turning  Piece.  A board  with  a circular  face  for  turning  a thin  brick  arch  upon. 
Turpentine.  Turpentine  is  obtained  by  exudation  and  hardening  of  the  juice  flowing 
from  incisions  into  pine  trees.  To  obtain  the  oil  of  turpentine,  the  juice  is  distilled  iu 
an  apparatus  like  the  common  still,  and  water  is  introduced  with  the  turpentine. 
Turret.  (Lat.  Turris.)  A small  tower  often  crowning  the  angle  of  a wall,  etc. 

Tuscan  Order.  The  first  of  the  five  orders  used  in  Roman  and  Italian  architecture.  See 
fg.  1454. 

Tusk.  A bevel  shoulder  made  above  a tenon,  and  let  into  a girder  to  give  strength  to  the 
tenon. 

Tympanum.  (Gr.)  The  naked  face  of  a pediment  (see  Pediment)  included  between  the 
level  and  raking  mouldings.  See  ^Etiaioi  and  JEtoma.  The  word  also  signifies  the 
die  of  a pedestal,  and  the  panel  of  a door.  • 

Type.  (Gr.  Twttos.)  A word  expressing  by  general  acceptation,  and  consequently  appli- 
cable to,  many  of  the  varieties  involved  in  the  terms  model,  matrix,  impression,  kc. 
It  is,  in  architecture,  that  primitive  model,  whatever  it  may  have  been,  that  has  been 
the  foundation  of  every  style,  and  which  has  guided,  or  is  supposed  to  have  guided,  the 
forms  and  details  of  each.  What  it  was  in  each  style  is  still  only  conjecture. 

Type.  The  canopy  over  a pulpit,  also  called  a sound  board. 

U 

Undercroft.  A vault  under  a church  or  chapel.  See  Crypt,  Croft,  and  Shrctwds. 
Underpinning.  Bringing  a wall  up  to  the  ground  sill.  The  term  is  also  used  to  denote 
the  temporary  support  of  a wall,  whose  lower  part  or  foundations  aro  defective,  and 
the  bringing  up  new  solid  work  whereon  it  is  in  future  to  rest.  See  Goufino. 
Underpitch  Groin.  See  Welch  Groin. 

Ungula.  The  portion  of  a cylinder  or  cone  comprised  by  part  of  the  curved  surface,  the 
segment  of  a circle,  which  is  part  of  the  base,  and  another  plane. 

University.  An  assemblage  of  colleges  under  the  supervision  of  a senate,  etc. 

Uphers.  Fir  poles,  from  four  to  seven  inches  in  diameter,  and  from  twenty  to  forty  feet 
in  length.  They  are  often  hewn  on  the  sides,  but  not  entirely,  to  reduce  them  square 
They  are  chiefly  used  for  scaffolding  and  ladders,  and  are  also  employed  in  sh’gbt  aud 
common  roofs,  for  which  they  are^  split. 

Upright.  The  elevation  of  a building ; a term  rarely  used, 

Urilla.  See  Helix.  , • x • j 

Urn.  (Lat.)  A vase  of  a circular  form,  destined  among  the  ancients  to  receive  and  pre- 
serve the  ashes  of  the  dead.  With  the  vase,  it  often  forms  a decoration  to  the  pedestal 
of  a balustrade  on  a terrace,  top  of  a wall,  etc. 


5:  l=r..sr.r.'  "irr  r =?  S"t ; 

called  the  valley  rafters  sleepers.  • oc  o 

to  show  the  direction  of  the  wind. 
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Vanishtnq  Line.  In  perspective,  the  intersection  of  the  parallel  of  any  original  plane  12'' 
and  the  picture  is  cilled  the  vanishing  line  of  such  plane.  The  vanishing  goint  is  that 
. to  which  all  parallel  lines  in  the  same  plane  tend  in  the  representation.  If!' 

VAPOiiAiiiuM.  (Lat.)  The  same  as  Caldakiem.  Iss 

Variation  of  Cervatere.  The  change  in  a curve  by  which  it  becomes  quicker  or  flatter 
in  its  different  parts.  Thus,  the  curvature  of  the  quarter  of  an  ellipsis  terminated  by 
K the  two  axes  is  continually  quicker  from  the  extremity  of  the  greater  axis  to  that  of  e: 
the  lesser.  There  is  no  variation  of  curvature  in  the  circle.  le 

Varnish.  A glossy  coat  on  painting  or  the  surface  of  any  matter.  It  consists  of  dif-  o 
ferent  resins  in  a state  of  solution,  whereof  tlie  most  common  are  mastic,  sandarac,  lac,  1b: 

benzoin,  cupal,  amber,  and  asphaltum.  The  menstrua  are  either  expressed,  or  essential  \t 

. oils,  or  alcohol.  . ^ ' 

Vase.  (Lat.  Vas.)  A term  applied  to  a vessel  of  various  forms,  and  chiefly  used  as  an  1 

ornament.  It  is  also  used  to  denote  the  bell,  or  naked  form,  to  which  the  foliage  and  i ’ 

. volutes  of  the  Corinthian  and  Composite  capitals  are  applied.  The  vases  of  a theatre  \ 

in  ancient  architecture  were  bell-shaped  vessels  placed  under  the  seats  to  produce  re-  ^ li 

. verberation  of  the  sound.  See  Echea. 

Vaelt.  (It.  Volto.)  An  arched  roof  over  an  apartment,  concave  towards  the  void,  whose 
section  may  be  that  of  any  curve  in  the  same  direction.  Thus  a cylindric  vault  has  its  : 

surface  part  of  a 'cylinder.  A full-centred  vault  is  formed  by  a semi-cylinder.  When  a . I 

' vault  is  greater  in  height  than  half  its  span,  it  is  said  to  be  surmounted',  when  less,  sur-  ■ \ 

, based.  A rampant  vault  springs  from  planes  not  parallel  to  the  horizon.  The  double  1 

vaidl  occurs  in  the  case  of  one  being  above  another.  A conic  vault  is  formed  of  part  of  \ \ 

the  surface  of  a cone,  as  a spherical  vault  consists  of  part  of  the  surface  of  a sphere.  < 

« The  plane  of  an  annular  vault  is  contained  between  two  concentric  circles.  A vault  is  t 
said  to  be  simple  when  formed  by  the  surface  of  some  regular  solid  round  one  axis,  and  i ] 

■ compound  when  formed  of  more  than  one  surface  of  the  same  solid  or  of  two  diflferent  i i 

solids.  A cylindro-cylindric  vault  is  formed  of  the  surfaces  of  two  unequal  cylinders  ; ; 

and  a groined  vault'  is  a compound  one  rising  to  the  same  height  in  its  surfaces  as  that  1 

; of  two  equal  cylinders,  or  a cylinder  with  a cylindroid.  The  reins  of  a vault  are  the  i 

sides  or  walls  that  sustain  the  arch.  See  Fan  Vaulting. 

The  following  table  gives  the  clear  breadths  and  heights  in  English  feet,  of  the 
most  remarkable  vaulted  avenues,  as  given  by  Mr.  Garbett  in  his  “ Principles  of  Design 
in  Architecture” : — 


Date.  • 

Name. 

Breadth. 

Height. 

Proportion. 

Tarquin  I. 

Cloaca  Maxima  - - 

16 

26 

1 : 1-625 

1st  cent. 

Temple  of  Peace,  Rome  ... 

83  . 

121  . 

1 : 1-46 

2nd  or  3rd 

Second  Temple  at  Baalbec 

63 

93 

•'1  : 1-47 

11th 

Cathedral  at  Speyer  .... 

45 

107 

1 : 2-35 

.13th 

Salisbury  - - - 

35 

84 

1 : 2-3 

Amiens  ... 

42 

147 

1 : 3-5 

Cologne  ... 

145 

1 : 3-5 

Westminster  Abbey  .... 

33 

99 

1 : 3 

14th 

Cathedral  at  York  (not  vaulted) 

46 

92 

1 : 2 

Milan  .... 

55 

165 

1 : 3 

Choir  at  Beauvais  Cathedral 

48 

167 

1 ; 3-5 

15th 

Chapel  of  King’s  College,  Cambridge 

40 

80 

1 : 2 

16th 

Cathedral  at  Florence  ... 

55 

140 

1 : 2-54 

17  th 

of  St.  Peter’s,  Rome  - 

84 

147 

1 : 1-74 

St.  Paul’s,  London  - 

41 

82 

1 : 2 

Thus  St.  Peter  s has  the  same  external  height  as  Amiens  but  gives  twice  the  breadth ; 
yet  both  are  considered  well  proportioned  avenues  in  their  respective  styles. 

Vaulted  Ceiling.  A ceiling  built  of  stone,  bricks,  or  blocks  of  wood,  supporting  itself 
on  the  principle  of  the  arch. 

Vaulting  Shaft.  A pillar,  sometimes  rising  from  the  floor,  or  only  from  the  capital  of  a 
pier,  or  even  only  from  a corbel,  from  the  top  of  which  spring  the  vaulting  ribs  of  the 
groining. 

Velarium.  (Lat.)  The  great  awning,  which  by  means  of  tackle  was  hoisted  over  the 
Roman  theatre  and  amphitheatre  to  protect  the  spectators  from  the  rain  or  the  sun’s  rays. 

Vellar  Cupola.  A term  used  by  Alberti  to  denote  a dome  or  spherical  surface  termi- 
nated by  four  or  more  walls,  frequently  used  over  large  staircases  and  salons,  and 
other  lofty  apartments. 
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Veneer.  A very  thin  lo.if  of  wood  of ix  superior  mrilitv  'flu*  • e 

of  ;in  inferior  w’ood.  AVafers  of  wood  thirty-t?vo  inches  wide  f'lrmture.  etc  , made 
VENETZ.N  Door.  A door  having  side  lights  on  ^011  I ‘* 

VENE..N  s™.  w arehit^ture  Wed  hy  the  architects  of 


the  A^enetian  shites  in  the  fifteenth  to  the  early  Part  of  flm  . • 

Venetian  AVinpow.  One  formed  with  three  Apertures  ^ r 

each  other  whereof  the  oent™  one  is  much  larger  timn  tl.ose'ou  tho  si.lef " ‘ 

offensive.'’  ” ‘'“t  » W'-h  is 

Ventiduct.  A p^sage  or  pipe  for  the  introduction  of  fresh  air  to  an  apartment 

Vr^TiiaTlON.  The  contmnai  change  of  air  to  an  apartment,  or  portion  of  an  edifice  Ac 
The  architect  has  toprov.de  means  for  letting  offer  taking  airaj-  tl.e  foul  air  glrdlv 
by  apertures  at  the  upper  part  of  the  room,  etc.,  to  which  the  hot  air  will  ascend  , 'I 
well  as  to  prende  for  the  admission  of  fresl.  air  in  sufficient  qu,.ntitics  to  take  its  pUce 
or  to  force  it  out  without  any  appreciable  current.  ^ 

Verandah.  An  open  gallery  having  a roof  supported  by  light  pillars,  and  placed  over 
the  windows  of  the  principal  rooms  of  a house  to  shelter  them  from  the  rays  of  the  sum 
and  under  which  persons  can  promenade  for  fresh  air.  It  is  sometimes  enclosed  with 
glass  screens  to  form  a conservatory. 

A^'erge  Boards.  See  Barge  Boards. 

VrmMiCDLATED  AVoRK.  (Lat.)  A term  applied  to  rustic-work  which  is  so  wrought  as  to 
have  the  appearance  of  having  been  eaten  into  by  worms. 

Vertex.  (Lat.  the  top.)  A term  generally  applied  to  the  termination  of  anything 
finishing  in  a point,  as  the  vertex  of  a cone,  etc. 

.A^ertical  ANGLiis.  The  Opposite  ones  made  by  two  straight  lines  cutting  each  other. 

Vertical  Plane.  One  whose  surface  is  perpendicular  to  the  horizon. 

Vesica  Piscis.^  (Lat.  a fish’s  bladder.)  A fiirm  which  may  be  produced  in  the  endeavour 
to  gain  two  lines  at  right  angles  with  each  other.  Arcs  of  circles  inclosing  two  equi- 
lateral triangles  drawn  on  the  same  base  line  will  also  produce  it.  It  was  a monogram, 
which  has_  been  supposed  to  be  connected  with  the  plan  and  form  of  chu°rclu(i 
erected  during  the  mediaeval  period.  Many  mediaeval  seals  of  ecclesiastical  and  otlier 
communities  were  designed  on  the  same  form,  and  have  been  imitiitel  of  late  for  those 
of  some  archaeological  societies.  See  Symbolism. 

Vestibule.  (Lat.  A’^estibulum.)  An  apartment  which  serves  as  the  medium  of  communi- 
cation to  another  room  or  series  of  rooms.  In  the  Roman  houses  it  appears  to  have 
been  the  place  before  the  entrance  where  the  clients  of  the  master  of  the  house,  or  tlio.'^e 
wishing  to  pay  their  court  to  him,  waited  before  introduction.  It  was  not  considered 
as  forming  a part  of  the  house.  The  entrance  from  the  vesiibulum  led  immediately 
into  the  atrium,  or  into  the  catxBdium. 

Vestry.  (Lat.  Vestiarium.)  An  apartment  in,  or  attached  to,  a church  for  the  preserva- 
tion of  the  sacred  vestments  and  utensils.  A sacristy  ; see  Di-xconicum. 

Vibration.  A motion  or  combination  of  motions.  The  theory  of  the  vibrations  of  the 
particles  of  an  elastic  fluid  is  the  key  to  what  is  known  of  the  phenomena  of  sound  and 
light:  and  it  is  supposed  that  the  causes  of  the  sensible  phenomena  of  heat,  electricity, 
and  magnetism  will  be  found  in  the  vibrations  of  matter  of  some  kind.  It  is  staged 
that  iron  kept  constantly  in  a state  of  vibration  oxidates  less  rapidly  than  that  which 
is  at  rest,  as  exemplified  in  railway  rails.  It  is  recorded  that  the  greatest  vibnition  on 
the  timber  temporary  bridge  over  the  river  Thames  at  Blackfriars  was  produced  by 
empty  four-wheel  cabs.  The  vibration  on  the  top  platform,  though  it  appeared  con- 
siderable, was  in  fact  only  a quarter  of  an  inch.  _ _ . 

Vice  or  Vis.  (Br.)  An  old  term  applied  to  a spiral  or  winding  staircase.  In  mwhauic.s,  a 
machine  serving  to  hold  fast  anything  worked  upon,  w'hether  the  purpose  be  fibng,  bend- 
ing, riveting,  etc.  . ..  ^ 

Villa.  A country-house  for  the  residence  of  an  opulent  person.  Among  the  Konians 
there  were  three  descriptions  of  villa,  each  having  its  particular  destination,  n.anu- x, 
the  Villa  urhana,  which  was  the  residence  of  the  proprietor,  and  contained  all  (ho 
conveniences  of  a mansion  in  the  city.  The  Villa  rustica,  which  j 

all  that  was  essential  to  rural  economy,  such  as  barns,  stibles,  etc , 
lodging  apartments  for  all  those  who  ministered  in  the  operations  ‘J'®  7..  * 

blishment  The  Villa  fructuaria  was  appropriated  to  the  j 

productions  of  the  estate,  and  contained  the  granaries,  magazines  1 

VrtDLt  Ho^^tal.  a class  of  building  lately  recommended  to 

ties  for  the  purpose  of  preventing  the  spread  of  fe\ers,  &c.,  by  P fc> 

VrANl  XreTIke  temple  of  the  Hindoos,  in  front  of  which  is  the  or 

porch,  and  again  the  gopura  or  pyramidal  entrance  ga  c''a}. 

Vinery.  A house  for  the  cultivation  of  vines.  See  Conseraatort. 
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VisoRiuM.  (Lat.)  See  Amphitheatre. 

Visual  Point.  In  perspective  a point  in  the  horizontal  line  in  which  the  visual  rays  unite. 

Visual  Ray.  A line  of  light  supposed  to  come  from  a point  of  the  object  to  the  eye. 

ViTRuviAN  Scroll.  See  Scroll. 

Vitrification.  The  hardening  of  argillaceous  stones  by  heat.  See  Brick  ; Terra  Cotta. 

Vivo.  (Ital.)  The  shaft  of  a column. 

Volute.  A spiral  scroll  which  forms  the  principal  feature  of  the  capital  of  the  Ionic 
order  in  Greek  and  Roman  architecture.  The  capital  of  the  Corinthian  order  has  one 
smaller  in  size  (^Helix),  which  is  enlarged  in  that  of  the  Composite  order.  Several  methods 
liave  been  put  forward  of  describing  the  spiral  lines  of  the  Ionic  volute.  The  returns  or 
sides  are  called  jpulvinaia  or  pillows.  Balteus  is  the  outer  fillet  on  the  side  of  the  volute. 

Vomitorium.  (Lat.)  See  Amphitheatre. 

VoussoiR.  (Fr.)  A wedge-like  stone  or  other  matter  forming  one  of  the  pieces  of  an 
arch.  See  Arch.  The  centre  voussoir  is  called  a keystone'.' 

Vulcanised  India  Rubber.  A material  perhaps  only  brought  into  requisition  by  the 
architect  for  the  purpose  of  excluding  draughts  from  doors  and  the  entry  of  dust  into 
closets  or  cases.  As  a tube,  with  or  without  a spiral  wire  in  it,  it  is  greatly  used  for 
movable  gas-lights. 


W 

Waggon-headed  Ceiling.  TLe  same  as  cylindrical  ceiling.  See  Vault. 

Wainscot.  (Dutch,  Wayschot.)  A term  usually  applied  to  the  oak  or  deal  lining  of 
walls  in  panels.  The  wood  originally  used  for  this  purpose  was  a foreign  oak, 
and  called  wainscot,  hence  the  name  of  the  material  became  attached  to  the  work 
itself. 

Wall.  A body  of  material  for  the  enclosure  of  a building  and  the  support  of  its  various 
parts.  “ External  wall”  shall  apply  to  every  outer  wall  or  vertical  enclosure  of  any 
building,  not  being  a party  wall  (Metropolitan  Building  Act,  1855.)  “Cross  wall” 
shall  apply  to  every  wall  used  or  built  in  order  to  be  used  as  a separation  of  one  part 
of  any  building  from  another  part  of  the  same  building,  such  building  being  wholly  in 
one  occupation.  {Idem.)  See  Party  wall. 

Walings.  Ste  Shoring. 

Walls  of  the  Ancients.  See  Masonry. 

Walls,  Cased.  Those  faced  up  anew  round  a building,  in  order  to  cover  an  inferior 
material,  or  old  work  gone  to  decay. 

Walnut.  A forest  tree  used  in  cabinet  work. 

Washer.  A flat  piece  of  iron,  or  other  metal,  pierced  with  a hole  for  the  passage  of 
a screw,  between  whose  nut  and  the  timber  it  is  placed,  to  prevent  compression 
on  a small  surface  of  the  timber.  Also  the  perforated  metal  plate  of  a sink  or 
drain,  which  can  be  removed  for  letting  off  the  waste  water,  and  thus  more  easily 
cleansing  it. 

Wasting.  Splitting  off  the  surplus  stone  from  a block,  with  a point  or  a pick,  reducing 
it  to  nearly  a plane  surface.  In  Scotland  it  is  called  clouring. 

Water.  See  Weight. 

Water  Joint.  A joint  between  two  stones  in  the  paving  of  a terrace,  where  each  side 
of  the  joint  for  about  an  inch  is  made  level  and  then  rounded  off  into  a sinking  of 
the  stones,  to  prevent  water  lodging  in  the  joint,  especially  if  occasionally  covered 
with  it,  as  a river  landing-place. 

Water  Joint  Hinge.  A hinge  made  into  a sort  of  loop  at  the  turning  part,  whereby  it 
is  less  likely  to  stiffen  by  rusting,  as  it  is  generally  used  in  out-door  work. 

Water  Shoot.  See  Square  Shoot. 

Water  Supply.  See  Plumbery.  See  Aqueduct. 

Water  Table.  An  inclined  plane  where  a wall  sets  off  to  a larger  projection,  for  the 
purpose  of  throwing  off  any  water  that  may  fall  upon  that  plane,  and  is  principally 
used  to  buttresses  and  other  similar  parts  of  mediaeval  buildings  : but  in  all  styles  it 
is  an  efficient  way  of  attaining  the  above  desirable  object.  Where  a stone  entablature 
occurs,  the  top  is  often  covered  with  lead  to  prevent  water  soaking  through. 

Waves.  In  many  engineering  works,  the  weight  of  the  stone  to  be  employed  is  of  the 
utmost  importance,  especially  for  low  buildings  occasionally  under  water,  where  there 
is  a rapid  current,  or  where  they  are  subject  to  the  influence  of  powerful  waves.  Such 
circumstances  will  require  a heavier  stone  to  be  used  than  may  at  first  have  been  con- 
sidered necessary,  because  all  bodies  immersed  are  reduced  in  weight  by  so  much  as 
is  equal  to  that  of  the  bulk  of  water  which  they  displace.  The  force  of  the  waves  at 
Skerryvore  lighthouse  was  found  to  be  4,335  lbs.  per  square  foot ; that  at  Bell  Rock 
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lighthouse  was  3,013  lbs.  The  highest  force  observed  was  G.OOO  lbs  For  weiirlit 
water,  see  Weight.  ' 

Wkvther  Boarding.  Boards  nailed  with  a lap  on  each  other,  to  prevent  the  p.*netntion 
of  the  ram  and  snow.  The  boards  for  this  purpose  are  generally  made  thinner  on  one 
edge  than  on  the  other,  especially  in  good  permanent  work.  The  feather  o.li;e<l  Inwird 
is,  therefore,  used  in  such  cases,  the  thick  edge  of  the  upper  board  being  laid  on  the 
thin  edge  of  that  below,  lapping  about  an  inch  or  an  inch  and  a half,  and  tlio  nails 
being  driven  through  the  lap. 

Weather  Moulding.  A moulded  string  course.  The  projecting  moulding  of  an  areh, 
having  a weathered  or  sloped  surface  at  top,  serving  to  throw  off  the  rain,  and  to  i.ro^ 
tect  the  other  mouldings.  See  Hood  Mould.  * 

Weather  Tiling  and  Slating.  The  covering  an  upright  wall  with  tiles,  or  with  slates. 

Wedge.  (Dan.  Wegge.)  An  instrument  used  for  splitting  wood  or  other  subsUiuces ; it  is 
usually  classed  among  the  mechanical  powers. 

Weight.  (Sax.  Wiht.)  In  mechanics,  a quantity  determined  by  the  balance  ; a mass  by 
which  other  bodies  are  examined.  It  denotes  anything  to  bo  raised,  sustaine<l,  or 
moved  by  a machine  as  distinguished  from  the  power,  or  that  by  which  the  machine 
is  put  in  motion. 

Weight,  in  commerce.  A body  of  given  dimensions,  used  as  a standard  of  comparison 
for  all  others.  By  an  act  of  parliament  passed  in  June,  1824,  all  weight.s  were 
to  remain  as  they  then  were,  that  act  only  declaring  that  the  imperial  sUuidard 
pound  troy  shall  be  the  unit  or  only  standard  measure  of  weight  from  which  all  otlier 
weights  shall  be  derived  and  computed  ; that  this  troy  pound  is  equal  to  the  weight  of 
22-815  cubic  inches  of  distilled  water  weighed  in  air  at  the  temperature  of  62°  of 
Fahrenheit’s  thermometer,  the  barometer  being  at  30  inches,  and  that  tliero  being 
67G0  such  grains  in  a troy  pound,  there  will  bo  7,000  grains  in  a pound  avoirdupois. 

Troy  Weight. 

24  grains  = 1 pennyweight. 

480  . . . = 20  = 1 ounce. 

5760  . . . =240  =12  . . . = 1 pound. 


Avoirdupois  Weight. 

16  drams  = 1 ounce. 

256  . . . = 16  ...  = 1 pound. 

7168  . . . = 448  . . . = 28  . . . = 1 quarter. 

28672  . . . = 1792  ...  = 112  . . . = 4 . . . . = 1 cwt. 

5*^3440  . . . =35840  . . . =2240  . . . =80  ....  =20  . . = 1 ton. 

The  avoirdupois  pound:  pound  troy : : 175  : 144,  or  : : 1 1 : 9 nearly  ; and  an  avoirdu- 
pois pound  is  equal  to  1 lb.  2 oz.  1 1 dwts.  16  grains  troy.  A ti-oy  ounce  = 1 oz.  I bo  dr. 

avoirdupois.  , -r-  i.  * 

The  following  is  a table  of  weights  according  to  the  French  system 


Names. 

Millier, 

Quintal, 

Kilogramme, 

Hectogramme, 

Decagramme, 

Gramme, 

Decigramme, 


French  value. 

1000  kilogrammes  = 1 French  ton  - = 
100  kilogrammes  - - - - = 

/Weight  of  one  cubic  decimMre  of  waterof^  f 
the  temperature  of  39^  12'  Fahrenheit.  \ 


^ of  kilogramme 
^ of  kilogramme 

of  kilogramme 
of  kilogramme 


0 

{: 


En,;IUh  value. 

19-7  cwt**. 

1- 97  cwt. 

2 6803  lbs.  troy. 

2- 205olbs.avoir»lupois. 

3- 2  ounces  troy. 

3-52  ozs.  avoirdupois. 
G'43  dwts.  troy. 

■438  griiins  troy. 

■643  pennyweight. 
032  ounce  trf>y. 
1-5438  grain  troy. 


The  following  table  exhibits  the  proportion  of  weights  in  the  principal  places  of 
Europe  to  100  lbs.  English  avoirdupois, 
loo'lbs.  English  = 91  lbs.  8 oss.  for  the  pound 


= 96 
= 88 
= 106 
= 90 
= 107 
= 113 
= 81 
= 93 
= 89 


8 

0 

0 

9 

11 

0 

7 

5 

7 


Antwerp  or  Brabant. 

Rouen  (the  Viscounty  weight). 
Lyons  (the  city  weight). 
Rochelle. 

Toulouse  and  l/per  Languc^doC. 
Marseilles  or  rroveuce. 

Geneva. 

Hamburgh. 

Frankfort,  &c. 
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100  lbs.  English  = 96  lbs.  1 ozs.  for  the  pound  of  Leipsic,  &c. 


— 

= 137 

4 

— 

Genoa. 

— 

= 132 

1 

— 

Leghorn. 

— 

= 153 

11 

— 

Milan. 

— 

= 152 

0 

— 

Venice. 

— 

= 154 

10 

— 

Naples. 

— 

= 97 

0 

— 

Seville,  Cadiz,  &c. 

— 

= 104 

13 

— 

Portugal. 

— 

= 96 

5 

— 

Liege. 

— 

= 112 

Of 

— 

Pussia. 

— 

= 107 

n_L 

2-4 

— 

Sweden. 

— 

= 89 

0.^ 

— 

Denmark. 

The  Paris  pound  (poids  de  marc  of  Charlemagne)  contained  9216  Paris  grains;  it 
was  divided  into  16  ounces,  each  ounce  into  8 gros,  and  each  gros  into  72  grains.  It 
is  equal  to  7561  English  troy  grains. 

The  English  troy  pound  of  12  ounces  contains  5760  troy  grains  = 7021  Paris  grains. 
The  English  avoirdupois  pound  of  16  ounces  contains  7000  English  troy  grains,  and  is 
equal  to  8538  Paris  grains. 

To  reduce  Paris  grains  to  English  troy  grains,  divide  by 
Or,  to  reduce  English  troy  grains  to  Paris  grains,  multiply  by 
To  reduce  Paris  ounces  to  English  troy,  divide  by 
To  reduce  English  troy  ounces  to  Paris,  multiply  by 


1 1-2189 


015731 


Weight  of  Man.  As  guidance  in  providing  sufficient  strength  in  a floor  loaded  with 
human  beings,  the  following  weights  are  subjoined : — 

Mean  weight  of  a Belgian  - - 140-49  lbs.  Mean  height,  6 feet  6f  inches. 

„ Prenchman  - 136  89  „ ’ „ 6 „ 4 „ 

„ Englishman  150-98  „ „ 6 „ 9^-  „ 

The  weight  in  travelling  carriages  usually  taken  is  165  lbs. 

Supposing,  therefore,  each  individual  in  standing  to  occupy  2-5  superficial  feet,  which 
would  be  close  to  one  another,  and  indeed  closer  than  pleasant,  on  a square  of  flooring 
there  would  be  = 40  persons,  and  40  x 150-98  lbs.  = 2-96  tons.  The  average  surface 
of  a man’s  body  is  usually  considered  about  15  superficial  feet,  which  would  give  a 
cubic  content  of  3-95  feet,  and  a consequent  specific  gravity  of  612. 

Weight  of  Materials.  As,  in  the  construction  of  warehouses,  it  is  essential  for  the 
architect  to  know  the  probable  weight  of  merchandise  which  his  client  may  probably 
put  upon  the  respective  fioors,  the  following  tables  may  be  found  useful.  The  second 
one  is  taken  from  the  Papers  of  the  Corps  of  Boy al  Engineers,  1832,  iii.  192,  contri- 
buted by  Major  Harry  D.  Jones. 


Articles. 

Weight  of 
a culiic  ft. 
lbs. 

Cubic  feet 
= one  ton. 

Articles. 

Weight  of 
a cubic  ft. 
lbs. 

Cubic  feet 
= one  ton. 

Ashes  - 

. 

. 

37 

60-5 

Hay,  well  pressed 

, 8 

— 52  feet  = 1 chaldron 

Indigo 

46-6 

Brimstone  - 

19-8 

Iron,  cast  - 

450 

5 

Chalk,  from 

140 

15-5 

— wrought 

487 

4^ 

— to- 

166 

13-75 

Lime,  stone 

53 

42i 

day,  from  - 

120 

18-66 

— chalk  - 

44 

61 

— to  - 

135 

17 

Marl  - 

120 

18 

Coal,  Cannel 

54 

26-66 

Mortar,  from  (old) 

88 

25i 

— Welch  - 

58 

■39 

— to  (new) 

119 

19 

— Newcastle 

60 

45 

Nightsoil  - 

18 

— Navy  allowance 

48 

Sand,  from  - 

90 

234  to  25 

Coals,  average 

•45-3 

— river 

118 

t 19 

— solid 

80 

Shingle 

89 

25| 

Coke  - 

47 

48  . 

Slate  - 

180 

124 

Cork  - 

149-34 

Straw  - 

34 

Truss =36  lbs. 

Concrete  - 

120 

18-66 

— well  pressed  - 

6J 

Earth,  from 

95 

23-5 

Sugar  - 

69-0  . 

— to  - 

126 

18 

— hogshead  3-11  in 

Fir  - - 

65-16 

midvlle  = 15J  cwt. 

Flint  - 

164 

13-66 

Tallow 

- 

38-0  ' 

Glass,  crown 

157 

14-25 

Thames  ballast  - 

- 

20-0 

— Flint  - 

187 

12 

Tiles,  average  - 

- 

112 

20 

— Plate 

184 

12-166 

OU  of  Turpentine 

. 

642 

41 

Gravel 

112 

12-75 

— Linseed  - 

- 

68f 

38 

— Coarse  - 

120 

18-66 

— Whale  - 

- 

67| 

38-8 

Gum  - 

24-69 

Warehouse,  mean  for 

40-0 

Hay  - 

5 

Truss  = 56  to  60  lbs. 

Shipping,  ditto  - 

- 

35-0 

glossary 


t A nicies. 

DesiTiplion. 

Ashes  ... 

Barrel 

Bleaching  powders 

Cask 

Bacon  - . . 

Barrel 

„ - . . 

Bale- 

Barley  - - . 

Sack 

. 

Quarter 

Barm  ... 

Cask 

Beans  ... 

Hogshead  - 

. 

Quarter 

Beer  or  Ale  - 

Barrel 

• • 

Hogshead  - 

Beef  ... 

Barrel 

Books  - - - 

Case  - 

Bran  ... 

Sack 

Bread  ... 

Bag  . 

Butter  ... 

Cask 

99  * * * 

Firkin 

Candles 

Box  - 

Cattle,  1st  class  - 

. 

„ 2nd  class  - 

. 

,,  3rd  class  - 

. 

„ 4th  class  - 

. ^ 

Coal  . 

Ton 

Coffee  ... 

Barrel 

Cotton,  manfetrd. 

Package  - 

„ - . . 

Yards  -h  by 

Drugs  ... 

Package  - 

Earthenware 

»» 

Eggs  - 

Box  - — . 

„ . . . 

Number-;- by 

„ - . . 

Crate  orlCish 

Flax  ... 

Bale- 

„ . . . 

Bushel 

Flax  seed 

Cask 

Feathers  . 

Bag  - 

Fish  . . - 

Barrel 

Glass  - 

Cask 

Glue  - 

Hogshead  - 

Haberdashery 

Package  - 

H.air  - 

Bale 

Hams  ... 

Barrel 

9 9 * * * 

Cask 

Hardwares  - 

Package  - 

Hides,  untauned  - 

Number  - 

„ . - - 

Bundle 

Honey  ... 

Cask 

Horses  - . . 

Number 

Horn  tops  - 

Hogshead  - > 

Iron,  wrought 

Package  - ^ 

Leattier 

Package  - < 

Linen  ... 

Box  - . 1 

„ - . . 

Yai-d  -r  by  ( 

I38y 


6 = 1 ton 
2J  to  7 cwt. 
6*1  ton 
2i  cwt. 

20  stone 
4 = 1 ton 
8 cwt. 

5^  cwt. 

4=1  ton 
cwt. 
cwt. 

3 cwt.  7 lbs. 

1 to  5 cwt. 

1 cwt. 

1 cwt. 

90  lbs. 

^ cwt. 

20  to  40  lbs. 

H = 1 ton 

2 = 1 ton 
3=]  ton 
4=1  ton 

2|  cwt. 
cwt. 

6.000  for  tons 
2 cwt. 

3^  cwt. 

10  = 1 ton 

28.000  for  tons 
6 cwt. 

10  cwt.  average 
48  lbs.  1 qr. 

3^  cwt. 

2 cwt. 

3 1 cwt. 

1 cwt. 

10  cwt. 

3J  cwt. 

3 cwt. 

3^  cwt. 

12  cwt. 

3J  cwt. 

40=1  ton 
70  lbs. 

J cwt. 

10  cwt. 


1 Ariicli-s. 

Linen,  cloth 

yarn 

Linseed  meal 

Machinery  - 

Muriatic  acid 

Oatmeal 

Oats  - 

99  • • 

Oil  . 

Oxen  - 

Paper  - 

Peas  . 

Pork  - 

Pigs  - . 

,,  1st  class 

„ 2nd  cla.ss  - 

„ 3rd  class 

„ 4th  class 

Poultry 

Quills  - 

Hags  - 

Hum  - 

91  • • 

Runnet 

Salt  • 

Silk 

„ manufacturcil 

Sheep  - 

e Sugar  - 

Tallow,  Irish 

. 

„ Foreign 

. 

Tiinners’  waste 

- 

TimLer 

Tinned  plates 

Tongues 

. 

Tow  - 

. 

Vetches 

Vine.'iir 

Vitriol 

Wine  - 

- ( 

Wheat 

„ - 

- ( 

Whiskey 

AVool  - 

. ] 

Woollen  goods 

Box  - 
Bale  • 

Cask 
Back ago 
Carboy 
Bag  . 

Sack 

Quarter 

Cask 

Numlx'r 

Number 

Bale  - 

B.ig- 

Tierce,  Ciisk 


" rtjfhl  or 
Nui.lwr. 


Crate 
Bab- 
Bag  - 
Hogshead 
Gallon  -7 
Cask 
Cask 
Bushel 
Bale  - 

Yard  h- 
I Number  • 

Hogshead  • 

Ciisk 

Cask 

Backagc  - 
( Log,  40  to  1 
I 120  feet  I 
Box  - 
Firkin 
Bale  - 
Siick 
Cask 
Carl)oy 


Bide 


6=1  ton 
' 1<*  cwt. 

I 10  i-wt. 

3A  cwt, 

60  lbs. 

2 cwt. 

24  stone 
By  6 for  tona 
8 cwt. 

I i»A  cwt. 

By  3 for  ton 
20  lbs. 
i 2 cwt. 

4A  to  5 cwt.  I 

; cw  t.  or  80  Ibs.l 
5=1  ton 
T = lton  I 

15  = 1 ton 
23=1  ton  I 

2 cw  t. 

2 cwt.  I 

2 cwt.  ; 

56  to  .58  gals. 

1 by  224  for  tons 
8 to  32  gals. 

1 cwt. 

< 56  lbs. 

; lA  cwt. 

6.00.)  for  tons 

60  11)8.  j 

by  33  for  tons  | 

I 10  cwt.  I 

10  cw  t. 

I 8 to  13  cwt. 

3 cw  t. 

I 1 to  3 tons 
3A  cwt. 

; I'cwt. 

I 1 cwt. 

2 cw  t. 

I 8 cwt. 

6 ) llH. 

12  cwt. 

20  stone 

4 cw  t. 

lOA  to  12  cwt, 

) 3 to  10  cw  t. 

1 aver.  6 cwt. 

3 cwt. 

2A  to  9 cwt. 

6*000  for  tons 


Tea,  Bohea  - 
„ Congo  - 
„ Hyson  - 
„ Souchong 
„ Twankay 


Cube.  MViirhf. 

- 2-  9 X MO  X 1-8A  = 8-609  = 224  lbs. 

- 1-lOA  X 1-  8J  X 1-4A  = 4-403  = 111  lbs. 

- 1.  6A  X 1-  6 X 1 9“  = 4 048  = 80  lbs. 

- 1*  7J  X 1-  7A  X 1-7  = 4-180  = 108  lbs. 

- l-ll|  X 1-  6"  X 1-8  = 5-140  = 104  lbs. 

Mean  5276 


lbs.  p»r  ful^cfl. 

fl  cul'C  p»T  lim. 

26-02  = .S60!) 

2.5-21  = 88-87 
19-76  = 113.-U 
25  84  = 86-70 
20  23  = 110-70 
23-41  = 97-14 


A heaped  Bushel  of  Wlieat=60  lbs.  per  foot  cube,  and  48-13  cube  feet  in  a ton.  A ditto  of  13arlcy=47 
to  50  lbs.  A ditto  of  Oats =38  to  40  lbs.  A ditto  of  Coal=88  to  94  lbs. 


Weight  of  Watkr 

1 quart  of  -water 

4 quarts  = 1 gallon 

2 gallons  = 1 peck 

4 ditto 


= 69-31 85  cubic  inches  = 2A  lbs.  weight. 

= 277-274  cubic  inches  = 10  lbs.  weight. 

= 554-548  cubic  inches  = 20  lbs.  weight. 

1 bushel  = 2218-192  cubic  inches  = 80  lbs.  weight. 


Sea  water,  1 cubic  foot  = 64  lbs. ; 35  cubic  feet  = 1 ton. 


A cubic  metre  of  water  is  equal  in  volume  to  35-3174  feet  English  or  to  220-0967  imp.  gallons.  As  it  is 
nearly  equivalent  to  the  old  English  tun  of  four  hogsheads,  holding  35-248  cubic  feet,  and  a-s  it  h;-i.--  b-jr-n 
for  some  time  in  use  on  the  Continent  for  measuring  sewage  aud  water  supjjly,  it  is  now  employed  for  the 
same  purpose  in  England. 

Weights  of  a Sash.  Two  weights,  one  on  each  side  of  a sash,  by  which  the  sash  i.s  .sus- 
pended and  kept  in  the  situation  to  which  it  is  raised  by  means  of  conls  pa.*>»irig 
over  pulleys.  The  vertical  sides  of  the  sa.sh  frames  are  generally  ma.lo  hollow  in 
order  to  receive  the  weights,  which,  by  this  means,  are  entirely  conccaleil.  1 hu.-,  t<> 
■ keep  the  sash  in  suspension,  each  weight  must  be  half  the  weight  of  the  sa.sh.  1 he 
cords  should  be  of  the  bestquality,  or  they  soou  fret  to  pieces.  Wire  sa.di  line,  leather 
eash  Hue,  and  copper  sash  chains,  are  late  inventions  to  supersede  the  hempen  cords. 
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Welch  Groin.  A groin  formerl  by  the  intersection  of  two  cylindrical  vaults,  one  of  which 
is  of  less  height  thao  the  other.  Also  called  an  underjpitch  groin. 

Welding.  The  union  of  two  pieces  of  iron  by  heating  and  hammering  them.  It  requires 
great  care  that  the  joint  shall  be  of  the  same  strength  as  the  remainder  of  the  metal. 
Malleable  cast  iron  does  not  weld.  In  all  but  the  very  thinnest  castings,  although  the 
surface  has  been  converted  into  a malleable  form,  there  remains  an  inner  core  which 
at  the  temperature  required  for  welding  falls  to  pieces  immediately  the  object  is  struck 
with  the  hammer.  Good  specimens  may  be  bent  double  when  cold,  although  they  will 
probably  break  if  bent  back  again.  The  metal  can  also  be  forged  to  a limited  extent 
at  a moderate  red  heat,  although  if  heated  above  this  point  it  falls  to  pieces  under  the 
hammer.  It  may  be  burnt  together  at  a temperature  approaching  fusion,  or  may  be 
brazed  with  hard  solder  to  either  iron  or  steel.  See  Soldering  and  Brazing. 

The  cheapening  of  oxygen  by  Brin’s  process  of  manufacture  caused  Mr.  Thos. 
Fletcher,  of  Warrington,  to  make  some  experiments  with  the  compressed  oxygen  and 
coal  gas,  whereby  with  a half-inch  gas  supply  a joint  could  be  brazed  in  a 2-ineh 
wrought  iron  pipe  in  about  one  minute,  the  heat  being  very  short,  the  redness  not 
extending  over  one  inch  on  each  side  of  the  joints.  Welding  is  not  possible  with 
ordinary  coal  gas  and  air,  owing  to  magnetic  oxide  on  the  surfaces.  As  a good  weld 
w'as  obtained  on  an  iron  wore  | inch  diameter,  with  an  air  jet  about  ^ inch  diameter, 
the  matter  should  be  taken  up  and  tried  further  (January  1888). 

Well.  A deep  circular  pit,  or  sort  of  shaft,  sunk  by  digging  down  through  the  different 
strata  or  beds  of  earthy  or  other  materials  of  the  soil,  so  as  to  form  an  excavation  fur 
the  purpose  of  containing  the  water  of  some  spring  or  internal  reservoir,  by  which  it 
may  be  supplied. 

Well-hole.  In  a flight  of  stairs,  the  space  left  in  the  middle  beyond  the  ends  of  the 
steps. 

Wheel.  (Sax.)  In  mechanics,  an  engine  consisting  of  a circular  body  turning  on  an  axis, 
for  enabling  a given  power  to  move  or  overcome  a given  weight  or  resistance.  This 
machine  may  be  referred  to  the  lever. 

Wheelbarrow.  An  implement  for  carrying  bricks,  soil,  &c.  from  one  place  to  another, 
which  has  a wheel  attached  in  front  of  a box-like  carriage,  to  which  two  handles 
are  affixed  behind;  by  these  the  man  raises  the  box,  pushing  it  forward  on  the 
wheel. 

Wheel  Window.  See  Catherine  Wheel  Window. 

Whktstone.  A stone  of  fine  quality  by  which  tools  for  cutting  wood  are  brought 
to  a fine  edge,  after  being  ground  upon  a gritstone,  or  grinding-stone,  to  a rough 
edge. 

Whinstone.  The  name  by  which  the  marl  of  the  lower  greensand  is  distinguished  in 
Western  Sussex  ; probably  of  Saxon  origin,  remarks  Dr.  Mantell. 

White  Lead.  A material  forming  the  basis  of  most  colours  in  house-painting.  The 
common  method  of  making  it  is  by  rolling  up  thin  leaden  plates  spirally,  so  as  to  leave 
the  space  of  about  an  inch  between  each  coil.  These  are  placed  vertically  in  earthen 
pots,  at  the  bottom  of  which  is  some  good  vinegar.  The  pots  are  covered,  and  ex- 
posed for  a length  of  time  to  a gentle  heat  in  a sandbath,  or  by  bedding  them  in 
dung.  The  vapour  of  the  vinegar,  assisted  by  the  tendency  of  lead  to  combine  with 
the  oxygen  which  is  present,  corrodes  the  lead,  and  converts  the  external  portion  into 
a white  substance  which  comes  off  in  flakes.  These  are  washed  and  dried  in  stoves  in 
lumps,  and  form  the  white  lead  of  the  painters.  It  is  much  improved  in  quality  by 
keeping. 

Wicket.  A small  door  made  in  a gate. 

Wind-beam.  An  obsolete  name  for  a Collar-Beam.  The  term  is  now  applied  to  a piece 
of  wood  laid  diagonally  under  the  rafters  of  a long  roof,  from  the  foot  of  one  truss  to 
the  head  of  another  to  strut  them,  so  as  to  prevent  the  roof  racking  with  the 
wind. 

Winders.  The  steps  in  a stircase  which  radiate  from  a centre,  and  are  therefore  nar- 
rower at  one  end  than  another. 

Wind-Guard.  One  of  the  many  names  given  to  inventions  professing  to  cure  a down 
draught  or  a smoky  chimney.  Amongst  these  are  reckoned  Boyle’s  patent  chimney 
cowl,  “ a most  effectual  cure  ” for  either  a sluggish  chimney  or  a blow-down.  Milburn’s 
patent  noiseless  chimney  cowl  has  all  the  fittings  made  of  copper  and  brass,  and  will 
last  for  a long  time,  is  easily  swept,  and  the  oil  box  only  requires  refilling  every  six 
years.  Banner  advertises  a “ Wessex  chimney  cowl  ” as  most  efficient.  “ Day’s 
Windguard,”  and  the  “ Prince”  chimney  pot  for  preventing  down-blow,  are  manul'ac- 
tured  by  Ewart  and  Son.  Hammond’s  patent  glazed  stoneware  chimney  terminal  is 
reasonable,  and  stated  to  ensure  ‘‘  a perfect  cure,” 

Winding,  The  same  as  casting  or  warinng. 
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Windlass  or  Windlace._  A machine  for  raising  wciglits,  in  which  a rope  or  chain  is 
Turned  ""  ^^^l^^drical  body  moved  by  levers;  also  a handle  by  wliich  an/thing  iS 

Window,  An  aperture  in  a wall  for  the  transmission  of  light.  See  Bull’s  kyk- 
light;  Lantern  light;  Venetian  Window.  J>tLLs  lye,  bk\- 

Window  Tracery  The  ornamental  stonework  in  the  heads  of  windows  in  mediawal 
architecture.  The  earlier  windows  during  the  early  English  or  First  Pointed  p.ri,xl  of 
medieval  architecture  were  as  a rule  very  narrow  {fig.  1463)  and  without  a dripstone 
Later  on,  however,  a dripstone,  or  perhaps  more  correctly,  a hood  mould,  was  used’ 
wliica  was  often  continued  on  from  window  to  window  {fig.  1465).  ’ 


As  the  style  advanced,  these  narrow  pointed  openings  were  placed  in  couplets  or  triplets 
the  centre  one  being  highest  {fig.  1466) ; and  the  first  approach  to  window  tracery  was 
developed  by  the  piercing  of  the  wall  above  the  couplets  with  a circular  or  lozenge 
shaped  opening  {fig.  1467). 


Fig.  1467.  Fig.  1468.  Fig.  1469.  Fig.  1470.  Fig.  1471. 


The  next  step  in  the  development  of  the  traceried  window  was  the  grouping  together  of 
two  or  three  of  these  lancet  windows  and  enclosing  them  under  a label  or  arch  {fig.  1468). 

The  triplet  window,  however,  contributed  much  less  to  the  development  of  Gothio 
tracery  than  the  couplet,  as  there  was  no  necessity  for  the  circular  opening  to  fill  up 
the  spaces  between  the  tops  of  the  windows  and  the  enclosing  arch,  as  that  .space  was 
already  occupied  by  the  central  light  1469),  which  vais  much  taller  than  the  others. 
The  combination  of  couplets  with  a circular  opening  between  the  tops  is  tlierefore  the 
fundamental  principle  of  a Gothic  window,  and  the  result  produced  thereby  was  the 
earliest  form  of  Plate  tracery  {fig.  1470).  The  east  window  of  Lincoln  Cathedral 
(shown  in  the  illustration  fig.  1472),  which  is  perhaps  the  largest  one  in  existence  belong- 
ing to  this  style,  consists  of  two  large  pointed  compartments,  each  of  which  is  divided 
into  four  smaller  compartments  or  lights,  called  bays  or  days,  placed  in  couplets  with 
foliated  circles  between  tlieir  heads.  These  couplets  have  also  larger  foliated  circles 
between  their  heads,  and  in  the  spandril  between  the  heads  of  the  two  large  compart  ments 
is  a large  circle  enclosing  seven  smaller  foliated  circles,  one  being  in  the  centre  and  six  sur- 
rounding it.  Themullions  or  divisions  between  tim 
lights  are  fronted  by  slender  shafts  with  floriated 
capitals.  This  window  exhibits  the  transitional 
progress  of  tracery  from  the  Early  English  to  the 
Geometrical  Decorated  period. 


Fig.  1472.  Outline  of  East  Window,  Lincoln. 


Fig.  1473. 


slips  of  wall  between  the  narrow  windows  became  reduced  into 
of  stone  dividing  the  lights,  while  the  tracery  of  the  upper  pa 

same  thickness  as  the  mullions,  consists  of  perfect  geonietnca  ^ • ....I'or  /.uclo-^ul 

arches  of  the  lights,  the  spandrils  between  which  are  pierced,  aud  all  combined  or 


slips  of  wall  between  the  narrow  windows  became  reduced  into  ‘ 

of  stone  dividing  the  lights,  while  the  tracery  of  the  upper  par  o • 

ffeonietncal  forms  resting  upm  tn. 
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under  one  arch.  A common  form  in  earlier  examples  consists  of  three  lights  of  equal ' 
heiglit  (fig.  1 473),  the  head  of  the  window  containing  three  circles  placed  pyramidally,  the 
insides  of  which  are  trefoiled.  But  as  already  seen,  the  form  which  served  most  to  develope 


The  ogival  forms  introduced  into  the  tracery,  in  the  next  period,  instead  of  circles, 
trefoils,  etc.,  caused  the  mullions  instead  of  terminating  wdth  the  arch  of  the  liglits. 


arch,  and  forming  by  their  intersections  elongated  and  pear-shaped  apertures,  which 
are  usually  foliated  or  cusped. 

The  introduction  of  the  ogee  arch  (fig.  1477)  formed  a new  principle  identical  with  the 
Flamboyant  period  in  France,  of  which  there  are  many  examples  in  England.  The 
Perpendicular  or  Rectilinear  period  succeeded,  as  it  was  found  that  the  extension  up- 
wards could  be  eifected  by  vertical  lines  as  well  as  by  flowing  or  curved  ones,  and  with 
much  greater  ease  (fig.  1478).  The  mullions  are  continued  upwards  to  the  head  of 
the  windows  so  as  to  form  perpendicular  divisions,  which  are  again  divided  into  com- 
partments by  horizontal  transoms,  and  are  trefoiled  or  cinquefoiled  at  top.  These 
transoms  were  necessary  to  prevent  the  tall  mullions  from  being  pressed  out  of  theiv 
verticality  by  the  weight  of  the  masonry  above.  They  at  last  presented  the  appearance 
of  being  a huge  screen  of  open  panelled  stonework.  (See  figs.  s.  v.  navk.)  The  Pointed 
arch  became  flatter,  and  at  last,  in  the  case  of  small  windows,  became  quite  straight,  the 
tracery  finishing  against  the  head. 

Wine  Celoar.  The  apartment,  generally  placed  on  the  basement  story,  between  front 
and  back  rooms,  or  else  formed  underground,  for  stowing  wine.  The  most  important 
point  in  its  construction  is  its  being  kept  at  a cool  equal  temperature  at  all  times  of  the 
year.  See  Bixn. 


1,'y  an  arcade  or  passage,  is  also  called  a wing. 

Wire.  A small  flexible  bar  of  any  sort  of  mebil,  elongated  by  means  of  a machine  called 
a draw-bench.  Wove  iron  wire  is  used  for  the  floor  of  malt  kilns  ; and  the  size  of  four 
meshes  to  the  inch  is  useful  to  place  before  openings  in  a building  to  prevent  the  access 
of  flames  from  a fire  opposite. 

Wire  Gauges,  Birmingham.  These  are  a scale  of  numbers  extensively  employed,  both 
in  this  country  and  abroad,  to  designate  a set  of  arbitrary  sizes  of  wire,  varying  from 
about  half  an  inch  down  to  the  smallest  size  usually  drawn.  There  is  no  authorised 
standard  in  existence,  and  a great  number  of  gauges  have  come  into  practical  use, 
differing  materially  from  each  other.  It  is  a mode  of  measuring  to  a great  nicety  very 
small  thicknesses  of  metal.  The  usual  marks  are  00000  for  half  an  inch,  1 stands 
for  3-4  for  :f,  11  for  ^,16  for  31  for  and  so  up  to  36. 

Wire  Cloth.  A very  fine  lattice  work  of  wire  used  for  blinds. 

Withe.  (Sax.  ) The  partition  between  two  chimney  flues  in  the  same  stack. 

Wood.  (Sax.)  A fibrous  material  much  used  in  building,  and  formed  into  shape  by 
edge  tools.  It  is  timber  cut  up  for  use  by  the  diSerent  trades.  See  Timber, 


(3)\ — '/  /I  \ / \ diagrams  (figs.  1474, 1475). 


the  traceried  window  was  the 
couplet  with  a circle  above, 
combinations  of  which  are 
shown  in  the  accompanying 


The  windows  of  the  nave  of 
Exeter  Cathedral  are  for  the 


most  part  pure  specimens  of 
this  style ; although  they  are 
all  perfectly  unifoi’m  with 
each  other,  no  two  are  alike 
on  the  same  side. 


rig.  1476. 


rig.  1477. 


rig.  1478. 


to  be  continued  upwards  in  intermingling,  wa^^,  or  flowing  linos  to  the  top  of  the 
window  (figs.  1476,  1477),  melting  as  it  were  finally  into  the  mouldings  of  the  window 


Wings  of  a Building.  The  side  portions  of  a facade  which  are  subordinate  to  the  prin- 
cipal and  central  divisions.  A small  building  attached  to  the  centre  or  main  portion 
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Wood  Brick.  A block  of  tvoocI  cut  to  tlio  form  and  size  of  a brick,  and  inserted  in  a waU 
to  which  to  fasten  the  works  in  joinery.  » 

Working  Drawings.  Drawings  of  a design  showing  the  details,  and  serving  as  instruc- 
tions  to  the  several  artificers. 

WUMTHED  COLXJMK.  That  which  is  twistod  b tho  fomi  of  a screw,  also  very  appropri- 
ately  called  a contorted  column.  ./nr 

Wrkathed  String.  The  circular  portion  of  a string  to  a stair  where  there  is  a hollow 
newel. 

Wkotjght  or  Malleable  Iron.  Iron  in  its  perfect  condition,  a simply  pure  iron  Its 
strength  is  in  general  greater  or  less  according  to  the  greater  or  less  purity  of  tile  ore 
or  fuel  employed  in  its  manufacture.  It  is  distinguished  by  the  property  of  welding 
The  proof  strength  of  wrought  iron  is  almost  exactly  one  third  of  the  breaking  lo.id. 

Wyatt’s  patent  Slating.  A mode  of  slating  with  thin  squared  slates,  laid  on  raRorsof 
less  elevation  than  usual  and  with  the  breadth  of  the  laps  much  less ; Imperial  slates 
were  used  by  the  architect,  James  W^yatt,  and  having  their  lower  edges  sawn  smooth, 
the  roofing  so  done  has  consequently  a much  neater  appearance  than  common  roofing. 

Wyatt  Window.  The  form  so  designated  in  Ireland,  is  the  square-headed  Venetian  window, 
or  a wide  opening  divided  into  three  lights. 


X 

Xenodochium.  (Gr.  Eej/os,  a guest,  and  A^xofiai,  to  receive.)  A name  given  by  the 
ancients  to  a building  for  the  reception  of  strangers. 

Xystus.  (Gr.)  In  ancient  architecture,  a spacious  portico  wherein  (he  athleUse  exorcised 
themselves  during  winter.  The  Romans  called,  on  the  contrary,  their  hypcethral  walks 
xysti,  which  walks  were  by  the  Greeks  called  irepiSpoiuSes, 


Y 

Yard.  A well-known  measure  of  three  feet.  The  term  is  also  applied  to  a paved  are.a, 
generally  placed  at  the  back  of  a house.  It  is  also  used  for  the  ground  belonging  to 
a workshop,  as  a “ builder’s  yard,”  etc.  A long  piece  of  timber  was  formerly  so 
called.  See  Measure. 

Yellow  Pine  or  Deal.  The  produce  of  the  Pintis  sylvestris,  or  Scotch  fir.  This  is  a 
better  and  more  lasting  wood  than  white  deal,  which  is  the  produce  of  the  Abies  ejrcelsa, 
or  communis,  or  Norway  spruce. 

Z 


’ax.  a slater’s  axe,  corrupted  into 


),  corruptea  into  zax.  An  instrument  for  cutting  slates. 

^rozAG  Moulding.  ’Ad  ornament  used  in  mediaeval  architecture  of  the  Norman  period. 
' It  is  the  same  as  chevron  and  dancette.  See  Jig.  1381.  It  is  also  to  be  seen  in  tho 
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architecture  of  Diocletian’s  palace  at  Spalato. 
iiNC.  A metal  now  much  used  in  building.  _ ^ j v i i . • 

’INC  White  A paint  preferred  by  some  as  keeping  its  colour  longer,  and  being  less  detri- 
mental to  the  workmen’s  health.  But  there  is  difficulty  in  working  it,  and  a coat  or  two 
more  than  is  usual  with  white  lead  paint  are  required  to  produce  a good  surface, 
iocco,  ZoccoLO,  and  Zocle.  (Ital.)  The  same  as  Socle. 

Vi  PH  onus  CGr  Zwod>opos.)  The  same  as  Frieze. 

ioTHECA.  ’ A small  room  or  alcove,  which  might  be  added  to,  or  separated  from,  the  room 
which  it  adjoined. 
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* The  buildings  gmerally  m e placed  under  the  totem  in  u-hich  then  are  situated  ■ 
hut  the  edtjices  xn  London  are  placed  tender  their  names.  The  fiaures  refer  to,  C 
several  im-agraphs,  except  where  the  letter  p,  occurs,  whett  they  refer  to  the 
page.  It  will  be  noticed  that  occasionally  the  numbers  to  the  paragraphs  are 


ABA 

Abacus  stone  in  vaulting  2002<jr 

Abbeville  ; St.  Wulfran  Church,  547 
Abbreviation,  method  of ; in  architectural 
composition,  2857 

Aberdeen,  lord  ; On  the  pointed  arch,  300 
Aberdeen  ; spires,  p.  1002,  p,  1003 
Aberthaw  lime,  1M36 
AberysOvith,  Cardiganshire  ; castle,  402 
Abicll,  Guillermo  ; architect,  593 
Abousimbel,  or  Ipsambool;  temple,  71,  92, 
166 

Abrantes  ; church  of  San  Francisco,  603 
Absorption,  1667m? 

Abirry ; circles  of  stones,  16,  17,  40 
Ab^'ssiiiian  well,  2218/i 
Acme  ventilation,  2278m 
Acoustics.  See  “ Isacoustic  curve,”  and 
“ Theatre  ” 

Acts  of  Parliament  for  Building,  &c.,  2280/ 
Adam,  Robert ; architect,  517,  518 
Adamant  cement,  2250c 
Adamantine  clinker,  1839o,  1905c 
Adams,  Bernard  ; architect,  442 
Adams,  Robert ; architect,  441 
Adare  ; friary  ; tower,  p.  1003 
Adel,  Yorkshire  ; proportion  of  church,  p.  1014 
A delard,  monk,  of  Bath,  3095,  p.  1037 
Adelphi,  in  the  Strand,  517 
Adhesive  po'wer  of  mortar,  &c.  1494  et  seq. 
Adi,  temple  of ; at  Ellora,  56 
Admiralty,  London,  507 
Adrian  L,  pope  ; arts  under,  281 
Adze  ; carpenter’s,  2003 
.^olus  water  spra}"  ventilator,  2278t 
A^rarium,  the  ; at  Rome,  213 
Aerschot ; church,  558,  560 
.Esthetics  in  architecture,  2493 
Afflighem  ; abbey  church,  554 
Africano  marble,  200255 
Agnelli,  Gulielmo  ; architect,  613 
Ayopab,  or  Fora,  of  the  Greeks,  173 
Agram  ; cathedral,  570 
Agricola;  architecture  under  ; in  Britain, 381 
Agrigentum  ; founded,  p.  943.  Temples  of 
Peace  and  Concord,  148,  p.  946;  of  Hercules, 
t'5.  Columns  worked,1925a.  Girgr.uti” 
Aguero,  De  Campo  ; architect,  367 
Air  brick,  1886e ; in  spec.,  2286a 

drain,  1750,  1886,  1886a.  Paving  to,  in 

spec.,  2284c 

4 i: 


AM  A 

I Air,  foul  state  of,  2278c,  2287a.  Velocity  of. 
or  wind,  1592a 

grating,  in  spec.,  2286a 

required  for  each  person,  2278z 

See  “ Ventilation  ” 

syphon  ; Chowne’s,  2278/ 

trap  to  drains  ; in  spec.,  2286a 

vessel  in  pumps,  2218/ 

Aisle  or  lean-to  roofs,  2052/n,  2052/j,  2052r 
AisFs  ; width  of,  p.  1007.  Uf  equal  heiglit, 
558 

Aixjla-Chapelle ; cathedral  and  palace,  283, 
572.  Round  church,  p.  1006 
Alabaster;  use,  2002ee.  In  windows,  615 
Ahe  of  a Homan  house,  249,  253 
Alan  de  Walsingham  ; architect,  319 
Alatrium  ; cyclopean  remains,  32 
Alava,  Juan  de  ; architect,  596,  598 
Alba  ; amphitheatre,  228 
Alberti.  Leone  Battista,  324.  Ilis  book,  De 
Re  JEd'ificatoria,  325 
Albissima  paint,  ‘i'llog 
Albo-carbon  gas  light,  2264c 
Alby  ; cathedral,  532 

Alcala;  church  and  college  of  the  Jesuits, 
367,  371,  598.  Palace,  368 
Alcantara  ; bridge,  193,  222.  Church,  607 
Alcazars  of  Segovia  and  Seville,  128 
Alcinous,  house  of ; illustrative  of  Greek 
architecture,  138 

Alcoba5a  ; monasterv  and  church,  601,  C02, 
607 

Aldenham,  Hertfordshire  ; church,  p.  986 
Alder,  1719 

Aldrich,  dean  ; architect,  490 
Aleotti,  G.  B.  ; architect,  2918 
Alexandrlnum  opus,  2002rc 
Alfred,  king  ; his  care  of  buildings,  .386 
Algarotti,  count;  On  the  opera,  2964 
Alhambra  ; ornamental  detail,  125.^  V hen 
founded,  and  description,  127.  Court  of 
the  Lions,  127 
Aljubarrota;  battle  of,  604 
Allemagne  ; st  ’ne  quarries,  1666/ 

Almeida  ; castle,  603 
Almeirim  ; royal  chateau,  607 
Alonso,  Juan  ; architect,  694 
Altcnburg;  abbey,  567 
Altitude,  iuternal,  j).  964 
.Vmalli;  cami)auile,  625 
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AMA 

Amaranfe. ; Dominican  monastery,  607 
Amati,  Carlo  ; architect,  620 
Amberley,  Sussex  ; castle,  413 
Ambresbury,  Wiltshire  ; house,  465 
American  cookint-  stoves,  2279e.  System  of 
warminff,  2279p 

Amicable  Life  Assurance  Office,  IGOGrZ 
Amiens  ; cathedral,  310,  314,  315,  541,  542. 
Apse,  p.  1007.  Doorway,  639.  Piers,  p. 
102.3.  Plan  copied  at  Cologne,  567.  Pro- 
portion of,  p.  1058  et  seq.  Window,  p.  990, 
p.  993.  Kose  windows,  p.  1035,  p.  1037 
Ammanato,  Bartolommeo ; architect,  331. 

His  work  La  Citta,  ib. 

Amoros,  N. ; architect,  594 
Ani])hitheatres  described,  228  et  seq.  First 
used  by  the  Etruscans,  232 
Ampthill,  Bedfordshire,  423,  426.  Drawings 
of  Old  house,  440 
Analysis  of  sixteen  stones,  1666 
Anastasius  II.,  emperor  ; architecture  under, 
271 

Ancaster  stone,  1666n ; analy.'^is,  specific 
gravit}’,  and  cohesive  power,  1666 
Ancona  ; arch  of  Trajan,  p.  959,  Church  of 
San  Agostino,  624 
Anderlicht,  upper  church,  559 
Andria ; castle,  625 
Angers ; vaulting  of  hospital, 

Angle  irons.  16296.  Strength  of,  16307\ 
Weight,  2254 

of  vision,  in  perspective,  how  to  select, 

2444  et  seq. 

ribs  for  square  domes,  2064.  Tie,  2009 

Anglesca  marble,  1681 
Anglo-Saxon  architecture,  383 — 397.  Mould- 
ings, p.  981 

Angouleme  ; church,  535 
Ani,  Armenia  ; cathedral,  305 
Anjou  ; vaulting  at,  lidQgg 
Annaberg  ; church  of  St.  Anne,  583 
Annex,  Giovanni,  of  Freiburg  ; architect,  365. 
See  “ Fernach  ” 

Annuities.  See  “ Compound  Interest  ” 

on  lives  ; tables  relating  thereto,  p.  1104 

et  seq. 

Annulet  moulding,  2532 
Anson,  lord ; house  in  St.  James’s  Square, 
516 

Anspach,  church,  583 

Anston  stone,  1666rf,  16666,  1667?77 

Anta?,  2671 

Antefixae,  in  a Roman  house,  247 
Anthracite  coal,  2279<? 

Anticorrosion  paint,  2273a 
Antoine  column,  486,  2603 
Antoine,  Jacques  Denis  ; architect,  360 
Antoninus  and  Faustina  ; Corinthian  temple 
at  Rome,  211 

Antwerp,  564,  St.  Jacques,  557, 559.  Church 
of  the  Dominicans,  ib.  Notre  Dame,  559. 
Its  tower,  p.  1003 
Aosta  ; arch  of  Augustus,  p.  959 
Apodyterium  of  the  Roman  baths,  235 
Apollo  Didymaeus  ; temple  near  Miletus,  153 

Epicurius  ; temple  in  Arcadia,  150 

Apotheca  of  a Roman  house,  253 
Appelmans,  Jan  ; architect,  559 
Apron  ; piece  in  stairs,  2026  ; of  Lead,  in 
spec.,  2288 

Apsis  ; polvgonal  and  square,  p.  1006  ; double, 
p.  1007  ' 

Aqueducts,  earliest ; of  Rome,  223  et  seq. 
Cubic  feet  of  water  supplied  to  Rome,  ib. 
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Injured,  238.  Of  the  Greeks,  174.  At  Con-  / 
stantinople,  306.  At  Solmone,  625 
Aqueous,  &c.,  Rock  Boring  Co.,  2218j 
Arabian  architecture,  118,  128.  Domestic  | 
architecture  at  Algiers,  130  , 

Araeostvle  intercolumniation,  2605,  2608  \ 

2609,’  2613 

Arandia,  Juan  de  ; architect,  598 
Aranjuez  ; royal  pleasure  house,  371,  372 
Arc  ; complement  of,  1037.  Supplement  of,  i 
1038.  Sine  of,  1039.  Versed  sine  of,  1040.  i 
Tangent  of,  1041.  Co-sine  of,  1042.  Co- 
tangent of,  1043.  Co-secant  of,  1044 
Arc  doubleau,  1499w 

Arcades,  2618,  2619,  2626.  Tuscan,  2621,  ? 
2622,2628.  Doric,  2618,  2623,  2629.  Ionic, 
2618,  2624,  2630.  Corinthian,  2618,  2625, 
2631.  Imposts  and  archivolts  of,  2632. 
Columns  used  in,  2635.  Their  internal 
decorations,  ib. 

Arcades  and  arches,  2617  et  seq. 

above  arcades,  2653  et  seq.  Best  mode 

of  disposing,  according  to  Chambers,  2654 
et  seq.  According  to  Scan.ozzi,  2655. 
Balustrades  of,  2657.  Doric  above  Tuscan, 
2658,  2659.  Ionic  above  Doric,  2660, 
2661.  Corinthian  above  Ionic,  2662.  Con- 
fined by  the  ancients  to  theatres  and  amphi- 
theatres, 2664 

Arcadius,  emperor;  architecture  under,  271 
Arch,  its  introduction  effected  great  change 
in  the  art,  266.  In  pointed  architecture,  p. 
1054.  No  trace  of,  in  the  ruins  ot ‘Babylon, 

45.  In  Egypt,  at  Saccara,  75.  Unknown 
in  Grecian  architecture,  134.  Arabian, 
species  most  employed,  129.  At  Bussorah, 

131 

of  Augustus  at  Rimini,  p.  960 ; at 

Aosta,  ib.  p.  962.  Of  Claudius  Drnsus, 
niches,  2776.  Of  Constantine,  262,  2547, 
p.  959,  p.  962.  Of  the  Goldsmiths  at 
Rome,  195.  Of  Janus,  niches,  2775.  Of 
Sergius  at  Pola,  p.  961.  From  Poliphilus, 
p.  948.  Proportions  of,  p.  958  et  seq.  Of 
Severus  at  Rome,  264,  2547,  p.  962.  Of  j 
Titus,  264,  2547,  p.  961.  Of  Trajan  at 
Ancona,  p.  959  ; at  Susa,  p.  962  ; at  Bene- 
ventum,  p.  963 

elliptical  ; to  draw  and  find  the  joints, 

1934-1937.  Flat;  in  masonry,  to  draw 
the  joints,  without  the  centre.  1932.  Pro- 
per iorm  for  one,  1583/.  Of  various  points, 
19435  et  seq.  Rampant,  pointed  ; to  draw 
and  find  the  joints,  1943 

I'lanes  in  Gothic,  p.  971,  p.  992  et  seq. 

Archer,  Thomas  ; architect,  498 
Arche--,  equilibrium  of ; History,  13.53 — 1363. 
Observations  on  friction,  &c.,  1364 — 1389. 

The  way  in  which  arch  stones  support  each 
other,  1390 — 1397.  Geometrical  application 
of  foregoing,  1398,  1399.  Surmounted 
arches,  1400.  Application  of  the  prin- 
cii)les  to  the  Pointed  arch,  1401.  The 
same  to  a surmounted  Catenarean  arch, 
1402 — 1406.  Application  of  the  principles 
tc  siirbased  arches,  1407.  Thrusts  of  arches ; 
cassinoid,  cycloid,  and  ellipsis,  1408 — 1412. 
Raking  arches,  1413 — 1416.  Level  extrados, 
1417 — 1421.  Different  application  of  prin- 
ciples in  the  last  case,  1422,  1431.  Vous- 
soirs  increase  towards  the  springing,  1432— 
1441.  Mode  in  Avhich  an  aich  fails,  1442. 
Compound  vaulting,  1443.  Groined  vault- 
ing, 1444 — 1458.  Application  of  principles 
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of  groined  vaulting,  UoO— MG3.  To  a 
Coved  vault,  14G 1—1477.  To  S-pherical 
vaulting,  1478 — 1493 

Arches  ; Working  drawings  for,  andn.ouldsof 
voussoirs,  1969— 19GG.  Klliprical,  cutting 
throiuh  a wall  obliquely  to  bevels  and 
moulds  of,  19G7— 1970.  In  sloping  walls, 
1971,  1972.  _An  abridged  method  of  doing 
the  last,  19/0,  1974.  Oblique  where  the 
front  slopes  and  rear  are  perpendicular  to 
the  axis,  197G — 1979.  Semicircular-headed, 
in  a mass  of  masonry  battering  on  an 
oblique  plane,  1980 — 1983.  On  the  quoin 
of  a sloping  wall  to  find  the  moul  Is,  198*1 — 
1987.  In  round  towers  or  circular  walls, 
1988 — 1990.  Oblique  in  a round  sloping 
toAver  intersecting  a semicircu'ar  arch 
within  it,  1991 — 1994.  French  terms  for, 
54G 

Arches  ; inverted  ; in  foundation®,  1885 

relieving  ; in  spec.,  2282a,  22936 

Architect,  312,  319,  326.  Of  France  ; attached 
to  Venetian  in  preference  to  Koman  School, 
358 

Architects ; ancient  and  modern,  list  of,  p.  1 1 29 
et  seq. 

Architectural  design ; maxims  in,  2502. 
Bounding  lines  of  buildings  not  sources  of 
beauty,  considered  geometrically,  2503 
Architecture  ; not  a tine  art  until  founded  on 
rules  of  proportion,  1.  Not  confined  to  a 
single  type,  ib.  As  a fine  art,  dependent  on 
expression,  2492.  Its  end,  ib.  Genius  in, 
ib.  Taste  in,  ib.  .Esthetics  in,  2493.  Con- 
sidered in  respect  of  rules  of  art,  2494. 
Fitness  is  the  basis  of  proportion,  2496, 
2502.  Bounding  lines  of  buildings,  2503. 
Interiors  of  buildings,  beauty  of,  2504. 
Types  in,  2507.  Styles  in  ; all  dependent 
on  fitness,  2508.  Unity  and  harmony  in, 
2509.  Symmetry  in,  ib.  Colour  in,  2511. 
Polychromatic,  2512.  Decoration  of,  2513 — 
2522 

Architecture  in  lltli  century  not  a liberal  art, 
309a 

Architrave,  to  form  ; in  joinery,  2196.  Method 
of  supporting,1925/j.  Moulded,  in  spec., 2285^ 
Archivolts  of  arcades,  2632 
Ardbraccan,  near  Navan  ; house,  527 
Arden  lime,  1843c 
Area  of  Buildings,  1583  et  seq. 

given  ; method  of  enclosing  in  any  re- 
gular polygon,  1518 — 152i 

• grating,  2255  ; in  spec.,  2286a 

Arena ; of  an  amphitheatre,  228,  230,  231. 

Of  the  Roman  circus,  240 
Arezzo  ; cathedral,  613.  San  Domenico,  ib. 

San  Francesco,  ib. 

Argos  ; gate  and  chief  tower,  29 
Argyle,  duke  of ; house  for,  525 
Arleri,  Pietro  ; architect,  581 
Arles  ; amphitheatre,  228.  St.  Tjopliime,  547 
Armarium  of  a Roman  house,  253 
Arnott  ventilator.  2278/,  2278/?.  ^Smoke 
consuming  grate,  2279d.  Stove,  2279e 
Arpino ; gateway,  304 
Arrayolos ; castle,  603 
Arriaga,  Luis ; architect,  368 
Arris  of  a piece  of  stuff,  2124.  Gutter,  in 
spec.,  2285A 

Arroyo,  Giuseppe ; architect,  368 
Artificial  hydraulic  limes,  1857 

stone,  1667o  et  seq.,  1903c,  1903n  et  seq. 

Arts  in  England  have  never  thoroughly  taken 
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root  437.  Flourished  while  in  the  luindi 
ot  the  clergy, 

Arundel,  Su®m  x ; castl.*,  391,  098.  Church 
porch,  p.  999 
A runs;  toinl)  ».f,  255 

Asbestos  board,  2217.  Paint,  2273/  2971e 

Curtain,  2u71c 

Asgill,  vSir  Charles  ; villa  at  Kichmond,  515 
Ash,  G23 

Ashes  mortar,  18596,  1859// 

Asldar;  walls,  1918.  Facing,  1918  el  sen. 

K after,  2052/  ^ 

Ashlaring;  iil  sf/ec.,  2281,  22816 
Asliridge,  Buckinghamshire;  house,  528 
Asinelli  tower,  at  Bologna,  2500 
Asphaleia  Theatre  Company,  2971 A 
Asphalte,  1867//.  In  damp  course,  1886r. 

Paving,  19056,  2251/).  Hoofing  felt,  2210// 
Assimilating  work,  p.  968,  p,  969 
Assisi;  church  of  San  Francesco,  318,  012. 

Sta  Chiara,  612.  Temple  at,  p.  912 
Assos ; gateway,  304 
Assouan,  39 

Assyrian  architecture,  50  et  seq. 

Asti  ; cathedral,  616.  San  Secondo,  ib. 
Astorga ; cathedral,  596 
Astragal ; bead,  or  baguette,  2532 
Ath  ; houses  at,  564 

Athelwold  s work  at  Winchester,  p.  1021,  p. 
1023 

Athenajum  Club  house  ; sc.^liola  floors,  22506 
Athenians;  early  superiority  in  the  arts,  136 
Athens ; early  buildings  of  earth  and  clay, 
136.  Temples,  p.  913  et  seq.,  p.  918.  Par- 
thenon, or  temple  of  Minerva,  141, 150,  258, 
2570,  p.  943,  p.  948.  Columns  worked, 
1925a.  Proportion  of,  p.  1057.  Temple  on 
the  Ilissus,  p.  951.  Uf  Erechtheus,  p.  952. 
Of  Theseus,  150,  p.  944.  Portico  of  .\u- 
gustu®,  151.  Propylajum,  150 
Atkinson’s  cement,  1864.  Use  of,  tibia.  In 
blocks,  1903c/// 

Atlantes,  2682 

Atmosphere  ; weight  of,  1592a 
Atreus,  treasury  of ; at  Mycen.-e,  35 
Atrium;  of  a Roman  house,  181,  246.  Dif- 
fei-ent  species  of,  &c.,  247.  In  a house  at 
Pompeii,  253 

Attic  base  ; Gothic,  p.  979 
Attics  and  basements,  2665  et  seq.  E.xamples 
of,  2668 

Attleborough,  Norfolk  ; church,  408,  421 
Attributes  ; in  decoration,  2519,  2520 
Aubigny  stone,  166666,  1667/a 
Audenaerde ; church  of  Ste.  Pamele,  553, 555. 
Ste.  Walburge,  559 

Audlev  End,  Essex  ; designs  for,  440,  442, 
44  5,"  451,  452 

Audrieu  ; church  spire,  p.  1000 
Augsburg,  580.  8t.  Uric  and  .M. 

Aiu’-ustins,  roval  convent  of ; at  Ma/lrid,  I 
Augustus;  archatKimini,  p.  1010;  at -\nsta, 
p"  960  ; at  Susa,  p.  962  ; Portico  at  Athen.s, 
15*1 

Au'tin’s  artificial  stone,  166</).  Artificial 
cement  paving,  1963t;  , 

Autuii;  amphitheairo,  228. 

Auxerre  ; cathedral,  540.  Iron  spire,  p.  IWo. 

Roof  of  prefecture,  20526 
Avallon  ; doorway,  539.  St.  Pierre,  540 
Averlino,  Antonio, called  Iilarete;  architect, 

Avignon  ; cathe.lral,  307.  Bridge  of  St. 
prR,  313.  Church  of  the  Cclcstm:S 
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St.  Pierre  5-17.  St.  Martin,  Churcli  of 
the  Dominicans,  515.  St.  Didier,  ib. 
Palace,  ib. 

Avila  ; cathedral,  587.  S.  Vicente,  ib.,  591 
Avingfon,  Berkshire  ; church,  389 
Axe;  carp  ntcr’s,  2003 
Axed  face  in  masonry,  1915a 
Axial  lines  in  drawings,  p.  1008 
Aylsham,  church,  Norfolk  ; -window,  p.  990 
Ayot  St.  Lawrence,  Hertfordshire ; church,  5 1 G 
Aztec  architecture,  110—116 

BAALBEC  ; structures  at,  19G.  First  de- 
scribed by  Maundrel,  ib.  Niches,  2775 
Babylon,  ruins  of,  described  by  Bich,  38 — 41. 
Citadel,  42.  Tunnel  under  the  Euphrates, 
43.  Dimension,  its  character,  rather  than 
art,  44 

Bacchus;  temple  at  Eome,  2547.  At  Teos, 
153,  p.  951 

Back  flaps  of  shutters,  2147 

linings  of  sash-frame,  2147.  In  spec., 

2285c 

of  a slate,  2210 

Badajoz  ; cathedral,  589,  598 

, Giovanni  di  ; architect,  367 

Baeza  ; S.  Andres,  now  La  Colegiata,  598 
Bagdad  ; foundations  laid  by  Almanser,  119. 
I*s  walls,  131 

Bagnall,  Sir  John  ; house  for,  440 
Baguette,  2532 

Baker,  Henry  A. ; architect,  526 
Balaguer,  Pedro  ; architect,  594 
Balcony  ; traceried  at  Venice,  6.0.  In  spec.. 
22845 

Ballast;  burnt  clay,  1833d  et  seq.,  1861.  In 
spec.,  2281 

Ballcock  to  a cistern,  22235.  Valves,  2223s 
Balleso,  Giovanni  ; architect,  367 
Ballium  of  a castle,  394 
Balusters,  2695  et  seq.  Not  used  by  ancients, 
2696.  Their  measures,  2697.  For  Tuscan 
order  and  table  of  proportions,  2699,  2702. 
For  Doric  and  Ionic  orders,  2700.  For 
Corinthian  and  Composite  orders,  2701. 
Double-bellied,  2703.  For  Doric  order,  2704. 
For  Ionic  order,  2705.  For  Corinthian 
order,  2706.  Intervals  between,  2708.  Bulbs 
or  bellies  of,  2711.  Of  glass,  2231a.  Iron, 
in  spec.,  2286.  And  Newels,  in  spec., 
2285(7 

Balustrades,  2695  et  seq.  Eules  for  setting 
out,  2697.  Height  of,  2698.  Scroll  and 
Guiloche,  2707.  Intervals  in,  2708.  Pedes- 
tals of,  2708,  2709.  Applied  to  staircases, 
2710.  Statues  used  on,  2712.  Vases  used 
on,  2713.  Of  arcades,  2657.  In  spec.,  2284a 
Bamberg;  cathedral,  two  apsides,  p.  1007.  St. 
Mary,  567 

Bamborough,  Northumberland  ; castle,  394, 
398 

Band  saw  blades,  21245 
Bangor  .slates,  1802 

Bank  of  England;  Eotunda  dome,  19037 
Banker  ; bricklayer's,  1890 
Banqueting  house.  See  “ Whitehall  ” 
Baptistery;  under  choir  at  Siena,  613.  At 
Pistoia,  616.  At  Pisa,  p.  1037.  Doors  at 
Florence,  2735  i 

Bar  ; use  of  the  word,  1628c.  Eunning  loads 
on,  1628?< 

iron,  1764a,  1764/.  Weight  of  a foot  of 

.square,  round,  and  fiat,  2254.  Of  flat,  2254a. 
Of  fiat  close  hammered,  ib.  I 


BAY 

Bar  tracery,  p.  989 
Barbacan  of  a castle,  394 
Barcello ; bridge,  COO 

Barcelona  ; Casa  consistorial,  594.  Casa  de 
la  Diputacion,  595.  Pointed  arch,  306. 
Cathedr.al,  588,  595.  S.  Justo  and  S.  Pastor, 
592.  Sta  Maria  de  los  Eeyes,  or  Sta  Maria 
del  Pino,  593.  Sta  Maria  del  Mar,  ib. 
Collegiate  church  of  Sta  Anna,  ib.  Crypt 
of  Sta  Eulalia,  ib. 

Barff’s  patent  stone,  1667.r.  Coating  of  iron 
work,  17805 

Barfreston,  Kent ; church,  389,  Window, 
p.  993 

Bai'ham’s  rendering  ])laster,  22505 
Barnack,  Northamptonshire  ; church  porch, 
p.  978.  Stone,  its  analysis,  specific  gravity, 
and  cohesive  power,  1666 
Barozzi  da  Vignola,  Giacomo  ; architect,  371. 
Door  by,  at  Farnese  palace,  2741.  Profiles 
of  orders,  358 

Barracks  and  hospitals,  ventilation,  2218iv 

Barrel  bolt,  2259 

Barrington  cement,  1864J 

Bars,  rolled  iron,  1629r.  Strength  of.  IGSOr 

with  latchets,  2263 

Bartholomew’s  ho.spital,  London,  503 
Base;  Course  or  plinths;  Gothic,  p.  982  <t 
seq.  Of  columns,  135.  JMode  of  gluing  up 
in  wood,  2202.  Gothic,  p.  978,  p.  979  et  seq. 
Basements  and  attics,  2665  et  seq.  Generally 
decorated  with  rustics,  2666.  Courses  of, 
how  disposed,  2667.  Eockwork  in,  2670 
Basemouldings  ; in  spec.,  2'i84a 
Basilica  of  Antoninus,  2547.  Of  Constantine, 
217,  2547.  Of  San  Paolo  fuori  le  Mura,  275. 
Ancient ; of  Eome,  273 — 275 
Basing  house,  Hampshire,  449 
Basly  church  ; spire,  p.  lOf'O 
Bastard  stucco,  2236 — 2242 
Bastille,  at  Paris,  311 
Bat,  of  a brick,  1896 

Batedha  ; Dominican  monastery  and  chureh, 
601,  604.  Spire,  p.  1004,  p.  1005 
Bath,  Somerset'hire,  513.  Abbey  church,  p. 
1047,  p.  1052  et  seq.  Founders  and  dimen- 
sions, p.  196.  Proportion  of,  p.  1016. 
Base  course,  p.  983.  Pier,  p.  977.  Vault- 
ing, 2002a*.  Design  for  baths  at,  525 
Bath  stone ; in  lintels,  \0o2p.  Analysis, 
specitic  gravity,  and  cohesive  poAver,  1666. 
Quarries,  ^c.,"  1666/  1667y,  1667(c.  In 
spec.,  2284 

Baths  ; supply  to,  2223t.  Material  f r,  2223w. 
Of  copper,  in  spec.,  2288a.  Of  slate,  221  Ly.  , 
Marble,  in  spec.,  2284c.  Wood  framing,  in 
ditto,  2285^.  Fittings,  &c.,  complete,  in. 
spec.,  2288a.  For  industrial  dwellings, 
3025.  Heating,  22237 

; number  of,  at  Eome;  those  of  Cara- 

calla,  234,  235.  Of  Titus,  Diocletian, 
Agrippa,  Nero,  and  Domitian,  ib.  Higldy. 
decorated  Avith  painting  and  sculpture,  237. 
Those  of  Agrippa,  ib.  None  erected  after 
the  removal  of  the  empire,  238.  Of  Titus, 
paintings  in,  239.  Of  Caracalla,  241,  282. 
Of  Diocletian,  264,  2547.  Of  Nero,  240 
Battening  of  Avails  ; in  spec.,  2285a.  Hoav 
! measured,  2338 
Battens  in  slating,  22105 
Battista,  Giovanni ; architect,  370 
Battlements,  p.  983,  p.  984 
Bauer,  Johann  ; architect,  579,  580 
Bay  AvindoAv,  427 
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Bayeux;  cathedral,  540,  5 15.  Set  out  uitli 
the  perch,  p.  1057.  New  works  at  cathedral 
1660A.  I'orch,  534.  Spires  p.  1000 
Beacons  to  towers,  p.  1002 
Bead  and  butt,  2131.  And  double  quirk, 
2127.  And  flush,  2131.  In  cement,  2287 
Beaded  briek  for  garden  walls,  1831c 
Bead  or  baguette,  2532 
Beam,  use  of  the  word,  lG28c.  Best  propor- 
tion of,  1628c.  Supporting  two  weights, 
1629a:.  To  obtain  bread'  h and  depth,  1630«’, 
16305.  Cut  in  to  various  depths,  stren<>-th 
of,  1630J 

filling  to  roofs,  221 1;«.  In  spec.,  2282a 

Beams  and  pillars,  1593 — 1682a.  Woods  used 
for,  1593 — 1595.  Weights  of  wood  in  the 
same  tree,  1597.  Timber,  experiments  on, 
1598  et  seq.  Cohesive  force  of  timber  in 
direction  of  its  Dngth,  1598.  Strength  of 
wood  in  an  upright  position,  1600 — 1602. 
Horizontal  pieces  of  timber,  1603 — 1608.  i 
Strength  of  timbers  in  an  inclined  position,  i 
1628.  For  classes  of  buildings,  1628c?.  ■ 
Strains,  1628e.  Transverse  strain,  I6289.  • 
Shapes,  1628/?.  Various  laws,  1628*s.  | 
Transverse  sections,  1628r.  Condition  of  ! 
Breaking  weight,  16295:.  Tension,  1630c.  | 
Neutral  axis,  ib.  Deflection,  1630c.  Modu-  I 
lus  of  elasticity,  163Cz.  Impact  or  Col- 
lision, IGoOo.  Tensile  Strength,  1630/?. 
Cohesive  power,  1630/’.  Compression,  1630/c. 
Pillars,  1630/c.  Stancheons  and  Struts, 
163  h‘.  Detrusion  or  Shearing,  1631  ?t. 
Torsion,  163 Ijt.  Working  strength  of 
materials,  1632.  Table  of  strength  of 
various  timbers,  1632a. 

Bearers  ; in  spec.,  22855 
Heart’s  pierced  bricks,  1831/’ 

Beaulieu  palace,  Hampshire,  426 
Beaumari.'^,  Isle  of  Anglesey  ; castle,  402 
Beaumont’s  heating  system,  2279c 
Beauprb,  Gloucestershire  ; castle,  452 
Beauty  in  architecture  ; partly  from  suitable 
forms,  2495.  Source  of,  2492  et  seq.  In 
mediaeval  architecture,  p.  964  et  seq. 

Beauvais  ; cathedral,  541,  549.  Apse,  p.  1007. 
Pose  window  of  south  transept,  p.  1034. 
Church  of  St.  Etienne,  lintel  to  north  door, 
19255 

Bee,  Normandy  ; abbey,  310 
Beckford,  William  ; house  for,  528 
Bed  ; of  a slate,  2210.  Of  a stone,  1922 
Bedding ; stones  in  brickwork,  1890.  Of  stones, 
1667a.  Slates  in  mortar,  2210.  Timbers, 
in  spec.,  2282a 

Beddington,  Surrey  ; hall  roof,  2052? 

Bedford,  Bedfordshire  ; castle,  394 

, duke  of ; house  for,  440,  524 

Bedroom  for  a poor  man,  3014 
Beech,  1701 

Beejapore,  1499o,  1499/? 

Beer  stone,  1666 

Beeston,  Cheshire  ; castle,  391,  398 
Beffroi ; of  Belgium,  561.  At  Tournai,  ib. 
Ghent,  ib.  Ypres,  ib.  Bruges,  ib.  Lierie, 
ib.  Nieuport,  ib.  Alost,  ib. 

Beja ; castle,  601 

Belem  ; fort  of  San  Vicente,  and  monastic 
buildings,  607 
Belfry  at  Zaragoza,  598 
Belgian  sheet  glass,  1874 
Belgium  ; Pointed  architecture  in,  553  et  seq. 
Beffroi  of,  561.  Marbles  of,  1679 


Hilt 


Hock  lighihouse,  167D 

towers,  p.  1001  e/  sni 

trap,  222O/7  et  seq. 

— of  a cap  ; 'Gothic,  p.  978 
Bell  hangers  work;  in  spec..  2292.  Electric 
and  pneumatic,  in  spec.,  2’2't2 
Belmont,  viscount ; house  for,  528 
Bclus  ; tower  of,  38,  41 
Belvedere  Garden,  Home  ; arcade,  2638 

, Kent ; house,  516  ’ 

Bench,  joiner’s,  and  jiarts  of,  2102.  Planes  A 
Benches  ; in  churchtes,  2192a.  WikkI  moilld- 

2285/°’ 

Benedictine  monastery  at  I.e^a  do  Bulio,  003 

Benet,  the  freemason,  p.  970 

Benevento  ; church,  587.  Arch  of  Trajan. 

p.  903  ■'  ' 

Beni-hassan  ; tomb,  133 
Bennett’s  improved  granitic  stone,  1905c 
Bent  timber  in  roofs,  20525 
Berchere  stone,  p.  1004 
Bergamo,  San  Agostino,  624.  Collcone 
chapel,  ib.  Sta  Maria  Maggiorc,  ib. 

Bergen,  in  Prussia  ; chureli  of  pajtier-inache, 
225 1 

Berkeley,  Gloucestershire  ; castle,  394,  398. 
414 

Berlin  ; Brandenburg  gate,  306.  Theatre, 
2972 


Bernburg;  church  of  Sr.  Mary,  567 
Berneval,  Alexandre  de  ; arcl'iitect,  p.  1009, 
p. 1036 

Bernieres  ; church  spire,  p.  1000 
Bernini,  Lorenzo  ; architect,  347,  349.  Stair- 
case by,  2801 

Beriuguette,  Alonzo  ; architect,  368 
Berwig  quarrie.s  1666aa 
Bessemer’s  process;  in  iron,  1774.  Strength 
of,  1630 

Bethel  and  Bothel  mentioned,  13.  That  .«et 
up  by  Jacob,  ib.  Object  of  idolatrous  wor- 
ship where  the  Canaanites  appeared,  ib. 
Bethell’s  patent  for  preparing  timber,  1667//I, 
1752a 


Bethersden  marble,  1681 /t 
Bethlehem  hospital,  London  ; designs  for,  526 
Beton,  1861,  1862c.  AggloineW,  1862/J 

1903(/rf 

Beudeghem,  Loys  van  ; architect,  563 
Bevel  ; bricklayer’s,  1890 
Beverley,  Yorkshire  ; conventual  church,  407, 
421.  West  front  resUu’ed  to  |H‘rpendicu- 
larity  449.  West  front  and  towers,  p.  1(MI2. 
See  Frontispiece.  Plinths,  p.  9-'s2.  Porch, 
p.  999.  Assimilating  work,  p.  969 
Bevignate,  Fra  ; architect,  616 
Bib  cock,  2223s 

Bil?an  el  Melook  ; subterranean  chambers,  63 
Bibiena,  Antonio  Galli  ; architect,  2950 
Bibliotheca  of  a Koman  house,  252 
Bickerstaffe,  Norhdk  ; church  rcs.f,  2052m 
Bidborough,  Kent ; church  door,  214:>a 
Hideford  and  mineral  paint,  2273c 
Bilian,  or  iron  wood  of  Borneo,  1728J 
Billet  ornament.  397 
Billiard  table  ; of  slate,  221 17 
Billings,  W.  B. ; architect,  on  proi>ortion, 

p.  101 1 

Bincho,  A.  de;  architect.  .55o 
Binding  joist.s,  2019 — 2022 
Birch  timber,  1725 
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Birkenhead  ; arched  brick  floors  at,  1903c 
Birmingham  ; church  of  St.  Philip,  428 
Birs  Nemroiid,  near  Babylon ; as  described 
by  Kick,  40.  The  ruins,  40,  41 
Biscop,  Benedict ; bisliop,  founder  of  the  abbey 
of  VVearmouth,  385,  386 
Biscuit,  1839^ 

Bismuth,  strength  of,  1630r 
Bituminous  cements,  1867  et  seq.,  2251o  et  seq. 
Black  bricks,  1831d 
Blackburn  Infirmary,  29765 
Blackfriavs  bridge,  London,  522.  Mode  of 
repairing  defective  stones  in  arches,  1925/ 
Blackman  air  propeller,  2278i 
Blaine’s  fireproof  paint,  2273/  2971c. 

Blank  arcade,  554 

Blankenbyl,  H. ; master  mason,  577 
Blast  irons  ; qualities  of,  2265c 
Blenheim,  Oxfordshire  ; house,  493 
Bletchingden  marble,  1681/t 
Blickling  park,  Norfolk ; mausoleum,  525 
Blister  steel,  1771 
Blocking  course  ; in  spec.,  2284a 
Blois,  chateau  de,  548 

Blondel  and  Scr,  MM. ; report  on  London 
hospitals,  221  Hq,  221  Sz 

Blondel,  Francois  and  Jacques  : architects, 
366 

Blue  bricks,  18315 

Blue  lias  lime,  1843a  et  seq.,  18595.  Mortar, 
1859a.  Warwick  stone,  1666c 
Board  ; slater’s,  2209 

Boarding;  to  Slating,  2210.  In  spec.,  2285a. 
Of  roofs,  how  measured,  2342.  To  under 
side  of  open  roofs,  221  Iw.  For  floors,  2023a 
et  seq.,  2173a.  How  measured,  2352,  2362. 
For  ceilings,  2023c,  2023^ 

Boards ; cutting  of,  for  covering  domes,  groins, 
&c.,  2068—2078 
Boaster;  mason’s,  1910 
Boccadoro,  Domenico  ; architect,  2892 
Bodmer’s  compressed  stone  bricks,  190Scc 
Boeblinger,  Johann  and  Matthaeus  ; archi- 
tects, 581,  583 

Boffiy,  Guillermo  ; architect,  595 
Boflrand,  Germain  de  ; architect,  366 
Boilerplates  ; quality,  1630s,  1764c.  In  sheets, 
plates,  and  slabs,  22555 
Boilers  for  hot-water  heating,  22795 
Bois-le-Duc ; church  of  St.  Jean,  558,  560 
Boisserie  or  panel  work,  418,  428 
Bolection  mouldings,  2129,  2145 
Bologna  ; church  of  San  Petronio,  its  propor- 
tion, p.  1013.  Foro  de’  Mercanti,  613. 
Theatre,  2950.  Garisendi  tower,  2500 
Bolsover,  Derbyshire ; house,  452.  Addi- 
tional buildings,  466 

stone,  1666c?,  1666c.  Analysis,  specific 

gravity  and  adhesive  power,  1666 
Bolt,  1631r.  In  carpentry,  2012,  2254a. 
Various  sorts,  2259.  And  nuts  ; weight  of, 
2254 

Boltel,  or  Bowtel,  moulding,  p.  970  et  seq. 
Bolton,  Lancashire  ; conventual  chvu'ch,  398. 

Doorway,  p.  973 
Bombay  granite,  1672a 
Bonaventure,  Nicolas  ; architect,  619 
Bond  ; in  bricklaying,  i891.  See  “ English 
bond,”  “ Flemish  bond.”  In  spec.,  2282a. 
Of  a slate,  2210 

stones,  1920  et  seq.  Timber,  1899.  In 

spec.,  2285 

Bonding  bricks,  1902c 

Bonneveil,  Etienne  de  ; architect,  303a 


BRA 

Bonomi,  Joseph,  A.R.A. ; architect,  525 
Book  boards  to  benches,  2192a 
Boorde  or  Borde,  Andrew  ; his  Dietorie  quoted 
and  directions  for  building  a mansion,  427, 
438 

Bordeaux  ; cathedral,  540.  Porte  de  Cailhau, 
548.  Theatre,  2951,  2958.  Hospital,  2975 
Boring  Company,  2218i 
Borneo  wood,  1728c/ 

Borromino,  Francesco  ; architect,  336,  339, 
342.  His  style,  347 

Boss  stone  in  vaulting,  2002s  et  seq.,  2278a 
Bosse  ; tiler’s,  1908 
Bossing  ; in  plumber’s  work,  2215a 
Boston  furnace,  2279^^ 

Boston,  Lincolnshire;  church, 408,  421.  Pro- 
portions, p.  1015.  Groined  ceiling,  202‘Sg 
Botoner,  William  ; writer  of  the  15tli  century, 
p.  970 

Bott,  Johann  von  ; architect,  365 
Bottom  panels  of  a door,  2130.  Rails  of  a 
door,  *5. 

Boucherie  ; at  Diest,  561.  At  Ypres,  t‘5.  At 
Antwerp,  ib. 

Bough  ton  quarries,  1666/ 

Bougy  church  ; spire,  p.  1000 
Boumann,  George  F. ; architect,  366 
Bourges  ; cathedral,  540.  Proportion  of,  p. 
1016 

Bousfield’s  patent  stone,  IGGlx 
Bowden  house,  Wiltshire,  528 
Bower ; nty  lady’s,  or  parlour,  415 
Bow  latch,  2262 

Bowtel,  or  Boltel,  moulding,  p.  970  et  seq. 
Boxbeam,  1629a,  1629a 
Boxings  for  shutters,  2146,  2147.  Of  a 
window,  2148a.  In  spec.,  2285c/ 

Bovd,  Sir  John  ; house  for,  at  Shooter’s  Hill, 
515 

Boyd’s  patent  flue  plates,  2278/ 

Boyle  system  of  ventilation,  221  Sk 
Boynton  American  furnace,  2279^ 

Bracciano  palace,  at  Rome  ; window,  2768 

, bouses  at,  614.  Castle,  624 

Braced  roofs,  2052m,  2052;* 

Braces  in  carpentry,  2010 
Bracketing  and  cradling,  in  spec.,  22856 
Brackets  and  bracketing,  2079  et  seq.  For 
cornices,  to  make  similar  to  one  given,  2(  80. 
Angle  to  support  plastering,  2081,  2082. 
For  coves,  2083.  Angle  brackets  for  coves, 
2084,  2085,  2086.  In  external  and  internal 
angles,  2087.  For  moulded  cornices,  2088. 
For  a shelf,  2263 

Bracket  staircase ; mode  of  forming,  2 1 83 
Bradawl ; joiner’s,  2110 
Bradding  hammer  ; glazier’s,  2227 
Brads,  2257a,  2257// 

for  floors  ; weight  of,  2257 

Bradshaw,  Lawrence  ; architect,  442 
Bragerio,  Bertolino  ; architect,  613 
Braine,  near  Soissons  ; church,  524,  566 
Bramante  or  Lazzari,  Donato  ; architect,  335, 
371,  2947 

Bramshill  house,  Hants,  452 
Brandenbui-g ; church  of  Ste.  Catherine,  579 
Brandenburg,  Paul  von  ; architect,  581 
Brandon,  Suffolk,  flint  quarries,  1666t; 
Brandon,  Raphael ; architect,  writer  on  archi- 
tecture, p.  968.  His  Analysis,  &c.,  p.  971 
Brannon,  Philip ; fireproof  construction, 
1903m; 

Brass,  1790,  2224  m.  Weight  of  a plate, 
2224m.  Strength  of,  1630r.  Brazing,  22636 
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Brass  points  ; glazier’s,  22‘2G 
Braybrooke,  lord  ; house  for,  440 
Braza  ; cathedral,  607 

Breaking  weight;  limits  of,  1628/.  In  the 
middle  of  a beam,  162%  et  seq.  ‘ Of  metals 
and  timbers,  1630r,  IGoOs.  Of  timber,  1622 
Break  joints,  1916a 

Breant’s  process  for  repairing  timber,  1752 
Breeze,  coke  ; 1833e 
Brescia  ; broletto,  613 
Breslau  ; church  of  Ste.  Fdizabeth,  579 
Bietteville  ; chiu'ch  spire,  p.  1000 
Brewery  at  Villers  abbey,  555 
Brick,  i811 — 1833.  Description  of,  and  anti- 
quity, 1811.  Species  used,  according  to 
Vitruvius,  1812.  Improper  bricks  used  bv 
the  moderns,  1813.  Earth  for,  1814.  Manu- 
facture, 1815.  Clamps,  1816.  Kiln?  for  burn- 
ing. 1819.  Species  of  bricks,  1820.  South 
Statfoi  dshire,  1830.  Stocks,  1820 — 1822. 
Place,  1823.  Burrs  and  clinkers,  1824. 
Rod,  1825.  hire,  1827.  Windsor,  ib. 
Welsh  lumps,  ib.  Paving,  1828.  Dutch 
clinkers,  1833a,  and  Flemish,  1829.  Com- 
pass, 1825.  Concave  or  Hollow,  1«26. 
Blue  bricks,  1830.  Wood,  for  fixing,  in 
spec.,  2285.  Red,  1831c.  Suffolk  and  other 
bricks,  1831a.  Pierced,  1831c.  Black, 
1831(7.  Glazed  white  and  other  colours, 
183Ie.  Sizes  of,  1832.  Beart’s  patent, 
18315.  Strength  of,  1833.  Weight  of, 
18335.  Should  be  well  saturated  in  sum- 
mer, lP32a.  Xuinber  for  a given  quantity 
©f  work,  2317 

employed  in  Egyptian  architecture,  72. 

Varieties  of ; in  spec.,  2282.  Much  used 
in  England,  416.  Crushing  weight  of, 
1500,  15025 

• paving,  19085,  2300 ; in  spec.,  22825. 

Axe,  1890.  Cornices,  cut  and  moulded, 
1904.  Moulded,  in  spec.,  2282 
Brickdust  mortar,  1859c 
Bricklayer,  1901 

Bricklayer’s  work,  in  spe<c.,  2282.  Estimating, 
2S00.  Tools,  1890 
Bricklaying  and  tiling,  1889 — 1908 
Brickmaking,  1814  et  seq.  Machines,  1832 
Bricknogged  partitions,  1902,  2024.  In  spec., 
22825.  How  measured,  2313 
Brickwork  ; crushing  weight  of  a cubic  foot, 
1833.  Expansion  of,  1833c.  Measuring 
and  estimating,  2300,  2306  et  seq.  Table 
of  number  of  bricks  in  a wall,  2317.  Table 
of  number  of  reduced  feet  in  quantities  of 
different  thicknesses,  2318  et  seq.  Medife- 
val  ; in  Belgium,  554.  In  Spanish  churches, 
685.  In  Italy,  616.  Gothic,  p.  991. 
Moulded,  ib.  Strength  of,  1502/,  1502m. 
Weight,  1901.  In  spec.,  2282.  Coloured, 
3008.  Table  of  rod  of  brickwork,  2320 
Bridewell,  or  Blackfriars’  Palace,  London,  526 
Bridge  ; Croyland,  Lincolnshire,  419.  ^ Della 
Santissima  Trinita,  Florence,  331.  ICarliest 
in  Rome,  222.  At  Narni,  ib.  Of  Trajan 
over  the  Danube,  ib.  At  Alcantara,  ib. 
At  Avignon,  313.  Of  St.  Esprit,  ib. 
At  Barcello,  600.  Of  Coimbra,  607.  Du 
Broel  at  Courtrai,  564.  Des  Trous  at 
Tournai,  ib.  Del  Obispo  at  Baeza,  ^98. 
At  Orense,  589.  Architecture  of,  419.  Of 
Whinstone,  1922/t.  Building  of ; con- 
sidered an  act  of  piety,  310.  Of  China, 
108.  Those  of  timber, ‘2095  et  seq.  Over 
the  Brenta  by  Palladio,  2096  ; and  over 
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““'J  nnothor,  2097. 
Method  of,  by  Price,  2098,  2099 
Br^dgenorjh^  ehiiroh,  Somerset. shire  ; bench 

Bridgewater  double  roll  tile.  18.38 
— earl  of ; house  for.  528 
Bridjiing  joist.s,  2019.  2022 
Bridlington.  Yorkshire ; j>riorv  church,  mul- 
lion.s,  p.  991  ' ’ 

Brighton,  Sus.sex  ; the  pavilion.  524 
Britikbonrn.  Northumberland  ; conventual 
church,  398,  407 

Brioude,  church  of  St.  Julicn.  .531 
Bristol,  Somer.set.shire  ; cathedr.  1.  398,421. 
bounder.?  and  dimensions,  4.31.  Proportion,' 
p.  1017.  West  window,  p.  1031.  Paroclii.ii 
church  of  St.  Marv  Redcliffe.  421.  i.  970 
Proportion,  p.  1016.  Church  of  St.  Stephen.' 
421,  p.  970.  Tower,  p.  1002 
Britain  ; architecture  of,  379  et  seq.  Under 
Claudius,  381.  Under  Agricola.  ib.  In 
time  of  Constantins  abounded  with  giMnl 
artificers,  381.  Roman  works  in,  ruins  of.  382 
British  isles;  marbles  of,  1681.  Granite.  lG7l(j 

mu.^eum,  Lojidon,  formerly  .Montague 

house,  466.  Granite  columns,  lC71e 
Britons  ; ignorant  of  architecture  before  final 
departure  of  Romans,  38l,  382.  Earlv 
houses  and  arcbitecture  of,  379,  380. 
lodged  under  the  Normans,  393 
Brizi,  — ; architect,  612 
Broach  ; of  a tower,  p.  1001 
Broaching;  in  masonry,  1914 
Broad  tool  ; mason’s,  1910 
Broletto;  at  Como,  611.  At  Monza, 

At  Brescia,  ib. 

Brongniart,  Alexandre  ; architect.  2913 
Brontaeum  of  the  Greek  theatre,  172 
Bronze,  1791.  Monuments,  &c.,  22555.  Cast- 
ings, 2266 

Brosse,  Jacques  de  ; architect,  358 
Brou ; church,  549 

Browne,  J.  ; writer  on  proporiion.  p.  1014 
Bruges  ; chapelle  du  Saint  Sang,  .554.  Notre 
Dame,  557,  560.  St.  Sauveur,  5.54 
Brunellesco,  Filippo  ; architect,  323,  327,  436, 
620 

Brunet  Debaines,  M.  L.  F.,  architect.  2919 
Brunsbergh,  Heinrich  ; architect,  579,  581 
Bruxelles;  Notre  Dame  des  Victoiris,  5.57. 
Notre  Dame  du  Sablon,  559,  561.  Ste. 
Gudule,  553,  555,  557,  558,  560.  Mai.«*n  du 
roi,  563.  Iron  spire,  p.  10t>5.  Notre  Dame 
de  la  Chapelle,  553,  555,  557 
Buckhurst  house,  Sussex,  440,  416 
Buckingham  house,  London,  465.  Palace, 

] 66600 

Buckingham,  duke  of ; house  for,  440,  465 

John  ; second  earl  of,  525 

Buckwell’s  granitic  Breccia  stone,  190.3cc 
bucozzo  ; architect,  323 
Builder’s  fire  ; the,  2279(7 
Building  stones  of  England,  1636  et  seq.  Of 
Normandv,  1666A  et  seq. 

Buildings,  covering  of ; as  to  comparative 
weiglit.s.  See  “ Covering  of  Buihiings 
public  and  private ; general  observations 

on,  2983  e/ sf(/. 

Bullant.  Jean  ; architect,  3.j8,  o U 
Bunnett’s  fireproof  floor,  1903r 
Buonarroti,  Michel  Angelo;  architect,  33.5, 
336,  315.  Door  by,  2740 
Buontalenti,  Bernardo;  architect,  ^Mndows 
by,  2759 
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Burgh.  SuOolk  ; castle,  H91 
Burglileigli,  or  Burghley,  near  Stamford, 
Jdiicoln!>hire,  44G 

Burgos  ; cathedral,  588,  591,  595,  596.  Domi- 
nican church  of  S.  Pablo,  595.  Nunnery  de 
las  Huelgas,  near,  587 
Biirguet,  J. ; architect,  2975 
Burley-on- the-Hill,  Northamptonshire,  440 
Burlington,  earl  of ; amateur  architect,  464, 
509,  610.  Ilis  liberality  to  \V.  Kent,  511 
Burlington  house,  London,  2995.  Colonnade, 
609.  Pilasters,  or  half-columns,  condemned, 
2615.  Gateway,  view  and  of  house,  2670 
Burner  for  gas,  2293 

Burnett’s  patent  for  preparing  timber,  1752 
Burnt  clay  ballast,  1833rf,  1833e 
Burr;  ugh.  Sir  James  ; amateur  architect,  490 
Burrs  and  clinkers,  1824 
Bury  Saint  Edmunds,  Suffolk ; Conventual 
church,  398.  Church  of  St.  Mary,  408,  421 
Buschetto  of  Dulichio,  architect,  286 
Bustainente,  Bartolomeo  di;  architect,  370 
Butt  hinges,  2258 
Butting  ; in  carpentry,  2009 
Buttress  ; strength  of,  p.  1047  et  seq. 

Byland,  Yorkshire  ; conventual  church,  398 
Byzantine  architecture,  270  et  seq.  Continued 
till  introduction  of  Pointed  style,  283.  The 
style  adapted  to  the  wants  of  the  present 
day,  p.  1049 

CAABA  of  Mecca,  spared  in  1803,  by  the 
VVahabees,  118 
Cable,  ornament,  397 
Cablings,  2588 

Cadmians  ; Bryant’s  thoughts  on  the,  27,  136 
Caen  ; fine  examples  of  Norman  work,  p.  1023. 
Buildings  set  out  with  the  perch,  p.  1057. 
Church  of  St.  Stephen,  290.  Spires,  p.  1000. 
St.  Peter’s  spire,  ib.  Holy  Tiinity,  290. 
St.  Saviour’s,  spire,  p.  1000.  St.  Jean,  47. 
Cha'eaudela  Gendarmerie,  548.  Abbaye 
aux  Ilonimes,  choir,  p.  1006  ; buttresses, 
p.  1048 

Stone,  IGGGfihet  seq.,  1667i’,  1667m? 

Wood,  Middlesex ; house  for  Lord 

Mansfield,  517 

Caernarvon,  Caernarvonshire  ; castle,  402,  403 
Caerphilly,  Glamorganshire;  castle,  398,  404, 
419 

Cahors  ; cathedral,  535 
Cairn,  or  Cam,  24 

Cairo,  founded  by  Akbah,  120.  Mosque  of 
Amrou,  306 

Caissons ; in  cylindrical  vaulting,  how  to 
regulate,  2002a.  In  hemispherical  vaulting, 
2002c. 

Calcarium,  2274a 

Caldarium  of  the  Roman  baths,  235 
Caldogno  villa  ; cornice,  2725 
Calmar ; cathedral,  567 
Calorifere  stove,  2279c 
Calverley  stone,  IGGlm 

Camalodunum  ; fii'st  Roman  colony  in  Britain, 
381 

Camber  ; of  a beam,  1629o 
Camber  slip  ; bricklayer’s,  1890 
Cambio  da  Colie,  Arnolfo  di ; architect,  323 
Cambridge,  church  of  Holy  Sepulchre  ; pro- 
portion of,  p.  1016.  King’s  College,  2907. 
Chapel,  1499^,  1499cc,  p.  1045,  p.  1046 
Vaulting,  2002a-.  Porch,  p.  999.  Buttresses, 
p.  1049.  Stalls,  2192a.  Window,  p 990, 
p.  993.  Doorway,  p.  998.  Turrets,  p.  974 
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Came  ; in  glazing,  2228 
Caminha  ; church,  637 
Campbell,  Colin  ; architect,  504.  Window  bv, 
2771 

Campbell’s  tomb  at  Geezeh,  304 
Campden,  Gloucestershire ; church,  421. 
House,  445,  451 

Campello,  Filippo  da  ; architect,  612 
Camperio,  Giacomo  de  ; architect,  613 
Campero,  Jean  de  ; architect,  593 
Campione,  Matteo  da  ; architect,  618 

Marco  and  Jacopo  da  ; architects,  619 

Campo  Aguero,  Francisco  de  ; architect,  367 

Vaccino,  Rome  ; columns  of,  2547.  See 

“ Forum  ” at  Rome 

Canarah,  in  Isand  of  Salsette,  near  Bombay ; 
excavations,  57 

Cancelleria,  palazzo  della,  at  Rome,  335c?. 
Doorway,  2739 

C^mons,  Middlesex;  house  for  Duke  of  Chan- 
dos,  440,  505 

Canopy  ; to  set  out  mouldings  p.  1019 
Canterbury  ; castle.  394,  398.  Cathedral, 
307a,  312,  396,  398.  421.  Founders  and 
dimensions,  434.  Pier,  p.  977.  Central 
tower,  2002a:.  Vaidting,  1499a-.  Pillars 
of  nave,  p.  1040.  Soiith-Avest  porch,  p.  998. 
Trinit}'  chapel  window,  p.  988.  Deans’ 
chapel,  vaulting,  2002a- 
Canvas ; prepared  for  roofs,  1 908a 
Capel  St.  Mary’s,  Suff  >lk  ; church  roof,  2352?. 

Roof  mouldings,  p.  987 
Capillary  attraction,  1886?> 

Capitals  of  co  umns  ; origin  of,  135.  Mode  of 
gluing  up,  2203,  2204.  Gothic,  p.  977  et 
seq.  Of  pilasters,  2677  et  seq.  Tuscan  and 
Doric,  ib.  Ionic,  2678.  Corinthian  and 
Composite,  2679.  And  Bases,  in  spec.,  22845 
Caprarola  ; arcade,  2637.  Doorway,  2737  * 

Capri,  villa;  near  Vicenza,  353,  2843  ' 

Capua  ; amphitheatre,  193,  228 
Carbolineum  Avenarius,  1752c? 

Carbon  paint ; for  iron,  22735 
Carcass;  seasoninL'-,  1751.  Measuring,  2341 
Carcassonne  ; St.  Nazaire,  534,  540.  Church, 
307 

Carceres  of  the  Roman  Circus,  240 
Cardiff,  Glamorganshire  ; castle,  3*98 
Carisbrook,  Isle  of  VVTght ; castle,  398 
Carita,  La  ; convent  of  Venice,  354 
Carlisle,  Cumberland  ; cathedral,  406.  Foun- 
ders and  dimensions,  434.  Proportion  of, 
p.  1012.  Window,  1502c 
Carlow,  in  Ireland ; Bruen  Testimonial  church, 
p.  966 

Carlton  house,  London,  524 
Carnac,  Brittany  ; remains  of  Druidical 
monument,  14,  40 
Carnak,  Egypt ; temple,  73,  77,  81 
Carpenter’s  boast,  2041.  Tools  of  the  car 
penter,  2003 

Carpenter’s  work  ; in  spec.,  2285.  Wages, 
315.  Measurement  of,  2330 — 2365 
Carpentry,  2003  et  seq.  System  in  use 
among  the  Chinese,  102 
Carpintero,  Macias;  architect,  597 
Carr,  John  ; architect,  514 
Carrara  marble,  1666?,  1677 — 1677c,  2002M 
Carreno,  Fernando  de  ; architect,  596 
Carriage  of  stairs,  2026 
Carron  grate,  2279o? 

Carrying  up  work,  1223,  1925a 
Carson’s  anti-corrosion  paint,  2273a 
Cart,  Pieter ; architect,  365 
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Carter,  Edward ; architect,  .019,  161 
Carthusian  nunnery  at  Mirallores,  59G 
Cartmell,  Lancashire  ; choir,  H!)8 
Carton  pierre  ; enrichments,  22.')1 
Carving ; in  Italy,  C09.  Wood  carvin'^ 
2124c 

Caryatides,  8o.  Account  of  their  origin,  IGo. 
Used  in  other  than  the  classic  styles  of 
architecture,  1G6.  Probable  origin,  1G8 
Caryatides  and  Persians,  2G82  et  scq.  Bv 
.Jean  Gougeon,  2683,  2693.  Those  designed 
for  Whitehall,  2685.  By  IMichel  Angelo, 
2687,  2688,  2691  By  Biffi,  at  ]\lilan,  2689. 
By  Quellinus,  at  Amsterdam,  2690.  Atthe 
Louvre,  2693.  From  the  arch  of  the  Gold- 
smiths at  Borne,  2694 
Case  hardening,  1771 
Casement ; moulding,  2532,  p.  970 

frames  ; in  spec.,  228bd 

in  loadwork,  2227.  Wrought  iron, 

2255</.  Hopper,  in  spec  , 2286a 
Casing,  to  protect  stone  dressings ; in  spec., 
2285.  For  pipes,  in  spec.,  228.5/t 
Ca«!t  iron,  1764, 1765  et  seq.  Strength,  1630r. 
Experiments  on,  1628m.  Breaking  weight 
in  the  middle,  1629f.  To  fracture  it,  222oiv. 
Columns,  2255. 

Cast  lead,  1783  et  seq.  Steel,  1773 
Castcl  San  Angelo,  Borne,  256 
Castella,  of  aqueducts,  225 
Castellamare  castle,  625 
Castings ; in  iron,  2265c,  22Gog.  Testing, 
226bh 

Castle  Coote,  in  Ireland,  528 

Bushen,  Isle  of  Man,  1681 

Abbey,  Northamptonshire,  425 

Howard,  Yorkshire,  494 

Bising,  Norfolk ; church,  398.  Castle,  ib. 

Castles  encouraged  by  William  I.,  393.  By 
William  II.  Description  and  list,  394. 
Gateway,  416.  Of  Benevento,  Pcnafiel,  and 
Tordesiilas,  128.  At  Beja,  601.  At  Frcixo, 
ib.  At  Almeida,  603.  At  Ourem,  ib. 
Obidos,  ib.  At  Bracciano,  624.  At  Andria, 
Castellamare  and  Teano,  625.  At  Arrayolos, 
603.  At  Estremos,  ib. 

Castletown,  Derbyshire  ; castle,  391 
Castor,  Norfolk  ; castle,  391 
Castor  and  Pollux ; temple  at  Agrigentum, 
p.  946  ; at  Borne,  208,  262 
Catalonian  forge,  1762 

Catenarian  curve,  contained  in  walls  of  Gothic 
buildings,  1583/,  p.  1047 
Cathedrals,  Englisli ; Publications  on,  434. 
Having  parts  of  Norman  erection,  396. 
Devoicf  of  symmetry,  p.  1606.  Proportion, 
p.  1013 — p.  1015 

Catledge,  Cambridgeshire  ; house,  446 
Caudebec,  Normandy  ; houses,  539.  Sacristy 
of  church,  546.  Lady  chapel,  1499^5, 
2002m,  2002m’,  p.  1053 

Caumont,  M.  de ; his  division  of  French 
styles.  537 

Cavajdium  of  a Boman  house,  246 

Ca  .’es  ; of  Ellora,  56.  Of  Indra  Subba,  ib. 

Cavetto,  Mouth,  or  Hollow  ; ornament,  2532. 

In  Norman  architecture,  397 
Cavil  or  stone  axe,  1913 
Cawston,  Norfolk  ; church  window,  990 
Cecil,  William,  Lord  Burleigh ; house  for, 
440 

Sir  Thomas  ; house  at  Wimbledon,  440 

Cedar,  1705 ; or  deal  doors,  2145c.  From 
Florida,  1727t4. 
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Celling  joists.  2019 — -Jo-J*) 

Ceilings^;  2815  fnn.ing  tho 

t'  i>e  for  ti  rnnng  panels  in,  2816.  C<iws  to, 

rb  E.xamples  of  ortiaineiits  for,  i/,.  F.xnml 
pic.s  ot  subdivisions,  2M7.  28ls  rornin-s 
to,  proportions  of,  2819.  Of  h.k’hI  i„  „„.,|i- 
a;val  period,  2023«.  And  deroratnl,  ib. 
1' mishings  to;  in  .spec.,  22^7,  2'90  Iti 
phntoring,  how  set,  2246.  PiblH'd  ;*  how 
measured,  2339.  Divided  in  wtxxl,  in  si»ee., 
2285e 

Celhe  dcmesticic  et  familiarica;  of  a Boman 
house,  253 

Cellar,  arch;  in  spec.,  2282a.  Doors;  in 
spec , 2284d 

Celorico;  church  of  San  Pedr  >,  601 
Cement,  1863  et  seq.  Concrete,  I86t_a.  Foi 
Mosaic  work,  223li.  For  pla.sterer  s work, 
22blaetseq.  In  .spec.,  2287.  Duantitv  to 
cover  surface,  2248 
Cementation  of  iron,  1771 
Cementing  ; to  brickwork,  1813.  Toghus  in 
leadwork,  2229 
Cendres  de  Touniai,  1859 
Centering:  how  measure<l,  2332.  In  sm*c.. 
2285 


Centre-bits;  plumber’s,  2212 

Centre  of  motion,  1211.  Of  gravity,  12J2. 

1266 — P292.  Nee  “ ^lechanics  and  .static.!  ’ 
Cesarianus.  Cic.sar  ; architect,  p.  1008,  j),  Jui;>. 
Work  by,  p.  1037,  435 

Cesspools ; bad  substitutes  for  sewers,  1887. 
In  spec.,  2282b 

Clain  plates;  in  footings,  1882.  Bive'.ing, 
163  By 

Chains  andtic.s  1495.  ^letal  ortimlxT,  p.  li  01 
Chaldiea  ; arehitecture  of,  9 
Chalk  lime,  1849,  1859/j 
Chalons- sur-SaOne  ; cathedral,  540 
Chamaliercs,  in  France;  gates,  2145c 
Chambers,  Sir  Willi  mi;  architect,  518. 

Treatise  on  Architecture,  521 
Chamfer  ; moulding,  p.  973.  Plane  iu  arches, 
ib.  In  spec.,  2285  i 
Chancel  ; at  west  end,  569 
Chantlates  ; at  eave.s.  22 1 1 m 
Char  troll,  Bobert  D. ; architect,  on  propor- 
tion, p.  1014  ct  seq. 

Chapter  house;  at  Batalha,  605.  At  Wells 
p.  1025,  p.  1026.  In  Fngland.  vaulting  of, 
149955.  Proportion  of,  p.  1016 
Chare  roff,  p.  1046 
Charente  stone ; 1666/>/> 

Charing  Cross  hotel,  1681c 
Charite  sur  Loire,  la  ; chun  h,  289 
Charlemagne,  emperor;  architectural  era  of, 
283,  289 

Charles  V.,  king  of  Spain  ; patron  of  archi- 
tecture, 368 

V.  and  VL,  kings  of  France  ; archi- 


tecture under,  31 1 

VI H.,  king  of  France  ; acquainted  with 

the  arts  of  Italy,  358 

harlton,  Kent;  hou.se.  152^ 

harlton,  Wilts  ; house,  415,  451,  452 
— white.  227 3g 

harola,  or  apse,  602  „ . r . . r i - 

hartres;  Notre  Dame,  289,  5..1,  .dl.  54 <. 
Proportion  of,  p.  10. <8.  Ib'ofed  w ithj.‘op|H-r, 
2224.  Steeple,  p.  1004.  Apse.  p.  1007.  Bul- 
tresse.s  p.  1018.  S<Tcen,  p.  974 
based  morti.so.s,  2019 

bateau  de  Madrid;  near  Ians,  440.  At 
Sichem,  561.  At  Terheydcn,  i5. 
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Chateauneuf ; church,  p.  1C04 
Chateaux;  of  France,  o48.  Table  of  classifi- 
cation for  dates,  537 

Chaucer,  Geoffrey ; poet,  clerk  of  the  works, 
319 

Cheeks  to  dormers,  in  spec.,  2285a 
Chel-Minar,  or  Persepnlis  ; ruins  of,  46 — 49 
Chelsea,  near  London  ; hospital,  2973a 
Chemical  analysis  of  stones,  1666 
Chenies,  John  ; house  for,  440 
Chepstow,  Monmouthshire  ; castle,  402 
Cherence  stone,  1666o 
Cherson:  church  of  St.  Basil,  375 
Chester  ; cathedral,  398  ; Founders  and  di- 
mensions, 434.  Conventual  Church  of  St. 
John,  398 

Chester-le  Street,  Durham  ; church  tower, 

p.  1002 

Chesterfield  house,  May  Fair,  525 
Chesterford,  Essex  ; castle,  391 
Chestnut ; 1696 
Chevet,  553 

Chevron  ornament,  397 
Chez-lui  paint,  2273^^ 

Chichester,  Sussex;  cathedral,  398,  421. 
Founders  and  dimensions,  434.  Spire  to 
steady,  p.  1004.  St.  Mary’s  hospital,  p.  985 
Chillambaram,  on  the  Coromandel  coast ; 
pagoda,  58 

Chilling  iron,  17655,  1779 
Chilmark  stone,  p.  1023  Analysis,  &c.,  1666, 
1666q 

Chimney  bars,  2255.  In  .spec.,  2286 

openings,  how  proportioned ; by  INIorris, 

2792.  Bv  Chambers,  ib.  Angular  funnels 
of,  2793  “ 

pieces,  2788  et  seq.  IMethod  of  propor- 
tioning dressings  of,  2789.  Materials  em- 
ployed in,  2794.  Of  slate,  2211r.  In  spec. 
2284rf 

pots  ; in  spec.,  2287 

shaft,  2795.  As  a ventilator,  2278/*.  One 

for  all  fireplaces  of  a house,  2279c.  Of  bricks, 
in  spec.,  2282a.  Of  stone,  in  spec.,  22846 
CJiina  ; architecture  of,  9.  Tent,  the  type  of, 
93.  Does  not  seem  to  have  improved,  94. 
Principles  of,  95.  Quality  of,  96.  Its  orna- 
ments, 97.  Timber,  chief  material  used  in, 
98.  Brick  also  employed,  ib.  Kegulations 
in  building,  ib.  Granite,  1672a. 

houses;  described  generalh",  101.  Pa- 
laces, 103.  That  at  Pekin,  103 

wall ; description  of,  108 

Chisel ; a carpenter’s  tool,  2003.  A mason's 
tool,  1909.  The  firmer,  the  paring,  2111  ; 
the  mortise,  2112 

Chiswick  ; villa  for  Lord  Burlington,  509 
Choir  ; termination  of,  p.  1006.  In  fixed  stalls 
in  nave  of  Spanish  cathedrals,  588 
Cholula;  great  pyramid,  112 
Chopping  block  ; bricklayer’s,  1890 
Choultry,  61 

Chowne’s  patent  air  syphon,  2278/ 

Chrismas,  Gerard  ; architect  or  sculptor,  442 
Christchurch,  Hampshire;  church,  398 

Oxford;  college, 426.  Quadrangle, 490 

Christian  architecture,  p.  964 
Christiania  deals,  etc.,  1729c? 

Church  ; with  fourteen  sides,  535.  Round,  p. 
1006.  Ancient  rules  for  the  planning  of, 
p.  1009  et  seq.  Plan  of  early  Christian, 
p.  1006.  With  single  naves,  5*57 

fittings,  in  spec.,  2285m.  Floors,  in 

spec.,  22856 
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Church,  glazing,  in  spec.,  2289  | 

Plaster  to  inside  walls,  in  spec.,  2287  '4 

Smith's  work  for,  in  spec.,  2280a 

Timbers  for,  in  spec.,  22856 

Tower  and  spire,  in  spec.,  22846.  Steps 

to  chancel,  in  spec.,  2284c.  Passage,  ib. 
Churches,  new  ; commissioners  for  building, 
521 

From  9th  to  12th  century,  and  later. 

general  forms  of  sections,  290.  Of  Greek 
religion,  distribution  of,  375 

Warming  of,  2270q 

Churton  Mendip,  Somersetshire;  church, 
421 

Cicero’s  Formian  and  Tusculan  villas,  243 
Cigoli  or  Cardi,  Lodovico  ; architect,  doorbv, 
2742 

Cima  recta,  2129.  Reversa,  ib.,  2532 
Cinders  in  mortar,  1859<i 
Cintra  ; Hieronvmite  monastery  of  La  Pena, 
607 

Circle  ; in  geometry,  903 — 928.  Segments  of ; 
table  of  areas  when  the  diameter  is  unity, 
1225.  To  describe  independent  of  a centre, 
2074 

Circles  of  Stone,  16.  Used  by  the  Israelites, 
15.  One  set  up  by  Joshua,  ib.  Remains 
of,  in  counties  of  Derby,  Devon,  Dorset, 
Somerset,  and  Westmoreland,  16 
Circular ; ribs  of  timber,  2052  et  seq.  Saw, 
2124a.  Windows,  p.  993  et  seq. 

Circus  of  the  Greeks  and  Romans,  240.  Maxi- 
mus, at  Rome,  240 

Cistern  for  Avater,  1785a,  2223a — 2223c.  Of 
lead,  zinc,  and  slate,  2223a.  Of  slate,  2211  q. 
Of  deal,  in  spec.,  2285g.  Of  lead,  in  spec., 
2288.  Of  zinc,  in  spec.,  2294 
in  a gutter,  2214 

Cistercian ; abbey,  587.  Monastery  at  Ta- 
rouca,  6C0.  Aleobaga,  602.  Kear  Villa- 
viciosa,  589.  Nunnery,  603 
Citta  del  Castello ; church  of  Sta  Maria 
Maggiore,  624 
Citta  del  Pieve,  624 

Civil  and  Ecclesiastical  dilapidation.s,  p.  1098 
Civray  ; church,  534 
Clamond  gas  light,  2264e 
Clamps  of  bricks,  1816,  1817 
Clapboard,  1689 
Clapham,  Beds. ; tower,  389 
Clare  hall  chapel,  Cambridge,  490 
Claremont  house,  near  Pisher,  524 
Clarke,  Dr. ; amateur  architect,  490 
Claudius  ; architecture  under,  in  Britain,  381. 
Temple  of,  at  Camalodunum,  381.  At 
Rome,  p.  1065 

Clay  for  bricks,  1814  et  seq.,  1831/.  For  terra 
cotta,  1839i 

Cleaning  paint  and  varnish,  2276c.  Down 
Bath  stone,  1667n 
Clear  coleing,  2273 

Clerestory,  602.  At  Amiens  cathedral,  p. 
1061.  At  Winchester  cathedral,  p.  1042. 
At  Wells,  p.  1024.  At  Winchester,  p.  1032. 
Windows,  p.  990,  p.  991 
Clerk  of  the  Works,  312,  319.  And  his  office, 
in  spec.,  22806 
Clermont ; fountain,  548 
Clermont-Ferrand ; cathedral,  545 
Cliefden  bouse,  Buckinghamshire,  465 
Cliff  Wood  quarry,  1666y 
Clifton,  Sir  J. ; house  for,  440 
Climates  of  Europe,  1030 
I Clinkers,  1824.  Dutch,  1830 
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Clips ; glazier’s,  2229 
Clive,  lord  ; house  for,  524 
Cloisonne  work,  2277i 
Cloister,  560.  Great,  at  Batalha,  605 
Close  boarding  ; in  spec.,  2285a 
Close  picked  ; to  granite,  1915c 
Closet  knobs,  2263.  Pan;  stoneware,  2218. 
Valve  to  cistern,  2223p.  Earth,  2218a. 
Arm  joint,  222o7i 

Closets,  dwarf ; in  spec.,  2285^^.  See  “ Cup- 

Chxny;  abbey  of,  289.  Hotel  de,  at  Paris, 

Coach-house  door  and  gate;  in  spec.,  2285e 
Coal  Exchange  ; timber  dried,  1749a,  2942a 

' * plates,  2255 ; in  spec.,  2286a.  Tar, 

,»  1867rf 

• Coap,  Sir  Walter  ; house  for.  440,  452 
^ Coarse  stuff ; plasterer’s,  2235 
' Coated  glass,  22316 

Coating  eom  position  for  iron,  22736 
j Cobarrubias,  Alonso  ; architect,  367,  368 
i Coblcntz  ; St.  Mary,  579.  St.  George,  583 
j Coccaglio  ; village,  622 

Coekerell,  Charles  Kobert,  R.A. ; arehitect, 
on  proportion,  p.  1013 
Coekermouth,  Cumberland  ; castle,  398 
‘ Coffermaker,  Thierri  de  ; arehitect,  559 
Cohesive  power  of  stone,  1502r.  Of  metals, 
1630r.  Of  timber,  1630s.  Of  materials, 

I 1628c 

j Coignet’s  beton  agglomere,  1867/  lOOBrftZ 
j Coimbra;  Santa  Cruz,  607.  University,  ib. 

Bridge,  ib.  Chapel  of  Santa  Caterina  and 
' the  palace,  ib.  Church,  ib. 

I Coke,  Sir  Anthony  ; house  for,  440 
Coke  breeze,  1833c 
I Cokels,  2279/ 

I Colehester,  Essex  ; All  Saints’  church,  p.  1005. 
Castle,  394.  Mon.astery,  389 
Cold  blast,  1757,  1758.  Iron;  strength  of, 

I 1628/  et  seq.,  1630r.  Short  iron,  1764 
j Coleshill  hou.se,  Berkshire,  462 
I Coliseum,  or  Flavian  amphitheatre,  at  Rome, 

I 192,  228,  229,  2547.  Drainage,  231.  Pro- 

I portion  of,  p.  1021.  Height  of,  p.  1060 

' Collar  beam,  2031,  2034.  Gothic,  p.  987 

roof,  2041,  2052<7 

Collegia  Fabrorum,  310 
Collinge’s  hinges,  2258c 

I Collision  or  impact,  1628c,  1630o 

Cologne ; cathedral,  567,  573.  Proportion, 
1011.  Vaulting,  2002^.  Apse,  p.  1007. 
Masons’  marks,  3226.  Manner  of  glazing, 
2229d.  Chureh  of  the  Apostles,  555. 
Chureh  of  the  Minorites,  566.  House  in 
Altmarktplatz,  582 

Colonia,  Juan  and  Simon  de ; architects,  595, 
596 

Colonna,  Francesco  ; writer,  author  of  the 
Puliphili  Hy pnerotomachia,  326,  p.  9^8 
Colonnettes,  J922o,  p.  976.  Strength  of, 
1502/* 

Coloured  bricks;  in  spec.,  2282a.  Glass, 
22316.  Coursed  stone  work,  1666c 
Colour  in  architecUire,  2511 
Colouring  in  drawing,  23836.  Cement  work, 
2277.  In  spec.,  2287 

Column;  in  Place  Vendome  at  Park?,  363, 
2603.  Duke  of  York,  1671c,  1672.  01 
Antonine,  486,  2603.  Of  Trajan,  193, 

I ‘^603 

Columns;  Chinese-  mode  of  forming,  10. 
i.  . Origin  of,  135.  Heights  and  diameters  of 


CON 


ancient  Roman,  2517.  Diminution  of,  nc. 
cording  to  height,  2518.  Ihigl.t  ami 
diminution  of,  2513  et  ,eq.  Vignola’s 
method  of  diminisliing,  254.5.  Bloml.-l’.s 
method,  2.j4().  Diminution  in  nnciont 
examples,  2547.  Grouping  of,  2611.  Jn 
apartments,  how  arranged,  2849 — 2851 
Columns;  stone,  mode  of  working,  1921  Of 

S.??’  ’ -"I'e'’., 

2_81a,  22936.  Gluing  up,  in  joinerv,  2:01. 
Should  not  penetrate  each  other.  2081. 
And  jiilasters,  deal,  in  sjieo.,  2285</.  Of 
maleriahs,  in  testing,  15U2i/ 

Cast  iron,  2255.  Strength  of,  p.  1065. 

Compression  of,  1630y  et  seq. 

Gothic,  p.  975  et  seq.  At  Amiens 
cathedral,  p.  1061. 

Combe  abbe.y,  Warwickshire,  465 
Combination  of  parts  of  a building,  2825  et 
seq.  Horizontal  and  vertical,  2838.  of 
parts  in  leading  forms,  2855.  ExampVs 
of,  2856.  Method  of  abbreviation  in  eniu- 
position,  2857.  Design  proceeded  with, 
2858.  Examples,  2859,  2860 
Combination  Avater  closet,  222(/ 

Combing  or  graining,  2276 
Combustion  of  gas,  2261c. 

Common  joists  and  their  scantling.^  2014, 
2015 


Common  rafters,  in  a roof,  2035a.  Scantling, 
2040  : to  calculate  for  strength,  2040a 
Como;  cathedral,  623.  Broletto,  611 
Comorues  church  ; spire,  958 
Companies’  halls;  at  Ghent,  563 
Compass  bricks,  1829 
Compasses  ; bricklayer’s,  1890 
Compibgne;  church  of  St.  Antoine,  517.  St. 
Jacques,  545 

Complement  of  an  arc,  1037 
Comphivium  of  a Roman  house,  247,  253 
Composite  order,  table  of  examples,  264. 
General  proportion,  265,  2591  et  seq. 
A’ignola’s  jirofile  of,  2592.  Table  of  parts 
of,  lb.  I’arts  to  a larger  scale,  2593.  Mode 
of  profiling  capital,  2594.  Frofile  by  Vitru- 
vius, 2595.  By  Palladio,  2596.  By  Serlio, 
2597.  By  Scamozzi,  2598.  Arrangements 
of  modillions,  2614 
Composition  enrichments,  2251,  2252 
Comiiosition ; general  principles  of,  2485  et 
seq.  Ornament  a non-essential,  24)^5. 
Fagades  should  depend  on  internal  dis- 
tribution. 2487.  What  compositions  please, 
2488.  Method  of  the  Gothic  architects  as 
to  AvindoAvs,  2489.  Talent  of  an  architect, 
how  to  be  judged  of,  ib.  Drawings  neces- 
sary in,  2490a.  Method  of  abbreviation  lu, 
2857  . , 

Compound  interest  and  annuity,  p.  1101  et 
seq.  Tables,  p.  1105  ft  SC7. 

Compression,  1628c,  1628/i,  1630ir.  Of  stone, 
etc.,  1500  et  seq.  Of  a cast  iron  bar  as 


pillar,  1 630y 

.mptroller  of  the  Avorks,  319 

incanierata  siriatio  of  the  Roman  baths, 

236 

»ncave  or  holloAV  bricks,  1829 

surfaces,  in  joinery,  to  form,  -1.9 

inchv  ; Notre  Dame,  and  church,  534 
incord;  temple  (now  of  Saturn)  at  Rome, 

213,  260,  2547.  At  AgrigenUim.  1»- 
incretc,  l667o,  1861  et  seq.  In  fouiul.dions, 
1881.  When  to  use,  1882.  Uiyer  of,  m 
basement,  1886/  lu  .sik;c.,  2-.8’-.  Hoois, 
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lOOSr  et  seq.  And  cement  blocks,  1903«a 
et  seq.  In  walls,  in  spec.,  22dSb 
Concrete  building  and  building  appliances, 
1864/(,  1903u  et  seq. 

; stress  on  cubes  of  concrete,  1903(7’. 

( ’onduction  of  heat,  2279 
Cone;  sections  of  1056 — 1109.  Of  brick- 
work, 1499/.  Construction  of,  1499m 
Confraternite  des  Fonts ; founded  by  St. 
Benezet,  810,  313 

Conic  sections,  1056 — 1109.  Definitions,  1057. 
Ellipsis,  1058 — 1082.  Ilyjierbola,  1083 — 
1094.  Parabola,  1095 — li09 
Conic  surfaces ; to  form  in  joinery,  2206, 
2207 

CouisburgH,  Yorkshire  ; castle,  394 
Conisterium  of  the  Greek  gymnasium,  175. 

Of  the  Koman  baths,  235 
Constance  cathedral  ; spire,  p.  1005 
Constant  supply  of  water  ; system,  2223  et 
seq. 

Constantine,  emperor ; unsuccessful  in  re- 
storing the  art,  199.  Ilis  attempt  towards 
it,  200.  His  tiiumphal  arch,  201.  Ilis 
basilica  at  Kome,  formerly  called  the  Tem- 
ple of  Peace,  217,  2547.  A type  of  the 
basilica  of  the  early  Christians,  217. 
Niches  at,  2775 

Constantinople;  works  at,  by  Theodosius, 
Anastasius,  and  Justinian,  271.  Aqueducts, 
306.  Church  of  Sta  Sopliia,  271.  Served 
as  a model  after  the  conquest  of  the  city, 
300.  Church  of  the  Holy  Aposiles,  271 
Constantins,  emperor  ; exhibited  little  desire 
to  restore  the  art,  202 
Contractor,  in  spec.,  2280^ 

Convalescent  hospital,  2975/ 

Conventual  architecture,  434 
Conversion  of  timber,  2125a  et  seq. 

Conway,  Caernarvonshire  ; castle,  402 — 405 
Cooley,  Thomas  ; architect,  526 
Cope,  Sir  Walter  ; house  for,  440,  452 
Coping  stone  ; in  spec.,  2284a 

, cast  iron  ; in  spec.,  2286a 

Copper,  1787  et  seq.,  2224  et  seq.  A metal 
early  employed,  1787.  Weight,  1787.  Ore 
in  tngland,  wdiere  found,  how  smelted, 
1788.  Sheet  copper,  1789.  Alloyed  with 
zinc,  for  furniture,  1790.  With  zinc,  for  bell 
metal,  1791.  In  spec.,  2286a.  Sulphate  of, 
1752  et  seq.  Thickness  of  sheet,  2224a. 
Pound  and  square  ditto,  22245.  Weight, 
2224c.  Strength,  1630r 
Copper  cords,  22t)0.  Cramps,  in  spec.,  2284c/ ; 

2286.  Nails,  in  slating,  in  spec.,  2283 
Copper,  for  water,  in  spec.,  22825,  228Ga 
Coppin,  Sir  George  ; design  for,  440 
Copt  hall,  Essex  ; for  Sir  Thos.  Heneage,  440 
Copying  works,  562 

Copyism  in  German  churches,  567.  See  “As- 
similating work  ” 

Cora,  near  Velletri ; walls  of,  179.  Cyclopean 
remains  at,  32 

Corbel ; Gothic,  p.  980.  Stone  for  girders, 
and  of  brick,  in  spec.,  2284c.  Table ; 
ornament,  397 
Cord  for  sashes,  2260 

Cordova,  mosque  of ; commenced  by  Abderha- 
man,  126 

Core,  18435,  1848,  18595,  1862/ 

of  a lead  ; in  glazing,  2229a 

Corfe  castle,  Dorsetshire,  391,  394.  Quarries, 
1681^ 

Coria  ; cathedral,  586 
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Corinthian  order,  2582  et  seq , p.  953  et  seq. 
Vignola’s  prolile,  2583.  Table  of  ]>arts,  ib. 
Parts  to  a larger  scale,  2584.  Mode  of 
drawing  capital,  2585.  Volute.s  2586.  Parts 
of  the  capital,  ib.  Profile;  by  Vitruvius 
2587.  By  Palladio,  2588.  By  Serlio,  2589. 
By  Scamozzi,  2590.  Expedients  relative 
to  modillions,  2614.  Best  manner  of  pro- 
ceeding, ib.  In  Greece,  161  et  seq.  Of  the 
Komans,  262.  Table  of  txampies,  ib.  Ge- 
neral proportions  of,  263 

arcade,  2625.  With  pedestal,  2631. 

Capital,  origin  of,  according  to  Vitruvius, 
140 

Corinthians  ; colonies  of,  p.  943 
Cormont,  Thomas  and  Kegnault  de ; archi- 
tects, 542 

Corncockle  quarry,  1606y 
Corneto  ; houses,  614.  Pal.azzo  Vitelleschi,624 
Cornice;  crov\ning  buildings,  2724  et  seq. 
Proportion  it  shoidd  bear  to  total  height  of 
building,  2725.  Tliat  of  Farnese  palace, 
ib.  Of  the  Spanocchi  palace,  at  Siena,  ib. 
Of  the  Piccolomini  palace,  at  Siena,  ib.  Of 
the  Pojana  palace,  by  Palladio,  ib.  Of  the 
Strozzi  palace,  at  ‘Florence,  ib.  Of  the 
Pandolfini  palace,  at  Florence,  ib.  Of  the 
V ilia  Monteccio,  by  Palladio,  ib.  Of  the 
Villa  Caldogno,  by  Palladio,  ib.  Of  another 
villa  for  same  family,  ib.  Of  the  Farnese 
palace,  ib.  Of  the  Gondi  family,  at  Flor- 
ence, ib.  Entablature  by  Vignola,  2726. 
Of  the  Florentine  palaces,  327,  329 

• of  rooms  ; proportions,  2819.  Br  ck, 

1904.  Block,  2727,  2728.  Deal  ; in  spec., 
2285a.  Gothic  wood,  p.  987.  Plaster, 
2250.  In  spec.,  2287.  To  form  in  cement ; 
in  spec.,  2282a 
Cornwall  granite,  1669 

Corrosion  ; of  copper,  1789.  Of  iron,  1779  et 
seq.  Of  galvanized  iron,  17965.  Of  lead, 
1785.  Of  metal,  2224,  2224/. 

Corrosive  sublimate,  1752 
Corrugated  iron ; use  of,  2255c.  Shutters, 
2148a 

Cors,  in  Gothic  architecture,  p.  970 
Consehill  stone,  1666z 
Corsi  collection  of  marbles,  1678a 
Cor^torphize  church  ; spire,  p.  1003 
Cortona;  walls  of,  179 
Co-iecantof  an  arc,  1044 
Co-sine  of  an  arc,  1042 
Cosy  grate,  2279d 
Co-tangent  of  an  arc,  1043 
Cottage,  ornee,  3001 

Cottages,  3005  et  seq.  Loudon’s  observations 
on,  3007.  Approved  designs  for,  3009 
Cotte,  Pobert  de  ; architect,  366 
Cottingham,  Lewis  Nockalls ; architect, 
author  of  Henry  VII.  Chapel,  Sec.,  p.  939 
Coucy,  chateau  de,  322 
Coucy  le  Cha.eau  ; church,  534 
Counterforts,  1592 
Countersinks,  2108 
Coupled  columns,  267 
Course  of  brickwork,  1894 
Courtrai,  562.  Church  of  St.  Martin,  559 
Coutances ; cathedral,  540 
Coved  vaulting,  1464 — 1477 
Covent  Garden  ; square  of,  462.  Old  theatre, 
1855,  2958,  2967. 

Coventry  ; parochial  church  of  St.  Michael, 
408,  421.  Spire,  p.  1001 
Covered  glass,  22315 
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Covering  boards  of  domes,  groins,  &c.,  20C8 
— 20/  8 

of  buildings;  comparative  -wei'dit^ 

of  different  materials,  2010//.  Temnorarv 
1 007/-  * - ’ 


Covert,  Sir  Walter;  bouse  in  Sussex  for,  410 
Coves  of  ceilings  ; beiglit  of,  281(5 
Cowdray,  Sussex ; mansion,  42G.  Porch 
p. 999  ’ 

Cowl  for  chimneys  ; in  spec.,  249 1 
Cowley  bricks,  l*8ol 
Cradle  roof-!,  20525f  et  seq. 

Cradles  of  iron  ; in  spec.,  2286 
Cradling  and  bracketing  ; in  spec.,  22850 
22856,  228>e.  To  chimneys,  2255  ’ 

Craigleith  stone  ; analysis,  &c.,  16(56 
Crail  church,  Fifeshire",  p.  1003. 

Cramps  and  dowels,  1495,  1857,  2224  2255. 
In  spec.,  2281(i,  2286.  For  hollow’ wiillV 
1902c.  To  ashlar  work,  1925/.  In  a siure 
p.  1004  ’ 

Crate  of  glass,  1871a 
Creasote,  or  oil  of  tar,  1752a,  1752c 
Creesing  ; in  spec.,  2282a 
Cremona;  cathedral,  6 13 
‘ Crennels  ; of  a castle,  391 

Cresting;  to  thatched  roofs,  2211s 

Cresy,  Edward  ; architect,  on  proportion,  p. 


Creuilly  stone,  1666/w,  1666c.  In  .sjjires,  p.  1005 
Crewe  hall,  Cheshire  ; scagliola  lloors,  2250/< 
Croce,  Francesco  ; architect,  621 
Crois^  d’Ogive,  1499y 
Cromlechs,  23.  On  the  Malabar  coast,  ih. 
Cross ; church  designed  on  that  form,  2876, 
p.  1006.  See  Churcli  ” 

Cross  garnet  hinge,  2258a 
Crossettes  or  joggles,  1925c  et  seq. 

Crow,  iron  ; bricklayer’s,  1890 
Crown  Assurance  Company’s  olficc,  1666c 
Crown  glass,  1868a,  1870a,  1871.  Steeples, 
p.  1002.  Or  plain  tile«,  1835 
Croxton  ; church  roof,  2052/ 

Croydon,  Surrey;  palace  hall  roof,  2052/. 

Railway  station  roof,  2043 
Croyland,  Lincolnshire  ; monastery,  312,319. 
Flxpeuses  for  building ; how  raised,  392. 
Conventual  church,  421.  Bridge,  419 
Cruciform  plan  ; for  a church,  p.  1006 
Cru-sades  of  the  twelfth  century,  310 
Crushing  weight  of  several  materials,  1500, 
1502.  Of  timber  pillars,  1630a;  et  seq.  Of 
iron  pillars,  1630y 

Crystal  Palace,  1851,  at  London  ; proportion 
of,  p.  1 062  et  seq.  At  Svdenham  ; proportion 
of,  16716,  1728(/,  p.  1057,  p.  1065 
Crystal  white  sheet  glass,  1874 
Ctesiphon  ; palace,  305 
Cube ; in  proportion,  p.  1006,  p.  1057 
Cubes,  &c.  ; Tables  of,  2297c/,  22976.  Of 
materials  ; in  testing,  1502c/,  1502/« 

Cubic  feet  of  air  in  wards,  2975c.  In  rooms, 
3032.  See  Glossary 
Cubiculum  of  a Roman  house,  253 
Cubing  dimensions,  2297c,  2297/.  Tables  of, 
p.  780— 787 

Cuen9a  ; cathedral,  368.  Dominican  church 
of  S.  Pablo,  598 
Cues  ; hospital  church,  579 
Guise  ; church  of  St.  Alartin,  534 
Cul  de  Four,  1995 
Cundy’s  ventilating  stoves,  2279c/ 

Cunei  of  the  Roman  theatre,  22(3 

Cuci  or  Cuneo  ; church  of  San  Francesco,  613 


m:c 

Cui»board  fronts  ; i„  spec..  2285a.  Lo<-k  2 >(;i 
bupola  ; in  l{.•lgiu,n,  5.55.  See  “ Dome  ” 
Curb  for  circular  window.s , to  form,  2fM;5. 
for  story  posts,  in  sjiec.,  2281c.  For  .sky- 
light, in  ."spec.,  228.5e 
— or  Man.sanl  roof,  2035 
Current ; in  iilumberv,  2213 
Currey,  Henry  ; arcliitect,  2i»7.5e 
Curtail  step,  2186,  2190—2192 
Curtain  ; at  theatres,  29716 
( urved  ribs  ; in  spec.,  2285a 
Cu^llion  capital,  p.  977 
t’usp;  broken-backed,  p.  996 
thispeil  ogee  arch  ; to  draw,  19I3i 
Cutters  ; species  of  bricks.  1821 
Cutting  knives  ; plumber’s,  2212 
Cvanite  paint,  2273^ 

Cyclopean  buildings;  four  eras  of,  aocordiii<» 
to  ]\lr.  llamihoii,  32  “ 

Cyclopes,  the  seven  ; Bryant’s  ophiion  on  31 
Cylinders;  dcllectioii  of,‘lG50/i.  Sireiiglli  of, 
1630^.  In  foiiudalioiis,  1885a 
Cvliiidrical  tubes  for  bcam.s,  1629u 

surfaces  ; to  form  in  joiiicrv,  2108,  2205 

Cyma,  Cyiiia  recta,  or  Cymatium,  2129,’  2.532 


Dado  ; in  spec.,  22856.  How  measured, 
2356 

Daines’s  process,  1667m 

Dairy  and  fittings  ; in  spec.,  2284c 

D.ais;  394 

Dallaway,  Rev.  Jame.s;  writer  on  arcliifec- 
ture,  p 1055 

Damascus;  houses,  how  built,  131.  Mos/iiie, 
306 

Damp  ; cau.se  of  decay  in  timber,  1746.  17.’0 

Walls,  2251^.  Paint  for, 227:>«.  l)r\  iug, 

2250/ 

Damp-proof  courses,  18866  et  seq.  In  s|k?<-., 
2282,  2284 

Dance,  George,  sen. ; architect,  313.  521 

George,  K A.,  jiin. ; architect,  52;» 

Dauckers  de  Ry,  Cornelis;  arcliitcct,  2940 
Dantzic  timber,  1729/ 

Danvers.  Sir  John  ; Imu-se  for,  440 
Darbisliire,  II.  A. ; architect ; model  dwell- 
ings by,  3026 

Darb_v,  lady  ; a London  house  for,  440 
Dai  ley  Dale  stone  ; aiialysi.s,  &.C.,  1666 
Darmstadt ; theatre,  2972 
Dartingtoii,  Derbyshire ; Manor  house,  porch, 
p.  999 

David  I.,  king  of  Scotland  ; liiszeal  in  erect- 
ing religious  buildings,  392 
Davi.son  and  Symington's  jirocess  of  drying 
timber,  1749a.  Furnace,  2271/ 

Dawiiay’s  tireproof  floor,  19U3n 
Day,  length  of;  longest  in  different  countries 
of  Europe,  1030 

Daywork  ; materials  and  labour,  how  charged 
in,  2322—2329.  Bricklayer’s,  1901 
Dead  lock,  2261 

Deal,  1710.  Sizes  of,  2125c,  Standar.l  of, 
1729.  How  to  reduce,  2363.  Table  of  values 
of,  2364— 2365.  Battens,  2362.  Left  plaiu, 
ill  spec.,  2290 
Decagon;  to  lorni,  1021 

Decay  of  stone,  1640,  16666,  166<  et  uq.  Of 
timber,  1745  e/ s<'7. 

Decomposition  of  granite,  lC<0a 

Decorated  Gothic;  or  ornamented  Lnghsh 
architecture,  410,  i*.  967.  Charael.  rest u-s 
of,  420.  Proportion  in,  p.  101  <•  MouldiUi;s> 
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p.  973.  Piers,  p.  976  Capitals,  p.  978.  Base, 
p.  979.  Ribs,  p.  980.  Hoodmoulds,  p.  982. 
PJinths,  p.  982.  Parapet,  p.  983.  Wood 
mouldings,  p.  985.  Windows,  p.  989.  Win- 
dow jambs,  p.  982.  Doorways,  p.  997. 
Porches,  p.  998.  Towers,  p.  1001 
Decoration.  2513.  Arises  from  desire  of  va- 
riety, 2515.  Analogy  in,  2517,  2518.  Alle- 
goiy  in,  2520.  Example-,  2521,  2522. 
Gothic,  p.  994.  Or  sculp  ure  at  Amiens 
cathedral,  p.  1062 
Decorative  work  in  tints,  2251Z 
appliances,  2277i 

Deflection  ; of  a beam,  1628e,  1630e.  Of  pil- 
lars, 1628e,  1630m;.  Correction  of  formula, 
1630« 

Delhi ; mosque  of  Kootub,  306 
Delorme,  Philibert ; architect,  357,  358.  His 
work  translated  into  English,  438.  His 
mode  of  framing  domes,  2052 
Delphi ; temple  of,  136 
Delta  metal,  1791a 
Denbigh  castle,  Denbighshire,  398 
Denderah,  71 

Denham,  Sir  John;  architect,  319 
Denmark ; buildings  erected  by  Inigo  Jones, 
456 

Dennett  arch,  1903tf 
Dentils,  centres  of,  2612 
Derby  ; All  Saints’  church,  p.  1002.  Lunatic 
asylum,  2278y 

lady  ; house  for,  440 

plasterer’s,  described,  2242 

Derbyshire  marbles,  1681a  et  seq. 

Derick,  John  ; architect,  p.  966 
Desachy’s  fibrous  plaster,  2251 
Descriptive  geometr}”,  1110 — 1211 
Design  ; see  “Architectural  Design.”  Method 
in  proceeding  to  make  one,  24905 
Detrusion,  1628e,  163 Di.  Of  stone,  1602o 
Devisor.  312,  319 

Devonshire  granite,  1669.  Marbles,  1502^', 
1681c 

house,  Piccadilly,  2994 

Diagannatha  ; temple  at  Ellora,  56 
Diagonal  braced  roof,  2052d,  20529 

of  a square  ; system  of  proportion,  p.  1017 

Diamond  ; glazier’s,  2226 

Diaper  work  ; in  plaster,  585.  To  walls,  302 

Diaphragm  ventilator,  2278r 

Diarbekr  ; palace  of  Tigranes,  305 

Diastyle  intercolumniation,  2605,  2609,  2611 

Dickenson,  Barnard  ; house  for,  528 

Die  of  a pedestal,  2603 

Dieppe  ; church  of  St.  Jacques,  547 

Diest;  church  of  the  Beguinage,  558.  Of  St. 

Sulpice,  558 
Dig  out ; in  spec.,  2281 
Dijon;  cathedral,  540.  Church  of  St.  Benigne, 
289.  Palace,  648 
Dilapidations,  p.  1098 
Dimensions  ; squaring  and  cubing,  2297 
Diminution  of  columns,  2543  seq.  Vignola’s 
method,  2545.  Blondel’s  method,  2546.  In 
ancient  examples,  2517.  According  to  their 
height,  2548 

Dinant ; church  of  Notre  Dame,  567 
Dinkelsbuehl ; church  of  St.  George,  580 
Diocletian,  emperor  ; desirous  of  reviving  the 
art,  198.  His  palace  at  Spalatro  or  Spalato,i5. 
Dionysiaca  of  the  Greeks,  172 
Dioscuri ; temple  of,  at  Rome,  208,  262 
Director,  312,  319 

Discharge  of  air  through  a tube,  2278c,  227Sp 
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Disconnector  to  drains,  2220i 

Dishing  out  the  beds,  1925a  ^ 

Dispersion  of  mankind  from  a central  spot 
11—14,  21  V 

Distemper,  2274  et  seq.  Painting,  2274cl.  In  H 
spec.,  2290  H 

Distribution  of  plan,  2489  H ■’ 

Ditriglyph,  2611  I 1 

Djenonasia,  temple  of ; at  Ellora,  56  I I 

Doclyards  ; graving  docks,  16715  H 1 

Dodecagon  ; to  form,  1022  I t 

Dog-legged  staircase,  and  mode  of  forming,  H i 

Dome  ; pointed,  533.  Construction  of,  14999.  | " 

Not  an  arch,  1499/j.  Stability  of,  1499(/.  i 
Mode  of  framing,  by  Delorme,  2052,  Cir 
cular  and  polygonal,  to  determine  ribs  of,  | D( 
2064.  To  cover  with  boards,  2070 — 2073.  ■ ll 
Construction  of,  in  timber,  2089,  How  to 
regulate  caissons  in,  2837,  Lead  to ; in  spec.,  1) 
2288.  Vaulting,  in  masonry,  1956  et  seq.  i D 

of  Pantheon,  p,  958.  Of  St,  Paul’s,  I 

London,  2049 

Domestic  architecture,  539,  545.  Of  the  Ro-  I 
mans,  242 — 255.  Gothic,  2489.  Of  the  I 
Tudor  period,  423 — 425.  In  Relgium,  564. 

In  Germany,  582.  In  Spain,  585.  In  Italy,  I 
613,  In  Sicily,  626.  At  San  Gimignano, 

622.  At  Venice,  ib.  At  Aquila,  Popoli, 
and  Solmone,  625.  Porch  in,  p.  999 
Domical  covering,  635  ' 

Domingues,  Alonso  ; architect,  604 
Dominican  church,  545.  At  Burgos,  595. 

At  Valladolid,  596.  At  Salamanca,  598.  , i 
At  Cuenca,  598.  At  Monza,  624.  At 
Ratisbon,  569,  At  Palma,  586.  At  Ghent, 

557.  At  Louvain,  ib.  At  Antwerp,  ib.,  560 

monastery  at  Guimaraens,  603.  At 

Batalha,  604.  At  Amarante,  607 
Domma,  temple  of  ; at  Ellora,  56 
Doncaster,  Yorkshire  ; parochial  church,  421 
Door  cases,  etc.  ; in  spec.,  2285c.  Linings,  in 
spec.,  2285c 

chains  and  barrels,  2263 

Doors;  described  as  variously  moulded,  2130 
— 2144.  In  spec.,  2285c,  22^5/  et  seq.,  2293c. 

Of  the  mediaeval  period,  2i45a. 

and  frames  of  wrought  iron  ; sizes  of,  ^ 

2255c.  In  spec.,  2286.  Fireproof,  2970a, 

29715 

Doorways ; profiles  of,  2729  et  seq.  Con- 
sidered in  respect  of  masses  and  voids,  2730. 
Dimensions,  2731.  Places  and  numbers,  i 
2732,  Decorations,  2733.  Gates  and  piers, 

2734.  Of  St.  Peter’s  Baptisterj’  at  Florence, 
and  San  Giovanni  Laterano,  2735.  Manu- 
facture of,  2736.  Examples  of  doorways,  V 
2737 — 2739.  At  the  Cancellaria,  2739,  By  ' * 

Michael  Angelo,  2740.  By  Vignola,  2741. 

By  Cigoli,  2742.  By  Inigo  Jones,  2743.  — I 

By  Serlio,  2744.  Gothic,  p.  997  et  seq.'  j 

Divided  by  a post,  553  ■ i 

Dorbay,  Frangois  ; architect,  357 
Dorian  architecture,  p.  912  i 

Doric  arcade,  2623.  With  pedestal,  2629 

order,  Grecian.  Relative  antiquity  of 

examples  determined  from  intervals  between 
Ibe  columns,  &c.,  140.  Dorus,  imagined 
inventor  of,  140 — 142.  Table  of  examples 
of,  142.  First  used  in  Paris  by  Antoine, 

360.  Used  in  Germany  by  Langhans,  366. 

In  the  Parthenon,  2570.  Table  of  its  parts, 
ib.  Principal  buildings  of,  2572.  Propor- 
tions, p.  948  et  seq. 
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Doric  order  ; Roman,  258.  Of  the  theatre  of 
Marcellus,  ib.  At  baths  of  Dioclesian,  ib. 

order;  of  the  Italian  architects,  258. 

Vignola’s  commended  by  Daviler,  2G51. 
Mutular  Doric  on  larger  scale,  25G2.  Talile 
of  heights  and  projections,  ib.  Difficulties 
in  arranging  entablature,  25G3.  How  em- 
])loyed  by  the  ancients,  2564.  Denticular 
Doric,  and  parts  of,  on  larger  scale,  2565. 
Table  of  heights  and  projections,  ib.  Vi- 
truvius’s profile,  2566.  Palladio’s  profile, 
2567.  Serlio’s  profile,  2568.  Scamozzi’s 
profile,  2569.  Intercolumniations,  2605 
— temples  ; general  proportions  of  plan  ex- 
amined, 152.  At  Corinth,  early  specimens, 
146.  At  Selinuntum,  p.  943  et  siq. 

Dorking  lime,  1843 

Dormers  ; in  spec.,  2285a.  Lead  to  ; in  spec., 
2288 


Dormitory  ; of  an  infirmary,  29766 
Dorrell,  Sir  Thomas  ; house  for,  440 
Dorsett  and  Blythe’s  patent  for  preparing 
timber,  17526 

Dortmund  ; church  of  St.  Reinold,  579 
Dotzinger,  lodoque  ; master  of  the  works  at 
Strassburg,  322a 
Double  bead,  2128 

floor,  2019.  Framed  flooring,  2013, 

2020,  2021 

— glazing  to  partitions,  2231.  Windows, 
3037 

Doulton’s  smoke  and  air  flue,  2278/.  Joint 
for  pipe  drain,  1888a.  Fireproof  floor,  1903j 
Douvres  ; church  spire,  p.  1000 
Dover  castle,  Kent,  391,  393,  394 
Dovetailed  backing  to  grounds,  2166 
Dowel,  1495,  p.  990.  Of  wood  in  columns, 
1925a.  In  spec.,  2284rf 
Dowelled  floors,  2171 — 2173 
Dowelling  in  a spire,  p.  1004 
Dozen  of  paper,  2277e 
Drag  ; mason’s  tool,  1915a 
Dragon  beam,  2009 

Drainage  ; of  foundations,  1887.  Of  land, 
1888e.  Of  dwellings,  3022,  3026.  In  spec., 
2282a 

Drains,  1887,  1888a  et  seq.  Combined  and 
separate  systems,  1888/1  Special  recom- 
mendations, 1888r,  1888s 
Drake  & Co.’s  concrete  construction,  1903x 
Drammen  deals,  &c.,  1729cf 
Drawback  lock,  2261 
Drawer  handles,  2263 

Drawing  ; in  general,  2381.  As  anplieO  to 
landscapes,  2404.  Methods  of  teaching, 
2383  et  seq.  Method  of  Dupuis,  2385.  An- 
cient method,  2387  et  seq. 

knife;  joiner’s,  2114 

Drawings,  2491.  Necessary  in  composition, 
2490a  et  seq.  In  making  a design,  how  to 
proceed,  14906.  Ought  not  to  be  coloured 
nor  highly  finished  in  shadow,  2490c.  Of 
caissons  in  vaulting,  2002a.  Of  horizontal 
and  vertical  combinations,  2839  et  seq.  By 
interaxal  divisions,  2842.  Prevention  of 
false  bearings,  2843.  Working,  2491,  p. 
1008 

Dresden  ; theatre,  2972  ^ 

Dresser ; in  spec.,  2285^.  Top,  in 
Dressing  and  flatting  tool ; plumber’s,  22 1 2 
Dressings  to  doors  and  windows,  in  spec., 
22846 

Driers,  and  drying  oil,  2275 
Drilling  holes  for  rivets,  163H 
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Drips  ; in  flats  and  gutters,  2214 
Droving;  in  masonrv,  1914 
Druidical  and  Celtic  buihling;  introduced 
into  Britain  by  the  Canaaniles  of  T\  re  and 
bidon,  14 

Druids  of  the  British  Isles ; a colonv  of  the 
first  race  of  people,  11 
Drums  of  columns  ; to  Avork,  192.')a 
Drury  Lane  theatre,  London,  .521,  2958. 
W yatt’s  jirinciples  in  constructing,  29.57. 
Drury  Lane  in  olden  times,  2967.  6:d  roof 
2048  ’ 

Dry  area  or  drain,  1886a.  In  spec.,  22«2<i 
Dryburgh  ; abbey,  431 
Drying  oil,  2274.  Timber,  1749a.  Damn 
walls,  2250i 
Dry  rot ; cure  of.  1753 
soil  closet,  2218a 

Dublin  ; custom  house,  &c.,  526.  Ilouiics  of 
Parliament,  ib.  Four  courts,  ib.  Carlisle 
Bridge,  ib.  Inns  of  Court,  ib.  Royal  Kx- 
change,  ib. 

Du  Cerceau,  Jacques  Androuet ; architect. 
357 

Ducy  ; church  spire,  p.  1000 
Dumfries  stone,  1666z 

Dung  pit ; in  spec.,  2282c.  Iron  coping  to,  in 
spec.,  2286a 

Dungeon  of  a castle,  394 
Duodecimals  ; to  use,  2297a  et  seq. 

Durand’s  Paralle.e  des  Edifices^  noticed  in 
several  pages 
Duresco,  2274c 

Durham  ; castle,  394,  398,  414.  Cathedral, 
406.  Founders  and  dimensions  of,  434. 
Vaulting,  1499x.  Kitchen,  149966.  Pro- 
portion of  churches  in  county,  p.  1012 
Dust  bin,  1907rf.  In  spec.,  2282c 

destructor,  1907e 

Duster ; glazier’s,  2226 

Dutch  clinker,  1828,  1905c.  Terras,  1859« 

Dwarf  closets ; in  spec.,  2285^ 

Dwellings  for  industrial  classes,  3012 


EARL’S  Barton,  Northamptonshire ; tower 
at,  398 

Early  English  architecture,  399  et  seq..  p.  967, 
Characteristics  of,  in  arches,  trefoil  and 
cinquefoil  heads,  columns,  windows,  roofs, 
walls,  ornaments,  and  plans,  405.  Exam- 
ples, 406,  Proportion  in,  p.  1017,  p.  1023. 
Mouldings,  p.  972.  Piers,  p.  976.  Capitals, 
p 977.  Base,  p.  979.  Ribs,  p.  980.  IIchkI 
moulds,  p.  981.  Plinths,  p.  982.  Parapet, 
p 983.  Wood  mouldings,  p.  985.  inflows, 
m 988.  Window  jambs,  p.  992.  Ifinirways 
p.  997.  Porches,  p.  998.  Towers,  p.  1001 
Earth  closet,  2222_ 

slope  of,  1585 

table,  p.  980 

Earthenware;  glazed,  1839<7.  Pipes  1888a 
East  Barsham  hall,  Norfolk  ; porch,  p.  JiJ 

end  ; forms  of,  p.  Kt06 

India  house,  Leadenhall  street,  524 

Eastbury  house,  Essex  ; porch,  1908a,  p.  9JJ 

house,  Dor.'Jetshirc^  495 

Eastwell  house,  Kent,  525 
Eaves  gutter ; of  ^vood,  m si>ec..  228(»a.  )f 
lead,  in  spec..  2287.  ( >f  z-mc,  in  spec.,  22.'  I 
Ecclesiastical  dilapidatioms  P-  1098 
Echinus,  or  quarter  round,  2.)32 
Ecole  de  Medecine,  Paris,  363.  Dea  Ikaux 
* Arts,  at  Bruges,  563 
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Economiser  grate,  2279d 
Ecouen  ; chateau,  357,  Church,  549 
Edfoo,  near  Thebes  ; temple  at,  77 
Edirar  the  Peaceable,  king ; his  care  of  the 
Anglo-Saxon  buildings,  386 
Edge  roll  moulding,  1499^^?,  p.  972 
Edinburgh  ; St.  Giles’s  church  spire,  p.  1002. 
High  church,  485 

Edlingham,  Northumberland ; castle,  joggled 
works  at,  1925e 

Edmundsbury.  See  “ Bury  St.  Edmund's  ” 
Eecken,  Jan  ver  der  ; architect,  559 
Efflorescence,  1667c,  1667m 
Egas,  Henrique  de  ; architect,  598 
Egina  ; temple,  p.  943,  p.  945 
Egl,  Andreas  ; architect,  576 
Egypt ; architecture  of,  9.  Earlier  than  Greek 
architecture,  10.  Its  analysis  and  develop- 
ment, 70  et  seq.  Considered  in  respect  of 
.style,  taste,  and  character,  IQ  et  seq.,  84  et 
seq.  Temples  and  tombs  ; t e principal 
works  in  it,  67.  Fonn  and  disposition  of 
^ temple,  76.  Monotonous,  88.  Physical 
causes  which  affect  it,  63  et  seq.  No  cir- 
cular temple  in  it,  69.  Principal  edifices 
and  map  of  the  Nile,  91 
EliEotherrnm ; of  the  Greek  gymnasium,  176. 

Of  the  Koman  baths,  235 
Elasticity  ; modulus  of,  1628c,  1630i.  Of 
timber,  1610 

Elbeuf ; tower  of  St.  Jean,  547 
Eleanor  crosses,  p.  1037 

Electric  appliances,  2264Z  et  seq.  Danger  of, 
2264m.  Systems,  2264n,  2264o,  Bells, 
2264^  et  seq. 

Electi’o  process  to  iron,  2224^ 

Elephanta,  near  Bombay  ; excavated  temple, 
67 

Eleusis ; temple,  p.  944,  p.  945  . 

Elevation,  2490a 
Elevator.  See  “ Lift  ’* 

Elgin  ; parochial  church  of,  2043 
Elizabeth,  queen  ; did  not  patronise  architec- 
ture, 438 

Elizabethan  architecture,  425,  436  et  seq. 
Practised  till  the  days  of  Inigo  Jones,  445. 
List  of  palatial  houses,  446.  Character  of, 
449.  Sepulchral  monuments,  ih. 

Elli])si3,  1058—1082 

Elliptical  arch  ; to  draAV,  in  ma.sonry,  and  find 
the  joints,  1934 — 1937.  At  Modain,  305 
Ellora  ; temples  at,  26,  55,  66 
Elm, 1720 

PLlsden,  W. ; architect,  602 
El  ten  ; church,  567 
Eltham  ; palace,  hall  roof,  2052t 
Ely,  Cambridgeshire ; monastery,  319.  Ca- 
thedral, 406.  Founders  and  dimensions, 
434.  Proportion  of,  p.  1016.  Galilee  porch, 
p.,979.  Prior’s  entrance,  397,  398,  p.  997. 
Chapel  of  St.  Mary,  421.  Lantern,  p.  1001, 
Window,  p.  989.  East  windows,  p.  988. 
Capitals,  390.  Arch,  ib. 

Ely  house,  Dover  Street,  515 
Embossed  glass,  2231c 
Emere,  Garcia  d’ ; architect,  370 
Emerson’s  patent  for  preparing  timber,  1752 
Emery  cloth,  2276d 
Emmerich  ; church  of  St.  Algund,  567 
Emy’s  system  of  roofing,  20526 
Enamelled  glass  ; varieties,  2231c.  Iron, 
17806.  Slate  221  Ir.  Water  pipes,  2223<7 
Enamels;  coloured,  2231 /I  Gold  and  silver, 
2231^ 
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Encaustic  tiles,  1 8396,  1908c 
Endon  stone,  1 666« 

Engaged  columns  or  pilasters,  at  Burlington - 
house,  2615 

Engelberger,  Burkhard  ; architect,  581 
England;  architecture  of,  from  James  I.  to 
Anne,  451  et  seq.  Under  George  L,  499  et 
seq.  Under  George  II.,  506  et  seq.  Under 
George  III.,  514  et  seq.  Saxon  churches  of. 
290.  Periods  of  Gothic  architecture  in.  p.  967 
English  architecture,  see  “Druidical  and  Celtic 
building ; ” ‘‘  Norman  ; ” “ Early  English  ; ” 

“ Decorated  ; ” “ Perpendicular  ; ” “ Eliza- 
bethan ; ” &c. 

bond,  1892  et  seq.  In  .spec.,  2282 

builders  in  France,  p.  1057 

granites,  1671  et  seq. 

Enrichments  ; in  plastering,  2250 
En'ablature;  height  of,  2523  et  seq.,  2542, 
2544.  Subdivision  of,  2549.  Deal ; in  spec., 
2285.9 

Entasis,  or  swelling  of  columns,  2545.  First, 
verified  bv  T.  Allason,  144.  To  a spire,  p. 
1005 

Eon  ventilators,  &c.,  2278m 

Eosander,  Johann  Friedrich  ; architect,  365 

Ephebeum  ; of  the  Greek  gymnasium,  175. 

Of  the  Roman  baths,  235 
Ephesus;  church  of  St.  John.  271.  Temple 
of  Diana,  141,  2581a 
Episcenium  ; of  the  Greek  theatre,  172 
Equilateral  triangle  applied  to  buildings, 
p.  1008  et  seq. 

Equilibrated  dome,  14996 
Equilibrium  ; svstem  of,  in  Gothic  buildiugs. 
not  known,  1583c 

curve  of,  1107.  Necessarv  for  fitness, 

2500 

Erechtheus ; Ionic  temple  at  Athens,  155, 
p.  952 

Erwin  von  Steinbach  ; architect,  305,  322a 
Escobado,  Giovanni,  Alonso,  and  Fra  Gio- 
vanni d’ ; architects,  367 
Escurial,  near  Madrid,  370,  371 
Escller,  Nicholaus  and  Son  ; architects,  580 
Esher,  Surrey  ; palace,  426 
Esnehi ; ruins  at,  91 
Espagnolette  bolt,  2165c?,  2259 
Esslingen  ; church  of  St.  Katherine,  583  ; of 
St.  IMarv,  ih.,  597 
Estates,  purchase  of,  p.  1096 
Estimating,  2295  et  seq. 

Estremos ; castle,  603 

Eton,  Buckinghamshire  ; college  chapel,  421. 

Weeks  and  Co.’s  ventilation,  8ic.,  2278m 
Etruscan  architecture,  178.  Marked  by  great 
solidity  of  construction,  179 
Etruscans  first  used  amphitheatres.  232 
Euclid’s  Elements ; early  used,  3096.  Work 
translated,  p.  1037 
Eureka  Concrete  Company,  1 903t 
Eustyle  intercolumniation,  2605 — 2611 
Evesham,  Worcestershire ; detached  cam- 
panile, p.  1002 

Evora  ; church  of  San  Francisco,  607 

Fernando  d’ ; architect,  605 

Evreux ; cathedral.  547 

Ewerbv,  Lincolnshire  ; church,  proportion  of, 

p.  1018 

Excavations,  1884 

Excavator’s  work ; in  spec.,  2281.  Estimating, 
2298 

Exeter,  Devonshire ; cathedral  founders  and 
dimensions  of,  434.  West  window,  p.  1031.. 
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Exhaustion  i svsiem  of  ventilation,  2278x 
Exhedra;  of  the  Greek  gyranasiuni,  17o.  Of 

262, 

1»51,  p.  1062  et  seq.  Building  of,  1862  2052 
Expansion  ; of  brickwork,  1833c.  Of  con- 
Crete,  1862a.  Of  hot-water  pipes,  3059 
Exterior  cements,  2251a  et  seq. 

PABRE,  Jay  me  ; architect,  592 
J-  Fabris.  E.  de ; architect,  323 
Face  work  ; in  mediaeval  masonry,  1915a 
Facing  block  of  stone,  1902e. 

of  stone,  in  spec.,  2282a.  Bricky  in 

spec.,  2282  ’ 

Faggoted  iron,  1764a 
Faija’s  concrete,  1903a: 

Fair  Oak  house,  Isle  of  Wight ; warminer 
&c.,  2279c 

Fairbairn’s  beams  and  girders,  1629a,  1629a 
Falaise  ; quarries  near,  1666/4 
Fall  for  a drain,  1888^ 

Falling  mould  of  stairs,  2188 
False  gable  at  Tarragona,  587 
Fan  system  ; for  extracting  foul  air,  2278a 
For  driving  in  air,  2278A 
Fan  tracery,  p.  1027.  In  cloisters  at  Glou- 
cester, p.  1037.  Vaulting,  1499ee,  2002ic, 
2002a:  t,,  , , 

Fancelli,  Luca,  architect,  323 
Fancy  colours,  in  painting,  2272(/ 

Fanlight  frames  ; in  spec.,  2285<i 
Fano ; forum,  218 

Faraday’s  ventilation  to  gas  lights,  2278u 
Farm-houses,  3002  et  seq.  Distribution  of, 
3003.  On  large  scale,  3004 
Fascia,  brick,  in  spec.,  2282,  2282a 
Fastenings  ; iron  to  joints,  1631^3 
Fauces  ; of  a Roman  house,  250,  253 
Faustina,  temple  at  Rome,  2547 
Feather  or  rib  ; on  a cast-iron  beam,  to  be 
avoided,  1629o? 

Fees,  to  pay  ; in  spec.,  2280A 

Felber,  Johann  ; architect,  580 

Felkirk,  Yorkshire ; church  porch,  p.  998. 

Sacristy,  p.  999 
Felspar  ; in  granite,  1669 
Felt;  under  slating,  2210<f,  2210c,  221 1«. 
For  roofing,  2210f.  For  temporary  roofs, 
1907c,  2210c 

Felt  grain  ; in  wainscot,  21255 
Fence  walls  ; in  spec.,  22825,  2282c 
Fencing,  oak  ; in  spec.,  22855 
Fernach,  Johannes  Petrus  ; architect,  p.  1008 
Fernandez,  Matheos  and  Son  ; architects,  605 
Ferrey’s  stamped  plastering,  2245a 
Fez,  ancient  Arabian  city ; described  gene- 
rally, 132 

Fibres  ; of  iron,  17645  et  seq. 

Fibrous  plaster,  22465,  2251.  Slab,  ib.,  2971c?. 

Asphalte  or  felt,  2210c? 

Fiesole  ; walls  of,  179 

Figueras,  near  Gerona;  parochial  church, 
589 

Figures  ; in  decoration,  2519,  2521.  Similar, 
958—968 

Filarete.  See  “ Averlino,  Ant.” 

Filippo,  Maestro  ; architect,  367 
Fillet;  listel  or  annulet,  2129,  2532,  p.  970. 
Moulded  to  roofs,  2173a 
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1' dieting;  to  a roof,  2211/4  To  • 

spec.,  2283a  “laics,  m 

^Of*^  nn  purifying  wafer,  2222r  222'’a 

Gf  porous  sandstone.  2-’->ifi‘  nr  „’i- 
stone,  ft.  Household;  t 
I me  stuff;  plasterer’s,  22.'jG 
7T~  10  granite,  1915c 

V.^^or-plates,  2261 

Fir ‘"terior.  timber  for,  ]7->0/- 

—— extincteurs,  2971? 

fireproof;  doors,  22.55e,  2971a  Plasfer 

V tl'cat res,  2971 « 

7-  Curtain,  2971?/.  Lathing,  297!r. 

297  if  P '^'he«tre. 

etseq  ^ 

Fires;  causes  of,  in  buildings,  2279n  Pre- 
2y71a.  From  gas 

Ctee’>2/96 

First  poiiUed  work  ; proportion  in,  n,  1017 
I ischers,  Carl ; architect,  365 
Fishmongers’  hall ; columns,  1671c 
Fish  s bladder.  See  “ V'esica  Piscis  ” 
fi^ess;  the  basis  of  proportion,  2496,  2497 
Dependent  on  equilibrium,  2500.  Maxims 
relating  to,  2502 

Fitwilliams,  Mr.  W. ; house  for,  440 
Five-aisled  church,  667,  658,  559,  560.  At 
Kuttenburg,  567 

Fixing  blocks,  2166,  1903r,  2173c.  In.«>i>ec., 
2285, 2285a 

Flachat,  E. ; architect,  1666/4 
Flambard,  bishop  ; as  builder,  321 
Flamboyant  period  in  France,  546,  p.  990. 
At  Ghent,  2896c.  Tracery,  in  Spain,  594. 
Mouldings,  p.  974. 

Flanders  ; proportion  of  churches,  p.  1006 
Flange  ; for  box  in  slate  cistern,  2223^.  To 
plate  girder,  1629p 
Flanged  beams,  I6287 
Flashed  glass,  22315 

Flashings ; in  plumberr,  2213.  In  spec.,  2288. 

To  slate,  2211/4,  2214' 

Flat  ; arch,  proportion  for,  19255.  Floors 
arched,  19035  et  seq.  Tile  roofs  in  India, 
1903y.  Uf  concrete,  1903a  et  seq.  Tile,  in 
spec.,  2282a.  Of  zinc,  in  spec.,  2294.  Iron, 
rolled  for  flitches,  1629a.  In  spec., 

Of  lead,  in  spec..  2288.  Wetterstedt  metal 
for,  2224e 

in  houses,  2995a,  3012  et  seq. 

Flattened  sheet  glass,  1872 

Flatting  ; in  spec.,  2290 

Flemish  bond,  1892  et  seq.  In  spec.,  2282. 

Bricks,  1828.  Tdes,  1838 
Fletcher’s  warming  and  cooking,  2279^ 

Fliers  ; in  stairs,  2186 

Flint  work  1666jf,  19225  et  , p.  983.  In 
spec.,  228  id 

Flitch  ; of  wrought  iron,  2255a.  Beams,  lC29a 
Flitcroft,  Ilenr}’;  architect,  512 
Float  stone  ; bricklayer’s,  1890 
Floated  work;  plasterer’s,  2242.  Quantity, 
2248 

Floor ; under  oven  or  stove.  2279/) 

Floor  or  flour  boards,  2168  et  seq.  ILvr 
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measured,  2352,  2361.  Laying?,  2168.  Nail- 
ing, 21735.  Varieties,  in  spec.,  2285b 
Flooreloth  ; injurious  to  a floor,  1747 
Flooring  ; 2013  ef  seq.  How  measured,  2334. 
Single,  2014  et  seq.  Double,  2019.  Double- 
framed, 2020.  Framed,  2022.  Constructed 
with  short  pieces  of  timber,  2023.  Timber 
for,  1729/*.  In  spec.,  22855.  Loads  and 
weights  placed  on,  1628/i.  “Nee  Boarding  ” 
Floors;  arched,  in  brickwork,  19035  et  seq. 
Fireproof,  1903  ? et  seq.  Of  cement,  190oe. 
Of  concrete,  1093  r et  seq.  Plain  tiles,  in 
cement,  1903e.  Of  scagliola,  22505.  Of 
Parian  cement,  22515.  Other  cements, 
2251m  et  seq.  Wood  blocks,  2173c.  In 
mediajval  period,  2023a.  Their  ornamen- 
tation, ib.  et  seq.  Of  churches,  in  spec., 
22855.  For  industrial  dwellings,  3016. 
Florence  ; church  of  Sta  Maria  del  Fiore,  323, 
327,  477,  616  ; dome,  1499/)  ; apse,  p.  1007. 
Proportion  of  campanile,  p.  1057.  Church 
of  Sta  Maria  Novella,  616.  Of  Sta  Croce, 
ib.  Choir  of  church  of  the  Annunziata,  325. 
Pal,  Gondi,  cornice,  2725.  Pal.  Pitti,  325, 
329,381.  Pal.  Riccardi,  327.  Palaces,  358. 
.Pal.  Pandolfini,  329,  2725,  2767.  Pal. 
Strozzi,  327,  329 ; cornice,  2725.  Bridge. 
313.  Walls  ; at  church  of  Sta  Spirito, 
1535,  1551,  1554  ; at  San  Lorenzo.  1535. 
1550,  1554 

Florentine  school  of  architecture,  329.  Prin- 
ciples of,  330.  Principle  churches  of,  ib. 
Byzantine  architecture  traced  in  works  of, 
332.  Period  and  principal  masters  of,  333 
Florid  English  or  Tudor  style  ; its  sera,  &c., 
422  et  seq.  Examples  in  Scotland,  431.  In 
England,  432 

Flowers  ; used  in  decoration,  p.  994,  p.  995 
Flue  ; 1905a,  19055,  2793.  In  spec.,  2282a. 

See  “ Chimney  ” 

Fluo-silicic  acid,  1667y 
Flush  rings,  2263.  Bolt,  2259 
Flushing;  18875,  18885.  Tank,  2220/).  See 
“Water  waste  preventer” 

Fluted  sheet  glass,  1872d 
Flutes  of  columns  ; their  nature  and  probable 
origin,  145,  p.  948 

Flying  buttresses,  p.  1024,  p.  1047,  p.  1048 
Foix,  Luigi  de  ; architect,  371 
Folded  floor,  2168 

Folding  doors,  2130.  In  spec.,  2285/ 
Foliation  ; in  windows,  p.  989 
Fontaine  le  Henri,  near  Caen  ; chateau,  548. 
Stone,  166655 

Fontana,  Carlo  ; architect,  365 

Domenico  ; architect,  836,  344 

Fonthill,  Wiltshire  ; abbey,  528 

Footings ; of  a wall,  1882  et  seq.,  1916a. 

Stone,  in  spec.,  22845 
Foots  Cray,  Kent ; villa,  3000 
Force  of  the  wind,  1592a  et  seq.,  1667/ 

Forest  of  Dean  ; stone,  1666e 
Fork  ; thatcher’s,  2211s 
Formation  of  bodies  by  glue  in  joinery,  2193 
—2208 

Formeret,  1499» 

Fortified  houses  ; in  Spain,  586 
Fortuna  Virilis,  at  Rome;  temple,  212,  261, 
p.953,p.  1057 

Forum;  of  the  Romans,  described,  218.  Civilia 
and  Yen  alia,  ib.  Of  Pompei,  212 
Fotheringay,  Northamptonshire  ; church,  as- 
similating work,  p.  968.  Spire,  p.  1002 
Foul  air  in  rooms,  3032 
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Foundations,  1881  et  seq.,  19165,  3032.  Vi- 
truvius’s advice  on,  1881.  Best  soils  for, 
1882,  1883.  Their  depth,  1884.  Spread  of, 
1581.  Use  of  inverted  arches  in,  1885. 
Cylinders  in,  1885a.  Walls  above,  should 
be  kept  dry,  1886.  Drainage  of,  1887.  In- 
sufficient, 1502c.  In  spec.,  2281,  2293a. 
For  iron  columns,  p.  1065 
Foiindeiy,  2265  et  seq.  Work;  in  spec.,  2286. 
Estimating,  2374 

Fountain  at  Batalha,  605.  At  Rouen,  548. 

At  Clermont,  ib.  At  Viterbo,  614 
Fountains,  Yorkshire  ; conventual  church, 
398,  407,  p.  971  et  seq. 

Fractures  ; in  an  arch,  1496,  1497 
Framed  flooring;  weight  of,  2022 

roofs ; single,  2052m,  2052g.  Double, 

2052s 

Frames  ; for  windows,  in  spec.,  2285/ 
Framing;  of  joinery,  2174 — 2175a.  Timber 
for,  1729/  2125c."  Angles  in  joinery,  2174 
et  seq. 

Franc,  Juan  ; architect,  594 
France;  oldest  buildings  in,  289.  Marbles  of, 
1679.  Pointed  architecture  in,  530  et 
seq. 

Francis  I.,  of  France  ; patron  of  arts,  358 
Frankenberg;  church  of  St.  Mary,  667 
Franking  sash  bars,  2165 
Franklin’s  calorifere  stove,  2279c 
Frascati;  houses,  614 
Fratres  ponds,  310,  313 
Freeholds  ; valuation  of,  p.  1094 
Freeman,  Edward  A.;  writer  on  architecture, 
p.  965 

Freemasons ; Company  of,  308  et  seq.,  401, 
p.  1055,  p.  1057 

Freemasons’  hall,  London,  1681c 
Freemasonry;  histories  of,  316,  2629 
F ree  seats  ; in  sp-  c.,  22855 
Freiberg  ; cathedral,  567,  579.  Spire,  p.  1005 
Freiburg  an  der  Unstrut ; church,  579 
Freiburg-im-Breisgau ; miiuster,  570,  579. 

Apse,  p.  1007 
Freideberg ; church,  572 
Freixo  d’Espada  a Cinta ; walls,  towers, 
castle  and  church,  601 

French  architects ; attached  to  Venetian  in 
preference  to  Roman  schools,  358.  The  first 
in  Europe,  360 

French  ; building  stones,  16665A  et  seq.  Case- 
ment, 21655  et  seq.,  2278m;  in  spec.,  2285d. 
Mouldings  and  details,  p.  1035.  Polishing  ; 
in  spec.,  2290a.  Sashes,  2164,  21655.  School 
of  architecture,  357  et  seq.,  p.  1035.  Slates, 
22115 

Fresco  painting ; not  treated,  22735 
Frette- embattled  ornament,  397 
Frette-triangular  ornament,  397 
Fretwork  ; in  glazier’s  work,  2229a 
Freudenstadt ; church,  583 
Fribourg  ; mason’s  mark  at,  322 
Friction,  1331 — 1341.  Observations  on,  1364 
—1389 

Frieze  ; to  cornice,  in  spec.,  2285e.  Panels  of 
a door,  2130.  Rails  of  a door,  ib. 
Frigidarium  ; of  the  Greek  gymnasium,  175. 

Of  the  Roman  baths,  235 
Frisone,  Marco  da;  architect,  619 
Frit;  in  glass-making,  1868 
Frobel,  F. ; “ zimmerman,’’  579 
Frog,  or  hollow  of  a brick,  15025 
Frogmore ; mausoleum,  1671a,  16715,  1671/J 
16715,  1680 
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Frost ; effect  of,  on  slate,  1808.  On  a build- 
ing, 2250A 

Fryer’s  refuse  destructor,  1907e 
Fuller,  bishop ; his  aphorisms  relating  to 
private  buildings,  298.5—2989 
Funnels  ; of  chimnevs,  279.'3 
Fumes,  Belgium  ; church  of  Ste.  Walburge, 
557  ’ 

Furness,  Lancashire;  conventual  church,  398 
Masons’  marks,  3226.  Doorway,  p.  973 
Furniture;  inlaying,  2173c.  For'locks,  2261. 

For  doors,  in  spec.,  2285/ 

Furring  joints  of  floors,  2169 


Gabriel,  Jacques  Ange  ; architect,  360 
Gaddi,  Taddeo ; architect,  323 
Gaiters  ; thatcher’s,  2211s 
Galatino ; monastery  of  Sta  Catherina,  625 
Galera ; houses,  614 
Gallego,  J uan ; architect,  596 
Gallery;  height  of,  2822.  In  Elizabethan 
houses,  440.  In  nave  of  church,  601 
Galli-Bibiena,  Antonio  ; architect,  2950 
Gallo,  Tommaso  ; abbot,  611 
G allot,  gallet,  or  garret ; stone  chippinsr, 
1861,  1922/t  ’ 

Galton  ventilating  stove,  2279d 
Galvanic  action ; in  metal  roofs,  2224,  2224/ 
Galvanizing  iron,  1780c,  1796  et  seg. 

Galway  marble,  1683c 
Gamondia,  Enrico  di ; architect,  p.  1008 
Gandon,  James  ; architect,  504,  526 
Gankoffen,  Joerg ; architect,  579 
Garcia,  Pedro  ; architect,  595 
Gargoyle,  553 

Garigliano  ; 'amphitheatre  on  banks  of,  228 
Garret  or  gallet;  see  “ Gallot  ” 

Gas  ; governors,  2264.  Lighting  buildings, 
2264/  Leakage,  2264/  Fires,  22796. 
Burners,  2264c.  Danger  of,  22646.  Venti- 
lation of,  2264/ 

fitter,  2264  ef  seq.  In  spec.,  2293. 

pipe,  2223q,  2264a,  22646.  Flexible, 

2264.  Delivery  ])cr  hour  through  pipes, 
2264a.  Mode  of  fixing,  22646 

stoves,  2264?,  2279e 

Gnses,  noxious  ; diffusion  of,  3032 
Gates  ; and  coachhouse  doors  in  spec.,  2285c. 
And  piers,  2734 

Gateway  at  Arpino,  &c.  304.  At  Bruxelles 
and  Louvain,  564.  At  Mycenae,  34 
Gauge  ; joiner’s  tool,  2120.  Bare  or  margin 
of  a slate,  2210.  Of  tilting,  1835.  For  zinc, 
22246.  Stuff,  2237,  2246.  For  filleting, 
22116 

Gauged  arches,  1925c.  How  measured,  2311. 

In  spec.,  2282 
Gault  clay,  1831/ 

Gauthier,  M.  P.;  architect,  2975 

Gayfere,  Thomas  ; mason,  528 

Geber ; architect,  368 

Geezeh  ; pyramids,  74,  304 

General  joiner;  machine,  21246 

Geneve,  Simon  de ; priest  and  architect,  561 

Genius  in  architecture,  2492 

Genoa  ; church  of  San  Lorenzo,  319 

Genoese  Gothic,  608 

Geometric  forms  ; in  tracery,  p.  995,  p.  1028 

piers,  976 

Geometrical  drawings,  2490c 

principles  of  proportion,  p.  1006 

tracery  in  England,  p.  968.  In  Spain, 

594 
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Geometrical  staircase,  1927  et  $ei.  lu  joinerv 
mode  of  forming,  21 S4  ^ ^ ’* 

Geometry,  871c/. s?.<7.  Definitions,  875.  Right 
lines  and  rectilineal  tigure.s,  876-907.  Cir, 
cles,  908 — 928.  Surfac  e.s,  929— 9;>4.  pro- 
portion,  93  )— 957.  tSimilnr  figures,  958— 
doH.  Planes,  969—978.  Solids,  979-995 
ractical  996-1032.  Descriptive,  1110- 
1211.  Use  of  in  proiwrtion,  p.  1008  et 
b udicd  in  England,  p.  1037 
^^"09^^  > monk  and  i>oi)e  Sylvester 

Gerbier,  Sir  Balthazar;  architect,  465 
German  architecture,  365  et  seq.  Details  and 
mouldings  of  Gothic  architecture,  p.  975. 
Gothic  in  Italy,  608.  Spires,  p.  1001 
German  sheet  glass,  1874 
Germanic  symmetry,  p.  1008 
Germany  ; early  architects  of,  365.  Em- 
ployed in  other  countries,  ib.  Italian  archi- 
tects employed  in,  ih.  Two  different  stvles 
m Its  ancient  churches,  283.  Pointed' ar- 
chitecture in,  565  et  seq.,  p.  975 
Gerona ; cathedral,  586,  592, 595.  Baths,  306 
Gerwin  of  We  el;  architect,  577 
Ghent;  church  of  St.  Nicolas,  554,  559.  St. 
Jacques,  ib.  St.  Bavon,  555.  557,  559,  560. 
Of  the  Dominicans,  557.  Of  St.  Michel,  ib., 
559.  Hospital  of  La  Byloque,  557. 

Giallo  Antico  marble,  200266 
Gibb.s,  James  ; architect,  501 — 503 
Giddea  hall,  Essex,  440 
Gil  de  Hontanon,  Juan  and  Rodrigo  ; archi- 
tects, 367,  597,  598,  599 
Gilding,  2277a,  2379 
Gilt  mouldings;  in  spec.,  2291 
Gimlet,  2110 

Giotto  or  Bondone  ; architect,  323,  616,  p. 
1057 

Giralda  ; bell  tower  at  Seville,  320,  368 
Girder  ; use  of  the  word,  1628c 

of  cast  iron  ; shapes  of,  1628x.  In 

spec.,  2286 

of  timber,  2020.  Scantlings  for,  2021. 

Method  of  trussing,  2021a.  Timber  for, 
1729/  How  measured,  2335 
Girgenti,  148.  Houses  at,  626.  5cc“Agri- 
gentum  ” 

Gisborne  priory,  Yorkshire ; conventual 
church,  421 

Gisborough  castle,  Yorkshire,  398 
Gizeh  ; see  “ Geezeh  ” 

Glaetzel,  Conrad  ; architect,  579 
Glasgow;  works  at,  1671^ 

Glass,  1868  et  seq.  Pliny’s  account  of  disco- 
very of,  1869.  Crown  glass,  1870a.  Knob- 
glass,  ?6.,  1871a.  Sheet,  1872.  Patent  pla_te, 
18726.  German  sheet,  1874.  Plate,  18?  5. 
Rough  plate,  1877.  Quarries,  1879.  Broken, 
in  dilapidations,  p.  i('95.  To  remove  from 
sashes,  2226a.  For  ornamental  purjwsea, 
2231a.  Compressive  strength,  226\d.  In 
spec.,  2289.  5cc“  Glazing” 

used  in  Ar.glo-Sa.xon  buildings,  385,386 

paper,  2276tf 

Glastonbury,  Somersetshire ; monastery  of, 
389,  435.  St.  John’s  church  tower,  p.  1002. 
Chapel  of  St.  Joseph,  398 
Glazed  bricks ; white  and  other  colours, 
1831e.  Earthenware,  1839^/.  Tiles;  white, 
18393 

Glazier,  318.  Work,  in  spec.,  2289.  Estimatr 
ing,  2378 

Glazier’s  vice,  2228.  Knife,  22-6 
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Glazing,  2225  et  seq.  Large  roofs  and  areas, 
2226c 

Globe ; in  glass  making,  1870a.  Lights,  3042 
Gloucester  cathedral,  396,  397,  421.  Founders 
and  dimensions  of,  434.  Proportion  of  nave, 

• p.  1012.  Shafts,  p.  1023.  -Tower,  p.  1002. 
South  porch,  p.  998.  Cloisters,  p.  1037 
Groined  ceiling  of  ditto,  2023^.  Masons’ 
marks  at,  3226 

Glover,  Moses ; architect,  442 
Gloves ; to  workmen,  317.  Thatcher’s 
2211s 

G1  e,  2l25rf 
Glued  work,  2175 

Glueing-up  work  in  joinery,  2193 — 2208 
Gmunden,  Heinrich  von  ; architect,  620 
Gneiss,  1669 

Godstone,  Surrey  ; house  corridor,  440 
Going  of  stairs,  *2179 
Gold  leaf,  2277a.  Paint,  22776 
Gombao,  Gabriel ; architect,  598 
Gondouin,  Jean  Jacques  ; architect,  363 
Gontard,  Karl  von  ; architect,  366 
Gores  of  boards  for  covering  domes,  groins, 
&c.,  2068—2078 

Gorges,  Sir  Thomas  ; house  for,  440 
Gorhambury  house,  Hertfordshire,  446 
Gosfield  hall,  Essex,  426 
Gothic  arch ; history  of,  294  et  seq.  In 
masonry,  to  draw  and  find  the  joints,  1938 
et  seq. 

architecture,  294,  3076,  530 — 627, 

p.  964  et  seq.  See  “ Pointed  Architecture.” 
Details  more  than  principles  have  occupied 
attention,  1583c.  Style  for  houses,  527 

•  dome,  1499o 

vaulting,  2002(i  et  seq. 

Gouge,  2113.  Bit,  2107 
Gougeon,  Jean  ; sculptor,  358 
Gowns  or  robes  to  workmen,  317 
Goyers,  M. ; architect,  28966 
Gradus ; of  the  Roman  theatre,  226,  227 
Grafton,  duke  of ; house  for,  in  Piccadilly, 
5 1 6 

Graining,  2276 

Granada  ; church,  368.  Palace,  ib. 

Granby  church,  Notts.,  1908a 
Granite,  1668  et  seq.  Constituent  parts  of, 
1669.  Not  decomposed  by  acids,  1670. 
Varieties  ; English,  1671.  Scottish,  1671<7. 
Irish,  1671j.  For  pa\nng,  1672.  VVeights 
of,  1672c.  Crushing  weight  of,  1500, 1502, 
15026.  Working  of,  19156 

in  Spanish  churches,  585.  In  Normandy, 

1666o 

paper ; to  manufacture,  2278 

Granitic  Breccia  stone,  1903o,  1905c.  Paint, 
2273.0 

Granolithic  stone,  1905c 
Grantham,  Lincolnshire;  church,  408,  421 
Granulated  steel,  1775 
Grass  table,  p.  980. 

Grate,  form  of  ; for  heating,  2279rf  et  seq. 
Grating,  cast  iron  ; in  spec.,  2286a.  To  stable 
yards,  in  spec.,  2286a 
Gratz,  Johann  von  ; architect,  620 
Grauwacke,  1672c 

Gravity  ; centre  of,  1242.  See  “ Centre  of 
gravity.” 

Grease  traps,  2220« 

Grecian  architecture  ; strict  meaning,  as  dis- 
tinguished from  Roman,  134.  No  arches 
used  in,  ib.  Identical  with  columnar  ar- 
chitecture, 133.  In  its  decline,  177.  His- 


GUT 

tory  and  proportion  of,  p.  942.  Orders,  2570 
et  seq.  Style  for  houses,  525 
Grecian  temple  ; origin  of,  139 
Grecians,  early  buildings  of  ; were  palaces  of 
princes,  137.  Described,  ib. 

Greco-Roman  style,  524 
Greek  churches ; distribution  of,  described, 
375 — 377.  Cross,  for  a plan  for,  p.  1006 

marbles,  1676 

mouldings,  268,  2532 

Green  ; arsenical,  2278 
Greenheart  timber,  1728c 
Green  marble  or  serpentine,  1683c 
Greenwich,  Kent ; church,  505.  Hospital, 
2973a  ; interior  of  chapel,  by  Stuart,  516  ; 
roof  of  chapel,  2047.  Palace,  423.  Queen's 
house,  462 

Gregoire,  Mons. ; architect,  550 
Gregory  III.,  pope  ; arts  under,  281 
Greville,  Sir  Fulke  ; house  for  440 
Gre}'  cast  iron,  17656.  Stone  limes,  1843 
Griffith,  W.  P. ; architect,  on  proportion, 

p.  1016 

Grimsthorpe,  Lincolnshire  ; palace,  426 
Grinding  stone  ; bricklayer’s,  1890 
Gritstone;  thatcher’s,  2211s 
Groined  arches  in  brickwork,  1903 

ceilings  of  timber,  202Bg  et  seq. 

vaulting,  1444 — 1446.  Ready  method  of 

equilibrating,  1457,  1458.  Applied  to 
churches  with  naves  and  aisles,  1459 — 
1463.  In  pointed  architecture,  1499c 
Groins,  in  masonry  ; various,  1945  et  seq. 
To  describe  parts  where  the  arches  are  of 
unequal  and  of  equal  heights,  2059,  2060. 
Ribs  for,  2058—2077 
Groove,  2023,  2104,  2171 
Ground;  glass,  2231c.  Rents;  valuation 
of,  p.  1095,  p.  1096,  p.  1097.  Table,  p.  980 
Grounds;  in  joinery,  2166,  2167.  In  spec., 
2285c 

Group  ; of  mouldings,  p.  971 
Grout ; or  liquid  mortar,  1860 
Grouting  ; a cause  of  decay  in  timber,  1746. 
In  spec.,  2282 

Grozing  irons  ; plumber’s,  2212 
Gruenberg  ; church,  567 
Grundy’s  warm  air  grate,  2279cf.  Warming 
apparatus,  2279c 

Guadalajara  ; palace  of  Mendoza,  597 
Guadalupe  ; Hieronymite  monastery,  now  a 
barrack  and  parish  church,  594 
Guards  to  windows,  in  spec.,  2286a 
Guarini,  Camillo;  architect,  365 
Guebwiller  church  ; octagon  steeple,  p.  1004 
Guildford,  Surrey  ; castle,  394,  398 
Guildhall,  London,  414,  523 
Guild  of  masons,  313  et  seq. 

Guiloches,  2817 

Guimaraens  ; Dominican  cloisters,  603.  Nossa 
Senhora  da  Oliveira,  ib. 

Guisborough  priory,  Yorkshire ; mullions,  p. 
991 

Gully  traps,  2220A 
Gumiel,  Pedro  ; architect,  367,  598 
Gundulph,  bishop,  321.  Introduced  ornament 
into  Norman  architecture,  395 
Gun  metal ; strength  of,  1630r 
Gutta-percha,  2223r.  Experiments  on  pipes, 
ib. 

Gutter  ; tiles,  1837.  In  filleting,  2211/ 

boards,  in  spec.,  2285a 

Gutters,  2255.  In  spec.,  2285a,  2286a,  2293/. 
I Of  zinc,  in  spec.,  2294.  Arris  of  deal,  in 
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spec.,  2285A.  • Lead,  in  spec.,  2288  Of 
copper,  2224,  2224a  ’ 

Guy’s  hospital  ; ventilation,  2278w 
Gyddye  hall,  Essex,  440 
Gymnasia  of  the  Greeks  ; parts  of  them  and 
plan,  176 

Gypsum,  1866c.  Used  for  wails  in  Paris 
2249a  et  seq,  ’ 


TT  and  II L hinges,  2258a 
J-L  Hack,  in  brickmaking,  1815 
Hacket  or  Ouguet,  David  ; arcliitect,  604,605 
HacKing  knife  ; glazier’s,  2226 
Haddon  hall,  Derbyshire,  426 
Haden  and  Co.’s  system  of  ventilation  and 
warming,  2278/. 

Hadleigh,  Essex  ; church  beacon,  p.  1002 

Hadrian's  villa  ; walls  at,  1535 

Hal,  or  Halle  ; church  of  Notre  Dame,  559. 

Of  St.  Maurice,  667 
Halberstadt;  cathedral,  569 
Half  paces,  in  stone  stairs,  1929 
Halkin  mountain  lime,  1843c 
Hall:  at  Westminster;  Guildhall,  London ; 
Goodrich  ; Chester  ; Bristol ; 'iV'oodstock  ; 
Eltham  ; Kenilworth  ; Darlington  ; Crosby, 
in  London  ; Durham  ; Conwav  ; Eaby  ; 
Swansea  (2)  ; Castle  hall,  in  Leicester ; 
Spoiforl.h  ; Caerphilly  ; W'arwick  ; May- 
field  ; Berkeley,  414 

Halle,  or  hall  of  companies  ; at  Ypres,  561. 
Bruges,  ib.  Louvain,  ib.  Diest,  ib.  Ghent, 
ib.  Hala  at  Barcelona,  595 
Halle  an  der  Saale  ; church  of  St.  Mary,  583 
Halle  aux  bleds',  ai  Paris  ; roof,  2051 
Hallmann,  Anton  ; architect,  377 
Halnacre,  Suffolk,  428 
Ham  Hill  stone  ; its  analysis,  &c.,  1666 
Hamelin’s  cement,  1865 
Hamilton  palace,  Scotland,  1683 
Hammer;  bricklayer’s,  1890.  Plumber’s,  2212. 
Slater’s,  2209 

■ beam  roofs  ; Gothic,  p.  987, 2052/,  2052/, 

2052/ft,  2052s.  In  spec.,  2285a 

blocked,  to  granite,  1915c 

Hampton  Court,  Herefordshire,  423 
Hami)ton  Court,  Middlesex;  palace,  426, 1683, 
1908a.  Roof,  2052/.  Gateway,  427 
Handlinch  house,  Wiltshire;  portico,  516 
Handpick  ; slater’s,  2209 
Handrail,  2176,  2187  et  seq.  In  spec.,  2285c/. 
Of  glass,  2231a 

Hanging  sashes,  2165a.  Tiles,  19075 

Han  well.  District  schools  infirmary,  2976c 

Hardening  steel,  1776 

Hardwick,  Philip,  R.A. ; architect,  1666c/ 

Hardwick  hall,  Derbyshire,  446 

Hare,  A. ; architect,  561 

Hare-hill  stone,  1667cc 

Harewood,  lord  ; house  for,  514 

Harlaxton  hall,  Lincolnshire,  426 

Harlech  castle,  Merionethshire,  402 

Harmony  in  architecture,  2509 

Hart,  Sir  Percival ; house  for,  440 

Hart’s  ventilator,  2278o 

Harwich  cement,  1863 

Haselwode  stone,  p.  1045 

Haseridge,  Sir  William  ; house  for,  440 

Hassock  ; in  ragstone,  1666/,  1922c 

Hatched  ornament,  397 

Hatchet ; joiner’s,  2117 

Hatfield,  Hertfordshire  ; house,  445,  451, 452 

Hatfield  lodge ; plan  for,  440 


HIP 


riatton,  i.ord  Chancellor  ; house  f..r,  440 
Haunch  of  an  arch  ; to  fill  up.  Uy; 
Ilawarden  cast'c,  Flintshire,  398 
Hawk ; plasterer’s,  2234 
nawkhutst  chirch,  Kent;  east  window,  p. 

Hawkins,  John  S. ; amateur  writer,  p.  1012 
Hawksley  s patent  treads,  2180 
Hawksmoor,  Nicholas;  architect, 499 
Hay  and  moss  for  setting  tiles,  1906 
Hayrack  ; in  spec.,  22855 
Head  of  iron;  in  casting,  22655 
Header  ; bricks,  1894.  Slates,  2211c 
Health:  cubic  feet  allowed;  for  hospital, 
zJroa  et  seq.  For  infirmaries,  2976<i  et 
seq.  Generally,  p.  1226.  Conditions  of  a 
house,  3027  et  seq. 

Heart  wood  ; densest  and  stronge-t,  1028'a 
Hearths;  in  spec,  2282a.  Back,  in  spec., 
22o4a 


Heating,  2279  etseq.  Insecuritv  of  apparatus, 
2279p.  In  spec..  22826 
Hecke,  Van  ; ventilation,  22785,  2278z 
Heckington,  Lincolnshire;  church,  421. 
Tower  and  spire,  p.  1001.  Mouldings  of 
doorway,  1020 

Heckler,  Johann  Georg  ; architect,  570 
Heddon  stone  ; its  analysis,  1666 
Hedgerley  bricks,  1826 
Hedingham  castle,  Essex,  394,  398 
Hegge  marble,  2002a 

Height  of  columns,  2543  et  seq.  Of  buildings, 
use  of  square  and  triangles,  p.  1015,  p.  1016 
Heilbronn  ; chuivh  of  St.  Kilian,  583 
Heinzelmann.  Conrad  ; architect,  579,  580 
Hempstead  Marshall,  Berkshire ; house  at, 
465 


Heneage,  Sir  Thomas ; house  for,  440 
Hengrave  hall,  Suffolk, 426 
Henry  HI. ; many  religious  buildings  founded 
in  his  reign, 40i 

Heuszlmann,  Dr.  E. ; architect,  on  proportion, 
p.  1017 

Heraclidae  ; colonies  of,  p.  943 
Herbert,  Henry,  earl  of  Pembroke  ; amateur 
architect,  bOS 

Hercules  ; temple  at  Agrigentum,  p.  946 
Hei-eford ; cathedral,  398,  421.  Founders 
and  dimensions  of,  434 
Hermogenes;  architect,  p.  951 
Herodes  Atticus ; his  munificence  in  archi- 
tectural expenditure,  193 
Herrera,  Giovanni  de;  architect,  371 
Hever  cas'le,  Kent,  425 
Hexastyle  ; temples,  2528  et  seq.  Porticoes, 
p.  944  et  seq. 

Hexham,  Northumberland  ; cathedral,  385 
Hexpartite  vaulting,  1499/' 

Hieroglyphics ; in  Egyptian  architwture,  86 
Ilieronvmite  monastery ; at  Lupiana,  592. 
At  Guadalupe,  594.  Segovia,  596.  Of  La 
Pena  at  Cintra,  6tt7 

Iligham  Ferrars  Northamptonshire  ; church, 
408,  421.  Roof,  2052o.  I’orch,  p.  998 
Highgate,  Middlesex;  house  at,  440 
High-pitched  roof ; adopted  from  vaulUng, 
2052/ 

High-pressure  water  supply,  22185  et  seq. 

Ilifl  hall,  Essex,  426 


ngeing.  2149  e/ SC7.  _ 

nges,  different  sorts,  2258  et  seq.  In  spec., 

2285/ and  7,  2286a 

ome,  Francis;  »rchite<‘t,  514 

p rafter,  2009,  2035a.  Tiles,  1836 


1416 


INDEX. 


HIP 

Hips,  to  find  back  of,  2054.  Lead,  in  spec., 
2288 

Hitchin’s  fibrous  slab,  22465 
Hoarding;  in  spec.,  2281  e 
Hud  and  Board ; slater’s,  2209.  Bricklayer’s, 
1890 

Hodgkinson’s  form  of  girder,  1628y,  1629A 
Hoefiich,  Claus  ; architect,  580 
Hoffmann,  Nikolaus  ; architect,  583 
Hoffstadt,  F. ; architect,  on  proportion,  p. 
1020 

Holbeach,  Lincolnshire  ; church,  21455 
Holbein,  Hans  ; painter  and  architect,  427 
Holdenby,  Northamptonshire;  banqueting 
house,  410 

Holkham,  Norfolk;  house,  511,  2822,  2997 
Holland,  Henry  ; architect,  524 
Holland  house,  Kensington ; for  Sir  Walter 
Coap  or  Cope,  440,  452 
Hollincctou  stone,  1666o 
Hollow  bricks,  1830,  1831c.  In  mortar, 
19005.  In  partitions  and  arches,  19025, 
1903i 

cement  blocks,  1902J 

moulding,  2532^  p,  970,  p.  973 

walls,  1902c  et  seq.,  3029.  In  spec.,  2282c 

Holt,  Sir  Thomas  ; ground-plan  for,  440 

Thomas  ; architect,  443 

Holyrood  chapel,  Edinburgh,  431 
Homan  and  Rodgers’  fireproof  floor,  1903o 
Homan's  quartz,  &c.  paving,  1905c 
Homogeneous  metal,  1773.  Strength  of, 
1630/- 

Hone,  Kent ; church  windows,  p.  1030 
Honecorf,  VV'ilars  de  ; architect  of  13lh  cen- 
tur}%  p.  969,  1008 

Honey  man's  diaphragm  ventilator,  2278r 
Hontleur  ; ('hurch  of  Ste.  Catherine,  547 
Hontanon.  Nee  “ Gil  de  Hontanou  ” 

Hood  mouldings,  p.  981  et  seq. 

Hoogstraeten  ; brick  church,  560 
Hoop-iron  ; weight  of,  2254.  Bond,  1899a. 

Cramps  for  hollow  walls,  1902e 
Hope,  H.  T. ; house  of,  in  Piccadilly,  1666r 
Hopper  casements  ; in  spec.,  2286a.  Water- 
closets,  2220c.  Ventilator,  2278» 

Hopton  Wood  stone,  1666i,  16775 
Horizontal  courses  to  vaults,  1925d,  2C02/, 
2838 

Hornblende;  granite,  1669,  1671/ 

Horse  Guards,  London,  511 
Horseheath  house,  Cambridgeshire,  465 
Horsemonden,  Kent ; church  porch,  p.  985 
Horse-power,  1346. 

Horticultural  Society,  London  ; roofs,  2052 
Hospital  church  at  Cues,  579 
of  La  Byloque  at  Ghent,  557.  At  San- 
tiago, 598.  Of  San  Giovanni  Battista, 
near  Toledo,  370.  At  Vercelli,  611.  At 
Angers,  vaulting,  1499p^ 

Hospitals,  2973  et  seq.  Examples  at  Milan, 

2974.  Of  Greenwich  and  Chelsea,  2973a. 
La  Koquette  at  Paris,  2974.  At  Bordeaux, 

2975.  Lariboisibre  at  Paris,  i5.,  2278z.  At 
Netley,  2975a.  Hotel  Dieu  at  Paris,  and 
ethers,  29755. 

size  of  wards,  2975c.  Ventilation  of, 

ib.  New  French  hospitals,  22785.  London, 
2278q.  Separation  of  wards,  2975<i.  St. 
Thomas’s  hospital,  London,  2975c ; its 
warming  and  ventilating  arrangements, 
2'd'lhg.  St.  George’s  hospital,  2218k.  Cir- 
cular, 29755.  For  villages,  29755.  Con- 
valescent, 29755  Imbecile,  2975»i 


HYD 

Ilospitium  of  a Roman  house,  251 
Hot-air  flues  or  channels,  2279e,  In  America, 
2279^.  In  spec.,  22825. 

Hot  blast,  1758.  Iron,  strength  of,  1628/  et 
seq.,  1630r 

Hot  water ; low-pressure  system,  22795, 
22795.  High  pressure,  2279i.  Cistern, 
2223q 

Hotel;  des  Ambassadeurs  at  Dijon,  548.  De 
Bourgtheroulcle,  at  Rouen,  550,  551,  552. 
De  Ciuny,  Paris,  548.  Du  Franc,  Bruges, 
563.  Des  Invalides,  Paris,  359 
Hotel  de  Ville  ; St.  Quentin,  548,  550.  Com- 
piegne,  549.  Orleans,  548.  St.  Omer, 
645.  Alost,  562.  Bruges,  ib,  Bruxelles, 
ib.  Louvain,  ib.  Mons,  ib.  Ghent,  ib. 
Audenaerde,  ib.  Courtrai,  ib.  Leau,  ib, 
Casa  de  Ayuntamiento  at  Palencia,  596. 
Valladolid,  ib. 

Hou,  of  the  Chinese,  106 

Houghton,  Durham  ; church,  proportion  of, 

p.  1012 

hall,  Norfolk ; water-house,  508 

House  ; of  the  Forest  of  Lebanon,  53 
House  of  Commons  ; Reid’s  system  of  venti- 
lation, 2278g 

Houses,  first ; according  to  Vitruvius,  5. 
First,  of  the  Egyptians,  Peruvians,  ib. 
Present,  of  the  Abi  ssinians,  ib.  In  the 
East,  consisting  of  more  than  a single 
story,  140.  'I'errace  on  the  tops  of  them, 
ib.  Designed  by  John  Thorpe,  440. 
Private,  2994.  Supply  of  water  to,  2223/. 
Sanitary  aspect  of  construction,  3027  et  seq. 

of  Parliament;  London,  527.  River 

wall,  16715.  Roofs,  1796.  Stones  used  in 
building,  1666.  In  Dublin,  526 
Household  of  the  King,  319 
Housing;  of  principal  rafters,  2033.,  Of 
steps,  in  spec.,  2285c 

Howard  ; Henry,  earl  of  Northampton  ; house 
built  for,  442 

Howarth’s  screw  ventilator,  2278g 
Howden,  Yorkshire  ; conventual  church,  407, 
421,  p.  971  et  seq. 

Hubbuck’s  zinc  white,  2272c 
Huddlestone  stone,  1681c,  p.  1045.  Analvsis, 
1666 

Huerta,  Juan  de  ; sculptor,  548 
Huesca ; cathedral,  598.  Doors,  2145c. 
Church,  591 

Hugo  de  G(ddclif ; master  mason,  312 
Hull,  Yorkshire ; bricks  used  early  at,  416 
Hiiltz  or  Hiltz,  John,  senior  and  junior  ; 
architects,  305,  570 

Human  figure ; proportions  of,  2394.  Ac- 
tions of,  2396  et  seq.  Centre  of  gravity  of, 
ib.  Motion  of,  2397.  In  running,  2398. 
In  preparing  to  strike,  2399.  In  bearing  a 
W'eight,  2400.  In  leaping,  2401.  In  lean- 
ing, 2402.  In  flying  and  falling,  2403, 
Drawing,  2383d 
Hundred  of  lime,  2308 
Hunsdon  house,  Hertfordshire,  426,  446 
Huppeau;  church  spire,  p.  1000 
Hurlers,  the  ; circle  of  stones  in  Cornwall,  16 
Hurstmonceaux,  Sussex  ; house,  423 
Hur wood’s  window,  2278o 
Hutchinson’s  process  for  preserving  stone, 
1667m 

Huy  ; church  of  Notre  Dame,  558 
Hyatt’s  patent  sheets  for  floors,  1903r 
Hydraulic ; concrete,  1862rf.  Lift,  2223». 
Limes,  1843</.  Mortar,  1859/.  Ram,  2219 
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Hygeian  rock  composition,  1886 
Hypaethral  temple,  at  Paestum,  149 
Hyperbola,  1083—1094 
Hypnerotomacbia  ; or  Songe  de  Poliphile,  a 
work  so  called,  by  F.  Colontia,  326 
Hypo-nitro  kali,  2276c 
Hythe  church,  Kent ; columns,  1681A. 


TBAKRA,  Pedro  de  ; architect,  597 
J-  Ichnographia,  of  Vitruvius,  p.  971 
Ictinus  ; architect,  p.  901 
Jffley,  Oxfordshire;  parochial  church,  398 
Ilissus ; Ionic  temple  on  the,  163,  p.  951 
lllescas  ; church  and  monastery  of  San  Do- 
miuico  di  Silos,  369.  Palace  of  San  lldc- 
fonso,  372 

Imbecile  asylum,  2975m 
Imitation  in  German  churches,  568 
Imitations  in  painting,  2276 
Imitative  Gotliic,  p.  965 
Impact  or  collision,  1628c,  1630o.  To  beams 
1628c,  1630O.  To  stone,  1502p  ’ 

Impliivium  of  a Roman  house,  247 
Impost  level,  2002c? 

Imposts  and  archivolts  of  arcades,  2632 
Impulse  of  the  wind,  1592a  et  seg.,  1667/ 

Inch  tool ; mason's,  1910 
Incised  plaster  work,  2245a 
Inclination  of  roofs  in  various  climates.  2027 
—2030 


Inclined;  tower,  598.  Plane,  1293—1306. 

Timbers.  1622.  Beam,  1628?,  1629y. 
Indestructible  paint,  2273i 
Indian  architecture  ; similarity  of,  to  Persc- 
politan,  55.  Sir  \V.  Jones’s  opinion  on,  ib. 
Induction  ; system  of  ventilation,  2278m 
Induration;  of  stone,  1667rt,  1667r 
Industrial  classes;  town  dwellings  for,  3012 
et  seq. 

Infirmaries;  definition,  2976.  Workhouse, 
2976a.  Requirements  of  Local  Board, 
29765.  Of  the  schools,  at  Ilanwell,  2976c. 
At  Blackburn,  2976c? 

Ingegneri ; in  Italy,  619,  620 
Ingelramme  ; architect,  516 
Ingeniator,  312,  319 
Ingoldstadt ; church  of  St.  Mary,  579 
Ingot  copper,  1788a 
Inlaying  of  furniture,  2173c 
Inlet  brackets  for  ventilation,  227Ss 
Insecurity  of  heating  apparatuses,  2279/j 
Inside  bead  of  sash  frames,  2147.  Linings  of 
sash  frames,  2147 

Inspection  chamber  to  drains,  1888?. 

Insula  ; in  Roman  architecture,  253 
Interaxal  divisions  ; in  a design,  2852.  Pre- 
vent false  bearings,  2843.  Applied  to  the 
Villa  Capra,  ib.  Great  use  in,  2844.  Used 
by  Gothic  architects,  2.845.  Obligations  to 
Durand  for  introduction  of,  2846.  Number 
of,  in  different  apartments,  2848.  Columns 
of,  how  arranged  in  apartments,  2849. 
Applied  in  designing  churches,  2875 
Interceptor  to  drain,  1888?,  2220? 
Intercolumniation ; different  species  of, 
2605.  Of  the  Doric  order,  ib.  Of  the 
Tuscan  order,  2606.  Of  the  Ionic  order, 
2607.  Of  the  Corinthian  order,  2608. 
Vignola’s  practice,  2610.  Cases  of  wide, 
2613.  To  be  of  equal  width,  2614—2616 
Interest ; calculation  of,  p.  1101  et  seg.  So- 
lution of  problems  in,  p.  1102 
Interior  cements,  2251c?  et  seg. 


MI7 


ISA 


r iH'autv  of,  2501.  2o«b 

Interpenetration,  578.  Of  inouldiii -s  n 971 

Intertieof  a partition,  2025  « * I* 

Intrados  ; of  a Gothic  arch,  192.5d 

’ infoundatioms,  im.  In  spec., 

Iona  marble.s,  1682 
Ionia;  colonies  in,  p.  950 

Vius'm’  Vitni. 

VIUS,  140.  Of  the  ( i reeks  ; hei  dit  of  itn 
columns,  154.  Kntablature,  ?5.  Ba.sos  1.56 

irS'Tl-  ‘■•'"""it'''*-  “»'•  In  tl,c  temple 

the  llissu-s  ib.  ; Table  of  ius  parts,  ib. 

‘I’?  Romans,  260.  Tabic  of  ex- 
amples, lb.  General  proportion,  261.  Pro- 
portions, p.  950  et  seg.  • i ro- 

of  the  Italians,  2573  et  seg.  A'iirnolVs 

l-art”/;  of. 

1 arts  of  to  a larger  scale,  2575.  Volutea 

of,_descnbed,  p76  Profile  of,  by  V 

9^-0*  ^ 

Intercolumnia- 


Ipsambool,  92.  166.  Temple,  71 
Ipswich,  Suffolk  ; college,  426 
Irish  ; a colony  of  fhe  first  race  of  people  1 1 
- granites,  167 ly  et  seg.  Marbles,  ToKl 
et  seq.^^  Slates,  1806.  Towers,  p,  1003 
Iron,  1754  et  seg.  Species  of  ore,  1755. 
Mode  of  smelting.  1756—1759.  Bar  iron. 
l.'OO,  1/61.  IMalleable  iron,  172  J et  ng. 
Observations  on  iron,  1764— 1766.  Fibrous 
and  crystalline  irons,  1761/>.  Plate  in.ii, 
1764/  Cast  iron,  1764  et  seg.  .Security 
for  supporting  u'eight,  1768.  Soft  grev, 
best  sort,  1765.  Test  of  goo<lness  of  ca-t, 
1767.  Corrosion,  1779.  Gj.lvanizing,  17S(l5 
\\  eight  of  1 foot  cube  of  bar  iron, 
2254 ; ( f wrought  iron,  ib. ; of  cast  iron, 
ib. ; of  1 foot  iri  length  of  square  iron,  ib.; 
of  round  iron,  ib. ; of  close  hammered /«? 
bar  iron,  ib. ; and  of  fl  it  east  iron,  ib.  In 
stonework  ; decay  of,  j).  1004 

bark  wood,  1728d 

cast  and  wrought  ; strains  on  beams, 

girders,  and  pillars,  1628  et  seg.  Crii.sliing 
•weight,  1630.  Qualities  of,  lor  castings, 
2205a.  Weights  of  varieties,  22.5-la.  226.5// 

construction  in  rear  of  Marchou>e  for 

light,  2255// 

drains,  1888a 

joists  and  girders,  1628j:  tt  seg.  Sj>ecial 

lengths,  &c.,  1629/ 

, sulphate  of,  1752.  Oxide  of,  »7*.  Pvro- 

lignite,  1752a.  Paints  fur,  22735  et  teg. 
Minium  paint,  227.3// 

Iron  spire,  p.  1005  ; and  roof,  at  Cologne,  571 

■ stairs,  2255.  Doors.  225'c.  Colnmn-*, 

2255.  Shop  fronts,  225./.  Wine  bin-',  2'155g 

ties  in  Italian  Gothic,  609 

wire,  1 779//.  Cords,  2260 

In  nmonger,  2255r ; in  spec.,  2286.  To  joiner's 
work,  in  spec.,  228./ 

Irons  ; use  of  the  word,  1628c 
Ironwork  ; how  preserved  from  action  />f 
moisture,  1779,  2263a,  22735  c/ *c<y.  1 reatrd 
(iecorativelv,  22555,  2264.  Fixing,  in  .q»«*c., 
229.3/ 

Irthlingborough,  Warwickshire  ; church  win- 
dow,  p.  988 

Isacoustie  curve  ; for  a lecture  room,  2598— 
2962 
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Isle  of  Man  marbles.  1681 
Issoire  ; doorway,  539 

Italian  ; architecture,  323  et  seq.  Gothic,  616. 
Tiles,  1835 

Italy,  pointed  architecture  of,  608,  p.  1049 
Itchenor,  Sussex  ; proportion  of  church,  p. 
1018 

Iturriza,  Pascunl ; architect,  p.  1019 
Ivan  IV.,  of  Kussia,  emperor  ; patron  of  the 
arts,  375 

Ivan  Veliki  ; clock  tower  in  Moscow,  375 
Ivara,  Filippo.  See  “Juvara” 


TACK  plane;  plumber’s,  2212 
Jack  rafters,  2035a 
Jacobus ; architect,  612 
Jacopo  da  Campione  ; architect,  619 
Jacopo  or  Lapo  ; architect,  613 
James,  John  ; ar.  hitect,  505 
Jammet,  Mons.  ; design  for  house  at  Paris,  440 
Jansen,  Bernard;  architect,  442 
Jarmin’s  house,  St.,  near  Paris,  440 
Jedburgh  abbey,  Koxburghshire,  431 
Jedding  axe,  1913 

Jennings;  at  St.  Paul’s  cathedral,  469 
Jerusalem;  temple  of,  constructed  by  Solo- 
mon ; notion  of,  by  Villalpanda,  62.  Church 
of  Holy  Sepulchre,  305.  Mosque  of  Calif 
Walid,  306 
Jib  door,  2130 

Jimon,  at  Seville  ; architect,  595 
Jobbing  work  ; in  spec.,  2284c.  By  carpenter 
and  joiner,  in  spec.,  2285i 
Jotfred,  abbot ; of  Croyland,  392 
Joggles;  in  carpentry,  2009.  In  stone  stairs, 
1927  et  seq. 

Joggling,  1925e  et  seq. 

Johann  ; architect,  681 

John,  king  of  Portugal ; chapel  at  Batalha,  604 
John  VI , pope  ; arts  under,  281 
John  of  Gaunt’s  gateway  at  Lancaster  castle, 
416 

John  of  Padua  and  his  followers,  425  et  seq. 
John’s  stucco  wash,  cement,  and  paint, 
1866a 

Joiner’s  work  and  mode  of  measuring,  2351 
et  seq.  In  spec.,  2285  ; 2293c.  Of  med'awal 
period,  2125  et  seq.  Tools  used  in,  2102 — 
2124.  Mouldings,  2126—2129.  Wood  used 
for,  2124.  Machinery  in,  2124a.  Formation 
of  bodies  by  joining  with  glue,  2193 — 2208. 
Joinery,  2100  et  seq. 

Jointer  ; bricklayer’s,  1890,  1900c 
Jointing  rule;  bricklayer’s,  1890 
Joints,  embossed  or  hollowed,  1499.  Fasten- 
ings to  iron,  1631;^.  In  drain  pipes,  1888a. 
To  lead  pipes,  2223o.  Of  mortar,  1900.  In 
brickwork,  1900c.  In  stonework,  in  spec., 
2284(7.  In  carpentry,  see  “ Scarfing.”  See 
“ Glue  ” 

Joists,  2014  et  seq.  Spacing  of,  in  spec., 
2285.  See  “ Ceiling,”  “ Binding,”  “ Bridg- 
ing,” “ Trimming,”  “ Common,”  &c. 

Jones,  Inigo;  architect,  319,  335,  440,  454 
— 464,  425.  Door  bv,  2743.  Window  by, 
2770 

Jordan’s  wood  and  stone  carving  machine, 
2124(7 

Julian,  pope;  patronised  architecture,  and 
extent  of  his  patronage,  203 
J lino  ; temple  at  Samos,  153.  At  Agrigentum, 
p.  946 

Jupiter;  temple  at  Olympia,  141 


KIR 

Jupiter  Panhellenius ; temple  at  Egina,  146, 
p.  943 

Stator  (noAV  the  temple  of  the  Dios- 

cmi)  ; temple  at  Rome,  208,  262 

T»  nans  (now  the  temple  of  Vespasian)  ; 

tfmple  at  Rome,  209,  262 
J ustin,  emperor ; architecture  under,  272 
Ju-tinian,  emperor  ; architecture  under,  272. 
His  architects,  Anthemius  and  Itidorus,  ib. 
Restored  Byzantine  palace,  ib.  Fortifica- 
tions in  Europe  and  Asia,  ib. 

Juvara,  or  Ivara,  Filippo  ; architect,  372,  623 


KAILAC  V;  temple  of,  at  Ellora,  56 
Kaolin  or  China  clay,  1670a,  167Ja 
Kallkolith  stain,  2276f 
Kaschau  ; church  of  St.  Elizabeth,  572 
Kedlestone  house,  Derbyshire,  617,  2996 
Keene’s  cement,  1866.  Use  of,  2251e.  In 
spec.,  2287 

Keep  ; of  a castle,  394 

Keeper ; of  the  Fabric,  312,  319.  Of  the 
works,  ib. 

Keldermsns.  5'ee  “ Mansdale  ” 

Kelso  abbey,  Roxburghshire,  431 
Kelston  house,  Somersetshire,  446 
Kenilworth  castle,  Warwickshire,  398,  414, 
423,  438,446 

Kenninghall,  Norfolk  ; mansitm,  423 
Kennington,  Surrey  ; palace,  423 
Ke.non  disconnecting  trap,  2255 
Ken.sington,  Middlesex  ; p lace,  1683 
Kent,  William  ; architect,  611,  17275.  Win- 
dow by,  2772 

Kentish  rag  stone,  1663s  et  seq.,  1922c  et  seq. 
In  spec.,  2284 

Kenton  stone,  analysis,  1666 
Kerb  ; see  Curb  ” 

Kerby,  Northamptonshire  ; house,  440 
Kerr,  Robert,  architect  ; his  work,  The 
English  Gentleman'' s House,  3001 
Kerrich,  Mr.  ; on  proportion,  p.  1013,  p.  1014 
Ketton  stone,  1666s.  Analysis,  16o6 
Kew,  Middlesex  ; palace,  527 
Key  ham  dock  yard,  granite  used  at,  1671a 
Keys  and  wedges,  1631m 

to  bib-cocks,  2223s 

Keystone ; diminution  of  arch,  1498.  In 
vaulting,  2002s 

Kiddington,  Oxfordshire ; church,  roof  of 
south  chapel,  205 2o 

Kief ; church  built  at,  in  the  time  of  Vladimir, 
375.  Convent  of  Petchorsky,  ib.  Of  St. 
George  and  St.  Irene,  ib. 

Kilkenny  ; cathedral,  windows,  p.  988.  Black 
abbev,  tower,  p.  1003.  Franciscan  church, 
ib  Round  tower,  1499(t; 

Killing  knots ; in  painting,  2268.  In  spec., 
2290 

Kiln-burnt  bricks,  1817 
Kilns;  in  brick-burning,  1817, 1819.  In  lime- 
burning, 1846 

Kimbolton,  Huntingdonshire ; palace,  426 
King,  bishop  ; at  Bath,  p.  1052 
King  closer  ; in  brickwork,  1896 

post,  2031.  Roof,  2035a,  2052(7 

King’s  College,  chapel.  See  “Cambridge” 
King’s  College,  London,  520 
King’s  Langley,  Herts ; palace,  426 
Kirby  or  Kerby,  house,  440 
Kirchheim-im-Ries  ; church,  572 
Kirkaldy  testing  machinery,  22665 
Kirkharn,  Yorkshire ; conventual  church,  421 
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Kirkstall,  Yorkshire ; conventual  churcli, 

421 

Kitchen  ; at  Alcoha9a,  602.  Vaulting, 

gas  in,  2264t 

Kitchener,  in  spec.,  2286a 
Kit’s  Coty  house,  near  Rochester,  2o 
Knapton,  Norfolk ; church,  2052t.  Roof 
mouldings,  p.  987 
Knife ; thatcher’s,  2211s 
Knob  glass,  1871 

Knobbled  ; in  mason’s  work,  1922<7 
Knocker,  in  spec.,  2286 
Knots  ; in  painting,  to  kill,  2268.  In  spec., 
2290 

Knowle  house,  Kent,  446 
KotXoi/,  or  cavea ; of  the  Greek  theatre,  172 
Kowrie  wood,  1728tf 
Kreglinger,  W. ; architect,  580 
Kuemelke,  Johann  and  Matthias ; architects, 
579 

Kuhlmann’s  process  for  preserving  stone, 
1667A 

Kuttenberg ; church,  567 
Kyan’s  process  for  preparing  timber,  1742, 
1752 

Kylas  or  Kailaca,  at  Ellora,  56 


LAACII  ; abbey  church,  two  apsides,  p. 
* 1007 

Labour  and  materials,  2343 

Labourers’  dwelling.-*,  3012 

Labra  ; of  the  Roman  baths,  235 

Lacing  courses ; in  flint  work,  1 922« 

Laconicum  ; of  the  Roman  baths,  235,  236 

Ladles ; plumber’s,  2212 

Lake  Albano  ; niches  in  buildings  at,  2775 

Lady  ; housC  for,  440 

La  Maladrerie  quarnet.,  1666? 

Lambton  hall,  Durham,  52o 
Lamego;  cathedral,  603 
Laminated  ribs  ; in  roof,  20525 
Lancaster  ; ‘castle,  398.  John  of  Gaunt’s  gate- 
way at,  416.  Stalls,  p.  985 
Lancet-headed  windows,  p.  988 
Lancet  style  ; origin  of  the  term,  405.  Pro- 
portion of,  p.  1023 
Landau  ; church,  580 

Landings ; in  stone  stairs,  1929.  Of  slate, 
22115.  In  Avood  stairs,  in  spec.,  2285«Z 
Lanercost,  Cumberland  ; conventual  church, 
407 

Langeberg,  Johann  von  ; architect,  577 
Langhans,  Carl  Gotthard  ; architect,  366 
Langrune  ; church  spire,  p.  1000,  p.  1004 
Lansdowne  house,  Berkeley  square,  517 
Lantern  ; at  Ely,  p.  1001 
Laon  ; cathedral,  540.  Church  of  St.  Martin, 
534,  545 

Lap  ; of  a slate,  2210 

Lapo  or  Jacopo  ; architect,  303a,  365 

Lapo,  Arnolfo  di ; architect,  323^ 

Lararium  ; of  a Roman  house,  253 
Larch,  1717 

Larder  fittings  ; in  spec.,  2285A 
Larke,  T. ; surveyor,  p.  1035 
Lascelles’  concrete  construction,  1903x 
L’Assant ; church  of  St.  Pierre,  534 
Lastringham,  Yorkshire  ; capital,  390 
Latches  ; different  sorts,  2262 
Lath;  for  tiling,  2301,  2302.  Plasterers; 
diffVrent  sorts,  2238.  In  spac.,  228^.  In 
slating,  22105.  Quantity  per  square,  2248, 
2301 


Lie 

Lathing  22.38.  Tu  inside  of  rouf,  in  spec.,  22X7. 

U ire  hit  lung,  297  b/.  ' 1 » 

— hammer  ; tiler’s  1908  Staff;  -iler’s,  ib. 
Ijath  laved  or  plastered  and  set,  2211 
Latin  cro's  ; for  a plan,  p.  1006 
Latomus;  a ma^on,  312 
Latterkin ; glazier’s,  2228 

Laughton-en-le-.Morthea,  Yorkshire  ; church 

toAver,  p.  1002 

Launceston,  Cornwall ; castD,  .398 
Laundry;  in  industrial  dwellings,  3019,  .3025. 

rittings,  in  spec.,  228.55 
Lavatio,  frigida  etcalida  ; of  theGreek  gvm- 
nasium,  175 

Lavatories,  2223/.  In  industrijil  dwellings. 

3018, 3025  * 

Lavenham,  Suffolk;  parochial  church,  421. 

Screen,  p.  986.  Hoof  mouldings,  p.  987 
Laves’s  girder,  1630c,  202 bi 
Lavoute-Chilhac,  in  France;  gates,  2145c 
Layens,  MatthcAv  de  ; architect,  562 
Layer  Marney,  Essex  ; hall,  426,  1908#/ 
Layers  in  timber  ; as  regards  strength,  1628/c 
La\  ing  ; in  plasterer’s  work,  2239 
Lazzari,  Donato.  See  “ Bramante  ” 

Lead,  1781  et  seq.  Specific  gravity,  Ac.,  1781, 
Not  altered  by  exp  sure  to  air’  and  water, 
1782.  Cast  and  milled,  178.3,  1781.  Danger 
of  using  AA-ater  with  it,  1785.  Marine  metal, 
1786.  See  “ Plumberv.”  Strength,  1630r. 
Sheet ; thickness  of.  22 boa.  In  sjiec.,  2288. 
Weight  of,  221.00,  221.55.  For  cramps,  in 
spec.,  2284r/.  Old  or  Avast e,  2216.  Pipes, 
22235.  Traps  in  pipes,  22R5 

colours,  2272<i 

coA’ering,  2216 

Leads  used  in  glazing,  2228,  2229a 
Leadwork  ; in  glazing,  2227 

to  roof ; in  spec.,  2288.  Ornamental, 

2217 

Leaf  of  a lead,  2229a 
Lean-to  roofs,  2052;/i,  2052/j,  2052r,  614 
Lear  boards,  2285a 
Leaseholds;  A'aluation  of,  p.  1097 
Leases  held  on  lives  ; valuation  of,  p.  1097 
Leau  ; church  of  St.  Leonard,  557 
Lebrun,  M, ; his  analysis  of  loads  and  weights 
of  an  order,  2524.  Theory  as  respects  ar- 
cades, 2618, 2619 

Le^a  do  Balio  ; fortified  tower  and  church, 
603 

Ledgement  tables,  p.  980 
Lee  prior\',  Kent,  528 

Leicester';  Roman  Avail,  382.  Church  of  St. 

Martin  ; roof,  2052n 
Le  Mercier,  Jacques  ; architret,  .350 
Leo  the  Isaurian  ; destroys  statues,  272 
Leon  ; cathedral,  588,  589,  20025 
Leou  ; in  Chinese  architecture,  described,  100 
Lerida ; cathedral,  588 
Le  Koulet ; church,  535 
Lescot,  Pierre;  architect,  357,  358 
Lethicium,  2276c  , . 

Letters  ; glass,  2231a.  On  412 

Le  Veau,  Louis  ; architect,  3a<,  35J 
Level;  bricklayer’s,  1890_ 

Lever  ; properties  of,  12bo — 1-OJ 

Ltverington,  Cambridgeshire  ; church  p .rch, 
p.  999 

Lichfidd^Staftordshire ; ^ 

ders  and  dimensions,  434.  Omir,  p.  K^. 
Door  to  chapter  house,  p.  9J8.  Base  counx, 
p.  983 
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Liege  ; cathedral  of  St.  Paul,  557,  5C0.  St. 
Croix,  658.  St.  Jacques,  560.  St.  Martin’s, 
ih.  St.  Barthelemi,  ih.  St.  Jean-en-I?le, 
ib.  Episcopal  palace,  563 
Licrne  ribs  in  vaulting,  2002w 
I.ierre  ; church  of  St.  Gommaire,  559 
Life  ; annuity  tables,  p.  1126  et  scq.  Exj:ecta- 
tion  of,  ib. 

Lift ; worked  by  hydraulic,  gas,  steam,  and 
hand  porver,  2223» 

Lifting  shutters,  2148a 

Light;  curve  for  retlection,  1107.  Quantity 
of,  2747.  In  hospit;ds,  29<'5e 

diminution  o',  through  glass,  2226e 

Lighting  ; by  gas,  2264  et  seq.  Comparison  of 
materials,  2264^.  In  spec.,  2293r.  By  elec- 
tricity 2264/ 

Lightning  conductor;  2264>^.  Cords  for,  2260. 

In  spec.,  22865 
Lights  ; leadwork  for,  2227 
Ligorio,  Pirro  ; architect,  345 
Lily  ; in  decoration,  87 
Lime;  1840.  Varieties  of  limej  tone,  181 1 — 
1842.  Dorking  and  Merstham,  1843.  Lias 
formation,  1843a.  Il3’draulic,  1843t/.  Brown 
most  esteemed,  1844.  Measures  of,  2303. 
Effect  on  iron,  1780o.  Best,  that  which 
heats  most  in  slaking,  1848.  Use  of  fresh, 
1849.  Forming  mortar,  1854  et  seq.  Ex- 
amined by  Smeaton,  1850. 

• putt\' joints,  1900a.  Water,  18'.3 

Limehouse,  London  ; church  of  St.  Anne,  499 
Limestone,  1841,  1842.  How  to  anah’se  1845. 

Kilns  for  burning,  1846,  1 847 
Limewhiting,  2273q.  In  spec.,  2287 
Limoges  ; cathedral,  547 
Lincoln ; eartlienware  tile  ]>ipes  found  at, 
222op.  Cathedral,  396,  406,  42 1.  Founders 
and  dimensions  of,  434.  I’roportion  of  nave, 
p.  1016.  Window,  p.  988.  East  window, 
p.  991.  Purbeck  columns,  1681/t.  Cloister, 
groined  ceiling,  2023^.  Chapter-hou.e, 
149955.  Castle,  394,  398 
Lincoln’s  Inn  ; new  hall  and  library,  1666tZ  - 
Lincrusta  ^VaIton,  22775 
Lindisfarne,  Durham  ; church,  388 
Lindsay  & Co.’s  fireproof  floor,  1903/r 
Line  pins  ; bricklayer’s  1890 
Linings  ; to  doors,  in  spec.,  2285c.  To  damp 
walls,  of  slate,  22llq 
Linlithgow  ; church  spire,  p.  1002 
Lintel,  or  beam  of  stone,  &c.,  1502o.  Strength 
of,  1864 1.  Of  concrete,  1903a;.  Methods  of 
joggling,  19255.  To  relieve  weight  over, 
1925/.  Of  wood,  in  spec.,  2285;  of  stone, 
19255 

Lisbon  ; capture  from  the  Moors,  600.  Cathe- 
dral, 603 

Lisieux ; cathedral,  540.  Church  of  St. 
Pierre,  ib. 

Lisseweghe  ; church,  555 
Listel,  or  Annulet,  2532 
Little  Casterton  stone,  1666/> 

Little  Maplestead,  Essex;  round  church,  p. 

976.  Proportion,  p.  1016 
Liverpool,  Lancashire ; cathedral  church,  p. 
197.  Acme  system  of  ventilation  at  puldic 
buildings,  2278«.  St.  George’s  Hall,  227^g. 
Vault,  1903i.  Keid’s  system  of  ventilation, 
227Sg.  Concert  room,  lighting,  2264/ 
Docks,  16715,  1671/ 

Lives  ; tables  of  annuity  on,  p.  1127 
Living  room  ; for  a poor  man,  3014 
Llanphey  court,  Pembrokeshiie ; palace,  413 
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Llanthon\',  Monmouthshire  ; church  398  f' 
Llov'd’s  list  of  timbers,  1728/ 

Load  of  fir  fimber,  2344 

Loads  and  supports  in  an  order  ; equality'  of, 
2524.  Principles  of  proportion  for  the 
orders,  2525  et  seq.  In  tetrastyle,  hexasUde, 
and  oefastyle  temples,  2528.  Concordance 
with  the  laws  given  bv  Vitruvius,  2529. 
Ancient  examples  of,  2531.  Principles 
applied  to  points  of  support,  ib. 

Loam  ; at  ends  of  timber,  1746.  For  mould- 
ing, 2265c 

Lobes,  in  Belgium  ; destroyed  church,  558 
Lobes  of  circulnr  windows,  to  form,  p.  995 
Lobmar,  G.  von  ; master  mason,  577 
Locher,  Lorenz  ; architect,  p.  1009 
Loches  ; castle  chapel,  307.  Church,  535 
Lock  ; different  sorts,  2261.  Furniture, 

2261a 

Lock  rails  of  a door,  2130 
Lodge  or  workshop,  317,  322a 
Logan  or  rocking  stones,  25 
Aoyeioc  ; of  the  Greek  theatre,  172 
Loinazzo,  G.  P. ; painter,  translation  of  his 
work,  438 

Lombard  ; Gothic,  608.  Style,  623 
Lombardi,  the  ; architects,  p.  1013 
Lombard^ ; overrun  Ital\’,  their  civilisation 
and  works,  280 

London;  commission  temp.  James  I.  to  prevent 
building  on  new  foundations,  457.  Build- 
ing stones  used  in,  1666c.  Bridge,  1671e. 
Universit}^  college  librarv,  2192a 

; St.  Paul’s  old  cathedral,  396  ; founders 

and  dimensions,  434  ; repaired,  457  ; spire, 
p.  1001.  New  cathedral,  339,  1499/,  2828  ; 
designs  for,  467  ; ruins  removed,  468  ; fir.-t 
and  last  stones  laid,  469;  description  of, 
470 — 474  ; cost.  475  ; dimemions  compared 
with  St.  Peter’s,  ib.  ; size  compared  with 
three  other  principal  churches  of  Europe, 
476;  defect  in  section  in  comparison,  477  ; 
poin'.s  of  support  and  mechanical  skill, 
478;  its  defects  and  abuses,  479  ; failures  in, 
ib.',  fineviiw  of,  2503;  points  of  support 
of,  1581  ; timbering  of  dome,  2049;  propor- 
tion of,  p.  1065  ; steps,  1681 ; mosaic  work, 
22315 

churches ; Christ  church,  Spitalfields, 

499.  St.  Dunstan’s-in-the-East,  485  ; spire, 
p.  1002.  St.  George’s,  Bioomsbury,  499.  St. 
George’s,  Hanover  Square,  499.  St.  Giles’- 
in-the-Fields,512.  St.  James’, Westminster, 
875,2875.  St.  John’s,  Westminster,  498.  St. 
Martin’s-in-the-F’iclds,  502;  roof  of  do., 
2046  ; spire,  p.  1004.  St.  Luke’s,  Old  Street, 
523.  St.  Leonard’s,  Shoreditch,  ib.  St. 
Mary-le-Bow,  484.  St.  Mary-le- Strand, . 
508.  St.  Mary  Woolnoth,499.  St.  Stephen 
Wal brook,  483.  St.  Olave,  512.  Temple" 
church,  p.  1006 ; 'proportion  of,  1012.  See 
“ Southwark  ” 

See  under  names  herein. 

Londonderry;  docks,  16715 
Longford  castle,  Wiltshire;  440,452 
Longford  hall,  Shropshire  ; 525 
Longleat  house,  W iltshire  ; 446 
Long  Meg  and  her  daughters;  circle  of,  in 
Cumberland,  16 
Looker’s  ventilator,  2278o 
Loriot’s  cement,  18595,  1865 
Lorme,  De  ; See  “ Delorme  ” 

Lorsch  ; convent,  283 
Louis,  V.  ; architect,  2951 
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Louis  XII.,  kin"  of  France;  acquainted  with 
the  arts  of  Italy,  358 

XIV.,  kin"  ; extravagances  of  style 

under  his  reign  reprobated,  2601.  Works 
of  architects  under,  359 
Louth,  Lincolnshire  ; parochial  church,  421. 
Tower,  p.  1002 

Louvain  ; church  of  the  Dominicans,  557.  Of 
the  Grand  Beguinage,  558.  Of  St.  Pierre, 
559.  Hotel  lie  Ville,  562 
Louvre  or  Luffer  ventilators,  2231a.  Board- 
ing, in  spec.,  22856 
Louvres  ; Hotel  Dieu,  540 
Lovelace  marble,  16816 
Lozenge ; ornament,  397.  And  pattern  slating, 
2210^1 

. Lubeck  ; cathedral,  north  porch,  p.  999 
\ Lucarne  windows,  550 
' Lucca;  cathedral,  616.  Houses,  614 
f.  Lucchino  da  Milano;  architect,  623 
‘ Ludlow,  Shropshire;  castle,  394,  398.  Paro- 
chial church,  408,  421 
1 Luedingliausen  ; church,  583 
Luffer.  .See  “ Louvre  boarding  ” 

' Lugo  ; cathedral,  587 

Lullingstone,  Kent  ; design  for,  440 
Luna,  Francisco  de ; architect,  598 
Lunettes,  1955 

Lunghi,  Onnrio  ; architect,  342 
Lupiana;  Hieronymite  monastery  of  San 
Bartolome,  592,  596 
Luxor;  temple  at,  81 

I.uzarche,  Robert  de ; master  mason  at 
Amiens,  303a,  542,  p.  1059 
Lynn,  Norfolk  ; church  of  St.  Nicholas;  door- 
way, p.  998 

Lyon  ; cathedral,  540  ; Bourbon  chapel  therein, 
547.  Church  of  St.  Nizier,  545 
Lysicrates  ; choragic  monument  of,  163 
Lyveden,  Northamptonshire  ; design  for 
house,  440 


MACADAM;  for  paving,  1672 

Machineiy ; in  joiners’  trade,  2124a 
Machuca,  Pedro;  architect,  368 
McKinnel  ventilator,  2278q 
Macleod  s metallic  concrete,  1905^c 
Maderno,  Carlo  ; architect,  336,  338,  341 
Madrid  ; palace,  368,  371 
Madurah  ; choultry  or  inn,  ami  temple,  01 
Maess,  Heinrich  ; architect,  577 
Maestricht ; church  of  St.  Servais,  560 
Magdeburg  ; cathedral  apse,  p.  1007 
Magister  Operura,  319 
Maglione,  Ferrante  ; architect,  01 .3 
Magnetic  oxide  of  iron  paint,  22/ogf 
Mahadeo  ; temple  at  Ellora,  56 
Mahoganv,  1727  et  seq.  Spanidi,  ib.  Hon- 
duras, i727a,  1749a.  African,!/ 2/ 1/.  Doors, 
in  spec.,  2285/  .ao 

Maidstone,  Kent ; parish  church,  408,  421 
Mainz,  J.  von  ; architect,  577 
Maitani,  L.  ; architect,  615 
Malines,  564.  Cathedral,  557.  CImrch  of 
Notre  Dame,  ?6.,  559 

Malleable  iron,  1762,  1764  et  seq.  Cast  iron. 

Mallet ; mason’s,  1900. 

Mallett’s  buckled  iron  plates,  lOudy 

Malm  or  marl  stock,  1820,  1821 

Malmesbury,  Wiltshire;  abbev church,  porch, 
p.  998.  Masons’  marks,  o226 
Man’s  power,  1342 


MAS 


Manchester,  Lancashire  ; college,  4*21.  Ca- 
thedral, dates,  and  founders,  434 
Manchester  grate,  2279// 

Manders’s  distemper,  22716.  Stains,  227  / 
Manger  ; in  spec.,  2285A 
Manorial  houses  ; of  timber,  4.39 
Manresa  ; collegiate  church  of  .St  i Maria  do 
la  Seo,  586,  .'■/J4  Sta  .Maria  del  Carmen,  ib. 
^lans  ; church  of  St.  .Julien,  540 
IMansard,  Jules  Ilardouin  ; architect,  .3.'»9 
Mansard  roof ; ilescribeil,  2035 
Mnnsdaele,  A.  D.  and  R.  van  ; architect.i, 
563 


Mansfield  Woodhousc  stone,  1666//,  lG6Ce. 

Red  Mansfield,  analysis,  1666,  1666z 
ISIansion  house,  London,  523 
jMansions  ; of  the  Tudor  age,  429 
Mantua  ; church  of  Sta  Maria  della  Grazie, 
near,  624 

Marble,  1673  etseq.  External  characters  and 
constituent  parts,  1674.  Burnt  into  quick- 
lime, 1675.  Different  varieties,  modern, 
1676  et  seq.  For  Ancient  marble^,  see 
Glossary.  Weights,  16h3.'/.  Crushing 
■weight,  1500,  1502^.  White  Marble  at 
Idilan,  621.  Hoplon  Wood  stone,  1666i. 
Use  of,  2002aa  et  seq.  Mouldings  for  marble 
work,  2002// 

chimney-piece;  in  spe'*.,  2281// 

mantles  and  beams,  15027 

paper  ; in  spec.,  2291 

tar  pavement,  190H// 

arch,  London,  16776 

hill,  Twickenham,  Middlesex,  608 

Marbling,  2276a 

Marburg,  church  of  St.  Elizabeth,  566,  56<  ; 

apse  of,  p.  1007.  CImrch,  567  ^ 

Jilarcellus  ; theatre  at  Borne,  226,  258 
Marcliione  of  Arezzo  ; architect,  613 
Marco  da  Campione  ; architect,  619 

da  Frisone  ; architect,  619 

Marezzo  imitation  marble,  2250.t» 

Margam  abbey,  Glamorganshire ; bands  to 
shafts,  p.  989 

Iilargaritone,  of  Arezzo  ; architect,  613  __ 
iVIargary’s  patent  for  preparing  timber,  l/ol 
Margins  of  the  xystus,  175 
Marigiild  window,  p.  993 
]\Iarl  stocks,  18’20,  1821^ 

Marlborough  grate,  2279// 

IMarlboroiigli  house,  London,  1683 


larnioraiius,  312 

larquetrv,  217.37 

lars  Ultor;  temple  at  Borne,  210 
larscilles  ; church  of  St.  Victor,  o40,  o4j 
larsh,  — ; architect,  466 
lartinelli,  Domenico  ; nrchiteet,  36a 
lartinez,  .Alfon.so;  architect,  595 
Diego  ; architect,  592 


Oil- II. 


In  spec.,  228/ 

[■ason,  m et  seq.  I" 

[a<onrv,  1909  et  seq.  lools  u.-»/d 
1910  Scientific  operations  of  stone  i uiiing, 

1930'/>/  seq.  Dome  vaulting.  19/6  rt  *-7. 
at  Amiens,  after  Bomnn  inmleLs 

Jasons’ marks  on  st/m^ 

Inson  s work  ; m spec., 
sured,  2371 

lasqites;  hy  Inigo  .Tones.  46 ) 

la-ss  aiid  void;  meaMirenunt  of.  p.  KM3 

iHSses;  proportii-ningof,  p.  91- 

lasUr  mUi,312,317  rr  .r7,p.  KMa 

of  the  works,  31-,  31J 
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Mastic  aspbalte,  1867,  18G7a 
Material ; economy  of,  1049 
Mathematical  proportions,  p.  1017 
tiles,  1839a 

Mausoleum  of  King  John,  at  Batalha,  605 
Mayence  ; cathedral,  287,  288.  Two  apsides, 
p,  1007.  Theatre,  2972 
Mayfield  hall,  Essex,  414 
Meare,  Somersetshire;  fish  house,  2211s 
Measure ; use  of  a,  in  proportion,  p.  1C08  et 
seq.,  p.  1057.  Of  the  choir  and  justice,  p. 
1008 

Measure’s  patent  floor,  1903r 
Measuring  and  estimating,  2295  et  seq. 
Measuring  rule;  plumber’s,  2212.  Rods, 
2296 

Meath,  bishop  of ; house  for,  527 
Mecca ; houses,  how  built,  131 
Mechanical  arts  ; not  absolutely  necessary  to 
progress  of  architecture,  9 
Mechanics  and  statics  ; general  observations 
and  definition,  1240 — 1243.  Parallelogram 
of  forces,  1244—1259.  Of  the  lever,  1260 — 
1265.  Centre  of  gravity,  1266 — 1268.  Cen- 
tre of  gravity  of  lines,  1269 — 1274.  Centre 
of  gravity  of  surfaces,  1275—1280.  Centre 
of  gravity  of  solids,  1281 — 1290.  Centre  of 
gravity  of  irregular  solids,  1291,  1292.  Of 
the  inclined  plane,  1293 — 1306.  Of  the 
wheel  and  axle,  1307 — 1314.  Of  the  pullev, 
1315—1320.  Of  the  wedge,  1321—1323. 
Of  the  screw,  1324 — 1330.  Of  friction, 

1331 — 1341.  Values  of  moving  powers, 

1342—1352 
Medallions,  493 

Mediaeval  architecture,  p.  964  et  seq.  See 
“ Pointed  Architecture.”  Proportion,  p. 
1005  et  seq. 

artificers,  308 

Medina  del  Campo  ; Castillo  de  la  mota,  596 
Meillant,  chateau  de,  548 
Meissen  ; church  of  St.  Afra,  566.  Choir.  567, 
669, 572 

Melbourne,  now  Dover,  house,  Whitehall, 
624 

Mells  church,  Somersetshire  ; lead  of  glass, 
2229a 

Melrose,  Roxburghshire;  abbey,  431 
Melton,  Suffolk  ; parochial  church,  398 
Melton  Mowbray,  Leicestershire  ; parochial 
church,  421 

Members,  of  mouldings,  2129 

Memel ; deals,  &c.,  1729rf.  Timber,  1729^ 

Memnonium  ; statues  described,  85 

Mende  ; bell  tower,  632 

Menilmontant ; abattoir  at  Paris,  2935 

Mennie  — ; architect,  2975a 

Mensuration,  1212 — 1237,  2295  et  seq. 

Merab,  in  Arabia  ; reservoir  of,  118 
Mercury  ; bichloride  of,  1752 
Mereworth,  Kent ; villa,  604,  3000 
Merinville ; round  church,  p.  1006 
Meroe  ; pyramids,  304 
Merseburg  ; cathedral,  583 
Merton  college  chapel,  Oxford,  421.  Ceiling 
of  library,  2023a.  Window,  p.  989 
Messina  ; cathedral,  boarding  to  roof,  2173a. 
Houses,  626 

Meta  of  the  Roman  circus,  240 
Metal  work  ; wrought,  22bbh  etseq. 

Metallic  canvas,  1786.  Sand,  1852c.  Con- 
crete, 1905c 

Metals  ; transverse  strength  of,  1628Z 
Metopse  ; origin  of,  135 


MON 

Metz  ; cathedral,  545.  Proportion  of,  p.  1016. 
Aqueduct,  223 

Mews,  Charing  Cross  ; arcade  at,  2635 
Mexico ; architecture  of,  109  et  seq.  (Tty  of, 
described,  117.  Pyramids  of.  111,  112 
Miao,  or  idol  temples  in  Pekin,  104 
Mica  ; in  granite,  1669 
Michelozzi,  Michelozzo  ; architect,  323 
Middle  class  houses  in  Paris  and  London, 
2995a 

panels,  rails,  and  stiles ; of  a door, 

2130 

pointed  work  ; proportion  in,  p.  975 

Middlebui'g,  Yorkshire  ; castle,  423 
Middleham,  Yorkshire  ; castle,  398 
Middlesex  hospital,  London  ; Parian  cement 
used  in,  225 1/e.  Ventilation  of,  2278m, 
2278o 

Middleton  Cheney,Northamptonshire ; church 
porch,  p.  998 

Middleton,  lord  ; house  for,  440 
Middleton-on-the-Wolds,  Yorkshire;  propor- 
tion of  church,  p. 1015 
Mignot,  or  Mignotto,  J. ; architect,  p.  1008 
Milan;  cathedral,  365,  586,  619;  proportion 
of,  p.  1008,  p.  1013,  p.  1016,*  p.  1037 ; 
apse,  p.  1007 ; marble  used  in  building, 
1677a.  Church  of  Sta  Maria  della  Grazie, 
624.  Hospital,  2974.  Theatre,  2958 
Militarv  architecture  in  England,  382,  391, 
394,  402,  413 
Mill  bar  iron,  1760 

Milled  lead,  1783  et  seq.  In  spec,,  2288a 
Milner,  John  ; writer  on  pointed  architecture, 
p. 1050 

Milton  abbey,  Dorset ; church,  407 
Minaret ; introduced  bj^  Alwalid  IL,  119 
Minera  firestone,  1666aa 
Minerva ; temple  at  Athens,  or  Parthenon, 
150,  p.  943,  p,  949.  At  Suniuwi,  150 

Medica  ; temple,  at  Rome,  214 

Pohas ; temple,  at  Athens,  153.  At 

Priene,  153 

Ming  Tombs  ; the,  108 
Ministers  ; English,  care  little  about  the  arts, 
364 

Minorites  ; church  of  the,  at  Cologne,  566 
Mint  ; at  Paris,  360.  At  Venice,  351 
Minyas,  king  of  Orchomenos  ; treasury,  37 
Miraflores  ; Carthusian  nunnery,  696 
Miramichi  deals,  &c.,  1729c 
Miranda  do  Douro  ; cathedral,  607 
Miserere  seat,  Henry  VII.’s  chapel,  p.  985 
Missolonghi  ; gateway  near,  304 
Mitla,  Mexico  ; palace  of,  115 
Mitre;  box  in  joinery,  2124a.  Joint,  21755. 

Square,  2124 
Modain  ; palace,  305 

Model  dwellings,  19025.  Commercial  Street, 
3012  et  seq. 

Modillions  ; centres  of,  2612 — 2614 
Module,  2550 

Modulus  of  elasticity,  1628c,  16807 
Moenianum  ; of  an  amphitheatre,  228 
Moer,  Theodorich  ; master  mason  or  archila- 
picida,  577 
Moissac ; church,  807 
Mona  marble,  1681 

Mondragone,  near  Frascati ; arcade,  2640 
Monial  or  mullion,  p.  990 
Mons  ; church  of  Ste.  Wandru,  559 
Mont  St.  Michel ; salle  des  chevaliers,  547 
Montague  house,  Bloomsbur}",now  the  British 
Museum,  446 
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Montague  house,  Poitman  Stjuare,  516 
Montalegre  ; cathedx*al,  607 
Montecchio  villa  ; cornice  of,  2725 
IMontenegro  ; church  of  San  Agostino,  624 
Montereau,  Pierre  de  ; architect,  303a 
Monument  of  London,  486,  2603 

of  Lysicrate-!,  163 

sepulchral.  See  “ Tomb  ” 

Monza;  cathedral,  618.  Church  of  Sta  Maria 
in  Strada,  624.  Of  the  Dominicans,  iO. 
Broletto,  613 

Moore,  Sir  George ; house  for,  440 
Moorish  architecture  ; in  Portugal,  600.  In 
Spain,  585 

Mora,  Giovanni  Gomez  de  ; architect,  371 
Morard  ; abbot  of  St.  Germain  des  Pres,  289 
Morecroft,  Dr.  ; architect.,  466 
Moresque,  or  Arabian  architecture,  118  ctsea., 
272.  Decline  of,  128.  In  Portugal,  600. 
In  Spain,  585 

Moreton  hall,  Cheshire,  439 
Morienval  church  ; apse,  p.  1007 
Morra  timber,  17286 
Morries  Stirling’s  patent  iron,  17656 
Morse’s  oil  paint,  2273^.  Distemper,  2271a 
Mortar,  1854  et  seq.  Mode  of  making,  1855. 
Additions  to,  1858.  Cendre  de  Tournai, 
1859.  Blue,  1859a.  Ashes  mortar,  1859*. 
Liquid  or  grout,  1860.  Adhesive  power  of, 
upon  stones  and  bricks,  1494  et  seq  Selenitic, 
2250a.  Five  mortars,  2250h.  In  spec., 
2282.  For  stone,  in  spec.,  2284c.  How 
measured,  2305 

beds,  should  be  thin,  1856,  1900 

Joints,  1900,  1915a 

Mortise ; bolt,  22j9.  Gauge,  2120.  Lock, 
2261 

and  tenon,  2008,  2009 

Morton  Leicestershire  ; church  roof,  2052/j 
Morung  saul,  1728a 

Mosaic  ; work,  in  decoration,  2231c  et  seq. 

Paving  tiles,  1905/1  Paving  slabs,  1839ri 
Moscow;  a village  in  1154;  cai)ital  of  the 
empire  in  1304,  375.  Kremlin,  ib.  Church 
of  the  Assumption,  ib.  Biding  house  roof, 
2050 

Mosque  ; first  erected  out  of  the  limits  of 
Arabia,  119.  Of  Amrou  at  Old  Cairo,  306. 
Of  Kootub,  at  Delhi,  ib.  Great,  at  Damas- 
cus, ib.  Of  Calif  Walid,  at  Jerusalem,  ib. 
Motion;  centre  of,  1241 
Mould;  bricklayer's,  1890,  p.  1019.  For 
cames,2228 

Mould  Greswold,  Flintshire;  parochial 
church,  421 
Moulded  bricks,  1832 

brickwork,  1904.  In  spec.,  2293a 

Mouldings;  in  joinery,  2126 — 2129.  How 
measu.ed,  2359.  Of  deal,  covered  with 
lead,  in  spec.,  2288.  Of  stcne,  in  spec., 
2284a.  Of  marble,  2002// 

Grecian,  and  Roman,  and  Italian,  2531. 

Proper  places  of,  2533.  Their  contours, 
how  to  describe,  268,  2534.  Ornaments  of, 

. 2535.  How  they  should  be  arranged,  ib. 

..  Gothic,  p.  969  ei  seq.  French,  English, 
Venetian,  and  German,  p.  975.  At  Amiens 
cathedral,  p.  1061.  Proportions  of,  p.  1019 
et  seq.  Mode  of  setting  out,  2002r.  In 
woodwork,  p.  984  et  seq. 

-•  penetration  of,  578,  p.  974 
^Moulds;  for  carving,  2124d 
Mountain  limestone,  166666 
Mount  Surrey,  Norwich  ; mansion,  426 
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Mouth,  or  hollow,  2532 
Mozat ; church,  5.34 
Mud  architecture,  190.3// 

Muenster;  church  of  .St.  Lambert,  572. 

Hou  e,  582 
Muff;  of gla.ss,  1870a 
Muir’s  ventilator,  2278o 
Mujelibe,  Babylon,  .39,  41 
JIuDrave  cement  blocks,  191366 
Mullions,  p.  975,  p.  990  et  seq.  S'rength  of 
stone,  1502c.  Fixing  glass  in,  2227a.  Of 
clerestory  at  Winchester,  p.  1032.  .St. 
George’s  chapel,  Windsor,  p.  1051 
Munich  ; Glyptotheca and  Pimicotheca,  29!8. 

2923.  Brick  cathedral,  579 
Muntz’s  metal  for  coating  iron,  2224  f 
IMuraline,  2277/t 
Muralis,  22776 
Murcia  ; cathedral,  594 
Mu.sgrave  stove,  227yd 
Mycenic  ; Cyclopean  walls,  28,  30,  33,  178. 

Treasury,  36.  Tomb,  304.  Gate,  31 
Mylne,  Robert ; archi.cct,  522 


\|AIL  head;  ornament,  397.  In  Gothic 
i’  joinery,  2175c 

Nails  ; varieties  of,  2257a  ami  6.  For  si  u ing, 
2210  ; in  spec.,  2283.  Decay  Df,  2224.  In 
spec.,  2288a 

Naked  tlooring,  2013.  How  measured,  2334 
Nancy  ; palace,  584 
Nantes ; cathedral,  540 
Naples  ; good  Gothic  fragment  , 625.  Palazzi, 
ib.  Building  of  Castel  Xuovo,  ]).  lUl.'f. 
Walls  at  San  Filippo  Neri,  1535,  1652. 
Theatre  of  San  Carlo.s,  2967 
Narbonne ; cathedral,  540,  545 
Narai ; bridge,  222 
Narrow  grounds,  2166 

National  Provincial  Bank  of  England,  lo81c 
Naumann  ; architect,  366 
NaumLurg;  cathedral,  567.  Apse,  p.  1007 
Nave  ; single,  in  a church,  557.  Great  width 
of,  in  Spain,  586.  Bays  of,  dependent  ou 
ap.sis,  p.  1006  et  seq. 

and  aisles  ot  uniform  height,  566 

stone  groined,  Spain,  590 

of  equal  height ; at  Luedinghau.sen, 

583.  Brandenburg,  579.  Ingoldstadt,  i6. 
Zerbst, /6.  Munich, /6.  Noerdliugen,  580, 
583 

Nebuchadnezzar’s  prison ; same  as  Bits  Nein- 
roud,  40 

Nebule ; ornament,  397 
Needle  ; thatcher’s,  221 D 

points  ; in  s|  ec.,  2291 

Neglect  ; in  dilapidations,  p.  1100 
Nelson’s  column,  London,  l'>716 
Nero;  facade  of,  at  Rome,  262 
Nerta  Cliabei,  temple  at  Chillambnr.im,  58 
Netley,  Hampshire  ; conventual  church,  4o7. 

Hospital,  297.3a 
Neumann ; architect,  365 
Neutral  a.\is  ; ofal/eam,  1628c,  I628r,  l»».30c 
Nevers  ; cathedral,  540.  Two  apsides,  p.  1007 
Nevile,  Sir  Henry;  housi*  for,  410 
New  Grange,  near  Drogheiia,  in  Irelaml,  3.» 
New  Shoreham,  Su.ssex  ; pari.'h  church,  398 
Xewall’s  copper  conks,  2260 
Newark-ui)on-Trcnt,  NoUinghamshire ; paro- 
chial church,  421  ... 

Newcastle,  duke  of ; house  f«T,  in  Linodu  s 
inn  Ficld.s,  465 
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Newcastle-upon-Tyne,  Northumberland;  pa- 
rochial church  of  St.  Nicliolas,  485  ; tower, 
p.  1002.  Cathedral  church,  p.  197.  Castle, 
394,  398 

Newel  of  stone  stairs  ; open  and  solid,  1926. 

Of  wood,  in  spec.,  22%bd 
Newgate  prison,  London,  523 
Newman  syjtem  of  iron  drains,  1888/i  • 
Newton’s  process  for  preserving  stone,  1667/« 
Nice ; amphitheatre,  228 
Niche;  in  brickwork,  1905.  In  joinery,  2197. 

In  carpentry,  2066,  2067 
Niches,  2773  et  seq.  Not  found  in  early  Greek 
works,  2774.  At  the  Maison  Carree,  and 
other  places,  2775.  Their  decorations,  2776. 
Kules  for  proportioning,  2777.  'I  iers  of,  in 
stories,  2778.  Chambers’s  rules  for,  2779. 
Depth  of,  2780.  Examples  of,  2781—2787 
Nidging  ; in  masonry,  1915 
Nienburg  an  der  Saale  ; claircb,  567 
Niesenberger,  Johann  ; architect,  579 
Nilometer  ; in  Egypt,  91 
Nimroud ; drains,  304 
Nineveh,  44,  51a 

Nismes ; amphitheatre,  228,  233.  Maison 
Carree,  211,  p.  953.  Niches  in,  2775 
Nitrification,  1667c,  1667m 
Noerdlingen  ; church  of  St.  George,  580 
Noirlac ; church,  534 

Nomenclature;  of  Githic  mouldings,  p.  970. 
Of  classic  mouldings,  2532 

of  Gothic  architecture  ; English,  p.  967. 

French,  536.  Belgian,  55^  German,  565 

in  vaulting,  1499u 

Non-compressibility  of  water,  2223mj  • 
Non-conducting  felt,  2210tZ 
Nonsuch,  Surrey  ; palace,  426 
Norba  ; Cyclopean  remains,  32 
Norfolk  latch,  2262 
Norman,  J uan  ; architect,  595 
Norman  and  Saxon  styles;  difference  between 
them,  397 

architecture,  383,  392  et  seq.  Character- 
istics of,  397.  in  England,  p.  967.  Exam- 
ples of,  398.  Cathedrals,  396.  Churches, 
290.  Columns,  397.  Arches,  ih.  Arches  of 
entrance,  ib.  Windoivs,  ih.,  p.  988.  Ceil- 
ings, 397.  Walls,  Ornaments,  Plans, 
ib.  Mouldings,  397,  p.  971,  p.  972.  Piers, 
p.  976.  Capitals,  p.  977.  Base,  p.  979. 
Kibs,  p.  980.  Hood  moulds,  p.  981.  Plinths, 
p.  982.  Parapet,  p.  983.  Doorways,  p.  997. 
Porches,  p.  998.  Towers,  p.  1000 

• bishops,  and  their  works,  396 

work,  system  of  proportion,  p.  1017. 

Manner  of  building,  p.  1023 
Normandy  ; spires  of,  p.  1005 
Norrey  church  ; spire,  p.  995 
Northampton  ; parochial  church  of  St.  Peter, 
398.  Bound  church,  p.  1006 
North  Anston  stone,  1666<i,  1667m 
North  Petherton,  Somersetshire ; church 
tower,  p.  1002 

North  Walsham  church,  Norfolk  ; roof,  2052/) 
Northfleet  church,  Kent ; roof,  2052o.  Screen, 
p.  985 

Northumberland  house.  Strand,  442 
Norwegian  timber,  1729/i  Used  in  houses  at 
Antwerp  and  Ypres,  664 
Norwich,  Norfolk;  cathedral,  398,  421. 
Founders  and  dimensions,  434.  Spire,  p. 
1 001.  Church  of  St.  Margaret,  421.  Of  St. 
Peter  Mancroft,  408,  421.  Tower,  p.  1002. 
Castle,  393,  394 


ORD 

Norwich  stove,  2279rf 

Nosing  of  stairs,  2180.  In  dilapidations,  p. 

1096  lOii 

Notation,  2297a 

Notices  ; to  give,  in  spec.,  2280A 
Notre  Dame  de  I’Epine;  church,  547 
Notre  Dame  le  Puy  ; churches  of  St.  Martin  * si 
and  St.  Giles  ; doors,  2145o  pj 

Nottingham;  castle,  423.  County  hall  and  f rf 
prison,  526  ■ b' 

Novon  ; cathedral,  534,  545.  Hotel  de  Ville,  1 a' 
550  S' 

Nubia  ; temples  and  remains  of,  92  ( 

Numbers  ; use  of,  in  proportion,  p.  1005  et  seq.,  \ 
p.  1015.  At  Cologne,  p.  1011  i 

Nuremberg  ; church  in  castle,  p.  1013.  Church 
of  St.  Lawrence,  579,  580.  St.  Mary,  572. 

St.  Sfebald,  two  apsides,  p.  1007 
NymphiBa  Lotus,  or  water  lily  ; source  of  o, 
Egyptian  ornament,  87  1 

Nymphaeum,  214,  2775  i 


OAK  timber,  1685;  cutting,  2125a.  Fenc-|' 
ing,  in  spec.,  2285A  I 

Oare,  Joao  ; architect,  603  j 

Obelisk  ; of  grey  granite,  1571i.  See  Gnos-# 
SAUY  " I J I 

Obidos  ; castle,  603  « H 

Obscured  sheet  glass,  1872J  ^ | 

Obscurity  of  Statues,  558  i,  I 

Observatory  at  Paris,  359.  See  Glossary  ^ 
Octagon;  to  form,  1016  S 

Octastyle  temples,  2528  et  seq.,  p.  947,  p.  954  • 1 ] i 

Odilo,  abbot ; catliedral  at  Chartres,  289  1 j|| 

Odivellas;  Cistercian  nunnery,  603  1 

Odoacer  ; annihilation  of  the  arts  on  invasion  ^ ||li' 
of,  276—278  4 

(Ecus  ; of  a Roman  house,  252.  Several  * ' 

species  of,  ib.  That  called  Cyzicene,  ib.  ~ 1 

(Eillet  holes  ; at  Caernarvon  castle,  402  i ' 

Ogee;  moulding,  p.  973,  2129.  Arches,  to  1 ^ 
draw,  1943d  et  seq.  Arch  in  Venice,  610  * i, 

Ogive  ; its  derivation,  538  . J 

Oils  ; in  painting,  2271a  et  seq.  Deterioration  € 
of,  2271c 

Olite  ; church  of  S.  Pedro,  589 
Oliva  ; nave  and  refectory,  583 
Olotzaga,  Juan  de  ; architect,  367,  591 
Olympia  ; temple  of  Jupiter,  141 
Omodeo,  Giovanni  Antonio  ; architect, 

620 

Onyx  marble,  2002^^ 

Open  fires,  22796 

Mediaeval  roofs,  2052d,  221  In 

work  spires,  p.  1005 

Opera  house,  at  Buda-Pesth,  2971A. 

“ Theatre” 

Opere  Francigeno,  569 

Oporto  ; cathedral,  600.  San  Francisco,  601 
Oppenheim;  church  of  St.  Catherine,  322, 

567,  569.  Choir,  p.  1006 
Opus  Grecanicum,  2231c 
Orcagna,  Andrea  ; architect,  323 
Orchestra  ; of  a Roman  theatre,  226.  Of  a 
Greek  theatre,  172 
Orchomenos  ; treasury  at,  37 
Order.  See  “Tuscan,”  “ Doric,”  &c. 

of  an  arch  and  mouldings,  1922o,  p.  971, 

p.  974,  p.  990 

Orders  ; character  of  the  different,  2538  et 
s(q.  Doric,  Ionic,  and  Corinthian,  2539. 

Sir  Henry  Wotton’s  description  of  them, 

2540.  Invention  of  new  ones,  2541.  En- 
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tablaturcs,  lieight  of,  in,  2542.  Mode  of 
measuring  them,  2550.  Application  of, 
2562 

Orders  of  architecture,  2523  et  seq.  Consist  of 
essential  and  subservient  parts,  2523.  Are 
five  in  number,  ib.  Mode  of  profiling  an 
order,  ib.  Lebrun’s  analj’sis  of  loads  and 
supports  in  an  order,  2524.  Principles  of 
proportion  as  to  loads  and  supports,  2525 
et  seq.  Systyle  intercolumniation  produced 
by  such  principles,  2527.  Principles  of  load 
and  supports  carried  into  tetrastyle,  hexa- 
style,  and  octastyle  temples,  2528  et  seq. 
Concordance  thereof  with  the  laws  given  bv 
Vitruvius,  2529.  Ancient  examples  of  dif- 
ferent orders  in  verification  of  the  theory, 
2531.  Principles  applied  to  points  of  sup 
port,  ib.  Tuscan,  2553.  Doric,  2560.  Ionic, 
2573.  Corinthian,  2582.  Composite,  2591 
Orders  above  orders,  2642  et  seq.  Vitru- 
vius thereon,  2643.  Scamozzi’s  rule,  2644. 
Laws  of  solidity  respecting,  2645.  Axes 
of  upper  and  lower  columns,  how  placed, 
2646.  Disposition  of,  according  to  Cham- 
bers, 2647  et  seq.  Doric  above  Tuscan,  2648. ' 
Ionic  above  Doric,  2649.  Corinthian  above 
Ionic,  2650.  Composite  above  Corinthian, 
2651.  Eligible  intercolumniations,  2652 
Orford  castle,  Suffolk,  398 
Orgagna,  Andrea ; architect,  327 
Oriel  window,  415 

Orleans ; cathedral,  549.  Church  of  Notre 
Dame  de  bonnes  nouvelles,  289 
Orrne,  Philibert  de  L’ ; architect.  See  “ De- 
lorme ” 

Ornament;  a non-essential  in  architecture, 
2486.  Gothic,  p,  995.  Drawing  of,  2383c 
Ornamental  wrought  iron  wmrk,  2255A  et  seq. 
Ornamented  English  architecture,  409  et  seq. 
Characteristics  of,  in  arches,  columns,  win- 
dows, roofs,  or  ceilings,  and  ornaments,  420 
Ornaments  of  mouldings  ; how  to  arrange, 
2535.  How  to  be  cut,  2536.  Degree  of  relief 
they  should  have,  2537.  Of  the  Grecian 
edifices  suitable  to  their  destination,  164. 

In  stone,  in  spec.,  22845 
Orsenigo,  Simone  da  ; architect,  619 
Orthographia  ; of  Vitruvius,  p.  1013 
Orvieto  ; cathedral,  615 
Osmaston  manor,  Derby  ; warming  and  venti- 
lating, 2279c 

Osterley  house,  Middlesex,  446,  447 
Ostiarius  ; of  a Roman  house,  246 
Osymandyas  ; tomb  of,  85 
Otricoli ; amphitheatre,  228 
Ouguct,  David  ; architect,  604,  605 
Oundle,  Northamptonshire  ; church  window, 
p.  988 

Ourem  ; castle,  603 
Ourscamp ; church,  540 
Out  of  winding,  2123 

Outline  ; the  fundamental  principle  of  draw- 
ing, 2382 

Outside  linings  ; of  a sash  frame,  2147.  Stiles 
of  a door,  2130 

Oven ; how  measured,  2314,  Of  brick  or 
iron,  in  spec.,  22825 
Overseer,  312,  319 

Ovolo,  2129.  Echinus  or  quarter  round, 
2532 

Oxford  ; Christ  Church  cath.  Chapter-house, 
460.  Founders  and  dimendons,  434.  W in- 
dow,  p.  989.  Church  of  St.  Ablate,  p.  1004. 

Of  St.  Mary,  421.  Of  St.  Peter,  398.  New 
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College  f'hapel,  1377.  Wm-.v.ter  

1 .81/r  PecKwater  (|ii;idrangl.s  at  Cliri-f- 
*’ <’ollfge  ChaiM  l 
in  \ ^^f'uls’  College.  4;*;i 

1014.  Castle,  394,  398.  Jbilan 
Public  schools,  444 

Oxidation  of  metal.  See  “Corrosion’ 

Oxide  of  iron  paint,  22735 


DACE,  convent  della  ; at  Rome,  335 
C Packing;  in  masorry,  1921 
Packington,  \Varwickshire  ; clnirrh.  5 ’5 
Padua  ; church  of  San  Antonio,  2X5,  613.  St.i 
iMaria  dell’  Aren.i,  616 

Padua,  John  of ; architect,  310  ; and  his  fol- 
lowers, 425 

I^sUim  ; hypaethral  temple,  140 
Page,  Sir  Gregory;  hou.'^^  at  IJIackheath. 
505 

Pagodas,  or  Chinese  towers;  that  of  Nankin, 
105.  That  of  llonang,  at  Canton,  1U4 
Paine,  James  ; architect,  514 

Effect  of.  on 
2270.  Fire- 


Paint;  varieties  of,  2273  et  seq 
wood,  1747.  To  remove  old, 
proof,  2273/ 

Painted  glass,  22315 

Painter’s  ; tools,  2268.  Work,  in  spec.,  2 TOO. 
Estimating,  2379 

Painting,  2267  et  seq.  Iron  work,  178('/r. 
Stonework  1667/.  On  cement.  22735 

and  sculpture;  intimately  cmnectcl 

with  architecture,  68.  .Much  used  in  ( )rn.i- 
mented  English  architecture,  412.  In 
Egyptian  architecture,  86.  On  walN,  as 
decorations,  2519,  2522 
Palace  ; at  Westminster,  42.3.  At  Oxfnr  I, 
ib.  At  Woodstock,  ib.  At  Kennyngtitn,  i/>. 
Palaestra  ; of  the  Greek  g}'mnasium,  175 
Palambino  marble,  2002cr 
Palatial  houses  ; list  of  Elizabethan,  446 
Paleing  or  soldering,  2223/ 

Palencia  ; casa  del  Ayuntamiento,  596 
Palermo;  cathedral,  319.  Walls  at  S.nn 
Giuseppe,  1535.  At  San  Dominico,  i/>. 
Houses  at,  626.  Sta  Maria  della  Catena,  ib. 
Palazzo  Reale,  door,  2145c 
Paley,  F.  A. ; writer  on  mouldings,  p.  969 
Paling,  park  ; in  spec.,  22'"55 
Palladkan  school  of  architecture,  464 
Palladio,  Andrea  ; architect,  352 — 351.  AVin- 
dows  by,  276 1 , 2765,  2766.  'i’heat  re,  294  s. 
Palm-tree  leaf;  in  Egyptian  ornament.  87 
Palma  ; church  of  the  Dominicans,  .5X6 
Palmyra  ; extraordinary  structures,  196,  197. 
Niches,  2775 

Pamplona;  cathedral.  594 
Pandoo  Koolies;  of  llindostan.  12 
Panel ; of  a door,  2 1 30,  2_1 4.55.  ( )f  slate,  22 1 ' 7 
Paneling;  timber  for,  1721/,  2125c 
Pantheon  ; at  Koine,  215, 216,262, 2517. 1499^. 
1499/j.  p.  954.  I.ightcd  from  a very  'in  II 
aper. lire,  2747.  Niche®,  2<<5,  2</9,  2«x«. 
Capitals,  p.  956,  p.  9 »7.  Pro|^>riion.  p.  1021. 
p.  1065 

of  the  E.scurial ; the  sepulchres  of  tl  e 
kings  of  Spain,  371.  NVe  **  Fans 

the;  tre  ; in  O.xfor  I Street,  .-)2.^20s9  _ 

Pantiles,  18.>8.  Gauge,  1906.  P*o7, 

Table  of  the  numl»or  required  for  a giv  n 
quantity  of  work,  2321 
Pantiling,  2302 

I’anton,  .Mr. ; a house  designed  fi»r,  tiU 
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Pnpantla ; pyramid  of,  1 13 
Paperhanger’s  paste,  2277g.  Work,  in  srpec., 
2291.  Estimating,  2380 
Paperbanging,  2277c 
Papier-mache,  2251 ; in  spec.,  2287 
Papworth,  J.  \V.  ; on  domes,  1499o.  On  Milan 
cathedral,  p.  1008 

Parabola,  1095 — 1109.  Curve,  many  uses  of, 
in  architecture,  1107 

Parapets  ; in  spec.,  2282a.  Gothic,  p.  983 
et  seq 

Parascenium  of  the  Greek  theatre,  172 
Parastatm,  2671 

Parget,  19055.  To  face  work,  2245a.  To 
chimney,  in  spec.,  2282a 
Parian  ; cement,  1866.  Use  of,  2251/*  et  seq. 
In  spec.,  2287a.  Polished,  225 h’.  Marble, 
1676 

Parigi,  Alfonso  and  Giulio  ; architects,  331 
Pariquadrato  proportion,  p.  1013 
Paris  ; cathedral,  539, 541,  570  ; doorway,  539; 
apse, p.  1007.  Ste.  Chapelle,540.  Decoration 
copied  at  Cologne,  567.  Church  of  St. 
Eustache,  549.  St.  Etienne  du  Mont,  549, 
2002:r.  St.  Sulpice,  362.  St.  Ge'nevieve, 
or  the  Pantheon,  289, 361, 476, 477,  p.  1048  ; 
dome,  1499m  ; points  of  support,  1581.  St. 
Germain  des  Prez,  289  ; shafts,  p.  1023.  St. 
Germain  I’Auxerrois,  547 

; abbey  of  St.  Antoine ; near,  310 

; street  architecture,  364.  Houses  in  Rue 

de  la  Victoire,  casement  in,  2165y.  Fau- 
bourg St.  Germain,  440 

; Napoleon  column,  2603.  Hospitals, 

2278z,  2974.  Invalides,1581.  The  Louvre, 
facade  of,  359, 2613  ; windows,  2760.  Ob- 
servatory, 359.  Garde-meuble  and  mint  360. 
Theatre  du  Chatelet,  mode  of  lighting, 
2264_/.  The'atres  Italien  and  Fran^ais,  2958. 
NeAv  Opera  house,  2972.  Halle  aux  hleds, 
2051 

Park  Nook  stone  ; analysis,  1666 
Park  Spring  stone,  1667m 
Parker’s  cement.  “ Roman  cement” 
Parliament  hinges,  2258a 
Parma  ; theatre,  2948,  2958 
Parocona  ; temple  at  Ellora,  56 
Parquetry,  2173e.  In  spec.,  22855 
Parthenon.  See  ‘ Minerva,  temple  to  ” 
Parting  bead  of  a sash  frame,  2147.  Strip  in 
a sash  frame,  2165 

Partitions;  in  carpentry,  2024,  2025.  How 
measured,  2336.  Weight  of,  16285.  Brick- 
nog,  1902  ; in  spec.,  22825.  Half  brick, 
1902a.  Stone  slab,  i'5.  Tiles,  i5.  Hollow 
brick,  19025.  Glazed,  2231.  Quartered, 
in  spec.,  2285a.  Timber  for,  1729f.  Of 
deal,  in  spec.,  22855.  Gasjnpes  should  not 
be  enclosed  in,  22645 
Parts  of  an  order,  2523 
Parvise  over  porch,  p.  998  et  seq. 

Pasley,  Col. ; on  domes,  1499Z 
I’aste  for  ])aperhangers,  2278p 
Pateley  Bridge  stone,  1666z: 

Patentaxe;  mason’s  tool,  19155,  1915c 

])late  glass,  18725,  1873.  Rough  plate 

glass,  1878.  Slating,  22105 
Paths,  in  spec.,  2281 

Patrixbourne,  Kent ; circular  window  in 
church,  p.  993 
Pattern-making,  2265f 
Pavements,  1666z,  1903o.  Ornamental,  18395, 
1908c.  In  spec.,  2284c 
lights,  2255 
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Pavia  ; church  of  the  Certosa,  619  ; terra- 
cotta, 1908/.  Church  of  St.  Michael, 
280 

Paving,  190.5c  et  seq.  How  measured,  2300, 
2372.  Granite,  1671c,  1672.  Brick,  1827, 
18315.  In  spec.,  22825.  Tile,  1839a  et  seq. 
In  spec.,  22825.  With  cements,  2251m. 
Making  good,  in  spec.,  2284c.  Black  and 
white  marble,  2002cc.  Tar,  19055 
Pavodilos  floor,  21735 
Pavonazzetto  marble,  200255,  2002gg 
Paxton,  Sir  Joseph,  p.  1063 
Pav-leou,  or  triumphal  arches  of  the  Chinese, 
107 

Payne’s  patent  for  preparing  timber,  1752 
Peabody  dwellings.  Commercial  Street,  3014  ; 
described,  3024  et  seq. 

Peace,  temple  of ; at  Rome,  217,  2547,  2775. 

See  “ Constantine,  basilica  of  ” 

Peckings,  1823 

Pede,  Henry  van  ; architect,  562,  563 
Pedestals,  2599  et  seq.  Table  showing  their 
heights,  ancient  and  modern,  2601.  Parts 
. 2602.  Dies  2603.  Employment  of,  2604 

Pediment;  origin  of,  135.  Observation  bv 
Cicero  on,  ib.  Inclination,  Roman,  269.  Of 
varied  forms,  2716.  How  they  should  be 
used,  2717,  2718.  Vitruvius’s  rule  respect- 
ing, 2719..  Different  sizes  in  same  fngade  to 
be  avoided,  2720.  Mode  of  connecting  the 
horizontal  and  raking  parts,  2721.  Heights 
of  ; how  regulated,  2722.  Face  of  tympa- 
num ; how  disposed,  2723.  Working  of; 
in  spec.,  22845. 

Peel;  cathedral,  1681 
Pegmata  ; of  the  amphitheatre,  230 
Pekin,  palace,  103 
Pelasgic  buildings,  27 
Pelican  Office,  Lombard  Street,  515 
Pellegrini,  Pellegrino  ; architect,  621 
Pellet  ornament,  397 
Pembroke  ; Philip,  earl  of,  461 
Penaria  ; of  a Roman  house,  253 
Pendentives,  2090.  Conical,  for  covers  to 
ceilings  of  square  rooms,  2091.  To  rind 
springing  lines,  2092.  Method  of  coving  a 
square  room  with  spherical,  2093.  To  find 
intersections  of  ribs  in,  2094.  In  dome 
stone  vaulting,  1999  tt  seq.,  2002m,  2(J02x. 
At  Caudebec,  p.  1053.  In  towers,  p.  1003, 
p.  1004.  In  carpentry^  2090  et  seq. 
Penetration  of  mouldings,  578,  p.  974 
Pennethorne,  James  ; architect,  520,  1666d 
Penrose,  F.  C. ; architect,  on  proportion,  p. 
1015 

Penshurst  house,  Kent,  446 
Pentagon  form,  p.  1036 
Pentagonal  church,  572 
Pentalpha  form,  p.  1036 
Pentelie  marble,  1676 
Penthouse  roofs  ; in  Italy,  614 
Peon  or  poon  wood,  1 72Sd 
Perch,  a measure  of  length ; used  in  setting 
out  a building,  p.  1057,  p.  1058 
Perforated  glass,  1879.  Ventilator,  2231a, 
3037.  Zinc,  2224/ 

Pergula  ; of  a Roman  house,  253 
Pericles  ; architecture  of  Greece  under,  141 
Peridromedes  ; of  a Greek  gymnasium,  175 
Pe'rigueux  ; church  of  St.  Front,  307  ; and  St, 
Etienne  de  la  Cite,  535 
Periods  of  Gothic  architecture,  p.  967 
Peristylium  ; of  a Greek  gymnasium,  175.  Of 
a Roman  house,  245,  252,  253 
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Perkins’  system  of  heating  by  hot  water. 
• 227hi 

Femes ; church,  307 

Perpendicular  period  of  Gothic  architecture 
in  England,  p.  9G7.  Work,  proportion  in, 
p.  1017.  Mouldings,  p.  973.  Piers,  p.  977. 
Capitals,  p.  978.  Bases,  p.  979.  Kibs,  p. 
980.  Hood  moulds,  p.  982.  Plinths,  p.  982. 
Parapet,  p.  983.  \Vood  mouldings,  p.  98."). 
Windows,  p.  990.  Window  jambs,  p.  992. 
Doorways,  p.  997.  Porches,  p.  999.  Towers, 

p.  1002 

Perpignan  ; cathedral,  545.  Church,  586 
Perrault,  Claude  ; architect,  359,  360 
Persepolis,  or  ruins  of  Chel-Minar,  46 — 49. 
Architectural  details  compared  with  those 
of  Egj^pt  and  Per.-sia,  50 
Persia  ; present  architecture  of,  51 
Persians,  2682,  2684 
Persieune  blinds,  2165/ 

Perspective,  2405  et  seq.  Temp.  1565,  440 
Perugia  ; Madonna  di  Monte  Luce,  624.  San 
Ercolano,  616.  Sta  Giuliana,  ib. 

Pestagalli,  P. ; architect,  620 
I’etchorsky  ; convent  of,  at  Kiev,  375 
I’eterborough,  Northamptonshire ; cathedral, 
396,  398.  Founders  and  dimensions,  434. 
Spire  of  staircase,  p.  1005.  Apse,  p.  1007. 
Lantern,  groined  ceiling,  2023^r 
Petersburg  deals,  &c.  1729e.  See  ‘‘St. Peters- 
burg” 

Petersham  house,  for  Lord  Harrington,  510 

Petra  ; ruins  of,  3 

Petworth  marble,  166A,  lOSl^r 

Pevensey  castle,  Sussex,  391 

Pew  hinges,  22586 

Pewing,  944.  In  spec.,  22856 

Philip  of  Macedon  ; portico  of,  in  Delos,  151 

Phillip’s  rolled  iron  girder,  1629/ 

Phoenician  architecture,  9,  54 
Ph}'galia;  temple,  p.  943,  p.  945 
Pickart,  Jan  ; architect,  558 
Picked,  to  granite,  1915c 
Piece  ; of  paper,  2278 
Pied  du  roi ; a measure  of  length,  p.  1057 
Pier  ; on  a column,  1925c?.  Gates  and  piers, 
2734.  Rules  for  finding  proper  stability, 
1563 — 1582.  To  windows,  2754.  Of  medi- 
aival  buildings,  p.  975  et  seq.  Circular, 
p.  1023.  At  Amiens  cathedral,  p.  1061. 
Canterbury  cathedral,  p.  1040.  St.  Ouen, 
at  Rouen,  ib.  St.  George’s  chapel,  Wind- 
sor, p.  1051.  Henry  VII.’s  chapel,  p.  1054. 
In  basement,  in  spec.,  2282a.  See  “ Pillars  ” 
Pierced  bricks,  1831/ 

Pierrefonds  ; church  of  St.  Etienne,  534 
Pig;  of  iron,  1765.  Of  lead,  1782 
Pilaster,  i671  et  seq.  At  Trevi,  2672.  Pro- 
jection of,  2673.  When  used  with  columns, 
2674.  Pilaster  capitals,  2675,  2677  e?  seq. 
Supposed  to  represent  columns,  2676.  lo 
be  avoided  at  inward  angles,  2680.  En- 
gaged, 2615.  Stone,  in  spec.,  2284a.  Of 
wood,  in  spec.,  22855T 
Piles,  how  measured,  2331 
I’illar  or  column  ; centre,  1500 
Pillars,  see  “ Beams  and  Pillars. Of  materials 
in  testing,  1502c.  Compression  of,  1630// 
et  seq.  Carrying  up,  192'h  In  a church, 
mode  of  strengthening,  557.  Of  Westmini- 
ster Abbey,  p.  968  ; bands  of  shafts,  p.  96 J. 
Nee  “Piers”  _ 

Pinacotbeca  ; of  a Roman  house,  252,  2o3 
Pine  wood,  1712 
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Pinnacles;  ordination  of, 
setting  out,  p.  1019 
Pins,  keys,  and  wedges,  16.31m 
Pintelli,  Baccio  ; architect,  61*2 
Pipe  casings  ; in  s|k>c.,  22856 
Pipe  trap;  cast  lead,  22186 
Piper,  — ; architect.  58,3 
Pipes  for  drains,  1888<i  et  seq  Of  osrthen- 
ware,  2223p.  Of  stone,  i6.  Of  iron.  222.»7 
Of  gutta-percha,  2223r,  22646.  Uf  ion.l. 
manufacture,  222.36  Of  lead,  in  M,ec 
2288.  Weight  of,  222.3a 

for  gas,  226  la  et  seq. 

main  service  and  supply,  222.37,  222.3« 

hot  water ; for  heating,  227‘9//i.  Kx- 

p.ansion  of,  ib.  Quantity  for  a building, 
2279« 

Pirna  ; church,  .583 

Pisa;  Duoiiio,  286,  p.  1042.  Bapti-teiy,  291, 
292,  p.  1037.  Ma  Caterin.i,  61.3.  San 
Francesco,  ib.  San  Martino,  GKi.  House, 
614.  Campo  Santo,  291,  29.1.  Campanile, 
ib.  C.asenient  adopted  there,  2165c 
Pisano,  Niccolo;  architect,  013 
Piscina  ; of  the  Roman  baths,  235 
Pisb  work,  190366 

Pistoia ; San  Salvatore  613.  San  Domenico, 
ib.  San  Francesco,  i6.,  616.  La  Quan|uonin, 
614.  Baptistery  of  San  Giovanni  Botundo, 
616.  Palazzo  della  comunita,  618.  Palazzo 
pretorio,  ib. 

Pit  sand,  1851, 18526 

Pitch  or  slope  of  a roof,  1906,  20406,  2052n 
Pitching;  for  paving,  1672.  Piece  in  stairs, 
206 

Place  brick,  1817,  182.3 
Pl.acentia  pal.ace,  .at  Greenwich,  42.3 
Plain  tiles,  1835.  Table  of  the  number  re- 
quired for  a given  quantity  of  work,  23<'l, 
2321.  Gauge,  1906.  Setting  in  mortar, 
and  dry,  ib. 

Plan,  2490a.  Distribution  of,  2489 
Plane  trigonometry,  10.33 — 1055 
Planes,  in  geometry,  969 — 978 

, in  carpentry  ; Jack,  trying,  long,  jointer, 

smoothing,  2102 ; compass,  forkst.ntf, 
straight  block,  2103  ; rebate,  moving,  fillis- 
ter, s.ash  fillister,  plough,  2104  ; moulding, 
2105  ; bead,  and  snipe  bill,  2106 
Pbaning  m.achine,  2124a,  2124c 
Plank,  1710.  How  measured,  2331 
Pl.anking  ; to  doors,  2145a 
Planted  work  ; in  Gothic  joinery,  217.5c 
Plasencia  ; cathedral,  596.  Parochial  church 
p.  1019 

Pl.aster  ; adhesive  power  of,  1494.  I ireproof, 
22466.  Fibrous  plaster  slab,  22466.  .Mnlc 
. ground  for,  2246./.  (Quantity  to  cover  a 
surface,  2248.  New  inventions  «•' 


Used  in  walling,  2249.x 


seq. 

of  Ptiris,  1 866c.  _ 

Pi.asterer’s  work  ; in  spec..  228..  l.slimating, 
2376.  Work,  in  Dublin,  2246a 
Plastering,  2232  et  .seq.  Quant.tv  of  dorem.t 
materiiils  in  a given  number  of  yards 
Porous,  3031 

Plate  girder,  1629a  et  seq.,  1629p 
: gba..;s,  1870a,  18726. 18io.  Patent,  18.2.5. 

—^l^^iron’,  1764/  Strength  of,  1630r,  163or. 
Weight  per  foot,  2254  _ 

rack  ; in  spec.,  228.5a 

tracery,  p.  989,  p.  999 

, wall,  in  .‘'lice.,  228»>a 
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Plateresque  of  Spain,  599 
Plates  of  metal  to  doors,  2145c 
Play-ground  in  industrial  dwellings,  3021 
Plenum  system  of  ventilation,  22785 
Plinths,  p.  977.  And  base  mouldings ; in 
spec.,  2284a,  22845.  Gothic,  p.  982  et  seq. 
Ploughed  and  tongued,  2171 
Plugging  Avith  lead,  in  spec.,  2284a  et  seq. 
Plumb  rule,  1890 
Plumber  and  his  boy,  318,  319 
Plumber’s  work  ; in  spec.,  2288.  Estimating, 
2377.  Weighed  and  fixed,  2215 
Plumbery,  2212  et  seq. 

Plymouth  ; naval  hospital,  1670 
Podium  : of  an  amphitheatre,  228 
Point  or  division,  19436 
; mason’s,  1910 

Pointed  arch  ; theories  respecting,  294  et  seq. 
Kev.  Mr.  Whittington’s  and  Sir  Chris- 
topher Wren’s  opinions,  300.  Ancients 
acquainted  with,  ib.  Countries  in  which  it 
appeared,  301.  Prevailed  in  the  East,  ib. 
Its  origin  probably  there,  ib.  Mbller’s 
opinions  of,  302.  Appearance  immediately 
after  first  crusade,  ib.  Mr.  Kerrich’s 
opinion  of  origin,  ib.  Difference  of  writers’ 
opinions,  303.  Michelet’s  opinion,  303a. 
J.  Fergusson’s,  304  et  seq.  Combated  by 
E.  Sharp,  3075.  Ignored  in  Italy,  ib. 

; in  England,  397,  400.  In  Italy,  318. 

In  France,  536.  In  Venice,  610 
vaulting,  1499c 

or  Christian  architecture,  530  et  seq., 

p.  964  et  seq.  In  Spain,  584.  In  Portugal, 
600.  In  Italy,  608.  In  Sicily,  626.  Pro- 
portion, p.  10*23 

Points  of  support,  1563,  1581—1583,  2531. 
Table  of,  in  principal  buildings  of  Europe, 
1583.  Table  of,  in  Gothic  buildings,  1583a. 
Of  apartments,  2848  et  seq. 

Poitiers;  Notre  Dame,  534.  Masons’  marks, 
3225 

Pojana;  villa,  cornice,  2725 
Pola;  amphitlieatre,  228.  Arch  of  Sergius, 
p.  961 

Pole  plate,  2035,  2035a 
Poliphilus,  HypnerotomacJiia  ; account  of  the 
Avork,  326,  p.  958.  See  “ Colonna  ” 
Polishing  marble,  2002nn 
Polleyt,  Eustache;  architect,  562,  2890c 
Polychromatic  architecture,  171,  2511 — 2514 
Polygonal  figures  ; used  Avith  the  triangle, 
p.  1017.  With  the  square,  i6.,  p.  1018.  Sub- 
divisions in  tracery,  p.  995 
Polygons  ; table  of,  *1219 
Polvtechnic  Institution,  1786.  Ventilation  at, 
2*278/ 

Pompeii ; forum,  212.  Theatre,  1227.  House 
of  Pansa,  253 

Ponte,  Giovanni  da  ; architect,  356 
Pontigny  ; abbey  church,  602 
Poole,  Sir  George  St. ; house  for,  440 
Poon  wood,  1728d 

Pope,  Alexander,  poet ; his  ignorance  of  art, 
491,  507 
Poplar,  1718 
Porch  house,  p.  999 

; qpt  knoAvn  in  Italy,  609.  Gothic,  p. 

998  e/  seq. 

Porchester,  Hampsire  ; castle,  391,  394,  398. 

Castle  hall,  porch,  p.  999 
Porositv  of  stones,  1667/1 1667w.  Of  materials, 
3029 

Porta,  Jacopo  della ; architect,  336 


Porta  Santa  marble,  200255 
Port  crayon  ; its  uses  in  drawing  and  in 
comparing  proportions,  2391  et  seq.  As 
applied  to  the  Avhole  figure,  2393 
Portcullis  ; of  a castle,  394  |W 

Portico  ; of  Septimius,  2547.  Of  Philip  of  ‘ ^ 
Macedon,  151.  Doric,  at  Athens,  p.  944. 
Brick,  in  spec.,  22825.  Columns  of,  22825.  | 
Stone,  in  spec.,  22845.  To  admit  carriages,  " | 
earliest,  525 

proportion  of  Doric,  tetrastyle,  p.  943. 

Hexastyle,  p.  944.  Octastyle,  p.  947.  Ko- 
man  tetrastyle,  p.  953.  Hexastyle,  ib.  < 
Octastyle,  p.*954.  Ionic  tetrastyle,  p.  952. 
Ionic  hexastyle,  ib.  Those  of  the  Par- 
thenon and  Pantheon  contrasted,  p.  955.  ' 

Porticus  ; of  the  Greek  gymnasium,  175.  Of  |; 

the  Koman  house,  244,  253 
Portland  cement,  1864a  et  seq.  Use  of,  2251a, 
22515.  In  spec.,  2287a.  Concrete,  1862d 
Safe  load,  1864e 

Portland  stone ; its  qualities,  1666/,  1667?c. 
Strength,  1667v.  Crushing  Aveight,  1502a, 
15025,  1502^.  In  lintels,  1502/j.  Analysis,  | 

1666  , L ; 

Port  Philip  granite,  1672a  \ j ^ 

Portsmouth ; docks,  1671e  _ I I 

Portugal ; architecture  of,  367  et  seq.  Pointed  y 
architecture  of,  600 

Post  office,  London ; A’entilation,  2278/t  1 

Posts  in  Avarehouses  ; in  spec.,  22855  9^. 

Pot  metal  glass,  22315  ’ L, 

Potash  ; to  soften  putty  and  paint,  2226a  •; 

Potassi,  J. ; architect,  607  dl| 

Pots  and  jars  ; in  arched  Avork,  1903/  Jlj 

Potter’s  bar  ; house  at,  440.  Wheel,  1839/ 
PoAver  of  a number,  22975 
Poyet,  — ; architect,  2974 

Poynter,  Ambrose  ; architect,  table  of  French  | 
and  English  architecture,  537  | 

Pozzo,  A ndrea  ; architect,  365  j 

Pozzuoli,  amphitheatre,  228  I 

Practical  building,  1881  et  seq.  Carpentry,  I 
2003  et  seq.  Geometry,  999  et  seq. 

Praecinctio ; of  the  Roman  theatre,  226.  Of  , 
the  amphitheatre,  228 

Prague  ; cathedral,  667,  572.  Proportion  of, 
p.  1013 

Prato;  cathedral,  616,  626 
Prebendalhou^e,  Westminster;  staircase,  2797 
Prenzlau  ; church  of  St.  Mary,  672 
Presence  or  privy  chamber,  415 
Preservation  of  stone,  16675,  1739  1779 

et  seq.,  2273/.  Of  Iron,  22735.  Of  timber, 
1730  et  seq.,  1748  et  seq. 

Pressure  ; piers,  vaidts  and  arches,  1351  ft 
seq.  Walls  and  piers,  1500  et  seq.  Eartli 
against  Avails,  1584  et  seq.  Wind  again't 
Avails,  1592a.  See  Crushing,”  Compres- 
sion,” &c. 

Priam’s  palace  had  fifty  chambers,  140 

Pricking-up  ; plasterer’s,  2240 

Priene  ; temple,  153 

Priests  ; ridicule  of,  311 

Primary  Gothic,  537 

Priming  coat,  2268,  22735,  2276/ 

Principal  rafters  in  a roof,  2035a 
Principles  of  composition,  2825 
Prior  park,  near  Bath,  513 
Prisons  ; Newgate,  523.  The  steen  at  Ant- 
werp, 563 

Private  buildings  ; general  observations  on, 
2983  et  seq.  In  towns,  2990  et  seq.  Common 
houses  of  London,  2992.  Of  a grade  higher, 
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2093.  First  class  of,  2994.  Duke  of  Devon- 
shire, Piccadilly,  ib.  Burlington  house, 
2995.  In  the  countiy,  299G.  Keddleslone, 
ib.  Holkhain,  2997.  Villa,  smallest  size 
of,  2999.  At  Foot’s  Cray  and  Mereworth, 
3000 

Private  houses  of  the  Romans,  242.  Earliest, 
only  one  story,  ib.  Later  houses,  243. 
Splendour  of  them,  ib.  Parts  of  which  they 
consisted,  244 — 255.  Parts  of,  reserved  for 
the  family,  245 

Probus,  Cornwall ; proportion  of  church,  p. 
: 1018 

Procceton  ; of  a Roman  house,  252 
Protiling  an  order,  2523,  2551 
f Projection  ; in  geometry,  1130  et  seq. 

' Property  ; valuation  of,  p.  1094  et  seq. 

Propigneum  of  the  Greek  gymnasium,  175 
- I’roportion  (Grecian  and  Roman)  ; principles 
of,  2825  et  seq. ; by  E.  Cresy,  p 942.  (Me- 
'jp  diasval),  p.  1005  et  seq. ; by  E.  Cresy,  p. 
I 1020  et  seq. 

; in  geometry,  935 — 937.  In  archi- 

5 lecture,  based  upon  fitness,  2496 — 2499. 

Of  the  orders  deduced  from  the  loads  and 
supports,  2524  etseq.  Of  rooms,  2829  et  seq. 
Of  mouldings,  2629,  p.  1019  et  seq. 
Propyheum  ; at  Athens,  150 
I’roscenium  ; of  the  Roman  theatre,  226.  Of 
■ the  Greek  theatre,  172.  Modern,  2958 
Protecting  or  preserving  stonework,  1667« 
Prothyrum  ; of  a Roman  house,  246,  253 
Provisions  in  spec. ; for  bricklayer’s  work, 
2282c.  For  mason’s,  22845  and  e.  For  car- 
penter’s, 2285.  For  smith’s,  etc.,  2286.  For 
plumber’s,  2288a 
Prudham  quarr}^,  1666?c 
Public  and  private  buildings,  2861  et  seq. 

"way  ; arch  over  and  under,  1903a 

Puddled  steel,  1775.  Strength  of,  1630r 
Puddling  fm-nace,  1760 
Pugging  ; to  floors,  2247,  2971c,  In  spec., 
t 22855,2287 

* Pugin,  Augustus  VVelby;  architect,  on  Pointed 
I architecture,  p.  964 
I Pugmill ; for  mortar,  1854 
I I’ugwash  deals,  &c.,  1729c 
T Pulham,  Norfolk;  church  roof,  2052/>,  2052r. 
j Roof  mouldings,  p.  986,  p.  987 
f Pulley,  1315—1320,  2260. 

mortises,  2019,  2020 

Pulpit ; in  spec.,  2285i 

_ Pulpitum  ; of  a Roman  theatre,  226.  Of  the 
Greek  theatre,  172 
Pulsometer,  2219/t 

Pump  ; various  sorts,  2219—2224.  In  spec., 
2288a 

Pumping  out,  in  spec.,  2281a 
Punch  ; mason's  tool,  1914 
Punching  holes  for  rivets,  163lf 
Purbeck  marble,  16665,  1681^'  et  seq.  p 979 
Purimachos  cement,  18665 
Purlin,  2035,  2035a.  Scantling,  2040.  Gothic, 
p.  986 

rafters,  2043,  2210a.  In  spec.,  228oa 

Purvevor  of  the  works,  319 
Putty";  glazier’s,  2226a.  Painter’s,  22/5a. 

To  remove,  22265 
Puy  ; cathedral,  535 
Pur.zuolana,  1859/* 

Puzzuoli ; amphitheatre,  228 
Pvcnostvle  intercolumniation,  2605 — 2609 
Pyramids  ; of  Ktoube  el  Meuschich,  of  brick, 
72.  Of  Cheops,  and  Chephereii,  and  Mycen- 
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nus  at  Saccara,  74.  Generally,  83.  Of 
IMexico,  111;  ot  Chulula,  112;  of  Pupautla, 
1 13.  At  Meroi?  and  Geezt-li,  304 
Pyrodene  paint,  2273^,  297  le 
Pyrographic  woodwork.  21736 


AUADRIPARTITE  vaulting,  1499ic,  1199# 
()uantitie.s  2280rZ 
Quarter  pace  in  stone  staii-s,  1929 
round,  2129.  2532 

Quartered  partitions,  2024,  2025.  In  spec., 
2285a.  llow'  measured,  2313 
Quarry  glass,  1879 
Quarrying  stone,  73,  16G6y 
Quartz  in  granite,  1669 
Quebec  deals,  &c.,  1729a 
Queen  closer,  1896 

post  roof,  2042.  Posts,  2034 

Quellinus,  Artus  ; sculptor,  2690 
Quirk,  2106 
Quirked  bead,  2126 
Quoin  stones  ; in  spec.,  2284* 


Radiation  of  heat,  2279 

Radnor,  Earl  of ; house  for,  440 
Ra<‘s,  Georges;  architect,  561 
Rafters,  2033,  2035a.  Cominon,  2035.  Hip, 
ib.  Jack,  ib.  Gothic,  p.  986 
Raglan  castle,  Monmouthshire,  426 
Ragstone,  1922c  et  seq. 

Railing  ; ornamental,  in  spec.,  2286a 
Rails  of  a door,  2130 
Railwav  compensation,  p.  1094 
Rainfall,  2222c,  2223 

Rain  water,  2223c.  Pipes,  heads.  See.,  22'yS. 
In  spec.,  2286a,  2288.  Of  lead,  in  s|k-<-., 
2288.  Of  zinc,  in  spec.,  2294.  Formed  in 
columns,  p.  1065 

Rake  ; plasterer’s  2233.  Thatcher’s,  2211s 
Raker;  bricklayer’s  1890 
Raking  arches,  1413 — 1416 
Raleigh,  Sir  ^V^alter  ; house  for,  440 
Ramee,  Daniel ; ivriter  on  proportion,  p.  1006 
Ramichouer  ; temple  at  Ellora,  56 
Rammer;  bricklayer’s,  1890 
Rampant  pointed  arch  ; to  draw  and  find  tha 
joints,  1943 

Random  walling  ; in  spec.,  2284 
Ranger's  artificial  stone,  190355 
Ranging  lath  ; in  glazing,  2226 
Ransome’s  ; process,  1667/,  1667wi.  Siliceous 
stone,  1667<7.  Concrete  stone,  1667r,  1667s. 
Experiments  on,  1667r — 1667te  ^ 

Ranrille  stone,  1666/h,  1666o,  I6667 
Ratisbon;  cathedral,  569,  576.  l’ro|)ortion  of, 
p,  1016.  Dominican  church,  569.  Church, 

309  . . r 

Raunds  church,  NorthamptonslHrc ; rool, 
2052o.  I’orch  p.  998^^ 

Ravaccione  marble,  1667  et  seq. 

Ravenna,  272.  Church  of  San  Apolhn.nris, 
278.  Of  San  ViUdis,  282.  Joggled  arch  at, 
1 925^ 

Ravonnant  period  in  France,  p.  990 
Reading,  Berkshire  ; abbey,  loo 
Reading  abbey  concrete  sUme,  IJOJo 
Rebattd  boards,  ‘2173a 

Red;  brick.s,  1825.  Cedar  from  Australia, 
1728rf.  Granite,  1915c. 

Apennine,  615  _ 

short  iron,  1764 

Kedmund’s  hinges,  22586 


Marble  of  tho 
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Keel  thatchinpr,  221Ls 
Keedham,  Norfolk  ; church,  2052</ 

Keeiis;  mouldiug,  2129 
Keliiiery  furnace,  1761 

Kel'orm  club  house ; scagliola  at,  22£0^. 

Lighting,  2284/'.  Ventilation  of,  2278A 
Kefuse  de.'tructor,  1907e 
Keid,  Dr.  ; system  of  ventilation, 

Keigate  tirestone,  1G66< 

Keims;  cathedral,  541,  570.  Proportion  of, 
p.  1058.  Apse.  p.  1007.  Original  drawings, 

I p.  1008.  St.  Kemi,  534,  547.  St.  Nicaise, 
spire,  p 1004 

Keinhard,  Johann  ; architect,  579 
Kelief  to  be  given  to  ornaments,  2537 
Kelieving  arcli,  1925/.  In  spec.,  2282a,  22815 
Kernoval  of  cloisters,  598 
Kenaissance  style,  323 — 329.  And  flamboyant 
styles,  mixture  of,  2002x.  In  Spain,  597,  599 
Kendering ; plaster,  22505.  In  plasterer’s 
work,  2238.  To  underside  of  slates,  22105. 
In  spec.,  2287 
Reredos,  415 

Reservoir  ; at  Merab,  118 
Resilience  or  toughness  of  bodies,  1630i 
Resin  box  ; glazier’s,  2229 
Resistance  ; of  beams,  2021c.  Of  mortars, 
1858a 

Ressaunt,  double  ; a moulding,  p.  970,  p.  974. 

Lorymer,  p.  970 

Reveley,  Willey;  architect,  525 
Reversed  tee  irons,  1629i 
Revett,  Nicholas,  architect,  516 
Revolving  shutters,  2148a,  2255/  Of  wood  ; 
in  spec.,  2285c 

Rhamnus  ; temple  of  Themis,  p.  ^44,  p.  945 
Rheims.  See  “ Reims” 

Rhodez  ; cathedral,  532 
Rhodian  colonies,  p.  942 
Riano,  Diego  de  ; architect,  59.5,  599 
Rib  or  web  of  a plate  girder,  1629c 

vaulting,  2002c,  p.  980  et  sea,,  1499c, 

2002c?.  Setting  out,  p.  1019.  Moulded, 
2002n.  To  porches,  p.  998.  In  King’s 
College  Chapel,  p.  1005 
— — for  groins  in  carpentry,  2058  et  seq. 

Curved,  for  roofs  ; in  spec.,  2285a 
Ricchini,  Francesco  ; architect,  621 
Richard  of  Cornwall,  Emperor  of  Germany, 
569 

Richborough,  Kent ; castle,  391 
Richmond,  Yorkshire  ; castle,  394,  398 

Surrey;  entertainment  at,  by  Henry  VII., 

428 

house,  Whitehall,  510 

park  ; new  lodge  in,  508.  Old  lodge,  de- 
sign for,  440 

Rickel,  Paul  de  ; architect,  560 
Rickets’s  ventilating  globe  light,  2278w 
Rickman,  Thomas,  architect,  writer  of  At~ 
tempt  to  discriminate  the  Styles,  8j-c.,  p.  967, 
p.  971 

Ridge  ; crestings,  2256h.  Piece,  2035,  2035a. 
Roof  and  hip  tiles,  1836.  In  spec.,  2283a, 
2293c.  Of  lead  ; in  spec.,  2288 
Riding  house  ; at  Moscow,  2050 
Rieux  ; round  church,  p.  1006 
Rieux-Merinville  ; church,  535 
Riga  timber,  1729/ 

Right  lines  and  rectilineal  figures,  876 — 907 
Rim  lock,  2261 
Rimer,  2108 

Rimini ; church  of  San  Francesco,  325.  Arch 
of  Augustus,  p.  959 
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Ringing  floor  of  a bell  tower,  p.  1003 
Riple}',  Thomas  ; architect,  507 
Ripon  minster,  Yorkshire,  407.  Dates  and 
founders,  434 
Riser  ; of  stairs,  2180 

Risingham,  Norfolk ; Roman  altars,  marks 
on,  3226 

Rising  hinges,  2258,  22586 

Rivaulx,  Yorkshire  ; conventual  church,  407 

Riveted  plate  girder,  1629c 

Riveting  plates,  1631/j 

Rivets,  1631r.  Iron  for  ; strength  of.  1639u 

Road  scrapings,  1839i,  18526.  Making,  1839/t. 

Drains  ; in  spec.,  2286a 
Roadway  ; in  spec.,  2281 
Roanne,  house  near  ; window,  p.  975 
Robert  the  Pious,  king  of  France ; archi- 
tecture under,  289 
Robin  Hood  stone,  1666f 
Robins,  E.  C. ; architect,  on  technical  schools, 
3038 

Roche  Abbey  stone  ; analysis,  1666 
Roche  lime,  *22.50/ 

Rochester,  Kent  ; cathedral,  396,  406. 

Founders  and  dimensions,  434.  Proportion 
of,  p.  1016.  Joggled  work  at,  1925c.  Castle, 
keep,  394,  p.  1057 

Rock  concrete  tubes  for  sewers,  1887a 
Rocking  stones.  See  “ Logan  stones  ” 

Rock- worked  rustics,  2669,  2670 
Rod  of  brickwork  ; decimal  parts  of,  2320. 
How  to  ascertain  value  of,  2314.  Table  of 
value  of,  at  different  prices,  2319 

bolts,  2259.  Of  iron,  stretching  and 

breaking,  1630« 

Rodario,  T.  ; architect,  623 
Rodrigo,  Alonzo ; architect,  595 
Rodriguez,  Juan  ; architect,  595 
Roelandt,  — ; architect,  2981 
Rolbrich,  Oxfordshire  ; circle  of  stones,  16 
Roll  and  fillet ; moulding,  p.  972  ; and  triple 
fillet  moulding,  i6. 

ribbing  ; slates,  221  li 

Rolled  irons  or  bars,  1629r 
Rollers  ; brass,  2263 
Rolls;  in  plumbery,  2213 
Rolls  chapel,  1908a 

Roman  architecture  ; character  of,  and  ob- 
servations on,  258.  Not  an  original  species, 
182.  Its  succinct  history  to  309  b.c,,  ib. 
Time  of  Appius  Claudius,  183.  Under 
Caesar,  186.  Augustus,  187.  Tibei-ius  to 
Claudius,  191.  Galba  to  Vitellius,  192. 
V espasian  and  Titus,  ib.  Domitian  to  Nerva, 
ib.  Trajan,  193.  Hadrian,  ib.  The  Anto- 
nines,  194.  Decline,  195  et  seq.  Under 
Diocletian,  198  et  seq.  Revived  but  little 
under  Valentinian  II.,  204.  Honorius 
raised  or  repaired  some  basilica;  at  Rome, 
204.  Roman  empire  in  the  West  ended  in 
476  A.D.,  205.  Destruction  of  Roman  em- 
pire, p.  963 

brickwork  ; ancient,  1895 

cement,  1863.  Use  of,  2251a.  In  spec., 

2287 

mosaic,  2231  e 

school ; its  character,  334.  Period  of,  346. 

Principal  masters  of,  ib. 

temples,  p.  963  et  seq.  Of  the  quadran- 
gular species,  208  et  seq.  Of  the  circular 
species,  214  et  seq.,  217.  Houses,  245 
Romanesque  or  Byzantine  architecture,  270 
et  seq.  In  France,  539.  In  German v,  568, 
570,  584.  In  Spain,  584,  587  “ ' 
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Rome;  cathedral  of  St.  Peter,  33"i— 311.  Doors 
of,  2735.  Nave  of,  2779.  Nithes  and  sta- 
tues in,  2779.  Points  of  suj)port  of,  1581. 
Windows  at,  2757 

church  of  San  Carlo  alle  quattro  fontane, 

342.  Of  San  Carlo  on  the  Corso,  342. 
Walls  at  San  Chr^'sogono,  1535.  Of  San 
Lorenzo  fuori  le  Mura,  281.  Sta  Maria 
Maggiore,  niches  at,  2779  ; walls  at,  1535, 
1549.  Sta  Maria  sopra  Minerva,  GIG.  Sta 
Maria  in  Trastevere  ; walls  at,  1535.  San 
Paolo  fuori  le  Mura,  281, 1534—1546, 1553; 
points  of  support  of,  1581  ; roof  of,  2051. 
Walls  at  San  Pietro  in  Vincolii,'  1535. 
Walls  at  Sta  Sabina,  1535,  1548,  1554. 
Chapel  of  San  Pietro  in  Montorio,  335. 
San  Stefano  Rotondo,  1528.  See  “ Pan- 
theon ” 

Temple  of  Peace,  217,  2547.  For 

other  temples,  see  the  names 

■ Palaces,  343,  344,  2735.  Bracciano 

palace,  windoAV,  2768.  4 heatres,  226,  258. 

F arnese  palace,  cornice,  2725 ; door, 
2744  ; window,  2763.  Massimi  palace, 
arcade,  2632.  Mattel  palace,  windows,  2758. 
Argentino  theatre,  2958.  Villa  Pia,  near, 
345.  See  “ Arch  ” 

taken  Totila,  and  again  united  to 

Eastern  empire,  279 
Romsey,  Hampshire  ; church,  396 
Roof ; examination  of  strains  in,  2031.  Names 
of  parts,  ib.  Scantlings  of  timbers  for  dif- 
ferent spans,  2035 — 2040.  Mode  of  framing 
for  different  spans,  2042 — 2045.  Mode  of 
forming,  in  the  mediaeval  period,  20o2d  et 
seq.  Mouldings  of,  p.  986  et  seq.  Lines  for 
framing,  2053.  Hip,  to  find  the  back  of, 
2054.  Lines  of,  to  find,  2053 — 2057.  Incli- 
nation of ; in  various  climates,  2027 — 2030. 
Heights  of  roof  in  parts  of  span,  20406 

•  glazing  for  skylights,  &c.,  2226c.  In 

spec.,  2289  • 

•  ; of  stone,  p.  998,  p.  999.  Of  zinc,  22246. 

Exposed  to  wind,  1592rf  et  seq.  Weights  of 
materials  used  for  coverings,  20406.  In 
spec.,  2283,  2285a,  22856 
Rooting;  how  measured,  2337.  Of  Athens 
and  Rome,  176 

Rooms  ; proportions  of,  2820  et  seq.  Height 
of,  2821.  Height  of  galleries,  2822.  Pal- 
ladio’s rules,  2823,  2824 
Rope  and  cables ; breaking  weight  of,  1630s 

yarn  in  thatching,  2:41s 

Roriczer,  Mathias ; architect,  his  work  on  Pin- 
nacles, p.  1008,  p.  1019 
Roritzer,  Conrad;  architect,  579,  580 
Rose  ; of  lead,  to  cistern  in  gutter,  2214.  In 
spec.,  2288 

window,  p.  993  et  seq.  At  York  cathedral, 

p.  1015.  At  Ypres,  557,  558.  At  St.  Ouen, 
p.  1032,  p.  1036.  At  Rouen  cathedral,  p. 
1033.  At  Beauvais  cathedral,  p.  1034.  At 
Amiens  cathedral,  p.  1035,  p.  1037,  p.  1062 
Rosel  church  ; spire,  p.  1000 
Rosellini,  Bernardo  ; architect,  335 
Roseueath,  Dumbartonshire;  house,  525 
Roslvn  chapel,  near  Edinburgh,  431,  p.  1038. 
W'idth,  p.  1058 

Rostock  ; church  of  St.  Mary,  567 
Rot ; in  timber,  1746  et  seq. 

Rothenburg,  580 

Rouen  ; its  secular  and  ecclesiastical  archi- 
tecture, 552.  Many  churches,  549 
, cathedral,  541,  549.  Apse,  p.  1007. 
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Llerestory  window,  p.  'JPO.  11, .-o  wind-.«< 
p.  1032,  p.  10;a  l/uM  spire,  1005  ^ 

Louen,  St.  Omn.  514,  545  ; ded-ncl.  p. 

Set  out  with  tlie  iktcIi,  p.  1057  ; Nave  and 
transepts,  ;)4<  ; Piers  of  nave,  p.  KMO;  Win- 
dow.  p.  <189;  Hose  windows,  p.  991.  n.  1009 
p.  1032,  ]).  1036.  Church  of  St.  Nicais«-..5.'»o! 
St.  A incent,  547.  St.  .Mnelou,  514.  Pnlai'i 
(le  Justic-e,  550;  roof,  2052/.  Fontaine  do 
la  ( roix,  548.  Stone  cross,  p.  974.  IlOtcl 
de  Bonrgtheroulde,  550 
Roughcast,  2219.  In  si>ec.,  2287 
Rough  plate  glass,  1877,  1878.  In  spec.,  2289 
Round  churches,  p.  lOOG 
— towers  of  Ireland,  1499/r,  p.  1003 
R^aith^  4 orkshire  ; proportion  of  church,  fw 


Royal  exchange,  London.  1855.  Granite  at, 
1671a.  Steps  at,  1G7 16 

Polytechnic  institution,  London,  22784 

1786  ^ 


Rozier,  — ; architect,  579 
Rubbed  returns,  1890 
Rubbing  stone;  bricklayer’s  1890 
Rubble;  masonry,  1666/.  In  footings,  1886<-. 
W ork,  1922a  et  seq.,  3030.  In  S])auisli 
churches,  585 

Rudstone  jiillar,  Yorkshire,  14 
Ruesga,  Juan  de  ; architect,  596 
Ruffden,  Sir  William  ; house  for,  440 
Ruiz,  Ferdinando;  architect,  3G8 
Rule;  glazier’s,  2226.  Plumb,  1890.  For 
castings,  2265/ 

Rules ; .adopted  by  Freemasons ; in  proportion, 
p.  1057.  Of  proportion,  p.  1013 
Rumfoid  grates,  2279(/ 

Rumsey,  Hampshire  ; church,  396 
Running  loads  over  bars,  lG28a 
Ruprecht,  George  and  Fitz  ; architects,  572 
Ruremonde  ; Notre  Dame,  555 
Rushdon,  Northamptonshire  ; church  t>wer, 

p.  1002 

Rushton  hall,  Northamptonshire ; lodge  at, 
p.  1009 

Ruskin,  John  ; writer,  describes  Gothic, 
p.  965 

Russell,  John  S. ; his  principles  in  the  con- 
struction of  buildings  for  seeing  and  hear- 
ing in,  2958a  et  seq. 

Russian  architecture,  374  et  seq.  Churches 
built  in  the  eleventh  century,  375;  t>l*« 
of,  377 

Rustic  work  ; in  sjicc.,  2281a 
Rustics  to  joints  of  columns,  1925a 
Ruysbroek,  Jan  van ; architect,  5G2 


QABICUE  wood,  1728rf 
U Sacchetti,  Giambattista  ; architect,  3i2 
Sackville,  Thomas,  Earl  of  Dorset;  house 
for,  440 

Sacrificial  stones,  22 

Sacristy  ; Felkirk  church,  p.  999 

Saddle'bar;  in  glazing,  2227,  22296.  In  sj>cc., 

2286rt 


ife  loads,  1618 
ifety  brick,  1905c 

iffron  Walden,  INsex  ; church,  421 
igging,  2021a,  2031. 20526.  Prevented,  2031 
igres  ; Villa  do  Infante,  607 
dnt  Alban’s,  Ilertforddiirc  ; cafln^ral,  .312, 
398  407.  Founders  and  dimensions,  p.  l.M*. 
Assimilating  work,  p.  968.  Ceiling  of  nave 
and  east  end,  2023a,  CcUing  of  choir  and 
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••  ladv  chapel,  2023^.  Window,  p.  987, 
p.  988 

Saint  Aniand ; church,  534.  Chateau  de  Meil- 
lant,  548 

■Saint  Contest ; church  spire,  p.  1000 
Saint  Cross,  Hampshire,  396.  Ceiling  in 
tower,  2023a.  Porch,  p.  998 
Saint  Cyr  ; two  apsidt's,  p.  1007 
Saint  David’s,  Pembrokeshire  ; cathedral,  cir- 
* c ular'window,  p.  993,  p.  994 
Saint  Denis ; abbey,  539.  Doorway,  539. 

Church,  540,  p.  1028.  Steeple,  fall  of,  p.  1004 
Saint  Edmnndsbury.  Dee  “ Bury  Saint 
Edmunds  ” 

Saint  George  ; convent  in  Russia,  873 
Saint  George  Bocherville ; set  out  with  the 
English  perch,  p.  1057 
Saint  George’s  hall,  Liverpool,  1671e 
Saint  George’s  hospital  ; ventilation,  2278/d 
Saint  Germain  de  Blancherbe  ; quarries,  1606/ 
Saint  Germain’s,  Cornwall  ; monastery,  389 
Saint  Germain’s,  near  Paris,  440 
Saint  Honorine  granite,  1669 
Saint  Hubert ; church,  559,  560 
Saint  James’s  hall  ; lighting,  2264/ 

Saint  James’s  palace,  Westminster,  426 
Saint  Jean  aux  Bois  ; church,  540 
Saint  John’s  deals,  &c,,  17295 
Saint  Leonard  ; church  tower,  p,  1003 
Saint  Louis,  king ; great  number  of  eccle- 
siastical buildings  erected  under,  310 
Saint  Loup  ; church  spire,  1000 
Saint  Luke's  hospital.  Old  St'eet,  523 
Saint  Maximin  ; church,  540 
Saint  Petersburg;  founded,  378.  Palaces 
of,  ib.  Church  of  Our  Lady  of  Kazan,  ib. 
Saint  Pierre  Canivet ; quarries,  1666/i 
Saiut  Pierre-lez-Bitry  ; church,  534 
Saint  Poole,  Sir  George  ; designs  for,  440 
Saint  Quentin  ; chuich,  547.  Apse.  p.  1007. 

Hotel  de  Ville,  548,  550 
Saint  Riquier  ; church,  547 
Saint  Rombaut ; cathedral,  558,  559 
Saint  Thomas’s  hospital,  2976e  et  seq. 

Saint  Trond  ; church  of  St  Martin,  554  • 
Sainte  Radigonde  ; masons’  marks  in  church, 
3225 

Saintes ; amphitheatre,  228 
Sakkarah,  pyramids,  74,  75 
Salamanca  ; cathedral,  587,  597,  599.  Domi- 
nican church  of  S.  Esteban,  598.  Colegio 
inaj’or  de  Santiago  el  Zebedeo  or  del  arzo- 
bispo,  597.  University,  595 
Salisbury,  Wiltshire  ; cathedral,  542.  Foun- 
ders and  dimensions  of,  434  ; Proportion  of, 
p.  1016,  p.  1023,  p.  1058.  Vaulting,  2002g, 
2002m.  Buttresses,  p.  1048.  VV’indow,  p. 
988.  Spire,  p.  1001  ; strengthened,  p,  1005. 
Chapter-house,  149955 
Saloons,  549 

Salsette,  excavation  of ; near  Bombay,  57 
Saltpetring,  1667c,  1667m 
Salzburg ; cathedral,  355 
Salzdorf,  Johann  von;  architect,  580 
San  Bernardino  ; chapel  at,  350 
Sand;  measures,  2304.  River,  1851.  Pit, 
1852.  Sea,  1852a.  Metallic,  1852c.  For 
moulding,  2265c,  2265c.  In  cement,  2251a. 
l*a[)er,  2276c/.  How -measured,  2304 
Sand  1 or  samel  bricks,  1823 
Sanding  in  painting  ; outside  work,  2277 
Sandstones ; 1664.  Buildings,  1665.  Crush- 
ing force,  1502i 

feangallo,  Giuliano  di  ; architect,  335 
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Sangallo,  Antonio,  architect,  343 
San  Gimignano,  614.  Houses,  622 
San  Micheii,  Michele;  architect  350 
San  Pedro  de  Rates,  600 
Sanitary  appliances  ; closets,  22205.  Papers, 
2277c,  22775 

arrangements  for  a house,  3036  et  seq. 

aspect  of  house  constniction,  3027  et  seq. 

specification  for  a villa,  22945. 

Sansovino,  Jaco])o  ; architect,  351,  355 
Santa  Maria  de  Val  de  Dios  ; church,  589 
Santa  Maria  el  Real  de  las  Huelgas,  near 
Burgos;  cistercian  nunnery,  587 
Santarem  ; capture  of,  602.  San  Francisco, 
600.  Sta  Maria  de  Marvilla,  ib.,  607. 
The  Concei(jao  Velha,  607 
Saracenic  or  Arabian  architecture,  118  c/  seq. 
Decline  of,  128 

Saragossa  ; church  of  Sta  Engracia,  367 
Sarcophagus  of  Duchess  of  Kent,  1671/ 
Sarinena,  Juan ; architect,  598 
Sarking  ; to  a roof,  2210 
Sarzana ; cathedral,  618 
Sarum,  Old  ; cathedral,  396 
Sash  bars ; of  zinc,  2224tjf.  Of  metal,  2255/ 
Door,  21655  ; in  spec.,  2285/ 

Frames,  2164,  2165.  In  spec.  2285t?. 

Lines,  2165a,  2260.  Pulleys,  2260.  VV^eights, 
2165a,  2263.  Mountings,  2165a.  Pocket 
and  fittings,  2165a.  Tools  ; glazier’s,  2226 
Sashes,  2164.  Removal  of,  2165a.  In  spec., 
2285d.  Cast  iron,  in  spec.  2286 
Sashwork,  2226 

Saturn,  temple  to  (now  of  Vespasian),  at 
Rome,  213,  260,  2547 
Saul  or  sal  timber,  1728a 
Savo3',  London  ; palace,  423.  Chapel  ceiling, 
2023c 

Saw  ; not  known  to  the  Greeks,  7.  Carpen- 
ter’s, 2003.  Kipping,  half  rij>per,  hand, 
panel,  tenon,  sash,  dovetailed,  compass, 
keyhole  or  twining,  2115.  Teeth  of,  2116. 
Sawing  iron,  1767 
Saw  bench,  2124a,  21245 
Saxon  and  Norman  styles ; difference  be- 
tween, 397 

Saxons  ; arrival  of,  in  Britain,  383.  M inner 
of  building,  p.  1021.  Cathedi-als,  propor- 
tion of,  p.  1065 
Scabbling  hammer,  1913 
Scaffolding ; in  spec.,  2282c.  Framed,  in 
spec.,  2284c 

Scagliola  work,  2250/i  et  seq. 

Scales  of  iron  ; in  mortar,  1858,  18595 
Scales  and  weights  ; plumber’s,  2212 
Scamozzi,  Vincenzo  ; architect,  355,  365 
Scantle  ; slater’s,  2209 

Scantlings;  for  joists,  2015 — 2022.  For  gir- 
ders, 2021 

Scappled  blocked  ; to  granite,  1915c 
Scappling  hammer,  1913 
Scarborough  museum,  2916 
Scarfing,  2007 

Scena  ; of  the  Greek  theatre,  172 
Scenographia  ; of  Vitruvius,  p.  1013 
Scheiner,  Johann  ; architect,  583 
Schelestadt  church  ; octagon  steeple,  p.  1004 
Schinkel ; architect,  2923 
Schneeberg  ; parochial  church,  583 
Schnellmeier,  Heinrich  ; architect,  579 
Schomberg  house,  Pall  Mall,  16665 
Schonbrun  ; palace,  365 
School,  Hanwell  district,  2976c 
Schorl  f in  granite,  1669 
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See  “ Shadows” 


Schwerin  ; cathedral,  567 
Sciograpln”,  ‘2468—2484. 

Scoriie  ; in  mortar,  1859^7 
Scotch  granites,  1670.  Slates,  1805 
Scotgate  Ash  stone,  1666x 
Scotia  or  Trochilus,  2532 
Scotland ; architecture  of,  in  time  of  the 
Saxons,  383,  388.  Stone  buildings  in,  of 
high  antiquity,  388.  Tudor  examples  of 
style  in,  431.  Spires  of,  p.  1003.  Granites 
of,  1671rf  et  seq.  Marbles  of,  1682 
Screen  ; Northfleet  church,  p.985  ; Lavenham 
church,  p.  986.  Aldenham  church,  ib. 

Screw,  13‘24 — 1330,  1631tJ.  Varieties  of, 
2257 

driver,  2110.  Cheek,  2102 

Screwdowns  or  valves,  2223s 
Scribe ; bricklayer’s,  1890 
Scroll  moulding,  p.  972 
Sculpture ; in  Gothic  architecture,  p.  971  et 
seq.,  p.  1028.  Much  used  in  the  early 
English  style,  401.  In  France  ; of  the  I4th 
century,  543  ; 15th  and  16th  centuries,  646. 
In  France  and  Germany,  568.  In  Germany, 
578 

rather  than  painting,  allied  to  archi- 
tecture, 2522 
Sea  coal  mortar,  1859a 

Se  I sand,  1851  et  seq.,  2222(7.  Inducing  rot, 
1746 

Sea  water;  effect  of,  on  iron,  1779.  On 
cement,  18625  et  seq.,  1864c 
Seams  ; in  plumbery, 

Seasoning  timber,  1748,  1751 
Seats  ; wood  mouldings,  p.  986.  Of  a church, 
in  spec.,  2285i 

SecqueviUe  church  ; spire,  p.  1000 

Section,  2490a 

Set  z ; cathedral,  540 

Sefton,  Lancashire;  proportion  of  church, 

p.  1016 

Segeste  ; temple,  149,  p.  945 
Segments  of  a circle  ; Table  of  areas  when 
the  diameter  is  unity,  1225 
Segovia  ; bridge  of,  at  Madrid,  371 

cathedral,  367,  598.  New  caGiedral, 

ib.,  599.  Masons’  marks,  3225.  Casa  de 
moneda,  526.  Hieronymite  monastery  ot 
Sta  Maria  del  Parral,  596 
Selby,  Yorkshire;  conventual  church, 

421.  Choir,  groined  ceiling,  202'dg.  Win- 
dows, p.  991 
Selenitic  mortar,  2250a 
Self-coiling  shutters,  2148a 
Selin  us  ; founded,  p.  943.  City 
temples,  p.  946,  p.  948,  p.  949 
Semiram  is,  queen;  works 
attributed  to,  9 
Semite  ; of  the  xystus,  17^5 
Senlis ; cathedral,  540.  Church  of  St.  Pierre, 
547.  Church,  634 
Sens  ; cathedral,  540,  547 
Septimus  Severus;  arch  at  Rome,  2547,  p. 

Seratrlio  ; reception  room  of  the,  132 
grifo  Sebastieoi  architect,  2744.  Mode  of 
relieving  a lintel.  1926/.  On  proportion, 
P- 1058 

Serpentine,  1681(7  et  seq.,  1683c 
Servandoni,  Niccola  ; architect,  362 
Service  ; box  to  cistern,  2‘f23c  Pipes,  22^ 
Set ; produced  by  a straimng  force,  1C28A, 
1630e 

Sets  oflf,  1900(7 


147.  Five 


of  architecture 


Setting  board;  glazier’s,  2228.  Knife,  ghv- 
zier’s,  ib. 

Severcy,  4 15,  p.  10-16 
Seville  ; cathedral,  368,  595,  599 
Sewers;  their  use,  size  and  funn,  1887  rt  »rq. 
Shade,  as  distin^ruished  from  shadow,  2159 
Shadows;  method  of  projecting  in  nrcliitrc- 
tural  drawing.^  ‘2458 — 24K-1.  Ancle  uMinllv 
employed  for  the  light,  2159—2162.  K.x- 
amples,  ‘2464  et  seq.  Oi)  steps,  2 KIh.  ( If 
modillions,  ‘2469— ‘2471.  On  triglyphs,  2172. 
Of  consoles,  ‘2473.  Of  niches,*  2 17.n  Of 
pediments,  2476.  Of  hasc.s,  2180.  Of 
Tuscan,  Ionic,  and  Corinlhian  capitals, 
2480—2484 

Shaft;  Gothic,  p.  976.  Filleted,  p.  989.  In 
vaulting,  p.  980  et  seq.  Of  stone,  strength 
of,  150%.  Of  coloured  stone,  in  s[k*c., 
22845.  How  measured,  2358 
Shaftesbury  house,  Aldersgate  Street,  402 

ventilator,  2278f/ 

Shah  Abbas  ; caravamserai  of,  51 

Meidan  ; at  Ispahan,  51 

Sham;  ceilings, ‘2023(/.  Vaulting,  1199/<5 
Shapes  of  beams  and  girders,  1628/>  et  seq. 
Sharpe,  Edmund,  architect;  on  the  |>uinteil 
arch,  303,  3075;  author  of  Architectural 
Parallels,  p.  971 
Shawk  stone,  1666z 
Shear  steel,  1772 

Shearing  or  detrusion,  16.31n  et  seq.  In  iron, 
1029c.  Of  stones,  1502i 
Sheephouse  quarries.  Drogheda,  160655 
Sheerness  d oc  k s,  1 6 7 1 e 

Sheet;  copper,  1789.  Glass,  18i8a,  18(0«f, 
1872.  Iron,  Aveight  and  thickness,  2254. 
Lead,  1783  ; thickness  of,  2215a 
Shell  lac  for  protecting  stone,  1667n 
Shelving  ; of  slate,  22ll</ 

Shene,  Surrey  ; palace,  424 

Sherborne,  Dorsetshire  ; minster,  398.  Porcti, 

Sheriff  Hutton,  Yorkshire  ; palace,  42t> 
Sheringham’s  ventilator,  2278/^  _ 

Shingles  ; in  rooting,  2224.  Imitation  of,  on 
stone  spires,  p.^1000 
Shingling  iron,  1 < 57  . 

Shoes;  for  shutters,  2225/.  Of  iron  for  timber, 
1746.  Of  iron  in  rooting,  2043  <■/  seq. 
Slione’s  sewage  ejector,  1887c,  18a7(7 

ShopThttings,  in  ‘"P^^ , 2285e.  Fronts  of 
Shorland’s  tubes,  2'778s.  Grate,  --.(7 

Short  aud  long  Avork,  192-.0 
Shoulders;  in  coursed  masonrA,  lO-og. 

framing,  2175a  Alkmund 

^^clTurches^  p.  1002.*  Fcdestal  of  Lord  Cl.vc, 

Slmte^John;  architect,  438 
ihutr°b.,r’s2263,‘21W6.  .Sho„>- 

306.  Temples  in,  147.  p.  9 J 

Siculo-Norman  style,  6 b 
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p.  1008.  San  Francesco,  ib.  Houses,  614. 
Pal.  Buonsignori,  614.  Pal.  Piccolomini, 
329  ; cornice,  2725.  Pal.  Spanocclii ; cor- 
nice, 2725 
Siena  marble,  1678 
Signia  ; Cyclopean  remains,  32 
Siguenza  ; cathedral,  587,  598 
Silica  and  lime,  1859c 
Silicate  cotton,  or  slag  wool,  2247,  2971c 
Silicate  of  iron  paint,  221 'dg 
Sill ; of  a partition,  2025.  Of  a window,  in 
spec.,  22845 

Siloe,  Diego  de  ; architect,  368 
Similar  figures,  958 — 968 
Similarity  of  work,  p.  969 
Simpson,  Archibald  ; architect,  2043 
Sine  of  an  arc,  1039 
Single  axed  ; to  granite,  1915c 
Single  ; flooring,  2014.  Slates,  2211c.  Framed 
roof,  2052/«,  2Qo2q.  Stones  ; early  practice 
of  erecting,  and  of  what  probable  emblem, 
13 

Sink  ; of  stone,  of  earthenware,  in  spec.,  2284<7. 
Deal,  in  spec.,  228og.  Lined  with  lead,  in 
spec.,  2288.  Of  slate,  221  Ig-.  Trap,  2220i 
Sink  stone,  in  spec.,  22Sid 
Sion  house,  Middlesex,  442 
Site  for  industrial  dwellings,  3023 
2k7}i/^,  or  Scena,  of  the  Greek  theatre,  172 
Skerryvore;  lighthouse,  1671/< 

Skew  back,  1890 
Skiffled  ; in  mason’s  work,  ld22d 
Skimming ; in  plasterer’s  work,  2246a 
Skinning  work,  p.  970 

Skirtings  ; in  spec.,  22855.  Of  cement,  2287. 

Of  slate,  in  sj)ec , 2283a 
Skirts  ; of  a roof,  2053 

Skylights,  in  spec.,  2285c.  How  measured 
2355 

Skynners,  Sir  Vincent ; house  for,  440 
Slab  ; of  slate,  1810.  Generally  used,  2211/i. 

In  roofing,  2210A 
Slag  ; in  mortar,  1859<i 
Slag  wool,  2247,  2971c 
Slaking  lime,  1843ri,  1848,  1859/t 
Slate,  1798  et  seq.  Descriptions  of,  1798. 
Quarries,  1800.  Properties  of,  1801.  Dif- 
ferent sorts,  1802  et  seq.,  2211c  et  seq.  Tests 
of  quality  of,  1807  et  seq.  Strength  of, 
2211c.  Use  of,  in  Pembrokeshire,  221  lo. 
Defect  in  constructions  of  it,  ib.  Hips  and 
ridge,  221  li.  Boll  ribbing,  ib.  Slope  of 
roofs  for,  2030.  Names  and  sizes,  2211c. 
Number  to  cover  a square,  22115.  Slabs, 
22i\p. ; in  spec.,  2283a 

articles,  &c.,  1804.  Dowels,  1925/. 

Ground  for  plastering,  2246rf.  Of  glass, 
2231.  Enamelled,  2211r 
Slater’s  work;  in  spec.,  2282c.  Hoav  measured, 
2370 

Slating,  2209  et  seq.  Open,  2210c.  Patent, 
221  Oi 

Slaugham,  Sussex  ; house  for  Sir  W.  Covert, 
440 

Sleaford,  Lincolnshire  ; church,  398 
Sleepers  ; timber  for,  1729/  How  measured, 
2331.  Walls,  in  spec.,  2282a.  Oak  for,  in 
spec.,  2285.  Blocks  of  earthenware,  1886<7 
Sliding  of  voussoirs,  1495a 
Slope  or  pitch  of  a roof,  20405,  2052a 
Slotting  a bar,  2255? 

Slow  combustion  grates,  2279d 
Small  cut  brads  ; glazier’s,  2226 
Smirke,  Sir  Robert ; architect,  520 


SPH 

Smirke,  Sydnej’- ; architect,  2052m 
Smith,  Edward  ; sculptor,  526 
Smithery  and  ironmongery,  2253  et  seq. 
Smith’s  and  ironmonger’s  work,  2255.  In 
spec.,  2286.  Estimating,  2375. 

weather-tight  casement  fastenings,  2259, 

2259(7 

Smithson,  Huntingdon  ; architect,  443 

, Robert ; architect,  440,  443 

Smoke  flues,  3052.  Overheating,  3062 
Smyrna;  tumulus  near,  304 
Soaking  bricks  in  water,  1 9005 
Soane,  Sir  John ; architect,  523. 

Sod  kiln ; for  lime,  1846 
Sofites,  in  spec.,  2285c 
Softening  water,  22235 
Soil  pipes,  222‘6g,  2223k 
Soils;  best  for  foundations,  1882,  1883.  To 
cover  in  basement,  1886/  In  spec.,  2281 
Soissons;  St.  Pierre,  534.  St.  Jeandes  Vignes, 
645 

Solar  cell ; of  the  baths  of  Caracalla,  235 
Solari,  Chri>tofano  ; architect,  623 
Solder ; for  lead  work,  2223n.  For  copper,  iron, 
brass,  and  pewter,  2224(7 
Soldering,  2223/’;  2223/t.  Zinc,  1797 
Solids,  979 — 995.  Mensuration  of,  1229  et  seq. 
See  “ Mensuration  ” 

— to  voids  ; ratio  of,  in  vertical  sections  of 
Gothic  buildings,  1583c.  See  “ Points  of 
Support  ” 

Solmone  ; aqueduct  and  house,  625 
Solutions,  fireproof,  2971/ 

Somerset  house,  London,  518  et  seq.,  2893. 

Old  ; ground  plan  of,  440.  Water  front,  459 
Somersetshire  ; churches  in  the  florid  English 
style,  423 

Sompting,  Sussex  ; church  tower,  p.  971 
Soufflot,  Jacques  G. ; architect,  3c  1,  p.  1048 
Souillac  ; church,  307,  535 
Sound  boarding.  See  “ Pugging  ” 

Sound.  See  “ Isacoustic  curve  ” and 
“ Theatre.”  Non-conductor  of ; see  “ Slag 
■wool.”  Wood  as  a conductor,  2964 
South  Wingfield,  Derbyshire  ; mansion,  426 
South  Wraxhall,  Somersetshire  ; hall  roof, 
20527 

Southampton  ; new  church,  525 
Southfleet,  Kent ; church  roof,  2052o 
Southwark,  Surrey  ; church  of  St.  Mary 
Overies,  or  St.  Saviour’s,  421 ; vaulting  ribs, 
p.  980.  Of  St.  Olave,  512 
Southwell,  Nottinghamshire  ; collegiate 
church,  389.  Founders  and  dimensions,  p. 
197.  East  windows,  p.  988.  Porch,  p.  998 
Sow  ; of  lead,  1782 

Spain ; mai'bles  of,  1680.  Architecture  of, 
367  et  seq.,  584 

Spalatro  (j)roperly  Spalato);  joggled  arches, 
192.5e.  Niches,  2775 
Spandril ; in  vaulting,  2002e 
Spanish  white,  2274 
Spazi,  L.  de’ ; architect,  623 
Speaking  tubes,  2262a 
Special  subjects,  2861  et  seq. 

Specifications,  2280  et  seq. 

Spey,  Johann  von  ; architect,  579 
Sphaeristerlum  ; of  the  Greek  gymnasium,  175 
Sphere;  surface  or  segment,  1237.  Solidity 
of  a,  1238.  Solidity  of  a s{)herical  segment, 
1239.  Its  resistance,  1592(7 
Spherical  surtjices ; to  fonn  in  joinery,  2208. 

Vaulting,  1478 — 1493 
Sphinx  of  Egypt,  74 
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1 Spiders  in  roofs,  557 
Spikes,  2263 

Spina ; of  the  Roman  circus,  240 
Spindle ; self-adjustinp:,  2261 
Si'inkwell  quarry,  I666y 
I*  Spiral  stairs,  2808 

[•  Spires,  p.  1000  et  seq.  Construction  of,  p.  1003. 
I ' In  spec.,  22845.  Of  iron,  p.  1005.  Of  zinc, 

fci  22245.  With  open  tracery,  p.  1005,  Of 

K wood,  at  Breslau,  579.  Of  stone,  at  Thomar, 

P 607.  At  Salisbury,  p.  1052  ; thickness  of 

J stone,  ib.  Lofty,"  in  Belgium,  560.  Of 

i.'  brick,  ib.  Gothic,  wrought  into  Italian 

li  architecture,  484 
h Spires,  or  Speyer ; cathedral,  287 
„■  Splays,  ramps,  and  chases  ; in  spec.,  22825 
Split  oak  for  pales,  21255 
k'  Splitting  slates,  22 lit/ 

Sprinkler,  automatic,  29717 
,,  Square;  bricklayer’s,  1890.  Bricklayer’s  large, 

< ib.  Glazier’s,  2226.  Joiner’s,  2118.  Mitre, 

2124 

Squares ; use  of,  in  proportion,  p.  1005  et  seq., 
p.  1008  et  seq.  And  triangles,  systems  of, 
620 

Squares,  &c.  Tables  of,  2297,^,  2297/t 
Squaring  the  rail  of  stairs,  2187.  Dimensions. 

^ 2297 

Squinch,  p.  1001 

Stability  ; of  piers  or  points  of  support,  1563  ; 
of  buildings,  1583e  et  seq.  In  a roof,  2035a. 
Source  of  fitness,  2500.  Dependent  on  laws 
of  gravitation,  2501 

Stable ; and  fittings,  2255Z.  In  spec.,  22825, 
22855,  2286a.  Supply  of  Avater  to,  22237. 
Mason’s  work  in,  in  spec.,  2284c7 
Stacking  timber,  1730  et  seq. 

Stadium  ; of  the  Greek  gymnasium,  175 
Stafford,  Duke  of  Buckingham  ; his  palaces, 
426 

I Staffordshire  tile,  1908c 
j Stages  of  mouldings,  p.  979 
Stained  glass,  2231 5 
Stains  for  wmod,  2276c.  In  spec.,  2290a 
Staircases,  2796  et  seq.  Designing  of,  impor- 
tant, 2797.  Light  in,  2798.  Of  the  Greeks 
and  Romans,  2790.  Few  remains  of,  at 
Pompeii,  2800.  Of  the  Trinna  de’  Monti 
and  Araceli,  2802.  Palladio’s  rules  for 
forming,  2803,  2804.  Various  sorts,  2805. 
Winding  or  spiral,  2806.  Palladio’s  rules 
for,  2806,  2807.  Spiral,  with  solid  newel, 
2808.  Spiral,  with  open  neAvel,  2809.  El- 
liptical, Avith  open  neAvel,  2810.  Elliptical, 
with  solid  neAvcl,  2811.  Easiness  of  ascent 
in,  2813.  Blondei’s  rule,  2814.  Hoav 
measured,  2357 

Stairs;  iron  circular,  2255.  Back  and  prin- 
cipal of  stone,  in  spec.,  2284c.  Of  Avmod,  in 
spec.,  2285c,  2285rf 

stone,  1926  et  seq.  With  solid  or  open 

newel,  1926.  Geometrical,  1927 — 1929. 
Landings,  half  paces  and  quarter  paces  of, 
1929.  Thickness  of  steps,  1928.  Rules  for 
risers  and  treads,  2177 — 2179.  Carriage,  &c. 
of,  2026.  Deal,  in  spec.,  2285c,  2293c 
Stall  board ; in  spec.,  2285c.  In  stables,  in 
spec.,  22855.  Dressings,  in  spec.,  22855 
Stalls  ; in  churches,  2192a.  At  Winchester 
cathedral,  p.  984.  At  Selby,  p.  985.  At  Lan- 
caster, 75.  In  Henry  VII. ’s  chapel,  p.  986 
Stamford,  Lincolnshire ; parochial  church, 
421.  AlLSaints  church,  porch,  p.  999 
Stamped  or  incised  plaster,  2245a 
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Stancheons  ; to  Avindows,  2229c.  Strength  of, 
16317  cf  .SC'/.  In  spec.,  2286a 
Stancliflfe  stone,  1666 
Standard  ; of  deals,  1 729 
Stanford  s joint  for  drains,  1888a 
Staplehurst  Kent ; church  door,  2145a 
Starston,  Norfolk  ; church,  2052r 
Stassins,  Jan  ; architect,  559 
Stationes  ; of  the  Greek  gymnasium,  175 
Statues,  2773  et  seq.  Founding  of,  2266. 
King  William  IV.,  16715.  At  Portsmouth. 
Aberdeen,  &c. , 1671/’.  See  “ Niches” 
Steam;  in  warming,  22795,  2279/k 
Steel,  1633 — 1635, 1764, 1769  et  seq.  Shearing 
of,  1631s.  Plates,  strength  of,  1630/-. 
Columns,  2255.  Ornament  2255o 
Steel  decking  for  floors,  1903/; 

Steely  iron,  or  semi- steel,  1769a,  1773 
Steenhoukebelde,  Thiery  de  ; architect,  559 
Steening  Avells,  1829.  In  spec.,  22825 
Steeple ; octagonal,  in  Spain,  590.  Of  zinc, 
22245.  Nee  “Spire” 

Steier ; church,  567 

S.einbach,  Erwin  and  Johann  A^on ; archi  ects, 
770 


Stellar  form  of  A^atilting,  1499y  et  seq.,  2002w 
Stench  trap ; to  drain,  2220J.  In  spec.,  2288a 
Stepping  ; to  flashing,  22115 
Steps,  2180a.  And  risers,  to  itroportion,  2177, 
2178a.  Of  slate,  2211 5-.  Of  black  marble, 
1683.  Arches  to  cany,  in  spec.,  2282a.  To 
chancel,  in  spec.,  2281c 
Stereotomy.  See  “ INIasonry  ” 

Stevens,  John  ; architect,  561 
Stewing  stoves,  in  spec.,  22825 
Stewkley,  or  Stukely,  Buckinghamshire ; 
church,  389 

Steyning,  Sussex  ; parochial  church,  398. 
Proportion  of,  p.  1018.  Cap  and  base  of 
pier,  p.  1020 

Steyning  or  steening  Avells,  1829 
Sticking  ; in  moulded  Acork,  2105 
Stickles,  Robert ; architect,  440 
Stieglitz,  C.  L. ; Avnlter,  p.  1009,  p.  1011 
Stiffness ; in  a beam,  1628c,  16305.  Of  bodies, 
16307 


Itirling,  Morries;  improA’-ements  in  iron,  1628a 
itirrup  irons,  in  spec.,  2286 
itock  and  bit,  2107 

; bricks,  1820,  1822.  Locks,  2261 

»toke-Pogis  hou  e,  Buckinghamshire,  446 
(tone  ; early  Avorking  of,  10.  (Quarried  and 
Avorked  Avith  skill  by  the  Egyptians,  7 3. 
For  Cologne  cathedral,  573, 574.  In  Spanish 
churches,  585.  In  spec.,  2284  et  seq. 

1636  et  seq.  Freestone,  1637.  Limestones 

and  sandstones,  75.  Requi.site  qualities, 
1639.  Report  on  selecting  stone  for  the 
new  Houses  of  Parliament,  1641 — 1665. 
List  of  sandstone,  limestone,  magnesian 
limestone,  and  oolitic  stone  quarries  in  the 
provinces,  1664,  1G65.  oi  builflin^^s  of 
sandstone,  p.  462—465.  List  of  buildings  of 
limestone,  p.  465 — 168.  List  of  buildings 
of  magnesian  limestone,  p.  468 — 470.  Ana- 
Ivsis  of  sixteen  different  sorts  of  stone, 
1666.  Crushing  Aveights,  1500 — 1502, 15025. 
1582.  Table  of  weights,  1666a,  16065, 
Stones  used  in  the  metropolis.  1666c.  > ar- 
ious  stones  used,  1666^7 — 166655.  (Quarrying, 
1666CC.  French  building  stones,  166655. 
Kentish  ragstone,  1666dti  . e 

decay  of,  1640,  1667  et  seq.  Effects  of 

wind,  sun,  heat  and  cold,  1667/.  Dressings, 
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in  spec.,  2284.  Walling,  random,  in  spec., 
2284.  Preservation  of,  1667/i  et  seq.  Arti- 
ficial, 1667o  et  seq.  Absorption  of  wattr, 
1667m; 

Stone  age,  1913.  Bricks,  1903o.  Lime,  1849  ; 
1859/t.  Coloured,  1666e.  Pipe,  2223p.  In 
spec.,  2282a,  22936.  Cutting;  see ‘ Masonry.” 

, Kent ; church,  p.  1020,  j>.  1028 

, Nicholas  ; mason,  313,  440,  462 

buildings,  Lincoln’s  Inn,  515 

Stonehenge  ; account  of,  18.  By  Inigo  .Tones, 
457 — 461.  By  Mr.  Cunnington,  19,  40. 
Not  built  by  the  Britons,  380,  388 
Stoneware,  1839e,  1908a.  Pipes,  1888a,  2223p. 

Bonding  bricks,  1902c 
Stop;  to  chamfers  and  mouldings,  21756 
Stop-cock  for  gas;  in  spec.,  2293 
Stopping  and  picking  out  tools ; plasterer’s, 
2233 

in  painter’s  work,  2270.  In  spec.,  2290a 

Story  ; posts  and  curb,  for,  in  spec.,  2284c, 
2285a,  22856.  Rod,  for  stairs,  2182 
Stoves,  2279(7,  2279e.  For  gas,  22647,  2279e 
Stowting,  Kent ; church,  lead  of  glass, 
2229a 

Straight-edge,  2123.  Plasterer’s,  2233 
Straight-joint  floor,  2168 
Straining-piece,  2034 

Strains;  on  beams  and  girders,  1628e  c7  sc^. 
On  roof  framing,  2031.  On  inclined 
timbers,  1662 

Strap;  in  carpentry,  2011.  To  roofs,  in  spec., 
2286,  2286a 

Strassburg  ; cathedral,  322,  567,  570.  Pro- 
portion, p.  1011.  Masons  employed  at,  312, 
315.  Spire,  p.  1005.  Carving  at,  311 
Stratford-upon-Avon,  Warwickshire;  paro- 
chial church,  314,  408,  421 
Straw;  in  thatching,  2211s 
Strelly,  Nottinghamshire;  church  porch,  p.999 
Strength;  of  materials,  1500  et  seq.  In  a 
beam,  1628y.  Of  bodies  to  resist  deflection, 
16306.  Of  various  timbers,  1632a 
Stretchers,  1894 

Stretching;  resistance  to,  16307 
String  courses,  p.  981  et  seq.  Or  bands  to 
spires,  p.  1003.  In  spec.,  228  la 
Strings  ; of  stairs,  2026.  In  spec.,  2285(7 
Striped  work  ; in  masonr}^  1914 
Striping;  in  masonry,  1914 
Stripping  walls  before  re-papering,  221" f. 

The  surface,  in  spec.,  2281 
Strode  & Co’s  ventilator  for  gas,  2278u 
Stroking;  in  masonry,  1910 
Strong  closets  ; in  spec.,  22826 
Strong,  Thomas  ; master  mason,  469 
Struts ; in  carpentry,  2009,  2021a,  2031. 
Strength  of,  16317  et  seq.  And  braces,  abut- 
ment s for,  2010 
Strutt,  or  Belper  stove,  2279^* 

Strutting  pieces,  2018 
Stuart,  James;  architect,  516,  525,  2047 
Stuart’s  granolithic  paving,  1905c 
Stucco,  2250(7  et  seq.  Bastard,  2236  ; 2243. 
Painting,  2269.  In  Ireland,  2250p.  In  spec., 
2287 

Stuck  work  ; in  joinery,  2105.  In  Gothic 
joinery,  2175c 

Stuff ; size  of,  in  Gothic  work,  2175c.  Thick- 
ness, in  Gothic  work,  2175(7,  p.  986 
Stukely,  or  Stewkley,  Buckinghamshire  ; 

church,  389 
Stump  tracer}",  578 
Styles;  of  a door,  2130 
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Styles  of  architecture,  all  dependent  on  fitness, 
2508.  Principles  of,  p.  1047 
Sub-arch,  p.  977 

Subdivisions  and  apartments  of  buildings,  and 
their  points  of  support,  2848.  Vaults  for 
covering,  how  arranged,  2849 — 2854 
Subiaco  ; monastery  of  Sta  Scolast  ca,  614 
Subterranean  style  of  Egypt ; caused  by  the 
climate,  64 

Sudatio  ; of  the  Greek  gy^mnasium,  175.  Of 
the  Roman  baths,  235,  236 
Sudely",  Gloucestershire  ; house,  423 
Suffolk  ; bricks,  1820,  1831a.  Latch,  2262 

Lord  ; house  for,  440 

Sugar  ; eftect  of,  on  iron,  1779c 
Sully-siir-Loire  ; roof,  20527,  2052^ 

Sulphate  of  copper,  1752c 
Summer  ; building  in,  1832a 
Summer  hill,  Kent,  452 
Sun  Fire  office  ; plinth,  16716 
Sunium  ; temple,  p.  943,  p.  945 
Sun  lights,  2264e  ^ 

Superficies ; mensuration  of,  1212 — 1228.  See 
“ Mensuration  ” 

Superintendents  of  English  buildings  in  the 
middle  ages,  312 
Supervisor.  312,  319,  320 
Supplement ; of  an  arc,  1038 
Supports.  See  “ Points  ” 

Surfaces,  929 — 934 
Survey  of  Gothic  buildings  ; system  of  not- 
ing* p.  975 

Surveyor,  312,  319.  General,  319 

Susa  ; arch  of  Augustus,  p.  962  ; 

Suspending  rods  ; in  roofing,  2043 

Sussex  marble,  168 l^r 

Sutton  Place,  Surrey  ; 1908a 

Swansea,  Glamorganshire  ; castle,  413,  414 

Swardestone,  Norfolk  ; church  roof,  2052p 

Swedish  timber,  1729/ 

Swift,  dean  ; his  ignorance  of  art,  491 
Swinbrook,  Oxfordshire  ; bench  end,  p.  986 
Sybil ; temple  of  the,  at  Tivoli,  214,  2547 
Sy  camore,  1724 

Sydenham,  Surrey" ; palace  at,  p.  1057 
Syenite,  1669.  Crushing  weight  of,  15026 
Syenitic  granite,  1669,  131\g 
Sylvester’s  process  for  protecting  stone  and 
brickwork,  1667?j.  System  of  ventilat  on, 
2278y.  Stoves,  2279(7,  2279c 
Symmetry" ; in  architecture,  2510,  p.  958 
Syphon  trap,  2220^  ; 22237.  In  spec.,  2288a 

Tank,  18886 

Syphonage,  1888(7,  22206,  2223m 
Syphonic  aspirator  ventilation,  2278m 
Syracuse,  626.  Temples,  p.  943.  Houses,  626 
Systyle  intercolumniation,  2605.  Mouotri- 
glyph,  76. 

Szjrelmey’s  process  for  preserving  stone, 
1607m 


TA  ; sepulchral  tower  of  the  Chinese,  106 
Tabary  metallic  cement,  1667m 
Tabernacle,  or  canopy  ; plan  of,  p.  975 
Tables,  or  stone  courses,  1922o,  p.  979 
Tablinum  ; of  a Roman  house,  248,  253 
Tacks,  2257a,  2257(7 

Tadmor  or  Palmyra ; extraordinary"  struc- 
ture s,  196,  197 
Tai ; of  the  Chinese,  106 
Taking  down,  in  spec.,  2281 
Talenii,  Francisco  ; aichitect,  323 
Tall  boy,  1905a 
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Tfill's  concrete  construction,  1903:r 
l’anf?ent ; of  an  arc,  1041 
Tanjore  ; pagoda,  59 

Tanks  and  cisterns ; of  iron,  2223A.  For 
water,  1785cr,  22225 
Taormina ; houses,  G26 
Taper  shell  bit,  2102 

Tar;  as  a paint,  22736.  Asphalte,  18G7ff, 
19056.  Paving.  19056.  Oil  of,  1752a 
Tarentum  ; founded,  p.  943 
Tarnish,  of  copper,  1789a 
Tarouca  ; Cistercian  monastery,  600 
Tarpaulin,  1908a 

Tarragona ; cathedral,  587,  592.  Masons’ 
marks,  3226 

Tarring  fence,  in  spec.,  22856 
Tas  de  charge  ; in  vaulting,  2002e 
Tas.«els  ; in  a roof,  2052/ 

Taste  ; in  architecture,  2492.  Standard  of, 
2506 

Tattersball,  Lincolnshire  ; castle,  423.  Door- 
way, p.  998 

Tatti,  Jacopo  ; architect.  See  “Sansovino” 
Taunton ; St.  Mary’s  church,  421.  Tower, 

p.  1002 

Tayler,  Mr. ; his  house  at  Fetter’s  Bar,  440 
Taylor,  Sir  Robert;  architect,  313,  515,  523 
Taylor’s  new  roofing  tiles,  1835.  Damp  proof 
curse,  1886c?.  Facing  block  for  wails, 
1902e 

Teak  wood,  1728.  Strength  of,  1630 w 
Teale,  T.  P. ; grate,  2279c? 

Teano  ; castle,  625 

Tearing  materials  asunder,  1630?  . 

Tebbutt’s  safety  brick,  1905c 
Tectorium  ; for  walls,  22776 
Techii’cal  schools  and  college  buildings,  3037 
et  seq. 

Tee  irons,  1629s 

Telekouphonon  ; for  speaking  tube,  2262a 
Tempering  iron,  1769a 
Temple  Newsham,  Yorkshire  ; house,  452 
Temp’e,  76  et  seq.,  142  et  seq.,  1 96  et  seq.,  2547 
et  seq.  Proportion  of,  p.  1057  et  seq.  Sec  in 
Glo.ssary 

Templft ; bricklayer’s,  1890.  Or  Mould, 
1890,  p.  1019.  Carpeoter’s,  in  spec.,  2285  j 
Tenons,  20C8 

Tensile  strain  ; in  stone  and  marble,  1502o 

s rength,  1628e,  1628w,  1630/j.  Of  cast 

iron,  1630s 

Tension,  1628c,  1630c.  Rod  to  a beam,  20216 
Tentyra  ; temple  at,  71,  78,  80,  91 
Teocallis;  houses  of  gods  of  the  Mexicans, 
111,  113 

Teos  ; temple,  p.  951 
Teotihuacan  ; p\  ramids  of.  111 
Teotocopoli,  Domenico  ; architect,  369 
Tepidarium  ; of  the  Roman  baths,  235 
Terminus  2686 

Terni  ; church  of  San  Francesco,  613 
Terra-cotta.  1667o,  1839g  et  seq.  Ponus,  1903r. 
Architectural  use  of,  1908.  Colours  in,  1908<.  I 
S rength  < f . 1908o.  And  brick  churcli,  624.  ] 
Work,  in  Spain.  585  ; and  other  places,  1908  - 
Terras,  1859c,  1859c 

Terro-metallic  ; tiles,  1835.  Grooved  bricks, 

1 OOoc 

Tertiary  French  Gothic.  See  “Flamboyant” 
Tesserae,  1839c 

Testing  ; cast  and  w'rought  iron,  and  steel. 
2266a.  A beam,  1630/  Stone,  1500  et 
seq.,  2266rf.  Bricks,  15026.  Drains,' 1888/). 
Timber,  1603  et  seq.,  22666.  Cement,  2262c  I 
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Testing  machines,  22«)6a  et  seq  , 22Mf'rt  seq. 
Tetbury,  Gloucestershire;  church,  514 
Tetrastvle  temple,  2528  et  seq.  , 

Tettoje'  or  penthouse  roof,  614 
Tewkesbury,  Gloucestershire ; monnsterv, 
389.  Conventual  church,  421.  Shafts  of, 
p.  1023.  Choir,  p.  948 
Thames;  ballast,  1861.  Embankment,  16716, 
1671c 

Thaon,  Normandy ; church,  547.  Siiire 
p.  lOOO 

Thatching,  2211s 

Thaxted,  Essex  ; parochial  church,  421 
Theatre;  in  Rome,  185, 226, 258.  OfyEmiliu.^ 
Scaurus,  ih.  Tflat  by  (hirio,  i6.  Of  .Mar- 
cellus,  226, 258,  2547.  That  of  Pompeii,  Til 

of  the  Greek.s,  172.  First  constructed  in 

a temporary  manner,  ih. 

roof  of  old  Drury  Lane,  2048 

Theatres  ; modern,  2947  et  seq.  lly  Bramant®, 
U>.  Their  r vival,  2949.  i\mts  for  con- 
sideration in,  2952.  Forms  of,  2953,  2957. 
Wyatt’s  principle.*!,  2956.  Siz^s  of,  and 
sch-  mes  for  hearing  and  seeing,  2957 — •-96 1, 
Use  of  semicircle  in,  2965,  Distance  fr-an 
stage  to  boxe-!,  2968.  Seeing  in,  2969. 
Foreign  theatres,  2972 

Late  suggestions  for  improving,  2970 

et  seq.  Ingre.ss  and  egress,  2970,  2971. 
Cr  sh  room,  2970,  2971.  Pas.sages.  ih. 
Staircases,  ih.,  29706.  Openings,  2970-/. 
Doorways,  ih.  Department. s,  2971.  Fire- 
proof w.  rk  at,  2971a.  Curtain.  2971/). 
Lighting,  electric  and  gas.  2971^^  Vei - 
lilation,  29716.  Fire  at,  ih.  Water  fo.-, 
29716  et  seq.  Firepn  of  theatres.  2971/  it 
seq  Reference  to  publication.*!,  297  l«i, 
2972a 

Themis  ; t<  tuple  at  Rhatnnns,  p.  944,  p.  945 
Theobalds,  Hertfordshire;  house,  446 
Theodoric,  king;  architecture  under.  278. 
Ills  mau.soleum  at  Ravenna,  ih.  His  suc- 
ce.ssors,  279 

Theodo.s'us,  emperor  ; architecture  under,  271 
Theedosiu!  II.,  emperor;  architecture utider, 
271.  His  works  at  C<  nstantin<«ple,  271 
The  ton  ; tomb,  at  Agrigen  turn.  158 
Theseus;  temple,  at  Athens,  1.50.  p.  944 
Thienen,  Jacques  van  ; architect,  56'2 
Thiers;  churches  of  St.  Nectaire,  St.  S;  tn- 
pborien,  and  St.  G*  ncs,  534 
Third  Pointed  work  ; p.  oportion  in,  p.  H'17 
Thirds  ; in  proportion,  p.  983 
Thomar  ; cloisters  of  the  Templa^,  600.  Nossa 
Senhoia  dos  Ohvaes,  ih.  Choir,  60l.  Sjui 
Joao  Battista,  607 

Thornbury,  Gloucestershire ; palace,  4.i». 

Bav  Avfndow  at  castle,  428 
Thornton  coll  ge  ; for  Sir  Vincent  Skvnncrs, 


440 

,01  pp,  John  ; architect,  his  folio  volume  of 
drawings,  440.  Observations  on  by  \N  al- 
polc,  441.  De.sign  for  his  own  hou-e,  i6. 
lorpland,  Norfolk  ; hall  pon-h,  p.  999 
irough  stone.s,  1920 

irust ; of  an  arch,  1408— 14P2,  1496  ^ 

luin,  Jean  de,  and  his  son  ; architects,  .).>9 
luniti;  .screw's,  2‘263,  Latch.  2‘262 
ae'A«,  of  the  Greek  theatre,  172 
tbeam,  2031.  Roofs,  -2031  rt  srq.,  -0..-))i. 

!^^i"ods  to  a beam,  16-29«-.  And  suspension 

bars,  strength  of  16(i3/- 

trccron  ; in  vaulting,  1499/ 
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Ties  of  iron,  557,  558,  560.  And  chains,  1495 
Tigranes;  palace  of,  at  Diarbekr,  305 
Tile  ; floor  and  roof,  1903e  et  seq.  Arch  or 
flat,  in  spec.,  2282a.  Floor,  in  spec.,  22825, 
2284c,  2293c.  Paving,  1905ci.  To  clean 
tiles,  1905^ 

1834  et  seq.  Of  what  composed,  and 

how  manufactured,  1834.  Varieties  of, 
1835,  1906.  Ridge  roof  and  hip  tiles,  1836. 
Gutter  tiles,  1837.  Pan  or  Flemish  tiles, 
1838,  1907.  Paving  tips,  1839,  18395. 
Bridgewater  double  roll  tiles,  1838.  Lock- 
jaw tiles,  1838.  Weights,  1839.  Terro- 
metallic  tiles,  1839a.  Adamantine  clinker, 
ib,,  1905c.  Mathematical  tiles,  1839a.  Of 
glass,  2231a.  Glazed,  1839a ; in  spec., 
2284a 

Tiles ; Plain,  Roman,  and  hollow  ; proper 
slope  of  roofs  for,  2030 

Tiler’s;  tools,  1908.  Work,  in  spec.,  2283. 
Trowel,  1908 

Tiling,  1906  et  seq.  In  spec.,  2283.  Measuring 
and  estimating,  2301 
Tilting  cistern  ; for  flushing,  18885 
Timber ; chief  material  in  use  among  the 
Chinese,  98 

— — not  an  element  in  Egyptian  architec- 
tural composition,  63 — 71.  Houses  in  Eng- 
land, short  account  of,  439.  On  the  Con- 
tinent, ib.  At  Troyes,  2023<i 

ditterent  species  of,  1684  et  seq.  Oak, 

1685.  Chestnut,  1696.  Beech,  1701.  Wal- 
nut, 1703.  Cedar,  1705.  Fir,  1706.  White 
flr,  1710.  Spruce  fir,  1711.  American  pine, 
1712.  Larch,  1717.  Pop  ar,  1718.  Aider, 
1719.  Elm,  1720.  Ash,  1723.  Sycamore, 
1724,  Birch,  1725.  Wellingtonia,  1726. 
Mahogany,  1727.  Teak,  1728.  Morung 
saul,  172*8a.  Morra,  17285.  Greenheart, 
1728c.  Peon  or  poon,  1728<i,  Kowrie,  ib. 
Red  cedar,  i5.  Sabicue,  ib.  Iron  bark,  ib. 
Borneo  wood,  ib.  Bilian,  ib.  Table  of 
weights  of  timber,  1597,  1728c.  Woods  as 
classed  at  Lloyd’s,  1728/.  Standards  of 
deals,  1729 

■  ports — Quebec,  1729a  ; St.  John’s,  17295; 

Pu«;w8sh,  Miramichi,  1729c.  Baltic  ports 
— Memel,  1729t/;  Christiania,  i5.;  Draminen, 
ib.  Home  trade  1729c 

■  ; mode  of  preserving,  1730 — 1738. 

Preservation,  1739 — 1744.  Decav,  1745 — 
1747.  Prevention  of  decay,  1748 — 17525. 
Cure  of  dry  rot,  1763.  Drying,  1749a 
different  species  of  strength,  1598.  Co- 
hesive force,  in  the  direction  of  length,  1598, 

1599.  S.rergth,  in  an  upright  position, 

1600.  Resistance  of  a post  1602.  Hori- 
zontal pieces  of  timber,  experiments,  1 603 
— 1611.  Strength,  modified  to  its  absolute 
and  primitive  force  and  its  flexibilit}',  1611 
— 1613.  Strength  of  timbers  in  an  inclined 
position,  1622 — L627.  Timber  injured  by 
strains,  1628cif.  Ditto  by  action  of  sun,  1628c. 
Table  of  strength  of  various  timbers,  1632a. 
Strains  on  beams  and  girders,  16285T  et  seq. 
Trar  sverse  strength  of,  1628*  et  seq.,  1629pr 
et  seq.  Breaking  weight  of,  163C  s.  Crushing 
strength  of,  16302c.  Weights  of,  1728c. 
Use  of,  in  building,  1729/ 

pillar  ; strength  of,  1600  et  seq.,  16302c 

Timbers;  scantlings  of,  for  roofs,  2037 — 2040. 
Should  be  measured  when  carcass  of  build-  • 
ing  is  completed,  2314.  Use  of,  in  buildings, 
1729/  C<2iiversion  of,  2125a  et  seq.  Cubic 
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foot  of ; to/ompute  value,  2344,  2345.  In 
spec.,  2285.  In  circular  work  for  roofs, 
2052  et  seq. 

Tin  ; strength  of,  1630r.  Alloved  with  cop- 
per, 1791 

saw  ; bricklayer's,  1890 

Tinemouth.  See  “ Tynemouth  ” 

Tinned  iron ; effect  of,  17805.  Lead  pipe, 
2223/n 

Tinterne,Monracuthshire;  conventual  church, 
407,  p.  971  et  seq. 

Tiryns  ; walls  of,  31,  33 
Tisbary  stone,  IO667 
Tivoli ; temple  of  the  Sybil,  214,  2547 
Toad’s  back  rail,  2189 
Tobin  ventilator,  2278s 
Toddington  house,  Bedfordshire,  446 
Toils  ; of  a hinge,  2155 
Toledo ; cathedral,  688,  596.  Franciscan 
monastery  of  S.  Juan  de  los  Reyes,  696. 
Gate  of  San  Martino,  368 
Tolmen  or  colossal  stones,  26.  Constantine 
Tolmen  in  Cornwall,  ib. 

Tombs  ; of  the  Romans,  254.  Of  the  Horatii, 
now  of  A runs,  265.  Of  Caius  Cestius,  at 
Rome,  256.  That  of  Hadrian,  at  Koine,  ib. 
That  of  Cecilia  Metella,  at  Rome,  ib.  Group 
of,  from  Pompeii,  257 

of  Dukes  of  Burgundy^,  Philippe  le- 

Hardi,  and  Jean-sans-Keur,  dl*!.  Of  King 
John  and  Philippa,  at  Batalha,  605.  Of 
the  Constable  Pedro  Fernandez  de  Velasco, 
696.  Of  Affonso  II.  and  111.,  &c.,  and  of 
Pedro  I.  and  Ignez  de  Castro,  at  Alcoba^a, 
602.  Of  the  Scaligeri,  at  Verona,  617 

of  Elizabethan  architecture,  449.  Of 

Patclifle,  Earl  of  Sussex,  ib.  Of  Dudley', 
Earl  of  Leicester,  ib.  Of  Carey',  Lonl 
Hunsdon,  ib.  Under  James  I.,  4.53.  Of 
Archbishop  Stratford,  at  Canterbury, 
1499dri 

Tongres  ; church  of  Notre  Dame,  557,  560 
Tongue;  in  joinery,  2191 
Tonnage ; in  valuation  of  warehouses, 
p.  1098 

Tools  for  building ; used  by'  the  early  Greeks, 
7.  See  “ Painters  ” and  other  trades 
Toothings  ; of  walls,  1900c 
Top  rails  of  a door,  2130 
Torbay'  iron  paint,  2273c 
Torsion,  1628e,  1031x 
Tortoise  stove,  2279c 

Torus,  2532.  In  Norman  architecture,  397 
Tote  ; of  a plane,  2104 
Tothill  Fields  prison,  1855 
Totila  takes  Rome,  279 
Toughened  cast  iron,  17655 
Toughne.'S  of  bodies,  1630i 
Toulouse ; cathedral,  586.  St.  Sernin,  545 
Toultecs;  architecture  of  the,  110 
Tournai,  564.  Cathedral,  557,  558.  Church 
of  St.  Quentin,  553,  554.  The  Madeleine, 
655.  Sr.  Jacques,  ib. 

Tower  of  London,  394 — 398,  423 
Towers  and  spires  ; construction  of,  961, 
p.  1000  et  seq.  In  spec.,  2284a,  22845. 
Medireval,  domestic,  at  San  Gimignano, 
622.  Three  we.«tern,  583.  Of  brick,  at 
Bruges,  567  ; at  Bois-le-Duc,  560 
Town  drainage,  1888/ 

Town  dwellings  for  industrial  classes, 
30 12  et  seq. 

Townley  hall,  Lancashire;  gallery,  525 
Tracery'  bar,  p.  990 
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Tracery  and  geometric  forms,  p.  1028.  At 
Amiens,  geometrical  style  of,  p.  10G2.  In 
German  Gothic,  565.  In  w indows,  p.  980, 
p.  994  et  seq.  In  spec.,  2284a,  2286a 
Trajan’s  ; Column,  193,  486, 2603.  Bridge  over 
Danube,  193,  222.  Forum,  193.  Arch  at 
Beneventum,  p.  963 
Trams  ; for  paving,  1672 
Trani ; cathedral,  626 

Transition  ; of  periods  in  Gothic  architecture, 
410,  p.  969 

Transparent  wire-wove  for  glass,  2226c? 
Transverse  strain,  1628e,  1628^  et  seq.,  1628?. 
In  stone,  1502o.  Strength  of  bricks,  1833 
et  seq. 

Trap  to  drains,  22186.  In  spec.,  2288a.  To 
Avater  closets,  2220a,  2220^.  Of  cast  iron, 
in  spec.,  2286a 

doors  ; in  spec.,  2285a 

Trass  or  terras,  1859e 
Traversing  wood,  2121 
Tread,  for  steps,  2178a.  Haw'ksley’s  patent, 
2180 

Tread  ; of  metal,  2180.  Of  stoneware,  1908«. 

Of  marble,  2002nn.  In  spec.,  2285c? 
Treasury,  in  London  ; by  W.  Kent,  17276 

at  Mycenae,  36.  At  Orchomenos,  37 

Tredgold’s  form  of  beam,  1 6280-,  1 629? 
Tresham,  Sir  Thomas  ; architect,  440 
Treussart’s  concrete,  18626 
Treves  or  Trier ; church  of  St.  Mary,  566  ; 

and  of  St.  Matthias,  5t?3 
Trevi ; temple  at,  211,  2672 
Trevigi,  Girolamo  da  ; architect,  427 
Triangle  ; use  of  in  proportion,  p.  1005  et  seq., 
p.  1008  et  seq.  No  definite  theory  of  design 
carried  out  on  it,  p.  1018 
Triclinium  ; of  a Roman  house,  252,  253 
Triforium,  286,  555,  602.  None  to  chancel  of 
Bristol  cathedral,  p.  1017,  p.  1028.  At 
Wells  cathedral,  p.  1024.  At  Amiens 
cathedral,  p.  1061 

Triglyphs  ; origin  of,  135.  Regulate  the  dis- 
position of  Doric  order,  2605 
Tngon  ; proportion,  p.  1013 
Trigonometry  ; plane,  1032  et  seq. 

Trimmers  aiM  trimming  joists,  2017.  How 
measured,  2340.  To  hearths,  in  spec., 
2282a 

Trimming ; of  slates,  2210 
Tripoli ; described  generally,  132 
Triumphal  arches  ; different  sorts,  220.  Pro- 
portion of,  p.  958  et  seq. 

Trochilus  or  Scotia,  2532 
Trough  shape  beams,  1629? 

closets,  2220o 

Trowel ; bricklayer’s,  1890.  Slater’s,  2209. 

Plasterer’s,  2233.  Tiler’s,  1908 
Trowelled  or  bastard  stucco,  2236 — 2244 
Troyes ; floors  in  timber  houses  at,  2023c? 
Trunch,  Norfolk  ; church  roof,  2052? 

Truro,  Cornwall ; parochial  church,  408,  421. 
Cathedral;  founders  and  dimensions,  p. 
196 

Truss, -2031.  System  of  trusses,  2032.  For 
girders,  2021.  In  spec.,  2285a 
Trussed ; partition  in  a roof,  20o2g.  Rafter 
roofs,  2052»i 

Trussing  a beam ; formula  for,  1629a,  1630«, 
2021a 

Trying  up,  2102.  Plane,  plumber’s,  2212 
Tillies  ; ventilation  by,  2278^  et  seq. 

Tubing,  w'elded  ; for  gas,  2264/t 
Tuck  pointing  ; in  masonry,  1900,  1915a 
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Tuddington,  Bedfordshire;  house  at,  440 
Tudela;  cathedral,  587,  .588 
Tudela  de  Duero  ; parochial  church,  598 
Tudor  style;  examples  of,  in  Scotland,  431. 
In  England,  422  et  seq.,  432.  Character- 
istics of,  in  windows,  ceilings,  firing  but- 
tresses, ornaments,  canopies,  pedestals,  &c., 
430 

headed  windows,  p.  990 

Tufa  ; in  panels  of  vaults,  1499cc,  2f02A 
Tuileries  and  Louvre,  at  Paris,  357 
Tulle  ; cathedral,  534 

Tunbridge,  Kent;  castle.  394.  Sandstone, 
1666?,  1667w.  Ware,  2173c 
Tungstate  of  soda,  2971/ 

Turbine  ; for  ventilation,  22786 
Turin  ; Carlo  Alberto  statue,  1671a 
Turnbuckles,  2263 
Turpentine,  2271 
Tuscan  Gothic  architecture,  608 

-order;  inventors  of,  258.  The  order, 

2553.  Admits  of  few  ornaments,  2554. 
Method  of  profiling,  2555.  Parts  of,  on 
larger  scale,  it).  'J'able  of  heights  and  pro- 
jections, j6.  Whole  height  of,  2556.  Pal- 
ladio’s method  of  jirofiling,  2557.  Serlio’s 
method,  2558.  Scainozzi  s method,  2559. 
Intercolumniation,  2606— 26u9.  Arcade, 

2621.  With  pede.'tnl,  2628 
Tusculum  ; aqueduct,  304,  306 
Tusk  ; in  carpentry,  2008 
Tutbury  church,  IStaftbrdshire  ; door,  2002ee 
Twitting  or  torsicn,  1631x 
Tvmpauum,  2715.  Face  of,  how'  dispo.  ed, 
'2723 

Tynemouth,  Northumberland ; conventual 
church,  407 

Types  ; of  architecture,  in  three  states  of 
lile,  2.  Of  the  art,  258,  2507 


TjFFINGTON,  Berk.'ihire;  chancel  ceiling, 
U 2023^.  Porch,  p.  998 
Ulm  ; cathedral,  575.  Apse,  p.  1007 
Ulric,  of  Ulm  ; architect,  365 
Undercutting;  to  mouldings,  p.  981 
Underpinning;  in  spec.,  2282c.  Wedges  for, 
ill  spec.,  2286 

Undy-boltel ; moulding,  p.  973 
Unity;  in  architecture,  2509 
Upholsterers  and  decorators  ; to  be  avoided  in 
matters  of  taste,  2604 
Uria,  Pietro  de;  architect,  367 
Urinals  ; of  slate,  2221 
Use  and  wear;  in  dilapidafion.s,  p.  1094 
Utenhove,  M. ; architect,  559 
Utrecht,  bishop  of;  killed  by  a freem.ason, 
310 


■yACUUM  system  of  ventilation,  22786 
V Vaison,  churche.'<,  307 
Valencia;  cathedr;.!,  5><8,  594.  Puertn  de 
Serranos,  594.  Tow  er  LI  Micalete,  it>. 

Vale  Roval,  Cheshire;  conventual  church, 
407 

Valladolid  ; cathedral,  586.  Casa  del  Ayun- 
tamiento,  596.  S.  Benito,  598.  JSta  .Mann 
Madalena,  599.  Dominican  college  of  S. 
Grcf-orio,  597.  College  of  Santa  Cr.K-e.  367 
Valle  Cruci.s,  Denbighshire ; conventual 
church,  407  ^ _ 

Va  Ifagomi,  Ifemardode;  architect. 
Valmarana,  pahizzo,  balustrades,  2698 
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Valuation  of  property,  p.  1094  el  seq. 

Valve  water  closets,  2220b 
to  cisterns,  2223s 

Vanbrugh,  Sir  John ; architect,  herald,  and 
dramatist,  491 — 497 
Van  Hecke’s  ventilation,  221  Sh,  221  Sz 
Vanes  ; in  spec.,  2286« 

Variety,  desire  for  ; cause  of  decoration,  2515 

Varnish;  in  paint,  2271c 

Varnishing ; 2274,  22765.  To  clean,  2276c. 

In  spec.,  2290a. 

Vasquez,  M. ; architect,  605 
Vaucelles  ; church  spire,  p.  1000 
Vault,  1499/?.  Of  stone,  in  India,  19035.  For 
covering  apartments,  how  arranged,  2849. 
Its  weight  and  thrust,  2862.  Springing  of, 
2849 — 2854.  In  Gothic  architecture,  terms 
employed  in,  1499u.  Different  species  of, 
1499m?  et  seq.  Prepared  for,  before  piers 
were  set  out,  p.  1069 

Vaulting,  cylindrical ; how  to  regulate  cais- 
sons in,  2002  et  seq.  Compound  and  groined, 
1444 — 1456.  Coved,  1464 — 1477.  Spheri- 
cal, 1478 — 1493.  Intersecting,  1944  etseq. 
Hoofing  over,  2052/ 

examples  of,  14997i.  Solid  throughout, 

at  Packmgton  church,  525.  At  King’s 
College  chapel,  p.  1047,  p.  1048.  At  Bath 
abbey  church,  p.  1052.  In  cloisters  at 
Gloucester,  ib.  In  east  aisle  of  Peterborough 
cathedral,  ib.  At  St.  George’s  chapel, 
Windsor,  ib.  Thickness  of  stone  in,  ib.  In 
chapter-hou«e,  at  Wells,  p.  1026.  To 
porches,  p.  998,  p.  999 

shafts  and  ribs,  p.  980  et  seq. 

Velarium  ; of  the  amphitheatre,  229 
Velletri  ; campanile,  625 
Velocity  ; of  a falling  bodj',  1630o 
V’^endome ; abbaye  de  la  Trinite,  tower,  p. 
1004 

Veneers;  gluing  together  in  joinery,  2200 
Venetian  ; windows,  2756.  Frames,  in  spec  , 
2286d.  Mosaic,  223  le,  2231/t.  Filters  and 
tanks,  2223c  et  seq. 

Gothic  architecture,  608.  Details, 

p.  975 

filter,  2222c 

school  of  Italian  architecture  ; its  cha- 
racter, 349,  356,  463,  464 
Venice  ; church  of  San  Marco,  284,  307.  La 
Carita,  arcades  at,  2655,  2656.  SanFantino, 
and  pal.  Cornari,  351.  San  Salvadore,  365. 
Sai  ti  Giovanni  e Paolo,  613.  Madonna  del 
Orto,  ib.  Sta  Maria  Gloriosa  de’  Frari,  ib. 
Of  the  Redentore,  354.  San  Zaccaria  and 
San  Salvatore,  proportion  of,  p.  1013.  Rialto 
bridge,  356.  St.  Mark’s  library,  357,  2910. 
Sala  del  Consiglio  of  ducal  palace,  618. 
Piazza  S.  Marco,  355.  Ca  Contarini  Fasan, 
610.  Pal.  Grimani,  350. 

Vi  liter  ; of  an  aqueduct,  225 
Ventilated  slating,  2 10c,  2210/ 

Ventilation;  of  sewers,  18875.  Of  drains, 
1888L  Of  hospitals,  2975c.  Of  rooms, 
3035.  Of  building.s,  2278  el  seq.  Assists 
warming,  2279a.  To  gas  burners,  2278o. 
To  drains,  22205,  2223m.  At  theatres, 
29715 

Ventilators,  2278/?.  Of  glass,  2231a.  Of  per- 
forated zinc,  22247.  Air  bricks,  in  sp:c., 
2286.  Tobin's,  2278s.  Table  of  cube  feet 
of  air  thiough  a ventilator,  2278s 
Vercelli  ; monastery  of  San  Andrea,  611. 
Hospital,  ib.  Chui\h,  ib. 
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Verde  Antico  and  Verde  di  Corsica  marble, 
2002a 

Vergele  stone,  p.  1004 

Verona ; Church  of  Sta  Anastasia,  624.  San 
Bernardino,  ib.  San  Fermo  Maggiore,  616. 
San  Pietro,  door,  2143c.  Amphitheatre, 
228.  Pal.  Pompei,  350.  Porta  del  Pal  Ho, 
ib.  Porta  Nuova,  ib.  Theatre,  29  0 
Versailles;  arched  floor  at  war  office,  19035 
Versed  sine  ; of  an  arc,  1040 
Verueal ; cathedral,  masons’  marks,  3225. 

Cistercian  abbey,  587,  592 
Vesica  Piscis;  use  of,  p.  1007,  p.  1009,  p. 
1010,  p.  1014,  p.  1043 

Vesinet,  near  St.  Germain  ; church,  1903/? 
Vespasian  ; temple  to,  a tRome,  209,  213,  260, 
262,  2647 

Vesta;  temple  at  Rome,  214,  2547 
Vestibulum;  of  a Roman  house,  244 
Vezelay  ; church,  534.  Doorway,  539 
Viaduct ; at  Cuenca,  598 
Vianden  ; chapel  of  castle,  556 
Vibration;  affecting  iron,  1779a 
Vice ; glazier’s,  2228 

Vicenza;  cathedral, 624.  Arcades,  2641,  266.L 
Balustrades  at  Chiericato  palace,  2698.  At 
Porti  pal.,  ib.  Pal.  Thienne ; window, 
2769,  Arcades,  2656.  Theatre,  2948 
Victoria  stone,  1667z 

Vieille  Montagne  zinc  works,  1792,  1795, 
22245 

Vienna  ; cathedral,  567.  St.  Stephen’s,  576  ; 
spire,  p.  1005;  choir,  p.  1006;  proportion, 
p.  1011.  St.  Maurice,  532.  Stables,  venti- 
lation, 2278>i 
Vignola.  See  “ Barozzi  ” 

Villa  ; site  on  which  it  can  be  designed,  2999, 
300<>.  Those  of  Rome,  365.  Of  tlie  Romans, 
very  extensive,  184.  Of  Cicero,  243.  Of 
Lucullus  and  of  Pollio,  ib. 

sanitary  specification  for,  22965 

Village  hospitals,  29755 
Villaiieuva,  Baltasar,  de  ; architect,  371 
Villers  ; abbey,  655 
Villers,  St.  Pa"ul ; lintel  to  door,  19255 
Vincennes;  castle  of,  311 
Vine,  The,  Hampshire;  portico  at,  465 
Vintimiglia;  cathedral,  608 
Viseu  ; tower  of  Don  Duarte,  607 
Viterbo;  the  palazzetto,  614.  Fountain,  ib. 
Vitruvius  Pollio,  Marcus;  architect,  manu- 
scripts of,  326.  His  precepts  on  the  Doric 
order,  2610.  Work  appeared,  p.  1037  ; and 
work  cited  in  the  midd'e  ages,  p.  1013 
Vittoria,  Alessandro  ; architect,  356 
Vol terra  ; walls  of,  179 
Volute  ; of  the  Ionic  order,  151.  Method  of 
describing,  19255,  2576 
Vomitoria  ; of  the  amphitheatre,  229 
Voussoir,  or  keystone,  1943c 


WADE,  General ; house  for,  510 
Wages  of  workmen,  315 
Waghemakere,  Dominique  de  ; architect,  563 
VVail)lingen  ; outer  church,  580 
Wainscot,  1689,21255.  In  spec.,  22855,  228.5/'. 
How  measured,  2354 

Wakefield,  Yorkshire  ; chapel  on  the  bridge, 
421.  Parochial  church,  ib. 

W.'les  ; early  buildings  in,  387 
Walker’s  system  of  hot-water  blocks,  3057 
Walkington,  Yorkshire  ; church,  proportion 
of,  p.  1015 
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^2Jd6.  With  concrete  cores,  in  spec.,  2284. 
Hollow,  and  ties,  1902c 
Wall  plates  ; framing,  2009.  In  spec.,  2285n. 

How  measured,  2333.  Gothic,  p.  98(5 
Walls  ; at  St.  Filippo  Neri,  Naples,  153.5.  St. 
Giuseppe  and  St.  Domenico,  I’alermo,  1535*. 
Of  two  hundred  and  eighty  buildings  in 
F ranee  and  Italy,  1537.  In  private  houses, 
1538.  In  large  buildings,  1539, 1510.  Kulcs 
and  examples  for,  1542—1554.  Examples 
for  thickness  of,  in  houses  of  many  stories, 
155.5 — 1560.  In  ordinary  houses,  1556, 
1557.^  In  double  houses,  1558.  Of  the  Hotel 
Vendome,  1560.  Of  a house  for  the  llrothers 
Mocenigo,  1562.  Pressure  of  earth  against, 
and  rules  for  finding  thickness,  1584—1592. 
Thickness  of,  1900rf.  Pressure  or  force  of 
wind  against,  1592a  et  seq. 

of  brick  ; mode  of  measuring,  2306— 

2308.  Should  be  gradually  carried  up, 
1891.  Precepts  to  be  observed  respecting, 
1898—1900 

and  piers,  1500  et  seq.  Thickness  pro- 
portioned to  height,  1502.  Stability  and 
resistance,  1500—1502.  Stability  of|^  1503 
— 1517.  Mode  in  which  forces  act  on,  1505 
— 1509.  Enclosing  spaces  of  difierent 
forms,  1512 — 1517.  Method  of  enclosing  a 
. given  area  in  a regular  polygon,  1518 — 
1528.  ^ Thickness,  to  acquire  stability,  1525. 
Exterior  wall  of  San  Stefano  Rotondo,  1528. 
Thickness,  in  buildings  not  vaulted,  1529 — 
1554.  Kept  together  by  roofs,  1532 — 1541. 
Examples  of,  1535  et  seq.  Rules  for,  1542, 
1543.  Examples  of,  1544 — 1562 
Walnut,  1703 

Walsinghara,  Alan  de  ; architect,  319 
Walsoken,  Norfolk  ; bands  to  shafts  in  church, 
p.  989 

Walter,  of  Coventry  ; architect,  395 
Waltham,  Essex  ; abbey,  3S9 
Wanstead  house  ; Essex,  446,  504 
Wantage,  Berkshire  ; bench  end,  p.  986 
Wappenbury,  Warwickshire;  proportion  of 
church,  p.  1018 

Ward  of  hospital,  2975c.  Separation  of, 
2975c?.  Circular  and  rectangular,  2975i 
2975/.  For  dormitories  of  an  infirmary, 
29766 

Warden,  p.  1045 
Wardour  stone,  1666g 

Ware,  Isaac  ; architect,  his  Complete  Body  of 
Architecture,  525 

Samuel ; his  tract  on  Vaults  and  Bridges, 

1499a:  et  seq.  On  Theatres,  14995r 
Warehouse  ; valuation  of,  p.  1097.  Posts,  in 
spec.,  22856.  Floors,  in  spec.,  22856 
Warkworth,  Northumberland;  castle,  398 
Warming,  2975^,  29766.  Of  buildings,  2279 
el  seq. 

Warmington,  Northamptonshire  ; church, 
groined  ceiling,  2023^.  Tower  and  spire, 

p.  1001 

Warsaw  ; theatre,  2971 
Warwick;  Beauchamp  chapel,  parapet,  p. 
983.  Castle,  414,  418, 423.  Sessions  house, 
514 

Washers,  1631  jc 

Wash-out  water  closets,  2220rf 

Waste  ; in  dilapidations,  p.  1099 

pipe  to  cistern,  22236 

Wastes  to  bath,  sink,  &c.,  2223/ 

Water  suppW,  2218  et  seq.,  2223/.  To  Rome, 


WHS 

22.3—228.  To  industrial  dw«41iug«  501H 
etseq  Inspec.,228M.  Waste  prevenUrs  ,.r 

.r® 

M ater,  qualities  of,  2222/.  To  R-.ften  2-'"A 
use.  222.3.  For  nmrVar,* 
18.J3.  l\ei-ht  of,  1592a.  Weight  and 
Cond..n«ed,  in  spec,. 
22d.\g.  Effect  of  lead  on,  1785a.  Effect  of 
copper  on,  17896 

bar  to  casement,  2 1656,  2255(/,  22.59 

— closets,  2220  et  seq.  In  2285a. 

2288.  Apparatus  2220  ft  «c7. 

- glass,  16676,  IG677.  PijH-s,  1C99,  2223«  ; 

of  iron,  22237.  Trunks,  in  sj)ec.,  '22H.^A 

joint  hinges  ; in  spec.,  2285y,  2285/a 

— — works;  concrete  for,  18G26 
M a(e:-lily  ; used  in  Egyptian  ornament  87 
U aterloo  bridge,  1671e 
Watson’s  double.current  ventilator,  2278a 
Wavy  ornament,  397  ^ 

Wax  and  resin  paint  2273/ 

Wear  and  tear ; in  dilapidations,  p.  1099  et 
seq. 

Weather  bar;  see  “ Water  bar.”  Boarding; 

in  spec.,  22856.  Tiles,  19076 
Weathering  course,  p.  981 
Web  or  rib  of  a plate  girder,  1629c 
Webb,  John  ;'  architect,  464,  465 
Wedge,  1321 — 1323,  1631m,  For  underpin- 
ning, in  spec.,  2286 

Weeks  and  Co. ; warming  and  ventilating. 
2278u 

Weights ; of  materials  used  in  covering 
buildings,  20406.  Of  brickwork.  &c.,  2305 
et  seq.  Of  building  stones,  1666a,  16666. 
Allowed  on  a floor,  1618.  See  the  various 
materials.  Crushing,  &c.,  1500  et  seq. 

and  measures  ; French,  1369 

Weissenfels  ; church,  579 

Peter  von  ; architect,  579 

Welded  •wrought  iron  tubes,  '2225q 
Welding;  iron,  1760,  1764a.  Of  a flitch,  225.5u, 
By  hydraulic  pressure,  /6.  By  a gas  ajpa- 
ratus,  22636 
Weldon  stone,  p.  1045 

Well,  1829.  To  dig  first,  1882.  Sinking, 
2218a,  2218/.  In  spec.,  2281,  22826 
Wellingham,  Cambridgeshire;  church  porch, 
p.  998 

Wellingtonia,  fir,  1726 

Wells,  Somersetshire;  cathedral,  398,  406, 
421.  Founders  and  dimensions,  4.34.  Pro- 
portion of,  p.  1024.  Chapter-house,  149966, 
p.  1025,  p.  1026 
Welsbach  gas  light,  2264c 
Welsh  ; groins,  2058.  Lump-s  1826.  Rag 
slates,  1802,  22116 
Wenham  gas  light,  2264c 
Wenlock,  Shropshire;  choir,  398 
Werfen  ; church  of  St.  John,  .579 
West  IValton  church,  Norfolk  ; tower,  398 
We.stminster  abl>ey  church,  389,  406,  p.  1028. 
Founders  and  dimensions,  p.  195.  Pm|nir- 
tion  of,  p.  1016.  Assimilating  work,  p. 
968.  Apse,  p.  1007.  Piers,  p.  976,  Corl>eI, 
p.  981.  Windows  in  cloister,  p.  1029. 
Circular  window,  p.  191.  Henry  \IIths 
chapel,  440,  528,  605,  14996.  p.  971  rt  seq., 
p.  1054  et  seq.  Vaulting,  2002«  et  seq. 
yliserere,  p.  985 

Palace.  Painted  chaml)er,  window 

p.  989.  St.  Stephen's  chai)el.  121.  p. 
1040 


4Z 


1442 


INDEX. 


WES 

Westminster  hall ; section,  415 ; Window, 
School  Roof,  2052/,  2052/.  Palace,  423. 
1502c;  doi-mitory,  510.  Bridge,  granite, 
1671a,  1671c,  1671/i 
Westmoreland’s  ventilator,  2278m 
Westwood  hall,  Worcestershire,  426,  446 
Wetter ; church,  567 
Wetterstedt’s  marine  metal,  1786,  2224c 
Weyrer,  Stephan  ; architect,  680 
WharnclifFe  stove,  2279c/ 

Wheat  straw  ; in  thatching,  2211s 
Wheeble’s  Reading  abbey  stone,  1903cc 
Wheel  windows,  p.  9S3  et  seq. 

and  axle,  1307—1314 

Whinstone,  1922A.  Crushing  weight  of, 
1502A 

Whippinghara,  Isle  of  Wight ; church,  2245a 

Whispering  gallery,  2964 

Whitby,  Yorkshire  ; conventual  church,  407. 

Assimilating  work,  p.  969.  Mullions,  p.  991 
stone,  1667ic 

White,  William;  architect,  on  proportion,  p. 
1017  et  seq. 

White;  ant  in  timber,  1728c/,  1744.  Cast 
iron,  17656.  Lead,  2271a  et  seq.  Manu- 
facture of,  2272.  New  process  of,  22726. 
Charlton,  2273^.  Washing,  221Zg 
Whitehall ; palace,  457 ; banqueting  house, 
458 ; window,  2762 
Whitewashing,  2274 
Whiting,  2274 

Whittington,  Rev.  G.  D. ; writer  on  pointed 
architecture,  310,  313 — 315 
Whittlesea,  Cambridgeshire ; parochial 
church,  421.  Tower,  p.  1002 
Wight’s  fireclay  tiles,  1903/.  Company  and 
inventions,  1903r 

Wilfrid;  bishop  of  York,  383,  385,  386 
Wilkes’  metallic  paving,  1905c 
Wilkinson  and  Co.’s  specular  granitic  paving, 
1905c.  Fibrous  slab,  22466 
Willesden  roofing  paper  and  canvas,  2210^ 
William  of  Sens ; architect,  307a,  312,  321, 
395 

of  Worcester.  See  “ Botoner  ” 

of  Wykeham  ; bishop,  as  builder,  319. 

His  college  chapels,  p.  1007 
Willis,  Prof.  Robert;  on  penetration  of 
mouldings,  578.  Work  on  Architectural 
Nomenclature,  p.  970.  Work  on  Pointed 
Vaulting,  149966 

Willoughby,  Sir  Francis ; house  for,  440 
Wilton  house,  Wiltshire,  461,  608.  Works 
in  church,  2250^ 

Wimbledon,  Surrev  ; house  for  Sir  Thomas 
Cecil,  440,  446,  448 

Wimbotsham,  Norfolk  ; church,  2052g 
Wimmington,  Bedfordshire ; church  roof, 
2052o 

Wimpfen-im-Thal  ; church,  569 
Winchelsea,  Sussex  ; parochial  church,  398 
Winchester,  Hampshire;  cathedral,  313,  p. 
993.  Founders  and  dimensions,  434.  Pro- 
portions of,  p.  1012,  p.  1016,  p.  1021.  Nave, 
p.  1041,  p.  1043.  Choir,  p.  1044  ; groined 
ceiling,  2t)2‘6g,  Piers  of  nave,  &c.,  p.  1022. 
Base  course,  p.  983.  Parapet,  ib.  Clere- 
story window,  p.  990,  p.  1032.  Stall  mould- 
ings, p.  984 

■ St.  Mary’s  college  at,  chapel,  p.  1007. 

Proportion,  p.  1014.  Groined  ceiling,  2023^. 
Sacristy,  corbels,  p.  980 

palace,  Southwark  ; window,  p.  1015. 

Circular  window,  p.  994 
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Wind;  pressure  or  force  of,  1692a  et  seq. 
Effects  of,  on  stone,  1667/ 

guard,  revolving,  3034.  Slaking,  1843a 

Winde,  Captain  William ; architect,  465 
Winders ; in  stairs,  2186 
Winding  ; in  joinery,  2123.  Stairs,  2803 
Window  or  Ajimez  ; of  Spain,  585 

cleaning,  2230.  Bars  of  glass,  2231a. 

Backs,  elbows,  and  soffits,  in  spec.,  2285c. 
Ventilation,  2278o.  Guards  of  iron,  in 
spec.,  2286a 

Windows  ; 2745  et  seq.  In  Egyptian  build- 
ings, 82.  Blank  to  be  avoided,  2745.  Pro- 
portions of,  as  connected  with  apartments, 
2746.  Mode  of  obtaining  proper  quantity 
of  light,  2747.  Rule  for  size,  by  Chambers, 
2748.  Rules  by  Morris,  ib.  Examples  of 
rules  for  sizes,  2749 — 2752.  When  there 
are  two  ranges  of  windows  in  rooms,  2753. 
Piers  of,  2754.  In  the  same  story  should 
be  similar,  2755.  Venetian,  2756.  Ex- 
amples of  Italian,  2757  et  seq.  Examples 
of  Gothic,  p.  988  et  seq.  Examples  with 
tracery,  p.  1028.  Of  three  days,  p.  1029. 
Of  four  days,  p.  1030.  Of  six  days,  p.  1031. 
Divisions  of,  p.  1007.  Effect  of  good  and 
bad,  p.  991.  At  Carlisle  cathedral,  1502c. 
At  Westminster  hall,  ib.  Jamb  mouldings, 
p.  992  et  seq. 

painted  and  stained,  22316.  Alabaster, 

&c.,  615,  2002gg 

Windsor,  Ilerkshire  ; St.  George’s  chapel,  p. 
1050'  et  seq.  Vaulting,  2002x.  Doorway, 
p.  998,  Clerestory  windows,  p.  993.  Tomb 
house,  mullions,  p.  990  ; decoration,  22316. 

Castle,  393,  394,  398,  527,  2882 

bricks,  1826 

Wine  bins  ; of  slate,  2211g'.  Of  iron,  22bbg. 

Cellars  and  fittings,  in  spec.,  22826,  2284c 
Wingfield,  Derbyshire  ; manor  house,  423. 
Porch,  p.  999 

Winter  ; building  brickwork  in,  1832a,  19006, 
22506 

Wire  ; strength  of,  1630r.  Gauge,  Birming- 
ham, 2254.  Cords,  rope,  and  strand,  2260. 
Wire  wove  for  glass,  2226c/ 

W Rework  ; in  lieu  of  lathing,  2246c,  2971c/ 
Wismar ; church,  567.  St.  Mary’s  church,  572 
Witue}’’,  Oxou  ; parochial  church,  408 
Wittering,  Northamptonshire  ; church,  p.971 
Wittlich,  J.  von  ; architect,  583 
Woburn,  Bedfordshire  ; abbey,  512,  524 
Wolfe,  John  ; architect,  504,  526 
Wollaton  hall,  Notts,  440,  443,  445,  452 
Wolsey,  cardinal ; his  buildings,  426 
Wolterton  hall,  Norfolk,  426,  1908a 
Wood,  John,  of  Bath  ; architect,  513 
Wood ; earliest  material  employed  in  building, 
7.  Used  for  joinery,  2125c.  (See  “ Timber.” 
Affected  by  heat  from  hot-water  pipes, 
2279t.  Good  sound  conductor,  2964 

block  floor,  2173c.  Mosaics,  1905/ 

bricks,  2166.  In  spec.,  2285.  Mouldings, 

p.  984  et  seq.  Tapestry,  21756 

carpet  parquetry,  2173/’ 

working  machines,  2124  et  seq.  Carving 

machine,  2124c 

Woodstock,  Oxfordshire  ; palace,  423 
Woodwork  ; mediaeval,  21926,  2192c.  Ready- 
made, 2124c 

Worcester ; cathedral,  421.  Founders  and 
dimensions,  434.  Section,  1583</.  Chapter 
house,  149966.  Roof  over  railway  work- 
shops, 2042 
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Workhouse  infirmary,  2976a  et  seq. 

Working  drawings  ; principles  on  which  they 
are  to  be  made,  2491  et  seq.  Mediaeval,  n. 
1008 

strain,  limited,  on  a wrought-iron  struc- 
ture, 1628/ 

Workmen;  mediaeval,  308.  Building  a 
church,  566 

Worms ; cathedral,  287.  Two  apsides,  p. 
1007.  Piers,  p.  975 

sea,  1728c.  In  timber,  1742  et  seq. 

Wren,  Sir  Christopher  ; architect,  319,  466 — 
489,  1499cc.  Parentalia,  481 — 489.  Work 
at  Cliichester  cathedral  spire,  p.  1004. 
Opinion  on  buttresses,  p.  1048.  Followed 
certain  proportions,  353 

Wrexham,  Flintshire  ; parochial  church,  421 

Wright  and  Co.’s  lintel,  1903a 

Wright’s  fixing  block,  2166.  Tar  paving, 
1905/1 

Wrought  iron,  1764  et  seq.  Columns,  2255. 
Casements,  2255c/.  Ornamental  work,  2255A 
et  seq. 

W’yatt,  James  ; architect,  527.  His  house  in 
Portland  Place,  ib.  His  patent  slating, 
2210/ 

• Benjamin;  architect,  work  on  theatres, 

2956,  2965 

Wykeham,  See  “ William  ” 

Wvken,  Warwickshire;  church  doorway, 
p.  997 

Wyinoudham,  Norfolk;  church  roof,  2052< 


Y ANTEN  ; church  of  St.  Victor,-577 
A.  Xochiculco  ; military  intrenchment  of,  1 14 
Xystus ; of  the  Greek  gymnasium,  176.  Of 
the  Koman  baths,  235 


Yard  paving  ; in  spec.,  2284c 

Yaroslat,  prince ; patron  of  architecture  in 
Russia,  375 

Yelvertoft,  Norfolk  ; church,  p.  983 
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York  ; cathedral,  406.  Founders  and  dimim- 
sions,  431.  Groined  ceiling,  2028j;,  Win 
dows,  “five  sisters,”  p.  988.  Koac  window, 
south  transept,  p.  994,  p.  1015.  W.-»i  win- 
dow, p.  1031.  Chapter-house,  149955.  Con- 
ventual church  of  St.  Mary,  421.  St. 
Margaret’s  ])orch,  398.  All  Sainta’  1‘avo- 
ment  church,  beacon,  p.  1002,  Parochial 
church  of  All  Saints,  421 

Castle,  394 

Duke  of;  house  for,  521 

Lodge  of  masons,  315 

Place,  London,  426 

Stairs  water  gate,  London,  462 

Ypres,  562.  Church  of  St.  Pierre,  55-1.  Of 
^ St.  Martin,  555,  557,  559 
Ypsambool ; temple.  See  “ Ipsauibul  ’* 
Yorkshire  stone,  1666t 


y AMODIA  ; architect.  See  “ Omodeo  ” 
Zamora  ; church,  586,  587 
Zaragoza;  cathedral,  597.  Church  of  Sta 
Engracia,  367 
Zax;  slater’s,  2209 
Zecco  or  Mint,  at  Venice,  351 
Zehra,  near  Cordova,  121 
Zerbst ; church  of  St.  Nicholas,  567,  579 
Zinc,  1792  et  seq.  Found  everywhere,  1792. 
Mode  of  extracting  from  ore,  ib.  Formed 
into  plates  and  wire,  1793.  Its  peculiari- 
ties, 1793,  1794,  2224^f  et  seq.  Alloyed  with 
copper,  1790.  Strength  of,  1630r.  Effect 
of,  on  iron,  17805.  Effect  of  atmosphere  on, 
17955.  Strips  applied  to  copper,  2224 

white  ; for  paint,  2272c 

work,  22245.  la  spec.,  2294.  Flue  pii>C3, 

17955 

Zinked  iron,  1796.  Tinned  iron,  1790a 
Zodiacal  signs  and  emblems,  539 
Zopissa  paint,  2273^ 

Zwickau  ; church  of  St.  Mary,  567 
Zwirucr,  Ernest  Friedrich  ; architect,  574 
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